
3F//R. d23.£>! 

' 

v'r-f 
f &?*i^ W^,-. :;1,-,%^,; ,;-,,,.. V 

:'V^-^>^-*f*i^^f.^-i'.^;4i^^^i.^:i^^V?:i*^.^^^;/^-'> ij--*-" =v; i : •-' . . : • • ' • - v - • • ' ; • - . - . • .._-,„,.....,.,„. -,.,^-..,-.,., ^ - .^ . - -V- .R, , ,5 ,^^- - , - . , ; . . - - . - - ._ -_- , - - . _ - _ - - ... .. .... 

|?ii • 
' 

' 

remer 

CH2M HILL United States
 
Environmental
 IS"/71? Protection Agency 

USEPA SF 
-Rri^a:tf£pg^:j*v;fer^K^^^-ir-i a^r' 

1125855 



• W* ,««*"

I
 
_

I


I
 
I
 
I


I
 
I
 

•

I
 

I
 
I


I
 
I
 
I
 

Final 

Human Health Risk Assessment for the
 
Coeur d'Alene Basin Extending from Harrison to
 

Mullan on the Coeur d'Alene River and
 
 Tributaries
 
 Remedial Investigation/Feasibility Study
 

Prepared for
 
 Idaho Department of Health and Welfare
 

Division of Health
 
Idaho Department of Environmental Quality
 

U.S. EPA Region X
 

 June 2001 

Prepared by 
TerraGraphics Environmental Engineering, Inc. 

URS Greiner 
in association with 

 CH2M HILL 



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
 

ACKNOWLEDGMENTS
 

The Human Health Risk Assessment for the Coeur d'Alene Basin Extending from Harrison to
 
Mullan on the Coeur d'Alene River and Tributaries (HHRA) was jointly prepared by Idaho
 
Department of Health and Welfare, Idaho Department of Environmental Quality and Region 10,
 
U.S. Environmental Protection Agency, and represents the consensus of both State and federal 
agencies. Many parties directly participated in the review, analysis and drafting of the document, 
providing input and guidance throughout the process. Those parties included: 

Maura Mack, Idaho Division of Health (DOH) 
Russ Duke, Idaho Division of Health (DOH) 
Rob Hanson, Idaho Department of Environmental Quality (DEQ) 
Jeff Fromm, Idaho Department of Environmental Quality (DEQ) 
Jerry Cobb, Panhandle Health District, (PHD) 
Sean Sheldrake, Region X, U.S. Environmental Protection Agency 
Marc Stifelman, Region X, U.S. Environmental Protection Agency 
Rob Elias, U.S. EPA National Center for Environmental Assessment 
Paul Mushak, PB Associates, Consultant to U.S. Environmental Protection Agency 
Richard Kauffman, Agency for Toxic Substance and Disease Registry (ATSDR) 
Ed Javorka, Coeur d'Alene Tribe 
Jack Gunderman, Coeur d'Alene Tribe 
Phil Cernera, Coeur d'Alene Tribe 
Rick Sprague, Coeur d'Alene Tribe 
lan von Lindern, TerraGraphics Environmental Engineering 
Susan Spalinger, TerraGraphics Environmental Engineering 
Sharon Quiring, URS-Greiner, Consultant to U.S. Environmental Protection Agency 
Staff of the Idaho DEQ 
Staff of EPA Region 10 
Staff of URS-Greiner, Seattle Washington Office ^ 
Staff of CH2M Hill, Bellevue, Washington Office 
Staff of TerraGraphics Environmental Engineering, Kellogg and Moscow, Idaho Offices 

An independent review of the document was conducted by the EPA Technical Review 
Workgroup for Lead (TRW), TRW review team members included: 

Patricia Van Leeuwen, Chairperson, Region 5 Chicago
 
Robert Elias, Office of Research and Development, RTP, NC
 
Karen Hogan, Office of Research and Development, Washington D.C.
 
Mark Maddaloni, Region 2, New York
 
Paul White, Office of Research and Development, Washington D.C.
 



I 

n 

U 

Oversight and guidance was provided by the Governor's Advisory Council on Human Health 
Risk Assessment. Council members included: 

Honorable Jack Riggs, Lieutenant Governor of Idaho
 
Jim Yost, Office of the Governor
 
Chuck Moss, Office of the Governor
 
Dick Schultz, Idaho Division of Health, Administrator
 
Kate Kelly, Idaho Department of Environmental Quality
 
Larry Koenig, Idaho Department of Environmental Quality
 

Several individuals provided suggestions and assisted with protocols for data collection and 
analysis. Those individuals and representative organizations included: 

Joyce Tsuji (Exponent) and Robert Bornschein (University of Cincinnati) representing 
Hecla Mining Co. and ASARCO, Inc. 

Matthew Fein (Hecla Mining Co., CDA Basin Projects Project Manager) 
Merril Coomes (Coomes Associates) representing Cities of Coeur d'Alene, Harrison, 

and Post Falls, and Kootenai County 
Tom Dahl, Consultant to the U.S. Department of Justice 
Fred Kirschner (Associated Environmental Scientists and Engineers) representing 

Spokane Tribe 
Bridget Bero (Northern Arizona University) Consultant to TerraGraphics' 
Philip Landrigan, Mount Sinai School of Medicine, Consultant to the U.S. Department of 

Justice
 
Kathy Johnson, Consultant to IDEQ
 

Review and comments regarding the Public Draft were provided, or facilitated, by several 
individuals and groups including: 

Idaho Citizens' Advisory Committee RI/FS Task Force, Chairpersons Marti Calabretta 
and Mike Schlepp 

Washington Citizens' Advisory Committee 
Shoshone County Commissioners 
Tina Paddock, Silver Valley landowner and previous resident 
Michael Stevenson (Silver Valley People's Action Coalition/Co., Secretary) 
Michele Nanni (The Lands Council, Campaign Director) 
Coeur d'Alene River Basin Commission 
Citizens Against the Rails-to-Trails (C.A.R.T.) 
Coeur d'Alene Area Chamber of Commerce, Community Leaders for EPA 

Accountability Now (C.L.E.A.N.)
 
City of Wallace Mayor Ronald Garitone
 
Justin Rice, Wallace citizen
 
City of Mullan Mayor and City Council
 
City of Harrison Mayor Dave LePard
 



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
 

City of Osburn 
Frank Frutchey, Cataldo citizen 
Shoshone Natural Resource Coalition: 

Kathy Zanetti 
Fred Brackebusch 
Lee Haynes 
Ivan Linscott 
Bob Hopper 
William Calhoun 
Robin Stanley 
Ron Roizen 

John Rosen, Albert Einstein College of Medicine, The Bronx, NY. 



TABLE OF CONTENTS
 

ABBREVIATIONS AND ACRONYMS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xx
 

EXECUTIVE SUMMARY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ES-1
 

1.0 INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-1
 
1.1 SITE LOCATION AND BACKGROUND . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-1
 

1.1.1	 Community and Industrial Deve lopment . . . . . . . . . . . . . . . . . . . . . . . . 1-1
 
1.1.2	 Public Health Concerns . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-3
 

1.2 STUDY POPULATIONS AND STUDY AREA . . . . . . . . . . . . . . . . . . . . . . . . . 1-6
 
1.3 PURPOSE AND OBJECTIVES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-6
 
1.4 SCOPE AND LIMITATIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-7
 
1.5 REPORT STRUCTURE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-7
 

2.0 DATA EVALUATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-1
 
2.1 BASIN GEOGRAPHICAL AREAS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-1
 

2.1.1	 CSMUnit 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-2
 
2.1.2	 CSMUnit2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-2
 
2.1.3	 CSM Unit 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-3
 
2.1.4	 CSM Unit4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-3
 
2.1.5	 CSM Unit 5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-3
 

2.2 SELECTION OF DATA USED IN HHRA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-4
 
2.2.1	 Environmental Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-4
 
2.2.2	 Biological Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-13
 

2.3 DATA QUALITY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-14
 
2.3.1	 Data Quality Objectives/Data Quality Assessment . . . . . . . . . . . . . . . 2-14
 
2.3.2	 Data Usability . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-15
 
2.3.3	 Evaluation of Sample Quantitation Limits . . . . . . . . . . . . . . . . . . . . . 2-16
 

2.4 SELECTION OF CHEMICALS OF POTENTIAL CONCERN . . . . . . . . . . . . 2-16
 
2.4.1	 COPC Screening Process . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-17
 
2.4.2	 Comparison to Background Concentrations . . . . . . . . . . . . . . . . . . . . 2-18
 
2.4.3	 Essential Nutrients . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-19
 
2.4.4	 Frequency of Detection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-20
 
2.4.5	 Comparison to Screening Values and Risk-Based Preliminary
 

Remediation Goals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-20
 
2.5 RESULTS OF COPC SCREENING . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-21
 

2.5.1	 Soil/Sediment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-21
 
2.5.2	 Tap Water . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-23
 

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I


2.5.3	 Surface Water . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-24
 
2.5.4	 Groundwater . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-25
 
2.5.5	 House D u s t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-26
 
2.5.6	 Air . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-26
 



I
I 

I

I
I
I
 

2.5.7 F i sh . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-27
 
2.5.8 Homegrown Vegetables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-27
 
2.5.9 Water Potatoes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-27 •
 

2.6 SUMMARY OF CHEMICALS OF POTENTIAL CONCERN . . . . . . . . . . . . . 2-27 •
 

3.0 EXPOSURE ASSESSMENT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-1 I
 
3.1 CHARACTERIZATION OF EXPOSURE SETTING . . . . . . . . . . . . . . . . . . . . . 3-1 *
 

3.1.1 Physical Setting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-1 _
 
3.1.2 Coeur d'Alene Basin Demographics . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-3 I
 
3.1.3 Human Health Exposure Areas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-14
 
3.1.4 Characterization of Potentially Exposed Populations . . . . . . . . . . . . . 3-15 •
 
3.1.5 Populations of Potential Concern . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-19 |
 

3.2 IDENTIFICATION OF EXPOSURE PATHWAYS . . . . . . . . . . . . . . . . . . . . . 3-22
 
3.2.1 Sources, Fate and Transport, and Affected Media . . . . . . . . . . . . . . . . 3-23 •
 
3.2.2 Potentially Complete Pathways Excluded From Quantification ..... 3-24 | 
3.2.3 Complete Pathways Selected for Quantification . . . . . . . . . . . . . . . . . 3-26
 
3.2.4 Potential Coeur d'Alene Tribal Pathways Selected for Quantification 3-28 • 
3.2.5 Complete Exposure Pathways Quantified by Area . . . . . . . . . . . . . . . 3-34 I
 

3.3 QUANTIFICATION OF EXPOSURE TO NON-LEAD CHEMICALS .. . . . . 3-34
 
3.3.1 Exposure Point Concentration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-34 •
 
3.3.2 Estimation of Chemical Intakes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-41 •
 
3.3.3 Exposure Factors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-46
 

3.4 QUANTIFICATION OF LEAD EXPOSURE . . . . . . . . . . . . . . . . . . . . . . . . . . 3-56 I
 
3.4.1 Child Lead Model Overview . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-56 •
 
3.4.2 Adult Lead Model Overview . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-57
 

3.5 SUMMARY OF EXPOSURE ASSESSMENT . . . . . . . . . . . . . . . . . . . . . . . . . 3-58 I
 

4.0 HUMAN HEALTH TOXICITY ASSESSMENT ............................. 4-1 _
 
4.1 ORAL TOXICITY CRITERIA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-1 I
 

4.1.1 Cancer Effects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-1
 
4.1.2 Noncancer Effects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-2 •
 

4.2 DERMAL TOXICITY CRITERIA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-2 |
 
4.3 CHEMICAL PROFILES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-3
 

4.3.1 Antimony . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-3
 
4.3.2 Arsenic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-4
 
4.3.3 Cadmium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-7
 
4.3.4 I ron . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-9 •
 
4.3.5 Lead . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-11 •
 
4.3.6 Manganese . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-14
 
4.3.7 Mercury . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-15 I
 

7'^r. A in •4.3.8 Zinc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-17
 

11
 



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I 

I
 

5.0	 RISK CHARACTERIZATION FOR NON-LEAD CHEMICALS . . . . . . . . . . . . .  . 5-1
 
5.1	 METHODOLOGY FOR ASSESSING NONCANCER HAZARD . . . . . . . . . .  . 5-1
 
5.2	 METHODOLOGY FOR ASSESSING CANCER RISK . . . . . . . . . . . . . . . . . . . 5-2
 
5.3	 RISK CHARACTERIZATION RESULTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-2
 

5.3.1	 Noncancer Hazard . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-3
 
5.3.2	 Cancer Risks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-6
 
5.3.3	 Hazards/Cancer Risks for Combinations of Scenarios . . . . . . . . . . . . . 5-7
 
5.3.4	 Subsistence Risks and Hazards . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-9
 

5.4	 SUMMARY OF RISK CHARACTERIZATION.. . . . . . . . . . . . . . . . . . . . . . . 5-11
 
5.5	 POTENTIAL PRELIMINARY REMEDIATION GOALS FOR ARSENIC ... 5-12
 

6.0 CHARACTERIZATION OF LEAD HEALTH RISK . . . . . . . . . . . . . . . . . . . . . . . 6-1
 
6.1 INTRODUCTION/METHODOLOGY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-1
 

6.1.1	 Lead Health Risk Assessment for the Resident Population . . . . . . . . . . 6-2
 
6.1.2	 Lead Health Risk Assessment for the Coeur d'Alene Tribe . . . . . . . .  . 6-5
 

6.2	 OBSERVED BLOOD LEAD LEVELS ................................ 6-7
 
6.2.1	 Blood Lead Health Criteria . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-7
 
6.2.2	 State of Idaho / Panhandle Health District Children's Blood Lead
 

Survey Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-10
 
6.2.3	 Summary Results for Follow-up Investigations of High Blood Lead
 

Children . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-14
 
6.2.4	 Adult Blood Lead Survey Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-17
 
6.2.5	 Coeur d'Alene Tribe Blood Lead L e v e l s . . . . . . . . . . . . . . . . . . . . . . . . 6-17
 

6.3	 LEAD EXPOSURE PATHWAYS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-18
 
6.3.1	 Dietary Lead Sources . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-18
 
6.3.2	 Lead in Water . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-18
 
6.3.3	 Lead in Air . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-19
 
6.3.4	 Lead in Paint . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-19
 
6.3.5	 Lead in Soils and Dusts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-20
 

6.4	 SITE-SPECIFIC BLOOD LEAD AND ENVIRONMENTAL EXPOSURE
 
ANALYSIS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-22
 
6.4.1	 Correlation Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-22
 
6.4.2	 Regression Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-23
 
6.4.3	 Summary of Site-Specific Lead Health Analysis . . . . . . . . . . . . . . . .  . 6-28
 

6.5 BASELINE AND INCREMENTAL LEAD EXPOSURE INTAKE RATES .. 6-30
 
6.5.1	 Exposure Routes Considered . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-30
 
6.5.2	 Developing Baseline Intake Rates for the Resident Population . . . . .  . 6-32
 
6.5.3	 Developing Incremental Intake Rates for the Resident Population ... 6-34
 
6.5.4	 Developing Intake Rates for the Coeur d'Alene Tribe . . . . . . . . . . . . 6-40
 

6.6	 ESTIMATED BASELINE BLOOD LEAD LEVELS . . . . . . . . . . . . . . . . . . . . 6-43
 
6.6.1	 Childhood Baseline Blood Lead Levels . . . . . . . . . . . . . . . . . . . . . . . . 6-44
 
6.6.2	 Resident Children's Incremental Blood Lead Levels . . . . . . . . . . . .  . 6-47
 
6.6.3	 Adult Model Blood Lead Estimates . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-50
 

111
 



I
 
6.6.4	 Native American Blood Lead Levels . . . . . . . . . . . . . . . . . . . . . . . . . . 6-51 •
 

6.7	 RISK CHARACTERIZATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-52
 
6.7.1	 Overview and Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-52 •
 
6.7.2	 Indices of Lead Health Risk . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-53 •
 
6.7.3	 Observed Blood Lead Levels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-53
 
6.7.4	 Site-specific Analysis of Paired Blood Lead and Environmental I
 

Source Observations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-54
 
6.7.5	 Predicted Blood Lead Levels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-54 .
 
6.7.6	 Potential Lead Health Risk Reduction Strategies . . . . . . . . . . . . . . . . 6-58 g
 

7.0 UNCERTAINTIES IN RISK ASSESSMENT ............................. 7-1 .
 
7.1	 FACTORS LEADING TO POSSIBLE OVERESTIMATION OF RISK . . . . . . 7-3 | 

7.1.1	 Data Collection and Evaluation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-3
 
7.1.2	 Exposure Assessment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-5 •
 
7.1.3	 Toxicity Assessment and Risk Calculations . . . . . . . . . . . . . . . . . . . . . 7-7 I
 

7.2	 FACTORS LEADING TO POSSIBLE UNDERESTIMATION OF RISK... . 7-10
 
7.2.1	 Data Collection and Evaluation .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-10
 
7.2.2	 Exposure Assessment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-12 I
 
7.2.3	 Toxicity Assessment and Risk Calculations . . . . . . . . . . . . . . . . . . . . 7-15
 

7.3	 FACTORS LEADING TO POSSIBLE UNDERESTIMATION OR I
 
OVERESTIMATION OF RISK . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-18 •
 
7.3.1	 Data Collection and Evaluation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-18 _
 
7.3.2	 Exposure Assessment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-22 •
 
7.3.3	 Toxicity Assessment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-23
 
7.3.4	 Risk Calculations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-26 M
 

7.4	 UNCERTAINTIES IN LEAD RISK ASSESSMENT . . . . . . . . . . . . . . . . . . . . 7-26 |
 
7.4.1	 Uncertainty in the Use of Observed Blood Lead Levels . . . . . . . . . . . 7-26
 
7.4.2	 Uncertainty in Data Collection and Evaluation . . . . . . . . . . . . . . . . . . 7-32 •
 
7.4.3	 Uncertainty in Exposure Assessments . . . . . . . . . . . . . . . . . . . . . . . . . 7-39 •
 
7.4.4	 Uncertainty in Blood Lead Level Modeling . . . . . . . . . . . . . . . . . . . . 7-44
 
7.4.5	 Uncertainty Regarding Candidate Risk Reduction Activities . . . . . . . 7-49 •
 

8.0 SUMMARY AND CONCLUSIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-1
 
8.1	 PURPOSE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 - 1 I
 
8.2	 STUDY AREA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-2 *
 
8.3	 RESIDENT POPULATION, LAND-USE, ECONOMY AND HOUSING .. . . . 8-3
 
8.4	 DATA USED IN THE HHRA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-4 I
 
8.5	 CHEMICALS OF POTENTIAL C O N C E R N . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-6 *
 
8.6	 TOXICITY ASSESSMENT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-7 _
 
8.7	 EXPOSURE SUBAREAS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-7 I
 
8.8	 POPULATIONS OF POTENTIAL CONCERN . . . . . . . . . . . . . . . . . . . . . . . . . 8-8
 
8.9	 RECEPTORS, EXPOSURE PATHWAYS AND SELECTED SCENARIOS . 8-10 • 

I
 

I
 

IV 



8.10	 HUMAN HEALTH RISK CHARACTERIZATION FOR METALS OTHER
 
THAN LEAD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-12
 
8.10.1	 Non-carcinogenic Risk . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-12
 
8.10.2	 Arsenic Carcinogenic Risks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-13
 
8.10.3	 Non-lead RME Residential and Neighborhood Risks and Hazards ..8-15
 
8.10.4	 Non-lead RME Public Recreational Risks and Hazards . . . . . . . . . . . 8-16
 
8.10.5	 Non-lead RME Occupational Risks and Hazards
 

(Construction Worker) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-16
 
8.10.6	 Non-lead RME Modern and Traditional Subsistence Exposure
 

Scenarios (Tribal M e m b e r s ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-16
 
8.10.7	 Risks and Hazards for Combined Non-lead Exposures . . . . . . . . . . . . 8-17
 
8.10.8	 Potential Preliminary Remediation Goals for Arsenic . . . . . . . . . . . .  . 8-17
 

8.11	 HUMAN HEALTH RISK CHARACTERIZATION FOR LEAD . . . . . . . . . .  . 8-18
 
8.11.1	 Observed Blood Lead Levels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-18
 
8.11.2	 Representativeness of the Surveys . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-19
 
8.11.3	 Follow-up of Children with High Blood Lead Levels . . . . . . . . . . . .  . 8-19
 
8.11.4	 Site-specific Analysis of Paired Blood and Environmental Lead Data 8-20
 
8.11.5	 Biokinetic Predictions of Resident Children's Blood Lead Levels ... 8-20
 
8.11.6	 Lead Health Risks from Exposures Outside the Residential
 

E n v i r o n m e n t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-22
 
8.11.7	 Native American Blood Lead Levels . . . . . . . . . . . . . . . . . . . . . . . . . . 8-23
 
8.11.8	 Lead Health Risk Reduction Strategies . . . . . . . . . . . . . . . . . . . . . . . . 8-23
 
8.11.9	 Biokinetic Blood Lead Modeling for Residential Cleanup Levels ... 8-24
 
8.11.10	 Lead Health Risk Reduction for Childhood Recreational Activities .. 8-26
 
8.11.11	 Lead Health Risk Reduction for Childhood Consumption of Local
 

Foodstuff . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-26
 
8.11.12	 Lead Health Risk Reduction for Adult Occupational Activities . . . .  . 8-26
 
8.11.13	 Lead Health Risk Reduction for Adult Recreational Activities . . . . . . 8-26
 
8.11.14	 Lead Health Risk Reduction for Adult Consumption of Local
 

Foodstuff . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-26
 
8.11.15	 Lead Health Risk Reduction for Native American Subsistence
 

Activities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-27
 
8.12	 RESPONSE TO COMMENTS - PUBLIC REVIEW DRAFT . . . . . . . . . . . . .  . 8-27
 

8.12.1	 General and Specific Responses to Public Comments . . . . . . . . . . .  . 8-27
 
8.12.2	 Additional Analysis and Appendices in Responses to Public
 

Comments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-27
 
8.12.3	 Clarification of USEPA Policy Regarding Human Health Risk
 

Assessment for Lead . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-28
 

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I


9.0 R E F E R E N C E S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-1
 



APPENDICES 

Appendix A 

Appendix B 

Appendix C 
Appendix D 

Appendix E 

Appendix F 

Appendix G 

Appendix H 
Appendix I 
Appendix J 
Appendix K 

Appendix L 

Appendix M 

Appendix N 

Appendix O 
Appendix Q 

Appendix R 

Appendix S 

Appendix T 
Appendix U 
Appendix V 
Appendix W 

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
 

Risk Assessment Guidance for Superfimd (RAGS), Volume 1, Part D, 
Tables 
Expedited Screening Level Risk Assessment for Common Use Areas, 
Coeur d'Alene River Basin 
Summary Table of Potential Receptor Groups 
Graphs of Concentration Distributions of Mercury, Thallium, and 
Manganese
Data Set Used to Calculate Human Health Exposure Point 
Concentrations 
Distribution Checks and Statistical Summaries of Data by Geographical 
Area and Medium 
95 Percent Upper Confidence Limit Statistical Summary Results by 
Geographical Area and Medium 
Toxieity Profiles for Chemicals of Potential Concern 
Graphs and Statistical Analysis of House Dust Concentrations 
Potential Dose from Consumption of Beef 
Summary Statistics for Antimony, Arsenic, Cadmium, Iron, Manganese, 
and Zinc for the Fall 1999 Coeur d'Alene Basin Sampling Event 
Summary Statistics for Antimony, Arsenic, Cadmium, Iron, Manganese, 
and Zinc for the Summer 1999 Coeur d'Alene Basin Sampling Event 
QA/QC Memoranda for the Summer and Fall 1999 Coeur d'Alene Basin 
Sampling Events 
Proposed Geographic Subdivisions and Archived Reanalysis Results for 
the Coeur d'Alene Basin Human Health Risk Assessment 
Selected EPA Guidance Documents for Lead 
Development of the IEUBK Bunker Hill Superfund Site Models and 
Bioavailability Estimates 
Observed and Predicted Blood Lead Levels by Age, Area, Dust 
Concentration and Action Criteria 
Heavy Metals Concentrations in Water Potatoes in the Coeur d'Alene 
Basin, Idaho 
Masked Basin HHRA Lead Data 
Cancer Rate Analysis hi Shoshone County 
IEUBK Input Parameters 
Comments and Responses on Public Review Draft, July 2000 



FIGURES 

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
 

ES-1 Coeur d'Alene Basin 
ES-2 Arithmetic and Geometric Mean Blood Lead Concentrations by Geographic Area- 9 

Month through 9 Year Old Children (1996-1999 Combined) 
ES-3 Basin Mean Blood Lead Levels by Age (1996-1999 combined) 
ES-4 Percent to Exceed Blood Lead Concentrations by Geographic Area-9 Month through 9 

Year old Children (1996-1999 Combined) 
ES-5 Percent of Children to Exceed Critical Toxicity Levels by Age (Basin-wide 1996-1999 

Combined) 
ES-6 Observed and Predicted Geomean Blood Lead Levels for 0-84 Month Old Children Only-

IEUBK Batch Mode 
ES-7 Observed and Predicted Percent to Exceed 10 ^ug/dl for 0-84 Month Old Children-IEUBK 

Batch Mode 

1-1 Site Location Map 

2-1 Stream Segments in Eastern Portion of Coeur d'Alene River Basin 
2-2 Stream Segments in Western Portion of Coeur d'Alene River Basin 

3 -1 a Basin Study Regions 
3-lb Census Block Groups Overlaid Onto Basin Study Areas 
3-2 Coeur d'Alene River Basin School District Enrollment 1990 to 2000 
3-3 Lower Basin Conceptual Site Model 
3-4 Kingston Conceptual Site Model 
3-5 Side Gulches Conceptual Site Model 
3-6 Osburn Conceptual Site Model 
3-7 Silverton Conceptual Site Model 
3-8 Wallace Conceptual Site Model 
3-9 Ninemile Conceptual Site Model 
3-10 Mullan Conceptual Site Model 
3-11 Blackwell Island Conceptual Site Model 
3-12 Baseline Risk Assessment for Area 5 Lower Basin Area "Southwestern Section" 
3-13 Baseline Risk Assessment for Area 5 Lower Basin Area "Central Section" 
3-14 Baseline Risk Assessment for Area 5 Lower Basin Area "Northeastern Section" 
3-15 Baseline Risk Assessment for Area 4 Kingston Area 
3-16 Baseline Risk Assessment for Area 3 Side Gulches Area 
3-17 Baseline Risk Assessment for Area 7 Silverton Area 
3-18 Baseline Risk Assessment for Area 8 Wallace Area 
3-19 Baseline Risk Assessment for Osburn, Silverton and Wallace Areas Combined, 

Soil/Sediment Sampling Locations 
3-20 Baseline Risk Assessment for Osburn, Silverton and Wallace Areas Combined, Surface 

Water Sampling Locations 

VII 



I
 
3-21 Baseline Risk Assessment for Area 2 Burke/Ninemiie Area, Soil/Sediment Sampling • 

Locations 
3-22 Baseline Risk Assessment for Area 2 Burke/Ninemile Area, Surface Water Sampling I 

Locations ™ 
3-23 Baseline Risk Assessment for Area 2 Burke/Ninemile Area, Groundwater Sampling 

Locations I 
3-24 Baseline Risk Assessment for Area 1 Mullan Area "West Section" 
3-25 Baseline Risk Assessment for Area 1 Mulian Area "East Section" _ 
3-26 Baseline Risk Assessment for Blackwell Island Area I 

5-1 Summary of Total RMENoncancer Hazard • 
5-2 Total RME Noncancer Hazard—Residential (Child 0 - 6), All Chemicals | 
5-3 Total RME Noncancer Hazard—Residential (Child/Adult), All Chemicals 
5-4 RME Noncancer Hazard—Residential (Child 0- 6), by Chemical • 
5-5 RME Noncancer Hazard—Residential (Child/Adult), by Chemical | 
5-6 RME Noncancer Hazard—Future Residential, Burke/Ninemile 
5-7 Total RME Noncancer Hazard—Neighborhood Recreational (Child 4-11), All • 

Chemicals I 
5-8 RME Noncancer Hazard—Neighborhood Recreational (Child 4 - 11), by Chemical 
5-9 Total RME Noncancer Hazard—Public Recreational (Child 0 - 6), All Chemicals • 
5-10 RME Noncancer Hazard—Public Recreational (Child 0 - 6), by Chemical «• 
5-11 RME Noncancer Hazard—Occupational (Adult), by Chemical 
5-12a RME Noncancer Hazard—Recreational Fish Consumption (Adult) • 
5-12b RME Noncancer Hazard—Residential Vegetable Consumption ™ 
5-13 Summary of RME Cancer Risk 
5-14 RME Cancer Risk—Residential I 
5-15 RME Cancer Risk—Neighborhood Recreational (Child 4-11) 
5-16 RME Cancer Risk—Public Recreational _ 
5-17 RME Cancer Risk—Occupational (Adult) | 
5-18 RME Noncancer Hazard—Residential Plus Neighborhood Recreational, All Chemicals 
5-19 RME Cancer Risk—Residential Plus Neighborhood Recreational • 
5-20 Total RME Noncancer Hazard—Modern and Traditional Subsistence Exposure | 

Scenarios, All Chemicals (Child Age 0 to 6 years) 
5-21 Total RME Noncancer Hazard—Modem and Traditional Subsistence Exposure • 

Scenarios, All Chemicals (Adult/Child) I 
5-22 Total RME Cancer Risk—Modern and Traditional Subsistence Exposure Scenarios 

(Adult/Child) • 

6-la Arithmetic and Geometric Mean Blood Lead Concentrations by Geographic Area - 9 
Month Through 9 Year Old Children (1996 - 1999 combined) • 

6-lb Percent to Exceed Blood Lead Concentrations by Geographic Area - 9 Month Through 9 • 
Year old Children (1996- 1999 combined) 

6-2 Basin Mean Blood Lead Levels by Age (1996- 1999 combined) I 

vin I 

I
 



6-3 Percent of Children to Exceed Critical Toxicity Levels by Age (Basin-wide 1996 - 1999 
combined) 

6-4 Geometric Mean Adult Blood Lead Levels by Age and Geographic Area 
6-5 Geometric Mean and Maximum Blood Lead Levels for Reproductive Aged Females 

(17-45 Years Old) by Geographic Area 
6-6 Environmental Pathways for Lead Exposure for the Bunker Hill Site 
6-7a Geometric Mean Interior Paint Lead Loading by Geographic Area 
6-7b Geometric Mean Exterior Paint Lead Loading by Geographic Area 
6-8a Arithmetic Mean Soil and House Dust Lead Concentrations by Geographic Area 
6-8b Arithmetic Mean Soil and House Dust Lead Concentrations by Geographic Area 
6-8c Geometric Mean Soil and House Dust Lead Concentrations by Geographic Area 
6-9a Geometric Mean Dust Mat Lead Concentration by Geographic Area 
6-9b Geometric Mean Dust Loading Rate by Geographic Area 
6-9c Geometric Mean Dust Mat Lead Loading Rate by Geographic Area 
6-10a Scatterplots for Blood Lead Concentration and Environmental Source Variables 
6-1 Ob Scatterplots for Dust Lead and Environmental Source Variables 
6-1 Oc Scatterplots for Dust Lead Loading and Environmental Source Variables 
6-1 Od Scatterplots for Vacuum Dust Concentration and Environmental Variables 
6-11 Percentage of Blood Lead Observations >10 ug/dl Associated with an Interior Lead Paint 

Hazard 
6-12a Comparison of Geometric Mean Environmental Lead Levels Between High and Low 

Blood Lead Levels in Children (1-9 yrs.) Exposed to an Interior Lead Paint Hazard 
6-12b Comparison of Geometric Mean Environmental Lead Levels Between High and Low 

Blood Lead Levels in Children (1-9 yrs.) Not Exposed to an Interior Lead Paint Hazard 
6-13 Geometric Mean Dust Mat and Vacuum Bag Dust Lead Concentration by Geographic 

Area 
6-14a Estimated Lead Intake for Four-year-old Children by Geographic Area - EPA Default 
6-14b Estimated Lead Intake for Four-year-old Children by Geographic Area - Box Model 
6-15a Occupational CT Lead Intake Rates Compared to Baseline 
6-15b Occupational RME Lead Intake Rates Compared to Baseline 
6-16a Summary of Children's Recreational Potential Incremental Lead Intakes - CT 
6-16b Summary of Children's Recreational Potential Incremental Lead Intakes - RME 
6-16c Summary of Adult Recreational Potential Incremental Lead Intakes -CT 
6-16d Summary of Adult Recreational Potential Incremental Lead Intakes - RME 
6-17a Estimated CT Tribal Children Lead Intake Rates 
6-17b Estimated RME Tribal Children Lead Intake Rates 
6-18a Estimated CT Tribal Adult Lead Intake Rates 
6-18b Estimated RME Tribal Adult Lead Intake Rates 
6-19a Observed and Predicted Geomean Blood Lead Levels for 9-84 Month Old Children 

Only-IEUBK Batch Mode 
6-19b Observed and Predicted Blood Lead Levels for 9-60 Month Old Children-IEUBK Batch 

Mode 

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
 

IX 



I
I 

I

I

I
 

6-19c Observed and Predicted Blood Lead Levels for 9-24 Month Old Children-IEUBK Batch 
Mode 

6-20a Observed and Predicted Percent to Exceed 10 /zg/dl for 9-84 Month Old Children-IEUBK • 
Batch Mode ™ 

6-20b Observed and Predicted Percent to Exceed Levels for 9-60 Month Old Children-IEUBK 
Batch Mode I 

6-20c Observed and Predicted Percent to Exceed Levels for 9-24 Month Old Children-IEUBK 
Batch Mode « 

6-2la Incremental Blood Lead Estimates for 0-9 Year-Old Children by Recreational Activity I 
and Local Foodstuff- Mullan 

6-21b Incremental Blood Lead Estimates for 0-9 Year-Old Children by Recreational Activity • 
and Local Foodstuff-Burke/Nine Mile || 

6-2 Ic Incremental Blood Lead Estimates for 0-9 Year-Old Children by Recreational Activity 
and Local Foodstuff- Wallace • 

6-21d Incremental Blood Lead Estimates for 0-9 Year-Old Children by Recreational Activity • 
and Local Foodstuff- Silverton 

6-21e Incremental Blood Lead Estimates for 0-9 Year-Old Children by Recreational Activity I 
and Local Foodstuff- Osburn ™ 

6-2If Incremental Blood Lead Estimates for 0-9 Year-Old Children by Recreational Activity 
and Local Foodstuff- Side Gulches I 

6-2 Ig Incremental Blood Lead Estimates for 0-9 Year-Old Children by Recreational Activity 
and Local Foodstuff- Kingston _ 

6-2 Ih Incremental Blood Lead Estimates for 0-9 Year-Old Children by Recreational Activity • 
and Local Foodstuff - Lower Basin 

6-22a Estimated Percent of Children to Exceed 10 f^g/dl Blood Lead Associated with Various 
Yard Soil Cleanup Action Criteria Using Different Dust Concentrations - Wallace 

6-22b Estimated Percent of Children to Exceed 10 p.g/dl Blood Lead Associated with Various 
Yard Soil Cleanup Action Criteria Using Different Dust Concentrations - Lower Basin I 

6-23a Estimated Community Geometric Mean Dust Mat, Vacuum, and Soil Lead * 
Concentrations for Various Yard Soil Action Levels - Mullan 

6-23b Estimated Community Geometric Mean Dust Mat, Vacuum, and Soil Lead • 
Concentrations for Various Yard Soil Action Levels - Burke/Nine Mile 

6-23c Estimated Community Geometric Mean Dust Mat, Vacuum, and Soil Lead — 
Concentrations for Various Yard Soil Action Levels - Wallace I 

6-23d Estimated Community Geometric Mean Dust Mat, Vacuum, and Soil Lead 
Concentrations for Various Yard Soil Action Levels - Silverton M 

6-23e Estimated Community Geometric Mean Dust Mat, Vacuum, and Soil Lead | 
Concentrations for Various Yard Soil Action Levels - Osburn 

6-23f Estimated Community Geometric Mean Dust Mat, Vacuum, and Soil Lead • 
Concentrations for Various Yard Soil Action Levels - Side Gulches | 

6-23g Estimated Community Geometric Mean Dust Mat, Vacuum, and Soil Lead 
Concentrations for Various Yard Soil Action Levels - Kingston • 



6-23h Estimated Community Geometric Mean Dust Mat, Vacuum, and Soil Lead 
Concentrations for Various Yard Soil Action Levels - Lower Basin 

6-24a Predicted Percentage of 0-84 Month Old Children to Exceed 10 ug/dl Blood Lead for 
Various Yard Soil Action Levels - Mullan 

6-24b Predicted Percentage of 0-84 Month Old Children to Exceed 10 ug/dl Blood Lead for 
Various Yard Soil Action Levels - Burke/Nine Mile 

6-24c Predicted Percentage of 0-84 Month Old Children to Exceed 10 ug/dl Blood Lead for 
Various Yard Soil Action Levels - Wallace 

6-24d Predicted Percentage of 0-84 Month Old Children to Exceed 10 u.g/dl Blood Lead for 
Various Yard Soil Action Levels - Silverton 

6-24e Predicted Percentage of 0-84 Month Old Children to Exceed 10 u.g/dl Blood Lead for 
Various Yard Soil Action Levels - Osburn 

6-24f Predicted Percentage of 0-84 Month Old Children to Exceed 10 jig/dl Blood Lead for 
Various Yard Soil Action Levels - Side Gulches 

6-24g Predicted Percentage of 0-84 Month Old Children to Exceed 10 jig/dl Blood Lead for 
Various Yard Soil Action Levels - Kingston 

6-24h Predicted Percentage of 0-84 Month Old Children to Exceed 10 ug/dl Blood Lead for 
Various Yard Soil Action Levels - Lower Basin 

7-1 Cadmium Concentrations in All Vegetables and Soil 
7-2 Cadmium Concentrations in Leafy Vegetables and Soil 
7-3 Cadmium Concentrations in Root Vegetables and Soil 

8-1 Coeur d'Alene Basin 
8-2 Percent to Exceed Blood Lead Concentrations by Geographic Area - 9 Month through 9 

Year old Children (1996 - 1999 Combined) 
8-3 Arithmetic and Geometric Mean Blood Lead Concentrations by Geographic Area - 9 

Month through 9 Year Old Children (1996- 1999 Combined) 
8-4 Basin Mean Blood Lead Levels by Age (1996 -1999 combined) 
8-5 Percent of Children to Exceed Critical Toxicity Levels by Age (Basin-wide 1996 - 1999 

Combined) 
8-6 Observed and Predicted Geomean Blood Lead Levels for 0-84 Month Old Children Only 

- IEUBK Batch Mode 
8-7 Observed and Predicted Percent to Exceed 10 p.g/dl for 0-84 Month Old Children-IEUBK 

Batch Mode 
8-8a Predicted Percentage of 0-84 Month Old Children to Exceed 10 jag/dl Blood Lead for 

Various Yard Soil Action Levels - Mullan 
8-8b Predicted Percentage of 0-84 Month Old Children to Exceed 10 ug/dl Blood Lead for 

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I


Various Yard Soil Action Levels - Burke/Nine Mile 
8-8c Predicted Percentage of 0-84 Month Old Children to Exceed 10 jag/dl Blood Lead for 

Various Yard Soil Action Levels - Wallace 

XI 



1 

8-8d	 Predicted Percentage of 0-84 Month Old Children to Exceed 10 ug/dl Blood Lead for 1 
Various Yard Soil Action Levels - Silverton 

8-8e	 Predicted Percentage of 0-84 Month Old Children to Exceed 10 ug/dl Blood Lead for 
Various Yard Soil Action Levels - Osburn 1 

8-8f	 Predicted Percentage of 0-84 Month Old Children to Exceed 10 ug/dl Blood Lead for 
Various Yard Soil Action Levels - Side Gulches 18-8g Predicted Percentage of 0-84 Month Old Children to Exceed 10 ug/dl Blood Lead for 
Various Yard Soil Action Levels - Kingston 

8-8h Predicted Percentage of 0-84 Month Old Children to Exceed 10 ug/dl Blood Lead for 1 
Various Yard Soil Action Levels - Lower Basin 

1 
TABLES 

ES-1	 Selected Chemicals of Potential Concern in Each Medium 1 
ES-2	 RME Hazard Quotients and Cancer Risks for Arsenic for Modern and Traditional Future 

Subsistence Exposure Scenarios 
ES-3	 RME Hazard Quotients and Cancer Risks for Residential and Neighborhood Scenarios 1 
ES-4	 RME Hazard Quotients and Cancer Risks for Public Recreational Scenario 
ES-5	 RME Hazard Quotients and Cancer Risks for Occupational Scenario 1 
2-1 Stream Segments and Beach Sites hi CSM Units, 1,2,3, and 4 
2-2 Chemicals With Sample Quantitation Limits Exceeding Screening Values 1
2-3 Potential Background Concentrations for Soil, Surface Water, and Groundwater 
2-4 Soil Screening Values for Air Pathway 
2-5 Summary of Analytical Results for Chemicals in Soil/Sediment With Concentrations 1 

Exceeding Screening Values in More Than 10 Percent of Samples 
2-6 Summary of Analytical Results for Chemicals in First-Run Tap Water With 

Concentrations Exceeding Screening Values in More Than 10 Percent of Samples 1 
2-7 Summary of Analytical Results for Chemicals in Flushed-Line Tap Water With 

Concentrations Exceeding Screening Values in More Than 10 Percent of Samples 
2-8 Summary of Analytical Results for Chemicals in Surface Water With Concentrations 1 

Exceeding Screening Values in More Than 10 Percent of Samples 
2-9 Summary of Analytical Results for Chemicals in Groundwater With Concentrations 

Exceeding Screening Values hi More Than 10 Percent of Samples 1 
2-10 Summary of Analytical Results for Chemicals in House Dust With Concentrations 

Exceeding Screening Values in More Than 10 Percent of Samples 12-11 Summary of Analytical Results for Chemicals in Air With Concentrations Exceeding 
Screening Values in Any Sample 

2-12 COPCs Selected for Each Medium 1 
3-la Summary of Basin Geographic Areas and Population (Source: 1990 Census Data) 
3-lb Survey Subareas Included Within Proposed HHRA Geographic Subdivision 1 

xii	 1 
1 



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
 

3-2 Basin Demographics Over Time (Source: County Profiles of Idaho, IDOC 
and 1990 Census) 

3-3 Census Block Groups Falling Partially Outside of Basin Study Area Boundaries 
(Source: 1990 Census) 

3-4 Summary Population Characteristics 
3-5 Household Characteristics (Source: 1990 Census) 
3-6 Housing Characteristics (Source 1990 Census) 
3-7 Comparison of Median Values of Housing (Source: 1990 Census) 
3-8 Student Population and Educational Attainment (Source: 1990 Census) 
3-9 Basin Area Household Income (Source: 1990 Census) 
3-10 Shoshone County Profile (Source: Profile of Rural Idaho, IDOC) 
3-11 Kids Count Data as Presented in Yearly Reports (Source: Idaho KIDS COUNT: 

Profiles of Child Well-Being 1996-2000)
 
3-12 1999-2000 Kids Count Data - Economic Well Being (Source: Idaho KIDS COUNT:
 

Profiles of Child Well-Being 1999-2000 and School District Data)
 
3-13 1999-2000 Kids Count Data - Child Population Change (Source: Idaho KIDS
 

COUNT: Profiles of child Well-being 1999-2000) 
3-14 School District Data (Source: School Districts #391, 392, and 393) 
3-15 School District Enrollment by Grade (Source: School Districts #391, 392, and 393) 
3-16 Estimated Child Population and Sample Population (Sources: 1990 Census, Idaho 

KIDS COUNT, and School District Data)
 
3-17 Public and Private Sewer and Water Hookups (Source: 1990 Census and 1999
 

Sewer District (SD) data)
 
3-18 Estimated Number of Housing Units by Basin Area (Source: 1990 Census and 1999
 

Sewer District Data) 
3-19a Summary of Exposure Pathways Quantified in HHRA 
3-19b Tribal Exposure Routes To Be Considered 
3-20 Summary of Exposure Point Concentrations for Reasonable Maximum Exposure 
3-21 Number of Samples Used to Calculate Exposure Point Concentrations 
3-22 Residential Exposure Factors 
3-23 Neighborhood Recreational Exposure Factors 
3-24 Public Recreational Exposure Factors 
3-25 Occupational Exposure Factors 
3-26a Traditional Subsistence Scenario Exposure Factors 
3-26b Modern Subsistence Scenario Exposure Factors 

4-1 Oral Toxicity Criteria 
4-2 Lowest-Observed-Effect Levels in Children Exposed to Lead 
4-3 Lowest-Observed-Effect Levels in Adults Exposed to Lead 

5-1 Summary of Hazard/Risk Estimates and Risk Drivers
 
5-2 Chemicals With Hazard Indices Greater Than or Equal to 1
 

xiu 



I
 
5-3 Summary of Hazard/Risk Estimates for Combined Child/Adult Residential • 

and Neighborhood Recreational Scenarios 
5-4 Summary of RME Hazard/Risk Estimates and Risk Drivers for Modern Subsistence I 

Exposure Scenario • 
5-5 Summary of RME Hazard/Risk Estimates and Risk Drivers for Traditional Subsistence 

Exposures I 
5-6 Potential Preliminary Remediation Goals for Arsenic ™ 
5-7 Summary of the Percent of Basin Residences with 95 Percent UCL Arsenic 

Concentrations Exceeding Selected Potential PRGs • 

6- la Summary of Basin Blood Lead Level Observations by Year (9 Month to 9 Year Old • 
Children) | 

6-lb Summary of the Number of Blood Lead Observations and Repeat Children 
6-2 Annual Blood Lead Summary Data by Geographic Subarea for Children (ug/dl) (9 • 

Months Through 9 Years) | 
6-3 Geographic Subarea Blood Lead Summary Data for All Children (1 year through 9 years 

old) For All Years Gug/dl) • 
6-4a Basin Blood Lead Levels for 1-9 Year Old Children, All Years Combined • 
6-4b Basin Blood Lead Levels for 1-6 Year Old Children, All Years Combined (ug/dl) 
6-4c Basin Blood Lead Levels for 1-7 Year Old Children, All Years Combined (ug/dl) • 
6-5 Basin Blood Lead Levels by Geographic Area and Age (u.g/dl) • 
6-6a Basin-wide Blood Lead Level Summary for 1 Through 6 Year Old Children by Area 

(Survey Results-All Years) • 
6-6b Basin-wide Blood Lead Level Summary for 1 -7 Year Old Children by Area (Survey 

Results- All Years) _ 
6-7 Comparison of Coeur d'Alene and BHSS Results to National and State- Wide Blood Lead I 

Levels 
6-8a Summary of Adult Blood Lead Levels by Age and Geographic Subarea G"g/dl) M 
6-8b Observed Blood Lead Levels for Reproductive Aged Females Gug/dl) by Geographic | 

Subarea 
6-9 Dietary Lead Summary from IEUBK Model for Children • 
6-10 Summary of Garden, Fish, and Riparian Vegetation Lead Levels j§ 
6-11 a Mullan: Summary Lead Concentration Data for Environmental Media (mg/kg) and 

Percent of Soil/Dust Samples by Concentration Category (mg/kg) • 
6-1 Ib Burke/Nine Mile: Summary Lead Concentration Data for Environmental Media • 

(mg/kg) and Percent of Soil/Dust Samples by Concentration Category (mg/kg) 
6-1 1 c Wallace: Summary Lead Concentration Data for Environmental Media (mg/kg) and • 

Percent of Soil/Dust Samples by Concentration Category (mg/kg) B 
6- 1 1 d Silverton: Summary Lead Concentration Data for Environmental Media (mg/kg) and 

Percent of Soil/Dust Samples by Concentration Category (mg/kg) I 
6-1 le Osburn: Summary Lead Concentration Data for Environmental Media (mg/kg) and ~ 

Percent of Soil/Dust Samples by Concentration Category (mg/kg) 

XIV I 

I
 



6-1 If Side Gulches: Summary Lead Concentration Data for Environmental Media (mg/kg) 
and Percent of Soil/Dust Samples by Concentration Category (mg/kg) 

6-1 Ig Kingston: Summary Lead Concentration Data for Environmental Media (mg/kg) and 
Percent of Soil/Dust Samples by Concentration Category (mg/kg) 

6-1 Ih Lower Basin: Summary Lead Concentration Data for Environmental Media (mg/kg) and 
Percent of Soil/Dust Samples by Concentration Category (mg/kg) 

6-1 li Harrison: Summary Lead Concentration Data for Environmental Media (mg/kg) and 
Percent of Soil/Dust Samples by Concentration Category (mg/kg) 

6-1 Ij Rocky Point: Summary Lead Concentration Data for Environmental Media (mg/kg) and 
Percent of Soil/Dust Samples by Concentration Category (mg/kg) 

6-12a Summary of CUA Surface Water Lead Concentration (Disturbed Samples)(1ag/L) 
6-12b Summary of CUA Surface Water Lead Concentration (Undisturbed Samples)(ug/L) 
6-13 Paint Lead Loadings by Geographic Area 
6-14 Summary of Neighborhood Stream Sediment Lead Levels by Geographic Subarea 
6-15a Summary of Surface Soil Lead Levels for Common Use Areas (mg/kg) 
6-15b Summary of Sediment Lead Levels for Common Use Areas (mg/kg) 
6-16 Summary of Lead Concentration for Waste Pile Soils (mg/kg) 
6-17 Mat Dust Lead Concentration, Dust Loading, and Lead Loading for the Coeur d'Alene 

Basin 
6-18 Summary of Lead Concentrations for Sediment and Surface Soil in the Lower Basin 
6-19 Correlation Matrix for Blood Lead Levels and Environmental Source Variables 
6-20 Correlation Matrix for House Dust Lead Levels and Environmental Source 

Variables 
6-21 General Linear Model and Regression Coefficients for Blood Lead and Environmental 

Sources 
6-22a General Linear Model and Regression Coefficients for Entryway Mat Lead Concentration 

and Environmental Sources 
6-22b General Linear Model and Regression Coefficients for Entryway Mat Lead Concentration 

and Environmental Sources 
6-22c General Linear Model and Regression Coefficients for Entryway Mat Lead Concentration 

and Environmental Sources (Final Model) 
6-22d General Linear Model and Regression Coefficients for Dust Mat Lead Loading and 

Environmental Sources 
6-23 General Linear Model and Regression Coefficients for Vacuum Bag Lead Concentration 

and Environmental Sources 
6-24a IEUBK Default Inhalation and Ingestion Parameters 
6-24b EPA Adult Model Default Ingestion Parameters 
6-25 a Four Year Old Children's Baseline Lead Intake Rates for Ingestion of Soil and Dust 

EPA Default 

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I


6-25b Four Year Old Children's Baseline Lead Intake Rates for Ingestion of Soil and Dust 
Box Model 

6-26 Adult Baseline Lead Intake Rates for Ingestion of Soil and Dust 
6-27a Adult Occupational Exposure Factors for Non-lead Soil Related Activities Ingestion 

xv 



I
 
6-27b Adult Occupational Exposure Factors for Lead Soil Related Activities Ingestion • 
6-27c EPA Adult Lead Default Values for Non-Soil Related Activities 
6-28a Estimated Occupational Intake Rates Associated with Community Soils for Geographic I 

Subareas Using Non-Lead Ingestion Rates * 
6-28b Estimated Occupational Intake Rates Associated with Community Soils for Geographic 

Subareas Using EPA Adult Model Ingestion Rates • 
6-29a Estimated Occupational Incremental Lead Intake Rates for Potential Soil Lead 

Concentration Levels using Non-lead Ingestion Rates _ 
6-29b Estimated Occupational Incremental Lead Intake Rates for Potential Soil Lead I 

Concentration Levels using Lead Soil Related Ingestion Rates 
6-30 Occupational Lead Intake Rates for Adult Occupational Scenarios • 
6-30a Percentile Lead Concentration for Occupational Soils | 
6-30b Percentile Lead Intake Rates For Occupational Soils 
6-3 Oc Central Tendency and Reasonable Maximum Exposure Lead Intakes Compared to • 

Baseline • 
6-31 Recreational Exposure Factors 
6-32a Incremental Sediment/Soil Ingestion Lead Intake for Children-Central Tendency (CT) • 
6-32b Incremental Sediment/Soil Ingestion Lead Intake for Children- Reasonable Maximum • 

Exposure (RME) 
6-32c Incremental Sediment/Soil Ingestion Intake for Adults-Central Tendency (CT) and I 

Reasonable Maximum Exposure (RME) ™ 
6-33 Recreational Surface Water Exposure Factors 
6-34a Incremental Recreational Surface Water Ingestion Lead Intake Rates for Children • 
6-34b Incremental Recreational Surface Water Ingestion Lead Intake Rates for Adults 
6-35 Upland Parks Incremental Intakes for Children _ 
6-35a Percentile Surface Soil Lead Concentrations • 
6-3 5b Lead Intakes Associated with Concentration Percentiles 
6-35c Incremental Central Tendency and Reasonable Maximum Exposure Intake Rates • 

Compared to Baseline | 
6-36 Neighborhood Stream Incremental Intakes for Children 4 Years Through 11 Years Old 
6-36a Percentile Lead Concentration for Sediment and Surface Water • 
6-3 6b Percentile Lead Intake Rates for Sediment and Surface Water | 
6-3 6c Central Tendency and Reasonable Maximum Exposure Intake Estimates Compared to 

Baseline • 
6-37 CUA Public Beach Incremental Intakes for Children 0 Through 6 Years Old I 
6-37a Percentile Lead Concentrations for Sediments and Surface Water 
6-3 7b Percentile Lead Intake Rates by Media • 
6-3 7c Central Tendency and Reasonable Maximum Exposure Lead Intake Rates Compared to • 

Baseline 
6-38 Incremental Lead Intake Rates for Waste Piles for Children 4 through 11 Years Old I 
6-3 8a Percentile Lead Concentrations for Waste Pile Soils * 
6-3 8b Percentile Lead Intake Rates for Waste Piles 

I 
xvi I 



6-3 8c Central Tendency and Reasonable Maximum Exposure Incremental Lead Intakes 
Compared to Baseline 

6-39 Local Foodstuff Exposure Factors for the Resident Populations 
6-40a Children's Incremental Lead Intake Rate from Home Grown Produce 
6-40b Adults' Incremental Lead Intake Rate from Home Grown Foodstuff 
6-41 a Recreational Fish Incremental Intakes for Children 
6-4 Ib Recreational Fish Incremental Intakes for Adults 
6-42a Summary of Children's Potential Incremental Intakes (CT) 
6-42b Summary of Children's Potential Incremental Intakes (RME) 
6-43a Summary of Adult's Potential Incremental Intakes (CT) 
6-43b Summary of Adult's Potential Incremental Intakes (RME) 
6-44a Traditional Tribal Lead Intake Rate Estimates for Children by Quantile Percentages 
6-44b Traditional Tribal Lead Intake Rate Estimates for Adults by Quantile Percentages 
6-45 Modern Tribal Lead Intake Rate Estimates for Children by Quantile Percentages 
6-46 Modern Tribal Lead Intake Rate Estimates for Adults by Quantile Percentages 
6-47a Predicted and Observed Baseline Blood Lead Levels Community Mode IEUBK- 9-84 

Months 
6-47b Predicted and Observed Baseline Blood Lead Levels Community Mode IEUBK- 9-24 

Months 
6-47c Predicted and Observed Baseline Blood Lead Levels Community Mode IEUBK- 9-60 

Months 
6-48 Summary of Blood Lead, Yard Soil, and Vacuum Dust for IEUBK Batch Mode 

Input 
6-49 IEUBK Batch Mode Overall Observed v. Predicted Blood Lead by Age 
6-50a IEUBK Batch Mode Overall Observed v. Predicted Blood Lead by Geographic Area, 

Ages 9-84 Months: Default and 40:30:30 
6-50b IEUBK Batch Mode Observed v. Predicted Blood Lead by Geographic Area, Age 9-60 

Months: Default and 40:30:30 
6-50c IEUBK Batch Mode Observed v. Predicted Blood Lead by Geographic Area, Age 9-24 

Months: Default and 40:30:30 
6-5la Upland Parks Estimated Recreational Blood Lead Increments for 0-84 Month Old 

Children (CT) 
6-5Ib Upland Parks Estimated Recreational Blood Lead Increments for 0-84 Month Old 

Children (RME) 
6-52a Neighborhood Stream Recreational Blood Lead Increment for 0-84 Month Old children 

(CT) 
6-52b Neighborhood Stream Recreational Blood Lead Increment for 0-84 Month Old Children 

(RME) 
6-53a Public Beach Recreational Blood Lead Increment for Children 0-84 Month Old (CT) 

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I


6-53b Public Beach Recreational Blood Lead Increment for Children 0-84 Month Old (RME) 
6-54a Waste Pile Recreational Blood Lead Increment for 0-84 Month Old Children (CT) 
6-54b Waste Pile Recreational Blood Lead Increment for 0-84 Month Old Children (RME) 
6-55a Home Grown Vegetable Central Tendency (CT) Intakes for Children (0-84 mos.) 

xvii 



I 

I

I

I
 

6-55b Home Grown Vegetable Reasonable Maximum Exposure (RME) Intakes for • 
Children (0-84 mos.)
 

6-56a Recreational Fish Ingestion Central Tendency (CT) Intakes for Children (0-84 mos.) I
 
6-5 6b Recreational Fish Ingestion Reasonable Maximum Exposure (RME) Intakes for Children "
 

(0-84 mos.)
 
6-57 Calculations of Preliminary Remediation Goals (PRGs) using the Occupational CT •
 

Values
 
6-58 Calculations of Preliminary Remediation Goals (PRGs) using the Occupational RME _
 

Values I
 
6-59a Calculations of Preliminary Remediation Goals (PRGs) using the Upland Parks CT
 

Values • 
6-59b Calculations of Preliminary Remediation Goals (PRGs) using the CUAs CT Values | 
6-60a Calculations of Preliminary Remediation Goals (PRGs) using the Upland Parks RME 

Values •
 
6-60b Calculations of Preliminary Remediation Goals (PRGs) using the CUA RME |
 

Values
 
6-6la Estimated Post-Remedial Blood Lead Levels and Probability to Exceed Health Criteria by •
 

Community and Individuals fora 2000 mg/kg Soil Action Level - EPA Default Model I
 
6-6 Ib Estimated Post-Remedial Blood Lead Level and Probability to Exceed Health Criteria by
 

Community and Individuals fora 1500 mg/kg Soil Action Level - EPA Default Model •
 
6-61 c Estimated Post-Remedial Blood Lead Level and Probability to Exceed Health Criteria by •
 

Community and Individuals for a 1000 mg/kg Soil Action Level - EPA Default Model
 
6-6Id Estimated Post-Remedial Blood Lead Level and Probability to Exceed Health Criteria by •
 

Community and Individuals for a 800 mg/kg Soil Action Level - EPA Default Model ™
 
6-61 e Estimated Post-Remedial Blood Lead Level and Probability to Exceed Health Criteria by
 

Community and Individuals for a 600 mg/kg Soil Action Level - EPA Default Model I
 
6-6If Estimated Post-Remedial Blood Lead Level and Probability to Exceed Health Criteria by
 

Community and Individuals for a 400 mg/kg Soil Action Level - EPA Default Model _
 
6-62a Estimated Post-Remedial Blood Lead and Risk by Community and Individuals fora 2000 •
 

mg/kg Soil Action Level-Box Model
 
6-62b Estimated Post-Remedial Blood Lead and Risk by Community and Individuals fora 1500 •
 

mg/kg Soil Action Level-Box Model |p
 
6-62c Estimated Post-Remedial Blood Lead and Risk by Community and Individuals for a 1000
 

mg/kg Soil Action Level-Box Model •
 
6-62d Estimated Post-Remedial Blood Lead and Risk by Community and Individuals fora 800 |
 

mg/kg Soil Action Level-Box Model
 
6-62e Estimated Post-Remedial Blood Lead and Risk by Community and Individuals for a 600 •
 

mg/kg Soil Action Level-Box Model •
 
6-62f Estimated Post-Remedial Blood Lead and Risk by Community and Individuals for a 400
 

mg/kg Soil Action Level-Box Model I
 

XVlll 



7-1 Effect of Reduced Dermal Surface Areas (SAs) on Current Total RME Risks and Hazards 
for the Neighborhood Recreational Scenario 

7-2 Summary of Geometric Means and Ratios of Chemical Concentrations in House Dust and 
Yard Soil 

7-3 Cadmium Concentrations in Vegetables and Soil 
7-4 Generic and Basin-Specific Elements of Uncertainty in Blood Lead (Pb-B) Data 

Gathering 
7-5 Elements of Uncertainty in Environmental Lead Data Gathering and Assessment in The 

Basin 
7-6 Elements of Uncertainty in Lead Exposure Data in the Basin 
7-7 Elements of Uncertainty in IEUBK Modeling of Blood Lead (Pb-B) Levels in the Basin 
7-8 Summary Statistics for Environmental Variables for All Data and the Subset of Data 

Paired with Blood Lead Observations 

8-1 Selected Chemicals of Potential Concern in Each Medium 
8-2 Health Effects of Exposure to Chemicals of Potential Concern 
8-3 RME Hazard Quotients and Cancer Risks for Residential and Neighborhood Scenarios 
8-4 RME Hazard Quotients and Cancer Risks for Public Recreational Scenario 
8-5 RME Hazard Quotients and Cancer Risks for Occupational Scenario 
8-6 RME Hazard Quotients and Cancer Risks for Arsenic for Modern and Traditional Future 

Subsistence Exposure Scenarios 

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
 

xix 



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
 

ABBREVIATIONS AND ACRONYMS 

ALA 8-aminolevuIenic acid 
ALAD 6-aminoIevulinic acid dehydrase 
ARAR applicable or relevant and appropriate requirement 
ATSDR Agency for Toxic Substances Disease Registry 
AWQC Ambient Water Quality Criteria 
bgs below ground surface 
BHSS Bunker Hill Superfund Site 
CDAB Coeur d' Alene River Basin 
CLP Contract Laboratory Program 
cm centimeter 
cm2 square centimeter 
COPC chemical of potential concern 
CSM conceptual site model 
CT central tendency 
CTE central tendency estimate 
CUA common use areas 
Ecology Washington State Department of Ecology 
EP erythrocyteprotoporphyrin 
EPC exposure point concentration 
PDA Food and Drug Administration 
FS feasibility study 
FSPA field sampling plan addendum 
g gram 
g/kg-day grams per kilogram per day 
GSD geometric standard deviation 
HDL high-density lipoprotein 
HEAST Health Effects Assessment Summary Tables 
HHRA human health risk assessment 
IEUBK Integrated Exposure Uptake Biokinetic 
IRIS Integrated Risk Information System 
kg kilogram 
kg/g kilogram per gram 
kg/mg kilogram per milligram. 
L liter 
L/kg liter per kilogram 
LDL low-density lipoprotein 
LHIP Lead Health Intervention Program 
LOAEL lowest-observed-adverse-effect level 
LOEL lowest-observed-effect level 
MCL Maximum Contaminant Level 

xx
 



ug/m3 

urn 
mg 
mg/kg 
mg/kg-day 
mg/m3 

mL 
MLE 
MRL 

NAAQC 
NAS 

NHANES 
NHANES II 
NHANES III 
NOAEL 
NRC 
NS confluence 
PET 
PHD 
ppb 
ppm 
PRO 
RAO 
RDA 
RfC 
RfD 
RI 
RME
ROD 
ROW 
SF 
SV 
UCL95 

I
I
I
I
I
I MTCA 

I NFCS 

I
I
I
I
I
I ; 

I
I

USDA 

I
I
I
I 

USEPA 
WIC 
XRF 

microgram per deciliter 
microgram per liter 
microgram per cubic meter 
micrometer 
milligram 
milligram per kilogram 
milligram per kilogram per day 
milligram per cubic meter 
milligram per microgram 
milliliter 
maximum likelihood estimate 
Minimum Risk Level 
Model Toxics Control Act 
National Ambient Air Quality Criteria 
National Academy of Sciences 
Nationwide Food Consumption Survey 
National Health and Nutrition Examination Survey 
second National Health and Nutrition Examination Survey 
third National Health and Nutrition Examination Survey 
no-observed-adverse-effect level 
National Research Council 
confluence of the North Fork and the South Fork 
particulate emission factor 
Panhandle Health District 
parts per billion 
parts per million 
preliminary remediation goal 
Remedial Action Objectives 
recommended daily allowance 
reference concentration 
reference dose 
remedial investigation 
reasonable maximum exposure 
Records of Decision 
Rights-of-way 
slope factor 
screening value 
95 percent upper confidence limit 
U.S. Department of Agriculture 
United States Environmental Protection Agency 
Woman Infant and Children 
X-ray fluorescent 

xxi 



Executive Summary !PR•*M 



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
 

The Human Health Risk Assessment (HHRA) for the Coeur d'Alene Basin Extending from 
Harrison to Mullan on the Coeur d'Alene River and Tributaries. 

EXECUTIVE SUMMARY 

This EXECUTIVE SUMMARY includes the main findings and a brief description of the Coeur 
d'Alene Basin (CDAB) HHRA. A more complete synopsis is found in the SUMMARY and 
CONCLUSIONS document that is also Section 8 of the HHRA. That document parallels the larger 
HHRA report and is intended as a complete review for the general public. Those readers requiring 
additional detail should consult the full HHRA and the Appendices that are provided on an 
attached CD. These documents are available for review at the local information repositories, the 
Idaho Department of Environmental Quality (DEQ) office hi Kellogg and the U.S. Environmental 
Protection Agency (USEPA) office in Coeur d'Alene. 

Study Area: The CDAB, including Lake Coeur d'Alene and the Coeur d'Alene River drainage, is 
the ancestral home of the Coeur d'Alene Indian Tribe. Since the late 19th century, this area has 
been the center of one of the most productive mining districts in the world. During most of the last 
century, substantial quantities of industrial wastes were directly discharged into the environment 
from mining, mineral processing, and smelting activities. Public health investigations in the 1970s 
to 1980s resulted in the designation, in 1983, of a 21 square mile area called the Bunker Hill 
Superfund Site (BHSS), or "the Box," surrounding the former smelter complex near Kellogg. 
Remedial activities and public health response activities have been ongoing in the BHSS for two 
decades. 

RI/FS: A Remedial Investigation and Feasibility Study (RI/FS) is currently being undertaken to 
characterize the degree and extent of the contaminant release in the CDAB outside "the Box". 
Concurrent with the RI/FS, this baseline HHRA addresses potential human health risks associated 
with residual heavy metals contamination for areas east of Harrison upstream from the mouth of 
the Coeur d'Alene River. A screening level HHRA was previously completed for Coeur d'Alene 
Lake beach areas, and a similar screening level HHRA is being completed for the Spokane River 
that drains Lake Coeur d'Alene into the State of Washington. 

Baseline HHRA: The baseline risk assessment is an evaluation of the potential threats to public 
health from site contaminants in the absence of any remedial action. The primary tasks 
accomplished hi performing the HHRA included data collection, data evaluation, exposure 
assessment, toxicity assessment, and risk characterization. The main purpose of this HHRA is to 
determine the extent of heavy metal contamination in environmental media that current or future 
residents and visitors to the CDAB may come in contact with, to evaluate the potential human 
health risks associated with exposure to those contaminated media, and to provide information for 
risk managers to evaluate the need for remedial action and development of associated clean-up 
criteria. Figure ES-1 shows various features of the CDAB. 

Geographic Subareas: The Basin was divided into eight principal HHRA geographic subareas 
based on existing communities, identified routes of potential human exposure, public use patterns, 
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and the results of environmental lead health surveys in each area. Those geographic subareas • 
shown on Figure ES-1 are: the Lower Basin (the floodplain of the lower Coeur d'Alene River from 
Harrison to, and including Cataldo), Kingston (including the area of the Basin between the BHSS H 
and Cataldo), the Side Gulches (including residences in the side canyons along streams draining | 
into the South Fork between the BHSS and Siiverton), Osburn, Siiverton, Wallace, Burke/Nine 
Mile (including Nine Mile Creek and Canyon Creek), and Mullan. • 

Data Used in the HHRA: In addition to traditional geographic, climatic., and demographic 
information, two basic data sources were used in the HHRA. Those data either i) originated in • 
investigations associated with the RI/FS or the Natural Resource Damage Assessment (NRDA) I 
being conducted by federal and Tribal trustees, or ii) obtained in health surveys conducted by the 
State Department of Health and Welfare and allied local and federal health agencies. The principal I 
source of the latter data was a comprehensive blood lead and environmental exposure study • 
conducted in 1996, and follow-up blood lead surveys conducted in 1997-1999. 

Special Health Concerns: Chemicals of potential concern (COPCs) were identified using a * 
decision process that included a comparison of detected chemical concentrations with health-based 
screening values (SV). In total, eight metals were selected for assessment including antimony, I 
arsenic, cadmium, iron, lead, manganese, mercury and zinc. The principal health concerns are 
associated with lead and its potential to cause neurological developmental effects in children; and • 
arsenic for its potential to cause cancers of the skin, bladder, kidney, lung, and liver, and various | 
pre-cancer and noncancer effects in skin by ingestion. Table ES-1 summarizes the COPCs for each 
media evaluated. • 

Populations of Potential Concern: Certain population groups in the Basin could be more sensitive 
to contamination, or more likely to be subjected to greater exposure than the typical individual. I 
These populations include infants, children, pregnant -women as they represent thefetus, and " 
individuals with subsistence lifestyles, including some Coeur d'Alene Tribe members. 

Lead Health Surveys: The greatest health concern is lead poisoning and excess lead absorption 
noted in health surveys of the resident population. Lead health risks are assessed by comparing _ 
blood lead levels to current Centers for Disease Control (CDC) criteria: excessive prevalence of • 
blood lead levels in the 10 u.g/dl -14 j^g/dl range are indicative of excess exposure, levels of 1 5 
u,g/dl or greater are indicative of increased risk to individuals, levels exceeding 20 |ig/dl call for 
clinical management, and levels of 45 u-g/dl require immediate medical intervention. 

Observed Blood Lead Levels: Figure ES-2 summarizes observed blood lead data by geographic 
subarea for 9 month through 9 year old children in the Basin. Figure ES-3 shows mean blood lead I 
levels by age. The highest blood lead levels are observed in the youngest age groups. One and two 
year old children have arithmetic mean blood lead levels of 7.0 u.g/dl and 8.0 Jig/dl, respectively, I 
and geometric mean concentrations of 6.2 u,g/dl to 6.3 jJ.g/dl. Geometric mean levels then decrease • 
with age from 5.2 u.g/dl at age 3 to 3.0 u.g/dl at age 8. 
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Children at-risk of Adverse Health Effects: Figures ES-4 and ES-5 summarize the percent of 
children to exceed critical toxicity levels. The results differ markedly with age. In the lowest age 
groups, 9 months through 3 years, 19% to 26% of children Basin-wide exceed 10 |ig/dl. The rate is 
highest in 2 year old children with 17% of this group exceeding 15 \ig/dl. Among preschool 
children, 16% have blood lead levels exceeding 10 i-ig/dl. For 9 month through 9 year old children, 
10% of observed blood lead levels exceed 10 \ig/dl. The public health criteria adopted for the 
BHSS, based on federal health advisories, recommends that no more than 5% of children exceed 
10 ng/dl with less than 1% greater than 15 |J,g/dl. 

Representativeness of the Surveys: Approximately 25% of eligible children participated in the 
surveys. Participation was lowest among younger children. There are divergent opinions as to how 
well the health surveys represent non-participants from throughout the Basin. Although there are 
no apparent differences in environmental exposure, selection bias related to individual family 
decisions to participate may have occurred and current representativeness is unknown. One 
argument suggests that the incidence of lead poisoning is likely greater among non-participants, as 
families that did have then- children tested are more attentive to lead poisoning and have benefitted 
from the local health department's efforts to assist parents in reducing exposures. A counter 
argument suggests that paying each child $40 as an incentive favored low-income participation. 
Because potentially high exposures are associated with poverty-related factors, this argument 
suggests higher blood lead levels would be expected among the participants. 

Related Socio-economic Problems: Lower socio-economic status indicated by the 31% of 
Shoshone County children living in poverty, the percentage of births paid for by medicaid, 
subsidized school lunch programs, high welfare payments, low-rents, and high unemployment rates 
are associated with greater risk of lead poisoning. The substantial decrease in young children in the 
population indicates young families are continuing to leave the area to look for work. Increased 
welfare payments to the remaining homes with children may indicate the area is attracting and 
retaining economically disadvantaged families. 

Poverty-related Risk Co-factors: Although children from more affluent areas or higher socio
economic categories are no less susceptible to contaminant exposures and the resulting effects, 
poverty and lead poisoning interact in several ways to put poor children at greater risk. Less 
affluent families may have lowered nutritional status and live in poorly maintained housing. 
Parents may experience more difficulties in managing the home and children, and are less able to 
provide a stimulating and healthy home environment. Home and child hygiene and behavioral risk 
co-factors can lead to increased ingestion rates of soils and dusts. Yard soils and house dust can be 
more contaminated due to deteriorating lead paint, proximity to industrial sources, and lesser 
quality maintenance of the home, yard, and local infrastructure. The age of housing in the Basin is 
problematic due to lead paint and accumulation of contaminated dusts throughout the last century. 
Risk managers may wish to consider socio-economic conditions in the area when developing risk 
reduction strategies. 

Follow-up Investigations: Follow-up investigations were completed by the local health 
department for 50 of 58 children whose blood lead levels exceeded 10 [J,g/dl. Twenty-five 
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investigations involving 21 individual children were conducted for observed blood lead levels 
exceeding 15 [ig/dl. Risk profiles indicate excess absorption associated with high soil and dust 
concentrations at homes in the Burke/Nine Mile subarea. Older children's risk profiles in this area 
indicate recreational exposures in neighborhood areas contaminated by tailings. High blood lead 
levels in Wallace are indicated in younger children and are possibly associated with paint and 
remodeling problems, high soil lead levels in play areas, and dusty or difficult to clean homes. 
Both Mullan and Osburn had no children greater than the 15 |ig/dl blood lead criteria, and 
children's blood lead levels in the 10 |ig/dl to 14 jJ.g/dl range were associated with high residential 
soil and dust concentrations or play in contaminated areas. West of the BHSS, excess absorption 
was associated with either soils and sediments in homes that had been flooded in 1996, or extended 
recreational activities in the river or lateral lakes areas of the Lower Basin, 

Site-specific Analysis of Paired Blood and Environmental Lead Data: Site-specific regression 
analysis of the relationship between blood lead levels and environmental variables indicate that 
contaminated soils, house dust, and lead based paint are all related to excess absorption. The 
overall results suggest complex exposure pathways, with blood lead levels most related to dust 
lead loading in the home, followed by independent effects of yard soil lead, interior paint lead 
condition, and exterior paint lead content. The dust lead pathway is most influenced by outdoor 
soils, augmented by paint contributions hi older homes, especially those in poor condition. The 
overall effect is exacerbated by dusty conditions in Burke/Nine Mile and to a lesser extent in 
Wallace. The Lower Basin is a notable exception. High blood lead levels are observed, although 
little problem is indicated with respect to residential soils, dustiness or house dust lead 
concentrations in the Lower Basin. This indicates exposures outside the home environment. 

Biokinetic Predictions of Resident Children's Blood Lead Levels: Current federal guidance 
requires the use of a biokinetic model for lead health risk assessment. The Integrated Exposure 
Uptake Biokinetic (IEUBK) model was used to estimate residential baseline (everyday home life) 
blood lead predictions. Both the EPA Default Model (using national assumptions for soil and dust 
ingestion rates and bioavailability) and the Box Model (derived specifically for the BHSS cleanup) 
were employed. The Box Model uses a lower bioavailability estimate and includes a community-
wide component for soil/dust exposure that is not included in the EPA Default Model. 

Predicted and Observed Blood Lead Levels: Figures ES-6 and ES-7 show observed and predicted 
blood lead levels and percent of children to exceed 10 ug/dl for the EPA Default and Box Models 
for those children tested hi health surveys. East of the BHSS, the baseline Box Model is a better 
predictor of observed mean blood lead levels. In these areas, the EPA Default baseline model 
significantly over-predicts both observed concentrations and the percent of children to experience 
excess absorption. West of the BHSS, and particularly in the Lower Basin, both models are 
ineffective in describing the observed high blood lead levels. Several possible reasons for the 
differences in predictions should be considered in the development of risk management strategies, 
including assumed bioavailabilities, relative contributions of soil and dust sources, the effect of 
intervention efforts in reducing blood lead levels, and the representativeness of blood lead surveys. 

Predicted Need for Residential Cleanup: The EPA Default version of the IEUBK Model Batch 
Mode application predicts a greater than 5% exceedance of the 10 ng/dl health criteria, associated 
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with baseline residential exposures, for all geographic areas. The Box Model predicts exceedance 
greater than 5% for Mullan, Burke/Nine Mile, Wallace, Silverton, and the Lower Basin. The areas 
adjoining the BHSS including Kingston, Osburn, and the Side Gulches are projected at less than 
5% exceedance for baseline residential exposures by the Box Model. 

Preliminary Residential Soil Action Levels: Preliminary analysis, using the Box Model, suggests 
that a cleanup threshold for soils of 800 mg/kg to 1000 mg/kg is necessary to achieve risk levels in 
the upper Basin comparable to those established for the BHSS. The EPA Default Model suggests 
cleanup levels for soils below 400 mg/kg are required to achieve similar risk criteria. Both models 
indicate that lead paint stabilization will be required hi combination with soil remediation to reduce 
house dust lead concentrations to protective levels. Potential paint stabilization would apply to the 
approximately 20% of housing units that currently have lead paint in poorly maintained condition. 
These measures will not resolve excessive blood lead levels observed in the Lower Basin and 
Kingston. 

EPA Policy Regarding Individual Risk: Current USEPA policy addresses individual risks for 
those children left at the highest exposure levels and recommends that the probability of 
experiencing a blood lead level of 10 |lg/dl or greater, at any residence, be less than 5%. Box 
Model estimates of individual risks indicate this criteria is considerably more stringent than that 
applied at the BHSS and would require a soil cleanup in the 600 mg/kg to 800 mg/kg range. Using 
the EPA Default Model to calculate a residential soil cleanup level protective of risk to individuals 
results in a soil level below the EPA residential soil screening level of 400 mg/kg. This is caused 
by elevated levels of lead hi house dust in portions of the Basin. As a result, risk managers, public 
health officials and community representatives will need to assess the applicability of this criteria 
to the Basin population and alternative risk reduction techniques that might provide the necessary 
level of protectiveness. 

Lead Health Risksfrom Exposures Outside the Residential Environment: Potentially significant 
recreational exposures are noted for children engaged in certain activities hi particular areas of the 
Basin. Recreational activities can result in significant exposures in the more contaminated areas of 
the upper Basin and throughout the floodplain areas west of the BHSS. This is a possible 
explanation for the higher than predicted blood lead levels observed among Lower Basin children. 
Additionally, swimming and water sport activities in disturbed sediment-laden surface water can 
result in substantial increases in intake and lead absorption. Potential exposures are of particular 
concern to neighborhood stream sediments in Burke/Nine Mile, and at public swimming areas in 
the Side Gulches and the Lower Basin. Potentially significant increases in blood lead levels could 
also result from consumption of home grown vegetables. 

Action Levels for Other Media: Discussion and development of candidate action levels for 
children's incremental recreational activities and fish and local produce consumption cannot be 
addressed in this document. Appropriate risk reduction methods and action levels will have to be 
evaluated by risk managers after fundamental approaches to reducing baseline blood lead levels 
have been determined. Assessing whether these actions would be sufficient to reduce non-lead 
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risks andhazards to acceptable levels must also beaccomplished inrelation to actions addressing • 
cumulative risks to lead. • 

Coeur d'Alene Tribal Scenarios: The subsistence scenario pertains to children andadults • 
engaged in traditional (aboriginal) or modern subsistence lifestyles in the floodplain of the lower 
Coeur d'Alene River. These are future scenarios, as subsistence lifestyles are not known to be « 
currently practiced in thefloodplain. Exposure pathways quantified forsubsistence lifestyles are | 
similar to those evaluated for residential and recreational receptors. Adequate fish tissue metals 
concentrations areavailable for theLower Basin andtheSpokane River. Results for fish inthis • 
HHRA should notbe extended to the Lake Coeur d'Alene fishery. | 

Native American Blood Lead Levels: No blood lead data are available for Coeur d'Alene Tribe 
members practicing subsistence lifestyles. Blood lead levels were not predicted for either the I 
traditional or modern subsistence scenarios because extremely high estimated intake rates coupled 
with cultural-specific dietary andbehavioral considerations invalidate current blood lead models. I 
Nevertheless, projected intake rates are sufficiently high to indicate that blood lead levels ™ 
associated with subsistence activities in the floodplain of the Lower Basin would exceed any 
current health criteria for children oradults ineither scenario. • 

Potential Native American Lead Intake Rates: It is important to note that the high lead intake _ 
rates areassociated with several media. Soil andsediment intakes, fish fillet andpeeled water I 
potato, and ingestion of disturbed surface water during swimming and bathing activities would 
each individually result in excessive lead intake. Consumption of whole fish from the Spokane • 
River orun-peeled water potatoes from the Lower Basin would present especially dangerous intake |take 
levels. It is likely that background or pristine environmental concentrations would be required foorr 
all media to safely support Native American subsistence activities. • 

Cancer Risk due to Arsenicfor the Coeur d'Alene Tribal Scenarios: The highest cancer risks are 
associated with Coeur d'Alene Tribal subsistence lifestyles. Table ES-2 shows theReasonable I 
Maximum Exposure (RMEor 95th percentile) cancer risk for arsenic for the modern and traditional ™ 
subsistence exposure scenarios for the combined adult/child age group. RME cancer risks 
exceeded EPA's acceptable 10"4 to 1 0"6risk criteria in all exposure pathways, with cancer risks I 
ranging from approximately I x 10~5 to I x 10"3. Total RME cancer risk for the modern subsistence 
is approximately 7 x 10"4 and 3 x 10~3 for the traditional scenario, suggesting unacceptable cancer — 
risks from exposure toarsenic through allmedia andpathways. I 

Cancer Risk due to Arsenicfor the Resident Population: For the resident population, cancer risks M 
were evaluated forchildren andadults (age 0 to 30years). Asshown inTable ES-3, total RME • 
cancer risk for each scenario was in the range of 10"6 to 10"4,except for the residential scenario at 
the Side Gulches where theRME cancer risk was3 x 10"4 dueto drinking water exposures at a • 
private well. | 

Non-carcinogenic Riskfor the Coeur d 'Alene Tribal Scenarios: Noncancer risks areexpressed • 
as a hazard quotient. If thevalue is less than or equal to 1, no adverse health effects areanticipated. I 
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Hazard quotients greater than 1 may be associated with adverse health effects. Summary hazard 
results for non-carcinogenic effects are also provided in Table ES-2. Risks and hazards for the 
Coeur d'Alene Tribe traditional subsistence scenario were the highest of any population. Modern 
and traditional subsistence exposures were evaluated only as future scenarios because subsistence 
lifestyles are not known to be currently practiced in the floodplain. Risks and hazards for the 
modern subsistence scenario were similar to those for the highest residential areas. For both 
subsistence scenarios, arsenic and iron hi soil and sediment were the greatest contributors to 
noncancer hazard. Hazards from fish ingestion are likely underestimated for subsistence exposures 
because the whole fish may be eaten. Hazards are estimated using data for fish fillets that have 
substantially lower metals concentrations (e.g., an order of magnitude) than whole fish. 

Non-carcinogenic Risk for the Resident Population: For typical CT (50th percentile) exposures to 
the resident population, potential unacceptable hazards occur only for future resident children and 
future child/adult residents of the Burke/Nine Mile area, if they were to use groundwater as a 
domestic supply. In general, the hazards and risks calculated for typical exposures were lower by 
approximately an order of magnitude compared to those calculated for RME (95th percentile) 
conditions. All other excess hazard quotients discussed are for RME conditions. 

Non-lead RME Residential and Neighborhood Risks and Hazards: Under current conditions, the 
Side Gulches had the highest risks and hazards for the 0-6-year age group and the combined 
children and adults age group (Table ES-3). The Lower Basin had the second highest risks and 
hazards for these age groups. The Lower Basin had the highest concentrations of arsenic and iron 
in soil and sediment (except for waste piles). The higher risks and hazards in the Side Gulches 
were due to high concentrations of arsenic in water in one private well. The Burke/Nine Mile area 
had the highest neighborhood risks and hazards because of the waste pile exposures evaluated for 
this area. Waste piles had the highest concentrations of non-lead metals. 

Non-lead RME Public Recreational Risks and Hazards: Of the 8 geographical areas evaluated, 
five had publicly developed recreational areas with sampling results. Hazards from the use of 
these areas exceeded 1 for the 0- to 6-year age group only along the lower Coeur d'Alene River 
from the confluence of the North Fork and the South Fork downstream to Harrison (Table ES-4). 
Cancer risks were highest for this area as well. 

Non-lead RME Occupational Risks and Hazards (Construction Worker): Of the 8 subareas, five 
were evaluated for risks and hazards to construction workers actively engaged in work that 
involves soil disturbance. As with the other receptor groups evaluated, risks and hazards were 
highest in the Lower Basin, and the Lower Basin is the only area where combined hazards 
exceeded 1, with a hazard quotient of 0.5 for arsenic and 0.7 for iron (Table ES-5 and Table 5-1). 

Non-carcinogenic Chronic Effects of Lead: The hazard quotients developed for non-lead metals 
should be considered as potentially underestimating noncancer risks due to additional exposures to 
lead. Lead is known to have adverse effects to many of the same organ systems of concern in the 
development of the hazard indices. Potential lead effects are not accounted for in these risk 
estimates, although substantial lead intake rates are anticipated for these populations. 
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Background Arsenic Levels: Cancer risks and non-carcinogenic hazards were calculated on the I 
basis of total arsenic concentrations in each area. However, some of the arsenic is naturally present ™ 
(pre-mining background concentration) and may be contributing significantly to the total arsenic 
concentration in soil and sediment. As a result, background levels may account for a significant • 
percentage of the risk due to arsenic in some areas. In other cases, background does not add 
significantly to total arsenic risk, — 

Potential Preliminary Remediation Goals (PRGs) for Arsenic: PRGs provide useful targets when 
evaluating remedial alternatives, and are calculated by defining a target risk goal and then solving » 
the basic risk equations for concentrations rather than solving for risk. Arsenic PRGs were £ 
calculated based on either cancer or non-cancer health effects because arsenic is the COPC that is 
most consistently a risk driver for ail non-lead risk assessment scenarios. Potential residential • 
PRGs based on exposure to arsenic hi soil by ingestion and dermal exposure are: 35 mg/kg for | 
children aged 0-6 years (non-cancer), 64 mg/kg for children and adults combined (cancer risk of 1 
x 10-4), and 123 mg/kg for combined child and adult non-cancer exposures. • 

Responses to Comments - Public Review Draft: Numerous comments were received from several 
reviewers on the Public Review Draft of the HHRA released in July 2000. Appendix W contains a flj 
compendium of public comments received and theauthors5 responses. Also included as part of the • 
response to comments are an independent peer evaluation of the comments received and the 
USEPA Technical Review Workgroup for Lead (TRW) evaluation of the HHRA. Enhanced I 
discussion and additional analyses have been provided in several areas of the document. 

Revised Dermal Exposure Estimates: Alternate exposure parameters were employed in assessing • 
the dermal exposure route for arsenic and cadmium included in Section 5.0. These analyses 
resulted in a 15-20% reduction hi estimated exposures to these metals by skin absorption. _ 

Revised Drinking Water Exposures: Drinking water lead exposures were revised to separate 
purged tap water samples (1997-1999 surveys) from home well source samples (1996 survey). • 

Additional Site-specific Blood Lead Data: Additional information regarding the blood lead data 
base used hi the site-specific analysis was provided hi Section 6.2.2. Data were provided • 
indicating the number of repeat blood lead observations, the number of households participating in • 
the surveys, and characteristic blood lead levels for those children providing more than one sample. 

Lead-based Paint Hazard Analysis: Additional analysis of the lead paint hazard associated with • 
observed high blood lead levels is presented in Section 6.4.2. About 30% of children exhibiting 
high blood lead levels, for which this index was available, were from homes with a potential I 
interior lead paint hazard. About 70% of the high blood lead children came from homes classified * 
as having no interior lead paint hazard. 

Clarification of USEPA Policy: Additional clarification of USEPA policy regarding the use of 
environmental media and observed blood lead data in human health risk assessment is provided in _ 
Section 8.12. I 

I
 
I
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Figure ES-2 Arithmetic and Geometric Mean Blood Lead Concentrations by Geographic
 
Area - 9 Month through 9 Year Old Children
 

(1996 -1999 Combined)
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Figure ES-3 Basin Mean Blood Lead Levels by Age
 
(1996 -1999 combined)
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Figure ES-4 Percent to Exceed Blood Lead Concentrations by Geographic Area 
9 Month through 9 Year old Children (1996 - 1999 Combined) 
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Figure ES-5 Percent of Children to Exceed Critical Toxicity Levels by Age
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Figure ES-6 Observed and Predicted Geomean Blood Lead Levels for 0-84 Month Old
 
Children Only - IEUBK Batch Mode
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Figure ES-7 Observed and Predicted Percent to Exceed 10 |ig/dl for 0-84 Month Old 
Children - IEUBK Batch Mode 
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1 Table ES-1 

Selected Chemicals of Potential Concern in Each Medium 

illllSIl

1 ;SedJaiieia*:«; mgmmmm iiiiliii 
Antimony X X X 

1 
Arsenic X  X X X X X 

Cadmium X X X X X X 
Iron X X 

1 Lead X  X X X X x X X 
Manganese X X X 

1 
Mercury X X 
Zinc X X X 

1 Table ES-2 
RME Hazard Quotients and Cancer Risks for Arsenic 

for Modern and Traditional Future Subsistence Exposure Scenarios 

ill1 vmmmliK^mm
iSSs&ifi&Mam 

1 
1 

II 
Adult 3 No arsenic data 10 No arsenic data 

Child 9 Not evaluated 43 Not evaluated 

Child/adult 4 7 xlO-4 19 3 x 10-3 

1 
Table ES-3 

RME Hazard Quotients and Cancer Risks for Residential and Neighborhood Scenarios 

1 !ff!ii|ifn 1111 II 

• :̂|;W:vi;:;̂ :; yiiii^^ix;:^^^: ££:£:£;£;££ 
&w&x*£ : iwp î:̂ :̂ ^ r££-!&£S¥: 11ill 

1 
1 1 

1111111 li ^^'^^^^^f^-'fffm 

1 Lower Basin 4 1 2x 10'5 i I x l O - 4 

Kingston 2 1 3 x lO'5 0.7 5 x 10'5 

1 
Side Gulches 6 2 2 x IO-5 2 3x 10-" 
Osburn 3 0.3 5x lO'6 0.9 8xlO-5 

Silverton 2 0.5 9 x 10-s 0.7 5 x 10's 

1 Wallace 3 0.6 8 x 10-6 0.8 5xlO- 5 

Nine Mile, current 3 1 4 x 10-5 1 8x lO'5 

conditions 

1 Nine Mile, future conditions 22 Same as Same as 12 3 x lO'5 

current current 

1 
Mullan 3 0.4 4x10-* 1 7 x 10-s 

Vegetables (all areas) 2 Not evaluated Not evaluated 2 8x 10-5 

1 
Cancer risks were not evaluated for the 0- to 6-year age group. 



Table ES-4
 
RME Hazard Quotients and Cancer Risks for Public Recreational Scenario
 

"Cancer risks were not evaluated for the 0- to 6-year age group. 
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1.0 INTRODUCTION
 

The Coeur d'Alene Basin (CDAB) in northern Idaho has long been known to be contaminated by 
historical mining and smelting activity. Public health investigations in the 1970s to 1980s 
resulted in the designation of the 21 square mile area called the Bunker Hill Superfund Site 
(BHSS), or "the Box," surrounding the former ore refining complex near Kellogg. Recently, the 
United States Environmental Protection Agency (USEPA) has extended a Remedial 
Investigation and Feasibility Study (RI/FS) to include the larger area of contaminant release in 
the CDAB. This expansion resulted from the review of previous studies indicating areas outside 
of the original BHSS boundaries present a potential threat to human health and the environment. 
The RI is currently being undertaken to characterize the degree and extent of the contaminant 
release and the FS was initiated to select the most appropriate remedial action based on site-
specific applicability, effectiveness, ability to implement, and relative cost. Concurrent with the 
RI/FS, the Human Health Risk Assessment (HHRA) is being conducted to determine potential 
health risks associated with residual heavy metals contamination in the CDAB. This document 
provides the HHRA for the areas east of Harrison upstream from the mouth of the Coeur d'Alene 
River. 

1.1 SITE LOCATION AND BACKGROUND 

1.1.1 Community and Industrial Development 

The CDAB is a vast hydrologic drainage network of over 3700 square miles located in Shoshone 
and Kootenai Counties in Northern Idaho (Figure 1-1). The Coeur d'Alene (CDA) River flows 
west through the Basin for approximately 53 miles from the Idaho/Montana state border to Lake 
Coeur d'Alene which then drains to the Spokane River. It is estimated that as many as 10,000 
people live in over 20 incorporated and unincorporated communities in the CDA Basin area 
(excluding the Bunker Hill Superfund Site and the city of Coeur d'Alene). Most of the 
communities included in the present study have developed at or near old mine portals and ore 
milling sites, or are adjacent to large mine waste (tailings) or contaminated alluvial deposits. 
Communities west of, and including, the city of Coeur d'Alene are not included in the present 
study as explained in Section 2.1, and more specifically in 2.1.5. 

The Coeur d'Alene Basin including Lake Coeur d'Alene and the St. Joe, Spokane, and Coeur 
d'Alene River Basins was the ancestral home of the Coeur d'Alene Indian nation for centuries 
prior to the coming of European immigrants in the mid to late 1800s. Agricultural settlements 
developed around the Jesuit missions in the area during the mid 19th century. The existence of 
significant deposits of gold, silver, and lead was first reported in the Coeur d'Alene Mining 
District in 1882 (Day 1963). Subsequently, several mining towns developed in the upper Basin 
and these areas were extensively mined and became one of the largest and most productive lead, 
silver, and zinc producing areas in the United States, namely northern Idaho's Silver Valley. The 
Bunker Hill and Sunshine mines, near Kellogg, Idaho, were among the largest silver and lead 
producers in the United States, and several mining companies are still active in the area today. 
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Over 100 years of past mine waste and over 60 years of smelter emissions have been discharged • 
into the CDAB. 

The Upper Basin, for the purposes of the HHRA, is contained in a steep mountain canyon of the £ 
South Fork of the Coeur d'Alene River and adjacent tributary gulches. The Upper Basin contains 
11 residential cities or unincorporated areas, about half of which are located within the BHSS. • 
This area is the heart of the world famous Coeur d'Alene mining district that wasa major | 
producer of silver, lead, zinc and other metals throughout the last century. 

The 21-square mile Bunker Hill Superfund Site (BHSS) (National Priority Listing - September 8, • 
1983) is located on the South Fork of the CDA River near the center of the upper Basin. The 
communities of Kellogg, Smelterville, Wardner, Page, and Pinehurst are located within the site B 
boundaries (Figure 1-1). Two Records of Decision (RODs) have been completed for the BHSS ™ 
(one for the populated areas in August 1991 and a second for the non-populated areas in 
September 1992) (USEPA 1991c, 1992b). When the site was in full operation, it included: a I 
milling and concentrating operation, a lead smelter, a silver refinery, a cadmium plant, an 
electrolytic zinc plant, a phosphoric acid and phosphate fertilizer plant, two sulfuric acid plants, a _ 
160-acre tailings impoundment, and several hundred acres of heavy metals contaminated soils jj 
(JEG 1988, TerraGraphics 20GOa). Major products of the Bunker Hill operation were lead, zinc 
and zinc alloys, zinc oxide, cadmium, silver, hard (antimonial-arsenical) lead, gold ore, copper • 
matte, cobalt, sulfuric acid, nickel, phosphoric acid, and four grades of fertilizer (BC11992). I 
During the 1960s and 70s, Bunker Hill supplied approximately 25% of the primary lead refined 
in the United States with a daily production capacity of over 300 tons of metallic lead. Extensive • 
remedial actions and lead health assessments have been accomplished at the BHSS. The recent • 
Five Year Review of the BHSS Project provides a detailed summary of those activities 
(TerraGraphics 2000a). • 

The Lower Basin area includes 11 lateral chain lakes and extensive wetlands, located adjacent to 
the main channel and within the CDA River's floodplain. These marshes and lakes provide an I 
extensive recreational area between the town of Cataldo and Lake Coeur d'Alene. Camping, 
fishing, boating, swimming, hunting, and wildlife photography/observation are popular activities « 
throughout the lower CDAB. There are no incorporated cities between Cataldo and Harrison at • 
the mouth of main River. However, there are a few small unincorporated village areas and 
several rural residences. • 

Cataldo Mission Flats, located near the historic Cataldo Mission, was originally a Tribal farm 
consisting of native hay meadows and pasture. Mine tailings, and effluent from other sources, • 
were deposited in the river bed adjacent to the flats as the mining industry developed in the B 
upstream basin. Sediments eventually inhibited river boat navigation to the Mission, and were 
subsequently dredged and deposited on the fiats. Such dredging ceased in 1930, when river boat • 
navigation was discontinued. During the early twentieth century, reworking of the metal-rich ™ 
sediments near Cataldo resulted in significant disturbance of the CDA River Basin floodplain 
(USGS 1990). ' I 
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By the 1950s, mine tailings piped from the river covered 2,000 acres of the Cataldo Mission 
Flats to an average depth of twenty-five to thirty feet. Sediment dredging, pumping 7000 gallons 
of water per minute, and excavating some 500 tons of contaminated river sediments per day, 
continued until 1968. Approximately 72 million tons of this sediment contaminated with mine 
tailings have been discharged into the CDA River (Krieger 1990, Weston 1989). 

Approximately forty acres of the sediments deposited on the Cataldo Flats have not developed a 
stable vegetation cover. These barren areas, typified by milled ore deposits, are subject to drying 
during the summer months. Off-road vehicle enthusiasts use the barren areas for recreation, 
further retarding vegetation and increasing their own risk of heavy metals exposure. Under these 
conditions, winds entrain the highly mobile fine materials to such a degree as to occasionally 
reduce driving visibility. 

The materials deposited on the flats are a heterogeneous mix ranging from milled ore, high in 
zinc, lead, and cadmium, to typical river sand and gravel. Alluvial sediments throughout the 
CDAB have extremely high concentrations of arsenic, lead, cadmium, zinc, and other trace 
elements (Krieger 1990). The sediments act as both a sink and a source of contamination, and 
their transport affects the concentrations of heavy metals in the soil, biota, surface water, and 
groundwater. High water flows, especially during winter and spring, scour sediments from the 
banks and bottom of the river and transport elevated quantities of metals downstream. When the 
flows decrease, the metals accumulate in the slow-moving sections of the river, in the lateral 
lakes, and downstream in Lake Coeur d'Alene. Sediments deposited on the floodplain become 
contaminated soils. Heavy metals contamination extends throughout the river system, including 
approximately 30 miles of the lower CDAB, the lateral chain lakes, and the northern two-thirds 
of Lake Coeur d'Alene (Haness 1991). 

1.1.2 Public Health Concerns 

The Bunker Hill Company mining and smelting complex closed in 1981. The site was added to 
the National Priorities List (NPL) in 1983, and the subsequent Lead Health Study was conducted 
jointly by state, federal, and local health agencies the same year (PHD 1986). This 
comprehensive survey of lead poisoning and exposures in the community showed elevated levels 
of lead in blood among area children, including those born after the smelter closure. Since the 
early 1970s, the exposure pathways and human health impacts associated with exposure to heavy 
metals have been studied extensively at the BHSS. Over the past 15 years, over 4,000 children 
living within the site have been tested for blood lead levels. Up to 75 percent of the preschool 
children tested (throughout the 1970s and early 1980s) had elevated blood lead levels (s 10 
Mg/dl) (JEG 1988). Blood lead levels of BHSS children in the early 1980s averaged around 15 
/ug/dl, while today, the average blood lead level of children is near 4 jug/dl. About 6% of 
children have blood lead levels >10 ,ug/dl (TerraGraphics 2000a). 

Residual contamination in community soils and dusts was identified as the primary source of 
lead exposure to children. The primary route of exposure has been identified as incidental 
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ingestion of soils and dusts by ordinary hand-to-mouth and play activities (TerraGraphics 2000a). I 
These same exposure pathways potentially exist for individuals throughout the CDAB. Soil lead 
values near the river downstream of the Bunker Hill site typically range from 2,000 to 12,000 • 
mg/kg while those in the upper Basin range from 500 to 25,000 mg/kg. Generally, soil samples | 
average 2500-2800 mg/kg lead throughout the CDA River Valley (Neufeld 1987, Haness 1991, 
Lustig 1991). • 

In 1991, the Center for Disease Control's (CDC's) intervention level of 25 fj-g/dl of lead in blood 
for children was revised downward to 10 ̂ ug/dl. In response to reductions in the health • 
intervention level in children, the geographic area of human health concern surrounding the • 
Bunker Hill Site has continued to expand. However, minimal testing of residents upstream and 
downstream from the site for lead and other heavy metals had been done. Children tested in the I 
early 1970's, living outside the boundaries of the BHSS, often exhibited blood lead levels of 40 ™ 
to 50 jLtg/dl. No organized screening occurred beyond the site boundaries from 1975 until 1996. 

In addition to CDC's concern about blood lead levels in children, the Agency for Toxic 
Substances and Disease Registry (ATSDR) expressed concerns as part of a Health Consultation • 
done on the Coeur d'Alene River in June, 1991 . That health consultation indicated that g
contamination within the Basin was not well characterized and that it may represent a threat to 
public health. It was recommended that periodic monitoring of soil and sediments occur where • 
human contact is likely, that persons who have frequent contact with contaminated soils and • 
sediments be identified, and that the use of untreated drinking water from the river or a shallow 
aquifer be discouraged. • 

In 1996, the State of Idaho, the Panhandle Health District (PHD) and ATSDR began 
consideration of the entire CDA River Basin for health-related concerns similar to those of the I 
BHSS. The reason for this concern was based upon known historical mining practices in the ~ 
BHSS site, the CDCs blood lead action level, and the Health Consultation accomplished by 
ATSDR. Additionally, fate and transport studies at the BHSS site indicated that metals I 
contamination had spread from the site along the Coeur d'Alene River, into the chain lakes area, 
into Lake Coeur d'Alene, and possibly into the Spokane River (SAIC 1990). A large-scale, 
multimedia sampling study within the Basin was performed in 1996 by the State of Idaho, 
USEPA, and ATSDR (IDHW 1999). 

To better define the nature and extent of the contamination in the Basin, EPA Region X began | 
additional RI/FS data collection activities that are currently ongoing through the federal 
contractors URS Greiner and CH2M Hill. The expansion of the region of concern from the • 
BHSS to the greater Coeur d'Alene Basin requires that a Human Health Risk Assessment • 
(HHRA) be performed for the Basin. It is important that the HHRA be conducted 
comprehensively, within the context of the history of lead health problems in the region, and be I 
consistent with ongoing health intervention actions at the BHSS. The State of Idaho, in ™ 
conjunction with Region X, has performed the HHRA for the Basin, while Region X will 
coordinate other RI/FS activities for the Basin. It is the desire of the State to coordinate all I 
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HHRA activities with ongoing RI/FS activities, in a manner consistent with USEPA Risk 
Assessment Guidance. 

The ATSDR and the Washington Department of Health have independently conducted both 
Health Consultations and issued Health Advisories for the Basin area in the last two years. The 
Idaho Department of Health and Welfare, Division of Health (IDOH) requested technical 
assistance from ATSDR in 1998 to evaluate the likelihood that the levels of lead, mercury, and 
cadmium detected in fish caught in the Coeur d'Alene lateral lakes would result in adverse health 
effects if these fish were eaten (ATSDR 1998). Additionally, the USEPA requested ATSDR to 
conduct an independent review of the environmental sampling data from 47 Common Use Areas 
(CUAs) and 80 residential properties in the Coeur d'Alene Basin in the Spring of 2000. The 
purpose of the health consultations was to assess the potential for public health hazards based on 
environmental data. A public health hazard is defined by ATSDR as sites that pose a public 
health hazard due to the existence of long-term exposures (> 1 year) to hazardous substances or 
conditions that could result in adverse health effects (ATSDR 2000a). 

In evaluating the fillet fish data for northern pike, bullhead catfish, and yellow perch, ATSDR 
concluded that adverse health effects are not likely to occur from ingestion offish from the 
lateral chain lakes and other sources of lead are present in the Coeur d'Alene Basin that may 
affect residents if chronic exposures occur (ATSDR 1998). 

Specifically, ATSDR was asked to assess whether Early Action Levels (EALs) proposed by the 
USEPA to remediate certain homes and CUAs were protective of public health. Based on the 
information available for the 47 CUAs east of Harrison, ATSDR found that the EALs proposed 
for antimony, arsenic, cadmium, and lead may not provide an adequate margin of safety for area 
residents. ATSDR also concluded that recreational visitors to the CUAs are not likely to 
experience adverse health effects from metals below the EALs. The recommendation that 
ATSDR provided in the health consultation was to notify area residents of the hazards posed by 
recreational activities at the CUAs along the Coeur d'Alene River (ATSDR 2000b). 

The health hazards from lead contamination in soil, indoor dust, and tap water to children using 
the residential homes data were evaluated differently than the CUAs. The potential health threat 
was evaluated three ways, by 1) calculating an estimated daily intake (dose) and comparison to 
an Intake of Concern for the population (IOC), 2) estimating expected blood lead levels through 
use of the EPA's Integrated Exposure Uptake Biokinetic (IEUBK) Model for Lead, and 3) 
estimating blood lead levels through an ATSDR integrated exposure regression analysis model 
for use at lead sites. Based on the three methodologies utilized in the health consultation and 
data from the residential homes, a public heath hazard may exist for children living at more than 
half of the residences sampled by the USEPA in 1998 and 1999. Children in approximately 50 
homes had estimated lead exposures twice the IOC and/or estimated blood lead levels in excess 
of the CDC action level of 10 ug/dl. Results of the evaluation suggest that children one to two 
years old may be the population of concern for elevated blood lead levels. Increased hazard may 
also be likely if other routes of exposure unaccounted for in the calculations, such as lead based 
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paint, consumption of biota, and recreational activities in the Basin, are a significant route of I 
exposure to lead. ATSDR made recommendations including differing intervention strategies 
based on the level of risk that included continuation or initiation of blood lead monitoring and « 
the current intervention program (ATSDR 2000a). g 

In addition to the published ATSDR health consultations for the Coeur d'Alene Basin, the • 
Spokane Regional Health District, Washington State Department of Health, and the Washington | 
State Department of Ecology recently issued a health advisory for consumption of Spokane River 
fish (June 2000). The advisory concluded that: • 

•	 all of the fish sampled in the Spokane River had elevated lead concentrations 
(rainbow trout, mountain whitefish, and large-scale sucker), • 

•	 lead levels in whole fish were significantly higher than levels found in fillets, ™ 
•	 no increased risk exists for most people who eat fillets from fish caught in the 

Spokane River, • 
•	 children should not eat whole fish or any meals prepared using whole fish, and ™ 
•	 adults (in particular, pregnant women) should limit the number of whole fish 

eaten. • 

1.2	 STUDY POPULATIONS AND STUDY AREA 

The study area is defined as the CDA Basin, which includes the South Fork of the Coeur d'Alene 
River and tributaries, and the main stem of the CDA River for approximately 53 miles from the tm 
Idaho/Montana border to Lake Coeur d'Alene, excluding the 21 square-mile Bunker Hill | 
Superfund Site. The population includes those individuals living throughout the defined study 
area, but is limited to those individuals living within the CDAB at the time health and • 
environmental surveys were performed (i.e., 1996-1999). For the blood lead surveys, children • 
are defined as individuals older than 6 months, but less than or equal to 9 years of age. Sub
categories of this age group, (up to 84 months of age) including infants, preschoolers and I 
toddlers are used throughout the HHRA to assess risks to children using the EPA Lead Model • 
(USEPA 1994d; USEPA 1998f). Adult females are defined as women of reproductive age 
between the ages of 17 years and 49 years. The remainder of the population is comprised of all • 
individuals that do not fit these categories. 

It is estimated that approximately 10,000 people reside in about 5000 homes located in the	 • 
defined area, A comprehensive review of the population and demographics of the CDAB is 
discussed in Section 3.0.	 tm 

1.3	 PURPOSE AND OBJECTIVES 

The main purpose of this HHRA is to determine the extent of heavy metal contamination in I 
environmental media that may expose current or future residents or visitors to the CDAB, to 
evaluate the potential human health risks associated with exposure to those contaminated media, I 
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and to provide information for risk managers to evaluate need for remedial action and 
development of associated clean-up criteria. 

The specific objectives of this document are: 

1.	 To review and summarize health and environmental data available for the CDAB, 
2.	 To select the chemicals of potential concern (COPC), 
3.	 To identify potentially exposed residents and visitors, exposure pathways and 

populations of concern, 
4.	 To summarize toxicity information for the COPCs, 
5.	 To characterize human health risk related to lead and other metal exposures, 
6.	 To evaluate potential risk-based clean-up action levels, and 
7.	 To identify uncertainties associated with the entire HHRA process. 

1.4	 SCOPE AND LIMITATIONS 

The baseline risk assessment is an evaluation of the potential threats to public health from site 
contaminants in the absence of any remedial action (the no action alternative), as defined and 
required by Section 300.430(e)(6) of the National Oil and Hazardous Substances Pollution 
Contingency Plan (NCP). The results of the baseline risk assessment are used to determine the 
need for remedial action and to establish risk-based remediation goals. 

The primary tasks in performing a risk assessment include data collection, data evaluation, 
exposure assessment, toxicity assessment and risk characterization. In addition, scoping and 
development of conceptual site models (CSMs) were performed so that the ultimate goal of risk 
assessment, assessing the current situation, also provides baseline information for instituting risk 
management measures to protect human health. 

For the purposes of this HHRA, the CDAB is defined to be the area from the Idaho-Montana 
border to Harrison. The 21 square-mile BHSS is excluded from this assessment. Other areas, 
such as regions south of Harrison, Blackwell Island, Corbin Park beaches, and other areas 
identified by the State, EPA and the Coeur d'Alene Tribe, are also included as part of this 
HHRA. 

1.5	 REPORT STRUCTURE 

This report is structured to follow the general Human Health Risk Assessment process. 

Section 1.0 Introduction provides a brief description of community and industrial development 
in the Basin area, a short history of health concerns related to mining pollution, the study area, 
and the purpose, objectives, and limitations of the report. 
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Section 2.0 Data Evaluation discusses the organization of the RI/FS process and the data that is I 
used throughout the HHRA. The data are organized by geographic area and media. Data quality 
evaluations are provided to assess the reliability of the information used in the assessment. g 
Chemicals of potential health concern (COPCs) are identified through a screening process | 
comparing available media-specific concentrations to health related criteria. Eight metals were 
selected for further evaluation in this process. Those metals are antimony (Sb), arsenic (As), • 
cadmium (Cd), iron (Fe), lead (Pb), manganese (Mn), mercury (Hg), and zinc (Zn). | 

Section 3.0 Exposure Assessment identifies those population groups that are of special concern • 
for potential human health effects associated with the COPCs . Generally, longtime local • 
residents are of concern with respect to carcinogenic and chronic non-carcinogenic health effects 
due to most of the metals. Women of reproductive age, as they represent the fetus, and children, • 
are of most concern for lead. Exposure pathways, or the routes and mechanisms through which ™ 
people contact and take these metals into the body are identified. Formulae are developed to 
quantify these intakes by identifying and selecting appropriate values for exposure factors, such I 
as how much time children spend in particular play areas and how much soil they consume 
during those activities. Exposure point concentrations (EPCs) are developed that estimate the » 
concentration of each contaminant in each media that people contact. These results are then | 
combined to estimate characteristic intakes or how much of each contaminant is taken into the 
body by members of the sensitive population groups. Intake calculations are developed for the • 
non-lead chemicals, or those with chronic or long-term health concerns in this section. Sub- I 
chronic intake rates for lead are developed in Section 6.0. 

Section 4.0 Human Health Toxicity Assessment discusses the health concerns associated with • 
each of the COPCs and the routes of exposure and toxicological mechanisms that can lead to 
adverse health effects. Critical toxicity criteria such as no observable effect or "safe" levels are • 
identified and discussed. ™ 

Section 5.0 Risk Characterization for Non-Lead Chemicals assesses the health risks • 
associated with the characteristic intakes developed in Section 3.0 by comparison to the toxicity 
criteria identified in Section 4.0. This is accomplished for both carcinogenic (cancer causing) and • 
non-carcinogenic health effects and for the combined effects of metals with common health | 
effects endpoints. Risks are evaluated for both the resident population, those that currently live in 
the area, and for the Native American population that traditionally, or may in the future, practice 
subsistence lifestyle in the Lower Basin. I 
Section 6.0 Characterization of Lead Health Risks is accomplished separately from the other • 
contaminants of concern for a number of reasons. These factors are discussed and observed blood «• 
lead levels from health department surveys conducted throughout the Basin are summarized with 
the results of special follow-up investigations of lead poisoned children. Site-specific I 
quantitative analysis of exposure survey data relating observed blood lead levels to measured ™ 
environmental variables at individual residences is accomplished. Lead exposure pathways are — 
identified and quantified through route-specific exposure factors and intake routes are • 
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I quantified. Predictive blood lead modeling, using both USEPA recommended and site-specific 

I 
exposure factors, is accomplished and compared to observed results. These models are then used 
to project blood lead levels for current and future use scenarios. Native American subsistence 
intake rates are also developed and compared to similar rates in other populations. 

I Section 7.0 Uncertainties in Risk Assessment discusses the significance of the results of the 
risk characterization and those factors that may lead to possible overestimation or 

I 
underestimation of risk. Uncertainties are discussed relative to development and use of the 
HHRA database, the non-lead estimates of risk developed in Section 5 and the observed lead 
health problems and risk calculations developed for lead in Section 6. Concerns that interest 

I 
groups may have and those factors that risk managers may want to consider in the development 
of risk reduction strategies are included in this section. 

I Section 8.0 Summary and Conclusions is developed as a stand alone chapter that is available 
for public review. This section summarizes the entire document, repeats important findings from 
previous sections, and discusses the results of conclusions of the risk assessment. 

I Section 8 is also being distributed publically as an abbreviated form of the risk assessment for 
those less interested in the details of the document. An Executive Summary is also available 
that briefly summarizes the major findings of the risk assessment. 

I Appendices The Appendices for this document are voluminous and are produced only in 
electronic format on CD. The CD is attached to the back cover of the report. 

I 
I 
I 
I 
I 
I
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2.0 DATA EVALUATION
 

Samples of soil, house dust, tap water, groundwater, homegrown vegetables, sediment, surface 
water, fish, and plants (i.e., water potatoes) have been collected in the Coeur d'Alene River 
Basin. Because of the large quantity of analytical data available, the data were organized into a 
form appropriate for the baseline human health risk assessment (HHRA) according to the 
following procedure: 

1.	 The data were sorted by medium and geographical area. 
2.	 A baseline HHRA data set was developed. 
3.	 The methods used for sample analysis were evaluated. 
4.	 The data quality was evaluated with respect to sample quantisation limits, 

qualifiers and codes, and blanks. 
5.	 Chemicals of Potential Concern (COPCs) were identified using a decision process 

that included a comparison of detected chemical concentrations with screening 
values (SV). 

2.1	 BASIN GEOGRAPHICAL AREAS 

For the purpose of the remedial investigation/feasibility study (RI/FS), the Coeur d'Alene Basin 
has been divided into five geographical areas, called conceptual site model (CSM) units. Because 
these divisions were developed for use in the RI and Eco RA, and not for the HHRA, not all of 
these divisions are applicable to the HHRA. Therefore, these divisions were further broken 
down into geographic subareas to more clearly reflect human exposure areas. The following 
section discusses each of the five CSM Units and briefly describes the geographic subareas 
associated with each CSM Unit. These geographic subareas and the specific human exposure 
areas evaluated within each subarea are discussed in further detail in Section 3 and Appendix N. 
The purpose of this section is to provide consistency between the HHRA, the Eco RA, and the 
RI. 

The Coeur d'Alene Basin has been divided into the following five CSM Units: 

•	 CSM Unit 1: Upper Watersheds (including Beaver Creek, Big Creek, Canyon 
Creek, Moon Creek, Nine Mile Creek, Pine Creek, Prichard Creek, and Upper 
South Fork Coeur d'Alene River [from here on referred to as Upper South Fork]), 

•	 CSM Unit 2: Midgradient Watersheds (including South Fork Coeur d'Alene 
River [from here on referred to as the South Fork], North Fork Coeur d'Alene 
River [from here on referred to as the North Fork], and Coeur d'Alene River), 

•	 CSM Unit 3: Lower Coeur d'Alene River and Flood plain, 
•	 CSM Unit 4: Coeur d'Alene Lake, and 
•	 CSM Unit 5: Spokane River. 

These CSM units were defined as part of a Basinwide CSM developed by the Ecological Risk 
Assessment Work Group (CH2M HILL 1998). Each CSM unit is further broken down into 
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stream segments based on stream drainage areas and morphology. Not all watersheds and/or • 
stream segments have human populations, nor do they all have significant contamination. CSM 
Units 1, 2, and 3 were selected as applicable to this baseline HHRA. Human health concerns in » 
CSM Unit 4 were addressed in the Expedited Screening Level Risk Assessment for Common Use • 
Areas (provided as Appendix B), with the exception of Blackwell Island, which is included in 
this baseline HHRA, and Harrison Beach, which is included in the discussion of CSM Unit 3 • 
(Section 2.1.3). CSM Unit 5 (Spokane River) has been evaluated separately. Maps showing the || 
stream segments in CSM Units 1,2, and 3 are provided in Figures 2-1 and 2-2. Because much of 
the sample data for the Basin have been segregated by watershed, the initial evaluation of • 
available data is discussed within the context of the CSM units for the purposes of selecting data I 
and COPCs. In Section 3, new geographical areas are selected that are more applicable to human 
health. • 

Appendix C provides an evaluation of potential exposure to residents for each stream segment. 
Table 2-1 provides a summary of the CSM units, geographical subareas, and segments, and • 
indicates whether relevant data have been collected and included in the baseline HHRA for that ™ 
segment. The following sections discuss each of the CSM units in more detail. 

2.1.1	 CSM Unit 1 * 

Twelve of the 24 stream segments in CSM Unit 1 have not been included in the baseline HHRA. I 
The following excluded stream segments include: 

•	 Those minimally impacted by mining activities (as determined by the number of g 
source areas within and upstream of the segment) and thus likely to have low 
contaminant concentrations (segments listed in Table 2-1 as "relatively • 
uncontaminated"), | 

•	 Those at which there are no residential populations and where little or no routine 
recreational use is anticipated, and • 

• Those relatively inaccessible to humans (e.g., limited roads and difficult terrain). • 

No EPA data were available for 10 of the 12 excluded segments. These segments are in areas I 
that fit the exclusion criteria listed above (i.e., they have been minimally impacted by mining and ~ 
have minimal residential or recreational populations); therefore, the lack of data does not 
constitute a data gap for the HHRA. There are non-EPA data available for many of these • 
segments; however, these data are not applicable to the HHRA for the reasons stated. Figure 2-1 
shows the stream segments located in CSM Unit 1. The segments excluded from the baseline _ 
HHRA are shown with the segment name underlined. The data, collected in CSM Unit 1 that is • 
included in this HHRA falls within the geographic areas of Mullan, Burke/Nine Mile, and 
portions of the Side Gulches and Kingston. These areas are further defined in Section 3. M 

2.1.2	 CSM Unit 2 

Two of the four stream segments in CSM Unit 2 have been included in the baseline HHRA. | 
MidGradSeg03 was excluded because it comprises the North Fork and is minimally impacted by 

IFINAL VERSION	 2-2 

I
 



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
 

mining. MidGradSeg02 was excluded because it consists mainly of the 21-square-mile area 
referred to as the Bunker Hill Superfund site, which is being addressed in another investigation. 
(See Appendix C for a detailed summary of the segments.) The geographic subareas that are 
encompassed in CSM Unit 2, as outlined in Section 3, are Wallace, Silverton, Osburn, and part 
of the Side Gulches and Kingston. 

2.1.3	 CSM Unit 3
 

All six segments located in CSM Unit 3 have been included in the baseline HHRA. Harrison 
Beach (considered part of CSM Unit 4 in Appendix B) has been included with CSM Unit 3 in the 
baseline HHRA because it is located near the mouth of the lower Coeur d'Alene River, in 
LCDRSeg06 (Figure 2-2), and the metal concentrations in sediment at Harrison Beach are similar 
to those at the other locations in CSM Unit 3, The data from CSM Unit 3 is considered in the 
Lower Basin subarea. 

2.1.4	 CSM Unit 4
 

The expedited screening level risk assessment for common use areas (Appendix B) examined 
beaches around Coeur d'Alene Lake that are used by the public. None of the beaches had metal 
concentrations greater than the levels of potential concern for human health, with the exception 
of Blackwell Island. Concentrations of metals in sediment on Blackwell Island warranted further 
evaluation of this area in the baseline HHRA. All data from Blackwell Island were previously 
screened in the expedited risk assessment (Appendix B); therefore, data from Blackwell Island 
are not included in the selection of COPCs in this section. The COPCs selected in Section 2.5 
are evaluated at Blackwell Island hi subsequent sections of the report (Section 3) and are grouped 
in the Lower Basin geographic subarea. Although, Lake Coeur d'Alene sites were screened out 
as an area of concern for the general population, there may be a concern with tribal populations 
consuming fish. Concern for potential health threats associated with tribal fish consumption are 
warranted for the following reasons: 

•	 Tribal consumption rates offish caught from Lake Coeur d'Alene are expected to 
be higher than other groups fishing the Lake. 

•	 Tribal members traditionally consumed whole fish which can have concentrations 
of metals approximately an order of magnitude greater than filleted fish. 

•	 The Washington Department of Health has advised against consuming whole fish 
from the upper Spokane River. 

However, data are not available for tribal exposures to fish from the Lake. Therefore, whole fish 
from Lake Coeur d'Alene is a data gap that has been identified as a future requirement. 

2.1.5	 CSM Unit 5
 

CSM Unit 5 is comprised of the Spokane River. Human health concerns for the Spokane River 
were evaluated separately in the Draft Final Screening Level Human Health Risk Assessment for 
Nonresidential Receptors (USEPA 2000d). In 1999, whole-body and fillet fish samples were 
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collected from the Spokane River by the Washington State Department of Ecology for use in the I 
ecological risk assessment. Whole body fish data from CSM Unit 5 was used hi the baseline 
human health risk assessment to estimate tribal exposures to lead through consumption of whole H 
fish caught from Lake Coeur d'Alene (See Section 2.2.1). However, the fish ingestion pathway | 
was not evaluated in the Draft Final Screening Level Human Health Risk Assessment for 
Nonresidential Receptors. • 

2.2 SELECTION OF DATA USED IN HHRA 

2.2.1 Environmental Data B 

In the extensive sampling efforts that have occurred in the Coeur d'Alene River Basin, samples B 
have been collected from a variety of environmental media, including soil, house dust, tap water, • 
groundwater, sediment, surface water, and various plant and animal tissues (including 
homegrown vegetables, fish, and water potatoes). The locations of nonresidential soil, sediment, B 
surface water, and groundwater samples used in the risk calculations are shown in Figures 3-12 
through 3-26 in Section 3. Residential data are not shown on these figures because of _ 
confidentiality agreements with homeowners; however, residential data are included in the risk B 
calculations for the COPCs selected in Section 2.4. 

Data collected by investigators other than the EPA have generally not been included in the B 
baseline HHRA. Because the EPA has conducted sampling investigations specifically for 
purposes of assessing human health risks, these data were preferentially selected over historical • 
data collected by others and for potentially different purposes. However, data from the Coeur B 
d'Alene Tribe and the State of Idaho were used where applicable. 

As of the summer of 1999, the EPA had completed 11 sampling events for various media in the B 
Coeur d'Alene River Basin. These sampling events are referred to in this report by their field 
sampling plan addendum (FSPA) numbers (e.g., FSPA No.l). Eight of these sampling events B 
produced data applicable to the baseline HHRA. B 

A summary of each sampling event is included in the RI report for the Coeur d'Alene Basin. B 
Data resulting from the implementation of FSPA Nos. 2,3,4,5,6,7,8, and 12 have been included ™ 
in the baseline HHRA. The following provides a brief summary of the exposure areas for the 
FSPAs used in baseline HHRA. Section 3.1.4 further characterizes exposure area by exposure B 
scenario and geographical subarea. 

« The sampling for FSPA Nos. 2, 3, and 4 was not planned for human health purposes. The t I 
samples were collected for purposes of site characterization, not specifically for human 
health risk assessment. Consequently, the sampling locations and methods differ • 
somewhat from those used during the implementation of FSPA Nos. 5, 6, 7, 8, and 12, | 
which were designed to meet HHRA requirements. Therefore, no defined exposure area 
exists for these FSPAs because the sampling results were not intended for use in the • 
baseline HHRA. This data was used to provide some generic information on potential B 
risks from surface water and sediment exposures in the Osburn, Silverton and Wallace 
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combined, Nine Mile, Canyon Creek, and Mullan areas. This information was used to 
evaluate neighborhood risks and, in general, sample locations were within a relatively 
short distance (approximately 2 miles) of at least one residence. The use of this data is 
further discussed in the uncertainty section, Section 7. 

•	 FSPA No. 5 was the sampling of common use areas and included the sampling of upland 
parks in Silverton and Wallace in CSM Unit 2, the common use areas along the lower 
Coeur d'Alene River hi CSM Unit 3 (Lower Basin), and beach common use areas around 
Lake Coeur d'Alene (CSM Unit 4). The beaches around the Lake were previously 
evaluated in the expedited screening level risk assessment for common use areas 
(Appendix B), as mentioned in Section 2.1.4. Blackwell Island and Harrison Beach are 
the only common use areas from the screening level risk assessment that are evaluated in 
the HHRA because they are the only beaches that had metals concentrations above the 
screening level, warranting further investigation in the HHRA. Because Harrison Beach 
is located near the mouth of the Lower Coeur d'Alene River, it was evaluated along with 
the other CUAs in the Lower Basin subarea. Blackwell Island, however, was evaluated as 
its own geographical subarea. The exposure areas for the CUAs were defined as the area 
that people use (i.e., ball fields, parks, etc.) Therefore, the actual exposure areas varied on 
a site by site basis. As an example of how the exposure areas were defined, refer the 
representative photographs and sampling location maps for Blackwell Island and Harrison 
Beach in Appendices A and B of the expedited screening level risk assessment (Appendix 
B). 

•	 The FSPA Nos. 6, 7, and 12 sampling events were the residential samplings. The 
exposure areas for these FSPAs varied from residence to residence and were defined by 
the property boundaries of the yard area, 

•	 FSPA No. 8 included the sampling of five waste piles and groundwater in source areas. 
The waste piles were sampled as part of the evaluation of neighborhood recreational 
exposures because local children were known to play on the sampled waste piles located 
near their homes. Waste piles were sampled purposively to provide generic information 
on potential waste piles exposures. 

Because of the large extent of the Basin study area, it was not possible to sample every single 
location where exposures might occur. Exposure areas were grouped into geographical subareas 
in order to give an idea of what typical exposures might be. Even though risks and hazards are 
evaluated by geographical subarea (See Section 5), risk management decisions will be made on a 
site by site basis. No risk management decisions will be made in the absence of data. 

Data resulting from the implementation of FSPA Nos. 1,9, 10, and 11 have not been included. 
FSPA No. 1 involved sediment coring from transects in the lateral lakes; however, samples 
collected from adjacent locations during FSPA No. 5 consisted of surface sediments along the 
shoreline and were, therefore, more appropriate to the evaluation of human exposure. FSPA 
No. 9 entailed hyperspectral-imaging work. FSPA No. 10 sampling efforts are applicable only to 
the ecological risk assessment. FSPA No. 11 consisted of data gap sampling not applicable to 
the risk assessment. 
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In the summer of 1996, the Idaho Department of Health and Welfare (IDHW) conducted a study I 
(IDHW 2000) that characterized both environmental contamination and biological indices of 
human exposure within the Basin. During this study, data from 843 residential homes were • 
systematically obtained within the Basin. The data obtained from the IDHW study included yard | 
soil, house mat dust, house vacuum dust, lead-based paint measurements, and tap water. All 
samples collected were originally analyzed for lead and cadmium. Additional analyses of a • 
subset of the soil data for other metals (e.g., arsenic, mercury, and zinc) have been completed for I 
approximately 80 homes and these were included in the risk calculations for the non-lead metals 
in addition to the EPA residential data. I 

In July of 1999,a strategy was adopted to augment the existing database with new information 
sufficient to support site-specific analysis and provide the risk assessment effort with appropriate • 
information to characterize lead exposure in the Basin. Those public areas, communities, and ™ 
specific media for which little data were available were sampled in the summer of 1999 by the 
State of Idaho. A supplemental survey was also conducted by the State of Idaho in November of • 
1999, that collected environmental samples and survey data from the homes of those children 
providing blood lead results that had not previously been sampled. Of the 132 homes that were « 
not included in previous efforts, approximately 90 of those homes were sampled in the fall 1999 g 
survey. 

The samples from the IDHW study, all EPA residential data, and additional residential data I 
collected by the State of Idaho in the summer and fall of 1999 are included in the lead risk 
assessment section. The methodology and justification for combining the data sets for the site- • 
specific lead analysis is summarized in the Yard Soil section; the technical memorandum is • 
provided in Appendix N. 

Data from fish tissue collected by the State of Idaho and whole fish collected by the State of ™ 
Washington for the Spokane River RI/FS have been included in the baseline HHRA. Data from 
water potato samples collected by the Coeur d'Alene Tribe have also been included for I 
application to the traditional and modern tribal scenarios. Water potato data collection 
methodology is included in Appendix S. _ 

Data from adits were not included because human exposure to water from adits is anticipated to 
be minimal. Adits are generally located in areas with limited potential for human access and m 
most of them are fenced to prevent human entry. Any unfenced adits will be fenced as part of | 
remediation activities, further limiting exposure. 

Yard Soil I 
Prior to combining the existing data sets for use in the risk assessment, statistical analysis were • 
performed to determine if the data were compatible. Due to the similarities in field sampling • 
protocol of the FSPA06, FSPA07, and FSPA12 surveys, these data sets were combined by the 
USEPA. However, the 1996IDHW/ATSDR study was conducted under a different protocol • 
than that used in the three USEPA surveys. These protocols differ in two major aspects, the • 

I
 

I
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sampling methodologies employed and selection of homes. Homes were self-identified based 
upon a voluntary call-in basis in the USEPA surveys, whereas the IDHW/ATSDR study homes 
were selected randomly, although the service was offered to everyone. 

To evaluate whether the field sampling and analytical techniques used hi the surveys produce 
similar results, surface soil lead and cadmium concentrations from 23 homes common to both the 
IDHW/ATSDR and the USEPA surveys were compared. The results suggest a strong correlation 
between the two survey results, but lead concentrations determined by the USEPA protocols may 
be higher man that observed in IDHW/ATSDR survey. However, this difference, was not 
apparent for cadmium and the magnitude of the increase is likely not indicative of significant 
methodological differences between the two protocols with respect to exposure point 
concentrations and risk calculations for other metals. As a result, surface soil results from the 
two surveys were combined for additional analysis for metals other than lead. Appendix N 
provides the methodology and justification for combining the data sets for the site-specific lead 
analysis. 

Several subareas were under-represented in the USEPA surveys. As a result, 89 IDHW/ATSDR 
samples were retrieved from archives and submitted for re-analysis. Two groups were re
analyzed; 24 samples were analyzed through the EPA CLP and 65 samples were re-analyzed at a 
private laboratory under contract with the State of Idaho. Statistical evaluations suggested that 
analytical results were reproducible for lead and cadmium, and that it was appropriate to use the 
new archive results to characterize other metals concentrations in soils for the risk assessment. 

Non-Lead Metals. Soil samples were collected from 191 residential yards in the Coeur d'Alene 
Basin and analyzed for 23 inorganics. Eighty of these homes were sampled by the State of Idaho, 
the other 111 homes were sampled by the EPA during work under FSPA Nos. 6, 7, and 12. Both 
surface and shallow subsurface soil samples were collected. Under the EPA sampling protocol, a 
minimum of 20 composite samples were collected from five areas at each property. This 
methodology provided individual sampling locations representing an area in the yard, rather than 
a single point, thus reducing the potential for anomalous low or high outliers. In addition, 
discrete areas of the yard with potentially high exposures, i.e., vegetable gardens, children's play 
areas, gravel driveways, and downspouts were also sampled. 

Prior to analysis, soil and house dust samples were sieved through an 80-mesh sieve to capture 
the fraction less than 175-um in diameter following American Society for Testing and Materials 
(ASTM) Method D-422 and the portion that passed through the sieve was analyzed for total 
metals. The samples were sieved to produce particles of the size expected to adhere to skin 
(Kissel, Richter, and Fenske 1996a; Duggan and Inskipl985; Que Hee et al. 1985). The size 
fraction of 175 um was selected as the most appropriate for evaluating human health exposures 
for the following reasons: 

•	 Humans receive their greatest exposure to sediments from inadvertent soil 
ingestion via hand-to-mouth activity resulting from soil adhered to skin (and 
possibly clothing and objects such as toys). 
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» A review of scientific literature has identified an upper cut-off size range for I 
dermal particle adherence of 150 to 250 urn (USEPA 2000c). 

•	 The 175-p.m size fraction has been used in health risk analyses in the Coeur • 
d'Alene Basin. Using the 175-um fraction provides comparability with	 | 
comprehensive soil data collected from upstream mining and smelting sources. 

•	 The 175-u.m size fraction has been used in geochemical-exploration studies • 
conducted by the USGS to define naturally occurring levels of metals in soil and • 
rock. Using the 1 75-p.m fraction provides comparability with comprehensive soil 
and mineral data collected by Gott and Catfarall (1 980).	 I 

•	 The 1 75 -um size fraction is compatible (and protective) for use in the IEUBK ™ 
Model. The model was validated and calibrated using soil concentration inputs 
based on the fraction less 250 p,m (Hogan et al. 1998). • 

•	 Empirical data for determining soil bioavailability for lead for the IEUBK Model 
is based on studies using the less than 250-jim size fraction (USEPA 2000c, « 
Maddaloni et al.1 998; Casteel et al.1 997). | 

Lead. Approximately 1 020 homes throughout the Basin from the 1 996 IDHW, FSPA Nos. 6, 7, • 
and 12, and the 1999 State of Idaho surveys had yard soil data analyzed for lead. In addition, | 
discrete areas of the yard with potentially high exposures, i.e., vegetable gardens, children's play 
areas, gravel driveways, and downspouts were also sampled. All yard soil samples were sieved • 
to retain particles of less than 1 75-um diameter, as discussed above. • 

House Dust	 I 

Non-Lead Metals. Dust samples from floor mats and vacuum cleaner bags were collected from 
residences throughout the Coeur d'Alene Basin. Eighty-three mat samples and 77 vacuum bag • 
samples were collected and analyzed for 23 inorganics. For 16 of the mat samples from FSPA * 
Nos. 6, 7, and 12, strict adherence to mat handling protocols did not occur. These data are 
included in the risk assessment for lead and the implications of mishandling are further discussed • 
in Section 7. Generally, the data from the mat samples could underestimate the dust loading 
because homeowners cleaned the mats, rolled them up, or held them up vertically. . 

Lead. Dust mats were placed and collected from about 500 homes throughout the Basin and 
vacuum bag samples were collected from approximately 320 homes for lead analysis during the • 
1996 IDHW, FSPA Nos. 6, 7, and 12, and the 1999 State of Idaho surveys. Vacuum bag samples I 
give a general representation of lead concentration in the home, while dust mats provide both 
concentration anda dust loading rate (i.e., grams of dust/m2/day), and lead loading rate (i.e., mg • 
of lead/nrVday). Two of the 24 dust mat samples from the 1999 State of Idaho survey were • 
qualified because mat handling protocols by the residents were not followed. Therefore, only 2 
mats are known to have been tampered with by residents. Because 1996 was the first year dust 
mat sampling was performed, difficulties in quantifying the number of mats tampered with by the 
residents were encountered. 
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Tap Water 

Non-Lead Metals. Tap water samples were collected from 100 homes and analyzed for 23
 
inorganic constituents. Forty of the homes were supplied with water from a private source (i.e., a
 
well, a seep or a spring, or surface water). The other 60 homes were supplied with water from a
 
public water supply system. Samples included both first-run and flushed-line tap water. The
 
first-run tap water sample was collected at the beginning of the day, before water had been
 
flushed through the pipes. The flushed-line samples were collected after water had been allowed
 
to run for 10 minutes. Flushing allows metals that might have leached out of the water pipes in a
 
home to be flushed from the water system. Tap water samples were collected under FSPA
 
Nos. 6 and 12.
 

Lead. A total of about 200 first-run and about 425 flushed-line tap water samples were analyzed
 
for lead throughout the Basin from homes using both a private source and homes using a public
 
water supply system. These samples were collected in the 1996 IDHW, FSPA Nos. 6 and 12,
 
and the 1999 State of Idaho surveys.
 

Lead-Based Paint 

XRF measurements on approximately 415 homes were collected in the 1996 IDHW survey. 
Lead concentration in interior and exterior surfaces were collected. These data were used to 
determine if a relationship existed with dust and blood lead levels. These data were not used in 
the non-lead portion of the analysis. 

Groundwater 

Eighty groundwater samples were collected from 27 monitoring wells surrounding selected 
source areas near Nine Mile and Canyon Creeks as part of FSPA No. 8. The groundwater 
samples were analyzed for 23 inorganics. The groundwater is not currently being used as 
drinking water, which is obtained from shallow wells up in the side canyons of the two creeks; 
however, the data were used to quantify a future drinking water use scenario. The use of 
groundwater as drinking water was the only future scenario evaluated, because all other land use 
conditions are assumed to remain the same. 

Homegrown Vegetables 

During work under FSPA No. 6, vegetables were opportunistically collected from 24 residential 
gardens, after permission was granted by the homeowners. Samples included aboveground 
produce such as lettuce, basil, cauliflower, cabbage, rhubarb, corn, kohlrabi, and spearmint and 
root produce such as potatoes, carrots, beets, radishes, and onions. Lettuce, carrots, and potatoes 
were the most frequently sampled vegetables. All produce samples were analyzed for arsenic, 
cadmium, and lead, because these metals were presumed to be good indicator chemicals for 
health risks from produce. Arsenic and lead were selected because of their toxicity and 
concentrations in soil. Cadmium was selected because of its toxicity and ability to 
bioaccumulate in plants. 
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Upland Soil 

Parks, Schools, and Day Care Centers. More than 900 soil samples were collected at 13 « 
upland parks, schools, and day care centers in Silverton and Wallace and analyzed for use in the | 
risk calculations during work under FSPA No. 5. The parks and facilities in Silverton were the 
following: • 

• Sataer Field, Silverton School District, 
• Huggie Bear Day Care, • 
• Silverton Ball Field near Huggie Bear, I
 
• Silverton T-bail/Wellman Field, 
» Silverton T-ball/Weliman Field Park, and • 
• Silverton T-ball/Wellman & Satner Fields parking lot. • 

The parks and facilities in Wallace were the following: • 

• Small city park near schools, — 
• Wallace Library, I
 
• Wallace City Park (monument), 
• Wallace Depot, _ 
• Canyon Avenue Park, • 
• Wallace Visitors Center & parking lot, and 
• Wallace High School & Grammar School playground. • 

Soil samples were collected from a depth of 0 to 1 inch. In grassy areas, sod was removed and
 
soil was collected both from the root zone and down to the 1-inch depth. Prior to analysis, the •
 
soil samples were sieved (Kissel, Richter, and Fenske 1996a). I
 

Waste Piles. Many waste piles are located throughout the Coeur d' Aiene Basin. As stated in B i
 
USEPA 1989, "contamination may be unevenly distributed across a site, resulting in hot spots • ;
 
(areas of high contamination relative to other areas of the site). If a hot spot is located near an j
 
area which, because of site or population characteristics, is visited or used more frequently, I
 
exposure to the hot spot should be addressed separately." These waste piles are considered to be *
 
hot spots as described above and young children have been observed playing on these piles or
 
were reported as having played on them; therefore, piles were sampled "purposively" in order to I
 
estimate risks resulting from exposure to waste piles. Purposive sampling is that in which the
 
investigator chooses the sampling location, whereas random and systematic sampling are _
 
independent of the investigator and are considered unbiased. While purposive sampling is I
 
generally not recommended for risk assessment evaluations, it is considered an acceptable
 
sampling method, for "evaluation of visually obvious contamination" (USEPA 1989), such as •
 
waste piles. gj
 

Twenty-seven surface soil samples were collected from five waste piles associated with • 
particular mines in the Canyon Creek, Nine Mile Creek, and Mullan areas during FSPA No. 8. I
 
The mines Tamarack #7 and Tiger Poorman are located along Canyon Creek, Rex Reach/Reach 
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#2 and Success are along Nine Mile Creek, and the Morning Mine waste dump is on the outskirts 
of Mullan. Given the large number of waste piles in the Basin, these five were sampled to give a 
representative understanding of metals concentrations in waste piles. Many waste piles that are 
accessible on the valley floor and some of the side canyons do receive heavy use by teenagers 
and adults, although the pile may not be easily accessible by younger children. Therefore, many 
of the more remote piles do provide exposure and will be evaluated during the remedial design 
phase although the risk assessment did not quantitatively evaluate these piles. 

Because of the rocky nature of the waste piles, not enough fines could be collected from the 0- to 
1-inch-depth interval for sieving. Therefore, rather than collecting samples from both the 0- to 1
inch and 1- to 6-inch-depth intervals, samples were collected only from the 0- to 6-inch interval 
and sieved prior to analysis. The assumption is that the 0- to 6-inch interval is representative of 
the concentration in the top inch. 

Floodplain Soil and Sediment 

Approximately 480 samples of Flood plain soil and/or sediment were collected from various 
locations throughout the Coeur d'Alene Basin during FSPA Nos. 3 and 5. Sediment samples 
were collected under FSPA No. 3 over a variety of depths to 4 feet below ground surface (bgs). 
Data from surface sediment samples were selected for inclusion in the baseline HHRA. The 
results of sediment sampling under FSPA No. 3 (South Fork, Canyon Creek, and Nine Mile 
Creek) are based on bulk, rather than sieved, samples and sampling locations were not based on 
human use patterns, because this sampling effort was not initially intended for use in the human 
health portion of the risk assessment. This data was used because no more human health data 
was available. Because the samples were not sieved prior to analysis, it likely under-estimates 
concentrations at these three river segments. 

Work under FSPA No. 5 included sampling of soil and sediment in the Flood plain of the lower 
Coeur d'Alene River. Samples were collected from areas known to be used by the public. 
Soil/sediment in areas where only surficial play was expected were collected (generally picnic 
areas a short distance up from the water) from a depth of 0 to 1 inch. Dry sediment along 
beaches was sampled to a depth of 12 inches. Sediment in the wading portion of the beach 
(waterline to a water depth of 3 feet) was sampled, at a depth of 0 to 6 inches. Samples were 
sieved prior to analysis. 

Surface Water 

Surface water samples were collected from the South Fork and the majority of the large tributary 
streams: Canyon Creek, Nine Mile Creek, Big Creek, Moon Creek, Beaver Creek, and Pine 
Creek under FSPA Nos. 2 and 4. These sample collection locations were selected for the 
purpose of site characterization, not for the evaluation of human health risks. 

Subsequently, "disturbed" surface water samples under FSPA No. 5 were collected from the 
lower Coeur d'Alene River specifically for the HHRA. Disturbed surface water is surface water 
that contains suspended sediment due to active disturbance of the water by the sampler. These 

FINAL VERSION 2-11
 



I
 
disturbed samples were collected at shallow-water beach locations with a low or moderate slope. • 
Steeply sloped beaches were not sampled based on the assumption that individuals are unlikely 
to attempt to wade on steeply sloped beaches. Before collecting the surface water samples, the • 
field crew disturbed the sediments (i.e., kicked up sediments into the water column with their £ 
feet) in an effort to mimic surface water conditions during water play activities; thus, water 
samples were randomly collected from the area of dirty water and contained large amounts of • 
suspended sediments. In contrast to previous surface water sampling in other locations, the || 
sampling locations for the human health risk assessment were based on human use patterns of the 
water bodies. • 

For subsistence lifestyle exposure scenarios, in addition to disturbed water samples, undisturbed 
surface water samples were collected in the Lower Basin. The assumption is that tribal members • 
collect undisturbed surface water as their drinking water source. Undisturbed surface water • 
samples were analyzed for 23 metals. 1 

Surface water data for total metals (rather than dissolved metals) were selected for use in the ™ i 
baseline HHRA. Total metals were used in the HHRA for the following reasons: ; 

* Human health toxicity criteria consider total exposure regardless of dissolved 
versus total form, and _ i 

• Humans are exposed via incidental ingestion of the total fraction in water. • 

Fish Tissue m 

From 1995 through 1997, the State of Idaho and the Coeur d'Alene Tribe collected fish samples, 
which were filleted prior to analysis. Data from 312 fish fillet samples from three different • 
species (bullhead, perch, and northern pike) were used in the HHRA. The fish were collected • 
from Killarney, Medicine, and Thompson Lakes, all of which are part of the lateral lakes area of 
the Coeur d'Alene Basin. Fish tissues were analyzed for mercury, lead, and cadmium. As • 
discussed hi Section 2.2.5 for vegetables, indicator chemicals in fish tissue were selected for • 
analysis based on their toxicity and persistence (i.e., ability to bioaccumulate). 

Tribal populations traditionally consumed whole fish caught from Lake Coeur d'Alene. ™ 
Therefore, whole body fish samples represent the fish ingestion pathway for tribal members more 
accurately than the fillet tissue for the tribal scenarios used in this HHRA. However, as • 
discussed in Section 2. 1 .4, whole fish data from the lake is not available, but some whole-body 
data from the Spokane River is available for lead. In 1999, 67 fish were collected from the — 
Spokane River by the Washington State Department of Ecology. Of the 67 fish, 54 were filleted I 
and then analyzed and 13 whole body fish were analyzed for lead. The fish species collected 
were wild rainbow trout, hatchery rainbow trout, large scale sucker, mountain whitefish, and M 
crayfish (Johnson 2000). The results from this effort were intended for the ecological portion of g 
the Spokane River RI/FS, but the data are used in lead risk calculations in this human health risk 
assessment for tribal scenarios for consumption of whole fish. However, there is great • 
uncertainty surrounding these risk and hazard estimates. Extrapolation of hazards and risks • 
associated with fish in Lake Coeur d'Alene from lateral lakes fillet data and Spokane whole fish 
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data is not recommended for a number of reasons. While species with similar feeding habits 
were compared between the two environments, their exposure pathways to contaminated 
sediment are different. For example, because the dynamic river environment offers a greater 
variety of feeding habitats, a bottom feeding river fish is less likely to ingest contaminated 
sediments than a bottom feeding fish in the uniform depositional environment of the lateral lakes. 
Similarly, although they share similar feeding habits, the prey base for trout in the river 
environment is less exposed overall to depositional environments than that for perch in the lakes. 
In addition, different species bioaccumulate metals at different rates. Therefore, human exposure 
to metals through consumption offish may vary with species being consumed. Thus, neither fish 
data from the lateral lakes nor fish data from Spokane River are likely representative offish in 
Lake Coeur d'Alene. 

Concern for potential health threats associated with tribal fish consumption is warranted for the 
following reasons: 

•	 Tribal consumption rates offish caught from Lake Coeur d'Alene are expected to 
be higher than other groups fishing the Lake. 

•	 Tribal members traditionally consumed whole fish which can have concentrations 
of metals approximately an order of magnitude greater than filleted fish. 

•	 The Washington Department of Health has advised against consuming whole fish 
from the upper Spokane River. 

However, data are not available for tribal exposures to fish from the Lake. Therefore, whole fish 
from Lake Coeur d'Alene is a data gap that has been identified as ajuture requirement. 

Water Potatoes 

The Coeur d'Alene Tribe traditionally eats water potatoes harvested from the lower Coeur 
d'Alene River. In 1994, the tribe collected 95 samples of water potatoes from the lower Coeur 
d'Alene River and analyzed them for metals, both with skin and without skin. The report 
regarding collection of water potato data is included as Appendix S. The available data include 
concentrations of the following detected metals in water potatoes: aluminum, cadmium, lead, 
manganese, iron, and zinc. 

2.2.2	 Biological Data 

The Idaho Department of Health and Welfare (IDHW) and the Agency for Toxic Substances and 
Disease Registry (ATSDR) and the Panhandle Health District (PHD) have conducted fixed site 
blood lead screening in upper and lower basin communities from 1996-1999. The 
IDHW/ATSDR study was undertaken in the summer of 1996 and the three lead health surveys 
were conducted by the local PHD in 1997, 1998, and 1999. The IDHW/ATSDR study included 
blood draws for lead analysis and urine cadmium analysis for both adults and children; the PHD 
surveys were voluntary child blood lead screenings. A total of 524 children aged 9 months 
through 9 years have provided venous blood lead samples over the four years. Confidentiality of 
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these data are protected under Idaho State law. However, a redacted biood lead data set is • 
available in Appendix T. The data from these surveys are further discussed in Section 6. 

2.3 DATA QUALITY | 

2.3.1 Data Quality Objectives/Data Quality Assessment • 

EPA has standard procedures for how data quality shall be assessed in Human Health Risk 
Assessments. These procedures are outlined in EPA's Data Quality Objectives (DQO) Process • 
Guidance (USEPA 1994d) and Data Quality Assessment (DQA) guidance (USEPA 1998e). I 
These guidance documents were followed and are discussed in varying degrees in the individual 
FSPAs and the RI/FS. The following is a brief summary of how these guidance documents were • 
applied to the Baseline HHRA. See Section 4.2 of Part 1 of the RI for more a detailed • 
discussion. 

The purpose of the 1994 DQO process guidance is to provide general guidance to organizations ™ 
on developing data quality criteria and performance specifications for decision making. The 
DQO process is a strategic planning approach that provides a systematic procedure for defining • 
the criteria that a data collection design should satisfy, including when, where, and how many 
samples to collect and the tolerable level of decision errors for the study. The seven step DQO _ 
process was considered and documented in the Draft Technical Work Plan (URS Greiner and I 
CH2M Hill 1998), and considered further and documented in varying degrees in the individual 
FSPAs developed from 1997 through 2000. Each FSPA and USGS task was developed to m 
address specific data gaps identified after reviewing available historical data and results of g 
previous sampling and analysis efforts. The purpose of each data collection effort was to 
investigate areas potentially impacted by mining related activities. Due to the large geographic • 
extent of the study area, it was not possible to fully characterize all areas. As all data gaps were | 
not addressed, subsequent studies of specific areas identified for remedial actions may be needed 
to support remedial design efforts, • 

The DQA process is a comparison of the implemented sampling approach and the resulting 
analytical data against the sampling and data quality requirements specified by the DQOs. I 
Results of the DQA are used to determine whether data are of adequate quality and quantity to ™ 
support the decision-making process. The data quality assessment performed for this study 
includes evaluation of the quality of the analytical data generated for each of the field sampling • 
efforts and evaluation of the adequacy of the data collected during this study, samples were 
submitted to commercial laboratories or to EPA for analysis using the EAPs contract laboratory _ 
program (CLP) methods or the EPA SW-846 methods. High quality is maintained in these • 
programs through the use of on-site audits, performance evaluation samples, quarterly 
performance reports, fraud detection mechanisms, performance based scheduling and continuous m 
inspection of laboratory data. Additionally, all analytical data were validated according to EPA || 
data validation guidance (USEPA 1994e). Following validations, the data set was further 
reviewed for proper application of data qualifiers. Data identified during validation as being 
unacceptable for project uses were not carried forward in the assessment. I 
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The sampling plans were designed to provide data to decide if areas are impacted with a high 
degree of certainty. Since data can only estimate what the true condition of an area is, decisions 
that are based on measurement data could be in error. Risk assessment requires a high degree of 
certainty in the supporting data; therefore, field sampling and analysis plans developed to collect 
data specifically to support the human health risk assessment included sample collection designs 
with a known confidence level (95 or 99 percent) for the majority of common use area sampling. 
Specifying confidence levels in advance of sampling is important when defining sites where it is 
difficult to determine if an area has been impacted by contamination (average concentration close 
to screening values). Where historical information clearly indicates areas are contaminated 
(average concentration much greater than screening value), specifying confidence intervals prior 
to sampling is unnecessary because the chances of falsely characterizing the area are very low. 
For example, historical data have demonstrated that the waste piles in the Basin contain 
contaminated soil. Subsequent sampling events have confirmed the initial assumption. 

2.3.2 Data Usability 

Optimizing data useability hi baseline human health risk assessments reduces uncertainty in 
environmental data used in risk assessment. The 1992, Final Guidance for Data Usabiltiy in Risk 
Assessment (USEPA 1992e) provides practical guidance on how to obtain an appropriate level of 
quality of all environmental analytical data required for Superfund human health risk 
assessments. The following section briefly describes the Data Usability guidance and how it was 
applied to the HHRA. 

The four data application questions requiring an answer for risk assessment from the 1992
 
guidance are as follows:
 

1.	 What contamination is present, and at what levels? - The extent of contamination in the 
Basin is addressed in Section 2.2 which describes sample collection methods, data 
analysis procedures, and notes where samples were collected specifically for human 
health needs versus other uses. The vast majority of the data used in the HHRA was 
collected based on human health considerations and fulfills the requirements of risk 
assessment guidance as described in USEPA 1989 and USEPA 1992e. For the relatively 
small amount of data used that was not collected for HHRA use (sediment and surface 
water data in the South Fork, Canyon Creek, and Nine Mile Creek), the uncertainties 
associated with these data are discussed in both Section 2 and in Section 7. Other than 
the data noted above and the special case of waste piles, all samples were collected using 
a randomized or systematic sample design appropriate for risk assessment evaluations. 

2.	 Are site concentrations different from background? - Background samples provide 
baseline measurements to determine the degree of contamination. Background samples 
are collected and analyzed for each medium of concern in the same manner as other site 
samples and require the same degree of quality control and data review. Section 2.4.2 
presents background concentrations for all applicable media, except groundwater, for 
comparisons with site concentrations as part of the COPC screening process. The results 
of the COPC screening are presented in Section 2.5. 
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3.	 Are all exposure pathways and areas identified and examined? - The nature of the I 

exposure pathways and areas to be examined is critical to the selection of a sampling 
design and analytical methods. If the pathways and areas are not identified properly, the « 
resulting characterization may be inappropriate. Exposure pathways are identified and J| 
discussed in Section 3.2 in detail. In addition, exposure pathways are illustrated in the 
conceptual site model diagrams in Figures 3-3 through 3-11. • 

4.	 Are all exposure areas fully characterized? - For all exposure areas to be fully | 
characterized, sampling must be representative and must satisfy performance objectives 
determined during the planning process. Human health exposure areas are discussed and • 
characterized by FSPA in Section 2.2.1 and by exposure scenario and geographical area m 
in Section 3.1.4. However, they were not explicitly defined in many cases due to the 
large and complex area of the Basin. Additional data may be required to support remedial B 
design and remedial action activities on a site-by-site basis for individual subareas of the " 
Basin. 

2.3.3 Evaluation of Sample Quantitation Limits	 ™ 

Some chemicals for which samples were analyzed were not detected in a sample. These • 
"nondetected" chemicals may be present at a concentration just below the reported sample 
quantitation limit, or they may not be present in the sample at all. In determining the ^ 
concentrations most representative of potential exposures at the site, the detected concentrations I 
of a chemical were considered together with one-half of the sample quantitation limit for 
nondetections. • 

The adequacy of quantitation limits was evaluated by comparing the sample quantitation limits 
for each chemical in each environmental medium to risk-based screening values. If a sample • 
quantitation limit was less than the risk-based screening value, it was considered adequate. If I 
sample quantitation limit is greater than the SV, risk may be either overestimated or 
underestimated. Chemicals with sample quantitation limits greater than the corresponding SV • 
were antimony, arsenic, mercury, and thallium. The number of nondetected values greater than • 
SVs and the total number of nondetected samples for these four chemicals are listed in Table 2-2. 
Sample quantitation limits greater than SVs may be a concern for chemicals that are not selected I 
because those chemicals might be present elsewhere at levels that warrant a health concern. If a ™ 
chemical, whose SV is less than the sample quantitation limit, is not selected as a COPC, then 
one would not know whether or not the chemical is present in concentrations above the level of • 
health concern in future analysis. Antimony, arsenic, and mercury were selected as COPCs; 
thallium was not. Potential underestimation of health risks due to not selecting thallium is _ 
further discussed in Section 7. I 

2.4	 SELECTION OF CHEMICALS OF POTENTIAL CONCERN m 

Typically, not all chemicals present at a site pose health risks or contribute significantly to 
overall site risks. EPA guidelines recommend the selection of a group of COPCs based on their • 
inherent toxicity, their concentration at the site, and their behavior in the environment (USEPA I 
1989). 
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The occurrence, distribution, and selection of COPCs are presented in EPA's required format 
(USEPA 1998c), Risk Assessment Guidance, Part D, Table 2 series (Appendix A). The purpose 
of these tables is to provide the following: 

•	 Information useful for evaluating the detected chemicals, e.g., frequency of 
detection and maximum concentration, 

•	 Chemical screening levels, and 
•	 Rationale for selection of COPCs. 

The EPA, Part D, Table 2 series (Appendix A) also includes information on potentially 
applicable or relevant and appropriate requirements (ARARs) for comparison purposes. 
Although COPCs are primarily selected based on human toxicity, in some cases, ARARs may 
influence the selection of COPCs. The selected ARARs for groundwater and tap water are the 
EPA Maximum Contaminant Levels (MCLs), which are the legal limits of chemical 
concentrations allowed hi drinking water. The selected ARARs for surface water are the MCLs 
and the Ambient Water Quality Criteria (AWQC). AWQC are standards used as the basis for 
controlling discharges or releases of pollutants (USEPA 1998d). AWQC values that are 
protective of humans consuming fish are provided in the tables as more applicable than AWQC 
values that are protective of humans who both consume fish and drink the surface water. Surface 
water bodies in the Coeur d'Alene Basin are not used as a source of drinking water; however, 
individuals may inadvertently ingest surface water during recreational activities (e.g., wading or 
swimming). No ARARs are available for soil or sediment. No ARARs are available for air, 
except for the National Ambient Air Quality Criterion (NAAQC) for lead. 

2.4.1	 COPC Screening Process 

COPCs were selected for soil/sediment, tap water, surface water, groundwater, house dust, and 
air. For other media, including homegrown vegetables, fish, and water potatoes, all detected 
metals were considered COPCs and were evaluated quantitatively in the baseline HHRA. 

For purposes of COPC selection, all soil and sediment data were combined, including yard soil, 
upland soil, waste piles, and stream and river sediments. 

The screening process consisted of the following steps: 

1.	 Comparison of chemical concentrations in soil/sediment, tap water, surface water, 
and groundwater to background concentrations, 

2.	 Identification of chemicals that are essential nutrients and/or nontoxic to humans, 
3.	 Determination of the frequency of chemical detection, 
4.	 For noncarcinogens, comparison of the maximum detected chemical 

concentration in a particular medium with an SV of 0.1 of the risk-based 
preliminary remediation goal (PRO); for carcinogens (only arsenic), comparison 
of the maximum detected concentration with a SV, which is equal to the PRG, 

5.	 If the maximum detected concentration exceeds the SV, evaluation of the 
frequency and magnitude of the exceedance, 
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6.	 Comparison of the maximum detected chemical concentration with the PRO, and I 
7.	 If the maximum detected chemical concentration exceeds the PRG, evaluation of 

the frequency and magnitude of the exceedance. « 

These steps are described in more detail hi the following sections. 

2.4,2	 Comparison to Background Concentrations I 
The term background is used here to refer to chemical concentrations that would be expected in • 
the Coeur d'Alene Basin in the absence of historical and ongoing emissions from local mining, m 
smelting, and other ore processing operations. The EPA defines background for inorganic 
chemicals as ".. .the concentration of inorganics found in soils or sediments surrounding a waste • 
site, but which are not influenced by site activities or releases" (USEPA 1995c). The potential • 
background concentrations provided in the following subsections for soil/sediment, surface 
water, and groundwater should be considered preliminary. Background concentrations have been • 
calculated for the RI/FS of the Coeur d'Alene Basin. These background concentrations are * 
discussed below for soil and surface water. 

The background concentrations discussed hi this section and summarized in Table 2-3 were used 
for purposes of comparison only. The selected COPCs all exceeded background throughout the « 
entire Basin or a major portion of the Basin (i.e., an entire CSM unit). • 

Background Concentrations in Soil and Sediment	 m 

The primary source used for soil and sediment background concentrations in most previous 
health risk assessments for the 21-square-mile area commonly referred to as the Bunker Hill • 
Superfund Site (BHSS) and the Coeur d'Alene Basin is the Gott and Cathrall study (Gott and 1 
Cathrall 1980). This study analyzed the less than 175 micron fraction of 8,700 soil samples in a 
300-square-mile area centered on the Coeur d'Alene Basin. Table 2-3 provides the 90th • 
percentile values of the data for all geologic formations in the area. These levels are considered B 
representative of undisturbed pre-mining soils in the entire Coeur d'Alene Basin. These values 
were used for comparison with site soil and sediment concentrations hi the baseline HHRA, with fl 
the exception of lead and cadmium. Lead and cadmium background concentrations are changed ™ 
slightly from the values presented in Gott and Cathrall (1980). They are based on a more 
rigorous statistical analysis of Gott and CathralPs data by Le Jeune and Cacela (1999). The Le • 
Jeune and Cacela cadmium and lead background concentrations are being used in the Basin 
RI/FS. _ 

Separate background concentrations were developed for sediments around Coeur d'Alene Lake, 
as reported in the expedited screening level risk assessment for common use areas,	 • 
(Appendix B). Derivation of those values followed recent state of California guidelines (CalEPA J 
1992), National guidance detailing procedures for the selection of background values in soil is 
not available. Although the background sediment concentrations reported hi the expedited • 
screening level risk assessment were very similar to the Gott and Cathrall 90th percentile values, • 

I
 

I
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the Gott and Cathrall values were selected for the baseline HHRA because they are considered 
more representative of the study area. 

Background Concentrations in Surface Water 

Background concentrations of metals in surface water in the Coeur d'Alene Basin were 
calculated using the approach described in Appendix C of Maest et al. (1999). Using this 
approach, EPA accounted for differences in mineralization and watershed properties to determine 
"baseline" concentrations of total cadmium, lead, and zinc in four portions of the Coeur d'Alene 
Basin: the Upper South Fork, the Page-Galena mineral belt, the Pine Creek drainage, and the 
entire South Fork Coeur d'Alene River basin. Surface water background concentrations were 
developed as part of the RI for the Basin and are presented in Table 2-3. 

Background Concentrations in Ground-water 

Sufficient data to estimate groundwater background concentrations are not available. Total 
metals concentrations are used in the HHRA and totals were not available for groundwater 
background concentrations. Only limited dissolved background concentrations were available 
and these are discussed here for comparison purposes only. Groundwater has been sampled at 
116 locations north of the Palouse River in Idaho (Parliman, Seitz, and Jones 1980). 
Groundwater was sampled at only seven locations in the Coeur d'Alene River valley upstream 
from Cataldo. Six of the seven locations were potentially impacted by mining activities, whereas 
the seventh location, on the North Fork, may be indicative of background concentrations. 
However, these samples were analyzed for dissolved inorganics rather than total inorganics. 
Concentrations of mercury, molybdenum, selenium, and vanadium were determined to be 
"negligible"; however, the sample quantitation limits were not reported. The results of these 
analyses for dissolved arsenic, cadmium, chromium, copper, iron, lead, and zinc for the North 
Fork monitoring well are reported in Table 2-3. The potential background concentration for 
arsenic in groundwater from Parliman, Seitz, and Jones (1980) is discussed in Section 2.5.2. 
However, because these concentrations are dissolved, they are not directly comparable to the 
concentrations of total metals presented in the Part D, Table 2 series (Appendix A). Therefore, 
these groundwater sampling data (Parliman, Seitz, and Jones 1980) are not included in the Part D 
tables. 

2.4.3 Essential Nutrients 

Under normal circumstances, the following chemicals are not associated with toxicity to humans: 
aluminum, calcium, iron, magnesium, potassium, and sodium (USEPA 1998e). With the 
exception of iron, these chemicals are not considered for inclusion as COPCs. Iron screening 
values were calculated using a provisional reference dose (RfD) derived from a no-observed
adverse-effect level (NOAEL) based on iron levels in the U.S. population from the second 
National Health and Nutrition Examination Survey (NHANES II) database (USEPA 1999e). 
Iron was included as a COPC because of the magnitude and number of exceedances over 
screening levels (see Section 2.5). 
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Like iron, aluminum also has a provisional RfD and a calculated soil PRO in the EPA Region 9 • 
PRG tables. However, aluminum was excluded as a COPC. Aluminum was excluded from 
consideration as a COPC for two main reasons: (1) no concentrations exceed EPA Region 9 _ 
PRGs (USEPA 1 999c), and (2) concentrations are likely within background for northern Idaho gj 
(Shacklett and Boerngen 1984). The impacts of excluding aluminum from the risk assessment 
are discussed further in the uncertainty section of this report (Section 7). m 

2.4.4 Frequency of Detection 

EPA guidance allows the elimination of chemicals from the quantitative evaluation if they are | 
detected infrequently and the magnitude of exceedance is not a concern (USEPA 1989). In this 
assessment, a frequency of detection of 5 percent was used as a criterion for the elimination of • 
chemicals as COPCs. In other words, if a chemical was detected in fewer than 5 percent of the • 
samples for a particular medium, it was eliminated as a COPC if the magnitude of exceedance 
(of the PRG) was not a concern. In all cases, chemicals were detected in greater than 5 percent of I 
the samples. • 

2.4.5 Comparison to Screening Values and Risk-Based Preliminary Remediation Goals • 

Soil, Sediment, Tap Water, and Groundwater _ 

Maximum detected concentrations of chemicals in each medium were compared to SVs and risk-
based PRGs. PRGs are defined as the residential values listed hi EPA Region 9 PRG tables g 
(USEPA 1999c); they represent concentrations in soil, air, and tap water that correspond to a 1 in I 
1,000,000 (1 x 10"6) cancer risk (for carcinogenic chemicals) or a noncancer hazard quotient of 
1 .0 (for noncarcinogenic chemicals). Residential soil PRGs are protective of the ingestion, • 
dermal contact, and inhalation exposure pathways. Residential tap water PRGs are protective of || 
the ingestion pathway. SVs for carcinogens are the same as the corresponding PRG. For 
chemicals with noncarcinogenic toxicity, however, SVs are defined as 0.1 of the corresponding • 
PRG. The use of 0. 1 of EPA Region 9 PRGs for noncarcinogens allows for a more protective I 
screening process by accounting for the additive toxicity of multiple contaminants and follows 
EPA Region 1 0 guidelines (USEPA 1 998e). Soil PRGs and SVs were used for screening soil • 
and sediment data; tap water PRGs and SVs were used for screening tap water, groundwater, and • 
surface water data. 

If the maximum detected concentration of a chemical in a particular medium (soil/sediment, tap ™ 
water, surface water, or groundwater) did not exceed the SV, the chemical was eliminated as a 
COPC in that medium. If the maximum detected concentration exceeded the SV, then the I 
frequency and magnitude of exceedance were evaluated. Chemicals with less than 10 percent of 
the data exceeding the SV and no exceedances of the PRG were eliminated as COPCs, ^ 
Chemicals with more than 1 0 percent of their data exceeding the SV were further evaluated by I 
considering the distribution of the concentrations and the frequency of exceedances over the 

I
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Surface Water 

Because there are no applicable SVs for surface water that is not used as drinking water, MCLs 
and AWQC were selected as appropriate SVs. AWQC were preferentially used, if available, as 
they are closer to approximating the human use of the water body (the selected AWQC are 
protective against eating fish from the surface water). If a chemical had no AWQC (only 7 of the 
23 inorganics have an AWQC), it was screened against the MCL. 

Air 

Although the residential PRGs for soil include an inhalation component, a separate SV for air 
was calculated for comparison to the soil and sediment data in the absence of site-specific air 
data. The SVs for the ah* pathway were estimated using a default particulate emission factor 
(PEF), as recommended by the EPA (USEPA 1996b). The PEF relates the chemical 
concentration in soil with the concentration of dust particles in the air due to fugitive dust 
emissions from surface-contaminated sites. Particulate emissions are caused by wind erosion 
and, therefore, depend on the credibility of the surface material. The EPA used default 
assumptions for wind speed and the percent vegetation to calculate a PEF value. The default 
PEF value of 1.32 x 109 nrVkg (USEPA 1996b) was used to calculate the air pathway SVs for all 
metals that had inhalation toxicity criteria. The default value was used as a protective approach 
to screening. Calculations for the air SVs are found in Table 2-4. Chemicals with less than 
10 percent of the data exceeding the SV and no exceedances of the PRG were eliminated as 
COPCs. Chemicals with more than 10 percent of their data exceeding the SV were further 
evaluated by considering the distribution of the concentrations and the frequency of exceedances 
over the PRG. 

2.5 RESULTS OF COPC SCREENING 

The following subsections describe the results of the screening process for each medium, 
including the rationale for selecting or eliminating chemicals as COPCs. Tables 2-5 through 
2-10 show all chemicals detected at concentrations greater than the SVs in more than 10 percent 
of the samples. 

2.5.1 Soil/Sediment 

Approximately 4,000 soil and sediment samples were collected within the study area and 
analyzed for 23 inorganics (Tables 2.1.1, 2.2.1, and 2.3.1 in Appendix A). The tables in 
Appendix A separate samples by CSM unit for soil/sediment, tap water, and surface water to 
show differences between CSM units; however, differences in chemical concentration were 
relatively minimal. Samples were collected from residential yards, common use areas (i.e., 
public areas), waste rock piles, and stream/river sediments. Thirteen metals were detected at 
least once at a concentration greater than the SV. The metals with at least one sample but less 
than 10 percent of the samples exceeding the SV were barium, copper, silver, and vanadium. 
These chemicals had frequencies of exceedance of 2.4, 3.8, 2.6, and 0.8 percent, respectively. 
However, concentrations of only nine of these metals exceeded the SV in more than 10 percent 
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of the samples (Table 2-5): antimony, arsenic, cadmium, iron, lead, manganese, mercury, • 
thallium, and zinc. 

Seven metals were selected as COPCs in soil/sediment: 

• Antimony, 
• Arsenic, 
• Cadmium, 
• Iron, • 
• Lead, I 
• Manganese, and 
• Zinc. • 

Six metals (antimony, arsenic, cadmium, iron, lead, and manganese) were selected as COPCs in 
soil and sediment based on the magnitude and frequency of their exceedances over their I 
respective SVs and PRGs. Iron and manganese concentrations exceeded their 90th percentiie 
background concentrations of 65,000 mg/kg and 3,600 mg/kg in only 9 percent and 1 1 percent of 
all soil/sediment samples, respectively. Approximately 10 percent of the data would be expected • 
to exceed the 90th percentiie value. Although iron and manganese concentrations in CSM Units 
1 and 2 may be within the range of natural background, 68 percent of the iron concentrations and » 
77 percent of manganese concentrations in CSM Unit 3 exceeded their background • 
concentrations (65,000 mg/kg and 3,600 mg/kg, respectively). Therefore, iron and manganese 
were selected as COPCs based on exceedances of SVs in all CSM units and exceedances of • 
background in CSM Unit 3. | 

Three metals (mercury, thallium, and zinc) had relatively low frequencies of exceedance over • 
their respective SVs (13 percent to 15 percent) and very low frequencies of exceedance over their m 
PRGs (less than 1 percent). However, zinc was selected as a COPC because of its historical 
association with mining activities in the Basin and its prominence hi the ecological risk • 
assessment being conducted concurrently with the HHRA. Nevertheless, zinc concentrations are • 
unlikely to contribute significantly to human health risks when compared with the other selected 
metals. Mercury and thallium were not selected as COPCs in soil and sediment for the following I 
reasons: Brfflsinns'

The concentrations of these metals exceeded their respective PRGs with a low • 
frequency less than one percent. 
Histograms of their concentration distribution (Appendix D) indicate the majority _ 
of the data are well below the SV; thus, exposures to these metals would not I 
contribute significantly to health risks (hazard quotients of 0.1 or less) in 
comparison to the other metals. 
Mercury was excluded as a COPC in soil and sediment because exposure to 
mercury through direct ingestion of soil is not an apparent health concern. 
However, mercury has the ability to bioconcentrate up the food chain. Therefore, • 
human exposures to mercury may occur through consumption of other organisms • 
(i.e., fish) which are exposed to mercury in soil and sediment. This issue was 
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addressed by selecting mercury as a COPC in the fish ingestion pathway 
(Section 2.5.7). 

The potential underestimation of health risks due to the exclusion of mercury and thallium is 
discussed in Section 7. In general, floodplain soils/sediments in CSM Unit 3 had the highest 
concentrations of metals, with the exception of waste piles. 

2.5.2 Tap Water 

One hundred and two samples of first-run tap water were collected from 100 homes; 100 samples 
of fiushed-line tap water were collected from 100 homes (Tables 2.1.2, 2.1.3, 2.2.2, 2.2.3, 2.3.2, 
and 2.3.3 in Appendix A). The first-run samples were expected to produce the highest 
concentration of metals that might leach from water pipes and solder in pipe joints. With the 
exception of lead, human exposure to chemicals from home plumbing is outside the scope of this 
risk assessment. 

In first-run samples, nine metals were detected at least once at a concentration greater than the 
SV: antimony, arsenic, cadmium, copper, iron, lead, nickel, thallium, and zinc. In flushed-line 
tap water samples nine metals were detected at least once at a concentration greater than the SV: 
antimony, arsenic, cadmium, copper, iron, lead, manganese, thallium, and zinc. In the first-run 
samples, concentrations of four of the metals exceeded the SV in more than 10 percent of the 
samples: arsenic, cadmium, copper, and lead (Table 2-6). In the flushed-line sample, 
concentrations of one metal (arsenic), exceeded the SV in more than 10 percent of the samples 
(Table 2-7). MCLs are also provided in the tables for discussion purposes because the water 
samples are from home taps currently being used for drinking water. MCLs are the legal limits 
for chemicals in drinking water. 

Two metals were selected as COPCs in tap water: 

• Arsenic, and 
• Lead. 

The sample quantitation limit for arsenic was greater than the SV in 100 percent of the 
nondetected samples collected from tap water because the SV is not technically achievable. The 
lowest sample quantitation limit was 0.2 ug/L, four times the SV (Table 2-2). Therefore, 
wherever arsenic was detected, it was detected above the SV and it is uncertain whether the 
arsenic concentrations in nondetected samples are greater than or less than the SV. Arsenic was 
detected in approximately 44 percent of the samples. 

In the Parliman, Seitz, and Jones study (1980), one sample (from a water supply well in the town 
of Mullan possibly unimpacted by mining) out of seven samples had dissolved fractions of 
arsenic detected at a concentration of 1 ,ug/L. Analytical results for a water sample collected 
from a well on the North Fork, also likely unimpacted by mining, indicated an arsenic 
concentration of "0" and the detection limit was not reported. Another sample collected from a 
well within the Bunker Hill Superfund site (likely mining-impacted) had a dissolved arsenic 
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concentration of 8 ug/L. Arsenic was not detected in the other four wells and the detection limits • 
were not reported. Dissolved fraction concentrations should be lower than total concentrations 
indicating that arsenic in tap water from a groundwater source is potentially at background; « 
however, the background sample size is extremely small. In general, arsenic in municipally | 
supplied water (groundwater source) was detected at concentrations less than 0.6 ug/L (total 
concentration), although some detection limits for the nondetected samples were as high as 1 .7 • 
ug/L. Arsenic concentrations, on average, were higher in privately supplied water, with detected | 
concentrations ranging from 0.3 ug/L to 9.2 ug/L. 

Although arsenic concentrations are below the MCL (the legal limit for drinking water) and • 
potentially at background levels, arsenic was selected as a COPC in tap water because of its 
exceedance of the SV and the uncertainties surrounding its detection limit. • 

Risk assessment procedures for lead consider all the lead an individual might encounter in his or 
her environment regardless of the source. Therefore, all measurements of lead in tap water are I 
evaluated as part of the lead risk assessment regardless of the water source or whether the ™ 
concentrations exceeded an SV. The Guidance Manual for the IEUBK Model recommends using 
an average of first draw and flushed tap water samples (USEPA 1 994a). Both first draw and • 
flushed tap water samples were collected in FSPANos. 6, 7, and 12 and the 1999 State of Idaho 
Surveys regardless of the source of water. However, in the 1996 IDHW survey, only well water — 
samples were collected from a point as close to the well head as possible and preferably before • 
any holding tanks or filter systems. 

Copper was excluded as a COPC because exceedances of the SV were limited to first-run 
samples, indicating a plumbing issue rather than a mining-related issue. Copper concentrations 
in only 4 percent of the first-run samples exceeded the PRO and the concentration in only one 
flushed-Iine sample exceeded the SV (0.1 percent). I 
Cadmium was excluded as a COPC because of its relatively low frequency of exceedance of the • 
SV (12 percent) and the PRO (0.1 percent, only one sample) in first-run samples and because • 
exceedances of the SV in flushed-line samples were only 7 percent. 

2,5.3 Surface Water « 

Up to 379 surface water samples were collected and analyzed for 23 inorganics (Tables 2.1.4, I 
2.2,4, and 2.3.4 in Appendix A). These samples were collected from stream/river locations 
throughout CSM Units 1,2, and 3. Of the 379 samples, 130 consisted of "disturbed" surface 
water containing actively stirred up sediment, and the rest were collected without active sediment I 
disturbance. 

Fifteen metals were detected at least once ata concentration greater than the SV. Nine of these | 
metals had frequencies of exceedance of the SV of less than 2 percent. Concentrations of five of 
these metals exceeded the SV in more than 10 percent of the samples (Table 2-8). All five were • 
selected as COPCs in surface water for both "disturbed" and "undisturbed" water conditions: I 
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• Arsenic, 
• Cadmium, 
• Lead, 
• Manganese, and 
• Mercury. 

For the metals that were not selected, the frequencies of exceedance of the SVs were less than 
2 percent. Concentrations of antimony and zinc did exceed the MCL in more than 10 percent of 
the samples; however, the AWQC when available are more applicable SVs for water that is not 
used as drinking water (Section 2.4.5). 

Mercury in nondisturbed water samples (all locations except the lower Coeur d'Alene River), 
was detected in only 3 percent of the samples at concentrations less than the SV. Because 
sediments could be stirred up during water play activities (i.e., water becomes "disturbed"), 
mercury was selected as a COPC in surface water for all locations. 

2.5.4 Groundwater 

Approximately 84 groundwater samples were collected and analyzed for 23 inorganics 
(Table 2.1.5 in Appendix A). These samples were collected from monitoring wells surrounding 
selected source areas in CSM Unit 1. Groundwater results are included for screening for the 
purpose of a future tap water use scenario, because the groundwater is not currently being used as 
drinking water (groundwater used as municipal supply water is from a different aquifer). Eleven 
metals were detected at least once at a concentration greater than the SV and concentrations of 
six of the metals exceeded the SV in 10 percent or more of the samples (Table 2-9). Five of 
these metals were selected as COPCs (all but manganese): 

• Antimony, 
• Arsenic, 
• Cadmium, 
• Lead, and 
• Zinc. 

Concentrations of manganese exceeded the SV in 16 percent of the samples and exceeded the 
PRG in 4 percent of the samples. However, manganese was not selected as a COPC because of 
the low frequency of exceedance of the SV (indicating the majority of the data are below the SV) 
and the PRG (less than 3 percent). It should be noted that manganese concentrations exceeded a 
secondary MCL in 25 percent of the samples, that could be an issue if the groundwater was ever 
developed as a drinking water source. The secondary MCL for manganese is less than the S V. 
Secondary MCLs are not health based. The potential underestimation of risk due to the 
exclusion of manganese as a COPC in groundwater is discussed in the uncertainty section 
(Section 7). 
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2.5.5 House Dust 

The chemicals selected as COPCs in outdoor soil were automatically selected as COPCs in house . 
dust because, with the exception of lead, the source of mining-related chemicals in house dust is • 
assumed to be outdoor soil (Table 2.4.1 in Appendix A). To ensure that no additional COPCs 
should be selected for house dust and to verify that the concentrations of chemicals selected in m 
outdoor soil also exceeded the SVs for indoor dust, house dust concentrations were screened | 
using soil SVs. There were 160 samples of house dust from floor mats and vacuum bags, 
representing the 83 homes available for screening. • 

The detected chemicals and frequencies of exceedances of the SVs in dust are similar to those 
seen for soil. Fourteen metals were detected in dust at least once at a concentration greater than • 
the SV. Thirteen of these metals were the same ones that exceeded the SVs in soil. The I 
additional metal in dust (nickel) was detected at a concentration exceeding the SV in only one 
sample, a frequency well below 10 percent. In dust, as in soil, the concentrations of nine metals I 
exceeded the SV in more than 10 percent of the samples (Table 2-10). Eight of the nine metals • 
in dust were the same as those in soil: antimony, arsenic, cadmium, iron, lead, manganese, 
mercury, and zinc. The ninth metal was copper. I 

Seven metals were selected as COPCs in house dust: _ 

• Antimony, 
• Arsenic, « 
• Cadmium, • 
• Iron, 
• Lead, • 
• Manganese, and gj 
• Zinc. 

Copper and mercury had relatively low frequencies of exceedance (15 and 14 percent, • 
respectively) of the SVs and no exceedances of the PRGs; consequently, they were not selected 
as COPCs in house dust according to the same rationale described for soil in Section 2.5.1. • 

Lead in house dust is evaluated in Section 6.0. Vacuum bag dust lead is used hi the IEUBK 
Model analysis. Dust mat samples were not used as input to the model. In the case of a missing I 
vacuum bag dust sample, the average dust lead concentration for that community was used. Dust ™ 
mat samples have not typically been evaluated in the IEUBK Model. 

2.5.6 Air " 

All soil and sediment samples collected within CSM Units 1, 2, and 3 were combined to evaluate I 
the air pathway (Table 2.4.2 in Appendix A). Approximately 4,200 soil and sediment samples 
were collected and analyzed for 23 inorganics. These samples were collected from residential m 
homes, common use areas, waste rock piles, and stream/river sediments. Arsenic and manganese | 
were the two chemicals detected at a concentration greater than the SV in at least one sample; 
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however, the frequency of the exceedances were less than 10 percent (Table 2-11). Due to the 
low percentage of exceedances, these two chemicals were excluded as COPCs for the air 
pathway. Regardless of its concentrations, lead was selected as a COPC in air to be 
quantitatively evaluated in the lead model. 

2.5.7 Fish 

No COPC screening was performed for fish tissue data because no appropriate S Vs were 
available (Table 2.4.4 in Appendix A). All chemicals analyzed in fish were considered COPCs: 

• Cadmium, 
• Lead, and 
• Mercury. 

2.5.8 Homegrown Vegetables 

No COPC screening was performed for homegrown vegetables. All produce samples were 
analyzed for arsenic, cadmium, and lead (Table 2.4.3 in Appendix A). The COPCs selected for 
homegrown vegetables to be evaluated quantitatively in the baseline HHRA are the following. 

• Arsenic, 
• Cadmium, and 
• Lead. 

2.5.9 Water Potatoes 

No comparison of detected chemicals to SVs was performed for water potatoes because of a lack 
of appropriate SVs. Cadmium and lead were selected as indicator COPCs to be consistent with 
the other food chain samples, vegetables and fish (Table 2.3.5 in Appendix A). The other metals 
selected as COPCs in soil for which there are analytical data in water potatoes (manganese, iron, 
and zinc) are unlikely to contribute significantly to health risks due to water potato ingestion in 
comparison to direct ingestion of soil and sediment. 

2.6 SUMMARY OF CHEMICALS OF POTENTIAL CONCERN 

Chemicals were selected as COPCs if they exceeded screening values that were based on 
residential exposures. For the general population, residential exposures would be the highest that 
would be expected for any media. However, the risk assessment also evaluated subsistence 
exposures. The special subsistence population could potentially have exposures to media greater 
than residential populations. Thus some chemicals, which were screened out, might present a 
health risk for the subsistence populations. This issue is further discussed in Section 7.2.1. 
Table 2-12 summarizes the COPCs selected in each medium for quantitative evaluation in the 
baseline HHRA. 
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Figure 2-2 
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1 
1 Table 2-1 

Stream Segments and Beach Sites in CSM Units, 1, 2, 3, and 4 

1 
1 

ml 
1 1 

\ m I 

1 Residential only BigCrkSeg04 Yes 
Residential and recreational (water play) NMSegOS Yes 

1 
Residential and recreational (water play and waste piles) CCSeg02 Yes 

CCSegOS "" Yes 
CCSeg04 Yes 

1 
CCSegOS Yes 
NMSeg02 Yes 
NMSeg04 Yes 

1 PineCrkSeg02 Yes 
PineCrkSegOS Yes 

1 
Residential and recreational (water play, waste piles, and UpperSFCDRSegOl Yes 
upland parks/schools) 
Residential and recreational (waste piles) MoonCrkSeg02 Yes 

1 
Recreational (water play and upland parks) BvrCrkSegOl No1 

Recreational (waste piles) PineCrkSegOl Nob 

Minimal human use BigCrkSegOl Noc-d 

1 
BigCrkSeg02 NoM 

BigCrkSegOS Noc'd 

Nob,c.d CCSegOl 

1 
Nob.c,d MoonCrkSegOl 
Nob,c,d NrthFrkSegOl 
Nob.c,d NMSegOl 

1 
Nob,c,d PrichCrkSegOl 

c dPrichCrkSeg02 Nob- -
PrichCrkSegOS Nob'c-d 

1
 
1
 

Residential and recreational (water play, waste piles, and MidGradSegOl Yes
 
upland parks/schools) 
Residential and recreational (water play and upland parks) MidGradSeg04 Yes 

1 Minimal human use MidGradSeg02 Noc-e 

MidGradSegOS Noc 

1 
1 :INAL VERSION 
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Table 2-1 (Continued)
 
Stream Segments and Beach Sites in CSM Units, 1,2,3, and 4
 

'Sf: '• ;;i< .".". ':; 'K^'''S:::;:;r'KS::^: •: ;P»ta laeiadwJ ;
^i^i^^e^j^^^^^^-^Ss'l'-IS-SI ;l;t;;::':;ft;i&i|iiiait::'̂  :*""::: 
A5S;:Ss:;i-laM«î jw;V:::.̂ j.g:.;:t;,;̂ .̂ i;;;!» - - •- 

C*J3.ft3..tJa£t'3* • -XjfifWISIf/.d3BSitKaMJfeH^M^ers-a^a^a^irfMn^i-i^tijr-:'"^ .;.. . .... .......... •
• • ;• •,•; . . . . . . . . , . • • • : ; • • . . ; . • ;.,•;;,.,; • v. ,...;-,...,. .
 •^•^^^^fs^^^w^ffffM^^&^^^^^Mt^^: I'^'.-^'^'^^^^^mt^fm^mfifi^ft^fsiftifi^^"----::- ----- - ffO^rOpKiciffS^iSarfK^Ue 
Residential and recreational (water play, beaches, and LCDRSegOl Yes
 
upland parks) LCDRSegOZ Yes
 

LCDRSegOS Yes 
LCDRSeg04 Yes 
LCDRSegOS Yes 
LCDRSeg06 Yes 

i^fexHs '̂̂ '-iilir '̂-'- WSSi • ' x;Si:'::;^:x; '̂-w:":::xx:':x-' •••-x-ivi-S K';;vX'iCt^vLv^;<d''^''X-'':''^ ':;:vftr-':y' "•'••y': :;:•" '' • • • • • • • - • • - • • . . • ' • • • • • • •••• .AiiWIRJSgE^-K,:!)::..". :,,:.(i',i->f!;K<K#,.v:s»r,#;;;..:::.-;,,,zz;;-,>^ ' - •• CSM.lWt*!;*pi8f ̂ JJ^ftW^x.xiX^;:.:t;:^^ ..„..----.-.-...-•.Geagmphicdl Saiiitrea}$1 ŝ*w^Ma(M;:r:::BK;:;̂ gs:s» ŝ;5^^^
 
Recreational (water play and beaches) Blackwell Island Yes
 

22 Beach Sites Nof 

aArea will be addressed by the U.S. Forest Service. No soil data available. 
bMinimal human access to area, 
cArea is relatively uncontaminated 
''No EPA data available for this segment. 
eConsists of the 21-square-mile area commonly referred to as the Bunker Hill Superfund site, 
which is being investigated separately. 
Previously evaluated (see Appendix B). 

Note: 
Locations of segments are shown in Figures 2-1 and 2-2. 
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fable 2-2 
Chemicals With Sample Quantitation Limits Exceeding Screening Values 

IlllliiilliiillH llii|lliiiii|l
 

Soil/sediment Antimony 0.2 - 30 mg/kg 3 mg/kg 1,063 162 15.2 
Arsenic 0.18-15.2 mg/kg 0.38 mg/kg 22 21 95.5 
Thallium 0.38 - 9.8 mg/kg 0.52 mg/kg 2,958 2,484 8 4 

Tap water 
(first-run) 

Arsenic 
Thallium 

0.2-1.7 ug/L 
0.03 - 0.4 ug/L 

0.045 ug/L 
0.26 ug/L 

57 
97 

5 7 100 
2.1 

Tap water 
(flushed-line) 

Arsenic 
Thallium 

0.2 - 0.7 ug/L 
0.03 - 0.38 ug/L 

0.045 ug/L 
0.26 ug/L 

55 
94 

55 100 
1.1 

Groundwater Arsenic 0.2- 1.0 ug/L 0.045 ug/L 64 64 100 
Thallium 0.03-1.0 ug/L 0.26 ug/L 7 3 32 43. 8 

Surface water Arsenic 0.16-2.0 ug/L 0.14ug/La 149 149 100 
Mercury 0.1 -0.5 ug/L 0.051 ug/L" 256 256 100 

aAmbient Water Quality Criterion 

Note: 
SV - screening value 
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Table 2-3
 
Potential Background Concentrations for Soil, Surface Water, and Groundwater
 

^^mm>«tm'mm. -rr'n 
;̂4:?'liillil?!HiiiF*':''r''--:i Gronndwater* • •• ' tai«iiS:^T^i5 wm^m^m^mf-;-^ (v&tt 

Antimony 5.8 0.51 NA 
Arsenic 22 0.65 "0" 
Barium 1,109 NA NA 
Beryllium 2.1 NA NA 
Cadmium 2.86 0.09 3
 
Calcium 1 NA NA 
Total chromium 64 NA "0" 
Cobalt 20 NA NA 
Copper 53 1.21 67
 
Iron 65,000 113 30
 
Lead 175 1.46 7
 
Magnesium 1.1 NA NA 
Manganese 3,600 8.28 NA 
Mercury 0.3 0.09 "0" 
Nickel 38 NA NA 
Silver Li 0.12 NA 
Sodium NA NA NA 
Thallium NA NA NA 
Vanadium 154 NA "0" 
Zinc 280 20.71 20
 

"90th percentile values from Gott and Cathrall 1980, except for lead and cadmium, which are 95th percentile 
values from Le Jeune and Cacela 1999
 

bSurface water background values as calculated by URSG, March 2000
 
cFrom Parliman, Seitz, and Jones 1980
 

Notes: 
Soil background concentrations were used for sediment. 
NA - not available 
"0" - laboratory sample quantitation limit not available (nondetection) 
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Table 2-4
 
Soil Screening Values for Air Pathway
 

Aluminum 7429-90-5 NA NA NA 
Antimony 7440-36-0 2.00E-04a 27,500 
(rrioxide) 
Arsenic 7440-38-2 4.30E-03a 747 
Barium 7440-39-3 5.00E-04b 1.40E-04C 68,800 
Beryllium 7440-41-7 2.40E-03" 1,340 
Cadmium 7440-43-9 1.80E-03" 1,780 
Calcium 7440-70-2 NA NA NA 
Chromiumd 7440-47-3 1.20E-02" l.OOE-04* 268 
Cobalt 7440-48-4 2.00E-05b 5.70E-06" 2,750 
Copper 7440-50-8 NA NA NA 
Iron 7439-89-6 NA NA NA 
Lead 7439-92-1 NA NA NA 
Magnesium 7439-95-4 NA NA NA 
Manganese 7439-96-5 5.00E-05a 6,880 
Mercuryf 7487-94-7 3.90E-04a 41,300 
Nickel8 7440-02-0 2.40E-043 13,400 
Potassium 7440-09-7 NA NA NA 
Selenium 7782-49-2 NA NA NA 
Silver 7440-22-4 NA NA NA 
Sodium 7440-23-5 NA NA NA 
Thallium 1314-32-5 NA NA NA 
Vanadium 7440-62-2 NA NA NA 
Zinc 7440-66-6 NA NA NA 

Screening value for carcinogens (mg/kg) = TR x ATc x 365 days/year
 
URF x 1000 ug/mg x EF x ED x 1/PEF
 

Screening value for noncarcinogens (mg/kg) = THO x ATnc x 365 days/year
 
EF x ED x (1/RfC x 1/PEF)
 

Where: 

TR (target risk) = l.OOE-06 (unitless) 
ATc (averaging time [carcinogen]) = 70 years 
URF (unit risk factor) = chemical-specific (ng/m3)"1 

EF (exposure frequency) = 350 days/year 
ED (exposure duration) = 30 years 
PEF (particulate emission factor) = 1.32E+09 mVkg 
THQ (target hazard quotient) = 0,1 unitless 
ATnc (averaging time for noncarcinogen) = 30 years 
RfC (reference concentration) = chemical-specific mg/m3 

FINAL VERSION 



Table 2-4 (Continued)
 
Soil Screening Values for Air Pathway
 

'USEPA 1999a
bRfC = Reference dose for inhalation x 70 kg x (20m'/day)'1
CUSEPA 1997c 
Screening level based on carcinogenic effects of chromium RfC from inhalation of chromium VI particulates. 
TJSEPA 1998g 
fRfC based on inhalation of elemental mercury vapor. 
*URF based on inhalation of nickel refinery dust 

Notes: 
— - not applicable 
MA - not available 
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Table 2-5
 
Summary of Analytical Results for Chemicals in Soil/Sediment With Concentrations
 

Exceeding Screening Values in More Than 10 Percent of Samples
 

fcltllSilSl liiillii itiiiiii fiilsiliili 
MSsSsssss? :£:£Sx::%;:::S:>::$£Illlllil illlllili ililliiili lli|ipil|i•Hi 'ffl&&*&$8&:&:MKKWiX lipiiiiiiiiillll ili|i|Bll||lijSliiip iHj^eiJilp iiiffiiiii illiiiiip lllllllli;p5$S®S85SS^S¥

llfiiiiiilii; lillilafili ||pplil llliiiil: liiliill llliilli liillllit lliiHi! 
Antimony 2,966 4,029 623 3 1,766 43.8 30 313 7.77 5.8 1,239 Yes 
Arsenic* 4,186 4,208 3,610 0.38 4,186 99.5 0.38 4,186 99.48 22 1,346 Yes 
Cadmium 3,939 4,208 194 3.7 1,923 45.7 37 184 4.37 2.86 2,290 Yes 
Iron 3,980 3,980 256,000 2,200 3,980 100 22,000 1,527 38.37 65,000 369 Yes 
Lead 4,208 4,208 67,100 400 1,336 31.7 400 1,336 31.75 175 3,065 Yes 
Manganese 4,002 4,002 26,400 310 3,878 96.9 3,100 500 12.49 3,600 450 Yes . 
Mercury 3,570 4,208 47.3 2.2 534 12.7 22 6 0.14 0.3 2,226 No 
Thallium 633 3,898 14.4 0.52 537 13.8 5.2 31 0.80 NA — No 
Zinc 4,208 4,208 25,800 2,200 610 14.5 22,000 3 0.07 280 2,806 Yes 

"90th Percentile values from Gott and Cathrall 1980 
bCarcinogen; SV and PRO are protective of cancer health effects 

Notes:
 
Chemicals shown in bold italic type were selected as COPCs.
 
COPC - chemical of potential concern
 
NA - not available
 
PRO - preliminary remediation goal (from tables in EPA Region 9 Web site at http://www.epa.gov/region09/waste/sfund/prg)
 
SV - screening value (0.1 times EPA Region 9 PRGs for noncarcinogens and same as PRGs for carcinogens)
 

http://www.epa.gov/region09/waste/sfund/prg


Table 2-6
 
Summary of Analytical Results for Chemicals in First-Run Tap Water With Concentrations
 

Exceeding Screening Values in More Than 10 Percent of Samples
 

Cadmium 
Copper 
Lead 

45 
98 
101 

102 
102 
102 
102 

7.6 
33.6 

2,620 
78.5 

0.045 

140 

45 
12 
27 
36 

44.1 
11.8 
26.5 
35.3 

0.045 
18 

1,400 

45 

36 

44.1 
1.0 
3.9 

35.3 

50 

1,300 
15 11 

Yes 
No 
No 
Yes 

"Carcinogen; SV and PRO are protective of cancer health effects 

Notes: 
Chemicals shown in bold italic type were selected as COPCs. 
COPC - chemical of potential concern 
MCL - Maximum Contaminant Level 
PRO - preliminary remediation goal (from tables in EPA Region 9 Web site at http://www.epa.gov/region09/waste/sfund/prg) 
SV - screening value (0.1 times EPA Region 9 PRGs for noncarcinogens and same as PRGs for carcinogens) 



Table 2-7 
Summary of Analytical Results for Chemicals in Flushed-Line Tap Water With Concentrations
 

Exceeding Screening Values in More Than 10 Percent of Samples
 

Arsenic0 45 100 9.2 0.045 45 45.0 0.045 45 45.0 50 Yes 
Lead 83 100 9.5 2.0 2.0 15 Yes 

"Carcinogen; SV and PRO are protective of cancer health effects 

Notes:
 
Chemicals shown in bold italic type were selected as COPCs.
 
COPC - chemical of potential concern
 
MCL - Maximum Contaminant Level
 
PRO - preliminary remediation goal (from tables in EPA Region 9 Web site at http://www.epa.gov/region09/waste/sfund/prg)
 
SV - screening value (0.1 times EPA Region 9 PRGs for noncarcinogens and same as PRGs for carcinogens)
 

http://www.epa.gov/region09/waste/sfund/prg


Table 2-8
 
Summary of Analytical Results for Chemicals in Surface Water With Concentrations
 

Exceeding Screening Values in More Than 10 Percent of Samples
 

of Samples .i Background 

Antimony 220 379 39.5 NA 93 24.5 4,300 0,51 201 No 
Arsenic 230 379 600 NA 50 59 15.6 0.14 228 60.2 0.65 162 Yes 
Cadmium 274 379 1,810 NA 184 48.5 NA 0.09 274 Yes 
Lead 359 379 81,500 NA 15 227 59.9 NA 1.46 287 Yes 
Manganese 316 379 84,900 NA 50 184 48.5 100 154 40.6 8.28 270 Yes 

(SMCL) 
Mercury 122 379 43.9 NA 60 15.8 0.051 122 30.6 0.09 122 Yes 
Zinc 307 379 540,000 NA 5000 75 19.8 69,000 0.3 20.71 237 No 

(SMCL1 

Notes:
 
Chemicals shown in bold italic type were selected as COPCs.
 
— - not applicable
 
AWQC - Ambient Water Quality Criteria Human Health Consumption of 'Organism Only' (USEPA 1998d)
 
COPC - chemical of potential concern
 
MCL • Maximum Contaminant Level
 
NA - not available
 
PRO - preliminary remediation goal (from tables Region 9 Web site at http://www.cpa.gov/region09/waste/sfund/prg)
 
SMCL - secondary maximum contaminant level
 
SV - screening value (0,1 times EPA Region 9 PRGs for noncarcinogens and same as PRGs for carcinogens)
 

http://www.cpa.gov/region09/waste/sfund/prg


Table 2-9
 
Summary of Analytical Results for Chemicals in Groundwater With Concentrations
 

Exceeding Screening Values in More Than 10 Percent of Samples
 

iiiiii iiiiii |;|Biiiit|iiil 
lililiiiiiiiili ii 

Antimony 32 84 18 1.5 27 32.1 15 1.2 10 Yes 
Arsenic* 20 84 16.1 0.045 20 23.8 0.045 20 23.8 50 Yes 
Cadmium 71 84 996 1.8 61 72.6 18 39 46.4 51 Yes 
Lead 71 84 3,170 51 60.7 40 51 60.7 15 29 Yes 
Manganese 51 84 8,030 170 13 15.5 1,700 3.6 50 21 No 

(SMCL) 
Zinc 83 84 145,000 1,100 51 60.7 11,000 20 23.8 5,000 31 Yes 

ISMCL) 

"Carcinogen; SV and PRO are protective of cancer health effects 

Notes:
 
Chemicals shown in bold italic type were selected as COPCs.
 
COPC - chemical of potential concern
 
MCL - Maximum Contaminant Level
 
PRO - preliminary remediation goal (from tables in Region 9 Web site at http://www.epa.gov/region09/waste/sfund/prg)
 
SMCL - secondary maximum contaminant level
 
SV - screening value (0.1 times EPA Region 9 PRGs for noncarcinogens and same as PRGs for carcinogens)
 

http://www.epa.gov/region09/waste/sfund/prg


Table 2-10
 
Summary of Analytical Results for Chemicals in House Dust With Concentrations
 

Exceeding Screening Values in More Than 10 Percent of Samples
 

-„. _ . „
 
'-'"i+"- ':"- "::-:•i"'-:.
 

Antimony 160 160 318 142 88.8 30 29 18.1 Yes 
Arsenic" 160 160 635 0.38 160 100.0 0.38 160 100.0 Yes 
Cadmium 159 160 375 3.7 146 91.3 37 3.1 Yes 
Copper 160 160 1,040 280 24 15.0 2,800 0.0 No 
Iron 160 160 60,800 2,200 158 98.8 22,000 115 71.9 Yes 
Lead 160 160 59,500 400 133 83.1 400 133 83.1 Yes 
Manganese 160 160 5,460 310 153 95.6 3,100 1.9 Yes 
Mercury 160 160 21.5 2.2 21 13.1 22 0.0 No 
Zinc 160 160 57,500 2,200 24 15.0 22,000 1.3 Yes 

"Carcinogen; SV and PRO are protective of cancer health effects. 

Notes: 
There are no background values available for house dust. 
Chemicals shown in bold italic type were selected as COPCs. 
COPC - chemical of potential concern 
MA - not available 
PRG - preliminary remediation goal (from tables in Region 9 Web site at http://www.epa.gov/region09/waste/sfund/prg) 
SV - screening value (0.1 times EPA Region 9 PRGs for noncarcinogens and same as PRGs for carcinogens) 

http://www.epa.gov/region09/waste/sfund/prg


Table 2-11
 
Summary of Analytical Results for Chemicals in Air With Concentrations
 

Exceeding Screening Values in Any Sample
 

Arsenic8 4,186 0.1 NA No 
Lead 4,208 NA 1.5 Yes 

(NAAQC) 
Manganese... ........4.QQ2... 4,002 26,400 6,880 290 7.2 NA NA No 

"Carcinogen; SV and PRO are protective of cancer health effects. 

Notes:
 
Chemicals shown in bold italic type were selected as COPCs.
 
— - not applicable
 
COPC - chemical of potential concern
 
NA - not available
 
NAAQC - National Ambient Air Quality Criteria
 
PRO - preliminary remediation goal (from tables in Region 9 Web site at http://www.epa.gov/region09/waste/sfund/prg)
 
SV - screening value (0.1 times EPA Region 9 PRGs for noncarcinogens and same as PRGs for carcinogens)
 

http://www.epa.gov/region09/waste/sfund/prg


Table 2-12
 
COPCs Selected for Each Medium
 

.:•• ::S«,-.^ HoitSe : - > Tap- ,•: :;:.Swrfece;,;:: . lHojnegrown : :, .Water- ,
ig^iii^ear,^. BjelliiMiijt;?p x:lt>topL" ̂ Wmtr \ . .:;:^S^a^ir-i; V, i^^J^iiyStiiie*,:' 'v'v^Arifi^v li^isfe; ;,;,;. \i -̂V^ge(:|&{ei i;|:; jli^ikliesU, 
Antimony X X X 
Arsenic X X X X X X 
Cadmium X X X X X X X 
Iron X X 
Lead X X X X X X X X X 
Manganese X X X 
Mercury X X 
Zinc X X X 
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3.0 EXPOSURE ASSESSMENT
 

3.1 CHARACTERIZATION OF EXPOSURE SETTING 

3.1.1 Physical Setting 

Site Location 

The Coeur d'Alene Basin is located in the Panhandle region of northern Idaho and lies within 
Kootenai and Shoshone Counties. The Basin is part of the Bitterroot Mountain Range and the 
Coeur d'Alene Mountains. Much of the area is rural and contains a wide variety of landscape 
types rich in natural resources including floodplain, steep mountain canyons, and river valley. 

Topography and landscape vary in the Basin from relatively open, flat, floodplain areas of the 
Coeur d'Alene River in the western portion of the Basin to steep, narrow canyons in the eastern 
portion of the Basin. The floor of the valley near the boundary between Kootenai and Shoshone 
Counties is roughly 1 mile wide and narrows significantly eastward toward Shoshone County. 
Valley areas near Wallace are only 0.25 mile wide. 

The Purcell Trench, which includes the Rathdrum Prairie, forms the western side of the Basin 
from Coeur d'Alene Lake to Athol. With the exception of the Rathdrum Prairie, stream channels 
in the Basin store more unconsolidated, alluvial soil and rock material in the stream bottoms and 
along the toe slopes than most other areas in the Idaho Panhandle region. These materials are 
very susceptible to movement (IPNF 1998). The upper North Fork has shallower and weakly 
weathered, rocky soils. Soils in the lower Coeur d'Alene River area tend to be more highly 
weathered and contain less rock fragments in the soil profile, making them susceptible to subsoil 
and substratum erosion (IPNF 1998). 

In the mountainous terrain of the eastern portion of the Coeur d'Alene Basin, soils are typically 
poorly developed, apparently due to the steady erosion of the soil cover on the steep slopes of the 
canyons. Many areas lack vegetation and consist of loose rock fragments. 

Climate 

The climate in northern Idaho is influenced primarily by prevailing westerly winds that carry 
maritime air masses from the North Pacific across the northern Rockies during the winter and 
spring. This weather pattern persists from the Selkirk Mountains in British Columbia south to 
the Clearwater National Forest and is characterized by precipitation occurring as long gentle 
rains, deep snow accumulations at higher elevations, cloudiness, and high humidity. Changes in 
the position of the jet stream can push inland maritime airflow north causing significant drought 
in northern Idaho. 

Elevation is also a major influence on local climate. The lowest elevations (approximately 2000
 
feet), which lie in the western portion of the Basin, are generally the warmest and driest. Areas
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with higher elevation (approximately 5500 feet) in the eastern portion of the Basin generally are I 
cooler and have greater annual precipitation. 

Summers in the area are generally hot and dry with only about 12 percent of the annual g 
precipitation occurring between July and September. Approximately 50 percent of the annual 
precipitation occurs between November and February. The remaining precipitation takes place in m 
the spring. Winter temperatures are 15 to 25 degrees higher than those in continental locations of | 
similar latitude. These weather patterns make the Basin one of the highest precipitation areas of 
the upper Columbia River Basin and result in the potential for frequent high water events. • 

Local Communities and Area Use 

Much of the Basin is rural, undeveloped land. Approximately 32 percent of Kootenai County • 
and 75 percent of Shoshone County consist of federally managed lands, primarily National Forest 
Lands (IPNF 1998). These areas are rich in natural resources including forests, wildlife, and a 8 
number of tributaries and streams that support a variety of aquatic organisms. However, many of * 
these areas are inaccessible due to the lack of roads and the difficult terrain. Interstate 90 (1-90) 
has provided limited access to the otherwise rural area. I 

Tourism related to the use of these natural resource areas for recreational purposes has increased _ 
significantly over the last two decades and is one of the fastest growing contributors to the local • 
economy. Recreational use of the area's abundant natural resource areas include riding off-road 
vehicles, snowmobiling, berry picking, fishing and floating the Coeur d' Alene River, and cross- M 
country and downhill skiing, g 

Despite the recent economic growth, the lack of development in the Basin has resulted in many • 
small rural communities, primarily along the Coeur d' Alene River and its tributaries. The • 
majority of the population of the Basin live in the cities of Coeur d' Alene and Post Falls, which 
have populations exceeding 10,000 people. All the other communities in the Basin have • 
populations below 6500, and in both Kootenai and Shoshone Counties, more than 38 percent of • 
the total population live in rural areas outside of major cities, including members of the Coeur 
d' Alene Tribe (IPNF 1 998). The Coeur d' Alene Tribe is dependent on the waters of Lake Coeur I 
d' Alene, the surrounding lateral lakes, and the Coeur d' Alene River and closely interacts with the ™ 
natural environment and uses the natural resources. The Coeur d'Alenes' historic use of the 
Basin is explained in greater detail in Section 3.1.5, Subsistence Lifestyles, while current uses are • 
described in Section 2, 1 .4. 

Communities along the upper Coeur d' Alene River and its tributaries were established and I 
supported in the past by the mining and timber industries, agriculture, and related activities. 
Mining activities have occurred in the area for more than 1 00 years and between 1 880 and 1 965, « 
over 400 sawmills opened and closed in the Basin (IPNF 1998), 

The CSM units and stream segment subdivisions described in Section 2.1 were originally 
established for the ecological risk assessment. Consequently, these divisions generally do not 

I
 
I
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reflect human exposure patterns in the Basin. Geographic subareas defined for human health risk 
assessment are discussed in Section 3.1.3. 

3.1.2 Coeur d'AIene Basin Demographics 

Introduction 

The purpose of this section is to describe the population and regional characteristics of the Coeur 
d'AIene Basin HHRA study area. Emphasis is placed on data specific to children, the primary 
population of concern for lead exposure, and risk co-factors, such as parental income, education, 
and socioeconomic status, considered to influence the risk of lead poisoning. In general, 
demographic data are presented according to geographic divisions and data sources. Geographic 
divisions include HHRA geographic subareas as well as counties, cities, and school districts 
within the Basin. 

The primary source for Basin area demographics is 1990 census data. A discussion of the 
applicability of 1990 data to current conditions and boundary conflicts between Basin study areas 
and census tracts is included in following section Geographic Areas, Data Sources, and 
Assumptions. The 1990 census data was used because the census geographic divisions of blocks 
and block groups could be more appropriately applied to HHRA geographic study areas than 
county and city boundaries. More current data is presented at a county level, primarily for 
Shoshone County that is assumed to be representative of the Basin area. Most of the data 
presented for Shoshone County is referenced from Idaho Department of Commerce (IDOC) 
reports and documents. Additional data specific to children in Shoshone County and the State of 
Idaho is referenced from "Idaho Kids Count: Profiles of Well-Being" annual reports. School 
district annual enrollment data is the final source of demographic information described in this 
report. School district data is considered the best and most recent data available for determining 
the actual numbers of children currently living in the Basin area. Data for most geographic 
divisions and sources is presented in a comparison format so that Basin area/county/school 
district demographics can be viewed in relation to the State of Idaho. 

Geographic Areas, Data Sources, and Assumptions 

Geographic Areas. Demographic data is presented according to the following geographic areas: 
the Basin, Shoshone County, the cities of Mullan, Osburn, and Wallace, and School Districts 
#391, 392, and 393 (Table 3-la). The Basin Area consists of the eight subareas defined for the 
Coeur d'AIene Basin Study listed in Table 3-lb and shown in Figure 3-la. All references to the 
Basin in this report include summary information for the population living within the outer 
boundaries formed by the eight study areas. 

Small portions of both Benewah and Kootenai Counties, as well as a large part of Shoshone 
County are included in the Basin Area. However, data at a county level is only presented for 
Shoshone County. Shoshone County was selected as being representative because 73% of the 
Basin Area population and 51% of the land mass is in Shoshone County. Additionally, the 
demographic characterization of Shoshone County is considered more typical of the Basin Area 
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than either Kootenai or Benewah Counties. Kootenai County encompasses the city of Coeur • 
d'Alene, that is not inside of the Basin Study Area boundaries and is more urban in character. 
Kootenai County summary demographics would strongly reflect the influence of the relatively « 
large population and strong economy found in Coeur d'Alene. Benewah County is more rural in g 
character than Kootenai County, however, only a small percentage of the land in Benewah 
County is included within the Basin Area (3%). In addition, while most of the economies of the m 
communities in the Basin Area are traditionally based in mining, production of forest and wood || 
products has traditionally served as the foundation for the local economy in Benewah County. 

Only a small portion of the demographic data presented in this report is for cities within the I 
Basin Area. There are no major cities (i.e., population greater than 20,000) within the Study 
Area boundaries and the amount of data available for the smaller communities is limited. Data is • 
presented for three cities within Shoshone county (Mullan, Osburn, and Wallace) because all • 
three are defined as study areas in the Basin and are incorporated. No data specific to Silverton 
were available, although it is also a defined study area within the Basin. I 

Three school districts are included in the Basin Study Area, These are the Kellogg School 
District (#391), the Mullan School District (#392), and the Osburn-Wallace School District I 
(#393). A significant portion of the Kellogg School District includes students residing within the 
Bunker Hill Superfund Site (BHSS). Data from previous studies done on the BHSS were used to _ 
determine the approximate percentage of students within the BHSS boundaries and these • 
students were then excluded from counts of the Basin Area student population. 

Data Sources. The primary data sources for Basin demographics are listed below.	 £ 

1.	 1990 Census (CensusCD +Maps V.2.0) • 
2.	 Idaho Department of Commerce reports, documents, and Internet accessible data | 

including, 
*	 Idaho Facts: Information and Statistics About Idaho's People and • 

Economy I 
*	 Profile of Rural Idaho, A look at economic and social trends 

affecting rural Idaho • 
•	 County Profiles of Idaho • 
•	 Idaho Community Profiles (www.idoc.state.id.us) 

3.	 "Idaho Kids Count: Profiles of Well-Being" annual reports, 1996-2000 • 
4.	 School District Data as provided by School Districts 391,392, and 393 

Data from the 1990 census was the primary source for Basin Area demographics. Census data I 
was used because data were available for small geographic units, referred to as blocks and block 
groups, that could be overlaid on Basin Area maps to develop demographic information specific « 
to defined study areas. Two areas of concern regarding the use of 1990 census data include the | 
changes that may have occurred in the last ten years and the potential for census geographic 
grouping boundaries to be different than Basin Study Area boundaries. The applicability of 1990 • 
census data to current conditions Is considered throughout the report when corresponding data is • 
available from both the 1990 census and more recent years. 
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Several factors that have changed over time, as presented in "County Profiles" (IDOC) for 
Shoshone County, are described in Table 3-2. Some census data are also included. As indicated 
in Table 3-2, the population of Shoshone County and the cities within the County have shown a 
significant decrease in population since the 1970s and 1980s. Shoshone County had a population 
of 19,718 in 1970 and by 1990, that number had decreased by almost 30% to 13,931. However, 
since 1990, the population has shown comparatively little change with a minor (0.4%) decrease 
from 1990 to 1998. The cities within the County show similar trends. Between 1990 and 1996, 
the populations in Mullan and Wallace decreased by 3.2% and 5.5%, respectively. The 
population of Osburn showed a slight increase of 0.9% for the same time period. By comparison, 
the State of Idaho showed a 20% increase in population since between 1990 and 1998. 

Also shown in Table 3-2 are the changes in economic indicators for Shoshone County such as 
total employment, mining employment, and unemployment. Data from 1990 is presented from 
two sources for these factors because census employment data did not match data presented in 
IDOC reports. This may be due to the time of year the data was reported. IDOC data, rather than 
census data, are used in the following comparisons because the 1970 and 1980 data are 
referenced from the "County Profiles" report. Similar to population changes, all three factors 
showed a significant change from 1980 to 1990. Total employment decreased by 30% and 
mining employment decreased by 37%. Correspondingly, the unemployment rate increased from 
6.7% to 9.9%. Between 1990 and 1996, total employment increased slightly (4%), while mining 
employment continued to decrease significantly (58%). Tourism and recreation appear to be 
growth sectors, replacing some of the mining jobs. Unemployment showed a slight increase 
(0.3%) from 1990 to 1998. 

In general, the greatest changes in the Basin Area demographics occurred between 1970 and 
1990. Since 1990, changes in population and economic indicators, with the exception of mining 
jobs, have remained fairly constant indicating relatively little growth or decline. In summary, 
while 1990 census data is not completely accurate in describing the current population in the 
Basin Area, it does reflect the current economic and demographic status of the Basin Area. 

Geographic boundaries formed by the census groupings, and a potential for a mis-match with 
Basin Area boundaries, was the second concern in using census data. Census data is available in 
units referred to as census blocks and census block groups. Census blocks are defined as small 
areas bounded on all sides by visible features such as streets, roads, streams, and railroad tracks, 
and by institutional boundaries such as city, town, township, and county limits, property lines, 
and short, imaginary extensions of streets and roads. Census blocks are the smallest geographic 
units for which basic demographics are available. Census block groups are made up of census 
blocks and are the smallest geographic units for which detailed demographics are available. 
Because of the greater amount of data available for census block groups, these were the preferred 
regional divisions to use for Basin Area data and are the primary source for demographic 
summaries presented in this report. 

Census block group boundaries were overlaid onto the Basin Study area map on GIS. Block 
groups falling within Basin Areas were then related to the appropriate study area. Corresponding 
block group data was then linked to the individual study areas. Figure 3-lb shows the census 
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block groups overlaying Basin study area boundaries. Block group boundaries were similar • 
along the southern edge of the study area, but differed in the northern section. Three block 
groups fell only partially within the study boundaries. The population and area of block groups • 
with boundaries outside of the study area are listed in Table 3-3. | 

The block groups that have only a small portion of their entire area within the Basin Areas jtt 
boundaries make up 30% of the total Basin Area. However, they account for only 1 1% of the I 
total population. In addition, the land portions of these groups outside of the study area 
boundaries are in highly forested and mountainous areas likely to have small populations. It is • 
assumed that most of the people living hi these block groups are located within or close to the I 
study area boundaries which are relatively proximal to population centers. Based on this 
assumption, it was determined appropriate to include these groups in the summary demographics. I 

Sources other than the 1990 census are presented at State, county, city, and school district levels. 
The primary assumption in using this data is that the information presented for Shoshone County, • 
Mullan, Osburn, Wallace, and the school districts can be considered representative of the Basin ™ 
as a whole. 

General Basin Demographics 

The Coeur d'AIene Basin Study Area encompasses approximately 880 square miles of the I 
northern Panhandle region of the State of Idaho, or 1.1% of the total area of Idaho, The study 
area includes small portions of both Benewah and Kootenai Counties, as well as a large portion g
of Shoshone County, excluding Lake Coeur d'AIene and the Spokane River. Benewah County g 
and Kootenai County make up 3% and 46% of the Basin Area, respectively. Shoshone County 
accounts for the remaining 51%. • 

The Basin Area is considered rural without major cities (i.e., population of 20,000 or more), and 
higher education facilities or regional medical centers. Approximately 10,500 people, or 1% of • 
the total population of Idaho reside within the study area. Typical of most rural areas in Idaho, • 
the population density is relatively low, with 5.3 persons per square mile living in Shoshone 
County. Comparatively, the State of Idaho averages 14.8 persons per square mile, while rural I 
areas in Idaho average 6.1 persons per square mile (IDOC 1999). The low population density in ' 
Shoshone County is attributable to the fact that approximately 96.2% of the land is forested and 
is primarily owned by the federal government. Most of the federal land is either national forest I 
or held by the Bureau of Land Management (BLM). 

The economy of the region, traditionally based in mining, has declined over the last 10 to 20 • 
years due to mine closures and layoffs and a lack of other industry to replace them. Table 3-2 
shows the total mining employment in 1980, 1990, and 1996, Between 1980 and 1996, total « 
mining employment decreased by 74%. As a result, the total population has also showed a | 
declining trend as people move outside of the area seeking jobs. The population of Shoshone 
County decreased by 29% between 1970 and 1990. Between 1990 and 1998, the population has • 
remained relatively unchanged, with only a slight decreasing trend (0.4%). From 1997 to 1998, | 
Shoshone County is noted as one of only fifteen counties in Idaho to lose population. The 
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population loss in all fifteen counties was attributed to downturns in agriculture, timber, and 
mining (IDOC 1999). 

As the younger generation is forced to move outside of the area to find employment, the 
population of the Shoshone County is also becoming older as indicated in Table 3-2. The 
median age of residents in Shoshone County in 1970 was 27.3 years. Since then, the median age 
has been increasing and in 1998 the median age of residents was estimated at 39.6. 
Comparatively, the median age of residents statewide in 1998 was 33.5. In 1997, only nine 
counties in Idaho, including Shoshone, had greater than 15% of their population aged 65 and 
over. The percent of the population aged 65 and over in Shoshone County in 1997 was 15.7%. 
In 1970, the percent was less than half that at 7.1%. 

The following sections provide additional and more detailed demographic data of the Basin Area 
according to 1990 census data, as well as a comparison of Shoshone County demographics with 
other rural counties and statewide data for Idaho. Information specific to the child population as 
presented in "Idaho Kids Count: Profiles of Well-Being" annual reports and as determined by 
school district data are also summarized. Finally, the total number of children currently living 
within the Basin Area (excluding the BHSS) and the number of housing units within the Basin 
Area were estimated based on the available data. 

Basin Area Demographics based on 1990 Census Data 

Summary population characteristics for the Basin Area are presented in Table 3-4. The Basin 
Area makes up approximately 1.0% of the total population of Idaho. The breakdown of the 
percentage of males, females, and minorities in the Basin Area is similar to statewide data with a 
51/49 ratio of male to female and the majority of persons being white (98%). However, there is a 
higher population of Hispanic persons statewide (5.1%) compared to the Basin Areas (2.1%). 
The Basin Area population is relatively older with a higher percentage of persons over age 35 
(55%) when compared with the overall state of Idaho percent (44%) and correspondingly, a 
smaller percentage of persons under age 35, at 45% for the Basin Area and 56% statewide. The 
relatively older population of Shoshone County is attributed to the decline in mining jobs, and 
the subsequent migration of workers and their families outside of the area in search of 
employment. 

Household characteristics of the Basin population and the State of Idaho are presented in Table 
3-5. The total number of households in the Basin Area is 4215 or 1.2% of the total number of 
households in Idaho. The breakdown of family type is similar for both the Basin Areas and the 
State of Idaho, with the majority of the families being made up of married couples either with or 
without children. The percentage of single parent families for both Idaho and the Basin Areas is 
similar at 7% and 6%, respectively. 

Table 3-6 summarizes the housing characteristics of the Basin Area and the State of Idaho. The 
total number of housing units in the Basin Area is 5651 or 1.4% of the total number of housing 
units in Idaho. The percentage of occupied housing units in the Basin Area (74%) is lower than 
the statewide percentage (87%). This may be due to a high number of seasonal units in some of 
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the Basin Area census groups. Both the Lower Basin study area and the Kingston Area contain I 
census block groups with a high percentage of seasonal units, up to 61% of total housing units in 
a Lower Basin block group near Lake Coeur d'Alene. Block groups in the Kingston Area • 
(Shoshone County) with a high percentage of seasonal units are located near the North Fork of | 
the Coeur d'Alene River. The percentage of renter occupied units is lower hi the Basin Area than 
statewide at 23% and 30%, respectively. The statewide average is likely influenced by a higher £ 
number of renters in urban areas. • 

The breakdown of the number of units in housing for both the Basin Area and the State are • 
similar, with the majority, 73% and 71% respectively, being single unit dwellings. The I 
percentage of 2-9 unit dwellings (duplexes to small apartment complexes) and 10+ unit 
dwellings (large apartment complexes) is smaller in the Basin Area (7%) than statewide (14%), B 
while the percentage of mobile/trailer homes hi the Basin is slightly higher (19%) than statewide ™ 
(14%). The total number of 2+ unit dwellings in the Basin Area as estimated from the 1990 
census is 376. Mobile/trailer homes are often reflective of socio-economic status and are • 
unlikely to be a source of lead-based paint. The total number of mobile/trailer homes in the 
Basin Area as estimated from the 1990 census is 1053 units. 

Housing units in the Basin Area are typically older than that reported statewide. Housing age 
was found to a significant factors influencing lead loadings in a study done on housing units in « 
North Idaho (Spalinger et al. 2000), with older houses (built before 1960) showing a higher g 
loading than newer housing units (built after 1960). This was attributed to two factors, lead paint 
and a longer exposure period to lead in dust and soils. The use of lead paint in residential homes • 
declined in the 1960s and was banned by 1978. Forty-eight percent of the housing units in the | 
Basin Area were built before 1960, and over half (60%) of those were built before 1940. 
Statewide, only 37% were built before 1960 and less than half of those (44%) were built before • 
1940. I 

Since 1980, the percentage of houses built in the Basin Area is also lower than statewide, at 12% • 
and 18%, respectively. Current data show a similar lag in housing growth for Shoshone County. • 
From 1990 to 1997 housing growth in Shoshone County was 5.6% which fell well behind 
statewide growth of 21.6% (Profile of Rural Idaho, IDOC). • 

In addition to being older homes, residents of the Basin Area have also lived in their houses for 
longer periods of time, as seen in Table 3-6. Almost half (45%) of the housing units at the time I 
of the 1990 census were occupied by persons living in them for a minimum often years (i.e., 
moved hi before 1980). Statewide, a higher percentage (65%) moved in to housing units after m 
1980 and only 34% moved in before 1980. Studies done on the BHSS found that housing units I 
where residents had lived in the unit for 5 years or more showed a lower lead loading rate than 
units with shorter term residents. Specifically, rentals with a highly mobile population showed • 
higher lead loadings (TerraGraphics 2000a). Of the 4205 occupied housing units in the Basin | 
Area, 954 (23%) were renter occupied. 
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Median values for housing characteristics for individual block groups within the Basin Areas 
are listed in Table 3-7. State of Idaho median values for housing characteristics are also included 
in Table 3-7. The three Basin Areas defined as cities, Wallace, Osburn, and Silverton, do not 
have census block groups associated with them because none of the block groups are completely 
or mostly contained within the city Basin Areas (Figure 3-lb). The demographic data for block 
groups that are partially within City Study Areas are included in the Side Gulches Study Area. 
Where available, City information is also included in the tables but not in the summary 
descriptions. As indicated in Table 3-7, the median year built for housing in Idaho is 1970. 
Basin Area housing is typically older than the overall State housing with twelve of the eighteen 
block groups in the Basin Area (67%) having a median year built prior to 1970. The median year 
built for housing in all of the block groups located within the Lower Basin Area (3) was greater 
than 1970. All three are in Kootenai County. The other three block groups with a median year 
built after 1970 were in Shoshone County in the Kingston Study Area (2) and the Side Gulches 
Study Area (1). Housing in the Mullan Basin Area and the City of Wallace are the oldest with a 
median year built of 1939. 

The median value of housing units in 1990 in the State of Idaho as presented in Table 3-7 was 
$58,000. Basin Area housing values were typically lower than the State median with fourteen of 
the eighteen block groups included in the Basin Area (78%) having median housing values less 
than the statewide median. The four block groups with median values greater than $58,000 are 
located within the Kingston (2) and Lower Basin Study Areas (2). The majority of median rent 
values in the Basin Areas are also lower than the State median rent value of $330. Of the 
eighteen block groups in the Basin Area, only one (located in the Kingston Study Area) has a 
higher median rent value. 

Student population and educational attainment data for the Basin Areas and the State of Idaho are 
presented in Table 3-8. Of the entire student population in Idaho, including pre-primary, 
elementary, high school, and college students, 2416 or 0.8% of the student population live within 
the Basin Area. The percentage of the population over age 25 without high school diplomas is 
greater in the Basin Areas (27%) than in the State (20%). Correspondingly, the percentage of the 
population over age 25 with high school diplomas (73%) is less than the State percentage of 
80%. The percentage of the population that attended college is also slightly lower for the Basin 
Areas at 19%, than the statewide percentage of 24%. The percentage of college graduates and 
the percentage of the population obtaining a Masters Degree or higher is lower for the Basin 
Areas than for the State, with combined percentages of 19% and 30%, respectively. 

Household income for the Basin Areas and the State area presented in Table 3-9. A slightly 
higher percentage of the Basin Area population (54%) had incomes in the lower bracket (less 
than $25,000) than the statewide percentage (49%) and correspondingly, a slightly lower 
percentage (11%) than the statewide percentage (16%) had incomes greater than $50,000. The 
median household income from 1990 is presented in Table 3-9 for block groups located within 
the Basin Areas and the State of Idaho. The three Basin Areas defined for cities, Wallace, 
Osburn, and Silverton, do not have census block groups associated with them because none of 
the block groups are completely or mostly contained within the city Basin Areas (Figure 3-lb). 
The demographic data for block groups that are partially within City Study Areas are included in 
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the Side Gulches Study Area. Where available, City information is also included La the tables I 
but not hi the summary descriptions. The median household income for the State of Idaho in 
1990 was $25,257. Thirteen of the eighteen block groups within the Basin Area (72%) had lower m 
median household incomes that the state median value. Block groups with median incomes g 
exceeding the statewide median were located in the Kingston Study Area, the Lower Basin Study 
Area, and the Side Gulches Study Area. • 

Shoshone County Profile — Current Data 

Table 3-10 summarizes data as presented in "Profile of Rural Idaho," (Idaho Department of • 
Commerce). The table presents a comparison of data from Shoshone County, the State of Idaho, 
and urban and rural areas hi Idaho. In general, Shoshone County falls behind the state, and both I 
urban and rural Idaho for all economic indicators and income and poverty levels. The " 
unemployment rate is significantly higher in Shoshone County than state, rural, and urban levels 
at almost twice the percentage of the other areas (12.8%) in 1997. Business growth from 1990 to • 
1996 fell well behind even statewide rural levels for both total and retail growth, and housing 
growth from 1990-1997 was significantly behind Idaho's statewide, urban, and rural areas at 
5.6% compared to 21.6%, 27.1%, and 13.6%, respectively. I 

Per capita personal income in 1996 is the only category in which Shoshone County is higher than _ 
rural Idaho, and that is only slightly at $ 16,93 8 compared to $ 16,513 for rural Idaho. The g 
statewide and urban values were $19,865 and $21,773, respectively. The median household 
income for Shoshone County in 1995 was $6,000 to $10,000 lower than Idaho statewide, urban, m 
and rural values. The percent of persons in poverty in Shoshone county in 1995 was significantly | 
higher than all other Idaho areas, with a high percentage (31.2%) of children living in poverty. 
This data is similar to the data presented from the Kids Count reports in Table 3-11 for 1990, • 
1994, and 1996, with the percentage of children in poverty increasing for each of the years. I 
Welfare payments per capita were also significantly higher in Shoshone County in 1998 at $771 
compared to $378, $452, and $248 statewide, in urban, and in rural Idaho, respectively. • 

The percentage of housing units built before 1939 and after 1970 are also presented in Table 3
10. Interestingly, almost the same percentage of housing units in Shoshone County were built I 
before 1939 (34.4%) as were built after 1970 (32.5%). In contrast, the statewide, urban, and rural • 
percentages all indicate a significantly higher percentage of housing units built after 1970. 
Basin-wide, the percentage of housing units built before 1940, as reported in the 1990 census I 
(Table 3-6) was similar to Shoshone County at 29%. Older housing units are likely to have a 
higher lead loading rate when compared with newer housing units due to the presence of lead _ 
paint anda longer exposure period to lead soils and dusts. I 

Kids Count Data • 

Data as presented in "Idaho Kids Count 1999-2000: Profiles of Well-Being" annual reports from 
1996 to 1999-2000 are summarized in Table 3-11 (Annie E. Cassie Foundation 2000). Kids 
Count reports are published annually and are intended to provide reliable data to inform citizens 
and policy makers about the status of Idaho's children and to improve their well-being. Data in 
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I Table 3-11 are presented according to Report Years. Annual reports contain a compilation of 

I data from several different years. The actual years that presented data are referenced from are 
footnoted below the table. For example, population data in the 1996 annual report are based on 
1994 estimates. The four annual reports summarized here present a range of data from 1990 to 

I
 1998.
 

Data from Shoshone County is compared to the State of Idaho for several factors affecting the 

I child population in Table 3-11. Between 1994 and 1998, the child population under 18 in 
Shoshone County showed a decrease of 6%, while the total population remained fairly constant. 

I 
Statewide, the child population showed a slight increase (3%) between 1994 and 1998, along 
with the total population that increased by 8%. The decreasing child population is likely due to 
families moving outside of the area in search of employment. Data for children living in 

I 
Shoshone County showed higher than statewide percentages of child poverty, single parent 
families, infant mortality, low birth weight babies, school dropouts, teen births, and teen violent 
deaths for all years included. As an example, the percentage of children in poverty in Shoshone 
County increased from 23.7% to 31.2% from 1990 to 1996, while the percentage of children in 

I poverty statewide remained relatively constant at approximately 16% to 17%. Many of these 
poor social indicators are often associated with a depressed economy. 

I Economic well being data from the 1999-2000 Kids Count Annual Report are summarized in 
Table 3-12. Again, Shoshone County exceeds the statewide percentage for adverse economic 

I 
factors. The percentage of school children receiving free or reduced price lunch in Shoshone 
County in the 1997-1998 school year was 50%. The percentage increased to 54% in the 1998 to 
1999 school year. Statewide, the percentages were lower at 41% and 42% for the 1997-1998 and 

I 
I 1998-1999 school years, respectively. Data as reported by the Kellogg School District (#391) 

and the Osburn-Wallace School District (#393) in the current school year (1999-2000) indicated 
that 44% of all students enrolled in the Kellogg district and 40% of all students enrolled in the 
Osburn-Wallace District received free or reduced price lunch. The Kids Count data was for 
elementary students only, and indicate that a higher percentage of elementary students receive 
free or reduced price lunch than secondary (high school) students. 

I Births paid for by medicaid showed a decrease in Shoshone County from 1997 to 1998 (55% to 

I 
42%), however, the percentage remained higher than statewide numbers of 33% and 28% for 
1997 and 1998, respectively. 

I 
The socio-economic status of children in Shoshone County seems to have decreased over the last 
decade as illustrated in Tables 3-11 and 3-12. Table 3-13 summarizes the change in the child 
population, also a decrease, as presented in the 1999-2000 annual report. From 1990 to 1998, the 

I 
number of children under the age of 5 in Shoshone County decreased by 12.1%. Statewide, the 
number of children under age 5 increased by 12.2%. The number of children between the ages of 
5 and 17 in Shoshone County also decreased by 7.7% while statewide the number increased by 

I 14%. Overall, the total number of children under 18 in Shoshone County decreased by 8.7% and 
increased in statewide by 13.5%. While the child population in Shoshone County appears to be 

I 
decreasing, negative factors affecting children continuing to live in the area seem to increase 
(Table 3-11). Socioeconomic status of families has been noted to be a significant factor affecting 
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children's blood lead levels and environmental media in numerous studies (Pirkle et al. 1998, I 
Brody et al. 1994, Clark et al. 1985, Bornschein et al. 1985) . 

School District Data | 

Tables 3-14 and 3-15 summarize school district enrollment data for the Kellogg School District m 
(#391 ), the Mullan School District (#392), and the Osburn-Wallace School District (#393). | 
School district data was obtained with the help of the three districts involved. The Kellogg 
School District has the highest enrollment numbers over the last decade followed by the Osburn- • 
Wallace District and finally, the Mullan School District Overall, enrollment in all three districts • 
have shown a consistent decrease in the total number of students since the early 1990s. Total 
enrollment in the three districts decreased by 13% from 1992 to 2000. Enrollment data is shown B 
graphically in Figure 3-2. B 

A significant portion of the Kellogg School District (#391) includes students residing within the I 
Bunker Hill Superfund Site (BHSS). However, the BHSS is not included in the current Basin ™ 
Study Area. In order to exclude the student population residing within the BHSS, the number of 
students residing in the BHSS was estimated using a study done in 1999 which showed that I 
approximately 68% of the students enrolled in the Kellogg School District lived within the BHSS 
(TerraGraphics 2000a). Therefore, the total enrollment of students in the Kellogg District living _ 
outside of the BHSS was determined by subtracting 68% of the total number of students given I 
for the Kellogg District. The adjusted data are shown in Table 3-14. Table 3-15 shows the 
breakdown of student enrollment data by grade. The percentage of students in each grade is m 
similar (all between 7-9%). jj 

Estimation of the Child Population • 

Children eligible for the blood lead sampling program conducted as part of Basin risk assessment 
studies are defined as children between the ages of 9 months through 9 years. In order to • 
determine the percent of the population sampled in this program, the total number of children in • 
the Basin Area between the ages of 9 months and 9 years was estimated. Three sources were 
considered in determining this estimate. The first was the 1990 census data. Census estimates I 
are available for both Shoshone County (a major portion (73%) of the total Basin Population) and • 
the Basin Area as a whole. The second source is the school district enrollment data. Not all 
children living in the Basin attend one of the three districts, for example, some attend private I 
schools or are home schooled. Based on Basin Area census estimates, children attending private 
school comprise approximately 5% of the entire student population. The third data source is _ 
"Kids Count" estimates of the child population in Shoshone County. All three sources and the I 
sample populations based on these sources are summarized in Table 3-16. School District 
enrollment totals do not include students within the BHSS, but were increased by 5% to account « 
for students enrolled in private schools. Although it was observed in the BHSS that the number | 
of children in younger age brackets decreased in recent years, it was difficult to obtain estimates 
of the number of children in different age brackets in the Basin, a large area crossing county • 
boundaries and school districts (TerraGraphics 2000a). The following method estimates the • 
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sample population for 0-9 year olds, assuming an even distribution of children in each age group 
(Table 3-15). 

1.	 The total number of children from a certain age range as given in a source (e.g.,
 
2484 children in the Basin Area between 0-17 years, as referenced from the 1990
 
census data) was divided by the total number of years in the age range (18). The
 
result is the number of children in each age group.
 

2.	 Children eligible for the sample program span a total of 9 1/3 years. Therefore, 
the number obtained in step 1 (children in each age group) was then multiplied by 
9.33 years (9 years + 3 months) to determine the estimated sample population. 

The results from Basin Area 1990 census data as well as the Shoshone County estimates are 
slightly higher than the school district data. The reason for the discrepancy is likely a small 
number of children living outside of the three school districts and portions of Shoshone County 
not included in the Basin Study Area. The sample population estimates range from 1025 (2000 
school district data) to 1288 (1990 Basin Area Census data). Assuming a 13% decrease in 
enrollment since 1990 yields an estimated 9 month to 9 year old childhood population of 
approximately 1120 children based on the 1990 census data. The estimated childhood population 
for the eight geographic subareas of the Basin is then 1025-1120 individuals based on the school 
district and 1990 census data, respectively. 

Estimation of the Total Number of Housing Units and Yards 

Basin Area sampling has included soil samples from yards in Basin Area housing units. In order 
to determine the percentage of yards that have been sampled it is necessary to know the total 
number of yards in the Basin Area. This was estimated by two methods. The first estimate was 
based on housing unit data from the 1990 census and the second was based on a combination of 
the current number of sewer hook-ups in the area and 1990 census data. 

Census data were used to estimated the number of housing units by assuming that each housing 
unit counted in the 1990 census corresponded with one yard. However, housing unit, as defined 
by the census, is a house, an apartment, a mobile home, a group of rooms, or a single room that is 
occupied (or if vacant, intended for occupancy) as separate living quarters. Therefore, there is 
not necessarily a yard associated with each unit (e.g., an apartment) and the estimate of yards 
based on census housing units would likely be an overestimate. The percentage of total housing 
units in the Basin Area with two or more units in the building, however is small (7%), with the 
majority of all units being either single unit dwellings or mobile/trailer homes. The total number 
of housing units in the Basin Area based on 1990 census data, with and without the Lower Basin 
Area included, is 5651 and 3740, respectively (Table 3-17). Both numbers exclude housing units 
within the BHSS. The number of yards in the Basin Area was then estimated by subtracting 7% 
of the total number of housing units. The resulting estimate of the total number of yards in the 
Basin Area based on 1990 census data is 5255. The number of yards in the Basin Area (excluding 
the BHSS and the Lower Basin Study Area) was estimated the same way at 3728. The Lower 
Basin Area was excluded in the second estimate for future comparison with sewer district data. 
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The second method used to estimate the total number of yards was done by combining current I 
information on the number of sewer hookups in the Basin Area (with the exception of the Lower 
Basin) with 1990 Census data. Data was used from two sewer districts, the South Fork Coeur m 
d'Alene River Sewer District and the Kingston-Cataldo Sewer District. Sewer district data for g 
the Lower Basin Area was not readily available and was not included. It was possible with sewer 
district data to separate apartment buildings and their individual units so that only one yard was 
associated with each building, however, some units are not on public sewer (e.g., units using I 
septic tanks) and therefore the housing unit estimate based on sewer data alone would be low. 
Data on the number of septic tanks in the Basin Area was not available because permitting was • 
not required until the 1970s and septic tanks installed before then would not be counted. In 8 
addition, between the 1970 and 1990, many of the permits issued were not available on record. 

In order to account for housing units not on public sewer, the percentage of housing units from ™ 
the 1990 census data not on public sewer was assumed to be similar to current percentages. 
Basin Area public water and sewer data are summarized in Table 3-17. Data for the Basin Area • 
excluding the Lower Basin is shown for both the 1990 census and data collected by the sewer * 
districts in the Basin Area in 1999. The 1990 census data indicated that approximately 72% 
(2873) of the housing unite in the Basin Area w/o the Lower Basin were serviced by public I 
sewer. The number of public sewer hook-ups in the same area in 1999 was estimated by the 
sewer district at 3065. The total number of housing units in the Basin Area w/o the Lower Basin » 
in 1999 (italicized) was then estimated by assuming that 3065 units make-up 72% of the total | 
number of housing units. The resulting estimate of the total number of housing units in the Basin 
Area without the Lower Basin is 4257. • 

After determining the total number of housing units using sewer district data, buildings with 
multiple housing units but only one yard (apartments and duplexes) were counted as one yard and • 
the remaining number of units was subtracted from the housing unit total to estimate the total • 
number of yards. It was assumed that housing units with septic tanks were not multi-unit 
dwellings. The estimated number of yards as shown in Table 17 is 3570. This number does not • 
include yards in the Lower Basin. The number of yards as estimated strictly by census data was I 
3728 excluding the Lower Basin and 5255 including the Lower Basin. 

Housing unit estimates and corresponding yard estimates separated according to Basin Study ™ 
Area are summarized in Table 3-18. The sewer hook-up data shown in Table 3-18 was obtained 
from 1999 sewer district data. The estimates are based on the percentage of public sewer hook- I 
ups being 72% of the total number of housing units as described above. 

3.1.3 Human Health Exposure Areas • 

It was necessary to establish geographical areas on the basis of potential human exposure. 
Within the CSM unite, nine geographic areas were identified as human health exposure areas 
according to the route of human exposure evaluated and the public use patterns in each area 
(Figure 3-1). As noted in Section 2.2, only portions of the large areas identified on Figure 3-1 • 
have been sampled. Evaluation of human exposure is applicable only to the sampled public areas • 
shown on Figures 3-12 to 3-26, and to sampled residences. Risk management decisions will not 
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be made for unsampled areas in the absence of data. The nine geographical areas are listed 
below. 

• Lower Basin, 
• Kingston, 
• Side Gulches, 
• Osburn, 
• Silverton, 
• Wallace, 
• Nine Mile, 
• Mullan, and 
• Blackwell Island. 

The Lower Basin includes all of the Coeur d'Alene River west of Cataldo (CSM Unit 3). Human 
health concerns in Coeur d'Alene Lake (CSM Unit 4) from exposure to metals through surface 
soil, sediment, and surface water were evaluated in the expedited screening level risk assessment 
for common use areas (Appendix B). In that assessment, all sites except Harrison Beach and a 
recreational area on Blackwell Island passed the screening process and, therefore, required no 
further evaluation. Harrison Beach has been evaluated as part of the Lower Basin, The Spokane 
River (CSM Unit 5) has been evaluated separately. 

3.1.4 Characterization of Potentially Exposed Populations 

Residents and visitors to the Basin could be exposed to affected media during their normal daily 
activities including home life, recreation, and work. However, exposure of individuals to 
affected media will not be the same across the Basin because of differences in the following 
factors: 

• Location of their home, 
• Affected media in the areas in which they spend time, 
• Frequency of use of the local recreation areas, and 
• Availability and use of public services (i.e., drinking water). 

For example, concentrations of metals in media within the Basin are not uniform, indicating that 
some residents will be exposed to lower concentrations in their home than others. Some 
individuals may have private gardens or collect, grow, and/or eat local vegetables, fruit, 
livestock, fish, and wildlife, while others may not. Some residences and businesses have private 
drinking water supplies, while others use a municipal source. Because individuals in the Basin 
live in different areas, under different conditions, and in different lifestyles, exposures from place 
to place and person to person can differ significantly. 

However, evaluation of exposure for each individual is neither practical nor useful in 
determining appropriate remedial action. Therefore, individuals have been combined into groups 
of major receptor types that have similar exposure to affected media in terms of the type and 
extent of exposure. Although, remedial decisions will be made on a site by site basis. No 
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remedial actions will take place in the absence of site specific data. The following subsection I 
describes the major receptor types, as well as cases in which multiple exposures may occur as a 
result of participation in multiple activities within the Basin. « 

Major Exposure Scenarios and Potential Receptors 

Residential. Both children and adults who reside in the Basin could be exposed to several of the | 
affected media while living hi their homes. Residential exposure scenarios are based on 
judgements about activities that might be undertaken by Basin residents but may not necessarily • 
result in exposure. Many daily activities that could result in exposure can occur both within and • 
outside the residence. Regular use and maintenance of the home and yard as well as leisure 
activities create the potential for exposure to affected media. In addition, residents may grow • 
vegetables or eat locally grown produce and thus be subjected to exposures via the food chain. • 

Neighborhood Recreational. In addition to exposure in their homes and yards, residents might I 
have other opportunities to be exposed to affected media within their local neighborhoods. ™ 
Residents who live very near affected creeks or rivers and their shores, near local parks or 
schools with affected media, or near waste piles of rock or tailings might also be exposed to • 
affected media during leisure and recreational activities near their home. 

Public Recreational. Recreational exposure in neighborhoods is likely similar to that in public • 
recreational areas. However, individuals from outside the Basin might use public recreational 
areas while not being exposed to affected media in their homes. Similarly, residents of the Basin K 
might travel to public recreational areas in different locations within the Basin. For example, a | 
resident of a rural upriver community might choose to travel to recreational areas in the Lower 
Basin, which are unavailable in the steep canyons upriver. Public recreational exposure was • 
quantified separately from residential and neighborhood recreational exposure because of the | 
potential for cross-Basin travel and the possibility that visitors from outside the Basin will use 
public recreational areas within the Basin. • 

Occupational. Individuals in the Basin may come in contact with affected media while 
performing their daily work activities. In general, occupational exposures are less significant I 
than residential and recreational exposures because of limited contact with affected media. • 
However, for some workers, such as individuals who have intensive contact with soil during 
excavation work, exposure might be relatively high for short periods, depending on the work • 
location. Therefore, intensive occupational exposure to affected surface and subsurface soil was 
evaluated for a "construction worker." Other potential on-the-job exposures, such as drinking tap 
water or coming in contact with surface water or sediment, were not evaluated because no I 
exposure or infrequent, minor exposure is expected to occur or because the type of exposure was 
already being evaluated for another major receptor type. _ 

Subsistence. Coeur d'Alene Tribal resident activities extended throughout the Basin. Site-
specific media contaminant levels are used in the HHRA for available data collected near the • 
mouth of the Coeur d'Alene River and the Chain Lakes area. Traditionally, tribal members m 
occupied many areas of the Basin and utilized the resources that each area had to offer, especially 
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the water bodies and waterways. For the purposes of the HHRA, Coeur d'Alene Tribal 
authorities have requested that two specific tribal exposure scenarios be investigated, developed, 
and utilized. Those scenarios are the Traditional Tribal Subsistence Lifestyle and the Current 
Subsistence Lifestyle. The Traditional Subsistence scenario considers the aboriginal riparian 
resident lifestyle traditionally practiced by the Tribe. The Current Subsistence scenario considers 
those tribal members that continue to practice a subsistence lifestyle today. 

Traditional Subsistence activities were carried out in numerous locations throughout the Coeur 
d'Alene Basin and included diverse locations. Current contaminant concentrations vary widely 
by media and geography throughout this area. The two exposure scenarios utilize the available 
site-specific sediment, soil, and tissue exposure point concentrations data obtained from the 
mouth of the Coeur d'Alene River and for the Lower Basin area, including the Chain Lakes. 
This area corresponds with one of the main Tribal units resident locations in traditional times, 
and a potential future harvest area for the current subsistence scenario. 

Multiple Exposures. Individuals in the Basin might fit into more than one receptor type and 
therefore be exposed to affected media in more than one way. Some examples include the 
following: 

•	 Local residents who are also exposed during neighborhood recreation (including 
exposures via the food chain), 

•	 Local residents who also use recreation areas in the Basin (including exposures 
via the food chain), and 

•	 Local residents who also work locally as construction workers. 

The related increases in incremental risk due to multiple exposures are discussed in Section 5. 

Potential Exposed Residents by Area 

Potential human receptors who might be located in each of the human health exposure areas are 
described in the following subsections and are summarized in Table 3-19a. 

Lower Basin. The Lower Basin includes the lower Coeur d'Alene River and its associated 
floodplain. Residential population density is sparse throughout the area in Cataldo, Dudley, Rose 
Lake, Lane, and Medimont. Both adult and child residents in the Lower Basin could be exposed 
to affected media. Residents who live near the lower Coeur d'Alene River might also be 
exposed to affected media in their neighborhood while engaging in recreational activities. 
Although both adults and children could be exposed, exposure is likely greater and more frequent 
for children who play for longer periods of time, such as children between 4 and 11 years old. 
The ample available natural resources and public recreation in the Lower Basin also provide an 
opportunity for visitors to the area to be exposed to affected media in public recreation areas 
including the lower Coeur d'Alene River and associated beaches and picnic areas. It is also 
possible that construction and excavation workers in the Lower Basin might be exposed to 
affected soil. 
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Kingston. Within the Kingston area are the confluence of the North Fork and the South Fork I 
(NS confluence), Pine Creek, and their extensive tributaries. The upper portions of Pine Creek 
were considered relatively uncontaminated and, therefore, were not evaluated in the HHRA. « 
Residences in the Kingston area are sparse throughout the area in the town of Kingston, as well | 
as along Pine Creek, and in Enaville. (The portion of Pine Creek that is within the boundary of 
the 21 -square-mile Bunker Hill Superfund Site has been excluded from this evaluation.) Both • 
adult and child residents in the Kingston area could be exposed to affected media. Residents | 
who live near the NS confluence or Pine Creek might also be exposed to affected media in their 
neighborhood while engaging in recreational activities. Although both adults and children could • 
be exposed, exposure is likely greater for children between 4 and 1 1 years old. Although less I 
accessible than those in the Lower Basin, the public recreation areas in the Kingston area, 
specifically the NS confluence, also provide an opportunity for visitors to be exposed to affected • 
media in beach and picnic areas. It is also possible that construction and excavation workers in • 
the Kingston area might be exposed to affected soil. 

Side Gulches. The Side Gulches include Moon Creek, Two Mile Creek, Terror Gulch, * 
Montgomery Gulch, and Nuckols Gulch, Sunny Slopes, the lower portion of Big Creek, and Elk 
Creek Pond and its surrounding area. Residences in the Side Gulches area are located primarily I 
along Big Creek with sparse households along the other creeks and gulches. Both adult and child 
residents in the Side Gulches area near Big Creek could be exposed to affected media. Residents B 
who live near Elk Creek Pond and its surrounding area might also be exposed to affected media I 
in their neighborhood while engaging in recreational activities. Although both adults and 
children could be exposed, exposure is likely greater for children between 4 and 1 1 years old. M 

Osburn. Both child and adult residents of the town of Osbum could be exposed to affected 
media in their homes and yards. Residents who live near the South Fork could also be exposed • 
to affected media while playing in their neighborhood. It is also possible that construction and I 
excavation workers in the town might be exposed to affected soil. 

Silverton. Both child and adult residents of the town of Silverton could be exposed to affected • 
media in their homes and yards. Residents who live near the South Fork could also be exposed 
to affected media while playing in their neighborhood. Children who play at neighborhood parks I 
and schools with affected media could be exposed. Visitors to public parks and schools in the ™ 
area might also be exposed to affected media in these areas. (See Section 2.2 for a list of parks 
and schools.) It is also possible that construction and excavation workers in the town might be I 
exposed to affected soil. 

Wallace. Both child and adult residents of the town of Wallace could be exposed to affected • 
media in their homes and yards. Residents who live near the South Fork of the Coeur d' Alene 
River could also be exposed to affected media while playing in their neighborhood. Children • 
who play at neighborhood parks and schools with affected media could be exposed. (See g 
Section 2.2 for a list of parks and schools.) Visitors to public parks and schools in the area might 
also be exposed to affected media in these areas. It is also possible that construction and • 
excavation workers in the town might be exposed to affected soil. | 
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Burke/Nine Mile. The Burke/Nine Mile area includes the residents hi the communities of Mace, 
Burke, Gem, Blackcloud, and Woodland Park, which are located along Nine Mile and Canyon 
Creeks. Both child and adult residents of these small rural communities could be exposed to 
affected media in their homes and yards. Residents who live near Nine Mile and Canyon Creeks 
could also be exposed to affected media while playing in their neighborhood. Children who play 
on waste piles in their neighborhood could be exposed to the highest concentrations of metals 
(see list of waste piles in Section 2). It is also possible that construction and excavation workers 
in these communities might be exposed to affected soil. 

Mullan. The Mullan area includes the area in and around the town of Mullan and the uppermost 
portion of the South Fork. Both child and adult residents of this community could be exposed to 
affected media in their homes and yards. Residents who live near the South Fork, which includes 
most of the residents in the area, could also be exposed to affected media while playing in their 
neighborhood. Children who play on waste piles hi their neighborhood could be exposed to the 
highest concentrations of metals. Waste pile exposures are quantified and evaluated for Morning 
Mine Dump in the outskirts of Mullan. It is also possible that construction and excavation 
workers in these communities might be exposed to affected soil. 

Blackwell Island. On Blackwell Island, there is a recreation area with beach and picnic areas 
that can be accessed by the public. Visitors to this area could be exposed to affected media on 
and around the island. 

3.1.5 Populations of Potential Concern 

Certain populations in the Basin could be more sensitive to contamination or more likely to be 
subjected to greater exposure than the average individual in each of the receptor groups. These 
populations include infants and children and individuals with subsistence lifestyles, including 
some members of the Coeur d'Alene Tribe. The following subsections briefly describe these 
populations in terms of the characteristics that either make them more sensitive or more likely to 
have greater exposure. Section 4 and Appendix H provide greater detail of the effects of each 
chemical on the populations of concern. 

Infants and Children 

Because of their physical vulnerability and small body size, infants and children are often 
assumed to be more susceptible to the potential toxic effects of chemicals in the environment. 
Studies have shown that susceptibility clearly depends on the chemical and on the exposure 
situation. Although these differences are chemical-specific, infants and children are a unique 
population that needs to be considered in risk assessments (Guzelian, Henry, and Olin 1992). 
Their risks may differ qualitatively and quantitatively from those of adults for a variety of 
reasons including differences in behavior (i.e., frequent hand-to-mouth behavior), physiology, 
metabolism, pharmacokinetics, diet, and exposure environment. 

Some of the COPCs evaluated in this risk assessment are known developmental toxicants. 
Because chemicals can cross the transplacental barrier, pregnant women and women of child 
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bearing age are also considered a sensitive population in order to protect the developing fetus. I 
The toxicity profiles in Appendix H contain further chemical specific details regarding the effects 
of developmental toxicants. M 

Aspects of physiology that differ between children and adults include differences in intake per 
unit of body weight of air, food, and water (and associated chemicals). These differences are • 
related to differences in rates of respiration and circulation and cell proliferation rates in many | 
organs, which are often greater in children than in adults. 

Similarly, dermal, intestinal, and respiratory absorption may be greater or lesser hi children I 
depending on the chemical and the exposure scenario. During times of rapid growth, the amount 
of food ingested per unit of body weight may be greater for children (Plunkett, Turnbull, and B 
Rodricks 1992). • 

There are major metabolic differences between children and adults that can significantly affect I 
their ability to respond to chemical exposure. Some metabolic systems are more efficient in 
childhood than during adulthood (such as cytochrome P-450 activity) while others are less 
efficient. Chemical-specific metabolic differences between children and adults are also evident I 
(Guzelian, Henry, and Olin 1 992). 

Pharmacokinetics, including the absorption, distribution, and excretion of various chemicals, • 
differs between children and adults on a chemical-specific basis. These differences are 
sometimes a result of developmental changes in membrane permeability and in the binding and m 
storage of chemicals (Guzelian, Henry, and Olin 1992; Plunkett, Turnbull, and Rodricks 1992; | 
Faustman et al. 2000; Goldstein 1990; Rodier 1995). 

The diet of a child is often quite different from that of adults. Dietary differences, such as the I 
amount of vegetables, fruit, fish, or red meat consumed, can have an effect on the amount of 
chemical ingested in food items. In addition, nutritional status has a profound effect on toxicity • 
response. m 

One of the most obvious differences between adults and children is the difference in physical I 
environment and living habits. For instance, children are generally closer to the floor, carpet, and ™ 
ground; their daily activities and hand-to-mouth behavior significantly influence the amount of 
chemical exposure that occurs. Secondary exposures to children from materials brought home I 
from the parents work areas (particularly construction sites) may also affect the residential dust 
exposure scenario. 

As a result of these influential differences, infants and children often receive a different effective 
dose of a chemical than adults, even when chemical concentrations in affected media are the g 
same. Therefore, in this assessment, children were considered a sensitive population for all g 
COPCs and were evaluated appropriately. Specifically, both children (0 to 6 years of age) and 
adults were evaluated for residential and public recreational exposure types. Neighborhood 
recreational exposures were evaluated for children between the ages of 4 and1 1 because | 
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maximum exposure was anticipated in this age group as a result of their play habits and their 
interaction with the physical environment. 

Subsistence Lifestyles 

The traditional economy of the Coeur d'Alene Tribe was characterized by a complex and highly 
structured system of food source production, distribution, and consumption. The Plateau people 
generally practiced a seasonally based transhumance, an annual cycle of utilization of specific 
economic sources. This travel involves the return annually to well known camps for root 
digging, fishing, hunting, and high elevation hunting and berry picking. The basic winter village 
in the Basin is the center of the cycle and is never fully abandoned by certain individuals of the 
society, especially the elderly and children too young to travel on their own but too heavy to be 
carried (Sprague 1999). 

The following paragraph from Teit compares the Coeur d'Alene to the rest of the Plateau Culture 
Area (including the Umatilla Tribe): 

At certain seasons considerable numbers of people congregated at famous camas 
and other root-digging grounds. They also went to the Spokane for salmon 
fishing, trading, and sports. These journeys were made on foot, for there were no 
water routes leading to these places. On the whole the people were fairly 
sedentary, and most of them lived the greater part of the year on their home 
grounds, although they had no permanent houses or villages, unless the long 
communal dance houses of the larger villages may be so called. Being a 
semisedentary people, and living in a country where wood, bark, and vegetal 
materials of many kinds abounded, the Coeur d'Alene developed the arts of 
fishing, canoe making, and textile work in weaving of mats, bags, and baskets, 
probably to a greater degree than any of the neighboring tribes (Teit 1930:151). 

There were "three, possibly four, units corresponding to divisions of the tribe." These were (1) 
Coeur d'Alene Lake and/or Spokane River; (2) Coeur d'Alene River; and (3) St. Joe River (Teit 
1930). Because of their proximity to the fishing grounds at Spokane Falls the first group tended 
to be more permanent. The second group was located around the mouth of the Coeur d'Alene 
River and upstream near Harrison, Medimont, and between Killarney Lake and Robinson Creek 
near what is now Lane. The third group resided at the mouth of the St. Joe River and west of 
Mission Point on Lake Coeur d'Alene; the six villages in this group extended upriver as far as 
modern St. Maries (Teit 1930:38-39). 

The Coeur d'Alene were largely dependent upon Lake Coeur d'Alene and its tributaries; perhaps 
more than any other Plateau group. Water played a central role in all aspects of life, from birth to 
death and was included in all major cultural events. Individuals spent a great portion of their 
time in the water; generally through fishing, hunting, gathering, bathing, recreating, and other 
various activities. The special emphasis on water and its ritual importance is demonstrated in a 
statement by Father Point in 1843 that the sign of the cross was made at all important events but 
especially always before smoking the pipe or drinking water (Point 1967:94). 
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The Coeur d'Alene were also involved in harvesting, consuming, and utilizing primarily riparian I 
resources. Much of the raw material used in the manufacture of various necessary items was 
obtained primarily from within the riparian environment (Nugent 1997). The areas of • 
manufacturing that the Coeur d'Alene were especially noted were in the use of bark and mats. | 
Mats were made of the cat-tail and tule plants, both of which grow in water. Mats were made by 
weaving and sewing and were used as lodge covers. The preparation of hides involved soaking • 
in water for long durations to loosen the hair. The finished product was often painted green from • 
an algae collected from stagnant pools. For stone-boiling the Coeur d'Alene used woven baskets 
like their neighbors but unlike several others, they also used bark containers (Ray 1942:136). • 

Seasonal round activities were also intimately associated with tribal social, political, and 
religious organization. Many aspects of traditional Coeur d'Alene tribal organization were based I 
upon gender and age, with strong incentives for conformance. Men were mainly involved with " 
hunting and fishing, but also participated in gathering. Women were mainly involved with 
gathering, fishing, and food processing and preparation. The division of labor was distributed I 
evenly among tribal members. Children also helped with the work, particularly gathering and 
fishing. m 

The division of the harvest took place according to a certain political structure. The individuals 
responsible were given a large portion of the kill, while the particular chief involved with the • 
hunt received a portion for distribution to needy individuals within the tribe (Nugent 1997). I 

All of these activities are undertaken collectively in family or tribal groups and involve children m 
and women of reproductive age, that are considered the population at greatest risk. These | 
activities also result hi substantially greater potential exposures associated with consumption 
rates of resident fish and riparian vegetation, and soil and sediment contact rates associated with • 
typical residence and harvest practices for both ingestion and dermal routes. Due to the Tribe's • 
dependence on water from Lake Coeur d'Alene, the surrounding lateral lakes, and the Coeur 
d'Alene River and close interaction with the natural environment, maximum exposures were flj 
assumed. • 

3.2 IDENTIFICATION OF EXPOSURE PATHWAYS • 

An exposure pathway represents the course a chemical takes from its source to the exposed 
individual. An exposure pathway consists of four parts: (1) a source and mechanism of chemical I 
release, (2) a retention or transport medium, (3) a point of potential human contact with the 
affected medium, and (4) an exposure route at the contact point (USEPA 1989), Without all of _ 
these four parts, a potential exposure pathway is not complete and, therefore, not a risk to human I 
health. 

Exposure pathways that were considered in this HHRA include standard pathways common to | 
most HHRAs at hazardous waste sites. A few less common pathways relevant to exposure in the 
Coeur d'Alene River Basin were also considered. The following points of potential human • 
contact and the potential exposure routes for each of the receptor types were considered and are I 
discussed in the subsequent sections: 

I
 

1
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•	 Ingestion of and dermal contact with soil and house dust (residential, 
neighborhood recreational, public recreational, occupational, and subsistence 
residents), 

•	 Inhalation of dust from soil (residential and subsistence residents), 
•	 Ingestion of and dermal contact with tap water (residential residents), 
•	 Ingestion of and dermal contact with surface water (neighborhood recreational, 

public recreational, and subsistence residents), 
•	 Ingestion of and dermal contact with sediment (neighborhood recreational, public 

recreational, and subsistence residents), 
•	 Ingestion of homegrown vegetables (residential residents), 
•	 Ingestion of locally grown beef (residential residents), 
•	 Ingestion of fish (public recreational and subsistence residents), 
•	 Ingestion of wild game (public recreational and subsistence residents), and 
•	 Ingestion of wild plants (residential and subsistence residents). 

All the pathways discussed in the following sections apply to both current and future conditions 
except future use of groundwater (Nine Mile area only) and future tribal use of the floodplain of 
the lower Coeur d'Alene River (Lower Basin). Section 3.2.1 describes the sources, fate and 
transport mechanisms, and affected media in the Coeur d'Alene Basin. Section 3.2.2 presents the 
potentially complete exposure pathways that were not selected for quantification in the HHRA, 
as well as the rationale for exclusion. Section 3.2.3 presents the potentially complete exposure 
pathways that were quantified in the HHRA by exposure area. The potential exposure pathways 
that were considered for the Coeur d'Alene Tribe traditional and current subsistence are 
described in Section 3.2.4. 

3.2.1	 Sources, Fate and Transport, and Affected Media 

Diagrams of potential sources, fate and transport mechanisms, and affected media are shown in 
Figures 3-3 through 3-11 for each geographic area. These figures also show the potential 
receptor types and exposure media that are discussed in Sections 3.2.2 and 3.2.3. A general 
description of possible sources, transport mechanisms, and media is provided in the following 
text; however, not all of these sources, mechanisms, and media are present in each area. 

As a result of mining activities in the Basin, surface and subsurface soils containing high 
concentrations of metals have been disturbed and redistributed throughout the Basin to construct 
roads and railroad beds, to supplement agricultural areas, and to be stored in waste piles. Mining 
activities have caused releases of concentrate, mill tailings, and waste rock to contaminate 
surface and subsurface soils with high concentrations of metals. This material has subsequently 
been eroded and transported along the Coeur d'Alene River. It has also been used as fill in 
construction of roads, Interstate 90, and the Union Pacific Railroad. When soils with high 
concentrations of metals are exposed to air, a natural geochemical process can occur in which the 
sulfide form of the metals is oxidized. These oxidized metals can adsorb to soil particles and be 
transported from the landscape with the soil via surface runoff and wind and water erosion to 
nearby creeks and rivers. Many of the metals in the creeks and rivers are adsorbed to transported 
soil particles as well as cobble, particulate matter suspended in the water column, and sediment. 
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Some metals are released into the water column via dissolution. As a result of the frequent flood • 
events that occur in the Basin and the natural migration of the river channels, this sediment and 
other organic material have been resuspended, carried, and redeposited in many downstream • 
locations within the fioodplain, into Coeur d' Alene Lake and beyond. This redeposited sediment g 
can cover upland areas or remain in downstream channels as bedload sediment. 

Metals adsorbed to soil particles can also be released via dissolution and become soluble in | 
rainwater and soil pore water that eventually percolate through the soil layers to groundwater, 
Likewise, metals adsorbed to soil particles can be transported via wind erosion as fugitive dusts • 
that eventually settle on surrounding areas. • 

As a result of these processes, high metals concentrations originating in subsurface soil deposits B 
have been transported to and detected in adjacent surface soil, groundwater, surface water, ™ 
sediment, upland soil, and dust. 

3,2.2 Potentially Complete Pathways Excluded From Quantification ™ 

Dermal Contact With Tap Water andSurf ace Water I 

The uptake of inorganic chemicals through the skin from, water is primarily limited to _ 
compounds dissolved in water. While water soluble metals are absorbed at higher rates than • 
insoluble ones, the penetration rate of water through the skin is slow (0.001 cm/hour) (USEPA 
1992a). Several investigators have also shown that electrolytes in dilute solution penetrate the m 
skin poorly (USEPA 1992a). Absorption rates similar to that of water have been observed for the | 
chloride salts of zinc, cadmium, and mercury, and for sodium chromate and silver nitrate 
(Wahlberg 1968; Skog and Wahlberg 1964). The recommended dermal permeability factor for • 
metals is quite low at 0.001 cm/hour (USEPA 1998b) and it applies only to the dissolved m 
fraction. Therefore, dermal contact with metals in tap water and surface water, although a 
complete pathway, was hot quantified in the HHRA. • 

Inhalation of Fugitive Dust 

Inhalation of dust has been evaluated in previous risk assessments in the Basin and was ™ 
determined not to be a primary contributor to exposure and risk (Weston 1989), although 
inhalation was identified as a risk at the Bunker Hill Superfond Site (USEPA 1990a). Changes I 
that have occurred at the Bunker Hill Superfund Site since the risk assessment have resulted in 
decreased dust concentrations from metal source areas at the site. The screening process used to _ 
select COPCs examined available soil data and screened out all chemicals in this pathway I 
because measured concentrations were less than the SVs. The SVs were estimated using the PEF, 
as discussed in Section 2.4.1, which relates the chemical concentration in soil with the « 
concentration of dust particles in the air. In addition, the results of ongoing dust monitoring g 
indicate that this exposure pathway is being sufficiently controlled to preclude significant 
exposures. See Section 7.2.2 for further discussion of this pathway. • 
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Ingestion of Beef Cattle Grazing in Floodplain 

Cattle graze in the floodplain meadows along the lower reaches of the Coeur d'Alene River. 
There are four known ranching operations in the floodplain (USFWS 1999). Because the 
meadows are periodically inundated with fioodwaters, the meadow soils are contaminated with 
mining-related chemicals. Therefore, grasses in these meadows may take up inorganic 
chemicals, which may then be eaten by grazing cattle. Furthermore, cattle directly ingest soil on 
and around the floodplain grasses. Therefore, the consumption of local beef may result in the 
ingestion of some inorganic chemicals, 

Ingestion of metals in beef could occur. However, because of the absence of beef tissue data, this 
pathway was not quantified in the HHRA. The consequences of excluding this pathway are 
discussed in Section 7. 

Ingestion of Waterfowl and Large Game From Hunting 

Waterfowl and large game that feed, live, and/or breed in the area are exposed to inorganic 
chemicals via the consumption of potentially affected plants and the incidental ingestion of 
affected soil. Dermal contact with soil and ingestion of and dermal contact with contaminated 
water are also routes that might affect metal concentrations in waterfowl and large game. 
Previous investigations have shown that lead and cadmium accumulate in blood and some tissues 
of small mammals and birds in the Basin (Szumski 1999; Audet et al. 1999). Waterfowl deaths 
due to acute lead toxicity have been documented (Audet et al. 1999). 

Both residents and nonresidents might hunt, capture, and eat waterfowl and large game in the 
area, thus being exposed indirectly to inorganic chemicals. Although this pathway is complete, it 
is not expected to result in a significant exposure for the majority of the population, and, 
therefore, it was not evaluated quantitatively for metals other than lead. Exclusion of this 
pathway for waterfowl is supported by previous Basin studies that investigated tissue metal 
concentrations in waterfowl (Weston 1989). Results indicate that although metals tend to 
accumulate in kidneys of ducks collected within the Coeur d'Alene Wildlife Management Area, 
the concentrations are not high enough to pose a health threat due to the consumption of other 
tissues (Weston 1989). A study conducted by the Idaho Department of Fish and Game in August 
1986 found that cadmium and lead were not detected in most duck breast tissue sampled even 
though both metals were detected in significant concentrations in kidney, liver, and bone. 
Similarly, zinc was detected in breast tissue at concentrations 50 to 90 percent lower than those 
in kidney, liver, and bone (Krieger 1990). Therefore, this pathway was not quantified in the 
HHRA. 

For the subset of the population who hunt big game, there is a potential for metals exposure, 
particularly from white-tail deer who may spend an appreciable portion of their lives grazing in 
the floodplain of the lower Coeur d'Alene River. Unlike waterfowl, tissue data and other 
supporting studies are not available for any big game animals (one sample of white-tail deer 
muscle is all that is available). Two considerations may mitigate metals exposure from game: 1) 
divalent metals such as cadmium, lead and zinc are generally transported within the animal's 
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body via the blood and stored or retained primarily in the spleen, kidney, bone, and liver, and 2) I 
the big game catch limit of one or two animals per year would limit the amount of organ meat 
any one family could eat. Tissues normally eaten by hunters, primarily muscle and fat, contain mm 
lower concentrations of metal than the bones and organs (Benson et al. 1976). However, "lower |
concentrations in tissue" may still have health impacts depending on the actual concentrations. 
In the absence of data, this pathway has not been quantified in the risk assessment and remains a • 
source of uncertainty. This pathway is further discussed hi Section 7. | 

Ingestion of Wild Plants Harvested From Floodplain • 

Three main types of plants are reportedly gathered from the floodplain area: berries, wild rice, 
and water potatoes. Uptake of metals by plants is minimal, indicating exposures due to their B 
consumption would also be low. Except for cadmium, these metals do not tend to bioaecumulate ™ 
in plant tissue (Nwosu, Harding, and Linder 1995). For example, the recommended root uptake 
factors (ratio of concentration in plant tissue to the concentration in the soil) for arsenic, I 
cadmium, lead, and mercury are 0.0004, 0.04, 0.002, and 0.05, respectively (CalEPA 1996). * 
However, other studies have shown that concentrations of cadmium in some plant tissues are „ 
higher than those in surrounding soils (Nwosu, Harding, and Linder 1995). Because the general • 
population is not expected to eat a significant quantity of these plants, this pathway was not 
quantified for the general population in the HHRA. The ingestion of water potatoes was _ 
quantified for subsistence exposures. • 

Concentrations of metals in wild plants will likely be small in comparison to concentrations in m 
soil and/or sediments that might be directly ingested and when compared with other homegrown | 
food items. The direct ingestion of soil and sediment and the ingestion of homegrown vegetables 
were quantitatively evaluated and risks from eating wild plants will be insignificant when • 
compared to the risks from these pathways. • 

3.2.3 Complete Pathways Selected for Quantification • 

Ingestion of and Dermal Contact With Soil 

Affected soil is the primary medium with which residents, neighborhood recreational residents, ™ 
public recreational visitors, and workers are likely to come into contact. Therefore, exposure by 
incidental ingestion is likely and was quantified in the HHRA. This same affected soil is a I 
primary source of indoor dust in residences. The contribution of indoor dust to risk was 
evaluated and is discussed qualitatively in this assessment for the non-lead metals. Indoor dust — 
exposures are quantified for lead. • 

In general, metals in soil are strongly adsorbed and will not leach except under strongly acidic mm 
conditions. Soil-water partition coefficients (ratio of concentration in soil to concentration in g 
water when both are available) for metals in the Basin range from 25 to 900, indicating that the 
metals are strongly adsorbed to soil (RAIS 1999). Therefore, absorption of metals through the • 
skin is probably very slow. | 
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Although dermal absorption of metals in soil through the skin is a complete pathway, available 
data indicate that the contribution of dermal soil exposure to overall risk is typically small 
(USEPA 1995b, 1996a). Furthermore, data on the amount of metals in soil absorbed through the 
skin is extremely limited (USEPA 1992a). However, dermal absorption of metals through the 
skin was quantified for arsenic and cadmium only, for which limited skin absorption data exist 
(USEPA 1998e, 1999c). In addition, these metals are more mobile in the environment than other 
metals because cadmium is soluble in water and arsenic has multiple oxidation states (USEPA 
1985). 

Ingestion of Tap Water 

Metals have been detected in tap water at several locations. Ingestion of tap water is a significant 
source of intake into the body, so this pathway was included wherever residents or recreational 
visitors may have access to water containing mining-related chemicals. Only arsenic exceeded 
conservative screening criteria protective of human health. Therefore, of the non-lead metals, 
only arsenic was evaluated for the tap water ingestion pathway. Lead in tap water was evaluated 
quantitatively because the risk assessment for lead utilized the EPAIEUBK lead model which 
attempts to account for all sources of lead in the environment, not just sources with 
concentrations that exceed SVs. 

Ingestion of Surface Water 

Surface water in the Basin has been found to contain mining-related chemicals. Contact with 
surface water may result in exposure via incidental ingestion and dermal absorption (qualitatively 
evaluated). This is most likely to occur at sites where access to water is easy and attractive, such 
as developed or undeveloped beaches along the Coeur d'Alene River west of Cataldo. At these 
sites, recreational visitors or local residents may be exposed to contaminants in surface water 
while playing in the water. This is of particular concern where play in shallow water may disturb 
sediments and suspend them in the water column. In such cases, incidental ingestion of surface 
water containing suspended sediments may result in a significant dose. This pathway was 
quantified in the HHRA. 

There are residents with ready access to affected surface water within neighborhoods that lack 
beaches or other amenities to attract visitors from beyond the immediate area. For example, 
children living close to Canyon Creek or Nine Mile Creek may play in the water near their 
homes. This may produce significant incremental doses; therefore, this pathway was included in 
the residential scenario at some locations (see Table 3-19a). 

Ingestion of and Dermal Contact With Sediment 

Ingestion of and dermal contact with sediment is likely to occur in the same situations as 
ingestion of surface water, as discussed in previous subsections. Sediment is defined as material 
transported by surface water and deposited along the banks of surface water bodies. Sediment 
includes the sand found at beaches, which may be above or below the water line. Sediments 
below the water line were evaluated hi the surface water pathways described in the previous 
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subsection, since they may be resuspended in the water column. Sediment above the water line I 
may produce exposure through contact-intensive activities such as digging in beach sand. At 
beaches, the combination of exposed skin surface area and wet media may cause stronger . 
adherence of sediments to the skin (Kissel et al. 1996a, 1996b,1998; Holmes et al. 1999). This g 
may lead to higher rates of incidental ingestion and prolonged dermal contact, so these pathways 
were quantified in the HHRA. As with soil, dermal contact was evaluated only for arsenic and m 
cadmium (USEPA 1998e, 1999c). Exposure pathways for sediment were evaluated for the g 
public recreational individual type and for appropriate residential neighborhood recreational 
receptor types. • 

Ingestion ofHomegrown Vegetables 

Consumption of garden vegetables was evaluated quantitatively. Currently, residents in the • 
Basin grow and consume garden vegetables from yards that may contain mining-related 
chemicals. If either leafy (e.g., lettuce or cabbage) or below ground (e.g., radishes, beets, or I 
carrots) produce was present at homes with vegetable gardens, a sample of the plant tissue was ™ 
collected and analyzed for metals. These vegetable data were used to quantitatively evaluate 
exposures to metals via the ingestion of homegrown produce. I 

3.2.4 Potential Coeur d'Alene Tribal Pathways Selected for Quantification _ 

Soil/sediment 

The Coeur d'Alene made their homes largely in the floodplain in structures with soil floors • 
covered with natural materials such as animal skins or woven mats. As a result, intense contact 
with soil and sediment would have occurred throughout the year in nearly all activities. The mat • 
lodge, the basic structure for lodging, was rarely found anyplace but in the Lake Basin (Sprague | 
1999). Additionally, a variety of cultural activities would have resulted in increased soil and 
sediment exposure. These activities include children's games, vision quests, burials, and dances. • 

Children played various games involving strength and skill such as running, throwing balls and 
sticks, and shooting toy bows and arrows. I 

The vision quest involves long trips into remote areas. The activities of a person on a vision 
quest were to show evidence of being at a specific quest site and to tire oneself to become more I 
susceptible to the spirit. The vision quest still has religious importance today. 

"The Coeur d'Alene disposed of their dead by burial in the earth or hi rock slides" (Ray | 
1942:237). The modem, Plateau-wide practice of each tribal member throwing in a shovel or 
hand-full of dirt into a new grave is reported as early as 1853. m 

Dances were largely for preparing for war or upon returning from war, spirit dances of 
individuals during the winter ceremonies, and social dances involving courtship (Teit 1930:186; • 
Ray 1942:253). All of this activity normally took place in the floodplain of the Basin. • 
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Surface Water 

For the Coeur d'Alene, the number of activities talcing place in the water are almost as extensive 
as the time spent on land, so the incidental ingestion of surface water could contribute 
substantially to exposure. 

While fishing, a good portion of time was spent in the water. The following standard fishing 
techniques were employed by the Coeur d'Alene (Teit 1930:105-107; Ray 1942:104-116; for 
illustrations Walker 1967): the spear (harpoon and leister types), gaff, dip net, and hook and line. 
Other fishing techniques more akin to gathering were traps, weirs, dams, and nets. The weirs 
were a community effort and various ceremonies accompanied the construction. It involved long 
periods of time in shoulder high water; women bore the major brunt of the time in the water. 

The Coeur d'Alene were well known for killing large groups of deer in Coeur d'Alene Lake. If 
one trait in hunting separates the Coeur d'Alene from the other Plateau groups it is their ability to 
drive deer into the Lake and dispatch them in the Lake from canoes by spearing, shooting with 
arrows, clubbing, or drowning by holding the head underwater by the antlers or with a crooked 
stick. The Coeur d'Alene would also do the same to elk, moose, and bear (Teit 1930:101). 

Beavers were hunted by destroying the dam or swimming into the beaver house and then 
clubbing them to death. Attacking the beaver by way of the water was limited in the southern 
Plateau to only the Coeur d'Alene (Ray 1942:119). 

One water plant important to the Coeur d'Alene and not found among many other Plateau 
peoples, was the water potato. It grows in soft mud underwater and is collected by several 
methods, the most common being digging underwater with the hands or a forked stick. 

A pregnant mother was encouraged to bathe frequently for an easy birth. At birth, the newborn 
was bathed immediately (Ray 1942:194, 196). 

The specific importance of water in puberty was expressed: "The old people made boys and girls 
bathe in cold water every day. This was to make them strong, hardy, and able to endure cold. It 
was also believed to make them healthy, immune from colds and sickness, and able to recover 
quickly from wounds" (Teit 1930:168-169). Vision quest sites were often near bodies of water 
because diving in water was expected to help tire the individual (Ray 1942:236). 

The Coeur d'Alene disposed of their dead by burial. Prior to burial, they would wash the body 
and wrap it in a robe, skins, or especially tule mats. People involved in the burial process were 
purified by fasting and would "bathe themselves in running water" (Teit 1930:174); their clothes 
were also purified by being "immersed in stream or lake overnight" (Ray 1942:220-221). 

Games of athletic skill, especially swimming and canoe racing were popular (Ray 1942:185). 
All people could swim; the arms were worked in a dog-like fashion, and they struck out with the 
right foot. Nearly all the men could dive, and some men could dive across St. Joe River (Teit 
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1930:134). The Coeur d'Alene also participated in the popular sports of canoe racing and tipping • 
(Kowrach and Connolly 1990:56,198). * 

Curing by shamans involved water and included the sequence of hand washing, blowing on the • 
water, throwing the used water out, obtaining more, and then sprinkling it on the patient. The 
patients hands were also immersed in water as part of the cure. The use of water in Coeur • 
d'Aiene curing exceeds that of all other Plateau groups (Ray 1942:242-243). p 

Groundwater Seeps/Spring Water • 

Because spring and small stream water was universally preferred to major river and lake water 
for drinking by Plateau peoples; this would be the expected source for drinking water. B 
According to Ray, water was consumed prior to eating any food at feasts (Ray 1942:133). The • 
numerous activities discussed under the surface water pathway could, under some conditions, be 
practiced in seep and spring water and result in the ingestion of water. • 

Steam (sweating) — 

Although only the dermal and inhalation pathways are considered in the sweat bath discussion, 
sweat bathing was done immediately prior to plunging in cold water, either surface water or • 
spring water. £ 

Sweat houses were the typical Plateau domed type made of willows covered with sod. They • 
tended to be small by Plateau standards, holding only one or two people or up to six (Ray I 
1942:181; George 1938). They were always located near fresh water that provided the source for 
the cold water plunge. • 

Sweating was for cleanliness, curing, and purification such as before hunting, after a burial, or 
after a battle (Ray 1942:123, 127). Children were expected, under threat of whipping, to sweat • 
and plunge in cold water every day of the year. The daily sweat could be individual but it often 
was also an important social activity where the two sexes were separated and could discuss the m 
events of the day. The Coeur d'Aiene are also unusual in that they have both the sweat house and I 
a pool of water heated with rocks, a combination of traits not common in the Plateau (Ray 
1942:181-182). The sweat bath is still very much a part of Coeur d'Aiene culture. • 

Biota - Fish 

The importance of various food types for the Coeur d'Aiene was the same as for other Plateau I 
groups, with fish and roots as the primary source and meat from hunting as the third source. 
Meat and fish were cooked by roasting when fresh and usually boiled if dried. Not only was fish V 
tissue consumed, but other parts of the fish including skin, scales, bones, viscera, eggs, and head. ™ 
Some Native Americans have traditionally eaten the bones and organs as well (Walker and 
Pritchard 1999:50). I 
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Fish caught in Coeur d1 Alene Lake or the rivers were dried and smoked in the normal Plateau 
manner. Fish would be collected locally or brought back from fishing or trading from all of the 
Plateau fishing centers including Kettle Falls, The Dalles-Celilo, and lesser known locations such 
as the Upper reaches of the North Fork of the Clearwater River and the Snake River at the mouth 
of the Palouse River at Palus Village. These trading adventures were more typical of young men 
and were as much a social activity as they were for fish. Such trading also gave the Coeur 
d1 Alene a wider range offish varieties, especially for some of the salmon varieties that were 
richer in oil. Dried fish were traded largely from the Spokane and to a lesser extent from the 
Palus (Teit 1930:112-113). 

The Coeur d1 Alene fishing territory extended from the North Fork of the Clearwater River to the 
southern margin to Lake Pend Oreille and included Coeur d'Alene Lake and its major tributaries 
- the Coeur d'Alene, St. Joe and St. Maries Rivers - the upper portion of the Spokane River to 
Spokane Falls, Latah (Hangman) Creek, and the headwaters of the Palouse River (Scholz et al. 
1985:40). 

Other sources of food from the water included the pond turtle, frogs, and crayfish. All of these 
are still used today. The fish hi the diet of modern Coeur d'Alene is extensive but a large portion 
of the fish comes from the Columbia River system. 

Biota - Water Potato 

As previously mentioned, the water potato was an important plant to the Coeur d'Alene. Also 
known as the wapato on the lower Columbia River, it was collected the last week of October 
through November along the shore of Chatcolet, Hayden, and Ffarrison lakes; it was also 
historically collected hi the floodplain of the Coeur d'Alene River Basin (Palmer 1993:17). The 
Tribe continues to harvest water potatoes during the last week of October through November in 
the wetlands of Benewah and Chatcolet. In a specific study of the Coeur d'Alene water potato, it 
was reportedly collected at 91 different sites (Frey 1995). One Coeur d'Alene elder described the 
loss of this plant food due to the rising of Coeur d'Alene Lake and the subsequent pollution as 
one of the major psychological losses to the Coeur d'Alene people (Aripa pers. com. 1994). In 
preparing the water potato, the dark skin layer is often removed prior to boiling or baking; the 
narrow segment of the taproot (tail) is left attached if possible for added flavor (Frey pers. com. 
2000). 

Biota - Other Vegetation 

The Coeur d'Alene Tribe utilized almost forty different species of plants from their territory for 
food, and others for their fibers or as dyes or medicines. Within traditional society, roughly one-
third of the diet was comprised of roots and berries (Nugent 1997). 

Roots harvested included 16 species with camas (Camassia quamash), bitterroot (Lewisia 
• redivia), and kouse (Lomatium sp.) as the most important. In the early spring (April through 

May), the Coeur d'Alene moved to higher elevations to the berry, camas, and kouse areas. The 

I

I
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area of Chatcolet Lake was once an excellent source of camas before it was inundated through • 
the construction of the Post Falls dam. "The plant [camas] was so plentiful in many places that it 
is no exaggeration to say that in the upper St. Maries Basin more than one-half of the total « 
herbaceous vegetation hi the lowlands was composed of this one species" (Leiberg 1 897:37). £ 

Of the approximate 22 species of berries that were utilized, all but one of which grew in Coeur • 
d'Alene territory, most grew in the mountains to the east (Teit 1930:90). Two species of lichens | 
Bryoriafremontii and Alectoria sarmentosa, were collected and eaten by the Coeur d'Alene. 
Both are extremely plentiful at all elevations. • 

Stocks, seeds, and berries were collected, some berries could be shaken off, and others were 
combed. Roots were dug with digging sticks of the typical Plateau design, a slightly curved stick • 
about four feet in length with a transverse elk antler handle less than a foot in length. Digging 
stick was used for ail kinds of digging including graves and cooking ovens. After contact with 
settlers, the digging stick was iron (Teit 1930:91; Ray 1942:145). Berries were dried and strung • 
or made into cakes. Root crops were cooked in earth ovens, usually without adding water for 
steam. » 

Biota - Animal Protein 

The most important game animals were deer and elk in Coeur d'Alene territory. Other game of I
 
minor importance were moose, mountain goat, big horn sheep, bear, and beaver. Hunting of
 
game included all of the usual Plateau techniques such as ambushes, blinds, screens, deer fences, •
 
driving, chasing, running with dogs, and using any number of techniques in the water (as • 
mentioned previously) or combinations of these (Point 1967:178, 180). 

Bears were also killed with dead falls. The hunting of grizzly bears is rarely mentioned in 
historical sources, but Kowrach and Connolly devoted several pages to a discussion of this _ 
dangerous activity (Kowrach and Connolly 1990:37-40). The dangerous method of thrusting a I
 
bi-pointed bone or stick in the open mouth of a bear was known to the Coeur d'Alene (Ray 
1942:123). 

Biota - Upland Birds/Water Fowl 

Snares were used for upland, large birds such as grouse (Ray 1 942: 120). Doves were plentiful •
 
and shot or snared. Important small game included numerous local and migratory water fowl. 
Ducks were caught with hook and line baited with fish. Water fowl were shot from blinds either H 
on land or canoes (Ray 1942:122). Small game also included "eagles, hawks, and woodpeckers •• 
for their feather" (Teit 1930:96). Eagles were caught in the typical fashion of hiding under a 
screen, often in wet areas, and reaching up and grabbing the eagle by the feet (Ray 1 942: 121). •
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Biota - Breast Milk 

There are no data on breast feeding for the traditional Coeur d'Alene. The leading ethnologist for 
the Spokane, a Salish group very close culturally to the Coeur d'Alene, states that "at 11A to 2l/2
years-of-age a child was weaned and encourage to walk" (Ross pers. com. 2000). For the 
Flathead, also a Salish speaking group to the east, Turney-High says that "children were not 
weaned until they were three years old. Spoiled children might not be weaned even at that time" 
(Turney-High 1937:72). The same author says that Kuteani "children were weaned at two at the 
very limit" (Turney-High 1941:114). 

Traditional and Current Subsistence Exposure Routes 

Table 3-19b shows those exposure routes that will be considered either quantitatively or 
qualitatively in the HHRA for the Tribal pathways. 

Fully addressing the Native American exposures within the CDAB requires consideration of 
additional chemicals and routes of exposure not included in other scenarios in the HHRA. The 
resident riparian lifestyle in the Traditional Subsistence scenario and the harvest techniques 
employed throughout tribal history suggest that dermal exposure routes may be more significant 
than those applied to recreational scenarios for other populations. The tribal riparian lifestyle has 
the potential for significant prolonged dermal exposures to both sediment and water. One 
example of this type could be the harvest of the water potato (Sagittaria spp.) within the mouth 
of the Coeur d'Alene River. These activities also involve women of reproductive age 
accompanied by small children for extended periods of time. 

Tribal consumption rates show that traditionally as much as one-third of the overall diet was 
resident fish. This substantial contribution to the diet requires reexamination of mercury levels 
in resident fish in assessing the Traditional Subsistence scenario. 

The same exposure routes will be evaluated for the Traditional Subsistence scenario and the 
Current Subsistence scenario. For evaluation of the human health risks associated with each 
scenario, the exposure factors will reflect the difference for each exposure route. Generally, the 
exposure frequency, i.e. a shorter period of time, for the Current Subsistence are reduced from 
the values used in the Traditional Subsistence scenario. 

The exposure factors to be quantified in the tribal scenarios for the human health risk assessment 
are: 

• incidental ingestion of soil/sediment, 
• dermal contact with soil/sediment, 
• incidental ingestion of surface water during recreational activities, 
• ingestion of surface water as the main drinking water source, 
• consumption offish, and 
• consumption of water potatoes. 
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The remainder of the tribal pathways discussed in Section 3.2.4 will not be quantified in this risk I 
assessment, due to limitations on available data or relative significance to contribute to the 
overall risk to human health. Data associated with certain exposure routes may be available, but • 
it is considered insufficient to characterize media contaminant levels. Therefore, hazards and g 
risks displayed in Sections 5.3.4 and 6.6.4 are judged to be underestimated and not reflective of 
all possible exposure factors. Example calculations also showed these pathways do not • 
significantly contribute to human health risk when compared to those pathways being quantified. I 

3.2.5 Complete Exposure Pathways Quantified by Area I 

Figures 3-3 through 3-11 present the potentially complete exposure pathways that were 
considered in this baseline HHRA. Potentially complete exposure pathways that were quantified • 
are noted with a closed circle while those that were potentially complete but not quantified are ~ 
noted with an open circle. Blank cells indicate that the pathway was not complete or that the 
receptor type does not exist in the particular area. Table 3-19a summarizes the exposure • 
pathways that have been quantified for each exposure area. 

3.3 QUANTIFICATION OF EXPOSURE TO NON-LEAD CHEMICALS | 

This section defines the magnitude, frequency, and duration of exposure for the populations and • 
exposure pathways selected for quantitative evaluation. This evaluation is conducted in two jf 
stages: (1) estimation of exposure point concentrations (EPCs), and (2) quantification of 
pathway-specific intakes. Intakes are calculated for both the reasonable maximum exposure • 
(RME) anda central tendency (CT) exposure. • 

The RME is the maximum exposure that is reasonably expected to occur at a site. Intake • 
parameter values have been selected so that the combination of all parameters results in an • 
estimate of the RME for a particular exposure pathway. By design, the estimated RME is higher 
than that expected to be experienced by most of the exposed population. 

As recommended in EPA's Guidance for Risk Characterization (USEPA 1995d), CT exposure 
estimates represent the central estimates of exposure or dose. The CT exposure estimate is • 
intended to be more representative of likely human exposures. 

3.3.1 Exposure Point Concentration • 

To calculate a cancer risk or a noncancer hazard, an estimate must be made of the chemical 
concentration to which an individual may be exposed. According to the EPA (USEPA 199la, 
1992c), the concentration term (or EPC) should be an estimate of the average concentration to 
which an individual would be exposed over a significant portion of a lifetime. Because of the • 
uncertainty associated with estimating the true average concentration at a site, the EPA B 
recommends the use of the 95 percent upper confidence limit (UCL95) of the mean as the 
appropriate estimate of the average site concentration for an RME scenario (USEPA 199 la, • 
1992d, 1993c). At theUCL95, the probability of underestimating the true mean is less than • 
5 percent. The UCL95 can address the uncertainties surrounding a distribution average due to 
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limited sampling data. The locations of nonresidential soil, sediment, surface water, and 
groundwater sampling used in calculating EPCs are shown in Figures 3-12 through 3-26. These 
Figures display the sampling locations within the areas defined in Figure 3-la. Residential 
sampling locations are not shown on these figures because of confidentiality agreements with 
homeowners. 

A UCL95 was calculated if the number of samples evaluated was greater than or equal to 10 for a 
particular chemical. Sampling data from Superfund sites have shown that data sets with fewer 
than 10 samples per exposure area provide poor estimates of the mean concentration. For sites 
with limited amounts of data (i.e., less than 10 samples) the maximum value can be used as the 
concentration term (USEPA 1992d). Therefore, in data sets with fewer than 10 samples, the 
maximum concentration was selected as a health-protective estimate of exposure (Note: only 
eleven out of 49 data sets had fewer than 10 samples.) Table 3-21 lists the number of samples 
used to calculate all EPCs except the tribal EPCs. The data used to calculate the tribal EPCs is 
included in Appendix E. (For the screening level risk assessment for Coeur d'Alene Lake 
(Appendix B), UCL9S values were calculated for sample sizes of seven and greater. Seven 
samples were considered sufficient for each location based on the assumption that the sampled 
medium was relatively homogenous, a reasonable assumption for beach sediment deposited from 
upstream sources. The EPCs calculated for the HHRA were not all for relatively homogenous 
materials from the same source; consequently, calculations of UCLg5 were only completed for 
sample populations of 10 or more.) 

For the concentration term under the CT scenario, the mean of the sample data was used to 
represent an EPC (USEPA 1992d). 

A complete listing (including soil depth interval and sampling location) of non-residential data 
used to calculate EPCs is presented in Appendix E. Appendix F contains residential data, which 
has been decoded to protect home owner privacy, used in calculating the residential EPCs. For 
nondetections, concentrations of half the detection limit were used in the EPC calculations. The 
Part D Table 3 series in Appendix A provides a summary of data including the EPCs for each 
exposure medium; detailed statistics are included in Appendices F and G for each medium and 
geographical location. Appendix F provides a detailed summary of the statistical results from the 
MTCAStatf v2.1 applications (e.g., distribution tests, arithmetic means, maximum and minimum 
concentrations, and histograms) and includes the data used to calculate each EPC. All the data 
summarized in the Part D Table 3 series are from the information in Appendix F, with the 
exception of the UCL95 values for data lognormal distribution and data with neither a lognormal 
nor a normal distribution. Appendix G provides the SYSTAT v.9 bootstrap exports used to 
calculate the RME UCL95 values for data with a lognormal distribution and data that were neither 
lognormal nor normal. 

Calculation of RME Exposure Point Concentrations 

The formula used to calculate a UCL95 depends on the distribution of the data, i.e., the "shape" of 
the curve (USEPA 1992d). EPA experience shows that most environmental contaminant data 
sets have a lognormal distribution (USEPA 1992d). However, in cases where the distribution is 
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questionable or unknown, the EPA recommends (1) performing a statistical test to determine the • 
best distribution assumption for the data set, and (2) graphing the data. Statistical tests or graphs 
(only for data sets with greater than 500 samples) were used to determine the distribution for all • 
data sets with 10 or more samples. The results of the statistical tests and the graphs are included p 
in Appendix F. 

The Model Toxics Control Act (MTC A) statistical add-in to Microsoft Excel (MTCAStat v2. 1) | 
provided by the Washington State Department of Ecology (Ecology) was used to determine 
distributions and calculate corresponding UCL9J values. The Shapiro-Wilk W-test for sample • 
sizes less than or equal to 50, or D'Agostino's test (D-test) for sample sizes greater than 50, was • 
performed on each data set. These tests determine if the data set best matches a normal, 
lognormal, or neither distribution (WDOE 1992; USEPA 1992d). The W-test and D-test are • 
described in further detail inStatistical Methods for Environmental Pollution Monitoring • 
(Gilbert 1987) and in Statistical Guidance for Ecology Site Managers (WDOE 1992). 

If the result of a distribution test indicated a normally distributed data set, a normal UCLg5 was * 
calculated using MTCAStat v2. 1 with an equation reflecting a Student's t-distribution as 
described in EPA guidance (USEPA 1 992d). If the MTCAStat v2. 1 results indicated a lognormal I 
distribution of the data set,a one-sided UCL95 was calculated using the bootstrap method as 
recommended by the EPA (USEPA 1997b) based on CV, skewness, and sample size, as _ 
described in the following paragraph. The bootstrap exports are included in Appendix F. This • 
particular method also applied to data sets where both the normal and lognormal assumptions of 
the distribution were rejected. jw 

The bootstrap method is a nonparametric statistical technique, which can construct approximate 
confidence intervals for the population mean. This approach makes no assumptions regarding • 
the distribution for the underlying population. EPA's technical issue paper recommending the • 
bootstrap procedure under certain circumstances (USEPA 1997b) focused primarily on the 
problems associated with calculating a UCL^ when the distribution of the contaminant • 
concentration appears to be highly skewed. Positively skewed distributions are usually modeled • 
by the lognormal distribution. However, this skewness is possibly due to biased sampling, 
multiple populations, or outliers and is not necessarily due to lognormally distributed data I 
(USEPA 1997b). Statisticians showed that incorrectly assuming a lognormal distribution may ™ 
lead to erroneous results (Gilbert 1993; Stewart 1994). After presenting several simulated 
examples in its issue paper (USEPA 1997b), the EPA concluded that the use of several other • 
methods (e.g., jackknife, bootstrap, and the Central Limit Theorem) is more accurate than the 
H-statistic UCL^ (lognormal UCL95 calculation previously recommended by USEPA 1992d). m 
Therefore, the bootstrap method was chosen. The bootstrap procedure is discussed in further • 
detail in The Jackknife, the Bootstrap, and Other Resampling Plans (Efron 1982). 

Using S YSTAT v. 9 software, the bootstrap procedure involves drawing repeated samples of size 
« with replacement from the given set of data. The process is repeated many times and each time 
an estimate of the sample mean is calculated. For this baseline HHRA, the process was repeated 
250 to 500 times depending on the sample size n. Even with 2,000 repetitions of the process, the 
estimate of the UCLg5 was reasonably similar to the UCLgj calculated with fewer repetitions. 
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(Test runs were conducted using 2,000, 1,000, 500, and 250 repetitions and the resulting UCL95 
estimates were not substantially different from each other.) Subsequently, the bootstrapped 
estimates of the mean are ranked, the ranks are converted to percentiles, and the first estimate of 
the mean closest to the 95th percentile is used as the UCL95 (the RME Medium EPC Value-see 
Appendix A). Results of the bootstrap estimates are provided hi Appendix G. Uncertainties 
associated with this procedure are discussed in Section 7. 

Calculation of CT Exposure Point Concentrations 

To calculate a central tendency exposure point concentration, USEPA 1992d recommends the 
use of the arithmetic mean no matter what the underlying distribution of the data set. However, 
more recent EPA studies state that for lognormally distributed data sets, an adjusted geometric 
mean is a more appropriate estimator of CT especially when the coefficient of variation is greater 
than one (USEPA 1997b). Most of the lognormally distributed data sets used to calculate EPCs 
in this HHRA had coefficients of variation larger than one (see Appendix F). Therefore, the 
geometric mean (from MTCAStat export in Appendix F) multiplied by a "bias factor" is used to 
calculate the CT when the data is lognormally distributed (as recommended by Gilbert 1987 and 
Singh et al. 1997) and the arithmetic mean (the mean from MTCASto export in Appendix F) is 
used to calculate CT estimate of the EPC when the underlying distribution variance unbiased 
estimator (MVUE) of the mean, is calculated by the formula: lognormal mean = exp [geometric 
mean + (standard deviation2/2)] (Gilbert 1987). The Table 3 series in Appendix A lists the 
distribution of the data and the CT values used in the HHRA as well as the arithmetic means of 
the data sets. 

Exposure Point Concentrations by Medium 

Table 3-20 summarizes the RME EPCs by medium (presented .in detail in the Part D Table 3 
series in Appendix A). The following subsections provide details on the data sets selected for 
each EPC, any data excluded from the calculations, and any unusual features of the particular 
data set. Table 3-21 summarizes the numbers of samples used for each EPC calculation in each 
human health exposure area. 

Yard Soil EPCs. For the soil EPC, all soil samples collected in the 0- to 1-inch-depth interval of 
the homes in a particular geographical area were used. A separate residential soil EPC was 
calculated for each geographical area and Table 3-21 presents the numbers of homes and soil 
samples collected at the 0- to 1-inch depth for each of the eight residential areas. For example, 
the Kingston residential soil EPC is based on 71 samples collected from 22 homes. 

Residential exposure to chemicals in soil may occur outside in the yard and inside the house 
since soil from the yard may be carried into the house. The default assumption in EPA's lead 
model is that, on average, 45 percent of a child's total intake of soil and dust is derived from 
outdoor soil and 55 percent is derived from indoor house dust (USEPA 1994a). Although some 
house dust concentrations of metals other than lead are available, the house dust data are 
insufficient to include directly in the EPC calculations for the non-lead metals. Of the 191 
homes with soil data, only 83 homes had floor mat data (44 percent) and 74 homes had vacuum 
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bag data (39 percent) for the nonlead metals. Therefore, only the data from yard soil were used • 
to develop the residential soil EPCs, and yard soil concentrations served as surrogates for house 
dust concentrations. (Tables 3.1.1, 3.2.1, 3.3.1, 3.4.1, 3.5.1, 3.6.1, 3.8.1, and 3.9.1 in Appendix » 
A provide the yard soil EPCs for each geographical area.) Using soil concentrations as | 
surrogates for house dust concentrations has the potential to either underestimate or overestimate 
human health risks. The available house dust data is discussed in the following subsection and is • 
further evaluated in Section 7. I 

House Dust Data. Two different types of house dust samples were collected : (1) floor mats • 
placed just inside outer doors in the home, and (2) samples from vacuum cleaner bags. However, m 
for the non-lead metals not every home that was sampled for soil was sampled for dust. Dust 
samples were collected only from homes that were volunteered for sampling. Therefore, there is • 
a lack of sufficient dust data for each of the geographical subregions. Although soil is assumed " 
to be a major contributor to indoor concentrations of chemicals in dust, and it could be thought a 
good predictor of indoor dust concentrations for those homes where dust data is lacking, graphs • 
of dust versus yard soil concentrations for the non-lead metals did not indicate a strong 
correlation (see Appendix I). The reasons for the lack of clear trends are uncertain. Yard soil _ 
concentrations may be good predictors of some, but not all chemicals in dust. For example, 8 
additional sources of chemicals in dust (e.g., lead from paint as an additional lead source in dust) 
as well as differences in grain size between soil and dust may exist, resulting in enrichment or « 
dilution of various chemicals in dust relative to soil. Therefore, soil samples were selected as a jj 
surrogate measure of dust concentrations for the non-lead metals for the following reasons: 

•	 There is a lack of sufficient dust data for the non-lead metals for each of the | 
geographical subregions (there is a great deal more dust data available for lead, 
see Sections 2.2.1 and 2.5.5). • 

•	 Because of the lack of paired yard soil and house dust data, the relationship I 
between soil and dust for the non-lead metals is undefined, making a quantitative 
prediction of dust concentrations where there is no dust data highly uncertain. flj 
Note- paired yard soil and dust data for lead are available for all homes; thus, for • 
the lead risk assessment, no predictions of concentrations are necessary. 

Section 7.3.1 discusses in greater detail the uncertainty surrounding the relationship between ™ 
house dust and yard soil chemical concentrations, as well as the uncertainty regarding the use of 
yard soil as a surrogate for house dust concentrations. • 

Tap Water EPCs. The average of first-run and flushed-line tap water samples was calculated to « 
arrive at one chemical concentration per home. The assumption that 50 percent of the water I 
ingested is from the first-run sample is the default assumption in EPA's lead model (USEPA 
1994a). The only non-lead COPC in tap water is arsenic; the arsenic concentrations in first-run 
and flushed-line samples were very similar. Fewer than 10 tap water samples were collected in 
five of the eight residential exposure areas (Table 3-21). In these areas, the maximum 
concentration (after averaging first-run and flushed-line) was selected as the EPC. (Tables 3. 1 .2, • 
3.2.2, 3.3.2, 3.4.2, 3.5.2, 3.6.2, 3.8.2, and 3.9.2 in Appendix A provide the tap water EPCs for I 
each geographical area.) 
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Total metal concentrations, rather than dissolved metal concentrations, were used for all water 
exposures, i.e., tap water, groundwater, and surface water. 

Groundwater EPCs. All groundwater samples from wells drilled during source investigations 
in the Nine Mile/Canyon Creek area were used to calculate future drinking water EPCs. (Table 
3.8.3 in Appendix A provides the groundwater EPCs for Nine Mile/Canyon Creek.) 

Homegrown Vegetable EPCs. Homegrown produce data were collected from a wide variety of 
vegetables. Because the ingestion rates selected for vegetable consumption are based on total 
vegetable intake rather than categories of vegetables, all the vegetable data were pooled before 
calculating EPCs (see Table 3.11.1 in Appendix A). 

Concentrations of metals in vegetables were reported as dry weight concentrations and the 
percent moisture content of the sample was reported separately. The wet weight concentration 
was used to calculate EPCs for the vegetable ingestion pathway because people generally do not 
remove the moisture from their produce before eating. The wet weight conversion from dry 
weight is as follows: 

wet weight = (dry weight value)(100 - % moisture/100) 

Upland Soil EPCs. Sampled waste piles are present in the Nine Mile/Canyon Creek area and in 
the Mullan area. Waste piles are present in many other areas of the upper Coeur d'Alene Basin; 
however, in many cases the piles are not adjacent to residential homes (as is the case in the Nine 
Mile and Mullan areas) and sieved surface soil samples are not available because there were not 
enough fines in the top one inch of soil due to the rocky nature of waste piles. The available 
waste pile data are considered representative of this type of exposure throughout the Basin. 
(Tables 3.8.4 and 3.9.4 in Appendix A provide the waste pile EPCs for Nine Mile and Mullan.) 

The public recreational soil areas are located in developed parks and ball fields in the upper 
Basin. The developed parks are located in the towns of Wallace and Silverton. Although 
samples up to a depth of 24 inches v/ere collected in the upland parks, only the 0- to 1-inch-depth 
interval was used in the public recreational EPC calculations because surface soil has the greatest 
impact on exposure at these locations. (Tables 3.5.3 and 3,6.3 in Appendix A provide the upland 
parks EPCs for Silverton and Wallace.) 

As described for public surface water EPCs, public areas of exposure to floodplain soil/sediment 
are all located along the lower Coeur d'Alene River. Exposed populations include neighborhood 
recreational groups as well as the general public. 

Floodplain Soil/Sediment EPCs. Floodplain soil/sediments include the loose alluvial material 
along the beaches of the creeks and rivers to a depth of 12 inches, the depth to which a child 
could be expected to dig, and the soils in the upland areas around the creeks and rivers, where 
children might be exposed to surface soils (a depth of 1 inch) during camping and picnicking. 
All of these materials were combined to calculate EPCs for the Coeur d'Alene River areas. 
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(Tables 3.1.3, 3.1.5, 3.2.3, 3.2.5, 3.3.3, 3.3.4, 3.4.3, 3.7.1, 3.8.5, 3.9.4, and 3.10.1 in Appendix A I 
provide the floodplain soil/sediment EPCs.). 

Even though the chemical concentrations in the upland area soils and the beach area sediments • 
may be statistically different for some chemicals at some sites, any differences that may exist are 
not relevant for all exposure areas, except for perhaps Blackwell Island, because of the following 
exposure assumptions used in calculating risk: I 

•	 The upland areas and the beach areas are in close proximity to one another. • 
•	 The upland areas have all been impacted by previous flood events and therefore m 

experienced a mixing of soil and sediment materials. Therefore, it can be 
assumed that beach sediments and upland soils are relatively homogenous. • 

•	 A receptor is presumed to spend an equal amount of time in upland areas as in • 
beach areas. In addition, it is assumed that receptors will have an equal 
probability of visiting one CUA in a geographical area as another. I 

In the case of Blackwell Island, the upland areas and beach areas are more spatially separated 
than the other exposure areas. Therefore, a receptor may not spend an equal amount of time in • 
upland and beach areas. In addition. Blackwell Island may not have experienced the mixing of 
upland soil and beach sediment as the other CUAs, because it may not have been impacted by _ 
flood events. If soil/sediment concentrations from Blackwell Island exceed target risk and hazard I 
goals (See Section 5), Blackwell Island will be further reviewed before remedial decisions are 
made. g 

As described for public surface water EPCs, public areas of exposure to floodpiain soil/sediment 
are all located along the lower Coeur d'Aiene River. Exposed populations include neighborhood 
recreational groups as well as the general public. I 
Surface Water EPCs. Neighborhood recreational surface water exposures generally occur in • 
the creeks, in the side canyons, and in the upper South Fork where there are no developed public • 
park areas but residences are located adjacent to the water. (The South Fork has very few 
depositional areas within the river channel. Material in the channel consists mostly of gravel, • 
pebbles, and cobbles. Thus, exposure to sediments containing mining-related metals is limited.) » 
Surface water samples from various sampling events were segregated by geographical area. 
Table 3-3 presents the numbers of samples per area available for the EPC calculations. (Tables • 
3,1.4, 3.2.4, 3.2.6, 3.3.5, 3.7.2, 3.8.6, 3.9.5, and 3.10.2 in Appendix A provide the surface water ™ 
EPCs.) 

The water samples for neighborhood recreational exposures were collected without stirring up 
the sediment prior to sampling (as was done for public recreational water samples collected in the w 
lower Coeur d'Alene River (Section 2.2.8). Therefore, water samples collected in the	 | 
neighborhood areas did not contain a high amount of suspended solids. Surface water samples 
from the lower Coeur d'Aiene River, which were collected after purposeful disturbance of the	 • 
water, contained suspended sediments.	 | 

I
 

I
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Fish Tissue EPCs. Fish fillet data (wet weight concentrations) are available from three species 
offish (perch, bullhead, and pike) from three of the lateral lakes along the lower Coeur d'Alene 
River. Separate EPCs were calculated for each species after pooling the data from the three 
lateral lakes (Medicine, Killarney, and Thompson) (see Table 3.11.2 in Appendix A). All fish 
fillet data are from one geographical area, the Lower Basin. The upper Basin has a very limited 
fish population and little fishing occurs. 

As was previously discussed in Section 2.2.1, whole fish tissue data is not available for use in 
this human health risk assessment for the tribal scenarios. Whole body metal concentrations are 
usually higher than fillet concentrations; thus, use of fillet data for populations which consume 
whole fish (tribal subsistence scenarios) likely underestimates the chemical dose from fish. 
Whole body and fillet tissue samples were collected and analyzed for lead from the Spokane 
River for three species offish (large-scale sucker, rainbow trout, and mountain whitefish) 
(Johnson 2000). EPCs were calculated for the Spokane River fillet data. If the same 
concentration increases apply to the species sampled in the lateral lakes, risk from fish ingestion 
would likely significantly increase if whole bodies are eaten rather than fillets. 

Construction Site Soil EPCs. Soil EPCs should estimate average exposure (with an adequate 
margin of safety) for a specific activity; therefore, all soil data from all depth intervals in each 
applicable geographical area were combined for the occupational EPC calculations for the 
construction worker scenario, with the exception of data from the waste piles. For occupational 
soil exposures in the Lower Basin, sediment data were also included because of the large 
floodplain area and the lack of easy differentiation between sediment and soil in the floodplain. 
The data were combined because of the nature of a typical construction worker's activity. For 
instance, construction workers could be moving "dirt" from one location to another and in the 
process be exposed to a variety of depth intervals. Thus, combining the data results in 
occupational EPCs that best represent a construction worker's typical soil exposure. (See Tables 
3.1.7, 3.2.7, 3.7.3, 3.8.7, and 3.9.6 in Appendix A for construction site soil EPCs for each 
applicable geographical area.) 

Water Potato EPCs. Separate water potato EPCs were calculated from peeled potatoes and 
from unpeeled potatoes. The Coeur d'Alene Tribe collected and analyzed water potatoes. Water 
potatoes were evaluated for non-lead metals (Table 3.1.6 in Appendix A) and lead (see 
Section 3.4). 

3.3.2 Estimation of Chemical Intakes 

As part of the exposure assessment, chemical intakes were determined for each pathway and 
population included in the quantitative risk assessment. In general, the intake of a chemical is 
estimated from exposure models that combine various exposure factors related to behavior and 
physiology, such as exposure frequency and duration, contact rate, chemical concentration, body 
weight, and averaging time. Chemical intake equations for each exposure pathway and medium 
are presented below. The equations and the selected intake parameters are presented in the 
Part D, Table 4 series, in Appendix A and are summarized in Tables 3-22 through 3-26. 
Exposure scenarios by geographical area are summarized in Table 3-19a. 
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Soil and Sediment 

Two exposure pathways were evaluated for soil and sediment: incidental ingestion and dermal « 
contact. Intake of chemicals through the incidental ingestion of soil or sediment was calculated || 
as follows (see also Appendix A, Tables 4.1,4.4,4.5,4.6,4.8,4.9, and 4.12): 

Chemical Intake =Cs x SIF^ (1) | 

SHVtag = (IR x EF x ED x CF x ABS) / (BW x AT) (2) 

where 

Cs = Chemical concentration in soil or sediment (mg/kg) 
SIFs.ing = Summary intake factor for soil/sediment ingestion (kg/kg-day) 
IR = Ingestion rate (mg/day) I 
EF = Exposure frequency (days/year) ™ 
ED = Exposure duration (years) 
CF = Conversion factor (kg/mg) • 
ABS = Gastrointestinal absorption 
BW = Body weight (kg) _ 
AT = Averaging time (days) I 

It was assumed that 100 percent of the soil and sediment ingested is from potentially « 
contaminated areas of the site. || 

For residential and public recreational soil/sediment ingestion, risks were evaluated for both a • 
child (age 0 to 6) and an integrated child/adult scenario (child age 0 to 6, adult age7 to 30). The 
integrated child/adult scenario for soil/sediment ingestion was calculated as follows: 

SIF,jng = [(IRch * EDch)/BWch + (IR, x EDJ / BWJ x EF x CF x ABS / AT (3) I 

where fl[ 

Summary intake factor for soil/sediment ingestion (kg/kg-day) 
Child soil/sediment ingestion rate (g/day) • 

EDch = Child exposure duration (years) ~ 
BWch = Child body weight (kg) 
IRs = Adult soil/sediment ingestion rate (g/day) I 
EDa = Adult exposure duration (years) 
BWa = Adult body weight (kg) _ 
EF = Exposure frequency (days/year) | 
CF = Conversion factor (kg/mg) 
ABS = Gastrointestinal absorption • 
AT = Averaging time (days) | 
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Intake of chemicals through dermal contact with soil or sediment was calculated as follows: 

Absorbed Dose (mg/kg-day) = Cs x SIFs^erm (4) 

SIFs.deim = SA x AF x ABS x EF x ED x CF / (BW x AT) (5) 

where 

Chemical concentration in soil/sediment (mg/kg) 
SIFs.derm

: Summary intake factor for dermal contact with soil/sediment (kg/kg-day) 
SA Skin surface area available for contact (cm2) 
AF Soil-to-skin adherence factor (mg/cm2-event) 
ABS = Chemical-specific dermal absorption factor (unitless) 
EF Exposure frequency (events/year) 
ED = Exposure duration (years) 
CF Conversion factor (kg/mg) 
BW = Body weight (kg) 
AT Averaging time (days) 

For residential and public recreational dermal contact scenarios, risks were evaluated for both a 
child (age 0 to 6) and an integrated child/adult scenario. The integrated child/adult scenario for 
dermal contact with soil/sediment was calculated as follows: 

SIFs.denn = [(SAch x AFch x EDch) BWch + (SAa x AFa x EDJ / BWJ
 
x ABS x EF x CF / AT (6)
 

where 

Summary intake factor for dermal contact with soil/sediment (kg/kg-day) 
SAch = Child skin surface area available for contact (cm2) 
AFch = Child soil-to-skm adherence factor (mg/cm2-event) 
EDch = Child exposure duration (years) 
BWch = Child body weight (kg) 
SAa = Adult skin surface area available for contact (cm2) 
AFa = Adult soil-to-skin adherence factor (mg/cm2-event) 
EDa = Adult exposure duration (years) 
BWa = Adult body weight (kg) 
ABS = Chemical-specific dermal absorption factor (unitless) 
EF Exposure frequency (events/year) 
CF Conversion factor (kg/mg) 
AT = Averaging time (days) 
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GroundwaterfTap Water • 

Intake of chemicals through the ingestion of groundwater as a drinking water source was « 
calculated as follows (see also Appendix A, Table 4.2): £ 

Chemical Intake (mg/kg-day) =Cw x SIFW (7) • 

SIFW= IR.-xEFxEDxCF/CBWxAT) (8) 

where m 

Cw = Chemical concentration in groundwater/tap water (}ig/L) • 
SIFW = Summary intake factor for ingestion of tap water (L/kg-day) » 
IR^, = Ingestion rate of tap water (L/day) 
EF = Exposure frequency (days/year) • 
ED = Exposure duration (years) ™ 
CF = Conversion factor (mg/ug) 
BW = Body weight (kg) I 
AT = Averaging time (days) 

Risks from tap water ingestion were evaluated for both a child (age 0 to 6) and an integrated I 
child/adult scenario. The integrated child/adult scenario for tap water ingestion was calculated as 
follows: M 

SIFW = [QR*x EDcb) / BWch + (BR. x EDJ / BWJ x EF x CF / AT (9) 

where I 
SIFW = Summary intake factor for ingestion of tap water (L/kg-day) • 

Child tap water ingestion rate (L/day) • 
EDch = Child exposure duration (years) 
BWch = Child body weight (kg) • 

= Adult tap water ingestion rate (L/day) 9 
EDa = Adult exposure duration (years) 
BWa = Adult body weight (kg) • 
EF = Exposure frequency (days/year) 
CF = Conversion factor (mg/ug) _ 
AT = Averaging time (days) I 

Surface Water M 

Intake of chemicals through the incidental ingestion of surface water during swimming or wading 
was evaluated using the following equation (see also Appendix A, Tables 4,7 and 4. 1 0): • 

Chemical Intake (mg/kg-day) = Cw x SIFSW (10) 
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1 
1	 SIFSW = IRSW x ET x EF x ED x CF1 x CF2 / (BW x AT) (11) 

1 where 

1 Cw = Chemical concentration in surface water (ug/L) 
SIFSW = Summary intake factor for incidental ingestion of surface water (mg-L/ug

kg-day) 
IRsW = Ingestion rate of surface water during swimming or wading (mL/hour) 
ET = Exposure time (hours/day) 1	 EF = Exposure frequency (days/year) 
ED = Exposure duration (years) 
CF1 = Conversion factor (mg/jig) 1	 CF2 = Conversion factor (L/mL) 
BW = Body weight (kg) 
AT = Averaging time (days) 1 

Risks from incidental surface water ingestion were evaluated for both a child (age 0 to 6) and an 
integrated child/adult scenario. The integrated child/adult scenario for surface water ingestion 1 was calculated as follows: 

1	 SIFSW = [(IR^ x EDch) / BWch + (IR, x EDJ / BWJ x ET x EF x CF1 x CF2 / AT (12) 

where 
1 

SIFSW = Summary intake factor for incidental ingestion of surface water (L/kg-day) 
IRch = Child surface water ingestion rate (mL/hour) 1	 EDch = Child exposure duration (years) 
BWch = Child body weight (kg) 
IRa = Adult surface water ingestion rate (mL/hour) 1	 EDa = Adult exposure duration (years) 
BWa = Adult body weight (kg) 
ET = Exposure time (hours/day) 1	 EF = Exposure frequency (days/year) 
CF1 = Conversion factor (mg/ug) 
CF2 = Conversion factor (L/mL) 1	 AT = Averaging time (days) 

1 Homegrown Vegetables 

Intake of chemicals through the ingestion of homegrown vegetables was calculated as follows 
1 (see also Appendix A, Table 4.3): 

Chemical Intake (mg/kg-day) = Cveg x SIFveg	 (13) 1 
SIFveg = IR^ x EF x ED x CF / AT	 (14) 
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Cveg = Chemical concentration in homegrown vegetables (mg/kg) . 
SIFveg = Summary intake factor for ingestion of homegrown vegetables (kg/kg-day) I 
IRveg = Intake rate of homegrown vegetables (g/kg-day) 
EF = Exposure frequency (days/year) m 
ED = Exposure duration (years) g 
CF = Conversion factor (kg/g) 
AT = Averaging time (days) • 

Because the intake rate for homegrown vegetables is already normalized to body weight (i.e., the 
intake rate is presented as g/day per kg body weight), a separate intake calculation was not 
performed for children. 

Fish

Intake of chemicals through the ingestion of recreationally caught fish was calculated for adults 
only (see Appendix A, Tables 4.11 and 4.13). The following equation was used; I 

Chemical Intake (mg/kg-day) = Cf x SIFf (15) 

SIFf = IRf x EF x ED x CF / (BW x AT) (16) 

where 

Cf = Chemical concentration in fish tissue (mg/kg) 
SIFf = Summary intake factor for ingestion of fish (kg/kg-day) 
IRf = Intake rate offish (g/kg-day) 
EF = Exposure frequency (days/year) 
ED =- Exposure duration (years) 
CF = Conversion factor (kg/g) 
BW = Body weight (kg) • 
AT = Averaging time (days) 9 

3.3,3 Exposure Factors I 

Exposure factors were identified for the RME and CT cases as described in the following 
subsections. The exposure factors were selected after a review of historical risk assessments • 
associated with the Bunker Hill Superfund Site, EPA guidance documents, site-specific health 
studies, and professional judgement. The exposure factors used hi this baseline HHRA are B 
summarized in Tables 3-22 through 3-26. • 
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General Exposure Factors 

The following exposure factors are common to all the scenarios evaluated in this baseline 
HHRA. 

Body Weight. An adult body weight of 70 kg was assumed. This is the average body weight for
 
adult men and women combined, rounded to 70 kg (USEPA 199la, 1991b). For children ages 0
 
to 6, an average body weight of 15 kg was assumed (USEPA 199la, 1991b). For children ages 4
 
to 11, a value of 28 kg was used; this is the 50th percentile body weight for boys and girls
 
combined (USEPA 1997a), Average body weights were used for both the RME and CT cases,
 
because when combined with the other variables in the intake equation, it is believed to result in
 
the most reasonable estimate of intake (USEPA 1989), For example, it would not be reasonable
 
to assume that the smallest person would have the highest intake.
 

Exposure Duration. For RME residential and recreational exposures, an exposure duration of
 
30 years was assumed. This represents the 90th percentile for tune spent at one residence
 
(USEPA 199 la). Of the 30 years total exposure duration, it was assumed that a 6-year period
 
(ages 0 to 6) accounts for the period of highest soil ingestion and lowest body weight. A 24-year
 
duration was assessed for older children and adults (USEPA 1991a). For children ages 4 to 11,
 
an exposure duration of 7 years (to cover the entire age range) was used. A construction worker
 
was conservatively assumed to work for 25 years in the same area; this represents the 95th
 
percentile for length of time that employees work in the same location, according to the Bureau
 
of Labor Statistics (as cited in USEPA 199 la).
 

For the CT residential and recreational cases, an exposure duration of 9 years was assumed; this 
represents the 50th percentile for residence time at one location (USEPA 1991b). Of the 9 years 
total duration, 2 years was assumed for ages 0 to 6; an exposure duration of 7 years was assumed 
for older children and adults (USEPA 1993c). For children ages 4 to 11, a CT exposure duration 
of 2 years was assumed. For the construction worker, a CT exposure duration of 6.6 years was 
selected. This represents the median length of time a worker spends at one job (USEPA 1997a). 

Averaging Time. For carcinogens, an averaging time of 70 years (equivalent to a lifetime) was 
used (USEPA 1989). For noncarcinogens, an averaging time equal to the exposure duration was 
used (USEPA 1989). 

Dermal Absorption Factor. The dermal absorption factor represents the fraction of a chemical 
that is absorbed through the skin via contact with soil or sediment. Dermal absorption factors of 
0.03 and 0.001 were assumed for arsenic and cadmium, respectively (USEPA 1998e). 

Gastrointestinal Absorption Factor. The dose calculated by the exposure assessment is 
considered an "administered" or "applied" dose unless it is corrected for the extent of systemic 
absorption into the blood stream ("absorbed" dose). In general, when assessing exposure by a 
given route, the amount of absorption of chemicals should be adjusted if absorption for the 
population at risk differs from the population (human or laboratory animals) used to develop the 
relevant toxicity criteria (see Section 4). This discrepancy may result from differences in the 
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administered form of the toxicant or from differences in physiological processes. A correction • 
for gastrointestinal absorption via soil ingestion was considered appropriate only for arsenic, as 
discussed in the following paragraph. « 

Gastrointestinal absorption of ingested arsenic varies greatly with the water solubility of the 
arsenic compound and the physical form administered (USEPA 1984). For example, absorption m 
of arsenic trioxide is reported to be 30 to 40 percent for the compound in suspension, but as high p 
as 95 percent or greater for the compound in solution (Ariyoshi and Ikeda 1974; USEPA 1984). 
Because the toxicity criterion is based on inorganic arsenic dissolved in drinking water, an • 
absorption correction should be considered for the differences between arsenic absorption from I 
soil versus from drinking water. There is uncertainty associated with the bioavailability of 
arsenic in soil, differences in soil types, and the lack of human absorption data. • 

The correction factor used in this risk assessment is the EPA Region 10 default relative 
bioavailability factor of 60 percent (USEPA 2000b). This value was derived from the EPA M 
Region 10 animal study in which immature swine were dosed with residential soil (80 percent) ™ 
and slag dust (42 percent) from the smelter-impacted Ruston/North Tacoma Superfund site in 
Washington (USEPA 1996d). A site-specific gastrointestinal absorption factor for arsenic was • 
derived from this study and the lower 95 percent confidence limit of that value has become the 
Region 10 default bioavailability factor; 60 percent (USEPA 2000b). The lower 95 percent — 
confidence limit was used because it was assumed that the relative arsenic bioavailability would • 
be lower for mining impacted soils than for smelter impacted soils due to the differences in 
arsenic particle size and arsenic species (USEPA 2000b). For a more detailed discussion of the g 
bioavailability rate of arsenic, see Section 7. | 

Residential Exposure Factors m 

The residential exposure factors apply to exposures to yard soil, house dust, tap water, and 
homegrown vegetables by children (ages 0 to 6) and adults living in the human health exposure • 
areas. • 

Soil and House Dust Ingestion Rate. For the RME case, a residential soil ingestion rate of • 
100 mg/day was selected for adults and a soil ingestion rate of 200 mg/day was selected for B 
children (USEPA 199 la). These ingestion rates account for ingestion of both outdoor soil and 
indoor dust and are believed to represent upperbound values for soil and dust ingestion; they are I 
EPA's RME default values for residential soil ingestion (USEPA 199la). For the CT case, a soil ™ 
ingestion rate of 50 mg/day was assumed for adults who do not engage in activities with a lot of 
soil or dust contact on a regular basis (USEPA 1993c). For children, a soil ingestion rate of I 
100 mg/day was selected; this value was deemed to be reasonable based on results using tracer 
elements and is nearly identical to the ingestion rate for this age group based on age-specific » 
values utilized in support of the NAAQC for lead and the lead biokinetic uptake model (USEPA • 
1993c). 

Tap Water Ingestion Rate. An adult RME drinking water ingestion rate of 2 L/day was | 
selected. This value is currently used by the EPA Office of Water in setting drinking water 
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standards and is EPA's default RME adult drinking water ingestion rate (USEPA 1991a). For 
the CT case, an adult water ingestion rate of 1.4 L/day is based on the average intake observed 
from five studies as summarized in the Exposure Factors Handbook (USEPA 1997a) and is 
EPA's recommended value (USEPA 1991b, 1993c). For children, a drinking water ingestion 
rate of 1 L/day was used for both the RME and CT cases (USEPA 1999c). 

Homegrown Vegetable Ingestion Rate. A wet-weight vegetable ingestion rate of 5.04 g per kg 
body weight per day (g/kg-day) for the RME case and 0.492 g/kg-day for the CT case were 
selected, based on the U.S. Department of Agriculture (USDA) Nationwide Food Consumption 
Survey (NFCS). The most recent data (1987-88) were used to generate intake rates for home-
produced foods because they are believed to be reflective of current consumption patterns among 
the U.S. population. The NFCS collected information over a 7-day period on the socioeconomic 
and demographic characteristics of households, and the types, amounts, value, and sources of 
foods consumed by the household (USEPA 1997a). The sample size for the 1987-88 survey was 
approximately 4,300 households, consisting of over 10,000 individuals. The NFCS tabulated the 
percentage of total intake of each home-produced food item group consumed during the survey 
period. The percentage of homegrown vegetable intake was presented as the ratio of total intake 
of the homegrown vegetable to the total intake of all forms of food. 

Percentiles of average daily intake derived from short-term intervals (e.g., 7 days) are generally 
not reflective of long-term patterns. For example, homegrown vegetables have a strong seasonal 
component associated with their use. The consumption rates are generally influenced by the 
following factors (USEPA 1997a): 

Size of garden,
 
Yield,
 
Quality of produce,
 
Types of vegetables grown,
 
Length of growing season, and
 
Climate.
 

Therefore, an approach was developed that attempted to account for seasonal variability (e.g., 
climate and length of growing season) in consumption. Seasonally adjusted percentile 
distributions for a given region were calculated by averaging the corresponding percentiles of 
each of the four seasonal distributions of the region. When using regional seasonally adjusted 
distributions to approximate regional long-term distributions, it was assumed that each individual 
consumes at the same regional percentile level for each season and consumes at a constant 
weekly rate throughout a given season (USEPA 1997a). 

For consumers in the West Region, the recommended seasonally adjusted 50th and 95th 
percentile vegetable intake rates are 0.492 g/kg-day and 5.04 g/kg-day, respectively (USEPA 
1997a, Table 13-33). The use of these values in calculating chemical intake does not require the 
body weight factor to be included in the denominator of the daily intake equation. The reason is 
that the total survey population included children as well as adults and in addition to adult body 
weight and adult intake rates, child body weight and child intake rates were factored in to the 
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overall ingestion rate. The average body weight for ail participating age groups was • 
approximately 60 kg. 

In addition, it was assumed that the seasonally adjusted intake rates also include consumption of g 
canned and frozen homegrown vegetables throughout the year. The intake rates were not 
adjusted for preparation losses (e.g., removal of skin, peel, core, caps, stems, and defects, or g| 
draining of liquids from canned or frozen forms (USEPA 1997a). Therefore, the homegrown | 
vegetable ingestion rates are assumed to be health protective. 

Exposure Frequency. The EPA default residential exposure frequency of 350 days/year was I 
used for the RME residential case (USEPA 199la). For CT exposures to yard soil, a residential 
exposure frequency of 260 days/year was used. This is based on the 1997 Exposure Frequency tt 
Handbook, Table 15A-3, "Time Spent in Various Microenvironments." The table lists the mean • 
time spent at home for men and women as 62% and 71%, respectively. The more conservative 
71% (260 days per year) time spent at home was selected as the CT exposure frequency for yard I 
soil. For CT exposures to tap water, an exposure frequency of 234 days/year was assumed based ™ 
on being away from home one-third of the time; this is the CT default value listed in USEPA 
1993c. Because the vegetable ingestion rate is an average daily consumption rate, the • 
appropriate exposure frequency for both the RME and the CT case is 365 days/year, 

Skin Surface Area. For adults exposed to yard soil, a skin surface area of 2500 cm2 was • 
selected; this represents an adult wearing a short-sleeved shirt, long pants, and shoes, with 
exposed skin surface limited to the face, hands, and forearms (USEPA 1998e). For child mm 
exposure to yard soil, a skin surface area of 2200 cm2 was selected; this represents the exposed £ 
area on a child wearing short-sleeved shirt and shorts, but no shoes; exposure is to head, hands, 
forearms, lower legs, and feet (USEPA i 998e). • 

Adherence Factor. Soil adherence factors of 0.1 and 0.2 were assumed for adults and children, 
respectively. These values are based on data reported by Kissel et al. (1996a, 1996b, 1998) and • 
Holmes et al. (1999). • 

Neighborhood Recreational Exposure Factors I 

The neighborhood recreational exposure factors apply to local residents adjacent to mining-
impacted rivers, creeks, waste piles, and parks/schools. The population of greatest concern for • 
these exposures is assumed to be children ages 4 to 11; therefore, this is the receptor group that 
was evaluated for neighborhood recreational exposures. _ 

I
Soil and Soil/Sediment Ingestion Rates. An RME soil/sediment ingestion rate of 300 mg/day 
was selected for children ages 4 to 11. This value represents the 90th percentile intake based on » 
a soil and feces tracer study (van Wijnen et al. 1990, as cited in USEPA 1997a) that measured | 
ingestion rates for 78 children at campgrounds. The "campground" intake rate is now considered 
by EPA Region 10 to be the appropriate ingestion rate for intermittent recreational exposures • 
(USEPA 1999d). The mean value of soil intake from the same study, 120 mg/day, was selected | 
as the soil and sediment ingestion rate for the CT case. 
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I Surface Water Ingestion Rate. An incidental surface water ingestion rate of 30 mL/hour was 

I
selected; this value was used by the EPA to derive AWQC for human health (USEPA 1998d). 

Exposure Time for Incidental Ingestion of Surface Water. An exposure time of 1 hour per 

I event for incidental ingestion of water while swimming was assumed (USEPA 1997a, 
Table 15-176). This represents the 50th percentile value for swimming duration in a freshwater 

I 
swimming pool. It is also EPA's recommended value for assessing swimming activities (USEPA 
1997a). 

I 
Exposure Frequency. For neighborhood recreational exposure to waste pile soil, it was 
assumed that children ages 4 to 11 would visit a waste pile once per week for 34 weeks (April 
through November) each year. The assumption of 34 weeks is based on professional judgement 

I 
in consideration of weather conditions in the Basin and the historical divisions of the year from 
previous HHRAs conducted in the Bunker Hill Superfund Site. Historically, 17 weeks of 
summer and 17 of spring and fall combined have been assumed for recreational exposures 

I 
(Jacobs Engineering et al. 1989). In addition, it was assumed that the weekly exposure would 
occur over a 7-hour period; this is EPA's recommended value for children's weekend exposure 
outdoor time (USEPA 1997a). 

I For neighborhood recreational exposures to upland parks and schools, as well as upland soils in 
the Elk Creek area, it was assumed that children ages 4 to 11 would visit these locations two 

I times per week for 34 weeks (April through November) each year. 

For neighborhood recreational exposures to fioodplain soil/sediment and surface water, an 

I exposure frequency of four times per week for 24 weeks (May through mid-October) was 
assumed. In addition, it was assumed that exposures would occur for 3 hours per day for 
soil/sediment and 1 hour per day for surface water; these are the upper and lower percentiles of 

I the average time, respectively, spent at most outdoor activities (USEPA 1997a). These values 
are similar to the 2 hours/day and 3 hours/day "other" outdoor exposures used to represent 

I 
summer exposures for age groups 2 through 6 years old and 7 through 12 years old, respectively 
(Jacobs Engineering et al. 1989). Hours per day were normalized to days per year assuming 14 
waking hours per day (see Table 3.23). 

I Skin Surface Area. Because the creeks are generally too small for swimming, the body surface 
area available for contact with sediment at areas with no public access was assumed to be 
5080 cm2 (assuming shorts, bare feet, and short-sleeved shirt for children 4 to 11 years old) 

I (USEPA 1997a). For neighborhood exposures in the lower Coeur d'Alene River and the lateral 
lakes (i.e., Lower Basin and Kingston [NS confluence]) where swimming is possible, a skin 

I surface area of 7960 cm2 was assumed. This value is based on the assumption that of the 24 
weeks per year of exposure, swimming would occur during the warmest 16 weeks of the year 
(with a corresponding skin surface area of 9400 cm2, the median skin surface area for male 

I children ages 4 to 11), whereas wading and playing along the shoreline (without swimming) 
would occur during 8 weeks of the year (with a corresponding skin surface area of 5080 cm2) 
(USEPA 1997a). 
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For exposure to soil at upland parks and schools, as well as in the vicinity of Elk Creek, a skin • 
surface are of 5080 cm2 was selected. This represents shorts, bare feet, and short-sleeved shirts 
for children 4 to 11 years old (USEPA 1997a). « 

Adherence Factor. A soil adherence factor of 0.2 was assumed for neighborhood children 
engaged in recreational activities. This value is based on data reported by Kissel et al. (1996a, wit 
1996b, 1998) and Holmes et al. (1999). | 

Public Recreational Exposure Factors • 

The public recreational exposure factors apply to children ages 0 to 6 and adults involved in 
recreational activities at public parks/schools and beaches. • 

Soil and Soil/Sediment Ingestion Rates. A soil/sediment ingestion rate of 300 mg/day was 
selected for children based on the study previously discussed for neighborhood soil/sediment B 
ingestion rates (van Wijnen et al. 1990, as cited in USEPA 1997a). The adult residential default ' 
of 100 mg/day ingestion rate for soil/sediment was selected for public recreational exposures 
(USEPA 1991a). • 

Surface Water Ingestion Rate. An incidental surface water ingestion rate of 30 mL/hour was — 
selected; this value was used by the EPA to derive AWQC for human health (USEPA 1998d). | 

Exposure Time for Incidental Ingestion of Surface Water. An exposure time of 1 hour per mm 
event for incidental ingestion of water while swimming was assumed (USEPA 1997a, | 
Table 15-176). This represents the 50th percentile value for swimming duration in a freshwater 
swimming pool. • 

Ingestion Rate of Fish. A fish ingestion rate of 46 g/day was selected based on national fish 
portion sizes (USEPA 1997a) and information from a local fish consumption survey (ATSDR • 
1989). The Agency for Toxic Substances Disease Registry (ATSDR) performed a study in 1989 • 
examining fish consumption in the Coeur d'Alene Basin. The survey encompassed three 
populations: members of the Coeur d'Alene Tribe, fishing license holders, and volunteers. I 
Individuals were asked about the amount and type of locally caught fish they consumed. They ™ 
also provided blood and urine samples for analysis of lead and cadmium. The survey results 
were reported as the number of meals with fish per week. Participants' answers were placed into • 
the following categories: 0 meals per week; less than 1 meal per week; 1 to 2 meals per week; 3 
to 6 meals per week; and 7 to 14 meals per week. „ 

The largest percentage of volunteer and fishing license populations (approximately 70 percent 
and 74 percent, respectively) reported that they ate less than one fish meal per week. The second mm 
largest category (1 to 2 fish meals per week) consisted of 20 percent of volunteers and 16 percent £ 
of individuals with a fishing license. Approximately 78 percent of the tribal population reported 
that they ate 0 fish meals per week, while 12 percent reported eating 1 to 2 fish meals per week. • 
The tribal population was the only group with a significant percentage (7 percent) in the highest | 
category (7 to 14 meals per week). I
 

I
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In order to estimate a fish ingestion rate from the ATSDR survey data, an assumption was made 
about the amount of fish consumed per meal. The study reported the amount of fish eaten per 
meal and estimated portion size. The average portion size based on a dressed 8-inch trout for 
adult males and females was 252 grams. 

Alternatively, the EPA (USEPA 1997a) recommends a 50th percentile fish portion size per meal 
of 129 g and a 95th percentile portion size of 326 g per the general population. With one fish 
meal per week for the surveyed population and the 95th percentile portion size, the fish ingestion 
rate would be approximately 46 g/day (one meal per week x 326 g per meal/7 days per week). 
This value was used to represent the RME recreational fish consumption rate. The value of 25 
g/day was used as the CT fish consumption rate. EPA's recommended ingestion rate for 
freshwater anglers is 25 g/day (USEPA 1997a). 

Exposure Frequency. For upland soil exposures, the selected exposure frequency was twice per 
week for 8 months (April through November), or 34 weeks per year. Exposure was assumed to 
occur over a 7-hour period for each event, based on the recommended children's weekend 
outdoor exposure time (USEPA 1997a). Hours per day were normalized to day per year 
assuming 14 waking hours (see Table 3.24). 

Recreational exposure frequencies of 32 days per year for beach sediment and surface water 
exposures were assumed for public access beaches, based on 2 days per week from June through 
September. This exposure frequency was also selected for the expedited screening level risk 
assessment for common use areas surrounding Coeur d'Alene Lake, with input from state, local, 
and tribal agencies (Appendix B). 

Skin Surface Area. For adults exposed to soil at upland parks and schools, a skin surface area 
of 2500 cm2 was selected; this represents an adult wearing a short-sleeved shirt, with exposed 
skin surface limited to face, hands, and forearms (USEPA 1998e). For child exposure to soil at 
upland parks and schools, a skin surface area of 2200 cm2 was selected; this represents a child 
(age 0 to 6) wearing a short-sleeved shirt and shorts, but no shoes; exposure is to head, hands, 
forearms, lower legs, and feet (USEPA 1998e). 

For exposures to soil and sediment at public beaches, exposure of the entire body was assumed; 
this corresponds to 18,000 cm2 for adults and 6500 cm2 for children ages 0 to 6 (USEPA 1998e). 

Adherence Factor. Soil/sediment adherence factors of 0.1 and 0.2 were assumed for adults and 
children, respectively. These values are based on data reported by Kissel et al. (1996a, 1996b, 
1998) and Holmes et al. (1999). 

Occupational Exposure Factors 

Occupational exposure factors apply to construction workers and other workers who have more 
exposure than the average adult. 
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Soil Ingestion Rate. An RME soil ingestion rate of 300 mg/day fora construction worker was I 
selected. This value is for an adult occupational exposure scenario with extensive soil contact; it 
is based primarily on the work of van Wijnen et al. (1990). However, the van Wijnen et al. study » 
involved a 3- to 5-day exposure of children staying at campgrounds with the objective of | 
maximizing the possibility of direct contact with soil. According to recent EPA Region 10 
guidance (USEPA 1999d), adults in activities involving direct contact with soil would be m 
unlikely to have soil ingestion rates greater than those of the children in this short-duration study. j§ 
A recent work by Stanek et ai. (1991), provides a 95th percentile ingestion rate of about 
300 mg/day for adults over a 4-week period while engaged in routine day-to-day activities. This • 
estimate, as stated by the authors, is highly uncertain due to the small size of the study. Although I 
the estimate is uncertain, the Stanek report provides evidence that adults can have soil ingestion 
rates in the magnitude of 300 mg/day. Adults in activities involving direct contact with soil • 
would be unlikely to have soil ingestion rates lower than the upper percentile shown in this long- • 
term study of adults in day-to-day activities, which may include occasional activities requiring 
direct soil contact (USEPA 1999d). • 

For the CT case, a soil ingestion rate of 200 mg/day was assumed. This represents the 
recommended value for adult occupational soil ingestion in a soil contact exposure scenario. • 

Exposure Frequency. An RME exposure frequency of 195 working days per year (5 days per _ 
week for 39 weeks) was assumed for the construction worker. This is equivalent to a 9-month • 
construction season (March to November, excluding 3 months for snow cover). For the CT case, 
an exposure frequency of 43 days per year was assumed (5 days per week for 8.7 weeks). This is mt 
equivalent to a 2-month construction project, the assumed length of time for soil contact- £ 
intensive activities related to the construction of a housing subdivision or commercial structure. 
Hours per day were normalized to days per year assuming 14 waking hours (See Table 3-24). • 

Skin Surface Area. Exposed skin surface area for a construction worker was assumed to be 
2500 cm2; this corresponds to exposure to face, forearms, and hands (USEPA 1998e). • 

Adherence Factor. A soil adherence factor of 0.1 was assumed for construction workers. This 
value is based on data for gardeners reported by Kissel et al. (1996a, 1996b, and 1998) and I 
Holmes etal. (1999). » 

Traditional Tribal Subsistence Exposure Factors • 

Both the traditional subsistence and current subsistence lifestyles have been characterized, and — 
appropriate tribal exposure factors and consumption rates have been developed. Generally, the I 
various tribal exposure pathways and consumption rates included for use by the Coeur d'Alene 
Tribe were originally developed from research conducted with the Umatilla Tribe in Northeastern « 
Oregon (Harris and Harper 1997). The results of that research were subsequently utilized within | 
the Hanford Screening Assessment under a subsistence resident scenario (CRCIA). 

Seasonally. The research described in Section 3.2.4 suggests that a seasonal difference in • 
potential aboriginal exposure to a contaminated environment exists. Present-day tribal members 
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practicing strict adherence to a traditional way of life and consuming fresh food would be subject 
to a potentially large seasonal variation in exposure. However, because the traditional native diet 
for all members of the tribe was comprised of roughly one-third resident fish, one-third large 
mammals, and the remaining one-third of roots and berries; and because the preservation of food 
for later consumption is known to have occurred; it is reasonable to assume that diet and 
exposure remained constant throughout the year regardless of gender. 

Gender. Due to the shared division of labor between men and women, there would have been 
little variation in exposure due to gender-specific traditional activity. Tribal men, women, and 
children would have been exposed to contaminated surface water and sediment through the 
traditional methods of fishing and gathering riparian vegetation (including the water potato). 
Surface water was also used for bathing and cooking that would have resulted hi additional 
exposure to all tribal members. 

Potential exposure factors that are inclusive of the most conservative exposure pathways and 
consumption rates for all tribal individuals are presented hi Table 3-26a. The Traditional 
Subsistence exposure factors presented have been developed under the assumption that the 
traditional subsistence lifestyle involved residing within the floodplain almost the entire year. 

The justification for the values assigned for each exposure factor are largely derived from the 
Stuart Harris and Barbara Harper article titled "A Native American Exposure Scenario" that was 
published in Risk Analysis; the article provided representative values for the Umatilla Tribe that 
were generated through interviews with tribal members. The soil and sediment ingestion rate 
used for adults and children is 300 milligrams (mg) per day, derived from a campground study 
cited in the 1999 EPA Region 10 Supplemental Guidance for Soil Ingestion Rates (van Wijnen et 
al. 1990). EPA also recommends that 300 mg per day ingestion rate be used for a "soil contact 
intense" adult exposure scenario. The dermal contact rate for soil that will be used in the risk 
calculations is 0.8 mg/cm2. This value represents a midrange adherence rate, based on studies by 
Kissel et al. and Holmes et al. The skin surface area of 2500 cm2 used for the soil exposure route 
represents the face, hands, and forearms for adults as defined by EPA; for children aged 0 to 6, 
the value used is 2200 cm2 and represents the head, hands, forearms, lower legs, and feet. For 
exposure to sediment, the skin surface area used for adults is 18,000 cm2 and 6500 cm2 for 
children, representing full body exposure. Exposure frequency for tribal members to sediment 
and surface water (incidental ingestion pathway) is 210 days per year, the equivalent of 7 months 
when weather constraints are considered. The exposure frequency for all other routes and 
pathways is 365 days per year. Surface water ingestion of 3 liters per day for adults represents 
greater consumption of water compared to the EPA suggested value of two liters per day for 
average total fluid intake; the child ingestion rate is 1.5 liters per day is also equivalent to 150% 
of the EPA suggested value. It is assumed that the Coeur d'Alenes consume more water based 
on their active lifestyle and the climate in the Coeur d'Alene Basin. The fish consumption value 
was derived from interviews conducted by Harris and Harper; the diet for the Umatilla Tribe 
largely consists of fresh and dried salmon and resident fish from the Columbia River. Similarly, 
the Coeur d'Alenes are dependent upon fish from the Coeur d'Alene River, and the rate of 540 
grams per day is used in this risk assessment. The 574 grams per day for a 70 kilogram adult as a 
consumption rate for the water potato is the EPA recommended intake for fruits and vegetables 
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by urban and suburban Native American. This value is equivalent to 8.2 grams per kilogram per • 
day for the traditional scenario. Some studies on the traditional subsistence diet have shown 
higher consumption rates, but the interviews conducted by Harris and Harper indicated that the « 
Umatilla ingestion rate is closest to the EPA value. fj 

Current Subsistence Scenario	 m 

The Current Subsistence exposure factors requested by the Coeur d' Alene Tribe are intended to 
represent current tribal members utilizing traditional hunting and gathering activities anda • 
subsistence diet only. As suggested in characterizing traditional activities, potential exposure I 
factors that are inclusive of the most significant pathways are included hi Table 3-26b. These 
estimates reflect conservative values for potential exposure pathways and consumption rates for • 
all tribal individuals. • 

The exposure duration for current subsistence activities is reduced to 61 days per year for • 
exposure to surface water, sediment, and soil. This value represents the warmest two months of ™ 
the year for a permanent residence in the floodplain, A fish ingestion rate of 170 grams per day 
for 365 days per year is assumed to represent the95th percentile consumption rate. This value • 
was derived from a study of four Columbia River tribes and is outlined in EPA's Exposure 
Factors Handbook (USEPA 1997a). The skin surface area for the current subsistence scenario is — 
increased to 5700 cm2 for adults and 2800 cm2 for children to represent more dermal exposure • 
during the summer months. These values are EPA's suggested values for outdoor exposure. The 
ingestion rate for wild plants harvested in the floodplain is 1 .6 grams per kilogram per day, equal « 
to 20% of the traditional subsistence ingestion rate of 8.2 grams per kilogram per day. £ 

3.4	 QUANTIFICATION OF LEAD EXPOSURE « 

3.4.1	 Child Lead Model Overview 

The current EPA risk assessment method for evaluating lead uses a mathematical model designed • 
to predict the probable blood lead (PbB) concentrations for children between 6 months and 84 
months of age who have been exposed to lead through environmental media (air, water, soil, JB 
dust, and diet). The EPA model is referred to as the Integrated Exposure Uptake Biokinetic «• 
(IEUBK) Model (USEPA 1994a). The model has the following four functional components: 

•	 Exposure Component: The exposure component uses environmental media-
specific consumption rates and lead concentrations to estimate media-specific lead _ 
intake rates for air, water, soil, dust, and diet. • 

•	 Uptake Component: The uptake component uses media-specific fractional 
uptake and lead intake into the lungs or digestive tract to estimate the amount of ^ 
lead absorbed into the child's blood. | 

•	 Biokinetic Component: The biokinetic component accounts for the transfer of 
lead between blood and other body tissues, or the elimination of lead from the m 
body altogether. | 
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I 
I • Probability Distribution Component: The probability distribution component 

I 
shows a probability of a certain outcome (e.g., a PbB concentration greater than 
10 ug/dl of blood in an exposed child based on the parameters used in the model). 

I The IEUBK Model combines assumptions about lead exposure and uptake with assumptions on 
how lead behaves in the body to predict a central tendency estimate (CT) PbB concentration for a 
child between 6 months and 84 months of age. Children in this age group are considered by the 

I EPA to be sensitive age group for lead exposure because, compared to older children, they ingest 
more soil, absorb more lead from the gastrointestinal tract, and are more sensitive to the effects 
of lead. Within the 6 to 84 month age group, children between 24 and 36 months are especially 

I sensitive to lead health effects because blood lead levels tend to peak at this time when children 
are especially vulnerable to neurological effects at this stage in their neurological development 
(Rodier 1995). 

I The IEUBK's estimated risk of elevated blood lead levels corresponds to cumulative exposure to 
a multimedia set of environmental lead levels, generally at and around a residence, with which a

I child or group of children would have contact while living there. This estimated risk is intended 
to describe the potential for elevated blood lead for any children who would have similar 

I 
exposure, not just the current residents (Hogan et al. 1998). 

In addition to predicting a CT PbB concentration, an estimation of variation in PbB is applied to 

I 
the CTE to predict the probability of an individual child's PbB concentration exceeding a given 
PbB level. The EPA and the Centers for Disease Control and Prevention (CDC) have determined 
that childhood PbB concentrations at or above 10 ug/dl present risks to the child's health. 

I Therefore, the target (acceptable) distribution of childhood PbB concentrations is one in which 
there is a probability of no more than 5 percent that the PbB concentration of a typical child will 
exceed 10 ug/dl (USEPA 1994a). 

I 3.4.2 Adult Lead Model Overview 

I The EPA has developed an adult lead model (USEPA 1996c), which is designed to protect adult 
women of child-bearing age such that the 95th percentile value for fetal, PbB concentration is no 

I 
more than 10 ng/dl. The developing fetus is the most sensitive population for adult worker 
exposure. Inputs to the model should be CT values, rather than RME values, because potential 
variability is accounted for using a geometric standard deviation (GSD) to approximate a 
potential distribution of PbB concentration. 

I The model estimates a PbB concentration using the following formula: 

I PbBmaternal,centraI = PbB0 + [(BKSFxSCxIR8xAFsxEFs)/AT] (17) 

where 

PbB maternal, central = Maternal geometric mean blood lead concentration (p.g/dl) 
PbB0 = Baseline maternal blood lead concentration (ug/dl) 
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BKSF = Biokinetic slope factor (ug/dl per jig/day) I
 
SC = Soil concentration at the site (mg/kg)
 
IRj = Ingestion rate (g/day) «
 
AFS = Absorption fraction for soil g
 
EFS = Exposure frequency for contact with site soils
 
AT = Averaging time (the total period during which soil contact may •
 

occur, i.e., 365 days/year)	 | 

and 

,„ = PbBfetal, 0,95 

(GSD'-M5xR) • 

where	 _ 

PbBn ĵ,.̂  goal = Goal for the mean blood lead concentration for pregnant women 
PbBfeta] 0 95 = Goal for the 95th percentile blood lead concentration for fetuses « 

born to women having been exposed to lead in site soils (10 ug/dl) f 
GSD = Geometric standard deviation for adults 
1.645	 = Distribution variable related to percent above geometric mean • 

blood lead concentration; i.e., student t value for tg 95 | 
R	 = Constant of proportionality between fetal blood lead concentration 

at birth and maternal blood lead concentration; the EPA default • 
value (0.9) was used in this assessment • 

3.5 SUMMARY OF EXPOSURE ASSESSMENT	 | 

Chemical intakes were calculated as described in previous sections and are provided in 
Appendix A. The chemical intakes have been combined with the toxicity information presented • 
in Section 4 to calculate the cancer risk and the noncancer hazard for the non-lead metals for " 
each exposure scenario (Section 5). The results of the risk analysis for lead are presented in 
Section 6. • 

FINAL VERSION	 3-58
 



Figure 3-1 a 

TerraGraphics ̂ Ssf̂  «.B*y I Coeuird'Atene Basin I Basin Study Regions 0 Lakes Basin Study Regions Humwi Heanh Risk Assessmwit Ettvirotunectal Engineering, Inc. Streams and Tributaries — Roads 



1 • 11 i / «r 
t ,-i '• ,' WT 

/ ^ i i / U _______________ 
j————————————————————————— 

w ,̂s i Rgure 3-1 b 

—————?———i Census Block Groups Overlaid 
Basin Study Regions d Census Blocks j _ . _ _. . .Coeur d'Atene Basin 1 fT^rraGraphics Ejssf j Onto Basin Study /Areas Human Health Risk Assessment [^f Jy$* Environmental Eufftoeerittff, Inc. pwSjecicrrto. 380111_____yfOSSS Roads i 



Figure 3-2 Coeur d'AIene River Basin 
School District Enrollment 1990 to 2000 
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(Tap Water)
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Sediment 
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Creek) Dermal Contact (a) 
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Ingestton 

House Dust (b) ,ngMtio,n 
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Figure 3-9 
Ninemile Conceptual Site Model 



See Source AreaTables See Source Area Tables 
(CMMHILL199S) 

Inputs Primary Soum 
Types 

Primary Release 
Mechanisms 

Secondary
Release Mechanisms 

Affected 
Media and Secondary

Sources 
Exposure Routes ReceptorTypes 

Groundwater 
(Tap Water) togpsfon 

Dermal Contact o 
Surface Water 
(South Fork) In9estlon 

Dermal Contact o 
Sediment 
(South Fork) \nges\ion 

Dermal Contact (a) 

Ingeslion 
Dermal Contact (a) 

Ingestion 

Ingestion 
Dermal Contact (a) 

Inhalation o o 
Soil in Waste Piles 

Ingestion 
Dermal Contact (a) 

CSMKey 

™ Complete pathway; evaluated quantitatively in the HKRA. 
O Pathway potentially complete, but ol minor concern; not 

quantified in the HHRA. 

A Wank cell indicates that the pallway is not compile, or the receptor type does not 
exist in this area. 
(a) Quantified for arsenic and cadmium only. See lexl lor discussion. 
(b) This pathway evaluated qualitatively lor non-lead COPCs and quantitatively 

lor lead. 
(cj Both traditional and modern subsistence tribal member exposure scenarios 

will be evaluated at a later time, 
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Figure 3-10 
Mullan Conceptual Site Model 
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Figure 3-11 
Blackwell Island Conceptual Site Model 



Area 5 Lower Basin 
Figure 3-12 

Baseline Risk Assessment fear 
Area 5 Lower Basin "Southwestern Area" 

\ Thompson Lake 
: CUA038 
iSD:5 
I SS:5 

- "1SW:5 

RH135 Long Beach/Sprmgston 
CUA039 
SD:10 
SS:5 
SW:5 

West of Blue Lake 
CUA041 
SD:5 

Medimont Boat Ramp 
CUA045 
SD:5 
SS:5 
SW:5 

West Beach Near Medimont 
CUA043 
SS:5 

RM145 
CUA048 
SD:10 
SS:5 
SW:5 

Site Name 
Site Number 

i Sample Type: # of Samples 
j SD (Sediment) 

SS (Surface Soil) 
'I SW (Surface Water) 

• Common use Area Sampling Location 
Stream 

/V Road 
* City 

SS:5 Basin StuoV Regions 
SW:5 CD Lake/WwrtFloodplaln 

Across river from Spnngston 
CUA036 
SD:10 
5S:5 
SW:S 

Medimont Hill Camping Area 
CUA044 
SS:5 

Harrison Beach 
CUA018 
SD:26 
SW:7 

Trestle area next to Route 97 
CUA033 
SD:5 
SS:5 

Springston Beach Site 
CUA035 
SD:10 
SS:5 
SW:5 

Rainy Hill Fishing Area 
CUA046 

BaM map covoragss obtained 
from th* Coeur fAltfa Tribo, 
URS Greimtr, Inc., CH2M HILL, 
and the Bureau of Land Managftment 

2) Sampling locations obtained from 
URS Grsiiw, Ino-Technlcal DaM 
Management database IB of 3/29*00, 

Rainy Hill Picnic Area 

027-RI-CO-102Q 
CoeurtfAlene Baa'n RJ/FS 
BASEUN6HHRA 



Area 5 Lower Basin 
Figure 3-13! 

Baseline Risk Assessment for 
Area 5 Lower Basin "Central Section" 

RVPark 
across from 
Blackrock 

i Gulch 
CUA056 

; SD:5 

i

Beach 
upstream
from Quarry 

 CUA057 
SD:10 
SS:5 
SW:5 

LEGEND 

Site Name 
Site Number 

• Sample Type:# of Samples 
/ SD (Sediment) 
, SS (Surface Soil) 

SW (Surface Water) 

Beach below 
Ward Ridge
CUA053 
SD:10 
SS:5 
SW:5 

CUA060 
SD:10 
SS:5 

• Common Use Area Sampling Location 
Stream 

A/ Road 
* City 

C3 cam Unit Boundary 
d LaWBver/Floodplain 

Killarney Lake 
Boat Launch 
CUA050 
SS:5 

Near east end of 
Killarney Lake 
CUA052 
SD:10 
SS:5 

! Bull Run 
Peak Beach 
CUA063 
SD:10 
SS:5 
SW:5 

Beach near canal to 
Killarney Lake 
CUA049 
SD:10 
SS:5 f 
SW:5 I 

Lane Beach 
CUA051 
SD:10 
SS:5 
SW:5 

Blackrock 
Gulch beach 
CUA054 
SD:10 
SS:5 
SW:5 

East end of 
Blackrock 
Gulch Marsh 
CUA058 
SD:10 
SS:5 
SW:5 

Quarry Beach 
CUAB55 
SD:10 
SS:5 
SW:5 

Location Map 

NOTES 
1) Base map coverage* obtained 

from the Cow dVUmi Tribe, 
U'RS Greiner, Inc., CH2M HILL, and th* 
Bureau of Und Management 

2) Sampling locations obtained from 
URS GreitKr, Inc. Technical Data 
Management database at of 3123m, 

SCALE 1:60,000 

0.5 0 0.5 I 

CoeorcfAIene Basin Rl/FS 
BASELINE BHRA 

VW.Utenert>rcMl>te 
EXIBffittmiytofcw
LAYOUTUwerBwin ACM C«*raS«lion 
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Figure 3-14 Area 5 Lower Basin Baseline Risk Assessment for 
Area 5 Lower Basin "Northeastern Section" 

Site Name 
Site Number 

| Sample Type:* of Samples 
SO (Sediment) 

- SS (Surface Soil) 
.Old Mission State Park SW (Surface Water) 
Boat Launch 
CUA067 
SS:5	 • Common Use Area SampMng location 

Stream 
,V 
* City 

C3 Basin Study Region 

LaWRJver/Ftoodplain 

South of Old Mission from tM Coeur (fyUene Tribe, State Park URS Grelner, Inc., CH2M HILL, and the 
CUA068 Bureau of Und Management 
SD:10 
SS:5 2) Sampling locations obtained from 

URS Gralmr, Inc. Technical Data SW:5 South of Mission Flats Management ddtatoaw as of 3B9BO. 
CUA06S 
SD:10 
SS:5 
SW:5 



Confluence of North 
and South Forks 
CUA077 
SD:14 

Figure 3-15 
Baseline Risk Assessment for 

Area 4 Kingston 

Site Name (Only CUAs and 
seeps are named)
Site Number 
Sample Type: # of Samples 
SD (Sediment) 
SS (Surface Soil) 
SW (Surface Water) 

• Common Use Area Sampling Location 
-£ River Sampling Location 
0 Adit Sampling Location 
O Hand Auger Sampling Location 
.̂ Seep Sampling Location 

El Tost Pit Sampling Location 
Stream 

i'V Road 
* City 

I J Basin Study Region 
O Lake/Riuermooclplain 

Location Map 
NOTES 

1) BaM map coverage* obtain*! 
from the Coeur d*Alene Tribe, 
URS Gnrirwr, Inc., CH2M HJO, and the 
Bureau of Land Management 

2) Sampling location* obtained from 
URS Grain*-, Inc, Technical Data 
Management database ax of 3/29/00. 

SCALE 1:60,000 
0.5 0 0.5 I 

Coeur rfAJene Basin RI/FS 
8ASEUNEHHRA REGION 10 

Stow Ptoe CWrthWw Vtosl Z( 
NatiArMncwOttJmteea 
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Area 3 Side Gulches 
Rgure 3-16 

Baseline Risk Assessment for 
Area 3 Side Gulches 

Site Name 
Site Number 
Sample Type: # of Samples 
SD (Sediment) 
SS (Surface Soil) 
SW (Surface Water) 

Elk Creek Area 
UA080 

«S:5 

• Common Use Area Site Localion 
Stream 

f\/ Road 
* City 

Ratin Study Regions 

Lake/RlvertFIoodpialn 

Elk Creek Pond 
JCUA081 

JSD:10 
SW:5 

1) Base imp covwages otitainad 
from tht CoMjf d'/Uen» Trite, 
URS Greliter, Inc., CH2M HU, ami the 
Bureau of Land Maruigamant 

2) Sampling locations obtained from 
URS Oreiner, Inc. TechnJtal Data 
Management database as of 3G3WI. 

Area 3 SittSKutch 
SCALE 1:60,000 
0.5 0 0.5 Wats 

027-RI-CO-102Q 
CoewdVtoe Basin RKFS 
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Area 7 Silverton 

(Satner Field 
CUA095 

Silverton Ballfield next 
to Huggy Bear Day Care 

SS:19 
SB:59 

CUA091 
SS:19 
SB:57 

CUA089 
SS:19 
SB:58 

Silverton School/Huggy 
Bear Day Care 
CUA092 
SS:36 
SB:116 

Wellman Field Park 
CUA090 
SS:19 
SB:58 

Figure 3-17 
Baseline Risk Assessment for 

Area 7 Silverton 

LEGEND 

Site Name
 
Site Number
 
Sample Type: # of Sample 
SS (Surface Soil)
 
SB (Subsurface Soil)
 

• Common Use Area Sampling Location 

Stream 

,V "oad 
* City 

C3 Bain Study Regions 
ED Uke/River/Flcwdplain 

Location Map 

NOTES 
1) Base map coverages obtained 

from the Coeur cfAtone Trib*, 
URS Grater, Inc., CH2M HILL, and the 
Bureau of Land Management 

2) Sampling locations obtained from 
URS Sralnar, Itic-Technlcal Data 

a» of 4fl3W>. 

SCALE 1:60,000 
0.5 0 0.5 Mllet 
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8 Wallace 
Figure 3-18 

Baseline Risk Assessment for 
Area 8 Wallace 

LEGEND 

Site Name 
Site Number 
Sample Type: # of Samples 
SS (Surface Soil) 
SB (Subsurface Soil) 

Wallace High School and 
Grammar School Playground 
CUA100 
SS:19 

• Common Use Area Sampling location 

Stream 

/V Road 
* City 

F I River Segment 

Wallace Visitor's Center rnf Basin Study Regions 

l~n Lake/RivertFtoodplaln 
'CUA102 
SS:14 
SB:38 

: (Monument)
CUA096 

'. SS:7 
SB:21 

I Small Wallace City Park 
near schools 
CUA099 
SS:7 
SB-.22 

Wallace Library 
CUA97 

Canyon Avenue Park 
CUA101 

Location Map 

NOTES 
•u Base map coverages obtained 

from the Coeur d'Alene Trfbe, 
URS Grainer, Inc., CH2MHILL, and the 
Bureau of Land Management 

Wallace Depot 
CUA098 

2) Sampling location* obtained from 
URS Grelner, Inc. Technical Data 
Management database as o 

SCALE 1:60,000 
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Areas 6 - 8 Osburn, Silverton and Wallace Combined
 

\ JSF541 
Arei 6 Osburn™";811543 

Figure 3-19 
Baseline Risk Assessment for Osburn, 
Silverton and Wallace Areas Combined 

Soil/Sediment Sampling Locations 

| Site Number 
• Sample Type: # of Samples 

;i SO (Sediment) r 
1S3 Test Pit Sampling Location 

Hand Auger Sampling Location 
Stream 

/V
* City 

C3 Basin Study Regions 

C3 Lakofflivar/Floodplam 

1 } Base map coverages obtained 
from tt» CoeurdVUenfi Tribe, 
URS Greiiwr, Inc. CH2M HILL, and th« 
Bureau of Land Management 

2} Sampling locations obtained from 
URS Greiner, Inc. Technical Data 
Management database as of 03/29/00. 



Figure 3-20 Areas 6 - 8 Osburn, Silverton and Wallace Combined Baseline Risk Assessment for Osburn, 
Silverton and Wallace Areas Combined 

Surface Water Sampling Locations 

Site Number 
Sample Type: # of Samples 

<3 SW (Surface Water) 

River/Stream Sampling Location 

Stream 

/V Road 
* City 

CSM Unit Boundary 

C3 Lakemtver/Boodplaiii 

1} Base map coventg*$ obtalnwJ 
from the Coeur cfAfen* Tribe, f URS Grelner, Inc., CH2M HILL, and the 
Bureau of Land Management. Area 3 Side Gulches 

2) Sampling locations obttiiniKj from 
URS GMlner, Ina TKdrnlcal Data 
Manaoeimnt ctetabara as of 03129/00. 



Area 2 Burke/Ninemile 

^V .ec^-/ 

Area 8 Watlice 

J\ /T\ 

Figure 3-21 
Baseline Risk Assessment for 

Area 2 Burke/Ninemile 
Soil/Sediment Sampling Locations 

LEGEND 
Site Name (Only waste piles 
are named) 
Site Number 
Sample Type: # of Samples 
SD (Sediment) 
SS (Surface Soil)______ 

• Soil Sampling Location 
S3 Test Pit Sampling Location 

Stream 
A/ Roed 
* Chy 

C3 Basin Study Regions 
C3 LakeTOver/Floodplaln 

Location Map 

NOTES 
1) Base map coverages obtained 

from the Coeur dVWene Tribe, 
URS Gralner, Ira:., CB2M HILL, and the 
Bureau of Land Management. 

2) Sampling locations obtained from 
URS Gralner. Inc. Technical Data 
Management database as of 03129m. 

SCALE 1:60,000 
0.5 0 0.5 Miles 

027-RKXM02Q 
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SttePtBMCowSralMWMtZiMe. 
NoAJrancaiOamtm 

CMac<notMVttH&2C« 



Figure 3-22 
Baseline Risk Assessment for Area 2 Burke/Ninemile Area 2 Burke/Ninemile 

Surface Water Sampling Locations 

LEGEND 
Site Name (Only seeps 
are named)Interstate/Callahan Site Number 
Sample Type: # of Samples 
SW (Surface Water) 

River/Stream Sampling Location 
Seep Sampling Location 
Stream 

A/ Road 
* City 

Basin Study Regions 
CTl take/Rtver/FIoodptatrt 

location Map 

NOTES 
1) Bass map coverages obtained 

from the Coeur dVUero Tribe, 
URS Gr«in«r, Inc., CH2M HILL, and the 
Bureau of Land Management 

2} Sampling locations obtained from 
URS Grelnar, Inc. Technical Data 
Management database as of 03/23/00. 

CC287ICC286 
SW:3 I SW:3 SCALE 1:60,000 
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7 Figure 3-23 Area 2 Burke/Ninemile Baseline Risk Assessment for 
Area 2 Burke/Ninemile 

Groundwater Sampling Locations 

LEGEND 

Tiger-Poorman Tiger-Poorman Site Name 
CC403 , Site Number CC401 

'CC409 / Sample Type; # of Samples GW:1 GW:1 GW (Groundwater) 

Tiger-Poorman * Monitor Well Sampling Location Tamarack #7 CC402 Stream CC422 GW:1 Tamarack* GW.-2 / / Road 
CC431 * City 

IJCC432 r~| River Segment 
CC437 I—| Basin Study Regions 
GW:4 

I—I Lake/Rjver/Floodplain 
Canyon Silver Mine I;
 
CC452 '
 
GW:1
 

! Tamarack #71 Mace 

Location Map 

Frisco-Black Bear NOTES CC441 Bitse map coverages obtained GW:1 From the Coeur tf Alone Tritw, 
UfiS Gr.ir*r, Inc., CH2M HIU, and th* 
Buroau of Land Management 

. Hecla-Star 2) Sampling locations obtained from 
/[CC481 URS Gralnsr. Inc. Technical Data 
' GW:2 Management databaae as of 03/29/00, 

SCALE 1:60,000 
0.5 0 0.5 Mil» 
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Figure 3-24 
Baseline Risk Assessment for 
Area IMuilan "West Section" 

LEGEND 

Site Number
 
Sample Type: # of Samples
 
SD (Sediment)

SW (Surface Water)
 

\̂ Seep Sampling Location 

-0- River/Stream Sampling Location 

SI Test Pit Sampling Location 
O Hand Auger Sampfflng Location 

Stream 
A/ Road 
* City 
i i Basin Study Regions 
1—I Lake/River/Floodplain 

1) Base map coverages obtained 
from the Coeur cTAtene Tribe, 
URS Grelner, Inc., CH2M HILL, and the 
Bureau of Land Management 

2) Samptlng [ocations obtained from 
URS Greiner, Inc. Technical Data 
Management database as of 03/2ft'00. 

SCALE 1:60,000 
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Figure 3-25 
Baseline Risk Assessment for 

Area 1 Mullan "East Section" 
LEGEND 

Site Name (Only waste piles 
are named) 
Site Number 
Sample Type: ft of Samples 
SD (Sediment) 
SS (Surface Soil) 
SW (Surface Water)____ 

• Soil Sampling Location 

-< -̂ River/Stream Sampling Location 
Kl rest Pit Sampling Location 
O Ham] Aug«r Sampling Location 

Stream 
A/ Road 
* City 

H3 Basin Study Regions 

C3 Lahe/Rivef/Roodplaiin 

1) Baseimap coverages obtained 
from tto Cosiir tfM«n« Tribo, 
URS Grsintr, Inc., CH2M HILL, and the 
Buniau of Land Managvnwit. 

2) Sampling locations obtaliml from 
URS Grairwr, Inc. Technical Data 
Management database as of 03O9TOO. 

SCALE 1:60,000 
0.5 0 0.5 Mites 

027-RI-CO-W2Q 
CowrtfAlaie Basin 
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Blackweli Island Area 

Blackweli Island 
CUA021 
SD:14 
SS:7 
SW:7 

-5 jr~ 
f 1-^4 

i-'A r\ 

Figure 3-26 
Baseline Risk Assessment for 

Blackweli Island Area 

LEGEND 

! Site Name 
i Site Number 
| Sample Type: # of Samples 
1 SD (Sediment) 
- SS (Surface Soil) 
j SW (Surface Water) 

Common Use Area Sampling Location 
> Stream 

/V ROKI 
* Oty
 

PI CSH Unit Boundary
 

I I RIver/FloodolaliifLake 

Idaho 

1} Base map coverages obtained 
from th« Coeur d" Aleut Trtb«, 
URS Greiiw, Inc., CH2M HILL, and m* 
Bureau of Land Management 

2) Sampling locations obtained from URS 
CSreiner Inc. Technical Data 
Management database as of 03/29*00. 

SCALE 1:60,000 

0.5 0 0.5 Hies -I
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Table 3-1 a Summary of Basin Geographic Areas and Population (Source: 1990 Census Data) 

Portion of 
Total Area Area in Basin Total Portion of 
i (mi2) : : (mi*) Basin Vf jpopilatioit : Pop in Basin Basin •/.' 

Counties 
Benewah County 782 22 3% 7,937 -. „ 
Shoshone County 2,628 427 51% 13,931 7,683 73% 
Kootenai County 1,312 386 46% 69,795 2,813 27% 

Total 4,722 835 100% 91,663 10,496 100% 

Basin Study Areas 
Burke/Nine Mile 33 .„ 4% 676 __ 6% 
Kingston 293 — 35% 2,849 __ 27% 
Lower Basin 362 _ 43% 2,112 ., 20% 
Mullan 50 .. 6% 985 9% 
Osburn 1.3 .„ 0.2% 1,579 _ 15% 
Side Gulches1 95 .„ 11% 1,285 _ 12% 
Silverton 0.3 — 0.04% _„ — „ 
Wallace 0.9 _„ o.r% 1,010 „ 10% 

Total 835 100% 100% 10,496 100% 100% 

'The percentage each county makes up of die Basin Area 
2Silverton population estimate is included in the Side Gulches study Area population estimate 

Table 3-1 b Survey Sub-Areas Included within Proposed HHRA Geographic Sub-Divisions 

Areas incluued 
Areas Included In Areas Included In :~';JnMsWA:. 

Proposed Geographic ;iDHW/ATSDR;: USEPAFSPAPS/OT; : -::;FSPA12;\.;. 
: Subdivisions Proposed Area Name ; Database L ;  ; : 1: ; "; 'Database;:!:".; ,.:::DBtjlbSse.! . 

Mullan Mullan Mullan Mullan Mullan 
Burke, Black 

Burke, Gem, Black Cloud, Woodland 
Burke/Nine Mile Nine Mile Burke, Nine Mile Cloud, Woodland Park Park 
Wallace Wallace Wallace Wallace Wallace 
Silverton Silverton Silverton Silverton Silverton 
Osburn Osburn Osburn Osburn Osburn 

Big Creek, Elk Creek, 
Montgomery Gulch, 

Moon Gulch, Nuckols Elk Creek, Moon Gulch, 
Gulch, Sunny Slopes, Nuckols Gulch, Terror 

Side Gulches Side Gulches Terror Gulch, Two Mile Gulch Nuckols Gulch 
Kingston Kingston Kingston, Pine Creek Kingston, Pinehurst Kingston 
Lower Basin/Cataldo Lower Basin Lower Basin Cataldo Cataldo 



__ 

__ 

Table 3-2 Basin Demographics Over Time (Source: County Profiles of Idaho, IDOC, and 1990 Census)
 

Population 
Shoshone County 
Mullan 
Osburn 
Wallace 
Idaho 
Shoshone County 
Median Age 
65+ Years (%) 
Total Employment 
Mining Employment 
% Labor Force Unemployed 

1970 

19,718 
1,279 
2,248 
2,206 

„_ 

27.3 
7.1 

HUM 

—— 

». 

1980 

19,226 
1,269 
2,220 
1,736 

28.8 
10.3 

9,126 
2,465 
6.7 

Census 
1990 

13,931
 
821
 

1,579
 
1,010
 

1,006,749
 

._
 
_.
 

5,310
 
1,282
 
..
 

County 
Profile 

1990 

13,931 
821 

1,579 
1,010 

1,006,749 

37.3 
16.7 

6,422 
1,542 
9.9 

1996 

_. 
795 

1,593 
954 

_. 

_„ 
_. 

6,663 
642 
-

1997 

13,982
 
-_
 
..
 
..
 
..
 

_. 
.. 
._ 
.. 
_. 

1998
 

13,870
 
..
 
..
 

918
 
1,210,232
 

..
 
»

._ 
10.2 



Table 3-3 Census Block Groups Falling Partially Outside of Basin Study Area Boundaries
 
(Source: 1990 Census)
 

. - - ' - , • - -'-' ' • • - i - ; : . - - - - : : . . : " . . - - - ' . - .  : : : - . v  - ' . . - - PortlOU O f . ' . ' • " " . . '  : . ; - . ~ : Y /  ' ' - ' ~ ' :"-..- \ - _ ' 

Block Group Total Area Area in Basin : Pdpulatibri 
KeylD BasiiiArea County (mi?) (mi^ Basin %l Number Basin %l 

16.055.0019.1 Kingston Kootenai 264 80.9 10% 701 6.7% 
16.079.9601.1 Kingston Shoshone 228 122.9 15% 162 1.5% 
16.079.9601.2 Kingston Shoshone 465 49.2 6% 257 2.4% 
Block Group Total 957 253 30% 1,120 10.7% 
Basin Area Total 835 835 100% 10,496 100% 
'The percentage each block group makes up of the Basin Area 



Table 3-4 Summary Population Characteristics
 

Basin Areas
 State of Idaho
 

Total Population1 

Total Family Households 
Total Households 
Sex and Ethnicity 
Male 
Female 
White 
Black 
American Indian 
Asian and Pacific 
Other Ethnicity 
Hispanics of All Races 
Ages 
Age 0 to 4
 
Age 5 to 14
 
Age 15 to 24
 
Age 25 to 34
 
Age 35 to 44
 
Age 45 to 54
 
Age 55 to 64
 
Age over 65
 
'Percent of Idaho Total 

Number 
10,496 
3,071 
4,215 

5,330
 
5,166
 
10,331
 

6
 
100
 
10
 
49
 
219
 

587
 
1,594
 
1,145
 
1,400
 
1,655
 
1,347
 
1,102
 
1,666
 

Percent 
1.0% 
1.2% 
1.2% 

51% 
49% 
98% 
0.1% 
1.0% 
0.1% 
0.5% 
2.1% 

5.6% 
15.2% 
10.9% 
13.3% 
15.8% 
12.8% 
10.5% 
15.9% 

Number 
1,006,749 
265,597 
361,432 

501,548 
505,201 
950,802 
3,653 
14,677 
9,096 
28,521 
51,679 

80,046 
180,265 
145,146 
154,087 
149,338 
98,910 
77,819 
121,138 

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
 

Percent 

50% 
50% 
94% 
0.4% 
1.5% 
0.9% 
2.8% 
5.1% 

8.0% 
17.9% 
14.4% 
15.3% 
14.8% 
9.8% 
7.7% 
12.0% 



Table 3-5 Household Characteristics (Source: 1990 Census)
 

Total Households1 

Family Households 
Non-Family Households 
Family/Household Type 
One Person Households 
Married with Child Families 
Married no Child Families 
Single with Child Families 
Single no Child Families 
'Percent of Idaho Total 

Basin Areas
 
Number Percent 

4,215 1.2% 
3,071 73% 
1,144 27% 

1,028 24% 
1,117 27% 
1,552 37% 
242 6% 
160 4% 

State of Idaho
 
Number 
361,432 
265,597 
95,835 

80,364 
113,964 
113,901 
24,359 
13,373 

Percent 

73% 
27% 

22% 
32% 
32% 
7% 
4% 



Table 3-6 Housing Characteristics (Source: 1990 Census)
 

Basin Areas/ Block Groups 
Number Percent 

State of Idaho 
Number Percent 

Total Housing Units1 5,651 1.4% 413,327 
Occupied Housing Units 4,205 74% 360,723 87% 
Owner Occupied Units 3,251 77% 252,687 70% 
Renter Occupied Units 954 23% 108,036 30% 
Moved in 1980+ 2,286 54% 235,825 65% 
Moved in 1960- 1979 1,409 34% 97,345 27% 
Moved in Before 1960 456 11% 26,218 7% 
One Unit 4,132 73% 294,458 71% 
2-9 Units 264 5% 41,497 10% 
10+ Units 112 2% 17,412 4% 
Mobile/Trailer Home 1,053 19% 56,625 14% 
Built before 1940 1,628 29% 65,682 16% 
Built 1940- 1959 1,071 19% 85,130 21% 
Built 1960- 1979 2,269 40% 188,061 45% 
Built after 1980 683 12% 74,454 18% 
'Percent of Idaho Total 



Table 3-7 Comparison of Median Values of Housing (Source: 1990 Census) 

Basin Area Census Block Group 
-- . ' Key ID J:1  n 

Median Year Built 
Basin Areas State of Idaho 

Median Value of Units 
Basin Areas State of Idaho 

Median Rent 
Basin Areas L State of Idaho 

Burke/Nine Mile 
Kingston 

16.079.9601 .3 
16.055.0019 .1 

333 
269 

1950 
1965 

1970 $ 18,600 
$ 60,900 

$ 58,000 $ 275 
$ 280 

$ 330 

16.079.9601 .1 183 1972 $ 67,500 $ 375 
16.079.9601 .2 186 1968 $ 29,400 $ 215 
16.079.9602 .1 161 1966 $ 42,100 $ 221 
16.079.9602 .2 197 1970 $ 26,100 $ 269 
16.079.9602 .5 304 1967 $ 40,500 $ 247 

Lower Basin 16.055.0019 .2 567 1977 $ 111,700 $ 245 
16.055.0019 .3 631 1972 $ 45,400 $ 307 
16.055.0019 .4 444 1971 $ 58,800 $ 288 

Mullan 16.079.9605 .1 317 1939 $ 21,900 $ 223 
16.079.9605 .2 188 1939 $ 22,600 $ 189 

Side Gulches 16.079.9601 .4 354 1954 $ 41,600 $ 310 
16.079.9601 .5 153 1972 $ 31,500 $ 294 
16.079.9604 .1 306 1959 $ 27,100 $ 258 
16.079.9604 .2 459 1957 $ 37,200 $ 285 
16.079.9604 .4 300 1939 $ 32,900 $ 247 
16.079.9604 .3 299 1939 $ 24,300 $ 201 

Wallace1 NA 597 1939 $ 28,200 $ 221 
Osburn1 NA 744 1958 $ 35,300 $ 272 
Silverton1 NA ~ ~ .. ~ 
# of Block Groups less than State Median 12 67% 14 78% 17 94% 
'None of the census block groups lie entirely or mostly within the City study group areas (Figure 1). Block groups partially within the City study groups are included in the Side Gulches Study Area. 



Table 3-8 Student Population and Educational Attainment (Source: 1990 Census)
 

Basin Areas/ Block Groups
 State of Idaho
 

Preprimary Students 
Elementary and High School Students 
College Students 
Total Student Population 
Population age 25+ 
No High School Diploma 
High School Graduates 
Attended College 
College Graduates 
Degree, Masters+ 

Number 
115 

1,979 
322 

2,416 
7,170 
1,949 
5,221 
1,386 
1,097 
269 

Percent 
5% 

82% 
13% 

100% 

27% 
73% 
19% 
15% 
4% 

Number 
18,745 

210,095 
66,798 

295,638 
601,292 
121,787 
479,505 
145,291 
151,322 
31,692 

Percent 
6% 

71% 
23% 
100% 

20% 
80% 
24% 
25% 
5% 



Table 3-9 Basin Area Household Income (Source: 1990 Census) 

Block Group 
Key ID N 

Basin Areas/ Block Groups 
Number: Percent 

State of Idaho 
Number Percent 

Total Number of Households 4,215 361,432 
Income Under $15,000 1,343 32% 98,404 27% 
Income $15-25,000 920 22% 80,355 22% 
Income $25-3 5,000 774 18% 65,633 18% 
Income $35-50,000 675 16% 61,608 17% 
Income $50-75,000 357 8% 38,506 11% 
Income over $75,000 146 3% 16,926 5% 
Children in Poverty (under age 18) 577 15% 49,159 14% 
People in Poverty (all ages) 1,517 10% 130,588 13% 
Median Household Income $ 25,257 
Burke/Nine Mile 16.079.9601 .3 282 $ 22,875 
Kingston 16.055.0019 .1 245 $ 28,029 

16.079.9601 .1 71 $ 17,159 
16.079.9601 .2 92 $ 17,500 
16.079.9602 .1 158 $ 24,531 
16.079.9602 .2 178 $ 19,000 
16.079.9602 .5 292 $ 26,176 

Lower Basin 16.055.0019 .2 213 $ 31,484 
16.055.0019 .3 391 $ 21,964 
16.055.0019 .4 243 $ 21,726 

Mullan 16.079.9605 .1 238 $ 22,895 
16.079.9605 .2 168 $ 24,444 

Side Gulches 16.079.9601 .4 339 $ 26,607 
16.079.9601 .5 143 $ 23,750 
16.079.9604 .1 287 $ 18,650 
16.079.9604 .2 404 $ 26,719 
16.079.9604 .4 228 $ 23,650 
16.079.9604 .3 243 $ 15,500 

Wallace NA $ 19,750 
Osburn NA $ 21,604 
Silverton NA -
ft of Groups less than State Median 13 72% 

'None of the census block groups lie entirely or mostly within the City study group areas (Figurel). Block groups partially within the City study groups are included in the Side Gulches Study Area. 



Table 3-10 Shoshone County Profile (Source: Profile of Ruralldaho, IDOC)
 

State of Idaho
 

Economic Indicators 
Unemployment Rate 1997
 
1990-96 Business Growth
 

Total
 
Retail
 

Housing Growth 1990-97
 
Income and Poverty 
Per Capita Personal Income 1996
 
Median Household Income 1995
 
Percent Persons Below Poverty 1995
 

All Ages
 
Under 18
 
Over 18
 

Welfare Payments Per Capita 1998
 
Housing 
Percent Housing Units Built
 

Before 1939
 
Since 1970
 

Shoshone
 
County
 

12.8% 

17.6% 
6.3% 
5.6% 

$16,938 
$24,541 

21.4% 
31.2% 
17.9% 
$771 

34.4% 
32.5% 

State 
of Idaho 

5.3% 

29.6% 
19.2% 
21.6% 

$19,865 
$32,003 

12.6% 
16.5% 
10.7% 
$378 

13.1% 
59.3% 

Urban 

4.8% 

30.9% 
20.8% 
27.1% 

$21,773 
$34,946 

11.2% 
15.6% 
9.5% 
$452 

10.6% 
61.4% 

Rural 

6.8% 

26.9% 
16.1% 
13.6% 

$16,513 
$30,075 

14.5% 
18.8% 
12.7% 
$248 

17.1% 
55.7% 



Table 3-11 Kids Count Data as Presented in Yearly Reports (Source: Idaho KIDS COUNT: Profiles of Child Well-Being 1996-2000) 

1996 
Shoshone County (Report Year) . - ' - . - . 

L_: 1997 :. : 1998 1999-2000 1996 
Total Population ' 13,871 14,024 13,982 13,870 1,133,054 

Child Population Under 18 ' 3,530 3,521 3,480 3,313 339,478 

Children Under 18 in Poverty2 23.7 23.7 27.8 31.2 16.2 

Single-Parent Families with Children Under Age 18 3 21.3 23.7 23.7 23.7 14.7 

Infant Mortality 4 9.1 9.4 7.9 MR 6.7 

Low Birth Weight Babies (% of births) " 7.1 6.9 6.7 7.1 5.6 

Babies Born to Mothers without Adequate Prenatal 
Care (% of births)4 23.3 25.0 25.3 34.9 28.1 

Babies Born to Teen Mothers without Adequate 
Prenatal Care (% of teen births) 4 0.0 0.9 1.9 42.1 1.3 

Child Deaths Ages 1-14 (annual rate per 100,000 children) 5 25.9 25.9 39.6 NR 32.8 

School Dropouts Ages 16-193 14.6 14.6 14.6 14.6 10.4 

Teen Births Ages 15-17 (annualized rate per 1,000 females ages 31.6 27.2 25.4 22.3 28.2 
15-17)" 

Juvenile Violent Crime Arrests Ages 10-17 (annualized 
rate per 1,000 youths) 4 3.2 2.6 1.9 3.5 2.7 

Teens Not in school and Not Working Ages 16-193 7.7 14.6 14.6 14.6 5.3 

Teen Violent Deaths Ages 15-19 (annualized rate per 
100,000 teens)5 

90.9 144.9 172.3 140.0 76.9 

1 1996 report presented!994 data, 1997 report presented!996 data, 1998 report presented!997 data, 1999-2000 report presented!998 data 

2 1996 and 1997 reports presented!990 data, 1998 report presentedl994 data, 1999-2000 report presented!996"data 

3 All reports presented! 990 data 

4 1996 report presented!993-1995 data, 1997 report presented!994-1996 data, 1998 report presented!995-1997 data, 1999-2000 report presented!996-1998 data 

5 1996 report presented!993-1995 data, 1997report presented!994-1996 data, 1998 report presented!995-1997 data, 1999-2000 report presented!994-1998 data 

State ofldahb (Report Year) 
1997 195>8 

1,189,251 1,210,232 
348,509 351,352 

16.2 15.5 

17.6 17.6 

6.8 6.8 
5.7 6.0 

28.6 29.1 

1.3 1.4 

31.8 33.8 

10.4 10.4 

27.5 25.6 

2.5 2.3 

8.0 8.0 

76.6 74.9 

1999-2000 
1,228,684 
351,158 

16.5 

17.6 

7.2 
6.0 

30.3 

39.8 

32.4 

10.4 

24.7 

2.2 

8.0 

73.6 



Table 3-12 1999-2000 Kids Count Data - Economic Well Being
 
(Source: Idaho KIDS COUNT: Profiles of Child Well-Being 1999-2000
 

and School District Data) 

Shoshone County 
Total Percent 

Kids Count 
ilementary school children receiving free or reduced 
price lunch (1997-98) 
ilementary school children receiving free or reduced 
price lunch (1998-99) 

415 

443 

50.1% 

54.0% 

School District 
All school children (District #39 1 ) receiving free or 
reduced price lunch (1999-2000) 
All school children (District #393) receiving free or 
reduced price lunch (1999-2000) 

642 

283 

44.0% 

40.0% 

Births paid for by Medicaid (1997) 92 55.4% 

Births paid for by Medicaid (1998) 69 41,6% 

State of Idaho
 
Total Percent
 

48,059 40.9% 

46,947 42.0% 

6,046 32.6% 

5,419 28.0% 



Table 3-13 1999-2000 Kids Count Data - Child Population Change 
(Source: Idaho KIDS COUNT: Profiles of Child Well-Being 1999-2000) 

Shoshone County State of Idaho 
1990 1998 % Change 1990 1998 % Change 

Children under age 5 815 716 -12.1% 81,546 91,467 12.2% 

Children age 5-17 2,814 2,597 -7.7% 227,848 259,691 14.0% 

Total Under 18 3,629 3,313 -8.7% 309,394 351,158 13.5% 



Table 3-14 School District Data (Source: School Districts #391, 392, and 393)
 

School District 
Total Student Population (K-12) 

1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 

Decrease in School District Enrollment 
(1992-2000) 

Kellogg 
#391 

1,779 
1,701 
1,649 
1,574 
1,566 
1,556 
1,571 
1,573 
1,490 
1,422 
1,458 

Kellogg 
w/o BHSS 

569 
544 
528 
504 
501 
498 
503 
503 
477 
455 
467 

Mullan 
#392 

222 
213 
215 
216 
218 
180 
176 
183 
185 

Wallace/Osburn 
#393 

877 
887 
844 
844 
839 
857 
818 
787 
788 
741 
709 

Total 

2,715 
2,631 
2,620 
2,629 
2,607 
2,540 
2,454 
2,346 
2,352 
363 
13% 

Total
 
Wo BHSS
 

1594 
1561 
1555 
1571 
1539 
1470 
1441 
1379 
1361 
233 
15% 



Table 3-15 School District Enrollment by Grade
 
(Source: School Districts #391,392, and 393)
 

School District 
Kindergarten 

1st Grade 
2nd Grade 
3rd Grade 
4th Grade 
5th Grade 
6th Grade 
7th Grade 
8th Grade 
9th Grade 

10th Grade 
llth Grade 
12th Grade 

Total 

Kellogg
 
#M
 

116
 
110
 
114
 
124
 
115
 
122
 
1 1 1
 
117
 
119
 
113
 
97
 
116
 
89
 

Mullan 
#392 

9 
15 
8 
14 
12 
19 
15 

Wallace/Osburn

}- ; ' ; l3a$-.;:;V;;=: :
 

54
 
46
 
45
 
51
 
39
 
54
 
45
 
50
 
45
 
51
 
58
 
52
 
56
 

Total 
179 
171 
167 
189 
166 
195 
171 
167 
164 
164 
155 
168 
145 

2201 

% 
8% 
8% 
8% 
9% 
8% 
9% 
8% 
8% 
7% 
7% 
7% 
8% 
7% 

100% 



Table 3-16 Estimated Child Population and Sample Population (Sources: 1990 Census, Idaho KIDS COUNT, and School District Data) 

Geographic Area Source Year 
Total Population 

Age Range 
Total Population 

Years 
Total Population 

Number1"2 
Population per 
each year of age 

Sample Population 
Estimate (*9,33) 

Basin Area 1990 Census 1990 0-17 18 2,484 138 1,288 
Basin Area School District 1992 5-18 13 1,673 129 1,201 

1993 5-18 13 1,639 126 ,176 
1994 5-18 13 1,633 126 ,172 
1995 5-18 13 1,649 127 ,184 
1996 5-18 13 1,616 124 ,160 
1997 5-18 13 1,544 119 ,108 
1998 5-18 13 1,513 116 ,086 
1999 5-18 13 1,448 111 ,039 
2000 5-18 13 1,429 110 1,025 

Shoshone County 1990 Census 1990 0-17 18 2,384 132 1,236 
Kids Count 1990 0-17 18 2,416 134 1,252 

1994 0-17 18 2,462 137 1,276 
1996 0-17 18 2,449 136 1,269 
1997 0-17 18 2,407 134 1,248 
1998 0-17 18 2,297 128 1,191 

Adjasled to omit the student population within the Bunker Hill Superftmd Site 
'School district data was increased by 5% to include students enrolled in private school or home schooling 



Table 3-17 Public and Private Sewer and Water Hook-ups (Source: 1990 Census and
 
1999 Sewer District (SD) data)
 

Basin Area w/o Basin Area w/o 
Basin Areas (Census) 

1 . ' : : ' , . ' , . . " . ' , : " \

Lower Basin (Census) Lower Basin (SD-1999)1 

Number Percent Number Percent Number Percent 
Total Housing Units 5,651 4,009 4257 
Estimated # of Yards 5,255 3,728 5,570 
Water from a Public Source 3,209 57% 2,850 71% __ ~ 
Water from a Private Source 2,442 43% 1159 29% ~ — 
Sewer with a Public Utility 3,035 54% 2,873 72% 3,065 72% 
Sewer by Private Means 2,616 46% 1136 28% 1,192 28% 
Adjusted to omit BHSS Housing Units 



Table 3-18 Estimated Number of Housing Units by Basin Area (Source: 1990 Census and
 
1999 Sewer District Data)
 

Basin Area 
Burke/Ninemile 
Kingston 
Lower Basin 
Vlullan 
Side Gulches1 

Wallace 
Osburn 
Silverton 
Total 
Total w/o Lower Basin 
'includes the housing units in Silverton 

Housing Units
 
1990
 

Census
 
333
 

1,300
 
1,642
 
505
 
530
 
597
 
744
 
..
 

5,651
 
4,009
 

Sewer District 
1999 

Sewer Hook-Tips3 

191 
724 

— 
398 
461 
552 
739 
271 

3,065 
3,065 

Determined by assuming 72% of all housing units in Shoshone County have sewer with a public utility 
3Lower Basin not included 

Housing Units 
1999 

Estimate2'3 

265 
1006 

_. 
553 
640 
767 
1026 
376 

4,257 
4,257 

Est# of Yards3
 

245
 
1006
 

._ 
548 
624 
649 
847 
360 

3,919 
3,919 



Table 3-19a
 
Summary of Exposure Pathways Quantified in HHRA
 

^§gji;^j£liSSpffs8Ste^lM|:j WS^HwKmmmismmfom :S::::S::ftiECijitO'i::fe:* ^gSgS-JglJ^^j^j^giigfjJgi 3$X^K?iM!i$$iS$*!X%i8& SiS^SSSS -̂iiSSiSSs^SfiKfeS^^^SSSwSisi 

Lower Basin Current and future Residential3 Resident Child 0 - 6 Groundwater Tap water Ingestion 
Child 0 - 6/adult 7 - 30 Groundwater Tap water Ingestion 
Child 0 - 6 Surface soil Yard soil/house dust Ingestion 
Child 0 - 6/adult 7 - 30 Surface soil Yard soil/house dust Ingestion 
Child 0 - 6 Surface soil Yard soil/house dust Dermal 
Child 0 - 6/adult 7 - 30 Surface soil Yard soil/house dust Dermal 

Current and future Neighborhood Neighborhood Child 4 -11 Disturbed surface water Lower Coeur d'Alene River Ingestion 
recreational resident Child 4 - 1  1 Soil/sediment Lower Coeur d'Alene River Ingestion 

Child 4 - 1  1 Soil/sediment Lower Coeur d'Alene River Dermal 
Current and future Public Visitor Child 0 - 6 Disturbed surface water Lower Coeur d'Alene River Ingestion 

recreational Child 0 - 6/adult 7 - 30 Disturbed surface water Lower Coeur d'Alene River Ingestion 
Child 0 - 6 Soil/sediment Lower Coeur d'Alene River Ingestion 
Child 0 - 6/adult 7 - 30 Soil/sediment Lower Coeur d'Alene River Ingestion 
Child 0 - 6 Soil/sediment Lower Coeur d'Alene River Dermal 
Child 0 - 6/adult 7 - 30 Soil/sediment Lower Coeur d'Alene River Dermal 

Current and future Occupational	 Construction Adult Surface/subsurface soil Construction site soil Ingestion 
worker Adult	 Surface/subsurface soil Construction site soil Dermal 

Kingston Current and future Residential Resident	 Child 0 - 6 Groundwater Tap water Ingestion 
Child 0 - 6/adult 7 - 30 Groundwater Tap water Ingestion 
Child 0 - 6 Surface soil Yard soil/house dust Ingestion 
Child 0 - 6/adult 7 - 30 Surface soil Yard soil/house dust Ingestion 
Child 0 - 6 Surface soil Yard soil/house dust Dermal 
Child 0 - 6/adult 7 - 30 Surface soil Yard soil/house dust Dermal 



Table 349a (Continued)

Summary of Exposure Pathways Quantified in HHRA
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Kingston Current and future	 Neighborhood Neighborhood Child 4 - 1  1 Sediment Pine Creek Ingestion
 
recreational resident
 (Continued)	 Child 4 - 1  1 Sediment Pine Creek Dermal 

Child 4 - 1  1 Soil/sediment NS confluence Ingestion 
Child 4 - 1  1 Soil/sediment NS confluence Dermal 
Child 4 - 1  1 Surface water Pine Creek Ingestion 
Child 4 - 1  1 Surface water NS confluence Ingestion 

Current and future Public	 Visitor Child 0-6 Soil/sedirnent NS confluence Ingestion 
recreational	 Child 0 - 6/aduIt 7 - 30 Soil/sediment NS confluence Ingestion 

Child 0 - 6 Soil/sediment NS confluence Dermal 
Chi ldO-6/adul t7-30 Soil/sedirnent NS confluence Dermal 
Child 0 - 6 Surface water NS confluence Ingestion 
Child 0 - 6/aduIt 7 - 30 Surface water NS confluence Ingestion 

Current and future Occupational	 Construction Adult Surface/subsurface soil Construction site soil Ingestion 
worker Adult Surface/subsurface soil Construction site soil Dermal 

Side Gulches Current and future Residential Resident Child 0 - 6 Groundwater Tap water Ingestion 
Child 0 - 6/adult 7 - 30 Groundwater Tap water Jngestion 

Current and future Residential Resident	 Child 0 - 6 Surface soil Yard soil/house dust Ingestion 
Child 0- 6/adult 7 -30 Surface soil Yard soil/house dust Ingestion 
Child 0-6 Surface soil Yard soil/house dust Dermal 
Child 0- 6/adult 7 -30 Surface soil Yard soil/house dust Dermal 



Table 3-19a (Continued) 
Summary of Exposure Pathways Quantified in HHRA 
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Side Gulches 
(Continued) 

Current and future Neighborhood
recreational 

Neighborhood 
resident 

Child 4 - 1  1 
Child 4 - 1  1 

Sediment 
Sediment 

Elk Creek Pond 
Elk Creek Pond 

Ingestion 
Dermal 

Child 4 - 1  1 Surface soil Elk Creek Area Ingestion 
Child 4 -11 Surface soil Elk Creek Area Dermal 
Child 4 -11 Surface water Elk Creek Pond Ingestion 

Osburn Current and future Residential Resident Child 0 - 6 Groundwater Tap water Ingestion 
Child 0 - 6/adult 7 - 30 Groundwater Tap water Ingestion 
Child 0-6 Surface soil Yard soil/house dust Ingestion 
Child 0 - 6/adult 7 - 30 Surface soil Yard soil/house dust Ingestion 
Child 0 - 6 Surface soil Yard soil/house dust Dermal 
Child 0 - 6/adult 7 - 30 Surface soil Yard soil/house dust Dermal 

Silverton Current and future Residential Resident Child 0 - 6 Groundwater Tap water Ingestion 
Child 0 - 6/adult 7 - 30 Groundwater Tap water Ingestion 
Child 0 - 6 Surface soil Yard soil/house dust Ingestion 
Child 0 - 6/adult 7 - 30 Surface soil Yard soil/house dust Ingestion 
Child 0 - 6 Surface soil Yard soil/house dust Dermal 

Current and future Neighborhood
recreational 

Neighborhood 
resident 

Child 0 - 6/adult 7 - 30 
Child 4 - 1  1 

Surface soil 
Surface soil 

Yard soil/house dust 
Upland parks/schools 

Dermal 
Ingestion 

Child 4 - 1  1 Surface soil Upland parks/schools Dermal 



Table 349a (Continued)
 
Summary of Exposure Pathways Quantified in HHRA
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Silverton Current and future	 Public Visitor Child 0 - 6 Surface soil Upland parks/schools Ingestion
 

recreational
 (Continued)	 Child 0 - 6/adult 7 - 30 Surface soil Upland parks/schools Ingestion 
Child 0 - 6 Surface soil Upland parks/schools Dermal 
Child 0 - 6/adult 7 - 30 Surface soil Upland parks/schools Dermal 

Wallace Current and future Residential Resident	 Child 0 - 6 Oroundwater Tap water Ingestion 
Child 0 - 6/adult 7 - 30 Groundwater Tap water Ingestion 
Child 0 - 6 Surface soil Yard soil/house dust Ingestion 
Child 0 - 6/adult 7 - 30 Surface soil Yard soil/house dust Ingestion 
Child 0 - 6 Surface soil Yard soil/house dust Dermal 
Child 0 - 6/adult 7 - 30 Surface soil Yard soil/house dust Dermal 

Current and future Neighborhood Neighborhood Child 4 - 1  1 Surface soil Upland parks/schools Ingestion 
recreational resident Child 4 - 1  1 Surface soil Upland parks/schools Dermal 

Current and future Public Visitor Child 0 - 6 Surface soil Upland parks/schools Ingestion 
recreational Child 0 - 6/adult 7 - 30 Surface soil Upland parks/schools Ingestion 

Child 0 - 6 Surface soil Upland parks/schools Dermal 
Child 0 - 6/adult 7 - 30 Surface soil Upland parks/schools Dermal 

MidGradScgOl" Current and future	 Neighborhood Neighborhood Child 4 - 1  1 Sediment South Fork Coeur d'Alene River Ingestion 
recreational resident Child 4 - 1  1 Sediment South Fork Coeur d'Alene River Dermal 

Child 4 - 1  1 Surface water South Fork Coeur d'Alene River Ingestion 
Current and future Occupational Construction Adult Surface/subsurface soil Construction site soil Ingestion 

worker Adult Surface/subsurface soil Construction site soil Dermal 



Table 3-19a (Continued)
 
Summary of Exposure Pathways Quantified in HHRA
 

lUlllllill	 iiiiiilil: 
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Nine Mile Current and future Residential Resident Child 0 - 6 Groundwater Tap water Ingestion 

Child 0 - 6/adult 7 - 30 Groundwater Tap water Ingestion 
Future Residential Resident Child 0 - 6 Groundwater Tap water Ingestion 

Child 0 - 6/adult 7 - 30 Groundwater Tap water Ingestion 
Current and future Residential Resident Child 0 - 6 Surface soil Yard soil/house dust Ingestion 

Child 0 - 6/adult 7 - 30 Surface soil Yard soil/house dust Ingestion 
Child 0-6 Surface soil Yard soil/house dust Dermal 
Child 0 - 6/adult 7 - 30 Surface soil Yard soil/house dust Dermal 

Current and future Neighborhood Neighborhood Child 4 - 1 1 Sediment Ninemile/Canyon Creeks Ingestion 
recreational resident Child 4 - 1 1 Sediment Ninemile/Canyon Creeks Dermal 

Child 4 - 1 1 Surface soil Waste piles Ingestion 
Child 4 - 1 1 Surface soil Waste piles Dermal 
Child 4 - 1 1 Surface water Ninemile/Canyon Creeks Ingestion 

Current and future Occupational	 Construction Adult Surface/subsurface soil Construction site soil Ingestion 
worker Adult Surface/subsurface soil Construction site soil Dermal 

Mullan Current and future Residential Resident	 Child 0 - 6 Groundwater Tap water Ingestion 
Child 0- 6/adult 7 -30 Groundwater Tap water Ingestion 
Child 0 - 6 Surface soil Yard soil/house dust Ingestion 
Child 0 - 6/adult 7 - 30 Surface soil Yard soil/house dust Ingestion 
Child 0 - 6 Surface soil Yard soil/house dust Dermal 
Child 0 - 6/adult 7 - 30 Surface soil Yard soil/house dust Dermal 



Table 349a (Continued) 
Summary of Exposure Pathways Quantified in HHRA 
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Mullan Current and future Neighborhood Neighborhood Child 4 - 1  1 Sediment 

recreational resident (Continued)	 Child 4 - 1  1 Sediment
 
Child 4 - 1  1 Surface soil
 
Child 4 - 1  1 Surface soil
 
Child 4 - 1  1 Surface water
 

Current and future Occupational	 Construction Adult Surface/subsurface soil 
worker Adult Surface/subsurface soil 

Blackwell Current and future Public Visitor Child 0 - 6 Soil/sediment 
Island recreational Child 0 - 6/adult 7 - 30 Soil/sediment 

Child 0 - 6 Soil/sediment 
Child 0 - 6/adult 7 - 30 Soil/sediment 

Current and future Public Visitor Child 0 - 6 Surface water
 
recreational Child 0 - 6/adult 7 - 30 Surface water
 

All Areas Current and future Residential Resident Child 0 - 6 Plant tissue
 
Child 0 - 6/adult 7 - 30 Plant tissue
 

Current and future Public Visitor Adult Animal tissue
 
recreational
 

"Vegetables and fish are listed separately under "All Areas." 
'Shown in Figure 3-1 
Exposures for children living in Osburn, Silverton, and Wallace 

Note: 
NS confluence - confluence of North Fork Coeur d'Alene River and South Fork Coeur d'Alene River 

. a :̂;:;. :•; ,; .;i^s«:H%ii»tJK ;?i:;:î |i:jii,
|̂4|il.-i A & ̂ iifti.ftpl^lf §* fillip 

South Fork Coeur d'Alene River Ingestion 
South Fork Coeur d'Alene River Dermal 
Waste piles Ingestion 
Waste piles Dermal 
South Fork Coeur d'Alene River Ingestion 
Construction site soil Ingestion 
Construction site soil Dermal 
Spokane River Ingestion 
Spokane River Ingestion 
Spokane River Dermal 
Spokane River Dermal 
Spokane River Ingestion 
Spokane River Ingestion 
Homegrown vegetables Ingestion 
Homegrown vegetables Ingestion 
Fish in lower Coeur d'Alene River Ingestion 



Table 3-195 Tribal Exposure Routes To Be Considered 

Traditional Subsistence Scenario 

I
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I
I
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Media 
Soil 

Sediment 

Air 
Seep/Spring Water 

Surface Water 

Biota 

Steam (sweating) 

Exposure Route
 
ingestion
 
Derma!
 

Inhalation
 
Ingestion
 
Dermal
 

Inhalation
 
Inhalation
 
Ingestion
 
Dermal
 

Inhalation
 
Ingestion
 
Dermal
 

Inhalation
 
Recreational ingestion
 

Fish
 
Water potatoes
 
Animal protein
 
Other organs
 
Upland birds
 

Waterfowl
 
Breast milk
 

Dermal
 
Inhalation
 

Quantified or qualified?
 
Quantified
 
Quantified
 
Qualified
 

Quantified
 
Quantified
 
Qualified
 
Qualified
 
Qualified
 
Qualified
 
Qualified
 

Quantified
 
Qualified
 
Qualified
 

Quantified
 
Quantified
 
Quantified
 
Qualified
 
Qualified
 
Qualified
 
Qualified
 
Qualified
 
Qualified
 
Qualified
 

Reasoning if not quantified 

insignificant pathway 

insignificant pathway 
insignificant pathway 

limited by available data 
limited by available data 

insignificant pathway 

insignificant pathway 
insignificant pathway 

for lateral lakes only 

limited by available data 
limited by available data 
limited by available data 
limited by available data 

insignificant pathway 
insignificant pathway 
insignificant pathway 

Modern Subsistence Scenario 
Media Exposure Route 
Soil Ingestion 

Dermal 
Inhalation 

Sediment Ingestion 
Dermal 

Inhalation 
Air Inhalation 
Seep/Spring Water Ingestion 

Dermal 
Inhalation 

Surface Water Ingestion 
Dermal 

Inhalation 
Biota Fish 

Water potatoes 
Animal protein 
Other organs
 
Upland birds
 
Waterfowl
 
Breast milk
 

Steam (sweating) Dermal 
Inhalation 

Quantified or qualified?
 
Quantified
 
Quantified
 
Qualified
 

Quantified
 
Quantified
 
Qualified
 
Qualified
 
Qualified
 
Qualified
 
Qualified
 

Quantified
 
Qualified
 
Qualified
 

Quantified
 
Quantified
 
Qualified
 
Qualified
 
Qualified
 
Qualified
 
Qualified
 
Qualified
 
Qualified
 

Reasoning if not quantified 

insignificant pathway 

insignificant pathway 
insignificant pathway 

limited by available data 
limited by available data 

insignificant pathway 

insignificant pathway 
insignificant pathway 
for lateral lakes only 

limited by available data 
limited by available data 
limited by available data 
limited by available data 

insignificant pathway 
insignificant pathway 
insignificant pathway 



Table 3-20
 
Summary of Exposure Point Concentrations for
 

Reasonable Maximum Exposure
 

••liliiiB 
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Lower Basin Yard soil mg/kg 8.25 48.53 6.87 37,703 2,292 - 1,199 

Tap water ug/L „ 0.97 — _ __ — _ 

Soil/sediment at lower Coeur d'Alene River mg/kg 23.22 119,45 35.05 105,451 9,886 _. 5,666 
Surface water at lower Coeur d'Alene River ug/L — 79,61 72.9 _ 16,651 4.5 — 
Construction site soil mg/kg 21.08 108.91 30.71 97,012 8,919 — 4,998 

Kingston Yard soil mg/kg 4.06 25,04 3.92 21,971 1,085 - 719 
Tap water ug/L ~ 0.405 __ __ — — _ 

Sediment at Pine Creek mg/kg 12.83 22,35 0.92 16,300 451.62 — 320.31 
Surface water at Pine Creek ug/L _ 0.73 1.08 _ 38.46 0.09 ~ 
Soil/sediment at NS confluence mg/kg 39.78 163.2 26.58 100,621 8,585 - 3,744 
Surface water at NS confluence "g/L - 134 83.8 - 9,470 4.6 -
Construction site soil mg/kg 6.86 34.6 5.1 29,003 1,693 .— 1,057 

Side Gulches Yard soil mg/kg 15.94 50.74 9.62 27,190 1,367 ._ 1,320 
Tap water ug/L _ 8.4 — — • • __ — 
Surface soil at Elk Creek mg/kg 54.9 98,5 64.5 99,928 9,280 — 6,130 
Sediment at Elk Creek mg/kg 27,84 77.74 38.38 35,970 2,223 5,031 
Surface water at Elk Creek ug/L — 32 60.3 — 8,570 3.5 — 

Osburn Yard soil mg/kg 12.54 46.74 5.25 22,488 1,199 - 597 
Tap water ug/L — 0.28 __ — — — — 

Silverton Yard soil mg/kg 8.9 21.46 5.44 20,198 1,068 .... 816 

Tap water ug/L __ 0.545 - ._ ... ... — 

Surface soil at upland parks/schools mg/kg 6.94 28.44 4.57 20,025 1,090 - 739 



Table 3-20 (Continued)
 
Summary of Exposure Point Concentrations for
 

Reasonable Maximum Exposure
 

Wallace	 Yard soil mg/kg 13.7 22.57 7.63 22,240 989 — 967 
Tap water Hg/L — 0.494 — — — — _. 

Surface soil at upland parks/schools mg/kg 18.22 27.65 10.72 28,639 1,502 — 1,921 
MidGradSegOl" Sediment at South Fork Coeur d'Alene River11 mg/kg 38.11 52.64 18.89 41,314 3,755 — 3,397 

Surface water at South Fork Coeur d'Alene Rivet* ug/L — 1.096 4.029 — 32.04 0.122 — 
Construction site soil mg/kg 9.26 27.31 5.21 21,860 1,129 — 752 

Nine Mile	 Yard soil mg/kg 11.94 41.62 6.52 23,311 1,250 — 1,159 
Tap water ug/L — 0.74 — — — — _ 

_Future tap water Ug/L 2.1 1.25 130.85 — — 19,756 
Waste piles mg/kg 42.34 518.49 31.67 43,032 1,721 — 6,196 
Sediment at Nine Mile/Canyon Creeks mg/kg 71.25 50.62 59.2 36,476 2,626 — 8,883 
Surface water at Nine Mile/Canyon Creeks Hg/L — 1.1 111.02 — 1,699 0.31 — 
Construction site soil mg/kg 10.61 24.97 6.54 21,976 1,135 — 1,070 

Mullan	 Yard soil mg/kg 20.05 39.04 6.39 24,742 1,628 — 1,375 
Tap water Rg/L _ 0.25 __ — — — — 
Waste piles mg/kg 20.3 42.1 13.8 33,200 2,750 2,880 — 

Sediment at South Fork Coeur d'Alene River mg/kg 4.46 15.89 19.83 47,300 5,233 — 4,017 
Surface water at South Fork Coeur d'Alene River ug/L — 0.6 1.24 — 18.96 0.086 — 
Construction site soil mg/kg 18.68 31.66 5.04 26,912 1,941 — 953 

Blackwell Soil/sediment at Spokane River mg/kg 3.195 50 13.4 48,881 3,666 — 1,800 
Island Surface water at Spokane River	 ug/L — 20.8 47.9 — 6,980 0.1 _ 



Table 3-20 (Continued) 
Summary of Exposure Point Concentrations for 

Reasonable Maximum Exposure____ 

All Homegrown vegetables mg/kg 0.025 0,319
 
geographical
 Fish from lower Coeur d'AIene River areas 

Bullhead mg/kg 0.008 0.052 
Northern pike mg/kg 0.006 0.133 

Perch mg/kg 0.037 0.089 

'Shown in Figure 3-1 
bExposures for children living in Osburn, Silverton, and Wallace 

Notes: 
— - not a COPC for this medium 
NS confluence - confluence of North Fork Coeur d'AIene River and South Fork Coeur d'AIene River 



Table 3-21
 
Number of Samples Used to Calculate Exposure Point Concentrations
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— — — 
Kingston 22 71 6 6 7 — 226 5 — 5 14 — 12 13 
Side Gulches 26 81 5 6 8 — — — — — — 5" 5 10 
Osburn 42 309 23 Tl 32 — —— c — — — — — — — 
Silverton 20 55 4 4 4 — —— c 151 464 — — — — — 
Wallace 14 82 8 8 I  I — —— c 68 202 — — — — _ 
MidGradSegOl c — — — — — 2,312 — __ — — — 56 21 
Nine Mile 33 222 18 23 26 80 677 — — — — 22 80 17 . 
Mullan 21 81 7 7 8 — 230 — — — — 5 67 14 
Blackwell Island 0 — — — — — — 7 — 7 14 — _ _ 

"Vacuum cleaner bag and floor mat data were not used directly in the calculations of exposure point concentrations (see text Section 3.3.1 and 7.3.1).
 
bGroundwater data are used to calculate a "future drinking water risk" for hypothetical residents in Nine Mile area.
 
The data from these areas are combined under MidGradSegOl for occupational exposures.
 
""These are surface soil samples from Elk Creek area, rather than waste pile data.
 
"Residential data from this segment are shown for the individual towns, i.e., Osburn, Wallace, and Silverton.
 
FSurface soil and sediment were combined for calculation of exposure pint concentrations.
 
Notes:
 
— - no data selected for use in risk assessment (data were either not available or not applicable)
 
GW - groundwater
 
SB - subsurface soil collected from more than 1 inch below ground surface :
 
SD - Sediment
 
SS - surface soil collected from 0 to 1 inch below ground surface
 
SW - surface water
 
TW - tap water
 



Table 3-22
 
Residential Exposure Factors
 

•••• t&;;;^ixM&$^;$M$iMii8% ?tf:'^<-:-r-x^!^->tx^ •':• 
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,'.,^,,..;^;',-.,, , , , . ._ . . , . . , . . - , , , Exposure • AssiiipllBi^^ir>l^^i^^^piil I:;l?!l;Si::l;;;:;':: 
Ingestion rate - adult (mg/day) 100 USEPA 199 la 50 USEPA 1993c 
Ingestion rate - child (mg/day) 200 USEPA 1991a 100 USEPA 1993c 
Exposure frequency (days/year) 350 USEPA 1991a 260 A 
Exposure duration - adult (years) 24 USEPA 1991a 7 USEPA 1993c 
Exposure duration - child (years) 6 USEPA 199 la 2 USEPA 1993c 
Conversion factor (kg/mg) l.OE-06 NA l.OE-06 NA 
Body weight - adult (kg) 70 USEPA 1991a 70 USEPA 199 la 
Body weight - child (kg) 15 USEPA 1991a 15 USEPA 199 la 
Averaging time - cancer (days) 25,550 USEPA 1989 25,550 USEPA 1989 
Averaging time - noncancer, child/adult (days) 10,950 USEPA 1989 3,285 USEPA 1989 
Averaging time - noncancer, child (days) 2,190 USEPA 1989 730 USEPA 1989 
Etpifî :̂ j8ijj{ l̂( :̂fe;̂ ^ îi.̂ || lt:il6iMi{sil:ifl ;taiS1Slf— ••'% 
Skin surface area - adult (cm2) 2,500 USEPA 1998e 2,500 USEPA 1998e 
Skin surface area - child (cm2) 2,200 USEPA 1998e 2,200 USEPA 1998e 
Adherence factor - adult (mg/cm2-event) 0.1 USEPA 1998e 0.1 USEPA 1998e 
Adherence factor - child (mg/cm2-event) 0.2 USEPA 1998e 0.2 USEPA 1998e 
Exposure frequency (events/year) 350 USEPA 199 la 260 A 
Exposure duration - adult (years) 24 USEPA 199 la 7 USEPA 1993c 
Exposure duration - child (years) 6 USEPA 1991a 2 USEPA 1993c 
Body weight - adult (kg) 70 USEPA 199 la 70 USEPA 199 la 
Body weight - child (kg) 15 USEPA 1991a 15 USEPA 199 1 a 
Dermal absorption factor (unitless) Chem. specific USEPA 1998e Chem. specific USEPA 1998e 
Conversion factor (kg/mg) l.OE-06 NA l.OE-06 NA 
Averaging time - cancer (days) 25,550 USEPA 1989 25,550 USEPA 1989 
Averaging time - noncancer, child/adult (days) 10,950 USEPA 1989 3,285 USEPA 1989 
Averaging time - noncancer, child (days) 2,190 USEPA 1989 730 USEPA 1989 

:-x;;>-:> : ;•;•:•: ̂ >.x^;-^-¥fe^xv---:- ;p«S'fi-:«fiaiVW;.:.5-.-~-.-.;:;-=',; ; "•;-;----T> " "•' ' vv:,:<: vf:? ' *':'••f^s^xsi^i^ssvlm^&M^^^sis^^:iX^^j^i ^fejS :̂::;̂  -','.',-'.','.•".'.'•-- ''•"'"•' " '--' ' ' 

Ingestion rate - adult (L/day) 2 USEPA 199Ia 1.4 USEPA 1993c 
Ingestion rate - child (L/day) 1 USEPA 1999c 1 USEPA 1999a 
Exposure duration - adult (years) 24 B 7 USEPA 1993c 
Exposure duration - child (years) 6 B 2 USEPA 1993c 
Body weight - adult (kg) 70 USEPA 199 la 70 USEPA 1991a 
Body weight - child (kg) 15 USEPA 199 la 15 USEPA 199 la 
Exposure frequency (days/year) 350 USEPA 1991a 234 USEPA 1993c 
Conversion factor (mg/ug) l.OE-03 NA l.OE-03 NA 
Averaging time - cancer (days) 25,550 USEPA 1989 25,550 USEPA 1989 
Averaging time - noncancer, child/adult (days) 10,950 USEPA 1989 3,285 USEPA 1989 
Averaging time - noncancer, child (days) 2,190 USEPA 1989 730 USEPA 1989 
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Table 3-22 (Continued) 
Residential Exposure Factors 
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Intake rate of homegrown vegetables (g/kg-day) 5.04 C 0.492 c 
Exposure frequency (days/year) 365 D 365 D 
Exposure duration (years) 30 USEPA 199 la 9 USEPA 1993c 
Conversion factor (kg/g) l.OE-03 NA l.OE-03 NA 
Averaging time - cancer (days) 25,550 USEPA 1989 25,550 USEPA 1989 
Averaging time -noncancer (days) 10,950 USEPA 1989 3,285 USEPA 1989 

Notes: 
A - Exposure frequency was based on 3 months limited soil exposure due to snow-covered or frozen ground. 
B - USEPA 199 la recommends an adult/child exposure duration of 24/6 years for ingestion of soil; for consistency, 
an exposure duration of 24/6 years was selected for ingestion of tap water. 
C - Ingestion rate is seasonally adjusted and incorporates the body weights of all participants in the study 
(children and adults) from USEPA 1997a. 
D - Ingestion rate of vegetables is an average daily consumption rate; therefore, 365 days/year was selected as the 
frequency of exposure for both the RME and CT cases. 

N/A - not applicable 



Table 3-23
 
Neighborhood Recreational Exposure Factors
 

' ' . >'••/ '• 'T.;.:;-^;i-?^:?h:!;i;:;r^^^Pi^^^^ iiispoiiiS:; . . . . "or ....":::.;
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Sx|wSiire:̂ 58H!$̂  
Ingestion rate (mg/day) 300 A 120 A 
Exposure frequency (days/year) 17 B 8.5 B 
Exposure duration (years) 7 C 2 USEPA 1993c 
Conversion factor (kg/mg) l.OE-06 NA i.OE-06 NA 
Body weight (kg) 28 D 28 D 
Averaging time - cancer (days) 25,500 USEPA 1989 25,550 USEPA 1989 
Averaging time - noncancer (days) 2,555 USEPA 1989 730 USEPA 1989 
lExpsiire^tt&piSa^^ ;%; •. - ., ..;-.. .,:.......::....... . ; 
Skin surface area (cm2) 5,080 USEPA 1997a 5,080 USEPA 1997a 
Soil to skin adherence factor (mg/cm2-event) 0.2 USEPA 1998e 0.2 USEPA 1998e 
Dermal absorption factor (unitless) Chem. specific USEPA 1998e Chem. specific USEPA 1998e 
Exposure frequency (events/year) 34 E 17 E 
Exposure duration (years) 7 C 2 USEPA 1993c 
Conversion factor (kg/mg) l.OE-06 NA l.OE-06 NA 
Body weight (kg) 28 D 28 D 
Averaging time - cancer (days) 25,550 USEPA 1989 25,550 USEPA 1989 
Averaging time - noncancer (days) 2,555 USEPA 1989 730 USEPA 1989 
Exposure1j^2ssBiB^ilb»fe;-iSt''ffi®i^^i,iSr!!Cfe«aSi^K1fi J^iii8.Mid?(^aJr;fil^idl^I^ni,CJreek Area) 
Ingestion rate (mg/day) 300 A 120 A 
Exposure frequency (days/year) 34 F 17 F 
Exposure duration (years) 7 C 2 USEPA 1993c 
Conversion factor (kg/mg) l.OE-06 NA l.OE-06 NA 
Body weight (kg) 28 D 28 D 
Averaging time - cancer (days) 25,500 USEPA 1989 25,550 USEPA 1989 
Averaging time - noncancer (days) 2,555 USEPA 1989 730 USEPA 1989 
•JBxpsi! :̂̂  Area) 
Skin surface area (cm2) 5,080 USEPA 1997a 5,080 USEPA 1997a 
Soil to skin adherence factor (mg/cm2-event) 0.2 USEPA 1998e 0.2 USEPA 1998e 
Dermal absorption factor (unitless) Chem. specific USEPA 1998e Chem. specific USEPA 1998e 
Exposure frequency (events/year) 68 G 34 G 
Exposure duration (years) 7 C 2 USEPA 1993c 
Conversion factor (kg/mg} l.OE-06 NA l.OE-06 NA 
Body weight (kg) 28 D 28 D 
Averaging time - cancer (days) 25,550 USEPA 1989 25,550 USEPA 1989 
Averaging time - noncancer (days) 2,555 USEPA 1989 730 USEPA 1989 
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Table 3-23 (Continued)
 
Neighborhood Recreational Exposure Factors
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Ingestion rate (mg/day) 300 A 120 A 
Exposure frequency (days/year) 21 H 10 H 
Exposure duration (years) 7 C 2 USEPA 1993c 
Conversion factor (kg/mg) l.OE-06 NA l.OE-06 NA 
Body weight (kg) 28 D 28 D 
Averaging time - cancer (days) 25,500 USEPA 1989 25,550 USEPA 1989 
Averaging time - noncancer (days) 2,555 USEPA 1989 730 USEPA 1989 

Skin surface area (cm2) 5,080 I 5,080 I 
Soil to skin adherence factor (mg/cm2-event) 0.2 USEPA 1998e 0.2 USEPA 1998e 
Dermal absorption factor (unitless) Chem. specific USEPA I998e Chem. specific USEPA 1998e 
Exposure frequency (events/year) 96 J 48 J 
Exposure duration (years) 7 C 2 USEPA 1993c 
Conversion factor (kg/mg) l.OE-06 NA l.OE-06 NA 
Body weight (kg) 28 D 28 D 
Averaging time - cancer (days) 25,550 USEPA 1989 25,550 USEPA 1989 
Averaging time - noncancer (days) 2,555 USEPA 1989 730 USEPA 1989 

Ingestion rate (mL/hour) 30 USEPA 1998d 30 USEPA 1998d 
Exposure time (hours/day) 1 USEPA 1997a 1 USEPA 1997a 
Exposure frequency (days/year) 96 I I 
Exposure duration (years) 7 C 2 USEPA 1993c 
Conversion factor (mg/ug) 0.001 NA 0.001 NA 
Conversion factor (L/mL) 0.001 NA 0.001 NA 
Body weight (kg) 28 D 28 D 
Averaging time - cancer (days) 2.6E+04 USEPA 1989 2.6E+04 USEPA 1989 
Averaging time - noncancer (days) 2,555 USEPA 1989 730 USEPA 1989 

Notes: 
A - The RME value of 300 mg/day is the 90th percentile soil intake from van Wijnen (1990); the CT value of 
120 mg/day is the mean soil intake from the same study, as cited in USEPA 1999d.
 
B - Exposure frequency for the RME is calculated as 34 weeks/year x 7 hours/day x 1 day/week /14 hours/day =17
 
days/year; for the CT as 34 weeks/year x 7 hours/day x once every other week, 0.5/14 hours/day = 8.5 days/year.
 
C - Neighborhood exposure assumes children ages 4 to 11 playing in the waste piles.
 
D - Value is the 50th percentile for boys and girls, ages 4 to 11.
 
E - Exposure frequency for the RME is calculated as 34 weeks/year x 1 event/week = 34 events/year; for the CT as
 
34 weeks/year x once every other week =17 events/year.
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Table 3-23 (Continued) 
Neighborhood Recreational Exposure Factors • 

F - Exposure frequency for the RME is calculated as 34 weeks/year x 7 hours/day x 2 days/week / 14 hours/day =
 
34 days/year, assuming weekend outdoor exposure. Exposure frequency for the CT is calculated as 34 weeks/year x _
 
7 hours/day x I day/week / 14 hours/day =17 days/year. •
 
G - Exposure frequency for the RME is calculated as 34 weeks/year x 2 events/week = 68 events/year; for the CT as ™
 
34 weeks/year x I event/week = 34 events/year.
 
H - Exposure frequency for the RME is calculated as 24 weeks/year x 3 hours/day x 4 days/week / 14 hours/day = •
 
21 days/year (3 hours/day is the high end of the 50th percentile range (1 to 3 hours/day) from USEPA I997a), j§
 
Exposure frequency for the CT is calculated as 24 weeks/year x 3 hours/day x 2 days/week / 14 hours/day = 10
 
days/year. «
 
I - Exposure frequency for the RME is calculated as 24 weeks/year x 4 events/week = 96 events/year; for the CT as •
 
24 weeks/year x 2 events/week = 48 events/year.
 
J - At the Lower Basin and Kingston (NS confluence), a skin surface area of 7,960 cm2 was used to reflect the
 
possibility that swimming and, therefore, exposure of the entire body to contaminants in sediment could occur at I
 
these locations. It was assumed that swimming would occur during 16 weeks of the year (the warmest months), •
 
while wading and playing along the shoreline without swimming would occur during 8 weeks of the year. The
 
median skin surface area for male children ages 4 to 11 is 9,400 cm2 (USEPA 1997a). The skin surface area was •
 
calculated as follows: ((16 weeks x 9,400 cm2) + (8 weeks x 5,080 cm2)) / 24 weeks = 7,960 cnr. |
 

NA - not available 



Table 3-24
 
Public Recreational Exposure Factors
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IlliiiliiiiilltiiiiiliiSiliiilllll
 

Ingestion rate - adult (mg/day) 
Ingestion rate - child (mg/day) 
Exposure frequency - adult (days/year) 
Exposure frequency - child (days/year) 
Exposure duration - adult (years) 
Exposure duration - child (years) 
Conversion factor (kg/mg) 
Body weight - adult (kg) 
Body weight - child (kg) 
Averaging time - cancer (days) 
Averaging time - noncancer, child/adult (days) 
Averaging time - noncancer, child (days) 

Skin surface area - adult (cm2) 
Skin surface area - child (cm2) 
Adherence factor - adult (mg/cm2-event) 
Adherence factor - child (mg/cm2-event) 
Exposure frequency (events/year) 
Exposure duration - adult (years) 
Exposure duration - child (years) 
Body weight - adult (kg) 
Body weight - child (kg) 
Dermal absorption factor (unitless) 
Conversion factor (kg/mg) 
Averaging time - cancer (days) 
Averaging time - noncancer, child/adult (days) 
Averaging time - noncancer, child (days) 

Ingestion rate - adult (mg/day) 
Ingestion rate - child (mg/day) 
Exposure frequency (days/year) 
Exposure duration - adult (years) 
Exposure duration - child (years) 
Conversion factor (kg/mg) 
Body weight - adult (kg) 
Body weight - child (kg) 
Averaging time - cancer (days) 
Averaging time - noncancer, child/adult (days) 

100
 
300
 
30
 
34
 
24
 
6
 

l.OE-06
 
70
 
15
 

25,550 
10,950 
2,190 

2,500
 
2,200
 

0.1
 
0.2
 
68
 
24
 
6
 
70
 
15
 

Chem. specific
 
I.OE-06
 
25,550
 
10,950
 
2,190 

100
 
300
 
32
 
24
 
6
 

l.OE-06
 
70
 
15
 

25,550
 
10,950
 

USEPA 199 la
 
A
 
B
 
B
 

USEPA 199 la
 
USEPA 199 la
 

NA 
USEPA 199 la 
USEPA 199 la 
USEPA 1989 
USEPA 1989 
USEPA 1989 

USEPA 1998e
 
USEPA 1998e
 
USEPA 1998e
 
USEPA 1998e
 

C
 
USEPA 199 la
 
USEPA 199 la
 
USEPA 1 99 la
 
USEPA 199 la
 
USEPA 1998e
 

NA
 
USEPA 1989
 
USEPA 1989
 
USEPA 1989
 

USEPA 199 la
 
A
 
D
 

USEPA 1 99 la
 
USEPA 199 la
 

NA
 
USEPA 199 la
 
USEPA 199 la
 
USEPA 1989
 
USEPA 1989
 

50
 
120
 
15
 
17
 
7
 
2
 

l.OE-06
 
70
 
15
 

25,550
 
3,285
 
730
 

2,500
 
2,200 

0.1 
0.2 
34 
7 
2
 
70
 
15
 

Chem. specific
 
l.OE-06
 
25,550
 
3,285
 
730
 

50
 
120
 
16
 
7
 
2
 

l.OE-06
 
70
 
15
 

25,550
 
3,285
 

USEPA 1993c
 
A
 
B
 
B
 

USEPA 1993c
 
USEPA 1993c
 

NA 
USEPA 199 la 
USEPA 199 la 
USEPA 1989 
USEPA 1989 
USEPA 1989 

USEPA 1998e 
USEPA 1998e 
USEPA 1998e 
USEPA 1998e 

C 
USEPA 1993c 
USEPA 1993c 
USEPA 1991a 
USEPA 199 la 
USEPA 1998e 

NA 
USEPA 1989 
USEPA 1989 
USEPA 1989 

USEPA 1993c
 
A
 
D
 

USEPA 1993c
 
USEPA 1993c
 

NA
 
USEPA 199 la
 
USEPA 199 la
 
USEPA 1989
 
USEPA 1989 



Table 3-24 (Continued)
 
Public Recreational Exposure Factors
 

=• ^-at,,,, . . 
;;*;K;:' .:.' • -..; -;3^al8efJ- '•• :!'.•!^Jfefe&sefc:'/': .....lvalue........... Reference 

Averaging time - noncancer, child (days) j 2,190 j USEPA 1989 730 | USEPA 1989 
^fW^are AssftWp&airife^ ., - ' . : . . : : . : . . . . : ; 
Skin surface area - adult (cm2) 
Skin surface area - child (cm2) 
Adherence factor - adult (mg/cm2-event) 
Adherence factor - child (mg/cm2-event) 
Exposure frequency (events/year) 
Exposure duration - aduit (years) 
Exposure duration - child (years) 
Body weight - adult (kg) 
Body weight - child (kg) 
Dermal absorption factor (unitless) 
Conversion factor (kg/mg) 
Averaging time - cancer (days) 
Averaging time - noncancer, child/adult (days) 
Averaging time - noncancer, child (days) 

18,000
 
6,500
 

0.1
 
0.2
 
32
 
24
 
6
 
70
 
15
 

Chem. specific
 
l.OE-06
 
25,550
 
10,950
 
2,190
 

USEPA 1998e
 
USEPA 199Se
 
USEPA 1998e
 
USEPA 1998e
 

D
 
USEPA 199 la
 
USEPA 199 la
 
USEPA 199 la
 
USEPA 1991a
 
USEPA 1998e
 

NA
 
USEPA 1989
 
USEPA 1989
 
USEPA 1989
 

18,000
 
6,500
 
0.1
 
0.2
 
16
 
7
 
2
 
70
 
15
 

Chem. specific
 
l.OE-06
 
25,550
 
3,285
 
730
 

USEPA 1998e
 
USEPA 1998e
 
USEPA 1998e
 
USEPA 1998e
 

D
 
USEPA 1993c
 
USEPA 1993c
 
USEPA I991a
 
USEPA 199 la
 
USEPA 1998e
 

NA
 
USEPA 1989
 
USEPA 1989
 
USEPA 1989
 

Ej^nWAiiJ^pisS^^ 
Ingestion rate (mL/hour) 
Exposure time (hours/day) 
Exposure duration - adult (years) 
Exposure duration - child (years) 
Body weight - aduit (kg) 
Body weight - child (kg) 
Exposure frequency (days/year) 
Conversion factor (mg/}ig) 
Averaging time - cancer (days) 
Averaging time - noncancer, child/adult (days) 
Averaging time - noncancer, child (days) 

30
 
1
 

24
 
6
 
70
 
15
 
32
 

l.OE-03
 
25,550
 
10,950
 
2,190
 

USEPA 1998d
 
USEPA 1997a
 

E
 
E
 

USEPA 199 la
 
USEPA 199 la
 

D
 
NA
 

USEPA 1989
 
USEPA 1989
 
USEPA 1989
 

30
 
1
 
7
 
2
 
70
 
15
 
16
 

l.OE-03
 
25,550
 
3,285
 
730
 

USEPA 1998d
 
USEPA 1997a
 
USEPA 1993c
 
USEPA 1993
 
USEPA 199 la
 
USEPA 199Ia
 

D
 
NA
 

USEPA 1989
 
USEPA 1989
 
USEPA 1989
 

•Exi»osarC^unjp»:« 
Ingestion rate offish (g/day) 46 ATSDR 1989 25 USEPA 1997a 
Exposure frequency (days/year) 365 F 365 F 
Exposure duration (years) 30 USEPA 1991a 9 USEPA 1993c 
Conversion factor (kg/g) l.OE-03 NA i.OE-03 NA 
Averaging time - cancer (days) 25,550 USEPA 1989 25,550 USEPA 1989 
Averaging time -noncancer (days) 10,950 USEPA 1989 3,285 USEPA 1989 

Notes: 
A - The RME value of 300 mg/day is the 90th percentile soil intake from van Wijnen (1990); the CT value of 
120 mg/day is the mean soil intake from the same study, as cited in USEPA 1999d. 
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Table 3-24 (Continued)
 
Public Recreational Exposure Factors
 

B - RME exposure frequency for adult: 34 weeks/year x 7 hours/day x 2 days/week /16 hours/day = 30 days/year;
 
for child: 34 weeks/year x 7 hours/day x 2 days/week / 14 hours/day = 34 days/year. Two days/week assumes
 
weekend outdoor exposure. The CT exposure frequency for adults is: 34 weeks/year x 7 hours/day x 1 day/week /
 
16 hours/day =15 days/year; for a child, 34 weeks/year x 7 hours/day x 1 day/week /14 hours/day = 17 days/year.
 
C - Exposure frequency for the RME is calculated as 34 weeks/year x 2 events/week = 68 events/year; for the CT as
 
34 weeks/year x 1 event/week = 34 events/year.
 
D - Professional judgement
 
E - USEPA I991a recommends an adult/child exposure duration of 24/6 years for ingestion of soil; for consistency,
 
an exposure duration of 24/6 years was selected for ingestion of tap water.
 
F - Ingestion rate offish is an average daily consumption rate; therefore, 365 days/year was selected as the
 
frequency of exposure for both the RME and CT cases.
 

NA - not available 



Table 3-25
 
Occupational Exposure Factors
 

• •;. ''•;*; . '•.'.•'•f".-".-.-:-f^f^M:^-i»(,^:*f'SSM-. 

. . f^^r^'^ira&etijf:.;. . .;:;,;,..:;^-A» 
_, , . . . ' . ' . / . ' , ' , , , , . . , , , , " : , . . . !,-;;,',\.-'.-ji±. >':>;<* ; \;XvAfcf ,v..-,'.;̂ .- •'••'•• .\^\.v£'&'\*&i&\_*$&,£*^Expesare AssaiBpiisasifisrvInge^^ 
Ingestion rate (ing/day) 
Exposure frequency (days/year) 
Exposure duration (years) 
Conversion factor (kg/mg) 
Body weight (kg) 
Averaging time - cancer (days) 
Averaging time - noncancer (days) 
ExfMjsureAssatiij^^
Skin surface area (cm2) 
Soil to skin adherence factor (mg/cm2-event) 
Dermal absorption factor (unitless) 
Exposure frequency (events/year) 
Exposure duration (years) 
Conversion factor (kg/mg) 
Body weight (kg) 
Averaging time - cancer (days) 
Averaging time - noncancer (days) 

Notes: 
A - professional judgement 
NA - not available 

:S^S^Mf&;My :•;•; v-. ̂ j; ; v--;.;.;,:: '• \ .>;,; .>;: :;r;";;;:;:|*iatoes-;'';-::';::; 

300
 
195
 
25
 

l.OE-06
 
70
 

25,500
 
9,125
 

2,500
 
0.1
 

Chem. specific
 
195
 
25
 

l.OE-06
 
70
 

25,550
 
2,555
 

;X',';VL"-:":":-'f;V^ •'.-' .'°V;:'':V '' ;'

z-"!8£8i&8e&"v 

USEPA 1999d
 
A
 

USEPA 199 la
 
NA
 

USEPA 199 la
 
USEPA 1989
 
USEPA 1989
 

USEPA 1998e
 
USEPA 1998e
 
USEPA !998e
 

A
 
USEPA 1991a
 

NA
 
USEPA 1991a
 
USEPA 1989
 
USEPA 1989
 

CT Value 

200
 
43
 
6.6
 

l.OE-06
 
70
 

25,550
 
2,409
 

 ••. . , .
2,500 

0.1
 
Chem. specific
 

43
 
6.6
 

i.OE-06
 
70
 

25,550
 
730
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Referenc* 

USEPA 1999d 
A 

USEPA I997a 
NA 

USEPA 199 la 
USEPA 1989 
USEPA 1989 
. --———— -
USEPA 1998e 
USEPA 1998e 
USEPA I998e 

A 
USEPA 1997a 

NA 
USEPA 199 la 
USEPA 1989 
USEPA 1989 
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Media 

Soil 

Sediment 

Exposure 
Route
 

Ingestion
 

Ingestion 

Dermal 

Dermal 

Ingestion 

Ingestion 

Dermal 

Dermal 

Table 3-26a Traditional Subsistence Scenario Exposure Factors 

Age Group 

Child 

Adult 

Child 

Adult 

Child 

Adult 

Child 

Adult 

Intake/ 
Contact Rate 

(per day) 

300 mg 

300 mg 

0.8 mg/cm2 

0.8 mg/cm2 

300 mg 

300 mg 

0.8 mg/cm2 

0.8 mg/cm2 

Exposure 
Frequency 
(days/year) 

365
 

365
 

365
 

365
 

210
 

210
 

210
 

2!0 

Exposure 
Duration 
(years) 

6
 

64
 

6
 

64
 

6
 

64
 

6
 

64
 

Other 
Parameters 

-

2200 cm2 

2500 cm2 

-

-

6500 cm2 

18.000cm2 

Other 
Parameters
 
Definitions
 

• 

Skin surface 
area 

Skin surface 
area 

-

-

Skin surface 
area 

Skin surface 
area 

Comments 
Ingestion rate is derived from a study ol 
children at campgrounds as cited in 
EPA Region 10 Guidance (1999c). 

Ingestion rate is derived from a study of 
children at campgrounds as cited in 
EPA Region 10 Guidance (1999c). 
EPA also recommends this value for a 
"soil contact intense" adult exposure 
scenario. 
Contact value is average surface area of 
head, forearms, hands, lower legs, and 
feet of 0-6 year old children. 

Contact value is average surface area of 
face, hands, and forearms for adults. 

Child ingestion rate derived from
 
studies at campgrounds. Assumes 214
 
days per year based on 7 months (April
 
through October) due to weather
 
constraints.
 
EPA Region 10 recommends 300
 
mg/day for a "soil contact intense"
 
adult exposure scenario. Assumes 214
 
days per year based on 7 months (April
 
through October) due to weather
 
constraints.
 
Contact value is derived from a study 
conducted by Kissel et ai (Ref by EPA
 
1997a). 6500 cm2 assumes full body
 
exposure for children. Assumes 2 1 4
 
days per year based on 7 months (April
 
through October) due to weather
 
constraints.
 
Contact value is derived from a study 
conducted by Kissel et al (Ref by EPA
 
1997a). 1 8000 cm2 assumes full body
 
exposure for adults. Assumes 2 14 days
 
per year based on 7 months (April
 
through October) due to weather
 
constraints.
 



I 
Table 3-26a Traditional Subsistence Scenario Exposure Factors (continued) I 

Intake/ Exposure Exposure Other
 
Exposure Contact Rate Frequency Duration Other Parameters
 

Media Route Age Group (per day) (days/year) (years) Parameters Definitions Comments
 I
Assumes 1,5 L of undilutoSunfUtered 

Ingestion Chiid 1.5 L 365 6 - surface water is consumed daily. -

Assumes 3 L of undHuted/unfiltered ISurface Water Ingestion Adult 3L 365 64 -  surface water is consumed daily. 
30 mL/hour is the EPA default vziue 

Recreational . .Child'Adalt 30mL/hr 210 70 for incidents! ingestion of surface 
Ingestion water. I540 g r epresems a reasonable 

maximum intake based upon several 
540 g sources/surveys. 540 g is equivalent to 

(total wet 70 Fish Child/Adult 365 - - approximately 1/3 of the adult daily 
weight) Idiet (800-1000 kcal/day depending 

upon species). Biota
 
Fruit and 574 grams per day for a 70 kg adult
 

Vegetation based on Umatilia estimate (CRCRA
 I{includes Child/Adult 8.2 g/kg 365 70 _ _ 1996); equivalent to 8.2 grams per 
Sagitlaria kilogram per day. 

spp.) I
mg: milligram 
mg/cma: milligrams per square centimeter 
m3: cubic meter 
L; liter I 
hr: hour 
g: gram 
kg: kilogram ImL/day: mHiiliter per day
cm2: square centimeter 
Hg/m3: micrograms per cubic meter 
cm3: cubic centimeter I 
Um': liter per cubic meter 
kcal: kilocalorie I
 

I
 
I 
I
 
I
 
I 
I 
I 
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Table 3-26b Modern Subsistence Scenario Exposure Factors 

Pathways 
Intakef 

Exposure CoaUct Rate 
Media Route Age Groetp (per day) 

Ingestjon Child 300 mg 

Ingestion Adult 300 mg 

Soil 

Dermal Child 0,3 mg/cm2 

Dermal Adult 0,8 mg/cm2 

Ingestion Child 300 mg 

Ingestion Adult 300 mg 

Sediment 

Dermal Child 0.8 mg/cm2 

Dermal Adult 0.8 mg/cm2 

Exposure 
Frequemcy 
(days/year) 

61 

61 

61 

61 

61 

61 

61 

61 

Exposure Parameters 

skin surface area. Limited to 1 22 

Exposure Other 
Daratioa Other Parameter 
(years) Parameters Definitions Comments 

Ingestion rate is derived from a 
studv of cnrldren at campgrounds as 
cited tn EP\ Region SO Guidance. 

6 . . Limited to 122 dav annual exposure 
during rhe warmest 4 months of the 
year (June through September) 

Ingestion rate is derived from a 
study of children at campgrounds as 
cited in EPA Region 10 Guidance 
( !99Qc) EP \ also recommends this 

64 - -
vaiue for a "TOI! contact intense* 
adult exposure scenario. Limned to 
122 dav annual exposure during the 
warmest 4 monihs of the year (June 
through September) 

Contact '.aiue is average surface 
area of head, forearms, hands. lower 
legs, and feet of O-o year old 

6 2300 cm2 Skin surface area children. Limited to 122 dav annual 
exposure during the warmest 4 
months of the year (June through 
Seotember ). 

Contact value is derived from a 
study conducted by Kissel <S a! ( Ref 
by EPA i997a). 5000 cm2 

64 5700 cm2 Skin surface area 
represents ZS% of the total available 

day annual exposure during the 
warmest 4 months of the year (June 
through September}. 

Child mgesuon rate derived from 
studies at campgrounds. Assumes 

6 - _ 122 days per vear based on 4 months 
due to weather constraints. 

EPA Region i 0 recommends 300 
mg/'day for a "soil contact intense" 
adult exposure scenario. Limited to 

64 -  122 day annual exposure during the 
warmest 4 months of the year (June 
hrough September}. 

Contact value is derived from 3 
study conducted by KisseJ et a! (Ref 
jy EPA I997a). 6500 cm" assumes 

6 6500cm2 Skin surface area	 •uil body exposure for children. 
Assumes 1 22 days per year based on 
4 months due to weather constraints. 

Contact vaiue is derived from a 
study conducted by Kissel et al ( Ref 
by£PAf997a>, 18000cm" 

64 18,000cm2 Skin surface area assumes full body exposure for 
adults. Assumes 122 davs per year 
jased on 4 months due to weather 

constraints. 



Table 3-26b Modern Subsistence Scenario Exposure Factors (continued) 

Pathways 
Imttlttf 

Exposure OccUetRite 
Media Scale Age Grovp {perdjyi 

Ingesuart Chtid !.SL 

Surface Water 

Ingessori Adult 3L 

Recreational Chiid/Aduit 30 mLAr Ingestion 

170 g 
Fish ChiidMduit (total wet 

weight) 

Biota 
Frail and 

Vegetation ChiWAdutt 1.6g^g (includes 
SsgstSaiia spp, ) 

mg: milligram 
mgfera2: miiligrams per square eenameier 
m3: cubic meter 
L: Kter 
hn hour 
ft gram 
kg: kilogram 
mlVday: miDHsterperiiay 
cm2: square centimeter 
jig/m3: microgiams per cubic meter 
cm3: cubic centimeter 
Um : liter per cubic meter 
kcal: kilocalorie 

Exposure 
?reqae«cy 
{dayi/vort 

61 

«! 

61 

365 

365 

Exposure Pmauten 
Exposure 
D»ntica Otter 
{ran) Pinntttn 

6 

64 

70 

70 -

70 

Otter 
Farmmetec
 
Deil*itioas
 

-


-

-

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
 

COM sot 71 u 
Assumes I 5 L of 
un4tlu:ed^unf{![efed surface water is 
consumed daily while tn the Held. 
Limited to 122 day annual exposure 
during ihe wannest •* tnonths of the 
year < June through September), 

Assumes 3 L oftiodiUited/unfntered 
surface water ts consumed daily 
whtie m the lield. Limited U) 122 
day annua! exposure during the 
warmest £ months of the year {June 
through September) 

30 mLhoor is the EPA Jetbaii vilut 
for incidental ingesuort of surface 
w^ter. 

95th percentiie consumptsort rate tor 
4 Columbia River tribes, a» 
presented m EPA's Exposure Fsctor; 
Handbook 
Value represents 20H of the 
traditionaj subsistence irtgestion rate 
of S.2g/^g-day 



4.0 Human Health 
Toxicity Assessment 
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4.0 HUMAN HEALTH TOXICITY ASSESSMENT
 

The purpose of the toxicity assessment is to weigh the available and relevant evidence regarding 
the potential for chemicals to cause adverse health effects to exposed individuals, and to provide 
a quantitative estimate of the relationship between the magnitude of exposure and the likelihood 
of adverse effects (USEPA 1989). This section summarizes the potential toxic effects of each 
chemical of concern as well as the relevant toxicity criteria that are used to assess the risks 
associated with the dose of the COPCs. A fundamental principle of toxicology is that the dose 
determines the severity of the effect. Accordingly, the toxicity criteria describe the quantitative 
relationship between the dose of a chemical and the type and incidence of the toxic effect. This 
relationship is referred to as the dose-response. The types of toxicity criteria are described below 
followed by brief discussions of specific criteria and associated health effects for each COPC. 
More detailed discussions of toxicity criteria for each metal are provided in Appendix H. 
Table 4-1 and Tables 5.1, 5.2, 6.1 and 6.2 in Appendix A summarize the toxicity criteria used in 
this assessment. 

4.1 ORAL TOXICITY CRITERIA 

A dose-response evaluation is the process of quantitatively evaluating toxicity information and 
characterizing the relationship between the dose of the chemical and the incidence of adverse 
health effects in the exposed population. From this quantitative dose-response relationship, 
toxicity criteria are derived that can be used to estimate the potential for adverse health effects as 
a function of exposure to the chemical. Toxicity values are combined with the summary intake 
factors calculated in Section 3 and are used to calculate human risks for various exposure 
scenarios. Exposure to chemicals can result in cancer or noncancer effects, which are 
characterized separately. Essential dose-response criteria are the EPA slope factor (SF) values 
for assessing cancer risks and the EPA-verified RfD values for evaluating noncancer effects. 
These criteria are from the EPA's online database, Integrated Risk Information System (IRIS) 
(USEPA 2QOOa). Where IRIS criteria were not available (only iron), other EPA sources of 
toxicity criteria were investigated. 

4.1.1 Cancer Effects 

The cancer SF (in units of (mg/kg-day)"1) expresses excess cancer risk as a function of dose. The 
dose-response model is based on high- to low-dose extrapolation, and assumes that there is no 
lower threshold for the initiation of toxic effects. Specifically, cancer effects observed at high 
doses in laboratory animals or from occupational or epidemiological studies are extrapolated, 
using mathematical models, to low doses common to environmental exposures. These models 
are essentially linear at low doses, such that no dose is without some risk of cancer. SFs have 
been developed by the EPA for both the oral (ingestion) and inhalation routes of exposure. Only 
oral SFs were used in the HHRA Report. 

The SF for arsenic, the only established human carcinogen evaluated in this risk assessment, is 
based on human epidemiologic studies and real environmental exposures. The EPA has 
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classified arsenic as a proven human carcinogen. Some of the other metals of concern are • 
classified as a probable or possible human carcinogen by EPA, but human data are limited or 
inadequate to classify them as a known (or proven) human carcinogen. Therefore, there are no • 
corresponding Cancer Slope Factors for these COPCs, anda quantitative evaluation of possible | 
associated cancers risk is not possible. 

4.1,2 Noneancer Effects I 

Chronic RfDs are defined as an estimate of a daily exposure level for the human population, I 
including sensitive populations, that is likely to be without appreciable risk of noncancer effects • 
during a lifetime of exposure (USEPA 1989). Chronic RfDs are specifically developed to be 
protective for long-term exposure to a chemical and are generally used to evaluate the potential I 
noncancer effects associated with exposure periods of 7 years to a lifetime. RfDs are expressed 
as mg/kg-day and are calculated using lifetime average body weight and intake assumptions. _ 

RfD values are derived from experimental data on the no-observed-adverse-effect level 
(NOAEL) or lowest-observed-adverse-effect level (LOAEL) in animals or humans. The NOAEL « 
is the highest tested chemical dose given to animals or humans that has not been associated with gj 
any adverse health effects. The LOAEL is the lowest chemical dose at which health effects have 
been reported. RfDs are calculated by dividing the NOAEL or LOAEL by a total uncertainty • 
factor, which represents a combination of individual factors for various sources of uncertainty • 
associated with the database for a particular chemical or with the extrapolation of animal data to 
humans. RfDs and associated uncertainty factors for each chemical are discussed in Section 4.3. H 
IRIS also assigns a level of confidence in the RfD. The level of confidence is rated as either • 
high, medium, or low based on confidence in the study and in the database. RfDs have been 
developed by the EPA for both the oral (ingestion) and inhalation routes of exposure. Only oral • 
RfDs were used in this HHRA. " 

4.2 DERMAL TOXICITY CRITERIA | 

Only arsenic and cadmium were evaluated for dermal toxicity in this risk assessment because H 
scientific support for dermal toxicity for the other metals is inadequate (USEPA 1999c). There || 
are no available RfDs or SFs specifically for dermal exposures. Risks and hazards associated 
with dermal exposure are evaluated using an oral toxicity factor corrected for percutaneous 
absorption. This route-to-route extrapolation assumes that on the basis of absorbed (as opposed I 
to administered) dose, the toxicity of a hazardous constituent is the same once it enters the blood, 
regardless of the actual route of exposure. The administered dose is the amount that is presented • 
to a person's "exchange surfaces" or points of contact with the external world, including the • 
mouth, skin, and nose. The absorbed dose is the fraction of the administered dose that actually 
enters the body's general circulation. Because the skin forms an effective barrier to many I 
chemicals, only a fraction of the dose administered on the skin's surface will be absorbed 
through the skin into the bloodstream. _ 
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The chronic RfD for arsenic was not adjusted from an administered dose to an absorbed dose 
because the RfD is based on the NOAEL for skin effects from a study involving arsenic 
exposures to more than 40,000 people in Taiwan. These people were exposed for a significant 
portion of their lifetime to arsenic-contaminated groundwater used as drinking water. Because 
most arsenic ingested in water is absorbed through the gastrointestinal tract, the administered 
RfD is a good approximation of the orally absorbed dose (USEPA 2000a). For cadmium, the 
administered oral RfD of 0.001 mg/kg-day (food) was multiplied by a gastrointestinal fraction of 
2.5 percent to derive the dermal RfD of 0.000025 mg/kg-day (USEPA 2000a). 

4.3 CHEMICAL PROFILES 

Toxic effects of the chemicals of concern are summarized in the following subsections along 
with the toxicity criteria for assessing noncancer and cancer effects. In general, the information 
has been summarized from the latest available ATSDR profile for each chemical and the 
information is provided in Appendix H. 

4.3.1 Antimony 

Antimony is found at low concentrations in soil, generally 1 mg/kg or less. The geochemical 
properties of antimony are similar to those of arsenic (i.e., antimony has +3 and +5 valence 
states). As with arsenic, antimony may be associated with nonferrous ore deposits and, therefore, 
can be a pollutant in industrial environments. Antimony is a constituent in alloys with 
nonferrous metals such as tin, lead, and copper. Sulfides are used in the production of rubber and 
pyrotechnics. Chlorides are used as coloring agents and catalysts. 

Antimony is poorly absorbed from the gastrointestinal tract. Acute exposure by ingestion is 
irritating to the gastrointestinal tract. Long-term ingestion exposure in laboratory animals has 
been associated with changes in blood chemistry, including increased serum cholesterol and 
decreased nonfasting serum glucose levels. The issue of bioavailability of antimony in soil is 
important because antimony often exists, at least in part, as a poorly soluble salt and may also 
occur in particles of inert or insoluble material. These factors all tend to reduce the 
bioavailability of antimony. 

Inhalation of antimony compounds has been reported to be toxic to smelter workers, producing 
effects in both the respiratory and gastrointestinal tract. Inhalation exposure in workers may also 
be associated with effects on the cardiovascular system (elevated blood pressure) and 
pneumoconiosis, including interstitial inflammation leading to fibrosis of the lung and altered 
pulmonary function. 

There is inconclusive evidence of a relationship between the inhalation of antimony trioxide and 
excess risk of lung cancer and reproductive disorders. Cancer evidence from studies in human 
populations is very limited, and carcinogenicity studies in laboratory animals provide conflicting 
results. 
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The oral RfD for antimony of 0.0004 mg/kg-day is based on decreases in nonfasting blood I 
glucose levels, altered cholesterol levels, and decreased longevity in rats administered antimony 
in drinking water at a concentration of 5 ug/L for life. The RfC of 0.0002 mg/m3 has been « 
developed specifically for antimony trioxide and is based on the occurrence of chronic interstitial £ 
inflammation in the lungs and reduced clearance of inhaled particulates hi rats exposed by 
inhalation for 1 year. • 

43.2 Arsenic 

Arsenic trioxide is the most commercially important form of arsenic and is produced primarily • 
from flue dust that is generated at copper and lead smelters. The principal use of arsenic (as 
arsenic trioxide) is in wood preservatives anda smaller proportion is used hi the production of • 
agricultural chemicals such as insecticides, herbicides, algaecides, and growth stimulants for ™ 
plants and animals. The use of many arsenical pesticides has been phased out because of 
concerns about human health risks during production or use. Arsenic trioxide is no longer I 
produced in the United States. Smaller amounts of arsenic are used in the production of glass 
and nonferrous alloys and in the semiconductor industry. « 

Arsenic has been shown to be toxic to human populations in areas of the world where it is 
present at naturally elevated concentrations in groundwater and to occupationally exposed • 
workers in copper smelters and chemical plants. There is strong evidence that arsenic is | 
carcinogenic in humans by both oral and inhalation routes. Arsenic occurs in soil and rock along 
with other minerals such as copper, lead, iron, and nickel. It is typically found in soil in the form • 
of an insoluble sulfide. Naturally occurring arsenic concentrations in soil range from 1 to • 
40 mg/kg, with a mean concentration of approximately 5 mg/kg. Naturally occurring arsenic 
concentrations hi groundwater average around 1 to 2 ug/L, except for some western states with I 
geological features that have naturally elevated concentrations of arsenic. Concentrations in ™ 
groundwater in these areas range from 5 to more than 500 ug/L. In the United States, over 
350,000 people may drink water containing arsenic concentrations higher than the current MCL • 
of 50 ug/L. USEPA has promulgated a new MCL for arsenic of 10 ug/L and estimated over 12 
million people may be drinking water containing arsenic at concentrations above 10 ug/L « 
(Federal Register 2001). The USGS estimates that 40% of both large and small water supplies | 
have arsenic concentrations greater than 1 ug/L (Welch et al. 1999). 

Inorganic arsenic (the form typically found in soil or water) is often in a form that is readily | 
absorbed either by ingestion or by inhalation. Following absorption, it is distributed throughout 
the body. Studies with laboratory animals suggest that the bioavailability of arsenic in soil may • 
be lower than that of arsenic ingested in solution. The issue of arsenic bioavailability is • 
especially important at mining, milling, and smelting sites because the arsenic at these sites often 
exists, at least in part, as a poorly soluble sulfide and may also occur in particles of inert or • 
insoluble material. These factors all tend to reduce the bioavailability of arsenic (See discussion 
for arsenic's gastrointestinal absorption factor in Section 3.3.3). 
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Arsenic is partly metabolized in the liver by methylation (the metabolic addition of methyl 
groups to inorganic arsenic ions), converting inorganic arsenic into methyl- and dimethylarsenic 
compounds. Absorbed organic and inorganic arsenic compounds are principally excreted in the 
urine. Methylation followed by urinary excretion has been considered a detoxification 
mechanism for inorganic arsenic. However, a recent study by Mass et al. (2001) found that 
methylated trivalent arsenic added to human peripheral lymphocytes produced direct DNA 
damage. These findings indicate that biomethylation of absorbed inorganic arsenic is not solely 
a detoxification pathway (see also a further discussion in the uncertainty section). 

Several organic arsenicals have been found to accumulate in fish and shellfish. These derivatives 
(mainly arsenobetaine and arsenocholine, also referred to as "fish arsenic") have been studied by 
several researchers and have been found to be essentially nontoxic. 

Arsenic at high levels of exposure is irritating to the gastrointestinal tract. Common symptoms 
in humans after acute high-dose ingestion of inorganic arsenic compounds are nausea, vomiting, 
and diarrhea. Signs of peripheral neuropathy have been noted in individuals who have ingested 
inorganic arsenic. The neuropathy is detected as numbness in the hands and feet, progressing to 
a painful "pins and needles" sensation. Acute lethality from arsenic ingestion is usually 
attributed to cardiopulrnonary collapse. 

Evidence of reproductive or developmental toxicity in humans is limited. However, a recent 
study (Hopenhayn-Rich et al.2000) found, in a retrospective analysis of a Chilean city with 
formerly high water arsenic levels, that there were significant associations between late fetal 
mortality rates, neonatal mortality rates, and postnatal mortality rates and the concurrent water 
arsenic concentrations. These data support a role for water arsenic levels increasing late fetal and 
infant mortality (Hopenhayn-Rich et al.2000). Studies in laboratory animals suggest that arsenic 
produces developmental toxicity (reduced birth weight, fetal malformations, and increased fetal 
mortality) at high levels of exposure. The data suggest that inorganic arsenic does not pose a 
significant risk of developmental toxicity except at levels that would cause toxic effects on the 
mother (i.e., maternally toxic doses) (Holson et al. 2000, ATSDR 1993). 

Arsenic has been associated with adverse effects on human populations in different parts of the
 
world, which were exposed to levels in drinking water exceeding 300 ug/L over a long period of
 
time. Two recent studies (Kurtio et al. 1999, Chiou et al. 2001) found a statistically significant
 
increased risk of bladder cancer at drinking water levels well below 300 ug/L at 0.5 ug/L and 10
50 ug/L for the Finnish and Taiwan studies, respectively (see also uncertainty section).
 

The distinguishing adverse effects associated with chronic ingestion of arsenic are skin lesions 
(hyperkeratoses and hyperpigmentation) and skin cancer. Other adverse effects due to ingestion 
exposure include cancer of the internal organs (prostate, liver, bladder, and kidney) and a 
vascular disease known as "blackfoot disease" (Blackfoot disease has been observed only in an 
area of Taiwan where there are naturally elevated arsenic concentrations in drinking water). 
Occupational exposure (principally copper smelter workers) has been associated with an 
increased incidence of lung cancer. The EPA has given arsenic a carcinogenicity weight-of-
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evidence classification of a Group-A (human carcinogen) based on sufficient evidence of cancer • 
mortality from both ingestion and inhalation exposures in human populations. The International | 
Agency for Research on Cancer classifies arsenic as a proven human carcinogen. 

Some information about human populations that may be sensitive to arsenic exposure has been • 
identified. Individuals with impaired liver function or poor nutritional status may not detoxify 
arsenic efficiently and may be at greater risk of adverse effects from arsenic exposure. In B 
addition according to current data, children are sensitive to arsenic for two reasons, First, two « 
studies have shown that children do not biomethylate arsenic as well as adults (although this may 
make them less sensitive to cancer effects noted in the recent Mass et al. study described above), • 
i.e., they are at higher risk for noncancer effects and to some extent cancer effects from the 
higher net fraction of inorganic arsenic (Kurttio et al, 1998; Concha, Nermell, and Vahter 1998a), _ 
Second, there has been a recent finding that children appear to be more sensitive for response • 
when one looks at biomarkers that are specific for certain carcinogens. Tang et al. (1999) 
reported that compared to adults, children have higher circulating levels of a key biomarker for • 
carcinogenic substances from environmental tobacco smoke. Pregnant women have also been g 
identified as a sensitive population. It has been shown that arsenic crosses the placental barrier 
(Concha et al. 1998b, NRC 1999), and in pregnant women exposed to arsenic, blood arsenic • 
levels in the newborns are almost as high as the level in cord blood. Food and drinking water are 
the largest sources of arsenic exposure. Studies in laboratory animals suggest that low levels of 
dietary arsenic may be beneficial or essential. However, there is no known specific biochemical • 
mechanism by which arsenic could exert a beneficial effect. If arsenic is beneficial to humans, • 
then the daily requirement is probably met by normal dietary intake. 

The EPA has promulgated^ new MCL for arsenic based on recent epidemiological findings ~ 
associating arsenic exposure with an increase in internal organ cancers. At the request of the 
EPA, the National Academy of Sciences (NAS) reviewed the current state of science for I 
estimating risks associated with arsenic in drinking water. In its review, completed in 1999, the 
NAS recommended lowering the MCL from the current interim drinking water standard of _ 
50 \ig/L. This recommendation is based on NAS's assessments of the risks of skin, lung, and £ 
bladder cancer from drinking water containing inorganic arsenic (NRC 1999). The EPA 
published a final rule lowering the MCL from 50 ug/L to 10 fig/L (Federal Register 2001). In • 
addition to information from the NRC's report, the EPA also considered a recent epidemiological | 
study in Utah (Lewis et al, 1999) when proposing the new MCL. The Utah study found a 
significant increase in hypertensive heart disease among males and females, although no dose- • 
response trend was noted between the low, medium, and high exposure groups for this disease I 
end point. Cardiovascular effects of arsenic have been documented in a number of other studies 
at higher arsenic concentrations than the 4 ftg/L to 620 pig/L reported in the Utah study (median I 
exposure concentration <200 fJ-gfL). The Utah study also found a statistically significant increase • 
in prostate cancer and nephritis/nephrosis among study males. Prostate cancer has not previously 
been associated with arsenic; however, other studies have noted kidney problems, see further I 
discussion in the uncertainty section. While the Utah population is likely not representative of 
the United States population in general, the EPA considers this study to provide further weight to _ 
concerns about arsenic health effects in drinking water at concentrations below the current MCL. • 

FENAL VERSION 4-6 I 

I
 



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
 

The Utah study is of particular interest because of the relatively low range of arsenic water 
concentrations in contrast to other epidemiologic studies which generally had average arsenic 
exposure in the several hundreds ug/L range. In addition, the Utah study suggested that 
cardiovascular effects can occur at lower levels than those seen in the studies reviewed by NRC. 
The Utah study is further discussed in section 7. 

The oral RfD for arsenic is based on the occurrence of hyperpigmentation and hyperkeratosis and
 
vascular complications observed hi the Taiwanese population ingesting elevated levels of arsenic
 
in drinking water. The NOAEL was calculated to be 0.0008 mg/kg-day. An uncertainty factor
 
of 3 is applied to account for both (1) the lack of data to preclude reproductive toxicity as a
 
critical effect, and (2) some uncertainty pertaining to whether the NOAEL of the critical study
 
accounts for all sensitive individuals. The oral RfD for arsenic is 0.0003 mg/kg-day. According
 
to the EPA, strong scientific arguments can be made for various values within a factor of 2 or 3
 
of the currently recommended RfD value, i.e., 0.0001 to 0.0008 mg/kg-day. An inhalation RfD
 
or reference concentration (RfC) has not been estimated for arsenic (USEPA 2000a).
 

The oral unit risk factor for estimating excess lifetime cancer risks is based on the incidence of
 
skin cancer observed in the Taiwanese population ingesting elevated levels of arsenic in drinking
 
water. Doses were converted to equivalent doses for males and females in the United States
 
based on differences in body weights and differences in water consumption. It was assumed that
 
skin cancer risk hi the U.S. population would be similar to that in the Taiwanese population. The
 
maximum likelihood estimate (MLE) of skin cancer risk for a 70-kg person drinking 2 L of water
 
per day ranged from 1 x 10~3 to 2 x 10"3 for an arsenic intake of 1 ug/kg-day. Expressed as a
 
single value, the cancer unit risk for drinking water is 5 x 10"5 L/ug. Details of the assessment
 
are in USEPA (1988) (USEPA 2000a). Using the assumptions of 2 L/day drinking water
 
consumption and 70-kg body weight, this unit risk factor converts to an oral SF of 1.5
 
(mg/kg-day)"1. It should be noted that the EPA's assessment is based on Taiwanese data on the
 
prevalence of skin cancer from the IRIS database. However, arsenic has also been associated
 
with internal organ cancers, particularly lung and bladder cancer (NRC 1999, Federal Register
 
2001). Recent epidemiological data from South America indicate that risks based on fatal
 
internal cancer could be an order of magnitude higher than risks based on skin cancer. Thus,
 
risks calculated from IRIS could be underestimated. See Section 7 for a more detailed
 
discussion. NRC 1999 estimated that the combined risk for bladder and lung cancer could be as
 
high as 1 in 100 at arsenic's previous MCL of 50 ppb.
 

4.3.3 Cadmium 

Cadmium is obtained mainly as a by-product during the processing of zinc-bearing ores and also 
from the refining of lead and copper from sulfide ores. Cadmium is used primarily for the 
production of nickel-cadmium batteries, in metal plating, and for the production of pigments, 
plastics, synthetics and metallic alloys. Cadmium has been shown to be toxic to human 
populations from occupational inhalation exposure and accidental ingestion of cadmium-
contaminated food. Inhalation of cadmium dust in certain occupational settings may be 
associated with an increased incidence of lung cancer. Ingestion of elevated levels of cadmium 
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has resulted in toxicity to the kidney and skeletal system and may be associated with an elevated I 
incidence of hypertension and cardiovascular disease. 

Cadmium is poorly absorbed from the lung, gastrointestinal tract, and skin. Individuals with | 
dietary deficiencies of iron, calcium, or protein exhibit higher absorption of ingested cadmium. 
The issue of cadmium bioavailability is especially important at mining, milling, and smelting • 
sites because Hie cadmium at these sites often exists, at least in part, as a poorly soluble sulfide | 
and may also occur hi particles of inert or insoluble material. These factors all tend to reduce the 
bioavailability of cadmium in soil. Cadmium in the body binds readily to certain sulfur- • 
containing proteins, such as metallothionein. Binding to metallothionein is thought to reduce the ™ 
toxicity of cadmium. Following ingestion, fecal excretion is high due to poor gastrointestinal 
absorption. Most cadmium that has been absorbed, however, is excreted very slowly, with fecal I 
and urinary excretion being about equal. Urinary cadmium levels are an indicator of body 
burden, i.e., chronic exposure. _ 

Much of the understanding about cadmium toxicity in humans is based on epidemiological 
studies of human populations. Humans consuming cadmium-contaminated rice in Japan tm 
developed kidney and skeletal system effects. Inhalation of cadmium in occupational settings | 
has also been associated with kidney toxicity. There is conflicting evidence as to whether or not 
cadmium exposure produces cardiovascular effects or hypertension in humans; factors such as 
cigarette smoking are confounders in determining the relationship between cadmium exposure I 
and cardiovascular effects. Excessive cadmium ingestion exposure in combination with a low 
dietary intake of iron may be associated with anemia. • 

Ingested cadmium is not known to be carcinogenic in humans. Studies hi laboratory animals 
generally do not indicate that cadmium is carcinogenic by ingestion. Inhaled cadmium is • 
carcinogenic to laboratory animals. However, epidemiological studies of cadmium-exposed 
workers have been inconclusive in demonstrating the carcinogenicity of inhaled cadmium. The _ 
EPA has classified cadmium as a probable human carcinogen by inhalation (Group B 1) based on I 
limited evidence in humans and sufficient evidence in laboratory animals. 

Populations potentially sensitive to cadmium have not been studied systematically; however, it is 
possible to infer potential sensitivities based on the available data. Individuals with poor 
nutritional status, particularly in terms of iron and calcium, may absorb more cadmium from the 
gastrointestinal tract. Individuals with preexisting kidney damage may experience kidney I 
toxicity at cadmium doses lower than the dose that would be toxic for normal individuals. 

The EPA recently conducted a toxicological review of cadmium and compounds in support of a • 
proposed revision of the toxicity factors currently listed in IRIS. However, the report is currently 
undergoing external review and the proposed toxicity factors have not been finalized. • 

The current EPA recommendation consists of two oral RfDs for cadmium, one for cadmium — 
exposure from food and one for cadmium exposure from water. Both RfDs recognize that a • 
concentration of 200 ug/g (wet weight) in the human kidney cortex is the highest renal level not 
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associated with significant proteinuria. A toxicokinetic model was used by the EPA to determine 
the level of chronic human oral exposure (NOAEL) that results in the critical concentration of 
cadmium in the kidney of 200 ug/g; the model assumes that 0.01 percent of the cadmium body 
burden is eliminated per day (USEPA 1985). Assuming 2.5 percent absorption of cadmium from 
food or 5 percent from water, the toxicokinetic model predicts that the NOAEL for chronic 
cadmium exposure is 0.005 and 0.01 mg/kg-day from water and food, respectively (i.e., the doses 
corresponding to the 200 u.g/g critical kidney concentration). An uncertainty factor of 10 to 
account for intrahuman variability was applied to these NOAELs to obtain an RfD of 0.0005 
mg/kg-day (water) and an RfD of 0.001 mg/kg-day (food) (USEPA 2000a). No inhalation RfD 
or RfC is currently listed for cadmium. A dermal RfD of 0.001 mg/kg-day multiplied by 
2.5 percent (0.000025 mg/kg-day) was selected for use in the calculations. 

The critical toxic effect proposed for both the oral RfD and inhalation RfC is renal dysfunction, 
as indicated by minimal proteinuria/enzymuria. This critical effect is supported by the results of 
several cross-sectional population studies, especially the CadmiBel population study of Buchet 
et al. (1990). The CadmiBel study authors (Lauwerys et al., 1993) found that the critical kidney 
cortex level of cadmium in the general population was 50 ppm, four-fold lower than that found in 
mainly healthy workers, 200 ppm. This difference is not unexpected, in that general population 
data include more of a range of inter-individual health status including those with poor health. A 
toxicokinetic model was used with the data in this study to calculate both a daily oral intake and 
a continuous air concentration of cadmium that would result in a 10 percent occurrence of 
minimal enzymuria (the critical effect) in the population at the age of 70. A representative level 
of dietary cadmium intake was integrated into the toxicokinetic model. The net oral intake 
(model result minus diet) of 0.0007 mg/kg-day was designated the oral RfD. USEPA (1999f) 
has proposed that one RfD be used for oral exposures to all media (i.e., separate RfDs were not 
proposed for ingestion of cadmium in food or water). The modeled concentration of cadmium 
inhaled concomitant with this same representative dietary intake was designated as the inhalation 
RfC of 0.0007 mg/m3. For both the RfD and the RfC, alternate contributions of intake from 
background (and therefore different RfDs and RfCs) are described hi EPA's toxicological review 
(USEPA 1999f). 

4.3.4 Iron 

Iron is a major constituent in rocks and soil. In combination with carbon, manganese, chromium, 
nickel, and other elements, it is used in the manufacture of steel. Iron is an essential element in 
human nutrition; however, there is the potential for adverse health effects principally from 
excessive ingestion exposure. 

The absorption of iron and its distribution in the body are closely regulated to maintain 
homeostasis. Absorption of iron from the diet ranges between 2 and 15 percent, with increased 
absorption during times of greater need, such as childhood, pregnancy, or following blood loss. 
Iron is found mostly in hemoglobin in red blood cells; however, it can also be stored in the liver 
and spleen. Excretion of iron from the body is fairly limited. Excess iron is bound to proteins 
and stored primarily in the liver. 
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The issue of iron bioavailability is especially important when considering soil exposure pathways • 
because iron in soil can exist, at least in part, as poorly soluble salts and may also occur in 
particles of inert or insoluble material. These factors all tend to reduce the bioavailability of iron. • 

Severe acute toxicity has resulted from the accidental ingestion of iron-containing medications, 
principally by children eating ferrous sulfate tablets with candy-like coatings. Signs of • 
overexposure include ulceration of the gastrointestinal tract with vomiting (including blood), m 
black stools, damage to the liver and kidneys, and metabolic acidosis. Death from exposure to 
iron is thought to occur from renal failure and cirrhosis of the liver. • 

Chronic overexposure (also known as iron overload) may occur as a result of excessive dietary 
consumption of iron or from a condition known as idiopathic hemochromatosis. Chronic • 
overexposure results in excess iron accumulation in the liver, spleen, pancreas, endocrine organs, 
and the heart. Adverse effects may include disturbance of liver function, diabetes mellitus, m 
disturbance of endocrine function, and cardiovascular effects. On a cellular level, increased lipid I 
peroxidation occurs, resulting hi damage to the membranes of cell organelles. Although there are 
no known sensitive populations for exposure to iron, idiopathic hemochromatosis is thought to M 
have a genetic component. | 

Years of inhalation of iron oxide fumes or dust causes a benign pneumoconiosis in miners and • 
metal workers referred to as siderosis, which generally does not result in reduced pulmonary I 
function. An increased incidence of lung cancer has been observed among hematite miners and 
iron workers who have been exposed to iron oxide. However, there may be other factors to • 
explain the observed cancer incidence, including exposure to other carcinogens such as cigarette • 
smoke, radon, and polycyclic aromatic hydrocarbons, or exposure to silica dust. 

While iron generally is not considered to be carcinogenic or mutagenic, excess kon can result in 
lipid peroxidation, which may result in genotoxic effects, such as damage to DNA or _ 
chromosomes. In studies with laboratory animals, iron overload may potentiate the effects of • 
other carcinogens. Elevated exposure to iron is not considered to be associated with reproductive 
or developmental toxicity. • 

The EPA's IRIS database does not currently provide an RfD, cancer SF, or other toxicological 
information for iron (USEPA 2000a). The EPA Superfund Technical Support Center has 
developed a provisional oral RfD for iron. The EPA notes that iron is an essential nutrient and I 
that deriving a risk assessment value for it poses special problems in that the dose-response curve 
is U-shaped (i.e., there is a range of doses necessary to maintain health; doses both above and • 
below that range can result in adverse effects). Thus, the provisional RfD must be protective • 
against deficiency as well as toxicity. A NOAEL for chronic iron overload has been estimated 
using the values for dietary intake and iron status indices taken from the NHANES II database • 
(USEPA 1999e). Looker et al. (1988) compared dietary kon intakes with biochemical indices of 
iron status using data from NHANES II. The average intakes of kon ranged from 0.15 to _ 
0.27 mg/kg-day. The serum ferritin levels and percent serum transferritin saturation (both I 
indicators of iron overload) were within the normal range. Thus, kon intake levels of 0.15 to 

IFINAL VERSION 4-10 

I
 



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
 

0.27 mg/kg-day are considered both sufficient to protect against iron deficiency and insufficient 
to cause the toxic effects of iron overload. 

Using the NOAEL of 0.27 mg/kg-day (representing the upper bound value in the range of mean 
dietary iron intakes, dietary plus supplemental, taken from the NHANES II database) and 
dividing by an uncertainty factor of 1 yields the provisional chronic oral RfD of 0.3 mg/kg-day. 
An uncertainty factor of 1 is supported by the fact that iron is an essential nutrient. In addition, 
the oral RfD for iron was derived from intake data from over 20,000 individuals aged 6 months 
to 74 years and humans exert an efficient homeostatic control over iron such that body burdens 
are kept constant with normal variations in diet. This RfD supplies adequate levels of iron to 
meet the nutritional requirements of adults and adolescents. It does not supply the recommended 
dietary allowance (RDA) for members of the population with greater requirements for shorter-
than-lifetime durations, including children and pregnant women. Further, this RfD may not be 
protective of individuals with inherited disorders of iron metabolism and could be conservative if 
applied to exposure scenarios involving forms of iron with low bioavailability (USEPA 1999e). 

4.3.5 Lead 

Lead is a soft, bluish-gray metal. Lead acetate and lead nitrate are soluble in water; lead chloride 
is slightly soluble; and lead sulfide, lead phosphate, and lead oxides are not soluble in water. 
Some primary uses of lead in the United States are in lead-acid storage batteries, ammunition, 
bearing metals, brass, bronze, cable covering, extruded products, sheet lead, solder, ceramics, 
type metal, ballast or weights, tubes or containers, oxides, and gasoline additives. 

Substantial quantities of both human and animal data are available regarding the toxicity of lead. 
This toxicity profile relies primarily on human data. Adverse effects of lead in humans are most 
often related to the blood lead level as an indicator of internal lead dose. Therefore, whenever 
possible, this text relates adverse effects to blood lead levels rather than to external exposure. 
The Centers for Disease Control (CDC) have based policy on primary and secondary childhood 
lead prevention activities on the association of certain adverse health effects with different blood 
lead levels. Tables 4-2 and 4-3 summarize the lowest-observed-effect levels (LOELs) (expressed 
as PbB levels) for key lead health effects in children and adults, based on information in NRC 
and CDC (1993;1991). Section 6.2.1 describe the CDC primary and secondary prevention 
guidelines regarding childhood blood lead levels. 

Lead absorption is influenced by the route of exposure, the exposure medium, speciation and 
physiochemical characteristics of lead, and the age and physiological state of the exposed 
individual. Approximately 30 to 50 percent of airborne particulate lead is absorbed. Children 
2 weeks to 8 years of age absorb about 40 to 50 percent of ingested lead. A study using Bunker 
Hill soils found nonfasted adults absorbed 2.5 percent of lead ingested in soil and fasted adults 
absorbed 26.2% of lead ingested in soil (Maddaloni et al. 1998). The amount of lead absorbed 
from the skin in humans is unknown. 
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Lead is absorbed into blood, where about 99 percent of it is located in red blood cells. Lead in • 
blood rapidly exchanges with lead hi other soft tissues. Bone contains about 94 percent and 
73 percent of total lead body burden in adults and children, respectively. The average half-life • 
for lead is 28 to 36 days in blood, about 40 days hi soft tissues, and about 27 years in bone. Lead 
in bone can be mobilized into maternal blood during pregnancy and lactation. Lead in maternal 
blood is efficiently transported to the fetus, and breast milk can be a significant source of lead for • 
breast-feeding infants. • 

Lead in the gastrointestinal tract that is not absorbed is eliminated in the feces. Absorbed lead I 
that is not retained is eliminated in the urine or excreted in the feces following biliary secretion " 
into the gastrointestinal tract. 

Death from encephalopathy has been reported in children and adults with very high blood lead 
levels (e.g., 80-100 yug/dl). There is conflicting evidence in occupational mortality studies of _ 
chronic lead exposure. IQ decrements, fine-motor dysfunction, altered behavior, peripheral | 
neuropathy, and reduced motor nerve conduction have been reported in children. A threshold 
below which lead does not affect IQ hi children has not been identified. Decreased hearing • 
thresholds and alterations in the electrical activity of the brain have also been observed in | 
children. Lead can also induce neurotoxicity in adults, including encephalopathy, overt 
neurological signs, decreased scores on neurobehavioral tests, and decreased motor nerve • 
conduction. • 

Lead interferes with heme synthesis. Reduction of the heme body pool can lead to adverse I 
effects in several physiological systems. Anemia can result from decreased hemoglobin " 
production and increased red blood cell destruction. Lead-induced inhibition of heme synthesis 
can interfere with the conversion of vitamin D to its hormonal form, 1,25-dihydroxyvitamin D. I 
There is no apparent threshold for indicators of decreased heme synthesis. 

Acute, generally reversible, nephropathy can occur during the early stages of high exposure to • 
lead. Chronic (irreversible) nephropathy can also occur. Acute exposures to high levels of lead 
can produce cardiac lesions, electrocardiographic abnormalities, and hemolytic anemia in • 
children and adults. There is conflicting evidence regarding the potential effects of blood lead | 
levels on blood pressure in adults. Colic is a relatively late symptom of severe or clinical lead 
poisoning generally observed at blood lead levels greater than 50/J.g/dL • 

Women with occupational exposures to lead during pregnancy have an increased rate of 
miscarriages and stillbirths. There is no evidence of teratogenic effects in humans or animals due I 
to exposure to low levels of lead. There is conflicting information regarding the potential effects ™ 
of lead on birth weight, gestational age, and growth in children. There is conflicting evidence 
regarding the potential effects of lead on human chromosomes. In men with occupational I 
exposures some reproductive effects (e.g., decreased sperm count, abnormal sperm morphology, 
decreased sperm mobility, and hormonal changes) can occur at blood lead levels of 40 /ug/dl or _ 
greater. I 
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I Although lead is considered to be carcinogenic in animals with the endpoint being renal cancer, 

I 
evidence of its carcinogenicity in humans is generally considered to be inadequate. EPA's IRIS 
database classifies lead as a probable human carcinogen (Group B2). based on sufficient 
evidence in animals, but inadequate evidence in humans. Lead carcinogenicity will not be 

I 
evaluated quantitatively in this risk assessment. 

Sensitive members of the population can include developing embryos/fetuses/neonates. young 

I children, women, and individuals with chronic neurological dysfunction or kidney disease. 
Older adults are at risk for lead-associated hypertension (NRC 1993). The embryo/fetus/neonate 

I 
may be at increased risk due to the effects of lead because of a developing nervous system that is 
more sensitive to the effects of lead and the transfer of maternal lead during pregnancy and 
lactation. Young children may be especially at risk because compared to adults they absorb more 

I 
lead from the gastrointestinal tract; retain more absorbed lead; have a greater prevalence of 
nutritional deficiencies (e.g., calcium, iron, and zinc), which can increase both the absorption and 
the toxic effects of lead; have an incompletely developed blood-brain barrier; have a developing 

I 
nervous system that is more sensitive to the effects of lead; ingest much more soil/dust per kg 
body weight, ingest more water per kg body weight; and inhale more air per kg body weight. 
Women who are pregnant, are lactating, or have osteoporosis may be themselves at greater risk 

I 
due to lead because each of these conditions may intensify the mobilization of lead from bone. 

Blood lead level is the easiest and most widely used index of lead exposure and toxicity. Blood 

I lead primarily reflects recent exposure for lead but can also reflect, to a lesser extent, the body 
burden of lead, which is more related to long-term exposure. For children and fetuses, 10 ug/dl 
is generally considered a blood lead level of concern (CDC 1997; CDC 1991). There is less 

I agreement on a single blood lead level of concern for male adults and nonpregnant female adults, 
but estimates fall within the range of 25 to 40 ug/dl. However, analysis of U.S. NHANES II 

I 
epidemiological data (NAS 1993) shows hypertensive effects hi the form of elevated systolic and 
diastolic blood pressure in older adults at blood lead values well below this range. 

I 
A number of pharmacokinetic models for lead are available to predict blood lead levels based on 
lead intake in various exposure media (USEPA 1994a, 1996c; CalEPA 1992, 1996; O'Flaherty 
1998; Leggett 1993; Bowers, Beck, and Karam 1994; ATSDR 1999b). The EPA models 

I 
(USEPA 1994a, 1996c) are typically used at Superfund sites to evaluate risk to adults or children 
from exposure to environmental lead. 

I The toxic effects of lead are generally considered to be similar regardless of the route of entry. 
Most adverse effects of lead have been related to lead in blood and (to a lesser extent) tooth 
dentin (Tables 4-2 and 4-3). There are relatively few data relating human health effects to 

I exposure-route specific external exposure (e.g., mg/kg-day or nvVday). 

Ingestion is the primary route of exposure for children and other non-occupationally exposed 

I individuals. However, dose-response data based on external ingestion dose (mg/kg-day) in 
humans were limited. Hematological effects were observed in adult humans who ingested 0.02 
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to 0.03 mg lead acetate/kg-day for 14 days or 0.01 to 0.02 mg lead acetate/kg-day for3 to 7 
weeks. 

. 
response data in workers using lead air concentrations (mg/m3) were located. A 47 percent 
decrease in ALAD activity was observed in men inhaling lead at a concentration of 0.0 i 1mg/m3 • 
for 18 weeks. B 

ATSDR (1999b) reported that no studies were located regarding toxicity of lead in humans or B 
animals specifically from dermal exposure. Dermally applied lead nitrate is rapidly absorbed by ™ 
the skin, but the toxicology significance is unknown. 

4.3.6 Manganese 

Manganese is an essential element in human nutrition, serving as a cofactor in several enzymatic | 
reactions. When ingested, manganese is considered to be among the least toxic of the trace 
elements. The adverse health effects from manganese are principally associated with inhalation m 
exposure in the workplace. Acute inhalation exposure can produce irritation of the respiratory j§ 
tract Chronic inhalation exposure can produce a central nervous system disorder resembling 
Parkmsonism, known as manganism. • 

Daily intake of manganese ranges from 2 to 9 mg/day. Manganese is poorly absorbed following 
oral exposure, and reports of human intoxication following ingestion exposures are not common. B 
However, some studies suggest that neurological effects may be associated with the consumption B 
of drinking water with elevated levels of manganese. Although ingestion exposure studies 
suggest that manganese may be weakly carcinogenic in laboratory animals, these data are B 
inadequate to support a classification as carcinogenic by the EPA. The EPA has categorized ™ 
manganese as "not classifiable with regard to human carcinogenicity" (Group D). _ 

Several studies have shown that inhalation of manganese in occupational sellings is associated 
with neurological effects. The principal signs of manganism include tremors, weakness in the » 
legs, staggering gait, behavioral disorders, slurred speech, and a fixed facial expression. There is J| 
no evidence indicating that inhalation exposure to manganese is carcinogenic in humans; 
however, there is some evidence of male reproductive effects. jit 

Development of the oral RfD for manganese recognizes that disease states in humans have been 
associated with both deficiencies and excessive intakes of manganese. The oral RfD for • 
manganese is set at 10 mg/day (0.14 mg/kg-day) and is based on the upper end of the normal B 
dietary intake rate. This value is considered a NOAEL for dietary intake and has not been 
adjusted by an uncertainty factor. The EPA emphasizes that individual requirements for, as well B 
as adverse reactions to, manganese may be highly variable. The RfD is estimated to be an intake ™ 
for the general population that is not associated with adverse health effects; this is not meant to 
imply that intakes above the RfD are necessarily associated with toxicity (USEPA 2000a). B 
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The oral RfD for manganese was evaluated further in other media (drinking water or soil) based 
on an epidemiological study of manganese in drinking water (USEPA 2000a). Whereas the 
results from this study do not allow a quantitative evaluation of dose-response, they raise 
concerns about possible adverse neurological effects at doses not far from the range of essential 
concentrations. For assessing exposure to manganese from drinking water or soil, USEPA 
(2000a) recommends adjustment by an uncertainty factor of 3, yielding an oral RfD of 
0.047 mg/kg-day. Four reasons are provided for the use of an uncertainty factor to adjust the oral 
RfD for soil and water exposure: (1) in fasted individuals, there may be increased uptake of 
manganese from water; (2) the study raises some concern regarding possible adverse health 
effects associated with a lifetime consumption of drinking water with manganese concentration 
of about 2 mg/L; (3) because infant formula typically has a much higher concentration of 
manganese than that of human milk, manganese in the water could represent an additional source 
of intake for infants; and (4) neonates may absorb more manganese from the gastrointestinal tract 
and may be less able to excrete absorbed manganese, and more absorbed manganese may cross 
their blood-brain barrier. 

For this HHRA, an oral RfD of 0.14 mg/kg-day was used to evaluate occupational exposures to 
manganese in soil. For all other manganese exposures, an oral RfD of 0.047 mg/kg-day was 
used. 

The oral RfDs of 0.047 to 0.14 mg/kg-day and the inhalation RfD of 0.000014 mg/kg-day for 
manganese (USEPA 2000a) suggest that inhaled manganese may be much more toxic than 
ingested manganese. Differences in absorption between the two routes cannot alone account for 
this large difference. The EPA reports that after absorption into blood via the respiratory tract, 
manganese is transported through the blood stream directly to the brain, bypassing the initial 
clearance effects of the liver. They state that this pathway from the respiratory tract to the brain 
is the primary reason for the differential toxicity between inhaled and ingested manganese. In 
addition, recent studies in animals have shown that manganese has a unique ability among metals 
to be taken up in the brain via olfactory pathways (Tjalve and Henriksson 1997). This process 
involves direct diffusion of manganese from the nasal cavity to the central nervous system 
without entering blood, therefore bypassing both the initial clearance effects of the liver and the 
blood-brain barrier (Tjalve and Henriksson 1997). This direct pathway to the central nervous 
system might account in part for the higher toxicity of inhaled manganese. 

4.3.7 Mercury 

Elemental mercury is a silvery metallic liquid that is volatile at room temperature. Mercury is 
found in soil and rocks typically as an ore known as cinnabar, consisting of insoluble mercuric 
sulfide. Concentrations in soil and rock average 0.5 mg/kg, though actual concentrations vary 
considerably depending upon location. Much of the mercury produced in the United States 
comes from secondary sources, such as recycling. The largest use of mercury is in the 
electrolytic production of chlorine and caustic soda. Other uses include electrical devices, 
switches and batteries, measuring and control instruments, medical and dental applications, and 
electric lighting. 
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Mercury has been shown to be toxic to human populations as a result of occupational exposure I 
and accidental ingestion of mercury-contaminated food. The nature of mercury toxicity depends 
on its chemical form. Accidental ingestion exposure to high levels of organic mercury 
compounds has produced developmental toxicity in humans. I 
Ingestion of inorganic mercury, the form most likely to be found in soil, has been associated with • 
kidney toxicity in laboratory animals. The adverse effect of concern associated with soil I 
exposure scenarios, therefore, is likely to be kidney toxicity. Ingestion studies with inorganic 
mercury suggest cancer effects in laboratory animals. The EPA has classified mercuric chloride • 
and methylmercury as possible human carcinogens (Group C), based on the absence of data in B 
humans and limited evidence of carcinogenicity in animals. 

The issue of mercury bioavailability is especially important at mining, milling, and smelting sites 
because the mercury at these sites often exists, at least in part, as a poorly soluble sulfide and _ 
may also occur in particles of inert or insoluble material. These factors all tend to reduce the • 
bioavailability of mercury from soil. 

Occupational inhalation exposure to metallic mercury vapor or organic mercury vapor has g 
resulted in neurological effects and kidney toxicity. Toxicity due to inhalation of inorganic 
mercury salts, the form most likely to be found in soil, has not been studied. • 

Children are considered a sensitive population for exposure to mercury. Potential differences in 
sensitivity between children and adults are primarily due to differences in routes of exposure and • 
rates of intake (for example exposure of infants via ingestion of breast milk), greater permeability • 
of the blood-brain barrier in fetuses and infants, and the importance of developmental milestones 
during childhood exposure periods (such as language or cognitive development). Children also I 
appear to have different patterns of tissue distribution of mercury and methylmercury (i.e., ™ 
biokinetic patterns) that are different from those of adults. _ 

More recently, the EPA has developed the Mercury Research Strategy to address key scientific 
questions in order to reduce uncertainties currently limiting its ability to assess and manage mm 
mercury and methylmercury risks. This strategy will include evaluations to link toxicity to g 
exposure using a biokinetic model, assessment of sensitive populations, evaluation of recent 
epidemiologicai studies, and evaluation of immunological effects. • 

The EPA has published chronic oral RfDs for mercuric chloride and methyl mercury on its IRIS 
database (USEPA 2000a). The most sensitive adverse effect for mercuric chloride is reported to H 
be the formation of mercury-induced autoimmune glomerulonephritis. Based on weight of •" 
evidence from three subchronic feeding and/or subcutaneous studies in rats, the oral RfD for 
mercuric chloride is 0.0003 mg/kg-day. All treatment groups exhibited a toxic effect; therefore, I 
a NOAEL was not reported. An uncertainty factor of 1,000 was applied for extrapolations from 
LOAEL to NOAEL endpoints, subchronic to chronic exposures, and animal to human — 
populations. The EPA reported a high confidence in the oral RfD for mercuric chloride. A 8 
subchronic oral RfD of 0.003 mg/kg-day is provided in the Health Effects Assessment Summary 
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Tables (HEAST) for mercuric chloride, based on autoimmune effects observed in rats after 
subcutaneous injection (USEPA 1997c). 

EPA's chronic oral RfD for methyl mercury of 0.0001 mg/kg-day was used to evaluate 
exposures to mercury in fish (USEPA 2000a). Methyl mercury can be more toxic than mercuric 
chloride and is likely to be present in fish tissue. Exposures to mercury in all other media were 
evaluated using the oral RfD for mercuric chloride. Methyl mercury's oral RfD is based on 
developmental neurologic abnormalities in human infants as determined by epidemiologic 
studies. An uncertainty factor of 10 has been assigned to this RfD and EPA's confidence in this 
RfD is medium. A committee of the NAS (NRC 2000) has recently reported its analyses of 
current human and experimental animal data for methylmercury and has also, as a result, 
endorsed EPA's methylmercury RfD value of 0.1 u.g/dl in its report "Toxicological Effects of 
Methylmercury" (NRC 2000). 

No cancer SFs have been developed for mercury compounds. However, the EPA has classified 
both mercuric chloride and methylmercury as possible human carcinogens (Group C), based on 
the absence of data in humans and limited evidence of carcinogenicity hi animals, whereas 
elemental mercury is hi Group D (not classifiable due to inadequate data) (USEPA 2000a). 

4.3.8 Zinc 

Zinc is used in a wide variety of industrial, agricultural, and consumer products. It is found in all 
human tissues and all body fluids and is essential for growth, development and reproduction. 
The RDA for zinc is 15 mg, with a slightly higher requirement for pregnant women. Individuals 
with adequate nutritional levels of zinc absorb approximately 20 to 30 percent of all ingested 
zinc. 

Zinc is usually present hi tap water at concentrations less than 0.2 mg/L, although drinking water 
in galvanized pipes can contain up to 2 to 5 mg/L. Typically, concentrations are much less than 
the secondary MCL of 5 mg/L, which is based on the threshold for metallic taste in water. An 
estimate of daily intake of zinc for the adult U.S. population hi food is 10 to 20 mg/day. 

Gastrointestinal distress is a common symptom following acute oral exposure to zinc 
compounds. Accidental poisonings have occurred as a result of the use of zinc supplements and 
from food contamination caused by the use of zinc-galvanized containers. Symptoms develop 
within 24 hours and include nausea, vomiting, diarrhea, and abdominal cramps. Anemia also 
may occur hi severe cases of acute exposure or hi high-dose exposures of longer duration. 
Inhalation exposure to high concentrations of some zinc compounds (zinc oxide fume) has been 
associated with "metal fume fever." Attacks of metal fume fever are characterized by chills and 
fever, weakness, and sweating. Recovery usually occurs within 24 to 48 hours. Zinc chloride, a 
corrosive inorganic salt, is more damaging to the respiratory tract than zinc oxide. Zinc chloride 
is a primary ingredient in smoke bombs, and serious respiratory injury has been reported to result 
from accidental inhalation of smoke from these bombs. 
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Developmental or reproductive toxicity has been reported in laboratory animals with relatively g 
high levels of exposure to zinc. There is only one unconfirmed report documenting adverse 
reproductive effects in pregnant women provided zinc supplementation. Other studies in humans • 
conclude there have been no adverse reproductive or developmental effects from exposure to • 
zinc. Genotoxicity studies have provided very limited evidence of mutagenieity and of weak 
effects on chromosomes. Available epidemiologicai studies of human populations and toxicity • 
studies in laboratory animals do not indicate that zinc is carcinogenic. The EPA has given zinc a • 
eareinogeniclty weight-of-evidence classification of D (not classifiable as to human 
carcinogenicity), based on inadequate evidence in humans and laboratory animals. • 

Zinc interacts with other trace metals and has a protective effect against toxicity from exposure to
 
lead and cadmium. Excessive dietary zinc produces a copper deficiency in laboratory animals. •
 
Similar findings have been observed in humans receiving long-term treatment with zinc. No
 
specific data regarding human populations that are unusually susceptible to the toxic effects of _
 
zinc have been identified; however, individuals who are malnourished or have a marginal copper I
 
status may be more susceptible to the effects of excessive zinc exposure.
 

The oral RfD is based on a clinical study that investigated the effects of oral zinc supplements on || 
copper and iron balance. A 10-week study of zinc supplementation in 18 healthy women given 
zinc gluconate supplements twice daily (50 mg zinc/day, or 1.0 mg/kg-day) resulted in a decrease 
in erythrocyte superoxide dismutase activity. There was a general decline in the mean serum 
high-density lipoprotein (HDL)-cholesterol in a higher-dose group (receiving 75 mg/day). The 
EPA has reported that while it is not absolutely certain that the zinc supplementation of • 
50 mg/day (1.0 mg/kg-day) represents a clearly biologically significant endpoint, this level, when B 
viewed collectively with other studies investigating effects on HDL-cholesterol5 may signify the 
beginning of the dose-response trend (USEPA 2000a). The significance of this change is • 
unknown in light of an absence of increase hi low-density lipoproteins (LDLs). An intake of ™ 
1.0 mg/kg-day was identified as LOAEL for zinc effects. An uncertainty factor of 3 was used,
 
based on a minimal LOAEL from a moderate-duration study of the most sensitive humans and I
 
consideration of a substance that is an essential dietary nutrient. The oral RfD for zinc is
 
0.3 mg/kg-day (USEPA 2000a). 

An RfC or inhalation RfD has not been developed for zinc (USEPA 2000a). 
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Table 4-1
 
Oral Toxicity Criteria
 

illJiPiilsiisisiiii'I •;->! •;• l • ; • i •;•!• x- ;•:•;•;•:• w •;•;•;•;•;•;•! •x-;-x-;iX'; •;•;•:•;	 \
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Iilll8iiiPll̂ iil I ; 
Antimony None 0.0004 Reduced lifespan, 

altered cholesterol 
1 ,000/Low confidence USEPA 2000a 

levels 
Arsenic 1.5 

EPA Group A 
carcinogen0 

0.0003 Skin cancer (SF), 
hyper- pigmentation 
and hyperkeratosis of 
the skin (RfD) 

3/Medium confidence USEPA 2000a 

Cadmium None 0.001 (Food); Kidney proteinuria 10/High confidence USEPA 2000a 
0.0005 (water); 
0.000025 
(dermal) 

Leadb None None Neurological effects None See text 
Iron None 0.3 Hematological Not rated USEPA 1999e 

effects 
Manganese None 0.14(Soiyfood); Central nervous 3/Medium confidence USEPA 2000a 

0.047 (water) system effects 
Mercury None 0.0003 Kidney damage 1,000/High USEPA 2000a 

confidence 
Methyl- None 0.0001 Prenatal 10/Medium USEPA 2000 
mercury	 developmental confidence 

effects 
Zinc None 0.3	 Anemia 3/Medium confidence USEPA 2000a 

aApplies only to reference doses. 
bToxicity criteria not applicable for lead; see text Section 4.3.5. 
cEPA's Weight-of-Evidence Classification System: 

Group A - human carcinogen (sufficient evidence in humans) 
Group Bl - probable human carcinogen (limited human data available) 
Group B2 - probable human carcinogen (sufficient evidence in animals, inadequate or no evidence in 

humans) 
Group C - possible human carcinogen (limited evidence in animals) 

Notes: 
RfD - reference dose 
SF - slope factor 
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Table 4-2
 
Lowest-Observed-Eifect Levels in Children Exposed to Lead
 

Blood JLead .,,;,:i, v;C^xvi\^fiW^ ;l sfl ' .-ixjib; -=;•; •••:;vS-f"'f;lS?Sts^^lx«*^^ij 5 i;i ;:^:;:K;:M»^p§liiSl 1 11 :^$SMB .- -_•=-•,'.. ,•;.; . :>:•/"•:•:•: '< " : :-",:;->:-:i:>*s,vi:v<-.v:vX :-x>-x-x:;;X< ;̂; :• :•;•;•: •:;-,• 

<10*-15 Deficits in neurocognitive and ALA-D inhibition 
neurobehavioral development, 
electrophysiologic changes, and 
lower IQ 

15-20 Erythrocyte protoporphyrin 
increase 

<25 Longer reaction time Reduced hematocrit 
30 Slower nerve conduction 
40 Increasing CP-U and ALA-U 
70 Peripheral neuropathies Frank anemia 

80-100 Encephalopathy 

Note: LOEL - lowest-observed-effect level 
Source: NRC 1993, 
*IO ug/dl is not a NOEL - no-observed-effect level 
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ft^f ::;?™:;0iii&r'E^KSi-^'' ' ' •"" '" 
Reduced gestational age and 
birthweight; reduced size up to 
age 7 to 8 years 

Impaired vitamin D 
metabolism, pyrimide-5'
nucleotidase inhibition 

Colic, other gastrointestinal 
effects, kidney effects 
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1 Table 4-3 

1 Lowest-Observed-Effect Levels in Adults Exposed to Lead 

1 
;̂ ||||i;|i||;;̂ ||||i;|i||;||
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1 
<1<100 ALA-D inhibition 

1010-- 1155 Increased blood 
pressure 

1 
15-215-200 Erythrocyte
 

protoporphyrin
 
increase in females
 

25-325-300 Erythrocyte 

1 
protoporphyrin
 
increase in males
 

4400 Increasing CP-U Peripheral nerve
 

1 
and ALA-U dysfunction
 

(slower nerve
 
conduction)
 

1 
5500 Altered testicular 

function 
6600 Female 

1 
reproductive
effects 

8800 Frank anemia 

1 
100100-- 121200 Encephalopathic Chronic
 

signs and nephropathy
 
symptoms
 

1 
1Note: LOEL - lowest-observed-effect level
 
Source: NRC 1993.
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5.0 RISK CHARACTERIZATION FOR NON-LEAD CHEMICALS
 

Risk characterization is the summarizing step of risk assessment (USEPA 1995d). In the risk 
characterization, the toxicity values (RfDs and SFs) are applied in conjunction with the 
concentrations of COPCs and intake assumptions to estimate cancer risks and health hazards 
other than cancer. 

Noncancer health hazards and cancer risk were calculated for both the reasonable maximum 
exposure (RME) and central tendency (CT) exposure conditions. RME hazard/risk estimates are 
based on the maximum exposure that is reasonably expected to occur at a site. Intake parameter 
values were selected so that the combination of all parameters resulted in an estimate of the RME 
for a particular exposure pathway. By design, the estimated RME is higher than that expected to 
be experienced by most of the exposed population. As recommended in EPA's Guidance for 
Risk Characterization (USEPA 1995d), CT exposure estimates reflect the central estimates of 
exposure or dose. The CT exposure estimate is intended to be more representative of average 
exposures. The purpose of evaluating both CT and RME estimates of exposure is to attempt to 
bound the true exposure for a particular pathway. 

5.1 METHODOLOGY FOR ASSESSING NONCANCER HAZARD 

The potential for adverse health effects other than cancer (noncancer effects) was characterized 
by dividing estimated chemical intakes (Appendix A, Table 7 through 10 series) by chemical-
specific RfDs (Appendix A, Table 5 series). The resulting ratio is the hazard quotient (HQ), 
derived as follows: 

Chemical Intake (mg/kg-day) 
HQ = RfD (mg/kg-day) 

Use of the RfD assumes that there is a level of intake (the RfD) below which it is unlikely that 
even sensitive individuals (e.g., senior citizens and children), will experience adverse health 
effects over a lifetime of exposure. EPA Region 10 recommends that, if available, the child-
specific RfD be used when calculating child hazards. Otherwise, use of the chronic RfD along 
with the average child chemical intake is appropriate (USEPA 1999g). If the average daily intake 
exceeds the RfD (that is, if the HQ exceeds 1), there may be cause for concern regarding 
noncancer effects (USEPA 1989). 

The EPA risk assessment guidelines (USEPA 1989) consider the additive effects associated with 
simultaneous exposure to several chemicals by first specifying that all hazard quotients be 
summed across exposure pathways and chemicals to estimate the total hazard index (HI). This 
summation conservatively assumes that the toxic effects of all chemicals would be additive, or in 
other words, that all chemicals cause the same toxic effect and act by the same mechanism 
(USEPA 1986). 

If the total hazard index is less than or equal to 1, multiple-pathway exposures to COPCs at the 
site are considered unlikely to result in an adverse effect. If the total hazard index is greater than 
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1, further evaluation of exposure assumptions and toxicity, including consideration of the I 
specific affected target organs and the mechanisms of toxic actions of COPCs, is warranted to 
ascertain whether the cumulative exposure would in fact be likely to harm exposed individuals. mm 

5.2 METHODOLOGY FOR ASSESSING CANCER RISK 

The potential for carcinogenic effects is evaluated by estimating the probability of developing | 
cancer over a lifetime based on exposure assumptions and chemical specific toxicity criteria. 
The increased likelihood of cancer due to exposure to a particular chemical is defined as the • 
excess cancer risk (i.e., in excess of a background cancer risk of 1 in 100 or 1 x 10"2). Excess • 
lifetime cancer risk is estimated by multiplying the estimated chemical intake by the cancer SF, 
as follows: I 

Cancer Risk = Chemical Intake (mg/kg-day) x SF (mg/kg-day)"! 

This formula applies to cancer risks lower than 1 x 10"2 (1 in 100). All cancer risks in this 
assessment were lower than 1 x 10"2. 

The risks resulting from exposure to multiple carcinogens are assumed to be additive. The total 
cancer risk is estimated by adding together the estimated risk for each COPC and for each _ 
exposure pathway (Appendix A, Table 8 through 10 series). However, in this instance, arsenic is • 
the only carcinogen that was evaluated. The EPA's target acceptable excess cancer risk range is 
10"6 to 10"4. Cancer risks below 10"6 are considered acceptable and will not be evaluated further. m 
Cancer risks above 10"4 are generally considered unnaccpetable and generally warrant remedial | 
action. Cancer risks which fall within this range will be further evaluated in the Feasibility Study 
where risk management decisions will be considered and remedial actions may or may not be • 
warranted (USEPA 1991c). 

5.3 RISK CHARACTERIZATION RESULTS I 
The results of the risk calculations are provided in Appendix A, Table 7 through 10 series. Total 
CT and RME hazard and risk was estimated for each exposure scenario in each exposure area by I 
combining the individual hazards and risks calculated for each media and pathway, except for the ~ 
vegetable and fish ingestion pathways. These two pathways were evaluated separately. Hazards 
and risks were not combined across exposure scenarios, except qualitatively as discussed later in I 
this section (Section 5.3.3). Total hazards and risks are evaluated in order to identify potential 
areas of concern for further evaluation. Where total hazards and risks are elevated above EPA's « 
acceptable range, the risk drivers (whether chemical specific or media specific, or both) are £ 
identified and then individual hazards and risks are evaluated. The following media and 
pathways were included in total risks and hazards for each exposure scenario: • 

•	 Residential - Ingestion of and dermal contact with yard soil; ingestion of groundwater 
currently used as a drinking water source (tap water). • 

I 

I 
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•	 Future Residential - Ingestion of shallow groundwater near metal source areas (groundwater 
is not currently used as drinking water). Future residents would also have the same yard soil 
contact as listed above for residential. 

•	 Neighborhood recreational - Ingestion of and dermal contact with floodplain soil/sediment; 
ingestion of surface water. For Nine Mile and Mullan, ingestion of and dermal contact with 
waste pile soil was also included. For Side Gulches, Silverton and Wallace, ingestion of and 
dermal contact with soil from upland parks and schools was also included. 

•	 Public recreational (visitors) - Ingestion of and dermal contact with floodplain soil/sediment; 
ingestion of surface water. For Silverton and Wallace, only ingestion of and dermal contact 
with soil from upland parks and schools were included in the risks and hazards. 

•	 Construction workers - Ingestion of and dermal contact with surface and subsurface soils. 
•	 Subsistence - Ingestion of and dermal contact with surface soil and floodplain soil/sediment; 

ingestion of surface water; ingestion offish; and ingestion of water potatoes. 

Table 5-1 provides CT and RME values for total hazard index and cancer risk for each exposure 
scenario. In addition, the table provides information regarding key chemicals and media 
contributing to RME hazard index and cancer risk values. Figures 5-1 to 5-20 also provide 
information regarding key chemicals and media contributing to the RME hazard index and 
cancer risk. USEPA (1989) risk assessment guidance recommends that final hazard and risk 
results be presented as one significant figure only. Therefore, on the Tables at the end of this 
section, a hazard quotient of 1 could be any value between 0.95 and 1.4. For values less than 
0.95, a hazard is again rounded to one significant figure, only the reported value is a decimal, 
rather than a whole number. (For example, for a value of 0.85, a hazard of 0.9 is reported.) 
Similarly, a risk of 2 x 10"5 could be any value between 1.5 x 10"5 and 2.4 x 10"5. Hazards that 
round to less than one are presented as less than one, with one significant figure, i.e. 0.4. The 
Appendix A Tables 7 through 10 series, and the figures at the end of this section report risk and 
hazard results to two significant figures. The following subsections discuss noncancer hazards, 
cancer risks, and hazard/risks for scenario combinations. 

5.3.1 Noncancer Hazard 

This section discusses total hazard indices for chemicals and pathways in each exposure area, and 
chemical-specific hazard indices for risk drivers summed across pathways in each exposure area. 
Noncancer hazards were evaluated for four age groups: child residential and public recreational 
(child visitor), 0 to 6 years; child neighborhood recreational, age 4 to 11; child/adults, age 0 to 
30; and occupational adults (construction workers), 25 years of exposure. In all cases, the 
greatest hazards were for children, age 0 to 6. 

Total Hazard Indices 

As shown in Table 5-1, total CT hazard indices were less than or equal to 1, with the exception 
of the future residential scenario in Burke/Nine Mile (CT hazard index =10 and 5 for child and 
child/adult, respectively). Total RME hazard indices exceeded 1 for the 0- to 6-year age group in 
all of the geographical areas where residential hazards were evaluated: the Lower Basin, 
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Kingston, the Side Gulches, Osburn, Siiverton, Wallace, Mullan, and Burke/Nine Mile. Total | 
RME hazard indices also exceeded 1 for a number of other scenarios: the future residential 
scenario in Burke/Nine Mile; the child public recreational scenario in the Lower Basin and • 
Kingston; the child/adult residential scenario in the Side Gulches; the child neighborhood • 
recreational scenario in the Side Gulches; the occupational scenario in the Lower Basin 
(Figure 5-1); the future child/adult residential scenario in Burke/Nine Mile; and the vegetable • 
garden pathway. I 

•	 For residential scenarios, the key medium contributing to total RME hazard I 
indices was yard soil. One exception was tap water in the Side Gulches, which • 
also contributed significantly to the total RME hazard indices (Figures 5-2 and 
5-3). |

•	 For residential scenarios, arsenic and iron were the key chemicals contributing to
 
total RME hazard indices (Figures 5-4 and 5-5).
 

•	 In the special case of future use of groundwater by residents in the Burke/Nine I 
Mile area, cadmium and zinc were the key chemicals contributing to the total 
RME hazard indices (Figure 5-6). _ 

•	 Depending on the exposure area, one or more of various media (upland surface £ 
soil, soil/sediments, surface water, and waste piles) were key contributors to total 
RME hazard index for recreational scenarios (Figures 5-7 and 5-9). • 

•	 For recreational scenarios, arsenic and iron were the key chemicals contributing to g 
total RME hazard index (Figures 5-8 and 5-10). 

•	 For occupational scenarios, arsenic and iron were the key chemicals contributing
 
to total RME hazard index (Figure 5-11).
 I 

•	 For homegrown vegetables, cadmium was the key chemical contributing to the 
total RME hazard index, whereas for fish, mercury was the key chemical • 
(Figures 5-12a-b). • 

The total RME hazard indices suggest that several of the exposure scenarios listed could pose a I 
threat of noncancer health effects, assuming that the effects from the key COPCs (i.e., arsenic ™ 
and iron or cadmium and zinc) are additive. As discussed in the following section, this is a 
protective assumption that probably overestimates the hazard index at the site. • 

Chemical-Specific Hazard Indices	 _ 

Risk drivers hi each of the current scenarios were either (1) arsenic and/or iron or (2) cadmium 
and/or zinc. There is no evidence that noncancer effects from arsenic plus iron or cadmium plus « 
zinc are additive. On the contrary, it is more likely that the interactions of these two pairs of | 
chemicals are antagonistic (protective), rather than additive. Iron is known to interfere with the 
absorption of ingested metals (e.g., calcium, lead, and cadmium); (whether iron affects the • 
absorption of ingested arsenic is unknown). Oral zinc supplementation decreases the absorption | 
of orally administered cadmium in humans (ATSDR 1999a). Dietary zinc reduces cadmium-
induced testicular damage, hypertension, pulmonary damage, and developmental effects in • 
animals (USEPA 1994c). The mechanism of zinc's reduction of cadmium toxiciry may be (1) a I 
zinc-induced decrease in the bioavailabiliry of ingested cadmium and/or (2) a decrease in 
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cadmium/zinc ratio in target tissues (USEPA 1994c). Chemical interactions are further discussed 
in Section 7. 

Because of the uncertainties surrounding chemical interactions, chemical specific hazard indices 
were also evaluated and are discussed below. Table 5-2 lists scenarios for which hazard indices 
for specific chemicals (added across pathways) were equal to or greater than 1. 

For chemical-specific RME hazard indices: 

•	 Other than the special cases (discussed in the last two bullets below), the only 
specific chemicals with RME hazard indices that exceeded 1 were arsenic and, in 
one case only (residential exposures for children 0 to 6 years in the Lower Basin), 
iron. 

•	 Of the nine exposure areas, four (Kingston, Silverton, Wallace, and Blackwell 
Island) had no cases in which specific chemicals had RME hazard indices that 
were equal to or greater than 1. 

•	 Only residential scenarios had RME hazard indices that exceeded 1. In no cases 
did the neighborhood recreational, public recreational, or occupational scenarios 
have chemicals with RME hazard indices that exceeded 1. 

•	 Tap water in the Side Gulches was the only medium other than soil for which an 
HQ exceeded 1, with the exception of the special cases described in the last two 
bullets. 

•	 In the special case of future use of groundwater in the Burke/Nine Mile area, 
RME hazard indices for cadmium and zinc each exceeded 1 for the residential 
child and residential child/adult scenarios. 

•	 In the special case of homegrown produce, RME hazard indices for cadmium 
exceeded 1 for the residential child/adult scenarios (vegetable hazards were not 
calculated separately for the child age group because ingestion rates for this 
parameter were age adjusted and apply equally to both age groups). 

The hazard index for iron exceeded 1 only in the Lower Basin, and the Lower Basin is the only 
area where iron concentrations are likely to be greater than background concentrations. 
Therefore, iron is a concern only for the 0- to 6-year age group in the Lower Basin. While the 
majority of arsenic concentrations did not result in hazard indices greater than 1 for a particular 
scenario, arsenic hazard indices were equal to 1 for young children for most residential scenarios 
(See Table 5-2), as well as for some neighborhood and public scenarios. Because arsenic hazards 
are at their allowed maximum for residential children, any additional exposures could potentially 
increase the hazards above acceptable levels; therefore, arsenic is the significant noncancer 
chemical besides lead in the entire Basin. 

Hazards in the Side Gulches from the tap water are due to arsenic concentrations of 8 ug/L in one 
private well. In general, arsenic concentrations in private sources from all areas are the major 
contributors to drinking water hazards. Most private water sources had concentrations ranging 
from 1 to 4 ug/L, with the Side Gulches well containing the highest concentration in the Basin. 
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The new MCL for arsenic is 10 ug/L, and arsenic concentrations in some private water sources in 
the Basin may exceed the new MCL, In general, arsenic concentrations in public water systems 
ranged from nondetected to 0.6 p.g/L. • 

The results of the noncancer evaluation for RME cases suggest that the following exposure 
scenarios could pose an unacceptable threat of noncancer effects if current conditions remain the • 
same: • 

•	 Arsenic and iron (primarily in yard soil) for child residents in the Lower Basin, • 
•	 Arsenic (primarily in yard soil and tap water) for child and child/adult residents in ™ 

the Side Gulches (note: some arsenic water concentrations from private sources 
throughout the Basin may exceed the new MCL), • 

•	 Arsenic (primarily in yard soil) for child residents in Osburn and Mullan, and 
arsenic in soil and groundwater in Burke/Nine Mile (this groundwater is not » 
currently used as a drinking water source), • 

•	 Cadmium and zinc in groundwater for child and child/adult residents in 
Burke/Nine Mile, and • 

•	 Cadmium in homegrown vegetables for child/adult residents. £ 

For the CT cases, potential unacceptable exposures occur only for child residents in the Side • 
Gulches when all exposure routes are combined and for future child and future child/adult I 
residents of Burke/Nine Mile from ingestion of tap water. 

5.3.2	 Cancer Risks B 

Cancer risks were evaluated for two age groups: child/adult, age 0 to 30, and occupational adult, I 
25 years of exposure. ™ 

As shown in Table 5-1 and Figure 5-13, total RME cancer risk for each scenario was in the range I 
of 1 0"6 to 10"4. CT cancer risk for each scenario was also in or below the range of 10"6to 10"4 

(Table 5-1 and Figures 5-16 through 5-18). The risk values presented in the tables and the text _ 
are rounded to one significant figure as recommended by the EPA (USEPA 1989). The I 
unrounded values are shown in the figures and in Appendix A, Table 8 through 10 series. Only 
two areas had cancer risks in the 1 0"4 range, residents in the Lower Basin and the Side Gulches • 
with cancer risks of 1 x 10"4 and 3 x 10"4, respectively. All other risks were either above 1 x 10"6 gj 
or in the 1 0"6 to 10'5 range. 

Arsenic was the only carcinogenic chemical evaluated at the site. For the residential scenarios, I 
exposure to arsenic in yard surface soil contributed most of the total RME cancer risk 
(Figure 5-14). However, arsenic hi tap water contributed significantly to total RME cancer risk I 
for residents at the Side Gulches (see Figure 5-14 and discussion in previous section). Although • 
tap water was not the primary contributor to cancer risk for the residential scenarios, RME cancer 
risk for tap water exceeded 1 x 10"6 in all exposure areas (Figure 5-14).	 • 
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For the special case future residential scenario at Burke/Nine Mile, the total RME cancer risk
 
from groundwater was 3 x 10~5 (Table 5-1). Arsenic risks in surface/subsurface soil for
 
construction workers ranged from 2 x 10'5to 8 x 10"45 (Figure 5-17). For recreational scenarios in
 
each exposure area, the following media contributed to most or all of RME cancer risk due to
 
arsenic (Figures 5-15 through 5-16):
 

•	 Soil/sediment in the lower Coeur d'Alene River for the Lower Basin (highest 
concentrations of arsenic in the entire Basin with the exception of waste piles), 

•	 Soil/sediment at the North-South confluence in Kingston, 
•	 Upland surface soil from the Elk Creek area and sediment from Elk Creek Pond in 

the Side Gulches (Elk Creek area soil and sediment had the second highest arsenic 
concentrations in the entire Basin after floodplain soil/sediments in the Lower 
Basin), 

•	 Sediment in the South Fork (Osburn, Wallace, and Silverton neighborhood 
exposures), 

•	 Surface soil from waste piles in Burke/Nine Mile, 
•	 Soil in waste piles and sediment in the South Fork in Mullan, and 
•	 Soil/sediment from the Spokane River on Blackwell Island. 

Although surface water was never the primary contributor to RME cancer risk, cancer risk
 
estimates exceeded 1 x 10~6 for surface water in the Lower Basin (neighborhood and public
 
recreational), Kingston (public recreational NS confluence exposures), and the Side Gulches
 
(neighborhood recreational Elk Creek Pond exposures) (Figures 5-15 and 5-16). The samples
 
from these areas consisted of "disturbed" surface water (see Section 2.8), that is, surface water
 
that contained suspended sediments due to disturbance by the sampler. Therefore, surface water
 
risks in the other water bodies could have been as high as those seen for the "disturbed" water
 
bodies if the sampling methods had been the same for all water bodies.
 

5.3.3	 Hazards/Cancer Risks for Combinations of Scenarios 

The hazards/cancer risks for individual scenarios discussed in the previous sections do not 
consider the potential for the same individual to be exposed via more than one exposure scenario. 
For example, it is possible that children and adults exposed to yard soil and tap water at their 
home could also be exposed to other media (soil, sediment, waste piles, or surface water) during 
recreational use of schools, parks, creeks, and ponds in the neighborhood. Other combinations of 
scenarios are also possible such as residents who also visit public recreational areas, catch and 
eat locally caught fish or residents who also eat homegrown vegetables, and so on. 

Child/Adult Residential Plus Neighborhood Recreational 

Table 5-3 and Figures 5-18 and 5-19 provide total RME hazard index and cancer risk for the 
combined residential child/adult and neighborhood recreational scenarios. In addition, the table 
provides information regarding key chemicals and media contributing to the hazard index and 
cancer risk values. Hazards for the youngest age group (0-6 year-olds) were not added to 
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neighborhood hazards (4-11 year-olds) because the age range is not the same. The 4-11 year old p 
age group is included in the integrated child/adult which covers ages 0-30 years. 

As shown in Table 5-3, total RME hazard indices for the combined residential child/adult and I 
neighborhood recreational scenarios exceeded 1 in the Lower Basin, Kingston, the Side Gulches, 
and Burke/Nine Mile. Risk drivers were arsenic and iron in yard soil and in various media (e.g., fl| 
soil, sediments, and waste piles) in neighborhood recreational areas. In addition, arsenic in tap • 
water contributed significantly to the RME hazard index for the Side Gulches. 

The total hazard indices suggest that child/adult residents in these 4 areas who are also exposed ™ 
to recreational media in the neighborhood might have an unacceptable threat of noncancer health _ 
effects assuming that effects from the key chemicals (i.e., arsenic and iron) are additive. I 
However, there is no evidence that noncancer effects from exposure to arsenic plus iron are 
additive. Therefore, chemical-specific hazard indices were estimated for the combined « 
residential child/adult and neighborhood recreational scenarios. The only chemical-specific | 
hazard indices that exceeded 1 were for arsenic (added across pathways) in the Side Gulches and 
arsenic hazards were equal to one in the Burke/Nine Mile area. Therefore, the results of the • 
noncancer evaluation suggest that the following exposure scenarios could pose an unacceptable | 
threat of noncancer effects for the combined child/adult residential and neighborhood 
recreational: • 

•	 Arsenic (primarily in yard soil, tap water, and soil/sediments) in the Side Gulches, 
and • 

•	 Arsenic (primarily in yard soil and waste piles) in Burke/Nine Mile. ™ 

As shown in Table 5-3, the RME cancer risks due to arsenic for the combined residential • 
child/adult and neighborhood recreational scenarios were all hi the range of 10"6 to 10"4. Lower 
Basin, Side Gulches and Burke/Nine Mile had the highest total cancer risks of 1 x 10"4, 3 x 10"4, 
and 1 x 10"4, respectively. Most of the area's total RME cancer risk can be attributed to yard I 
surface soil concentrations (Figure 5-14). Tap water also contributed significantly to the total 
RME cancer risk in the Side Gulches (Figure 5-14), and various recreational media (soil, • 
sediments, and waste piles) also contributed significantly to the total RME cancer risks in j§ 
Kingston, Silverton, and Burke/Nine Mile. 

Other Combinations of Exposure Scenarios	 I 

For several exposure areas, the total RME hazard index and cancer risk for the child/adult • 
residential scenario were slightly less than or equal to 1 and 1Q"4, respectively. For some of these • 
exposure areas, adding neighborhood recreational exposure to the child/adult residential scenario 
increased the total RME hazard index and cancer risk to levels greater than 1 and 10"4, I 
respectively. The addition of other types of exposure to the child/adult residential scenario (e.g., " 
ingestion of homegrown vegetables or fish, or visiting public recreational areas) might also in 
some cases increase the RME hazard index and cancer risk to unacceptable levels. Noncancer I 
hazards from sport fishing were slightly less than 1 (0.9); however, the noncancer hazard from 

I
 

I
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eating cadmium in vegetables was 2, and cancer risk from arsenic in vegetables was 8 x 10~5.
 
Cadmium in vegetables is further discussed in Section 7.
 

5.3.4	 Subsistence Risks and Hazards 

This section discusses total hazard indices and cancer risk for both modern and traditional
 
subsistence exposure scenarios. For both scenarios,, RME noncancer hazards were evaluated for
 
three age groups (child of age 0 to 6 years; child/adult of age 0 to 70, and adult), and RME cancer
 
risks were evaluated for the adult/child age group for arsenic. Tables 5-4 and 5-5 summarize the
 
hazards and risks for the two subsistence scenarios and Figures 5-20 through 5-22 display the
 
risks and hazards by medium for all chemicals. (See also Appendix A, Table 7 through 10
 
series.)
 

Modern Subsistence Exposure Scenario 

As shown in Table 5-4, total RME hazard indices were greater than 1 for each age group in the 
modern subsistence exposure scenario. The age group having the greatest total hazard index was 
the child age group with 9, followed by child/adult with 4, and then adult with 3. This suggests 
that exposure to metals through all pathways presents an unacceptable health hazard to all age 
groups for noncancer health effects, with children having the greatest risk. 

•	 For the child age group, the key pathways contributing to total RME hazards are 
ingestion of arsenic and iron from surface soil, sediment, and arsenic in 
undisturbed surface water (Figure 5-21). 

•	 For the adult/child age group, when evaluating hazards across the individual 
media, none of the hazard indices exceeded 1. When evaluating total hazards by 
chemical (i.e., adding the hazards from each pathway for a particular chemical), 
only the total hazard index for arsenic exceeded 1 (Table 5-4). 

•	 Ingestion offish was the only pathway evaluated for the adult only age group. 
The total hazard index for fish ingestion exceeded 1, with mercury in northern 
pike being the greatest risk driver (Table 5-4). As was previously discussed in 
Section 2.2.1, whole fish tissue data is not available for use in this human health 
risk assessment for the tribal scenarios. Whole body metal concentrations are 
usually higher than fillet concentrations; thus, use of fillet data for populations 
which consume whole fish (tribal subsistence scenarios) likely underestimates the 
chemical dose from fish. 

Also shown in Table 5-4 are the RME cancer risks for arsenic for the modern subsistence
 
exposure scenario. RME cancer risks exceed 10"6 in all exposure pathways with cancer risks
 
ranging from approximately 1 x 10"5 to 2 x 10"4. Total RME cancer risk is approximately 7 x
 
10"4. Exposure to arsenic in sediments through dermal absorption plus ingestion contributed
 
most of the total RME cancer risk (Figure 5-22). Ingestion of undisturbed surface water also
 
contributed significantly to total risk.
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Traditional Subsistence Exposure Scenario 

As shown hi Table 5-5, total RME hazard indices were greater than 1 for each age group in the • 
traditional subsistence exposure scenario, the child having the greatest hazard with a hazard • 
index of 43. The total noncancer hazards for the adult and adult/child age groups were 10 and 
19, respectively.	 • 

•	 For children, exposure to metals through all exposure pathways, except the
 
ingestion of disturbed surface water, represents potential unacceptable risk for I
 
noncancer health effects (Figure 5-20). Ingestion of surface soil and ingestion of •
 
sediment contribute most to the total RME hazard index for the traditional
 
subsistence exposure scenario with hazard indices of 17 and 11, respectively. I
 

•	 For the combined adult/child age group, the total hazard index exceeded 1 for 
each exposure pathway except dermal absorption from surface soil and ingestion mm 
of disturbed surface water. Ingestion of surface soil is the greatest risk driver for | 
this age group. Ingestion of water potatoes, sediment and undisturbed surface 
water each contribute hazard indices of 4, 3 and 4, respectively to the total RME 
hazard index (Figure 5-21). The key metals contributing to the total RME hazard 
are arsenic, cadmium and iron. 

•	 Ingestion of fish was the only pathway evaluated for the adult age group. The I
 
total hazard index for fish ingestion exceeded 1, with mercury in northern pike •
 
being the most significant risk driver. As was previously discussed in Section
 
2.2.1, whole fish tissue data is not available for use in this human health risk I
 
assessment for the tribal scenarios. Whole body metal concentrations are usually ™
 
higher than fillet concentrations; thus, use of fillet data for populations which
 
consume whole fish (tribal subsistence scenarios) likely underestimates the I
 
chemical dose from fish.
 

Also shown in Table 5-5 are the RME cancer risk for arsenic for the traditional subsistence •
 
exposure scenario for the combined adult/child age group. RME cancer risks exceeded 10"6 in ail
 
exposure pathways, with cancer risks ranging from approximately 4 x 10"5 to 1 x 10*3 (Figure mm
 
5-22). Total RME cancer risk is approximately 3 x 10"3, suggesting potentially unacceptable |
 
cancer risks from exposure to arsenic through all media and pathways.
 

The hazards from eating fish are underestimated for subsistence residents because hazard I
 
estimates are based on concentrations in fish fillets. The subsistence tribal members eat the
 
whole fish, not just the fillets, and concentrations of metals in whole fish are greater than those in I
 
fillets. In addition, fish fillet data are from the lateral lakes, not Coeur d'Alene Lake. Sufficient •
 
fish tissue data were not available from Coeur d'Alene Lake to characterize health risks;
 
however, tribal populations do eat fish from the lake. Therefore, tribal health hazards from I
 
eating fish from Coeur d'Alene Lake are unknown. ™
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5.4 SUMMARY OF RISK CHARACTERIZATION 

The results of the risk characterization indicate that some exposure areas could pose an 
unacceptable threat of noncancer effects for some individuals and exposure media under the 
RME condition. These include (1) young children exposed to arsenic in yard soil in the Lower 
Basin, the Side Gulches, Osburn, Mullan, and Burke/Nine Mile, (2) young children exposed to 
iron in yard soil in the Lower Basin, (3) children/adults exposed to arsenic in yard soil and tap 
water in the Side Gulches, (4) young children and children/adults ingesting cadmium and zinc in 
groundwater in Burke/Nine Mile in the future (groundwater at Burke/Nine Mile is not currently 
used as a drinking water source), (5) young children and children/adults ingesting cadmium in 
homegrown vegetables, and (6) all residents and pathways for subsistence lifestyles. 

Cancer risk estimates exceeded 1 x 10~6 for all individuals in all exposure areas under the RME
 
condition. Over half of the areas also had cancer risk estimates exceeding 1 x 10"6 for all
 
individuals under the CT condition. Only one scenario (RME condition for residents in the Side
 
Gulches) had a cancer risk exceeding 1 x 10"4.
 

Arsenic was the only carcinogenic COPC evaluated at the site. For residential scenarios, yard
 
surface soil contributed the most to cancer risk. For residents in the Side Gulches, tap water also
 
contributed significantly to cancer risk. Although tap water was not the primary contributor to
 
cancer risk for residential scenarios, RME cancer risk estimates for tap water exceeded 1 x 10"6 in
 
all exposure areas. The risk is almost entirely due to selected high concentrations of arsenic in
 
scattered private wells.
 

Depending on the exposure area, one or more of various media (upland surface soil,
 
soil/sediments, sediments, or waste piles) contributed the most to cancer risk for recreational
 
visitors. Although surface water was never the primary contributor to cancer risk, RME cancer
 
risk estimates for "disturbed" surface water exceeded 1 x 10~6 for recreational scenarios in several
 
exposure areas. Surface/subsurface soil contributed all of the cancer risk for construction
 
workers.
 

Surface soil and sediment contributed the most to hazards and cancer risks for the subsistence 
scenarios. The modern subsistence scenario had similar hazards to those found for the highest 
residential child exposures. Cancer risks were higher for the modern subsistence scenario, but 
close to those for the highest residential exposures. Hazards and risks for the traditional 
subsistence scenario were higher than those for the residential scenario by an order of magnitude. 
For the modern subsistence scenario, arsenic and iron were the only chemicals with hazard 
quotients greater than 1 (also similar to residential hazards). For the traditional scenario, mercury 
in fish, manganese in soil and sediment, and cadmium in water potatoes also had hazard 
quotients greater than 1 in addition to arsenic and iron. Hazards from mercury in fish are likely 
underestimated for subsistence tribal members because they eat the whole fish, not just fillets. 

Combinations of the exposure scenarios described above (e.g., child/adult residential plus 
neighborhood recreational) would result in hazard/risk estimates that are higher than those 
discussed in this summary. However, combining the risk and hazard numerical results from the 
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scenarios probably overestimates the total numerical hazard/risk for actual residents. For I 
example, child/adult residents are assumed to spend 24 hours/day, 350 days/year at the residence. 
Assuming that they also regularly spend several hours/day at a neighborhood or public • 
recreational area or are occupationally exposed results in "double counting" (exposure for more j§ 
than 24 hours/day), which will overestimate hazard/risk. However, it is clear that many of these 
additional exposure pathways could result in higher total risks than those shown for residential 
individuals. I 
Although risks and hazards have been evaluated by geographical subarea, residential remedial • 
actions will be made on a home by home basis and will not occur without sampling, if there is no • 
data. Common use areas, neighborhood, and waste pile remedial activities will be determined on 
a site by site basis and will involve the local communities. In addition, as with residential I 
remedial activities, no remediation will take place in the absence of data. ™ 

5.5 POTENTIAL PRELIMINARY REMEDIATION GOALS FOR ARSENIC I 

This section evaluates potential health-based preliminary remediation goals (PRGs) in site soils _ 
under current and probable future conditions. These calculated PRGs provide targets for I 
developing and evaluating response action alternatives and are considered along with current 
U.S. EPA guidelines on remediation and risk management. They are considered preliminary • 
during the RI/FS stage; they do not become final action levels until agreement regarding the gj 
removal action is reached and documented in the Remedial Action Objectives document. In this 
section, potential PRGs were developed for residential, public recreational and neighborhood 
recreational exposures to arsenic hi soil. I 
Chemical-specific PRGs are concentration goals for individual chemicals for specific media and • 
exposure scenario combinations (USEPA 1991e). Potential risk-based PRGs were only • 
developed for arsenic because it is the COPC that was the most consistent risk driver in the 
various scenarios. Potential PRGs were developed in order to provide an estimate of the number I 
of basin homes that could require remedial activity based on concentrations in the Basin. • 

Potential risk-based preliminary remediation goals (PRGs) were calculated by defining a target I 
risk goal and then solving the basic risk assessment equations for concentration rather than 
solving for risk (USEPA 1991 e). Target risk goals and equations differ for carcinogenic and 
noncarcinogenic health effects, as described in Sections 5.1 and 5.2. I 

The target goal for noncancer hazards is typically a hazard index of 1. A hazard index of 1 is the _ 
point at which the estimated dose equals the reference dose associated with no adverse health I 
effects. RME hazard indices for exposure to soil ranged from 2 to 4 for child residential (age 0-6 
years) exposures to yard soil; 0.7 to 2 for child public recreational (age 0-6 years) exposures to • 
soil/sediment; and 0.2 to 0.9 and 0.1 to 0.9 for child neighborhood recreational (age 4-11 years) 
exposures to waste piles and soil/sediment, respectively. Arsenic is the COPC that was most 
consistently a risk driver for these scenarios. Therefore, potential PRGs were calculated for • 
exposure to arsenic in soil by these receptors, with the idea that remediation of the soil to levels I 
appropriate for reduction of health effects resulting from exposure to arsenic will sufficiently 
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lower total hazards. Potential PRGs for noncancer health effects associated with exposure to 
arsenic via the oral and dermal exposure pathways were calculated using the summary intake 
factors (SIFs) as previously derived in Section 3.3.2 in the following equation. 

PRGNC (mg/kg) = THQ x RfD / (SIFing + SIFderm) 

where, 
THQ = Target hazard quotient (unitless) 
RfD = Reference dose (mg/kg-day) 
SIFing = Ingestion summary intake factor (kg/kg-day) 
SIFderm = Dermal summary intake factor (kg/kg-day) 

Target cancer risk goals set by U.S. EPA are defined over a range of 10~6 to 10"4 (USEPA 1991d).
 
RME cancer risks from exposure to arsenic in soil ranged from 4 x 10"5to 8 x 10~5 for residential
 
exposures to yard soil; 1 x 10"5to 4 x 10~5 for public recreational exposures to soil/sediment; and
 
3 x 10"6 to 3 x 10"5 and 2 x 10"6 to 2 x 10~5 for neighborhood recreational exposure to waste piles
 
and soil/sediment, respectively. The following equation was used to calculate the cancer risk
 
PRG:
 

PRGCA = TR / (SF x (SIFing + SIFdeiJ) 

Where, 

TR = Target risk (unitless) 
SF = Cancer slope factor ((mg/kg-day)"1) 
SIFing = Ingestion summary intake factor (kg/kg-day) 

= Dermal summary intake factor (kg/kg-day) 

Table 5-6 summarizes the potential residential, public recreational, and neighborhood 
recreational PRGs. The PRGs will likely be selected based on noncancer health effects to young 
children because for both the residential and public recreational scenarios, the calculated child 
(0-6) noncancer PRG for the younger age groups is less than the child/adult cancer PRG based on 
a cancer risk of 10"4. Likewise, for the neighborhood recreational scenario, the child (4-11) 
noncancer PRG is less than the child (4-11) cancer PRG based on a 10"4 cancer risk. However, as 
noted in Section 5.2, actions may be taken to address cancer risks within the 10"6 to 10~4 range, 
depending on site-specific conditions. Nearly all arsenic risks are within this range. PRGs are 
considered along with EPA guidelines and other risk management issues and do not become final 
action levels until agreement regarding the removal action is reached and documented hi the 
Remedial Action Objectives memorandum. 

Arsenic 95 percent UCLs were calculated for each residential property in the basin with available 
yard soil data for preliminary comparison with some of the potential PRGs listed on Table 5-6. 
Comparisons were made between the residential 95 percent UCLs and 35 mg/kg, 64 mg/kg, and 
123 mg/kg (the child residential noncancer PRG, the child/adult residential cancer PRG based on 
10"4 risk, and the child/adult residential noncancer PRG, respectively). Table 5-7 summarizes the 
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results of this preliminary comparison by geographical area. A total of 242 homes in the Basin • 
have been sampled for yard soil to date. Of these 242 homes, as many as 31% may potentially 
need remedial activities if the child residential soil noncancer PRO of 35 mg/kg is selected, with • 
42% and 44% of the homes in the Side Gulches and Osburn, respectively exceeding 35 mg/kg | 
and only 14% and 17% of the homes in Kingston and Silverton, respectively exceeding 35 
mg/kg. Conversely, as little as 6% of the homes in the Basin will require remedial action if the • 
child/adult residential soil noncancer PRO of 123 mg/kg is selected, with 15% of the homes in • 
Osburn exceeding 123 mg/kg and none of the homes in Lower Basin and Kingston exceeding 
123 mg/kg. However, as previously mentioned, these are preliminary comparisons in order to I 
estimate the amount of remediation that might be needed throughout the Basin. Many other risk • 
management issues, data analysis, and additional sampling may be needed before remedial goals 
are established. • 
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Table 5-1 
Summary of Hazard/Risk Estimates and Risk Drivers 

lillillll 

Child residents NC NC 1 (yard soil) NC 2 (yard soil) 
Child/adult residents 0. 4 9E-06 IE-04 IE-OS (yard soil) 
Child neighborhood
recreational 

0. 3 2E-06 2E-05 IE-05 
(soil/sediment) 

Child visitors3 0. 4 NC NC 0.5 (soil/sediment) NC 0.6 (soil/sediment) 
Child/adult visitors" 0.1 3E-06 0.5 3E-OS 3E-05 

(soil/sediment) 
Construction workers 0.2 3E-06 8E-05 0.5 8E-05 0.7 

(subsurface/
surface soil) 

(subsurface/ 
surface soil) 

(subsurface/ 
surface soil) 

"Visitors refer to public recreational receptors. 
bBased on sediment and surface water in the South Fork for Osburn, Wallace, and Silverton combined. 
°Based on sediment and surface water in the South Fork for Osburn, Wallace, and Silverton combined and surface soil in upland parks and schools in 
Silverton. 

dBased on sediment and surface water in the South Fork for Osburn, Wallace, and Silverton combined and surface soil in upland parks and schools in Wallace. 
"MidGradSegOl includes the towns of Osburn, Wallace, and Silverton. Risk and hazard estimates are applicable to construction workers on projects in any of the 
towns. 
Individual pathway not included in the total risk and hazard estimates for the exposure scenarios and receptors. See text discussion. 
8Based on Northern Pike, the species with the highest concentrations. 
hBased on sediment, surface water, and wastepiles. 
Notes: 
Bold value indicates HI exceeds 1 or CR exceeds IE-06. 
— - not a risk driver 
CR - cancer risk CT - central tendancy 
HI - hazard index NC - not calculated 
RME - reasonable maximum exposure 



Table 5-1 (Continued)
 
Summary of Hazard/Risk Estimates and Risk Drivers
 

JC|iitgs|dn;.:;L:,V:v, 
ChM residents 
Child/adult residents 
Child neighborhood
recreational 
Child visitors* 
Child/adult visitors" 

Construction workers 

Child residents 

Child/adult residents 

Child neighborhood
recreational 

Child residents 
Child/adult residents 
Child neighborhood
recreational15 

0.7 
0.2 
0.3 

0.4 
0.1 

0.06 

:̂*:<w§:̂ :' 

1 

0.5 ' 

0.3 

Mill 
i 

0.3 
0.07 

NC 
SE-06 
2E-06 

NC 
3E-06 

9E-07 

NC 

2E-05 

IE-06 

NC 
9E-06 
3E-07 

\ ->'"•'•; '. 

2 NC 
0,7 5E-05 

1 3E-05 

2 NC 
0.6 4E-05 

o;5 3E-05 

lilili 
6 NC 

2 3E-04 

2 2E-05 

iniiiys 
3 NC 

0.9 8E-05 
0.3 5E-06 

'}"'•:• 4':' ' .", 

0.6 (yard soil) NC 1 (yard soil) — — 
— 4E-05 (yard soil) — — — 
— 2E-05 — — — 

(soil/sediment) 
0.7 (soil/sediment) NC 0.6 (soil/sediment) — — 

— 4E-OS — — — 
(soil/sediment) 

~™**" 3E-05 —— •*"— * ——. 

(subsurface/
surface soil) 

fl|i:|Piii|liS ;lll̂ iiiill§ll!i:-î  
3 (yard soil/ tap 

water) 
NC 1 (yard soil) — — 

1 (yard soil/ tap 
water) 

3E-04 (yard soil/ 
tap water) 

0.3 (yard soil) — — 

0.4 (soil/sediment) 2E-05 (Elk Creek 
soil/Elk Creek 
Pond sediment) 

«. — — 

~ " 
•>$ '%'£ ' '•.'. '~$$ : v •:":- :' ;::: " -. " f-::{-<^ >"^ * 

1 (yard soil) NC 1 (yard soil) — — 
— 7E-05 (yard soil) — — — 
— 5E-06 (sediment) — — — 
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Summary of Hazard/Risk Estimates and Risk Drivers
 

Child residents 
Child/adult residents 
Child neighborhood
recreational0 

Child visitors" 

0.7 
0.2 
0.1 

0.06 

NC 
5E-06 
5E-07 

NC 

2 
0.7 
0.5 

0.3 

NC 
5E-05 
9E-06 

NC 

0.6 (yard soil) 
— 
— 

— 

NC 
3E-05 (yard soil) 
8E-06 (surface
soil/sediment) 

NC 

0.9 (yard soil) 
— 
— 

— 

— 
— 

— 

— 
— 

— 
Child/adult visitors" 0.02 3E-07 0.09 6E-06 — 6E-06 

(surface soil) 
— — — 

Child residents 
Child/adult residents 
Child neighborhood
recreational"1 

Child visitors8 

0.9 
0.3 
0.1 

0.09 

NC 
6E-06 
6E-07 

NC 

3 
0.8 
0.6 

0.5 

NC 
5E-05 
8E-06 

NC 

0.6 (yard soil) 
— 
— 

— 

NC 
4E-05 (yard soil) 
8E-06 (surface 
soil/sediment) 

NC 

0.9 (yard soil) 
— 
— 

— 

— 
— 

— 

— 
— 

— 
Child/adult visitors' 0.03 4E-07 0.1 6E-06 — 6E-06 

(surface soil) 
— — — 

Construction workers 0.05 7E-07 0.4 2E-05 ——. 2E-05 
(subsurface/ 
surface soil) 

—— —— —— 

Child residents 
Child/adult residents 
Child neighborhood
recreational11 

Construction workers 

1 
0.3 
0.06 

0.07 

NC 
6E-06 
2E-07 

8E-07 

3 
1 

0.4 

0.5 

NC 
7E-05 
4E-06 

2E-05 

1 (yard soil) 
— 
— 

NC 
6E-05 (yard soil) 

4E-06 (waste
piles/sediment) 

2E-05 
(subsurface/
surface soil) 

1 (yard soil) 
— 
— 

— 
— 
— 

— 
— 
— 



Table 5-1 (Continued)
 
Summary of Hazard/Risk Estimates and Risk Drivers
 

MneMife- '  ' : :  : '  • • . . • • ,>• ;.-.; ; ; • , - .  , ;j,:, ' ...:-:;:.r"i:V-.N' . "••  ; "  ' . : • • ' • ••< . • " . : •  ; " ' . ; - , ' - : ; . , . . - . ' : - ^  t . . . ; ' , . ..:)'"••'•:  ' - • 
Child residents 1 NC 3 NC 1 (yard soil) NC 1 (yard soil) — — 
Future child residents 10 NC 22 NC — NC — 17 (groundwater) 4 (groundwater) 
Child/adult residents 0.3 8E-06 1 8E-05 — 7E-OS (yard soil) — — — 
Future child/adult
residents 

5 3E-06 12 3E-05 — 3E-OS 
(groundwater) 

. — 9 (groundwater) 2 (groundwater) 

Child neighborhood
recreational*1 

0,1 7E-07 1 4E-05 0,7 (waste piles) 3E-05 (waste
piles) 

— — — 

Construction workers 0,05 6E-07 0.4 2E-05 
~ 

2E-05 
(subsurface/
surface soil) " 

Child visitors' 0,1 NC 0.7 NC — NC — — — 
Child/adult visitors* 0.05 IE-06 0.2 IE-05 — IE-05 

(soil/sediment) 
— — — 

Child residents 0.1 NC 2 NC — NC — 2 — 
Child/adult residents 
ilpRllliPlllll 

0.1 2E-06 2 
f! ̂ [liillllllllSfl:? 

8E-05 
Illlii 

— 8.00E-05 — 2 — 

^^:^!^^A$'l'^$Mi^X^&iS-:fM^^M^^&^:< :':-:f:f"' 
Adult visitors" 0.4 NC 0.9 NC — NC — — — 



1 
1 Table 5-2 

1 Chemicals With Hazard Indices Greater Than or Equal to 1 

P*!i«$^̂  

1 •; -,-,;.-,;,'.-.:.:.;...-,•,•.;.-,-,».;. v,,v,v.v:>:>:>:>:>:>;::>,-,-,;.;,;,; ;,•,;. ;.;.:.;.:.;.;.v.x.xv:v::::?:::':':':':'i':':-:v:';-Xv:':':':':':::::v:-:-:̂ :'X>' •:•••••• •••XvXvxWi'^'': :.".".".".".",-,". -,',ny, 

RME residential child Arsenic, iron 2, 2 

•: miiiii 

1 RME residential child Arsenic, iron 3, 1 
RME residential child/adult Arsenic 1 

1
 
•:;',:;:&-£-&y;';';';y:':̂ 
,*wx^:v'X'X'X*x-x-:-X':-x-X'>>x->;*M
M^^ îggS^gS:ii«^m^^^^ î?^^^^^^^» :̂VvXvXvtvt!:';!: 

RME residential child Arsenic 1 

1 RME current/future residential child Arsenic 1 
RME future residential child (groundwater only) Cadmium, zinc 17,4 

1 RME future residential child/adult (groundwater Cadmium, zinc 9, 2 
only) 

^•^ss^g: 

RME residential child Arsenic, iron 1, 1 

1
|1
1 

RME residential child Cadmium 2 

RME residential child/adult Cadmium 2 

1 Motes: 
fndividual pathway not combined with hazards from other exposure scenarios or receptors, See 

t.ext discussion.
 1 See also Figures 5-4 and 5-5.
 

1 
1 
1 
1 
1
 
1
 
1 



Table 5-3
 
Summary of Hazard/Risk Estimates for Combined Child/Adult Residential
 

and Neighborhood Recreational Scenarios
 

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
 

Tetal Hazard/Risk; •::=- ;v:l:;;XJ«lp^ :; -: •••••••••-••: \ 
, KME.-:,;,^;«; lro» 

;.,~'^-^'- •:•'•-••-•'' ''-'' "---.-- ;"' -T <V ; jrii*'v,- C*Xv>>'"' ----- ..-•-•------'.••••^••^K^^^y^sy^m^^ - - - - - - W l 
'• , . , "" , X ,»•;--•":' ' - : -***;:- . .-;>•,'; ;-v. , ,;,;.,, ; ,-.-, v<-.\w-> :f ';:• vf iCJw;;j,t; ;'; .-;>• ; itS^-K;f <£V-'.v "•: • - .V-V.V.'.'.'.V: . - - - . - .-....-.:-:::::,:-*»* . :HI •- :0r.;'": :;:i:ivSSlI|iî iiifS:-Sl SlK^ îsiip;v:̂ ;̂i;Ss .'- -''.":"-=vW««ir"'" '""""1 

:?&^^^ .̂̂ ^^^^^^^y.>^^>;A-.-.-.- - .--^ - -'•--•----•• : 
!lAtK^sei^^Tr^^S^^^S^^^ ::-;:•••::-x;.:;;; ; K.fw-; ;:, •;-, ,;-;-- v.-. v^vrx^x'::x':';''v---'.--v"rv'" : ' : :V • , - . - - - - 

2 IE-04 0.7 8E-05 0.7
 
(Yard soil/soil/sediment) (Yard soil) (Yard soil/soil/sediment)
 

•".;•- •"•'•- I:':-;:™K-K-™:->:«.X«K-K-«-:--Kingsipj^.^ZVrS;;;^ 
2 8E-05 0.6 6E-05 I
 

(Yard soil/soil/sediment) (Yard soil/soil/sediment) (Yard soiFsoil/sediment) 
SiaeGufc ĵ ::-YV-;̂ ;:;:;;;;;'::;;̂ ^ 

4 3E-04 2 3E-04 0.7
 
{Yard soil/tap (Yard soil/tap water) (Yard soil/soil)
 

water/upland surface soil)
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2 IE-04 1 IE-04 0.4
 
(Yard soil/waste piles) (Yard soil/tap water/waste (Yard soil)
 

piles)
 

Notes: 
Bold value indicates HI exceeds I or CR exceeds IE-06. 
— - not a risk driver 
CR - cancer risk 
HI - hazard index 
RME - reasonable maximum exposure 
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Table 5-4 Summary of RME Hazard/Risk Extimates and Risk Drivers for Modern Subsistence Exposure Scenario 

Fish 
Bullhead Ingestion Adult 

Northern Pike 
Perch 

Water Potato" Ingestion Child/Adult 0.8 0.8 
Child 0.3 0.3 Dermal Child/Adult 0.2 6.E-05 0.1 6.E-05 Surface Soil Child 3 0.8 1 0.6 Ingestion Child/Adult 0.8 l.E-04 0.2 l.E-04 0.3 
Child 0.8 0.7 Dermal Child/Adult 0.5 2.E-04 0.4 2.E-04 Sediment Child 3 0.8 1 0.7 Ingestion Child/Adult 0.9 l.E-04 0.2 l.E-04 0.4 

Undisturbed Surface Child 1 1Ingestion Water Child/Adult 0.7 2.E-04 0.5 2.E-04 
Disturbed Surface Child 0.3 Ingestion Water Child/Adult 0.1 l.E-05 l.E-05 

Adult" 0.1 3 
Total Child 0.5 2 0.1 

Child/Adult 7.E-04 7.E-04 1 0.5 0.1 
"The water potato hazard listed in the table is for unpeeled water potatoes. The hazard for peeled water potatoes is 0.5. 
Total hazard for the Adult only age group is based on Nothem Pike. The species with the highest concentration. 

Notes: 
Bold value indicates HI exceeds 1 or CR exceeds IE-06. 
— - Either not calculated or not a risk driver. 
CR - cancer risk 
HI - hazard index 
RME - reasonable maximum exposure 



Table 5-5 Summary of RME Hazard/Risk Estimates and Risk Drivers for Traditional Subsistence Exposures 

Fish 

^SP 111 ilpfltilllllllitt 
11 Pill 

plliill
fllplll 

Hlpilj 11111111 

Bullhead 
Northern Pike Ingestion Adult 4 

10 -
., .. ., - - - 4 

10 
Perch 7 7 

Water Potato" 

Surface Soil 

Sediment 

Undisturbed Surface 
Water 
Disturbed Surface 
Water 

Ingeslion 

Dermal 

Ingestion 

Dermal 

Ingestion 

Ingestion 

tngestion 

Child/Adult 
Child 
Child/Adult 
Child 
Child/Adult 
Child 
Child/Adult 
Child 
Child/Adult 
Child 
Child/Adult 
Child 
Child/Adult 

4 
2 

0.5 
17 
5 
3 
2 
11 
3 
9 
4 

0.9 
0.2 

.. 

2.E-04 

6.E-04 

7.E-04 

4.E-04 

l.E-03 

4.E-05 

.„ 
— 

1 
— 

0.7 

— 

Mm 

.. 
2 

5 
1 
2 
2 
3 
1 
7 
3 

0.3 

., 

2.E-04 

6.E-04 

7.E-04 

4.E-04 

l.E-03 

4.E-05 

4 

: 
0.6 

: 
0.5 

0.7 

— 

„„— 
7 
2 

: 
4 
1 

— 

— 

.. 
-
4 
1 

: 
3 

0.7 
0.8 

0.4 

— 
—

— 

: 
— 

0.8 
0.4 

«* 

Adultb 10 0.4 10 
Total Child 43 2 19 2 11 8 0.8 

Child/Adult 19 3.E-03 0.5 7 3.E-03 5 3 2 0.4 
"The water potato hazard listed in the table is for unpeeled water potatoes. The hazard for peeled water potatoes is 2. 
TTotal hazard for the Adult only age group is based on Nothern Pike. The species with the highest concentration. 

Notes; 
Bold value indicates HI exceeds 1 or CR exceeds IE-06. 
~ - Either not calculated or not a risk driver. 
CR - cancer risk 
HI - hazard index 
RME • reasonable maximum exposure 



Table 5-6 Potential Preliminary Remediation Goals for Arsenic 

Arsenic-Cancer (10" risk) 64 420 1663 815 1016 
Arsenic-Cancer(10" risk) 6 42 166 81 102 
Arsenic - Cancer (10"6 risk) 1 4 17 10 
Arsenic - Noncancer 35 123 234 810 748 367 457 



Table 5-7 Summary of the Percent of Basin Residences with 95
 
Percent UCL Arsenic Concentrations Exceeding Selected Potential
 

PRGs 

Total Number 
of homes Percent of 

sampled for homes 
yard soil* > 35 (rag/kg) 

Lower Basin 12 25% 
Kingston 28 14% 
Side Guiches 31 42% 
Osfaurn 52 44% 
Silverton 23 17% 
Wallace 36 36% 
Nine Mile 34 29% 
Muilan 26 23% 
CdA Basin 242 31% 

Percent of
 
homes
 

> 64 (rag/kg)
 
,_ 17% 
,_ 4% 

23% 
21% 
9% 
6% 
12% 
15% 
14% 

Percent of
 
homes
 

> 123 (rag/kg)
 
0%
 
0%
 
6%
 
15%
 
4%
 
3%
 
6%
 
4%
 
6%
 

* Subsequent residential sampling efforts have taken piace since the generation 
of residential EPCs used in this Baseline HHRA. The total number of homes is 
based upon the total number of homes sampled in the Basin for which yard soil 
data is available to date, including these subsequent residential samplings. 
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6.0 CHARACTERIZATION OF LEAD HEALTH RISK
 

The approach to human health risk assessment for lead differs from that of other metals in 
several ways. It is important to note those differences and how the methodologies employed 
relate to the Coeur d'Alene Basin population. Among the important considerations are the nature 
of the health effects, the behavior of lead in the body, measurements of biological effects, indices 
of risk, how risks are quantified, availability of data (both site-specific and in the national 
experience), and the relationships between absorption levels and environmental media. 

The lead health effects of greatest concern, at the environmental and blood lead levels observed 
in the Basin, are subtle and sub-chronic in nature. That is, the adverse effects of low-level lead 
poisoning can result from relatively short-term exposures on the order of months, as opposed to 
periods of years to lifetime for other metals. Similarly the effects of lead poisoning are less likely 
to be diagnosed in a clinical setting and often go undetected. 

The adverse health effects of lead have been related to blood lead concentration or micrograms of 
lead per deciliter of whole blood (ug/dl). As a result, blood lead levels have evolved as indices of 
health criteria. Currently, 10 ug/dl has been identified as the national level of concern for young 
children and pregnant women. The health effects observed at a blood lead level of 10 (ig/dl are 
sub-clinical, meaning that, generally, these effects cannot be diagnosed in an individual child. 
Establishment of these sub-clinical health effects of lead was based on numerous scientific 
studies involving comparisons of large groups of children (NRC 1993, ATSDR 1999b, and CDC 
1997). 

Lead health risk assessment evaluates potential for these adverse effects to occur by comparison 
of observed or predicted blood lead levels to these standards. Risks to population groups are 
assessed by determining the expected or observed percentage of the population to exceed those 
criteria. Risk to individuals is often expressed as the probability that the subject's blood lead 
level will exceed the specified level (i.e., 10 ug/dl). 

Public health authorities have developed policies indicating the acceptability of certain 
probabilities or percentages of populations exhibiting blood lead levels in excess of the criteria. 
Those policies are presented in this Section 6.2. For example, the U.S. Environmental Protection 
Agency's current remediation goal, with respect to children, is that no child in an identifiable 
population has a greater than 5% probability of a blood lead level of 10 ug/dl or greater. 

As a result, lead health risk assessment involves measuring and modeling blood lead levels for 
relatively short-term exposures and relating those to national criteria. Pharmaco-kinetic models 
have been developed to predict blood lead levels resulting from different (lead) intake scenarios. 
These models have evolved to assist risk assessors in estimating population blood lead levels for 
differing environmental situations (USEPA 1994d, 1998f) and are attached as Appendix O. 
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Detailed descriptions can be found on-line at • 
http://www.epa.gov/superfund/progranis/lead/prods.htm#guidance. 

These models are especially useful in multiple source situations, such as the Basin, where • 
individuals can be exposed to lead in many aspects of their lives. Coupled with site-specific 
measurements of blood lead levels and environmental exposure levels and the experience of the I 
nearby BHSS, these models can be useful tools in aiding the understanding of the complex 
mechanisms involved in lead poisoning. The same findings can then be used to devise and _ 
implement response strategies to reduce risks and minimize the potential for lead absorption I 
among the local population. 

This type of analysis is performed in this Section for the resident population. Results from site- • 
specific lead exposure studies, surveys of lead absorption and follow-up results for local children, 
and special environmental sampling have been combined with modeling efforts to provide a • 
comprehensive analysis of lead health risks for the resident population in the Basin. | 
However, this approach was not possible with respect to the lead health risk concerns for the 
Coeur d'Alene Tribe. There are no site-specific human health biological data to evaluate. Tribal • 
members abandoned traditional, historic subsistence practices in the River environment a century I 
ago because of high levels of contamination. Currently available blood lead models were 
developed for suburban/urban applications and have not been tested nor applied to Native B 
American traditional activities. As a result, risk assessment for potential subsistence activities by " 
Tribal members is limited to estimating intake rates and qualitatively comparing those, to rates of 
other populations. However, it is clear that a subsistence-based lifestyle requires environmental I 
lead levels orders of magnitude lower than those measured throughout the floodplain of the ™ 
Coeur d* Alene River. 

6.1.1 Lead Health Risk Assessment for the Resident Population 

Two approaches to the lead Human Health Risk Assessment (HHRA) have been conducted to I 
assist risk managers, the local communities, and public health officials in developing health 
protective strategies to minimize the future incidence of lead poisoning among the resident • 
population in the Basin. These two methods are generally referred to in this document as • 
conventional (e.g., a predictive, mechanistic approaches to blood lead modeling) and site-
specific analysis (e.g., a descriptive, empirical approach). The conventional Integrated Exposure m 
Uptake Bio-kinetic Model (IEUBK) approach is intended to be predictive of future, potential | 
blood lead levels associated with a site. Empirical comparisons have documented a reasonable 
concordance between IEUBK Model predictions and observed blood lead levels (Hogan et al. • 
1998). Other studies have been critical of the IEUBK's predictive capabilities (Carroll and • 
Galindo 1998, Biesada and Hubicki 1999, Griffin et al. 1999). This model has been effectively 
utilized to establish cleanup criteria and monitor remedial effectiveness at the Bunker Hill I 
Superfund Site (BHSS) for more than a decade (TerraGraphics 2000a) (See Appendix Q). The • 
site-specific method more accurately describes past blood lead trends; its predictive value for 
future blood leads may be contingent on continuing public health intervention activities to I 
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monitor blood lead levels and reduce exposure. Both of these methods attempt to relate potential 
lead poisoning, as measured by blood lead content, to levels of lead in the environment. 

In any assessment of human health risk in a community setting, basic steps are undertaken to 
characterize and evaluate the potential health problems. Those individuals and groups that are 
most sensitive, or most at-risk, to lead poisoning are identified. In this case, young children and 
women of reproductive age (as they might expose the unborn child) are the sensitive population. 
The suspect sources of lead are identified. In the Basin, the principal sources are mining industry 
wastes and lead-based paint used on both the inside and outside of homes. Less prevalent sources 
include the historic use of leaded gasoline, plumbing, and other consumer goods that contain 
lead. Over the years, these sources have contaminated other environmental media that can now 
be contacted by children and women of reproductive age. In the Basin, soils and house dust are 
contaminated by historic discharges of mining industry waste, deteriorating paint, or past use of 
leaded gasoline. Soils may include home yards, roadsides and driveways, schoolyards, play 
grounds, recreational locations, the river floodplain, and other contaminated areas. Drinking 
water may be contaminated by mine wastes or use of lead solder in plumbing. Contaminated 
dust in the air can contribute to lead intake through inhalation. Soils and dust can also 
contaminate_/bo</ from local gardens. Supermarket food may also contain lead. 

Once these sources are known, the routes of exposure or pathways by which children or adults 
may contact and ingest this lead are identified. The routes of exposure of greatest concern in the 
Basin are children consuming soil and dust in their everyday activities, contaminated food, and 
drinking water. A variety of soil and dust media may be involved, and the lead in the soils and 
dust may come from different sources. Children consume interior dust in their homes, schools or 
day cares; and soils from home yards and play areas. Adults consume soil in both their home, 
and recreational and occupational environments. The lead in these soils and dusts can originate 
from paint, mine waste piles, tailings in the river flood plain, leaded gasoline combustion, 
deposition of airborne dust, and other potential sources. Lead exposure pathways are identified 
and media concentration data are summarized in Section 6.3. 

In conventional risk assessment, estimates are developed of how much lead is ingested (or taken 
into the body) through soils, dust, water, and food. This is accomplished by multiplying the 
amount of soil, dust, water, and food, etc., that children and adults consume, by the lead 
concentration in these media. This value is usually calculated in units of micrograms of lead 
ingested per day (ug/day) and is called the lead intake. The IEUBK Model for lead is used to 
estimate the mean (i.e., geometric mean) blood lead level expected for a typical child consuming 
that amount of lead. However, all children do not respond in the same way to the same intake of 
lead; some have higher blood lead levels and others have lower. The IEUBK Model also predicts 
the percentage of children likely to exceed a given blood lead level. The exceedance predictions 
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are calculated using an empirically derived measure of blood lead variability (i.e., geometric 
standard deviation) for a group of similarly exposed children. Intake rates are calculated and 
presented in Section 6.5. Blood lead estimates are developed in Section 6.6. 
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The United States Centers for Disease Control (CDC) determined that blood lead levels greater I
 
than 10 ug/di present an undue risk of damaging health effects; the USEPA has established a
 
national goal of no more than 5% of children in any community exceeding a 1 0 p,g/dl blood lead I
 
level. The EPA guidance refers to both limiting exposure and determining soil lead ™
 
concentrations so that "a typical (or hypothetical) child or group of children would have an
 
estimated risk of no more than 5% of exceeding a blood lead of 1 0 ug/dl" (USEPA 1 998f, I
 
USEPA 1994d). The IEUBK Model predicts that percentage of children (6-84 months) expected ™
 
to exceed the 10 ug/dl blood lead health standard. If the estimated risk of children having blood
 
lead levels greater than or equal to 10 ug/dl exceeds 5%, then corrective measures should be I
 
undertaken to reduce that risk. Lead health risks are characterized in Section 6.7.
 

Site-specific analysis of risk in this report refers to the collection of blood lead data from the | 
resident population and relating the observed blood lead levels to measured concentrations in 
environmental media collected during the time of the study. These studies seek to establish that • 
percentage of the population that is actually experiencing lead poisoning and characterize the | 
direct link between lead hi blood and the various media. This is generally accomplished by 
conducting well controlled investigations that collect both blood lead and environmental source 
data and relating those through statistical techniques. 

In the site-specific approach, an actual measurement of the percent of children to exceed 10 jig/dl •
 
is obtained and relationships between blood lead and soil, dust, paint, water, and socioeconomic •
 
factors can be evaluated. Generally, these types of studies are cross-sectional and designed to
 
describe relationships between environmental lead levels and levels of lead measured in blood I
 
for the population, at a particular point in time. Both the conventional and site-specific *
 
approaches have been used at Superfund sites throughout the country and are consistent with
 
USEPA guidance (USEPA 1989, 1994a). This risk assessment employs both methodologies. I
 
However, USEPA guidance requires that any site-specific analysis be based on compelling
 
scientific evidence, collected in controlled investigations that are representative of the population _
 
of concern, the contaminated media, and the routes and pathways of lead exposure that are, or •
 
could be, occurring in the future.
 

The majority of blood lead data available for the Coeur d'Alene Basin are observational and |
 
opportunistic based on voluntary participation in health response programs and were not solicited
 
for experimental or survey purposes. Blood lead levels are not, nor were ever, intended to be •
 
randomized, and the blood lead database is limited to less than 1/3 of the 9 month to 9 year old I
 
population and less than 20% of pre-school children. As a result, the representativeness of this
 
self-selected population to all the children in the Basin is unknown, and the true prevalence of I
 
blood lead levels exceeding 1 0 ug/dl cannot be determined with these data. Because there is not a *
 
representative database for blood lead levels, this variable cannot be used to quantitatively assess
 
the risk or probability of exceeding blood lead criteria in the overall population, especially for •
 
young children. ™
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Although the blood lead database does not represent the overall population, it is can be 
considered representative of those children that were sampled. Additionally, a representative 
sample of environmental media was obtained in 1996 and has been substantially supplemented to 
near 50% of all homes in the Basin. These data can be used to develop a hybrid risk assessment 
technique mat uses the site-specific analysis to develop input parameters for the IEUBK Model 
that are particular to this population in the Coeur d'Alene Basin. As a result, several analyses of 
the available data to support site-specific amendments to the IEUBK model are presented in this 
report. The latter approach was accomplished at the BHSS in 1990 and the "Box ModeF'was 
used to develop the cleanup strategy employed there over the last decade. A detailed 
explanation of the technical basis for the Box Model is attached as Appendix Q. Existing blood 
lead data are summarized in Section 6.2, and site-specific quantitative analyses are presented in 
Section 6.4. Strict application of current EPA policy requires applying the default mode of the 
IEUBK in addition to any site-specific analysis. Both the default and site-specific IEUBK 
analyses are presented in Section 6.6. 

6.1.2 Lead Health Risk Assessment for the Coeur d'Alene Tribe 

For the purposes of this assessment, Coeur d'Alene Tribal authorities have requested that two 
specific tribal exposure scenarios be investigated, developed, and utilized within the Coeur 
d'Alene Basin (CDAB) Human Health Risk Assessment (HHRA). Those scenarios are the 
Traditional Tribal Subsistence Lifestyle, representing the aboriginal existence, and the Modern 
Subsistence Lifestyle, representing tribal members practicing modern subsistence activities. Both 
lifestyles were characterized in Section 3.1.3, and appropriate tribal exposure factors and 
consumption rates were developed. In large part, the various tribal exposure pathways and 
consumption rates included for use by the Coeur d'Alene Tribe were initially developed from 
research conducted with the Umatilla Tribe in Northeastern Oregon (Harris and Harper 1997). 
The results of that research were subsequently used within the Hanford Screening Assessment 
under a subsistence resident scenario (CRCIA 1996). 

Research specific to the Coeur d'Alene Tribe has been conducted to evaluate the appropriateness 
of the Umatilla Tribal exposure factors in the HHRA. Adjusted exposure parameters extrapolated 
from the Hanford Screening Assessment are presented in Tables 3-26a-b. These exposure 
parameters are consistent with standard approaches to human health risk assessment, and are 
intended to be protective of traditional Coeur d'Alene Tribal riparian zone subsistence activities. 
The Traditional Tribal Subsistence exposure factors presented were developed assuming that the 
lifestyle involved residence within the floodplain for almost the entire year. The Coeur d'Alene 
Tribe has also requested that exposure factors and consumption rate information be developed 
and considered for modern tribal members utilizing traditional hunting/gathering activities and a 
subsistence diet in today's environment (Modern Subsistence Scenario). The Modern Subsistence 
Scenario does not assume permanent residence within the floodplain. 
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Tribal exposure pathways are discussed in Sections 3.2.4 and 6.5.1. Lead intake for select 
pathways are developed in Section 6.5.4. Potential lead absorption is discussed in Section 6.6.4 
and risks are discussed in Section 6.7.5.

FINAL VERSION 6-6
 



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
 

FINAL VERSION 6-7
 

6.2 OBSERVED BLOOD LEAD LEVELS
 

6.2.1 Blood Lead Health Criteria 

Centersfor Disease Control Advisory Regarding Children's Blood Lead Levels 

The Centers for Disease Control have outlmed three major areas for development of policies and 
activities related to childhood lead poisoning prevention. These areas are primary prevention 
activities, secondary prevention activities, and monitoring (surveillance). Primary prevention 
activities include evaluation and control of residential lead-based paint hazards, public lead 
education, professional lead education and training, anticipatory guidance by child health-care 
providers, and identification and control of sources of lead exposure other than lead-based paint. 
Primary prevention activities are aimed to prevent children from being exposed to lead (CDC 
1997). 

The Centers for Disease Control have the following secondary prevention guidelines regarding 
child blood lead levels (adapted from CDC 1997, Table 4.3): 

blood lead concentration <10 ug/dl 

blood lead concentration 10-14 ug/dl 

blood lead concentration 15-19 ug/dl 

blood lead concentration 20-44 ug/dl 

blood lead concentration 45-69 ug/dl 

Re-assess or re-screen in one year. No 
additional action is necessary unless 
exposure sources change. 

Provide family lead education. Provide 
follow-up testing. Refer for social services, 
if necessary. 

Provide family lead education. Provide 
follow-up testing. Refer for social services, 
if necessary. If blood lead levels persist or 
worsen (i.e., 2 venous blood lead levels in 
this range at least three months apart), 
proceed according to actions for blood lead 
concentrations in the 20-44 ug/dl range. 

Provide coordination of care (case 
management), clinical management, 
environmental investigation, and lead-
hazard control. 

Within 48 hours, begin coordination of care 
(case management), clinical management, 
environmental investigation, and lead-
hazard control. 



I
 
« blood lead concentration >70 ug/dl Hospitalize child and begin medical " 

treatment immediately. Begin coordination 
of care (case management), clinical I 
management, environmental investigation, 
and lead-hazard control immediately. 

(7.5. Environmental Protection Agency Policy regarding Children's Blood Lead Levels 

At lead contaminated residential sites, EPA seeks assurance that the health of the most I 
susceptible population (children and women of child bearing age) is protected and promotes a 
program that pro-actively assesses and prevents unacceptable exposures to lead. EPA believes • 
that predictive tools should be used to evaluate the risk of lead exposure, and that cleanup actions | 
should be designed to address both current and potential future risk. For this reason, cleanup 
decisions can be made on IEUBK predicted blood lead levels alone. Blood lead monitoring • 
provides useful and complementary data to Model results. Blood lead monitoring data is | 
invaluable to initiate treatment and intervention for children with elevated lead levels, but is of 
limited use in developing remedial action criteria. This EPA policy is attached as Appendix O • 
(USEPA 1994d, USEPA 1998f). The policy is also available online at I 
http://www.epa.gov/superfund/programs/lead/prods.htm#guidance. 

To meet these objectives, EPA seeks actions that limit exposure to soil lead levels such ™ 
that a typical child or group of similarly exposed children would have an estimated risk of no 
more than 5% exceeding a blood lead level of 10 ug/dl. I 

EPA emphasizes the use of the IEUBK Model for estimating risks for childhood lead 
exposure from a number of media, such as soils, dust, air, water, and other sources to predict I 
blood lead levels in children 6 months through 84 months old. EPA recommends that the IEUBK 
Model be used as the primary tool to generate risk-based soil cleanup levels at lead sites for _ 
current or future residential land use. Response actions can be taken using IEUBK Model • 
predictions alone; blood lead studies are not required. 

Blood lead studies and surveys are useful tools at lead sites and can be used to identify key g 
site-specific exposure pathways and to direct health professionals to individuals needing 
immediate assistance in minimizing lead exposure; however, EPA recommends that • 
blood lead studies not be used for establishing long-term remedial or non-time-critical • 
removal cleanup levels at lead sites. 

It is recommended that risk assessments conducted at lead-contaminated residential • 
sites use the individual residence as the primary exposure unit of concern. This does not mean 
that a risk assessment should be conducted for every home yard, rather that the soil lead I 
concentration data from yards and other residential media (for example, interior dust and * 
drinking water) should be input into the IEUBK Model to provide a preliminary remediation goal 
(PRO) for the residential setting. When applicable, potential exposure to accessible site-related I 
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lead sources outside the residential setting should also be evaluated to understand how these 
other potential exposures contribute to the overall risk to children, and to suggest appropriate 
cleanup measures for those areas (USEPA 1998f). 

Bunker Hill Superfund Site Remedial Action Objectives 

Site wide Remedial Action Objectives (RAOs) are defined in the Populated and Non-populated 
Records of Decision (RODs) for the Bunker Hill Superfund Site (BHSS) (USEPA 1991c, 
USEPA 1992b). The blood lead RAOs were defined in the 1991 Populated Areas ROD and were 
based on site-specific blood lead levels among children and environmental media lead 
concentrations at the site; the RAOs defined for the BHSS were developed prior to publication of 
the 1994 EPA guidance that outlines the current blood lead criteria (USEPA 1994d). The blood 
lead RAOs at the BHSS seek to reduce the incidence of lead poisoning in the community to the 
following levels: 

• less than 5% of children with blood lead levels of 10 ug/dl or greater, and 
• no individual child exceeding 15 ug/dl (nominally, <1% of the population). 

These objectives are to be achieved by a strategy that includes: 

i) Remediating all residential yards, commercial properties, and Rights-of-way 
(ROWs) that have lead concentrations greater than 1000 milligrams of lead per 
kilogram of soil (mg/kg); 

ii) Achieving a geometric mean yard soil concentration of less than 350 mg/kg for each 
community in the site; 

iii) Controlling fugitive dust and stabilizing and covering contaminated soils throughout 
the site; and 

iv) Achieving a geometric mean interior house dust lead concentrations of less than 500 
mg/kg for each community hi the site. 

The success of the BHSS strategy depends on reduction of interior house dust lead levels to 
concentrations comparable to post-remedial area soils. If house dust lead levels remain elevated, 
within the BHSS, homes with concentrations greater than 1000 mg/kg will be considered for 
interior remediation. Differences between the BHSS RAOs and contemporary EPA lead policies 
are the result of guidance issued after the BHSS ROD (USEPA 1994d, 1998f). Key distinctions 
are: 

i) Protection against the risk of an elevated blood lead to an individual at the 10 
ug/dl level (instead of 15 ug/dl on BHSS); 
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ii) Focus prevention efforts and risk criteria on younger children (6 to 84 months 
of age instead of up to 9 years); 
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Hi) The percentage of children exceeding 10 ug/dl can be estimated from blood lead • 
surveys in the BHSS as participation rates exceed 50% and reasons for failure to 
participate are known for the majority of the remaining resident children (TerraGraphies I
 
2000a). • 

6.2.2 State of Idaho / Panhandle Health District ChUdrea's Blood Lead Survey Results I
 

Sources of Site-specific Blood Lead Observations _ 

Surveys of blood lead levels in the Basin have been conducted in each of the four summers from
 
1 996 to 2000. Results from the 2000 survey are not included in this document. The initial survey _
 
was conducted in association with theCoeur d'Alene River Basin Environmental Health I
 
Exposure Assessment (IDHW 2000), Participants in the 1996 study were solicited at their homes
 
for both blood lead samples and an environmental survey of the residence. Most of those families •
 
contacted, consented to the environmental survey and samples were collected from 843 homes, A ||
 
total of 667 adults and 98 children aged 9 months through 9 years provided blood lead samples.
 
These data were analyzed and discussed in the parent document (IDHW 2000). •
 

Subsequent fixed-site blood lead screening was offered in both 1997 and 1998. In 1997, 26
 
children aged 9 months through 9 years responded. Eleven of these children had provided •
 
samples in the previous year. In 1998, parents of 128 children opted to participate in the •
 
program. In both years children were offered $20 to provide a sample. No remuneration was
 
offered in 1996. Despite the increased turnout, the relatively small number of participants caused I
 
concern among public health authorities that several children with high blood lead levels among ~
 
the Basin wide population were going undetected, and that the results may not be representative
 
of non-participants. A more aggressive solicitation was accomplished in 1999. Government and I
 
mining industry officials agreed to jointly support a fixed-site screening and each participant was
 
offered $40 to provide a blood sample. Turnout was considerably larger as a result of the _
 
increased solicitation efforts and incentives. A total of 272 children in the target age group I
 
provided samples in 1999. This represents approximately 24% to 27% of the estimated 1025 to
 
1 120 children in the Basin study area. However, participation continued to be age-biased and _
 
several children were repeats from earlier years. •
 

The turnout for children aged 0-5 was less than 20% as compared to near 30% for 6-9 year old
 
children. Although a total of 524 blood lead observations were compiled in the four surveys from
 
1996 to 1999, some children had repeat blood draws. There were a total of 424 individual
 
children from 247 households from the four surveys (Table 6-lb). Eighty-one (81) children from
 
57 homes were tested more than once. Sixty-five (65) of those children were tested twice, 13
 
were tested three times and 3 were tested in each of the four years. Of those children tested more
 
than once, 1 1 had levels greater than 10 ug/dl and received intervention services from the local I
 
public health program. Seven (7) of these children had lower blood lead levels in subsequent •
 
testing, 1 had the same level, and 3 had higher levels. The children tested more than once tended
 
to have lower than average levels for children in their age group on the first test and similar I
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levels on subsequent testing. Of the 81 children tested more than once, 21 had higher than 
average blood lead levels for their age group, 51 had lower, 9 had average levels. These results 
would indicate that some observations used in the risk analysis had lower blood lead levels than 
might be obtained in a random sampling of the population. 

Blood lead summary data for children 9 months through 9 years old, by year and geographic 
subareas, and the numbers of children targeted for follow-up health response services are 
presented in Tables 6-la and 6-2. Figures 6-la-b show mean blood lead levels and the percent of 
children to exceed the 10 ug/dl and 15 ug/dl health criteria by geographic area for both the Basin 
and the BHSS. 

Site-specific Blood Lead Resultsfor Children 

Table 6-la shows Basin wide summary results for each of the four surveys. The overall 
geometric mean blood lead level for the 1997 to 1999 surveys was 4.2 ug/dl compared to 4.0 
ug/dl in the 1996 survey, indicating consistency in the overall level of absorption in recent years. 
The percentage of children with levels greater than or equal to 10 ug/dl ranged from 9% to 15%, 
and averaged 10% for the four year period, also indicating consistency across the four years. 
About 5% of children have had levels 15 ug/dl or greater, and between 1% and 2% of children 
exhibited blood lead concentrations greater than 20 ug/dl. These latter results also seem 
consistent across the four year period despite the variation in turnout. 

Follow-up services include counseling by a public health nurse and an environmental exposure 
assessment of the child's residence. Of the 58 children exhibiting blood lead levels greater than 
10 ug/dl, 50 follow-up investigations were successfully completed and the findings are 
summarized in Section 6.2.3. 

Blood Lead Levels and Percent to Exceed Toxicity Criteria by Geographic Subarea 

Mean blood lead levels and the percent of children to exceed 10 ug/dl differ by Basin subarea. 
Mean blood lead levels and the number and percentage to exceed toxicity criteria for subareas are 
shown in Tables 6-2 and 6-3. The highest levels are observed in the upper Silver Valley or 
easternmost portions of the study area. Arithmetic mean concentrations for the four year period 
are 7.4 ug/dl, 6.0 ug/dl and 5.2 ug/dl for Burke/Nine Mile, Wallace, and Mullan respectively. 
Arithmetic mean levels range from 4.1 ug/dl to 4.9 ug/dl in the intermediate areas from Silverton 
downstream to Kingston. The arithmetic mean concentration for the Lower Basin/Cataldo 
subarea is 5.5 ug/dl. Geometric mean blood lead levels follow a similar pattern. 

The percent of children to exceed toxicity criteria shown in Table 6-3 also follows a similar 
pattern to mean concentration. The highest toxicity rates are observed in Burke/Nine Mile at 21% 
exceeding 10 ug/dl, 13% exceeding 15 ug/dl, and 4% with levels of 20 ug/dl or greater. The 
Lower Basin/Cataldo subarea showed the next highest toxicity rate with 18% exceeding 10 ug/dl 
and 5% greater than the 15 ug/dl criteria. No children were in the 20 ug/dl range in the Lower 
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Basin. Wallace, Mullan and Silverton, respectively, showed 13%, 11% and 8% of children with I 
levels of 10 ug/dl or greater. From 4% to 5% of children tested in Silverton and Wallace 
exhibited blood lead levels exceeding the 15 }ig/dl criteria, and 1% in Silverton and 3% in • 
Wallace exceeded 20 ug/dl. Osburn and the Side Gulches area both showed 4% of children • 
exceeding 10 ug/dl and only one child in all four years exceeded 15 ug/dl In the Side Gulches. 
Kingston showed 11% greater than or equal to 10 ug/dl and 7% exceeded the 15 ug/dl criteria. I 

Blood Lead Levels and Percent to Exceed Toxicity Criteria by Age Group 

Tables 6-4a-c and 6-5 and Figure 6-2 show the blood lead distribution by age for all children for 
all years. The highest blood lead levels are observed in the youngest age groups as shown in _ 
Tables 6-4a-c. One and two year old children have arithmetic mean blood lead levels of 7.0 ug/dl • 
and 8.0 ug/dl, respectively, and geometric mean concentrations of 6,2 ug/dl to 6.3 ug/dl. 
Geometric mean levels then decrease with age from 5.2 ug/dl at age 3 to 3.0 ug/dl at age 8. There • 
is a slight increase in mean concentrations for9 year olds. | 

The percent of children to exceed critical toxicity levels differs markedly with age, as shown in • 
Tables 6-4a-c and Figure 6-3. In the lowest age groups, 9 months to 3 years, 19% to 26% exceed I 
the 10 ug/dl criteria. The rate is highest in 2 year old children with 17% of this group equal to or 
exceeding 15 ug/dl. For 4 year old children 12% exceed the 10 ug/dl criteria and 5% exceed 15 • 
ug/dl. In older children the percent to exceed 10 ug/dl ranges from 5% to 8%, and 1% to 3% • 
greater than or equal to 15 \ig/dl. 

Age-adjusted Blood Lead and Toxicity Estimates • 

It is important to note the relative rate of participation for children among the different age • 
groups. Fewer children participated in the youngest age groups. Children in the 1 and 2 year old 
categories provided 40 and 46 samples, respectively, over the last 4 years, as opposed to 72 and _ 
91 children, respectively in the oldest age groups. As a result, overall statistics provided for I 
these results are possibly biased toward higher age groups and lower blood lead levels and 
incidence of toxicity. Tables 6-6a-b show observed and estimated mean blood lead levels for 1-6 B 
(9-72 months) and 1-7 (9-84 months) year old children for each Basin subarea, respectively. The I 
age-adjusted percent to exceed the 10 ug/dl criteria for these populations is 16.2% for 1-6 year 
old children (9-72 months) and 14.8% for 1-7 year old children (9-84 months), as shown in • 
Tables 6-4b-c. | 

Comparison toNational andState wide Lead Absorption Databases • 

Comparison of blood lead data for the Coeur d'Alene Basin to other sites and national or State 
wide surveys is problematic. There is a divergence of opinions regarding the appropriate • 
comparisons. The blood lead data used in these analyses should be considered observational and • 
opportunistic. Blood lead samples were collected from children participating in voluntary health 
intervention efforts. This was not a survey or experiment designed to obtain a representative I 
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sampling of the population. The data represent the population that elected to participate. There 
are age biases and repeat measurements included in the data. In previous memoranda, the State 
has offered the following description of blood lead levels observed within the BHSS relative to 
State and national surveys (edited to reflect Basin blood lead levels): 

Basin wide, 10% of 9 month through 9 year old children tested in 1999 showed blood 
lead levels of 10 ug/dl or greater and 5% exceeded 15 ug/dl. In the Superfund Site, 6.2% 
of children tested in 1999 showed blood lead levels of 10 ug/dl or greater and 0.8% 
exceeded 15 ug/dl. For 1-6 year old children in the Basin, the percent to exceed 10 ug/dl 
was 16%, and 8% exceeded in the Superfund Site in 1999. These results can be compared 
with a State wide survey conducted in 1997 that found pre-school children living in pre
1970 housing exhibited 4.2% exceedance of the 10 ug/dl criteria (IDHW 1998). 
Nationally, the 1991-1994 National Health and Nutrition Evaluation Survey (NHANES 
III) reports that 5.6% and 1.4% of 1-5 year old children in pre-1946 and 1946-1973 aged 
housing, respectively, exceed the 10 ug/dl blood lead criteria among similarly aged white 
non-Hispanic children (Pirkle et al. 1998). 

The 1999 Basin wide geometric mean blood lead level for 9-month to 9-year old children 
was 4.2 ug/dl and ranged from 3.3 ug/dl in Osburn to 5.6 ug/dl in Burke/Nine Mile. In 
the Superfund Site, the 1999 geometric mean blood lead was 3.9 ug/dl, down from 4.0 
ug/dl in 1998 and 4.5 ug/dl in 1997. As summarized in Table 6-7, for 1-6 year old 
children, the mean Basin wide blood lead level was 5.2 ug/dl compared to 4.2 ug/dl in 
the Superfund Site. State wide, the average blood lead level for 1-6 year old children was 
3.7 ug/dl in older housing. The majority of housing in the Basin is in the pre-1970 
category. Nationally, comparable levels in 1991-1994 for the non-Hispanic population 
were 3.3 ug/dl and 2.4 ug/dl in pre- and post-1946 housing, respectively (Pirkle et al. 
1998). 

Comparisons of these results with elevated blood lead prevalence rates from Idaho wide or nation 
wide surveys is problematic and should be done with caution. Such large data sets, for various 
technical reasons, cannot be used to compare and draw conclusions about the relative degree of 
health hazard existing for children in the Basin communities. 

Scientific designs of the NHANES surveys, are constructed in a way that does not allow simple 
comparisons with results of blood lead distributions for a single community. NHANES data 
provide a current snapshot for numerous national subsets or strata, that may not be appropriate 
for any single community. An explicit warning on technical grounds against making such 
comparison is in the Executive Summary of ATSDR's 1988 report to Congress on childhood 
lead poisoning in America (ATSDR 1988). 

Additionally, the purpose and design of the Basin surveys were conducted in a manner that does 
not match the organization of the various demographic and socioeconomic strata in the 
NHANES III survey reports (e.g., race/ethnicity, income, housing age). 
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Table 6-7 shows comparisons of blood lead levels from the various studies.	 • 

6.2.3 Summary Results for Follow-up Investigations of High Blood Lead Children	 I 

Follow-up Services 

Follow-up investigations were conducted for 50 of the 58 children exhibiting high blood lead
 
levels in the Basin. Follow-up lead health counseling consists of a public health nurse and/or a _
 
senior environmental health specialist employed by PHD contacting the parents of each child I
 
with an elevated blood lead level. The health specialist and nurse provide counseling and written
 
information on how to identify sources of lead and reduce the child's exposure. A questionnaire «
 
is completed and educational materials are provided to the parents of children with a blood lead |
 
equal to or greater than intervention levels. Nutritional counseling and multiple vitamins with
 
iron are also provided. A follow-up blood screen is offered 3-4 months later, and it is •
 
recommended that the child's blood lead information be shared with the family physician and that |
 
the child participate hi the following Summer Screening Programs.
 

The environmental survey includes:	 I 

•	 A records search of environmental data collected from the residence. • 
«	 Sampling of soil, dust, paint, water, etc.5 as appropriate. • 
»	 Counseling regarding the avoidance of locally grown produce. 
•	 Education regarding play activities, including those not associated with the primary • 

residence. 
•	 Evaluation of sources of exposure associated with parental occupations, hobbies, and 

other household activities. I 
•	 Evaluation of past or planned home remodeling activities. 
•	 Recommendation for those without vacuum cleaners to use one of the high efficiency _ 

vacuums available through the Lead Health Intervention Program (LHIP). • 

A public health nurse anda senior environmental health specialist are available for consultations • 
regarding sources of exposure to lead and the management of exposure pathways. A variety of | 
locally developed and commercial fact sheets, brochures, coloring books, and videos are 
available regarding lead and children and exposure to lead during pregnancy. • 

Lead health information has been integrated into existing programs offered by the local health 
district. This information has been added to the Well Child Program., Immunization Clinics,	 • 
Woman Infant and Children (WIC) Clinics, and pregnancy screening and prenatal clinics offered • 
by the PHD. Prenatal blood lead screening is available for all pregnant women in the area 
through the LHIP. Pregnant women are offered blood lead testing and nutritional counseling	 I 
during the first and third trimesters and are advised to provide their blood lead and exposure ™ 
history to their private physicians. It is also recommended that a cord blood sample be collected 
when the child is bom.	 • 

I
 
I
 

FINAL VERSION	 6-14 



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
 

Each year, a public health nurse visits area grade schools. Classes are conducted for students in 
kindergarten through the third grade, and the nurse is available for presentations to classes 
through the 12th grade. Various methods are used including a puppet show and doll house to 
teach the concepts. The presentation covers the students' role in identification and management 
of exposure pathways that may affect them or their siblings. The program is presented in May so 
children can be reminded of the hazards of lead in soil and dust prior to summer vacation, when 
they are at the greatest risk of exposure. 

A physician awareness program has been developed to keep local physicians apprized of program 
activities and the services that are available. Reference materials and a resource manual 
regarding lead and other heavy metals have been provided to area physicians and the local 
hospital. Upon request, additional follow-up activities and sampling can be conducted on behalf 
of physicians with special concerns regarding a patient with an elevated blood lead level. 

Follow-up Results 

A total of 25 follow-up investigations over the last four years were for children with blood lead
 
levels greater than 15 ug/dl. These investigations concerned 21 individual children in 19
 
families. A small number of children were followed for more than one year. Children who were
 
provided with follow-up services ranged in age from 1 to 9 years. One child was 1 year old,6
 
children were 2 years old, 3 children were 3 years old, 4 were 4 years old, 3 were 5 years old, 1
 
was 7 years old,1 child was 8 years old, and 2 children were 9 years old. Several siblings of
 
these children also had blood lead levels in the 10-14 ug/dl range.
 

Eleven children, or more than 50% of those with blood lead levels above the 15 ug/dl standard, 
were from Burke/Nine Mile or Wallace. Three of these children were from Silverton and the Side 
Gulches, and 7 were from Kingston, Cataldo and the Lower Basin. No children with blood lead 
levels exceeding 15 ug/dl were from Mullan or Osbura. 

Of the 8 children from Burke/Nine Mile, 3 were two years old and the remainder were 4 to 9
 
years old. These children's exposure profiles were characterized by high soil and dust
 
concentrations, generally exceeding 2000 mg/kg; access to contaminated tailings in local play
 
areas; and one home with possible paint problems.
 

In Wallace, 4 children, all less than or equal to 4 years of age, exhibited blood lead levels 
exceeding the 15 ug/dl criteria. Each child's exposure profile indicated possible'paint or 
remodeling difficulties, the homes were noted as dusty and difficult to keep clean, and 
contaminated play areas were indicated for some children. Investigations of the 3 children in the 
Silverton/Side Gulches areas indicated possible play area exposures and potential difficulties 
with former residences in other subareas of the Basin. 

There were 7 children with blood lead levels greater than 15 ug/dl in the Kingston and Lower 
Basin areas. There were 2 two year olds, 2 three year olds, and 2 five year olds and 1 four year 
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old children. All of the children's profiles either indicated extremely high soil and dust lead • 
levels (> 4000 mg/kg) associated with flooding, or extended time in contaminated recreational 
areas in the Lower Basin. I 

The remaining follow-up investigations were conducted on children in the 10-14 ug/dl blood 
lead range. Many of these children were siblings of those discussed above. Of 6 additional I 
follow-up surveys completed in the Kingston/Cataldo/Lower Basin subareas, most were in 
Cataldo and involved homes contaminated by flooding or older children recreating in the river or _ 
lateral lake areas. I 

Seven additional follow-up investigations were conducted in the Osbum, Side Gulches, and • 
Silverton subareas. These children were from seven different age groups. No paint or remodel | 
problems were indicated. One child lived in a home with soil and driveway lead levels exceeding 
2000-3000 mg/kg, and4 children were noted to play in contaminated recreation areas. • 

Of 5 additional children followed hi Wallace in the 10-14 ug/dl category, 2 children were 1 year 
old, 1 child was 2 years old, 3 were 3 years old, and2 children were 4 years old. Three children's • 
risk profiles indicated possible paint or remodeling problems, and one child spent extended time • 
in a Lower Basin campground with high soil and sediment lead levels. 

Five additional children were followed in the Burke/Nine Mile area. One child was 2 years old, 1 ™ 
was 3 years old, 1 was 5 years old, 1 was 6 years old, and the remaining child was 7 years of age. 
These children's profiles indicated high soil and dust concentrations and exposure to tailings I 
during recreational activities. Two children, ages 4 and 8 years, were followed in Mullan. High 
soil and dust concentrations and playing in mine waste areas were indicated in the risk profiles. _ 

Summary of Follow-up Findings 

In summary, the follow-up risk profiles indicate excess absorption associated with high soil and I 
dust concentrations at homes in the Burke/Nine Mile subarea. Older children's risk profiles in 
this area indicate recreational exposures in neighborhood areas contaminated by tailings and old • 
mill sites. High blood lead levels in Wallace are indicated in younger children and are possibly |
associated with paint and remodeling problems, high soil lead levels in play areas, and dusty or 
difficult to clean homes. Both Mullan and Osburn had no children in the greater than 15 ug/dl • 
blood lead criteria and children's blood lead levels in the 10-14 ug/dl range were associated with I 
high residential soil and dust concentrations or play in contaminated areas. West of the BHSS, 
excess absorption was associated with either homes that had been flooded or with extended • 
recreational activities in the river or lateral lake areas. • 

I
 
I
 

FiNAL VERSION 6-16 I
 
I
 



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
 

6.2.4 Adult Blood Lead Survey Results 

Adult Blood Lead Levels by Age and Subarea 

Table 6-8a summarizes adult blood lead levels collected in the 1996 Basin wide survey by 
geographic subarea. As opposed to the childhood blood lead observations, adult data are likely 
representative of the overall Basin population. The 1996 Study was census based; participant 
households were representative of non-participant households and 667 adults provided blood 
lead samples. Demographic comparisons between participating and non-participating 
households demonstrated similar house age, education, and income. Study participants were 
slightly more likely to own their home compared to non-participants. Figure 6-4 shows geometric 
mean blood lead levels by area and age group for the entire adult population. Figure 6-5 shows 
geometric mean and maximum blood lead levels for reproductive aged females (17-45 years) by 
geographic subarea. For the overall population, mean blood lead levels increase with age. 
Residents older than 50 years show mean blood lead levels ranging from 30% to 90% higher than 
the 10-25 year old category. Geomean blood lead levels in the younger group range from 1.9 
ug/dl in Silverton to 3.2 ug/dl in the Burke/Nine Mile area. Generally, adult blood lead levels 
show a pattern similar to children with the highest levels occurring in the areas east of Wallace 
and lower levels in Osburn and the Lower Basin. Exceedance of the 10 ug/dl health criteria was 
uncommon among younger individuals with the majority of high levels occurring in older 
individuals in the upper Basin. The highest exceedance rate was in the Burke/Nine Mile area 
with 7 of 66 adults tested showing levels of 10 ug/dl or greater. 

Blood Lead Levelsfor Reproductive Aged Females 

Table 6-8b and Figure 6-5 summarize results for reproductive aged females. Among reproductive 
aged women, 2 of 151 women tested in the 17 to 45 year age group showed levels greater than or 
equal to 10 ug/dl. The highest level observed was 16 ug/dl. Geometric mean blood lead levels 
among reproductive aged females were 2.0 ug/dl or less in all areas except Burke/Nine Mile (2.4 
ug/dl) and Wallace (2.6 ug/dl). The USEPA has recommended using a baseline blood lead 
estimate of 1.7 ug/dl to characterize non-Hispanic, white, rural adult female populations in the 
United States. Blood lead levels among reproductive aged individuals in the Basin are slightly 
higher, with some increase noted in the Wallace and Burke/Nine Mile subareas. 

6.2.5 Coeur d'Alene Tribe Blood Lead Levels 

No observed blood lead data are available for Coeur d'Alene Tribe members other than those 
included in the resident population. No measurements of biological response to lead exposure are 
available for Tribal members that engage in subsistence lifestyles. 
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Figure 6-la Arithmetic and Geometric Mean Blood Lead Concentrations by 
Geographic Area - 9 Month through 9 Year Old Children 

(1996 -1999 Combined) 
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Figure 6-lb Percent to Exceed Blood Lead Concentrations by Geographic
 
Area - 9 Month through 9 Year old Children (1996 -1999 Combined)
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Figure 6-2 Basin Mean Blood Lead Levels by Age
 
(1996 -1999 combined)
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Figure 6-3 Percent of Children to Exceed Critical Toxicity Levels by Age 
(Basin-wide 1996 -1999 combined) 
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Figure 6-4 Geometric Mean Adult Blood Lead Levels by Age and Geographic Area
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Figure 6-5 Geometric Mean and Maximum Blood Lead Levels for Reproductive Aged 
Females (17-45 Years Old) by Geographic Area 
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Table 6-1 a
 
Summary of Basin Blood Lead Level Observations by Year
 

(9 Month Through 9 Year Old Children) 

Arithmetic Geometric Number of 
Minimum Maximum Mean Mean #>10 % > 10 #>15 % > 15 #>20 %>20 #>25 %>25 Followups 

Year N (Hg/dl) (Hg/dl) (ug/dl) (Ug/dl) Hg/dl Ug/dl ^g/dl Hg/dl WS/dl Hg/dl Ug/dl Ug/dl Completed 
1996 98 1 18 5.2 4.0 15 15.3% 6 6.1% 0 0.0% 0 0.0% 12 
1997 26 1 19 5.5 4.2 4 15.4% 2 7.7% 0 0.0% 0 0.0% 3 
1998 
1999 

128 
272 

1 
1 

21 
29 

5.1 
5.3 

4.2 
4.2 

11 
28 

8.7% 
10.3% 

4 
13 

3.1% 
4.8% 

2 
4 

1.6% 
1.5% 

0 
1 

0.0% 
0.4% 

10 
25 



Table 6-lb Summary of the Number of Blood Lead Observations and Repeat Children 

Total No. of Blood Lead Observations 524 
Total No. of Individual Child Observations 424 

Total No. of Households 247 
Total No. of Children Tested More Than Once 81 

Total No. of Households for Repeated Children 57 
Total No. of Children Tested Twice 65 
Total No. of Children Tested Three Times 13 
Total No. of Children Tested All 4 Years 3 

Total No. of Blood Lead Observations for Repeated Children with Blood Leads > 10 ug/dl 11 
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Table 6-2
 
Annual Blood Lead Summary Data by Geographic Subarea for Children (ng/dl)
 

(9 Months Through 9 Years) 

Mullan Area 
Number of Observations Arithmetic Standard Geometric 

Year Total >10ng/dl >15ng/dl >20ng/dl Mean Deviation Mean Minimum Maximum 
1996 11 0 0 0 3.7 1.6 3.4 2 7 
1997 - - - - - - - - -
1998 5 1 0 0 7.6 2.1 7.4 6 11 
1999 22 3 0 0 5.3 2.9 4.7 2 12 
Total 38 4 0 0 5.2 2.7 4.6 2 12 

Burke/Nine Mile Area 
1996 17 6 3 0 8.3 4.9 6.6 1 17 
1997 8 3 2 0 8.2 7.4 5.6 2 19 
1998 18 4 3 2 7.5 6.4 5.5 2 21 
1999 33 3 2 1 6.6 4.0 5.6 1 20 
Total 76 16 10 3 7.4 5.2 5.8 1 21 

Wallace Area 
1996 14 1 0 0 4.2 2.8 3.6 2 11 
1997 1 - - - 2.0 - - 2 2 
1998 28 4 1 0 5.9 3.6 4.9 1 16 
1999 34 5 3 2 6.8 5.8 5.4 2 29 
Total 77 10 4 2 6.0 4.6 4.8 1 29 

Silverton Area 
1996 14 2 1 0 5.5 3.8 4.6 2 16 
1997 5 0 0 0 4.4 2.6 3.8 2 8 
1998 26 0 0 0 4.1 1.8 3.7 1 8 
1999 28 4 2 1 5.4 4.9 4.0 1 23 
Total 73 6 3 1 4.9 3.7 4.0 1 23 

Osburn Area 
1996 15 1 0 0 4.0 2.9 3.4 1 13 
1997 7 0 0 0 3.8 1.9 3.4 1 7 
1998 22 0 0 0 4.0 1.9 3.6 1 8 
1999 56 3 0 0 4.0 2.5 3.3 1 11 
Total 100 4 0 0 4.1 2.4 3.4 1 13 

Side Gulches Area 
1996 8 0 0 0 2.7 1.0 2.5 1 4 
1997 - - - - - - - - -
1998 12 1 0 0 5.0 3.1 4.5 3 14 
1999 
Total 

31 
51 

1 
2 

1 
1 

0 
0 

4.3 
4.3 

2.9 
2.8 

3.6 
3.6 

I 
1 

16 
16 



Table 6-2 (continued)
 
Annual Blood Lead Summary Data by Geographic Subarea for Children (ng/d!)
 

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
 

(9 Months Through 9 Years) 

Kingston Area 
Number of Observations Arithmetic Standard Geometric 

Year Total j >10ng/dl j >15fig/dl j >2Qpg/dI Mean Deviation Mean Minimum Maximum
 
1996 7 1 1 0 6.4 4.7 5.2 2 16
 
1997 - - - - - - - - 
1998 8 0 0 0 2.8 1.9 2.4 1 7
 
1999 39 5 3 0 4.8 4.2 3.6 1 16
 
Total 54 6 4 0 4.8 4.0 3.6 I 16
 

Lower Basin/Cataldo Area
 
1996 12 4 1 0 5.2 5.6 3.1 I 18
 
1997 5 1 0 0 5.4 4.0 4.4 2 12
 
1998 9 1 0 0 3.5 3.8 2.6 1 13
 
1999 29 4 2 0 6.2 4.2 5.0 1 18
 
Total 55 10 3 0 5.5 4.4 4.0 1 18
 



Table 6-3 Geographic Subarea Blood Lead Summary Data for All Children (1 year through 9 years old) For All Years 

Area 

Mullan 

Burke/Nine Mile 

Wallace 

Silverton 

Osburn 

Side Gulches 

Kingston 
Lower Basin/ 
Cataldo 

Total 

Total 

38 

76 

77 

73 

100 

51 

54 

55 

524 

# 
>10ng/dl
 

4
 

16
 

10
 

6
 

4
 

2
 

6
 

10
 

58
 

%
 
>10ng/dl
 

11%
 

21%
 

13%
 

8%
 

4%
 

4%
 

11%
 

18%
 

11%
 

# 
>15ng/dl 

. 

10 

4 

3 

. 

1 

4 

3 

25 

% 
>15ng/dl 

_ 

13% 

5% 

4% 

. 

2% 

7% 

5% 

5% 

# 
>20ng/dl 

. 

3 

2 

1 

. 

-

6 

Geometric 
% Arithmetic Geometric Standard Standard 

>20ng/dl Mean Mean Deviation Deviation Minimum Maximum 

. 5.2 4.6 2.7 1.7 2 12 

4% 7.4 5.8 5.2 2.1 1 21 

3% 6.0 4.8 4.6 1.9 1 29 

1% 4.9 4.0 3.7 1.9 1 23 

. 4.1 3.4 2.4 1.8 1 . 13 

4.3 3.6 2.8 1.8 1 16 

4.8 3.6 4.0 2.2 1 16 

. 5.5 4.0 4.4 2.3 1 18 

1% - - - - - -



Table 6-4a Basin Blood Lead Levels for 1-9 Year Old Children, All Years Combined (ng/dl) 

Age 
(years) 

I 
N 
40 

Percent 
Participation 

7.6% 

Cumulative 
Percent 

7.6% 
Mininnm 

2 
Maximum 

16 

Arithmetic 
Mean 

7.0 

Standard 
Deviation 

3.6 

Geometric 
Mean 

6.2 

#>10 
Hg/dl 

8 
% > 10 

20% 

#>15 
HR/dl 

2 

% > IS 
Hg/dl 
5% 

2 46 8.8% 16.4% 2 29 8.0 6.3 6.3 12 26% 8 17% 
3 52 9.9% 26.3% 1 21 6.5 4.5 5.2 10 19% 4 8% 
4 57, 10.9% 37.2% 1 21 5.5 4.2 4.4 7 12% 3 5% 
5 62 11.8% 49.0% 1 16 5.4 3.0 4.7 5 8%  2 3% 
6 46 8,8% 57.8% 1 20 4.8 3.3 4.0 3 7% I 2% 
7 58 11.1% 68.9% 1 15 4.3 2.8 3.5 3 5% 1 2% 
8 72 13.7% 82.6% 1 17 3.9 3.1 3.0 4 6% 1 1% 
9 91 17.4% 100.0% 1 19 4.1 3.4 3.2 6 7% 3 3% 

All 524 100% 1 29 5.3 4.0 4.2 58 11% 25 5% 

Table 6-4b Basin Blood Lead Levels for 1-6 Year Old Children, AH Years Combined (ng/dl) 

Age
(years) 

1 
N 
40 

Percent 
Participation 

13.2% 

Cumulative 
Percent 

13.2% 
Mininum 

2 
Maximum 

16 

Arithmetic 
Mean 

7.0 

Standard 
Deviation 

3.6 

Geometric 
Mean 

6.2 

#>10 
M5/dl 

8 
%>10 
20.0% 

Age-
Adjusted 

%>10 
25.3% 

#>1S 
HS/dl 

2 

% > 15 
W«l 
5.0% 

Age-
Adjusted 

%>15 
6.3% 

2 46 15.2% 28.4% 2 29 8.0 6.3 6.3 12 26.1% 28.6% 8 17.4% 19.1% 
3 52 17.2% 45.5% 1 21 6.5 4.5 5,2 10 19.2% 18.7% 4 7.7% 7.5% 
4 57 18.8% 64.4% 1 21 5.5 4.2 4.4 7 12.3% 10.9% 3 5.3% 4.7% 
5 62 20.5% 84.8% 1 16 5.4 3.0 4.7 5 8.1% 6.6% 2 3.2% 2.6% 
6 46 15.2% 100.0% 1 20 4.8 3.3 4.0 3 6.5% 7.2% 1 2.2% 2.4% 

All 303 100% 1 29 5.3 4.0 4.2 45 14.9% 16.2% 20 6.6% 7.1% 

Table 6-4c Basin Blood Lead Levels for 1-7 Year Old Children, All Years Combined 

Age 
(years) 

I 
N 
40 

Percent 
Participation 

11.1% 

Cumulative 
Percent 

11.1% 
Mininum 

2 
Maximum 

16 

Arithmetic 
Mean 

7.0 

Standard 
Deviation 

3.6 

Geometric 
Mean 

6.2 

#>10 
Hg/dl 

8 
%>10 
20.0% 

Age-
Adjusted 

%>10 
25.8% 

#>15 
HK/dl 

2 

% > 15 
Mg/dl 
5.0% 

Age-
Adjusted 

%>15 
6,4% 

2 46 12,7% 23.8% 2 29 8.0 6.3 6.3 12 26.1% 29.2% 8 17.4% 19.5% 
3 52 14.4% 38.2% 1 21 6.5 4.5 5.2 10 19.2% 19.1% 4 7.7% 7.6% 
4 57 15.8% 54,0% 1 21 5.5 4.2 4,4 7 12.3% 11.1% 3 5.3% 4.8% 
5 62 17.2% 71.2% 1 16 5,4 3.0 4.7 5 8.1% 6.7% 2 3.2% 2.7% 
6 46 12.7% 83.9% 1 20 4.8 3.3 4.0 3 6.5% 7.3% 1 2.2% 2.4% 
7 

All 
58 
361 

16.1% 
100.0% 

100.0% 1 
1 

15 
29 

4.3 
5.3 

2.8 
4.0 

3.5 
4.2 

3 
45 

5.2% 
12.5% 

4,6% 
14.8% 

1 
20 

2.0% 
5.5% 

1.8% 
6.5% 



Table 6-5 Basin Blood Lead Leyels by Geographic Area and Age ((ig/dl) 

Burke/ 
Kingston Lower Basin Mtillan Nine Mile Osburn Side Gulches Silverton Wallace || Basin wide 

Agel 
N 3 5 4 4 9 3 6 6 40 
Minimum 2 4 5 2 4 2 4 8 2 
Maximum 5 14 9 9 11 7 16 16 16 
Arithmetic Mean 3.7 7.0 6.5 5.3 6.6 4,3 7.7 11.7 7.0 
Standard Deviation 1.53 4.12 1.73 2.87 2.19 2.52 4,4! 2.66 3.6 
Geometric Mean 3.4 6.2 6.3 4.6 6.2 3.8 6.8 11.4 6.2 
GSD 1.61 1.67 1.28 1.86 1.39 1.87 1.65 1.26 1.7 
#> 10 0 1 0 0 1 0 1 5 8.0 
%> 10 0% 20% 0% 0% 11% 0% 17% 83% 20% 
#> 15 0 0 0 0 0 0 1 1 2.0 
%> 15 0% 0% 0% 0% 0% 0% 17% 17% 5% 

Age 2 
N 5 4 2 6 5 7 10 7 46 
Minimum 2 3 5 2 2 4 3 2 2 
Maximum 15 18 11 20 10 9 23 29 29 
Arithmetic Mean 9.0 9.8 8.0 11.7 6.4 5.9 7.4 7.6 8.0 
Standard Deviation 5.43 6.65 4.24 8.50 3.05 1.86 6.55 9.52 6.3 
Geometric Mean 7.3 7.9 7.4 8.4 5.6 5.6 5.7 5.1 6.3 
GSD 2.25 2.20 1.75 2.67 1.88 1.36 _ 2.01 2.32 2.0 
#> 10 2 2 1 3 1 0 2 I 12.0 
%> 10 40% 50% 50% 50% 20% 0% 20% 14% 26% 
#>15 1 1 0 3 0 0 2 1 8.0 
%>15 20% 25% 0% 50% 0% 0% 20% 14% 17% 

Age 3 
N 9 10 1 4 4 7 9 8 52 
Minimum 1 1 5 6 2 1 2 3 1 
Maximum 16 18 5 21 6 7 10 19 21 
Arithmetic Mean 6.4 7.1 5.0 12.3 3.8 3.9 5.7 7.9 6.5 
Standard Deviation 4.50 5.00 0.00 J 6.50 2.06 1.77 2.96 4.97 4,5 
Geometric Mean 5.1 5.5 5.0 11,0 3.3 3.4- _ 4.9 6,8 5.2 
GSD 2.20 2.32 1.00 1.70 1.80 1.82 1.81 1.73 2.0 
#> 10 2 2 0 2 0 0 2 2 10.0 
%>10 22% 20% 0% 50% 0% 0% 22% 25% 19% 
# > 1 5 1 1 0 1 0 0 0 1 4.0 
%>15 11% 10% 0% j 25% 0% 0% 0% 13% 8% 

Age 4 
N 11 5 1 5 12 4 12 7 57 
Minimum 1 2 12 3 1 3 2 2 1 
Maximum 16 13 12 18 11 5 8 21 21 
Arithmetic Mean 4.4 6.2 12.0 8.0 3.6 3.8 5.0 9.1 5.5 
Standard Deviation 4.15 4.32 0.00 6.12 2.54 0.96 1.71 6.15 4.2 
Geometric Mean 3.3 5.0 12.0 6.4 3.0 3.7 . . 4,7 7.5 4.4 
GSD 2.04 2.09 1.00 2.14 1.79 1.28 1.54 2.07 2.0 
# > 1 0 1 1 1 1 1 0 0 2 7.0 
%>10 9% 20% 100% 20% 8% 0% 0% 29% 12% 
#> 15 1 0 0 1 0 0 0 1 3.0 
%>15 9% 0% 0% 20% 0% 0% 0% 14% 5% 

Age 5 
N 3 4 4 13 13 4 10 11 62 
Minimum 4 3 2 2 1 2 2 2 1 
Maximum 16 16 6 10 8 3 12 9 16 
Arithmetic Mean 9.3 9,5 4.3 j 5.7 4.9 2.8 4.6 5.1 5.4 
Standard Deviation 6.11 5.32 2.06 J 2.25 1.98 0.50 3.10 1.97 3.0 
Geometric Mean 8.0 8.1 3.8 5.3 4.4 2.7 3.9 4.7 4.7 
GSD 2.00 2.03 1.72 1.54 1.78 1.22 1.83 1,52 1.7 
#> 10 1 2 0 1 0 0 1 0 5,0 
%> 10 33% 50% 0% j 8% 0% 0% 10% 0% 8% 
#> 15 I 1 0 0 0 0 0 0 2.0 
%> 15 33% 25% 0% 0% 0% 0% 0% 0% 3% 

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
 



Table 6-5 Basin Blood Levels by Geographic Ares and Age ug/di {continued} 

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
 

Burke/ 
Kingston Lower Basin Muilan Nine Mile Osfaurn Side Gulches Silverton Wiilace | B«in wide 

Age 6
 
N 3 7 5 7 9 7 4 4 46
 
Minimum 1 3 2 4 2 1 2 2 1
 
vlaximum 5 n 6 20 6 6 8 8 20
 
Arithmetic Mean 2,7 4.7 3.8 8,6 3.9 3,9 4.0 6.0 4.8
 
Standard Deviation 2,08 2.98 1.64 5,86 1.36 1.86 2,71 2,83 3,3
 
Geometric Mean 2.2 4,2 3.S 73 3,7 3.4 3.5 5.3 4,0
 
GSD 2.24 1.65 S.55 1.79 1,44 1.87 1,80 1.93 1,8
 
£>1Q 0 I 0 2 0 0 0 0 3,0
 
%>10 0% 14% 0% 29% 0% 0% 0% 0% 7%
 
P> IS 0 0 0 1 0 0 0 0 1,0
 
%>!5 0% 0% 0% 14% 0% 0% 0% 0,00 2% 

Age?
 
N 9 S 4 11 10 3 5 11 58
 
Vfinimum ! 1 4 1 1 2 2 1 1
 
Maximum 5 iO 7 15 9 4 4 7 15
 
Arithmetic Mean 2,3 3,8 5,5 12 3.9 3,3 2,6 4.3 4,3
 
Standard Deviation 1,41 3,83 1.73 3.82 2.28 1,15 0.89 1.62 2,S
 
Geometric Mean 2.0 2,5 5,3 6,0 3.3 3.2 2,5 3.9 3.5
 
GSD I. S3 2,76 1.38 2.06 1.S7 1.49 1,37 1.6S 2.0
 
l>!0 0 1 0 2 0 0 0 0 3,0
 
W>> 10 0% 20% 0% 18% 0% 0% 0% 0% 5%
 
#>\5 0 0 0 1 0 0 0 0 1,0
 
5/o>!5 0% 0% 0.00 9% 0% 0% 0% 0% 2%
 

Age8
 
N 5 7 10 9 17 6 s 10 72
 
Minimum 1 1 2 1 1 1 1 1 S
 
Maximum 8 5 11 17 13 14 s 9 17
 
Arithmetic Mean 3.6 2.1 4.5 4.9 3.8 4.7 3,0 4.0 3.9
 
Standard Deviation 2.70 1.46 2.72 5,01 2.74 4.6S 2,27 2,45 3,1
 
Geometric Mean 2.9 1,8 3.9 3,4 3.2 3.4 2,4 _J 3,3 3,0
 
GSD 2.17 1.S7 1.70 2,35 1.8S 2.33 2,01 1.96 2,0
 
#>10 0 0 1 1 1 1 0 0 4,0
 
%>10 0% 0% 10% 11% 6% 17% 0% 0% 6%
 
£>1S 0 0 0 1 0 0 0 0 KO
 
%> i5 0% 0% 0% 11% 0% 0% 0% 0% 1%
 

Age 9
 
N 6 8 7 17 21 iO 9 13 9!
 
Minimum 2 I 2 2 i 1 1 2 1
 
Maximum 6 4 10 19 5 16 8 7 19
 
Arithmetic Mean 3.5 2.6 5.0 7.3 2.5 4.6 3,4 3,3 4.!
 
Standard Deviation 1.3S 1,19 3.06 5.06 1,21 4,35 2,30 1.32 3.4
 
Geometric Mean 3,3 2.4 4,3 5.7 2.2 3.4 2.S 3,! 3,2
 
GSD 1.44 1,63 1.83 2,11 1.7S 2.SS 2,04 1.41 2.0
 
»>10 0 0 1 4 0 ! 0 0 60
 
%>10 0% 0% 14% 24% 0% 10% 0% 0% 7%
 
#>15 0 0 0 2 0 1 0 0 30
 
%> 15 0% 0% 0% 12% 0% 10% 0% 0% 3%
 



Table 6-6a Basin-wide Blood Lead Level Summary for 1 Through 6 Year Old Children by Area 
(Survey Results-All Years) 

Geometric 
Arithmetic Standard Geometric Standard #>10 %>10 #>1S %>1S 

Area N Minimum Maximum Mean Deviation Mean Deviation pg/dl Hg/dl H&'dl Hg/dl 
Mulian 17 2 12 5.6 2.9 4.9 .7 2 12% 0 0% 
Burke/Nine Mile 39 2 21 8.1 5.6 6.5 .9 9 23% 6 15% 
Wallace 43 2 29 7.7 5.4 6.3 .9 10 23% 4 9% 
Silverton 51 2 23 5.7 3.9 4.8 .8 6 12% 3 6% 
Osburn 52 I 11 4.8 2.4 4.2 .7 3 6% 0 0% 
Side Gulches 32 1 9 4.2 1.9 3.8 1.7 0 0% 0 0% 
Kingston 34 1 16 5.8 4.6 4.4 2.2 6 18% 4 12% 
Lower Basin 35 1 18 7.1 4.6 5.7 2.0 9 26% 3 9% 
Total 303 1 29 6.1 4.3 5.0 1.9 45 15% 20 7% 

Table 6-6b Basin-wide Blood Lead Level Summary for 1-7 Year Old Children by Area 
(Survey Results-All Years) 

Geometric 
Arithmetic Standard Geometric Standard #>10 % >IO #>15 %>I5 

Area N Minimum Maximum Mean Deviation Mean Deviation Hg/dl Hg/dl ug/dl ug/dl 
Mulian 21 2 12 5.6 2.6 5.0 1.6 2 10% 0 0% 
Burke/Nine Mile 50 1 21 7.9 5.2 6.4 1.9 11 22% 7 14% 
Wallace 54 1 29 7.0 5.1 5.7 1.9 10 19% 4 7% 
Silverton 56 2 23 5.5 3.9 5.4 1.8 6 11% 3 5% 
Osburn 62 11 4.6 2.4 4.0 1.8 3 5% 0 0% 
Side Gulches 35 9 4.1 1.8 3.7 1.6 0 0% 0 0% 
Kingston 43 16 5.1 4.4 3.7 2.3 6 14% 4 9% 
Lower Basin 40 18 6.7 4.6 5.1 2.2 10 25% 3 8% 
Total 361 29 5.8 4.2 4.7 1.9 48 13% 21 6% 
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Table 6-7 Comparison of Coeur d'AIene Basin and BHSS Results to National and State-Wide Blood Lead Levels'" 

Basin 1999 

BHSS 1999 

State-wide (1997) 

National (1991-1994) 
Low Income 

Middle Income 

White 
(Non-Hispanic) 

(1-6 year olds) 

(1-6 year olds) 

(1-6 year olds in high 
risk housing) 

Pre-1946 Housing 
1946-1973 Housing 
Post 1973 Housing 
Pre-1946 Housing 
1946-1973 Housing 
Post 1973 Housing 
Pre-1946 Housing 
1946-1973 Housing 
Post 1973 Housing 

Blood Lead Concentrations Percent 
Arithmetic Mean (ng/dl) Geometric Mean (ng/dl) > 10 ng/dl 

6.4 5.2 16.0% 

5.0 4.2 7.8% 

3,7 NR 4.2% 

NR 5.5 16.4% 
NR 3.6 7.3% 
NR 3.0 4.3% 
NR 2.9 4.1% 
NR 2.4 2.0% 
NR 1.9 0.4% 
NR 3.3 5.6% 
NR 2.4 1.4% 
NR 1.8 1.5% 

*Source: Morbidity and Mortality, Weekly Reports, February 21, 1999; Pirkle et al. 1998; IDHW 1998 
NR = not reported 



Table 6-8a Summary of Adult Blood Lead Levels by Age and Geographic 

10 to 25 26-40 | 41-49 [ Age>50 
Mullan 

12 16 9 31 
1 1 2 1 
9 13 9 14 

2.8 3.6 3.6 4.6 
2.08 3.07 2.46 3.56 
2.4 2.7 3.0 3.4 
1.70 2.18 1.77 2.25 

0 1 0 4 
0% 6% 0% 13% 
0 0 0 0 

0% 0% 0% 0% 
Burke/Nine Mile 

13 17 8 28 
1 1 1 1 
10 11 4 33 
3.7 4.7 2.4 6.0 

2.25 3.31 1.19 6.30 
3.2 3.5 2.1 4.2 
1.77 2.29 1.72 2.32 

1 3 0 3 
8% 18% 0% 11% 
0 0 0 2 

0% 0% 0% 7% 
Wallace 

19 18 7 24 
1 1 1 1 
5 16 33 14 

2.2 4.1 14.4 3.7 
1.08 3.99 13.45 2.61 
2.0 2.9 8.1 3.1 
1.68 2.24 3.71 1.79 
0 2 3 1 

0% 11% 43% 4% 
0 1 3 0 

0% 6% 43% 0% 
Silverton 
4 17 6 11 
1 1 1 1 
3 7 5 10 

2.0 2.4 1.8 3.1 
0.82 1.62 1.60 2.43 
1.9 2.0 1.5 2.6 

1.58 1.85 1.94 1.78 
0 0 0 1 

0% 0% 0% 9% 
0 0 0 0 

0% 0% 0% 0% 

I
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N 
Minimum 
Maximum 
Arithmetic Mean 
Standard Deviation 
Geometric Mean 
Geometric Standard Deviation 
# >10 ng/dl 
% >IO ng/dl 
#>I5ng/dI 
% >15 ng/dl 

N 
Minimum 
Maximum 
Arithmetic Mean 
Standard Deviation 
Geometric Mean 
Geometric Standard Deviation 
# >10 ng/dl 
% >10 ng/dl 
#>15ng/dl 
% >15 ng/dl 

N 
Minimum 
Maximum 
Arithmetic Mean 
Standard Deviation 
Geometric Mean 
Geometric Standard Deviation 
#>10ng/dl 
% >10 ng/dl 
#>15ng/dl 
% >15 |ig/dl 

N 
Minimum 
Maximum 
Arithmetic Mean 
Standard Deviation 
Geometric Mean 
Geometric Standard Deviation 
#>10ng/dl 
% >10 fig/dl 
# >15 Rg/dl 
% >I5 ng/dl 

Subarea (|ig/dl) 

BOTH MALES AND FEMALES 
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Table 6-8a Summary of Adult Blood Lead Levels by Age and Geographic 
Subarea (jig/dl) (continued) 

BOTH MALES AND FEMALES 
10 to 25 j 26-40 | 41-49| Age>50 

Osburn
 
N 25 22 24 72
 
Vlinimum 1 1 1 1
 
Vlaximum 6 20 14 20
 
Arithmetic Mean 2.4 3.9 3.8 4.1
 
Standard Deviation 1.32 4.19 3.49 3.72
 
Geometric Mean 2.1 2.8 2.7 2.9
 
Geometric Standard Deviation 1.78 2.17 2.31 2.27
 
#>10ng/dl 0 1 2 6
 
% >10 jig/dl 0% 5% 8% 8%
 
#>15fig/dJ 0 1 0 2
 
% >15 }ig/dl 0% 5% 0% 3%
 

Side Gulches
 
N 10 13 8 32
 
Minimum 1.0 1.0 2.0 1.0
 
Maximum 9.0 6.0 8.0 22.0
 
Arithmetic Mean 3.6 2.6 3.9 4.9
 
Standard Deviation 2.37 1.89 2.17 3.97
 
Geometric Mean 3.0 2.0 3.4 3.9
 
Geometric Standard Deviation 1.98 2.11 1.70 1.91
 
#>10ng/d! 0 0 0 2
 
% >10 ng/dl 0% 0% 0% 6%
 
#>ISng/di 0 0 0 1
 
% >15 pg/di 0% 0% 0% 3%
 

Kingston
 
N 7 12 9 22
 
Minimum 1 1 2 3
 
Maximum 8 5 7 10
 
Arithmetic Mean 2.9 2.8 3.7 4.3
 
Standard Deviation 2.54 1.59 1.73 2.19
 
Geometric Mean 2.1 2.4 3.3 3.9
 
Geometric Standard Deviation 2.26 1.88 1.59 1.50
 
#>IO|ig/dl 0 0 0 I
 
% >10 Sig/dl 0% 0% 0% 5%
 
# >15 ng/dl 0 0 0 0
 
% >15 jig/dl 0% 0% 0% 0%
 

Lower Basin
 
N 40 23 50 58
 
Minimum 1 1 1 1
 
Maximum 8 10 7 14
 
Arithmetic Mean 2.4 3.3 2.8 4.1
 
Standard Deviation 1.58 2.01 1.66 2.86
 
Geometric Mean 2.0 2.9 2.4 3.3
 
Geometric Standard Deviation 1.81 1.78 1.77 1.91
 
#>IOpg/di 0 1 0 3
 
% >!0 pg/dl 0% 4% 0% 5%
 
# >15 jig/di 0 0 0 0
 
% >I5 ng/di 0% 0% 0% 0%
 



Table 6-8b Observed Blood Lead Levels for Reproductive Aged Females (|J.g/dl) 
by Geographic Subarea 

Lower Burke/Nine Side 
Kingston Basin Mullan Mile Osburn Gulches Silverton Wallace 

N 16 41 13 19 23 13 12 14 
Minimum 1 1 1 1 1 1 1 1 
Maximum 5 7 5 6 12 6 4 16 
Arithmetic Mean 2.4 2.3 2.3 2.8 2.3 2.5 1.8 3.6 
Standard Deviation 1.45 1.31 1.44 1.69 2.28 1.66 0.94 4.09 
Geometric Mean 2.0 2.0 2.0 2.4 1.8 2.0 1.6 2.6 
Geometric Standard Deviation 1.81 1.76 1.79 1.82 1.84 1.94 1.62 2.21 
#>10ng/dl 0 0 0 0 1 0 0 1 
% >10 ng/dl 0% 0% 0% 0% 4% 0% 0% 7% 
#>15ng/dl 0 0 0 0 0 0 0 1 
% >15 |ag/dl 0% 0% 0% 0% 0% 0% 0% 7% 



6.3 LEAD EXPOSURE PATHWAYS 

Children and adults are exposed to lead from a variety of sources in their everyday environment. 
Figure 6-6 shows the exposure routes evaluated in formulating the clean-up strategy and in 
subsequent IEUBK Model analyses of blood lead response for the BHSS. This figure shows that 
children are exposed to multiple contaminated environmental media including diet, drinking 
water, air, soils and dusts, and other consumer products including lead paint in the home. 

6.3.1 Dietary Lead Sources 

Market Basket Foods 

Table 6-9 summarizes national Market Basket lead intake rates used for the resident population 
in this risk assessment. These values are obtained from the IEUBK Model for lead (USEPA 
1994b). 

Local Produce/Riparian Zone Produce/Fish 

Table 6-10 summarizes media concentration data for garden produce (collected by URS Greiner 
in 1998 under FSPA 06), riparian vegetation (collected by the Coeur d'Alene Tribe in 1994), 
fish fillets from the lateral lakes (collected by State of Idaho from 1995-1997) and whole fish 
(collected by Washington State Department of Ecology) from the Spokane River. 

The fish ingestion pathway evaluation for the tribal scenarios is based on filleted tissue metals 
data from a limited number of species from the lateral lakes and whole fish from the Spokane 
River. These results are likely not representative offish from Coeur d'Alene Lake and 
extrapolation of hazards and risks to the Coeur d'Alene Lake fishery is not recommended. 

6.3.2 Lead in Water 

Drinking Water Sources 

Tables 6-1 la-j includes private well source and both first draw and purged tap water samples 
from 1997-1999 surveys for the resident population. For intake and IEUBK analysis, purged tap 
water and well source concentrations were used. Well source samples were collected from 
locations nearest to the well and do not reflect plumbing contribution to lead intake. Use of 
purged tap water results fails to account for lead leaching into and accumulating in water lines 
during low use periods. Current IEUBK Guidance suggests using an average of first draw and 
purged water (USEPA 1994a). These considerations indicate that drinking water concentrations 
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may be underestimated for these individuals. However, it should also be noted that the laboratory 
used in the 1996 study did not report concentrations below the current drinking water source 
standard of 5 ug/1. These values were estimated at 2.5 ug/1 in the original study and this report. 
Of the total 222 wells sampled in 1996, 183 reported levels below 5 ug/1. These observations 
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were assigned values of 2.5 ug/i. Subsequent analysis of samples collected in later years indicate • 
that the geometric mean concentration of samples reported below 5 /u.g/1 was 0.75 ug/1. This 
suggests that use of the 2,5 ug/1 estimate for drinking water lead concentrations may be an I 
r4\r**r£»cttmalY* ^* overestimate. 

Surface Water Sources • 

Tables 6-12a-b summarize surface water lead levels for both disturbed and undisturbed samples, _ 
respectively. I 

6.3.3 Lead in Air mm 

Lead in air data are not available for the Basin. However (for the purposes of this report ), lead in 
air is assumed to be a minimal contributor to overall exposure and IEUBK Model default • 
assumptions are applied when applicable (See Section 3.2.2 and Appendix V). | 

6.3.4 Lead in Paint • 

Paint lead was measured in the upper Basin in the large epidemiologic surveys conducted in 
1974-75. The highest levels of lead paint in those surveys were noted in the communities east of I 
Wallace (IDHW 1976). Because the housing stock is predominantly older than I960, lead paint is «* 
prevalent and has been investigated on a case-by-case basis hi the follow-up of children with 
high lead levels. Occasional problems with lead paint have been noted in individual situations, • 
but health officials do not believe this problem to be widespread. The majority of interior paint ™ 
lead impact is believed to be manifested through house dust. 

Lead in paint was measured by XRF techniques in the Coeur d'Alene River Basin Environmental 
Health Exposure Assessment (IDHW 2000). Those data were analyzed in a semi-quantitative _ 
manner in the cited report. Those data have since been reanalyzed following the methods I 
suggested by Bomschein (pers. comm. 2000). For the purposes of this risk assessment, XRF 
results were compiled on a house-by-house basis from the 1996 survey. Ail XRF readings and mm 
appropriate notations and surface condition variables were entered into a computer database. | 
These results were then summarized to determine minimum, maximum, median and mean 
loadings and condition results for interior, exterior and entry way surfaces. Table 6-13 shows • 
summary statistics for lead-based paint by geographic subarea. Figures 6-7a-b show mean | 
interior and exterior paint lead loadings by geographic area. 

This methodology results in numerous descriptors of paint lead content and condition. All of • 
these variables are subsequently applied without bias in quantitative analysis procedures. For 
purposes of defining lead-based paint, the standard established by HUD is a XRF reading of 1 .0 I 
mg/cm2 or higher was used (HUD 1995, 1997). For this report, paint measured as 1 .0 mg/cm2 " 
and above is considered lead-based, and paint measured less than 1 .0 mg/cm2, or below the 
instrument detection limit is not considered lead-based. • 
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6.3.5 Lead in Soils and Dusts 

The soils and dust pathways are among the most complex and, generally, greatest contributors to 
childhood lead levels. Available soil and dust data suggest that house dust contains a complex 
combination of lead from several sources moderated by environmental conditions and social, 
economic, and cultural factors that influence home maintenance and behavior. Soils from home 
yards, neighborhoods, and throughout a community all seem to contribute significantly to house 
dust (TerraGraphics 2000a). Except children that eat paint chips, lead paint exposure 
predominantly comes from peeling and chalking paints incorporated into house dusts or outdoor 
soils. Local produce is most often contaminated by soils or dusts adhering to plant tissue despite 
washing efforts. Airborne contamination presents its greatest hazard as it settles and 
contaminates surface dusts that are ingested by children. 

These factors suggest that children are exposed by both direct contact with contaminated soils or 
house dusts and indirect exposure to contaminated soils through house dusts which originate 
from outdoor soils, paint, and possibly, residual dust particulate in structures (TerraGraphics 
2000a, Succop et al. 1998). 

Yard Soil Lead Levels 

Yard soil, play area, garden, driveway and rights-of-way (ROW) soil lead levels are summarized 
by geographic area in Tables 6-1 la-j. These tables also contain percentage distributions for 
relative contaminant levels by subarea. Figures 6-8a-c show mean yard soil and house dust lead 
levels for the Basin and other areas in North Idaho (Spalinger et al. 2001). These results have 
been aggregated from several surveys conducted over a four year period in the Basin. Appendix 
N summarizes the methods used to combine these data for analysis. 

Community and Neighborhood Soil and Sediment Lead Levels 

Table 6-14 summarizes neighborhood stream sediment lead concentration by geographic subarea. 

Common UseArea Soil and Sediment Lead Levels 

Tables 6-15a-b summarize soil and sediment lead levels, respectively, for common use areas by 
geographic subarea. 

Waste Piles 

Table 6-16 summarizes available lead contamination levels for waste piles. 
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House dust lead levels for vacuum bag and dust mat samples collected in the Basin are
summarized by geographic subarea in Tables 6-1 la-j and Figures 6-8a-c. Dust and lead loading * 
rate data from 1996 entryway mats are summarized in Table 6-17 and Figures 6-9a-c. 

Riparian Zone Soil and Sediment Lead Levels 

Table 6-18 summarizes soil and sediment lead concentration levels in the Lower Basin • 
floodplain from Rose Lake to Harrison. 
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Figure 6-6 
ENVIRONMENTAL PATHWAYS FOR LEAD EXPOSURE
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Figure 6-7a Geometric Mean Interior Paint Lead Loading by Geographic Area
 

HUD/EPA Standard 
0,9 

0.8 

0.7 

" 

s
T3 0.5 

•a 
0.4 

K

2 
0.3 

0.2 

0.1 
0.03 0,02 

0.08 o;os 
0.02 0.02 

"if-:

0.02 0.01 

Mullan Burke/Nine Mile Wallace Silverton Osburn Side Gulches Kingston Lower Basin 

Geographic Area 



Figure 6-7b Geometric Mean Exterior Paint Lead Loading by Geographic Area
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Figure 6-8a Arithmetic Mean Soil and House Dust Lead Concentrations by Geographic 
Area 
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Figure 6-8b Arithmetic Mean Soil and House Dust Lead Concentrations by Geographic
 
Area
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Figure 6-8c Geometric Mean Soil and House Dust Lead Concentrations by Geographic
 
Area
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Figure 6-9b Geometric Mean Dust Loading Rate by Geographic Area 
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Figure 6-9c Geometric Mean Dust Mat Lead Loading Rate by Geographic Area 
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Table 6-9 Dietary Lead Summary from IEUBK Model for Children 

IAge Range (years) O t o l I t o 2 2 to 3 3 to 4 4 to 5 5 to 6 6 to 7
 
Dietary Intake (pg/day) 5.53 5.78 6.49 6.24 6.01 6.34 7.00
 

Table 6-10 Summary of Garden, Fish, and Riparian Vegetation Lead Levels 

Area (Home Grown Vegetables) 
Mullan 
Burke/Nine Mile 
Wallace 
Silverton 
Osburn 
Side Gulches 
Kingston 
Lower Basin 
All Areas 
Water Potatoes 
Water Potatoes without Skin 
Water Potatoes with Skin 
Fish Fillet Lead Data 
Bullhead (Lateral Lakes) 
Northern Pike (Lateral Lakes) 
Perch (Lateral Lakes) 
Wild Rainbow Trout (Spokane River) 
Hatchery Rainbow Trout (Spokane R.) 
Large Scale Sucker (Spokane River) 
Mountain Whitefish (Spokane River) 
Whole Fish Lead Data - Spokane River 
Wild Rainbow Trout 
Hatchery Rainbow Trout 
Large Scale Sucker 
Mountain Whitefish 
Crayfish 

N 
1 
4 
1 
2 
12 
2 
2 
0 

24 

93 
95 

126 
63 
123 
19 
5 

20 
10 

3 
1 
4 
2 
3 

Minimum 
(mg/kg) 

10.90 
2.79 
2.00 
1.00 
0.48 
2.64 
1.15 

-
0.48 

0.25 
0.33 

0.03 
0.03 
0.09 
0.03 
0.02 
0.02 
0.02 

0.60 
1.59 
1.77 
0.56 
0.37 

Maximum 
(mg/kg) 

10.90
 
12.76
 
2.00
 
18.82
 
48.60
 
3.44
 
1.18
 

-

48.60
 

1.98
 
126.79
 

0.69
 
0.15
 
2.41
 
0.48
 
0.23
 
0.28
 
0.07
 

1.14
 
1.59
 
4.34
 
0.65
 
1.34
 

Arithmetic 
Mean 

(mg/kg) 
10.90 
7.72 
2.00 
9.91 
9.68 
3.04 
1.16 
-

7.84 

0.37 
29.34 

0.14 
0.04 
0.45 
0.15 
0.14 
0.09 
0.03 

0.82 
1.59 
2.76 
0.61 
0.87 

Standard 
Deviation 
(mg/kg) 

0.00 
4.08 
0.00 
12.60 
14.20 
0.56 
0.21 

-
10.74 

0.21 
29.18 

0.121 
0.032 
0.410 
0.117 
0.090 
0.063 
0.015 

0.282 
N/A 
1.229 
0.064 
0.485 

Geometric
 
Mean
 

(mg/kg)
 
N/A
 
N/A
 
N/A
 
N/A
 
N/A
 
N/A
 
N/A
 
N/A
 
N/A
 

0.35 
14.92 

0.10 
0.03 
0.34 
0.12 
0.11 
0.07 
0.03 

0.79 
N/A 
2.56 
0.60 
0.76 

GSD 
(mg/kg) 

N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

1.32 
4.02 

2.097 
1.777 
2.091 
2.128 
2.784 
1.877 
1.514 

1.389 
N/A 
1.551 
1.111 
1.930 

N/A Geometric means not calculated due to sparse data 



Mullan
 

Table 6-1 la Summary Lead Concentration Data for Environmental Media (mg/kg)
 

N Min Max Arith. Mean St Dev. Geo Mean Geo Stdev 
Yard Soil 105 41 20218 1187 2230 628 2.91 
Vacuum 32 429 4060 1146 754 985 1.70 
Dust Mat 47 278 4460 1459 880 1242 1.78 
ROW 12 336 8110 2887 2554 1841 2.93 
Driveway 12 352 50700 8676 15254 2893 4.36 
Play Area 
Garden 

4 
3 

81 
210 

6210 
1370 

1698 
887 

3009 
604 

419 
677 

6.54 
2.78 

Water (FD)* 
Water (P)* 

17 
16 

0.28 
0.04 

16.00 
9.50 

5.01 
1.58 

5.08 
2.27 

2.74 
0.65 

3.53 
4.82 

Well Water* 9 2.50 7.00 3.39 1.78 3.09 1.52 

* water units are in |j.g/L, FD=First Draw, P-Purged, Well Water from 1996 survey 

Percent of Soil/Dust Samples by Concentration Category (mg/kg) 

Percent 
< 500 mg/kg 500-1000 mg/kg 1000-1500 mg/kg 1500-2000 mg/kg 2000-2500 mg/kg 2500-3000 mg/kg > 3000 mg/kg 

Yard Soil 44% 23% 10% 11% 4% 1% 7% 
Vacuum 6% 56% 13% 19% 0% 3% 3% 
Dust Mat 6% 32% 26% 13% 13% 2% 9% 
ROW 17% 17% 8% 8% 8% 0% 42% 
Driveway 8% 17% 17% 8% 8% 0% 42% 
Play Area 75% 0% 0% 0% 0% 0% 25% 
Garden 33% 0% 67% 0% 0% 0% 0% 



Burke/Nine Mile
 

Table 6-llb Summary Lead Concentration Data for Environmental Media (mg/kg)
 

N Min Max | Arith. Mean St. Dev. Geo Mean Geo Stdev 
Yard Soil 88 32 5410 1105 973 679 3.25 
Vacuum 35 83 5800 1318 1263 879 2.63 
Dust Mat 54 173 59500 4048 9232 1781 2.86 
ROW 10 800 6200 2974 1937 2362 2.12 
Driveway 27 46 36000 3524 6684 1690 3.74 
Play Area 14 83 12100 1331 3107 543 3.07 
Garden 10 146 11800 2127 3755 720 4.24 
Water (FD)* 34 0.50 78.50 6.32 14.67 2.31 3.31 
Water (P)* 34 0.04 2.50 0.85 0.70 0.57 2.67 
Well Water* 18 2.50 6.00 2.69 0.83 2.62 1.23 

* water units are in |j,g/L, FD=First Draw, P=Purged, Well Water from 1996 survey 

Percent of Soil/Dust Samples by Concentration Category (mg/kg) 

Percent 
<500mg/kg[ 500-1000 mg/kg | 1000-1500 mg/kg] 1500-2000 mg/kg [ 2000-2500 mg/kg | 2500-3000 mg/kg | > 3000 mg/kg 

Yard Soil 28% 28% 15% 13% 7% 5% 5% 
Vacuum 31% 20% 17% 11% 6% 9% 6% 
Dust Mat 4% 24% 26% 11% 7% 7% 20% 
ROW 0% 20% 20% 0% 10% 10% 40% 
Driveway 11% 11% 7% 11% 22% 7% 30% 
Play Area 14% 79% 0% 0% 0% 0% 7% 
Garden 50% 20% 10% 0% 0% 0% 20% 



Wallace
 

Table 6-1 Ic Summary Lead Concentration Data for Environmental Media (mg/kg)
 

N Min Max Arith. Mean St. Dev. Geo Mean Geo Stdev 
Yard Soil 110 54 16026 1154 1628 771 2.47 
Vacuum 35 259 29725 1951 4944 1004 2.33 
Dust Mat 42 604 47626 3616 7987 1774 2.54 
ROW 9 706 10400 2364 3063 1585 2.25 
Driveway 
Play Area 

4 
3 

70 
613 

2140 
1260 

1070 
998 

1001 
340 

556 
953 

4.86 
1.47 

Garden 4 257 1200 899 434 770 2.09 
Water (FD)* 19 0.67 30.10 6.53 8.70 3.19 3.33 
Water (P)* 
Well Water* 

19 
8 

0.12 
2.50 

2.00 
25.00 

0.89 
5.31 

0.65 
7.96 

0,65 
3.33 

2.43 
2.26 

*water units are in ng/L, FD=First Draw, P=Purged, Well Water from 1996 survey 

Percent of Soil/Dust Samples by Concentration Category (mg/kg) 

Percent 
< 500 mg/kg | 500-1000 wig/kg] 1000-1500 mg/kg | 1500-2000 mg/kg | 2000-2500 mg/kg | 2500-3000 mg/kg | > 3000 mg/kg 

Yard Soil 27% 35% 16% 10% 5% 3% 5% 
Vacuum 11% 51% 23% 3% 3% 0% 9% 
Dust Mat 0% 26% 31% 14% 2% 2% 24% 
ROW 0% 44% 11% 11% 22% 0% 11% 
Driveway 50% 0% 0% 25% 25% 0% 0% 
Play Area 0% 33% 67% 0% 0% 0% 0% 
Garden 25% 0% 75% 0% 0% 0% 0% 



Silverton 

Table 6-1 Id Summary Lead Concentration Data for Environmental Media (mg/kg) 

N Min Max Arith. Mean St. Dev. Geo Mean Geo Stdev | 
Yard Soil 70 94 6098 524 763 352 2.25 
Vacuum 26 75 3390 837 869 557 2.52 
Dust Mat 22 326 3658 1064 765 863 1.93 
ROW 6 321 1650 899 515 759 1.97 
Driveway 9 329 4500 1331 1292 955 2.32 
Play Area 3 155 576 416 228 358 2.07 
Garden 5 56 1000 329 384 204 2.91 
Water (FD)* 17 0.47 45.90 5.51 10.51 3.03 2.54 
Water (P)* 17 0.04 2.00 1.34 0.65 1.05 2.66 
Well Water* 7 2.50 16.00 4.43 5.10 3.26 2.02 

*water units are in |ag/L, FD=First Draw, P=Purged, Well Water from 1996 survey 

Percent of Soil/Dust Samples by Concentration Category (mg/kg) 

Percent 
<SOO mg/kg] 500-1000 mg/kg | 1000-1500 mg/kg] 1500-2000 mg/kg | 2000-2500 mg/kg | 2500-3000 mg/kg | > 3000 mg/kg 

Yard Soil 70% 20% 6% 3% 0% 0% 1% 
Vacuum 38% 46% 4% 0% 0% 8% 4% 
Dust Mat 27% 32% 23% 9% 5% 0% 5% 
ROW 33% 17% 33% 17% 0% 0% 0% 
Driveway 22% 22% 33% 11% 0% 0% 11% 
Play Area 33% 67% 0% 0% 0% 0% 0% 
Garden 80% 20% 0% 0% 0% 0% 0% 



Osburn 

Table 6-1 le Summary Lead Concentration Data for Environmental Media (mg/kg) 

N Min Max Arith. Mean St. Dev. Geo Mean Geo Stdev 
Yard Soil 262 33 12884 682 1195 419 2.45 
Vacuum 84 23 2192 616 366 493 2.17 
Dust Mat 98 202 42044 1423 4219 882 1.94 
ROW 10 427 10200 3276 3210 2150 2.68 
Driveway 40 33 59400 3261 9368 1069 4 
Play Area 
Garden 

6 
24 

58 
76 

5090 
6605 

990 
729 

2011 
1350 

255 
368 

4.96 
2.82 

Water (FD)* 49 0.16 56.10 7.88 12.18 3.72 3.30 
Water (P)* 
Well Water* 

51 
29 

0.04 
2.50 

2,20 
310.00 

0.93 
13.10 

0.69 
57.10 

0.62 
2.95 

2.91 
2.45 

* water units are in (Jig/L, FD=First Draw, P=Purged, Well Water from 1996 survey 

Percent of Soil/Dust Samples by Concentration Category (mg/kg) 

Percent 
<500mg/kg| 500-1000 mg/kg | 1000-1500 mg/kg | 1500-2000 rag/kg j 2000-2500 mg/kg | 2500-3000 rag/kg | > 3000 mg/kg 

Yard Soil 61% 28% 5% 2% 2% 0.4% 3% 
Vacuum 40% 49% 8% 1% 1% 0% 0% 
Dust Mat 12% 58% 14% 8% 2% 2% 3% 
ROW 10% 10% 10% 30% 0% 10% 30% 
Driveway 25% 15% 10% 20% 10% 5% 15% 
Play Area 83% 0% 0% 0% 0% 0% 17% 
Garden 75% 8% 8% 0% 4% 0% 4% 



Side Gulches
 

Table 6-1 If Summary Lead Concentration Data for Environmental Media (mg/kg)
 

N Min Max Arith. Mean St. Dev. Geo Mean Geo Stdev 
Yard Soil 100 25 3356 505 437 368 2.38 
Vacuum 26 116 3929 952 890 695 2.21 
Dust Mat 53 167 8840 1196 1504 842 2.11 
ROW 3 40 2300 1016 1161 402 8.07 
Driveway 13 43 117000 11021 32242 855 8.44 
Play Area 4 39 316 164 126 123 2.56 
Garden 4 37 1010 374 448 184 4.39 
Water (FD)* 14 0.28 7.20 2.23 2.19 1.44 2.77 
Water (P)* 14 0.04 4.60 1.39 1.35 0.64 5.24 
Well Water* 37 2.50 2.50 2.50 0.00 2.50 1.00 

* water units are in j^g/L, FD=First Draw, P=Purged, Well Water from 1996 survey 

Percent of Soil/Dust Samples by Concentration Category (mg/kg) 

Percent 
<500mg/kg| 500-1000 mg/kg | 1000-1500 mg/kg | 1500-2000 mg/kg | 2000-2500 mg/kg | 2500-3000 mg/kg | > 3000 mg/kg 

Yard Soil 59% 33% 6% 1% 0% 0% 1% 
Vacuum 31% 42% 8% 8% 4% 4% 4% 
Dust Mat 19% 47% 15% 8% 4% 0% 8% 
ROW 33% 33% 0% 0% 33% 0% 0% 
Driveway 31% 31% 15% 8% 0% 0% 15% 
Play Area 100% 0% 0% 0% 0% 0% 0% 
Garden 75% 0% 25% 0% 0% 0% 0% 



Kingston
 

Table 6-llg Summary Lead Concentration Data for Environmental Media (mg/kg)
 

N Mil. Max Arith, Mean St. Dev. Geo Mean Geo Stdev 
Yard Soil 99 22 9228 711 1622 257 3.34 
Vacuum 30 102 1750 592 409 466 2.07 
Dust Mat 48 63 15500 1151 2296 610 2.69 
ROW 11 36 1960 618 624 330 3.73 
Driveway 21 12 13200 1420 2866 412 5.57 
Play Area 5 49 1120 360 456 178 3.81 
Garden 11 64 1010 219 279 142 2.36 
Water (FD)* 22 0.18 13.10 3.29 3.44 2.18 2.60 
Water (P)* 23 0.04 4.50 1.26 0.95 0.87 2.90 
Well Water* 10 2.50 31.00 6.90 9,77 3.92 2.60 

* water units are in ng/L, FD~First Draw, P=Purged, Well Water from 1996 survey 

Percent of Soil/Dust Samples by Concentration Category (mg/kg) 

Percent 
< 500mg/kg| 500-1000 mg/kg | 1000-1500 mg/kg | 1500-2000 mg/kg | 2000-2500 mg/kg [ 2500-3000 mg/kg | > 3000 mg/kg 

Yard Soil 81% 6% 5% 1% 1% 0% 6% 
Vacuum 50% 33% 13% 3% 0% 0% 0% 
Dust Mat 46% 29% 8% 4% 4% 2% 6% 
ROW 55% 18% 18% 9% 0% 0% 0% 
Driveway 57% 14% 0% 0% 19% 0% 10% 
Play Area 80% 0% 20% 0% 0% 0% 0% 
Garden 91% 0% 9% 0% 0% 0% 0% 



Lower Basin
 

Table 6-1 Ih Summary Lead Concentration Data for Environmental Media (mg/kg)
 

N Min Max Arith. Mean St Dev. Geo Mean Geo Stdev 
Yard Soil 160 15 7350 487 1251 110 4.29 
Vacuum 31 49 3140 512 646 301 2.81 
Dust Mat 110 22 4805 623 866 318 3.26 
ROW 10 15 1430 230 449 71 4.11 
Driveway 8 21 1280 263 466 66 5.19 
Play Area 3 26 11300 5985 5665 1242 29.16 
Garden 2 15 24 19 6 19 1.38 
Water (FD)* 8 1.10 7.30 3.36 2.07 2.87 1.82 
Water (P)* 8 0.44 2.00 1.33 0.65 1.16 1.84 
Well Water* 104 2.50 66.00 7.21 11.89 4.05 2.39 

* water units are in |ag/L, FD=First Draw, P=Purged, Well Water from 1996 survey 

Percent of Soil/Dust Samples by Concentration Category (mg/kg) 

Percent 
<500mg/kg| 500-1000 mg/kg | 1000-1500 nig/kg | 1500-2000 mg/kg | 2000-2500 mg/kg | 2500-3000 mg/kg | > 3000 mg/kg 

Yard Soil 86% 2% 3% 2% 1% 1% 6% 
Vacuum 65% 23% 6% 0% 3% 0% 3% 
Dust Mat 65% 18% 5% 5% 2% 0% 4% 
ROW 80% 10% 10% 0% 0% 0% 0% 
Driveway 75% 13% 13% 0% 0% 0% 0% 
Play Area 33% 0% 0% 0% 0% 0% 67% 
Garden 100% 0% 0% 0% 0% 0% 0% 



Harrison
 

Table 6-1 li Summary Lead Concentration Data for Environmental Media (mg/kg)
 

N Min Max Arith. Mean St. Dev. Geo Mean Geo Stdev 
Yard Soil 18 17 249 103 77 79 2,15 
Vacuum 18 47 1830 317 458 165 3.01 
Dust Mat 17 53 2390 278 555 143 2.53 
ROW 17 17 689 103 163 56 2.70 
Driveway 14 15 152 65 42 53 2.00 
Play Area 0 N/A N/A N/A N/A N/A N/A 
Garden 8 19 516 154 164 96 2.90 
Water (FD)* 18 1.10 62.40 11.79 18.36 4.43 3.98 
Water (P)* 19 1.10 4.60 1.57 0.90 1.42 1.52 
Well Water* 0 0.00 0,00 .. .. .. .. 

* water units are in |j,g/L, FD~First Draw, P=Purged, Well Water from 1996 survey 

Percent of Soil/Dust Samples by Concentration Category (mg/kg) 

Percent 
<500mg/kg| 500-1000 mg/kg| 1000-1500 mg/kg] ISOO-2000 mg/kg | 2000-2500 mg/kg | 2500-3000 mg/kg | > 3000 mg/kg 

Yard Soil 100% 0% 0% 0% 0% 0% 0% 
Vacuum 83% 11% 0% 6% 0% 0% 0% 
Dust Mat 94% 0% 0% 0% 6% 0% 0% 
ROW 94% 6% 0% 0% 0% 0% 0% 
Driveway 100% 0% 0% 0% 0% 0% 0% 
Play Area N/A N/A N/A N/A N/A N/A N/A 
Garden 88% 13% 0% 0% 0% 0% 0% 



Rocky Point
 

Table 6-1 Ij Summary Lead Concentration Data for Environmental Media (mg/kg)
 

N Min Max Arith. Mean St. Dev. Geo Mean | Geo Stdev 
Yard Soil 7 12 66 33 21 27 1.95 
Vacuum 6 28 126 85 38 76 1.77 
Dust Mat 6 34 123 81 33 75 1.62 
ROW 5 18 50 30 13 28 1.50 
Driveway 4 13 222 75 100 38 3.81 
Play Area 0 N/A N/A N/A N/A N/A N/A 
Garden 1 24 24 24 N/A 24 N/A 
Water (FD)* 5 1.80 158.00 35.66 68.51 8.11 6.08 
Water (P)* 7 1.10 3.40 1.80 0.93 1.63 1.60 
Well Water* 0 0.00 0.00 .. - .. ._ 

* water units are in |̂ g/L, FD=First Draw, P=Purged, Well Water from 1996 survey 

Percent of Soil/Dust Samples by Concentration Category (mg/kg) 

Percent 
< 500mg/kg| 500-1000 mg/kg | 1000-1500 mg/kg | 1500-2000 ing/kg | 2000-2500 mg/kg | 2500-3000 rag/kg | > 3000 mg/kg 

Yard Soil 100% 0% 0% 0% 0% 0% 0% 
Vacuum 100% 0% 0% 0% 0% 0% 0% 
Dust Mat 100% 0% 0% 0% 0% 0% 0% 
ROW 100% 0% 0% 0% 0% 0% 0% 
Driveway 100% 0% 0% 0% 0% 0% 0% 
Play Area N/A N/A N/A N/A N/A N/A N/A 
Garden 100% 0% 0% 0% 0% 0% 0% 



Table 6-12a Summary of CUA Surface Water Lead Concentration (Disturbed Samples) (|ng/L) 

Site 

Minimum 
Detected 

Value 
Maximum 

Detected Value 
Average Exposure

Concentration* 

95% Upper 
Confidence 

Limit 

Reasonable 
Maximum 
Exposure 

CUA018 - Harrison Beach 
CUA035 - Springston Beach Site 
CUA036 - Across river from Springston 
CUA038 - Thompson Lake 
CUA039 - Long Beach RM135/Springston 
CUA041- West of Blue Lake 

117 
661 

6310 
166 

7190 
2710 

469 
2810 
56500 
876 

38800 
15600 

267 
1670 

18300 
373 

22900 
9390 

N/A 
2480 
38700 
660 

36900 
13900 

N/A 
2480 
38700 
660 

36900 
13900 

CUA045 - Medimont Boat Ramp 
CUAQ47 - Rainy Hill picnic area 
CUA048 - RM 145 

776 
452 

16600 

6520 
3280 
81500 

3010 
1580 

41300 

5690 
2750 
64900 

5690 
2750 
64900 

CUA049 - Beach near canal to Killarney Lake 
CUA051 -Lane Beach 

8090 
21300 

23100 
52300 

14700 
31700 

19800 
43100 

19800 
43100 

CUA052 - Near East end of Killarney Lake 11300 39600 25300 35800 35800 
CUA053 - Beach below Ward Ridge 
CUA054 - Black Rock Gulch Beach 

24600 
6300 

46300 
29300 

30800 
16300 

39300 
25800 

39300 
25800 

CUA055 - Quarry Beach 
CUA056 - RV Park across from Black Rock Gulch 

7520 
3240 

31000 
25800 

18800 
9690 

27500 
18700 

27500 
18700 

CUA057 - Beach upstream from Quarry 
CUA058 - East end of Blackrock Gulch Marsh 

13700 
7640 

38800 
59400 

28900 
29100 

37900 
47600 

37900 
47600 

CUA059 - East of Rose Creek 2940 72500 25300 52300 52300 
CUA060 - West of Rose Lake 3790 40300 21500 36000 36000 
CUA063 - Bull Run Peak Beach 2310 11800 5280 8900 8900 
CUA065 - Just South of Mission Falls 1980 8430 4250 6740 6740 
CUA068 - South of Old Mission Park 251 1690 1180 1730 1690 
CUA069 - Skeel Gulch Beach 141 1370 658 1110 1110 
Total Lower Basin 117 81500 7530 , N/A WA 

CUA077 - Confluence with Coeur D'Alene River (Kingston) 
CUA081 - Elk Creek Pond (Side Gulches) 

85 
35 

12500 
7180 

3270 
1630 

8300 
4600 

8300 
4600 

* This is the arithmetic average by CUA, but for all CUAs in the Lower Basin, this value is the geometric mean. 

Table 6-12b Summary of CUA Surface Water Lead Concentration (Undisturbed Samples) (|Jig/L) 

Minimum Maximum Detected Standard Geometric Standard Site N Detected Value Value Mean Geometric Mean BevJatton Dtviatfoit 
Lower Basin | 93 2 430 38.0 3,13 64.0 0.89 



Table 6-13 Paint Lead Loadings by Geographic Area 

Arithmetic Geometric Maximum Median Arithmetic Maximum Minimum 
Mean Interior Mean Interior Interior Paint Interior Paint Mean Interior Interior Interior Median 

Paint Lead Paint Lead Lead Lead Paint Paint Paint Interior Paint 
Loadings Loadings Loadings Loadings Condition Condition Condition Condition 
(mg/cm2) (mg/cm2) (mg/cm2) (mg/cm2) Code* Code* Code* Code* 

Mullan 
N 43 43 43 43 41 41 41 41 
Min 0.001 0.001 0.001 0.001 1.0 1.0 1.0 1.0 
Max 3.039 0.724 9.900 1.500 1.8 3.0 1.0 2.0 
Mean 0.563 0.031 2.912 0.166 1.3 1.8 1.0 1.2 
Stdcv 0.721 6.688 3.597 0.258 0.2 0.6 0.0 0.4 

Burke/Nine Mile 
N 38 38 38 38 35 35 35 35 
Min 0.001 0.001 0.001 0.001 1.0 1.0 1.0 1.0 
Max 5.504 2.141 9.900 6.975 3.0 3.0 3.0 3.0 
Mean 0.882 0.023 3.099 0.535 1.6 2.1 1.4 1.6 
Stdev 1.448 10.151 3.852 1.509 0.6 0.8 0.6 0.7 

Wallace 
N 37 37 37 37 37 37 37 37 
Min 0.009 0.001 0.100 0.001 1.0 1.0 1.0 1.0 
Max 5.546 1.229 9.900 8.600 2.6 3.0 2.0 3.0 
Mean 1.311 0.077 4.420 0.940 1.6 2.2 13 1.6 
Stdev 1.705 5.256 4.175 1.944 0.5 0.7 0.5 0.5 

Silverton 
N 23 23 23 23 21 21 21 21 
Min 0.001 0.001 0.001 0.001 1.0 1.0 1.0 1.0 
Max 1.129 0.572 9.900 0.850 1.6 3.0 1.0 2.0 
Mean 0.336 0.053 1.696 0.201 1.2 1.8 1.0 1.3 
Stdev 0.294 6.559 2.474 0.192 0.3 0.7 0.0 0.4 

Osburn 
N 81 81 81 81 70 70 70 70 
Min 0.001 0.001 0.001 0.001 1.0 1.0 1.0 1.0 
Max 2.656 0.351 9.850 0.800 2.5 3.0 2.0 2.5 
Mean 0.243 0.020 1.113 0.115 1.4 1.9 1.2 1.4 
Stdev 0.361 6.375 1.899 0.137 0.4 0.7 0.4 0.5 

Side Gulches 
N 52 52 52 52 47 47 47 47 
Min 0.00 1 0.001 0.001 0.001 1.0 1.0 1.0 1.0 
Max ; 1.091 0.340 6.400 0.400 3.0 3.0 3.0 3.0 
Mean 0.200 0.022 0.905 0.117 1.4 1.9 1.2 1.4 
Stdev 0.219 7.828 1.288 0.122 0.4 0.7 0.5 0.5 

Kingston 
N 37 37 37 37 36 36 36 36 
Min 0.001 0.00 1 0.001 0.001 1.0 1.0 1.0 1.0 
Max 1.981 0.571 9.900 1.325 3.0 3.0 3.0 3.0 
Mean 0.313 0.016 1.312 0.124 1.6 1.9 1.4 1.6 
Stdev 0.525 7.233 2.324 0.240 0.5 0.7 0.5 0.6 

Lower Basin 
N 104 104 104 104 96 96 96 96 

I
I
I
I
I
I
I
I
1
I
I
I
I
I
I
I
I
I
I


Min 0.001 0.001 0.001 0.001 1.0 1.0 1.0 1.0 
Max 7.850 7.850 9.900 7.850 3.0 3.0 3.0 3.0 
Mean 0.298 0.010 0.863 0.231 1.5 1.8 1.3 1.4 
Stdev 0.997 6.283 1.830 1.099 0.5 0.7 0.5 0.6 

!- New Paint and/or excellent condition 
2- Worn, chipped, or scraped paint 
3- Peeling, cracked, flaking paint, and/or chalking 



Table 6-13 Paint Lead Loadings by Geographic Area (continued) 

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
 

Arithmetic 
Mean Geometric Maximum Median Arithmetic Maximum Minimum Median 

Exterior Faint Mean Interior Exterior Paint Exterior Paint Mean Exterior Exterior Exterior Exterior 
Lead Paint Lead Lead Lead Paint Psint Paint Paint 

Loadings Loadings Loadings Loadings Condition Condition Condition Condition 
(rag/cm2) (mg/em2) (mg/cmj) (nig/cm2) Code* Code* Code* Code* 

Mullan 
N 43 43 43 43 43 43 43 43 
Min 0,001 0,001 0.00! 0.001 1.0 1.0 1.0 1.0 
Max 4.901 2,828 9.900 4.85! 3.0 3,0 3,0 3.0 
Mean 1359 0,102 3.613 0.746 1.7 2.2 1.2 1,7 
Stdev 1.510 7.028 3.852 1.350 0.6 0,8 0,5 0.7 

Burke/Nine Mae 
N' 39 39 39 39 3S 38 38 38 
Min 0,001 0.001 0,001 0.001 1.0 1.0 1.0 1.0 
Max 8,258 4,700 9.900 9.900 3.0 3.0 3.0 3.0 
Mean 1. 598 0.050 3.617 1.216 22 2.5 1.9 2.2 
Stdev 2.24S 12.956 4.441 2.606 0.8 0.8 0.8 0,8 

Wallace 
N 37 37 37 37 37 37 37 37 
Min 0.076 0.006 0.150 0.001 1.0 i.O 1.0 1.0 
Max 9.900 9,900 9.900 9.900 3.0 3.0 3,0 3.0 
Mean 3.114 0.222 6.815 2.459 2,3 2.7 1.9 2.4 
Stdev 2.618 7.887 3.994 3.456 0.5 0.5 0,7 0.6 

Silver-ton 
N 24 24 24 24 23 23 23 23 
Min 0.001 0.001 0.001 0,001 1.0 LO 1.0 1,0 
Max 2.600 1.835 8.200 2.800 3.0 3.0 3,0 3.0 
Mean 0.691 0.084 1,646 0.429 1.7 2,1 1.4 1,6 
Stdev 0,749 8.240 1.905 0.614 0,7 0.8 0.7 0.8 

Osburn 
N 79 79 79 79 72 72 72 72 
Min 0.001 0,001 0.001 0.001 i.O 1.0 1.0 1.0 
Max 7.950 4,283 9.900 9.900 3.0 3.0 3,0 3.0 
Mean 0,907 0.058 2.304 0.597 1.9 2.3 1,6 1.8 
Stdev 1.4H •8,873 3.341 1.429 0.6 0.7 0.7 0.7 

Side Gulches 
N 53 53 53 53 48 48 48 48 
Min 0.001 0.001 0.001 0.001 1.0 LO 1,0 1.0 
Max 2,200 1. 668 4.450 2,350 3,0 3.0 3.0 3.0 
Mean 0,285 0.035 0.671 0,213 1.7 2.1 1.4 1.7 
Stdev 0.435 7.192 1.042 0.395 0.5 0.7 0.5 0.6 

Kingston 
N 40 40 40 40 39 39 39 39 
Min 0,001 0.001 0.001 0.001 1.0 1.0 1,0 1.0 
Max 8,600 8.600 9.900 8.650 3.0 3.0 3,0 3.0 
Mean 0.834 0.032 1.482 0,730 2.1 2.3 1.8 2.1 
Stdev 1,797 15.649 2.854 1.921 0.7 0.7 0.7 0.8 

Lower Basia 
N 102 102 102 102 97 97 97 97 
Min 0.001 0.001 0.001 0.001 I.O i.O 1,0 i.O 
Max 3.200 0.930 9.900 2,776 3.0 3.0 3.0 3.0 
Mean 0.358 0.037 0.981 0,212 1.9 2.3 1,6 1.9 
Stdev 0.627 5.120 2.005 0.412 0.7 0.8 0.7 0,7 

1 - New Paint and/or excellent condition
 
2- Worn, chipped, or soaped paint
 
3- Peeling, cracked, flaking paSnt, and/or chalking
 



Table 6-13 Paint Lead Loadings by Geographic Area (continued) 

Arithmetic Geometric Arithmetic Maximum Minimum 
Mean Mat Mean Mat Maximum Median Mat Mean Mat Mat Mat Median Mat 
Location Location Mat Location Location Location Location Location Location 

Paint Lead Paint Lead Paint Lead Paint Lead Paint Paint Paint Paint 
Loadings Loadings Loadings Loadings Condition Condition Condition Condition 
(mg/cm2) (mg/cmj) (mg/cm2) (mg/cm2) Code* Code* Code* Code* 

Mullan 
N 40 40 40 40 34 34 34 34 
Min 0.001 0.001 0.001 0.001 1.0 1.0 1.0 1.0 
Max 3.600 3.600 6.100 3.600 3.0 3.0 3.0 3.0 
Mean 0.355 0.028 0.500 0.293 1.4 1.5 1.4 1.4 
Stdev 0.729 16.150 1.153 0.664 0.7 0.7 0.7 0.6 

Burke/Nine Mile 
N 32 32 32 32 19 19 19 19 
Min 0.00 1 0.001 0.001 0.001 1.0 1.0 1.0 1.0 
Max 8.850 8.850 9.900 8.850 3.0 3.0 3.0 3.0 
Mean 0.635 0.011 0.999 0.569 2.2 2.3 2.2 2.3 
Stdev 1.877 19.830 2.806 1.882 0.8 0.7 0.8 0.8 

Wallace 
N 30 30 30 30 22 22 22 22 
Min 0.001 0.001 0.001 0.001 1.0 1.0 1.0 1.0 
Max 9.900 9.900 9.900 9.900 3.0 3.0 3.0 3.0 
Mean 1.226 0.050 1.277 1.219 1.8 2.0 1.7 1.8 
Stdev 2.975 20.922 2.958 2.977 0.6 0.7 0.6 0.7 

Silverton 
N 22 22 22 22 20 20 20 20 
Min 0.001 0.001 0.001 0.001 1.0 1.0 1.0 1.0 
Max 3.150 3.150 9.900 3.150 3.0 3.0 3.0 3.0 
Mean 0.471 0.087 0.955 0.328 1.3 1.5 1.3 1.3 
Stdev 0.845 8.017 2.140 0.655 0.6 0.7 0.6 0.5 

Osburn 
N 68 68 68 68 54 54 54 54 
Min 0.001 0.001 0.001 0.001 1.0 1.0 1.0 1.0 
Max 2.475 1.250 7.250 1.476 3.0 3.0 3.0 3.0 
Mean 0.237 0.025 0.421 0.210 1.5 1.6 1.4 1.5 
Stdev 0.395 11.140 0.992 0.318 0.5 0.6 0.6 0.6 

Side Gulches 
N 47 47 47 47 36 36 36 36 
Min 0.001 0.001 0.001 0.001 1.0 1.0 1.0 1.0 
Max 1.750 1.750 1.750 1.750 3.0 3.0 3.0 3.0 
Mean 0.192 0.024 0.248 0.187 1.5 - 1.6 1.4 1.5 
Stdev 0.300 12.960 0.342 0.300 0.5 0.6 0.6 0.5 

Kingston 
N 31 31 31 31 24 24 24 24 
Min 0.001 0.001 0.001 0.001 1.0 1.0 1.0 1.0 
Max 2.200 2.200 3.550 2.200 3.0 3.0 3.0 3.0 
Mean 0.298 0.015 0.391 0.276 1.7 1.7 1.6 1.6 
Stdev 0.565 16.789 0.794 0.544 0.7 0.8 0.7 0.7 

Lower Basin 
N 99 99 99 99 81 81 81 81 

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I


Min 0.001 0.001 0.001 0.001 1.0 1.0 1.0 1.0 
Max 3.525 2.900 6.800 3.525 3.0 3.0 3.0 3.0 
Mean 0.283 0.026 0.385 0.262 1.6 1.7 1.6 1.6 
Stdev 0.576 14.743 0.942 0.562 0.6 0.7 0.7 0.7 

I - New Paint and/or excellent condition
 
2- Worn, chipped, or scraped paint
 
3- Peeling, cracked, flaking paint, and/or chalking
 



Table 6-14 Summary of Neighborhood Stream Sediment Lead Levels by Geographic Subarea
 

Sediment (mg/kg) 
Geometric 

Arithmetic Standard Geometric Standard 
Area N Minimum Maximum Mean Deviation Mean Deviation 
Mullan 14 31 13800 2204 3710 771 4.9 
Burke/Nine Mile 17 88 67100 8756 16025 2803 5.6 
Kingston 12 25 249 155 67 135 1.9 
Osburn, Wallace, Silverton 22 738 6160 2889 1756 2395 1.9 
All Areas 65 25 67100 3771 8824 1150 5.2 

Surface Water (u,g/L) 
Mullan 65 0 44 4.3 7.7 1.2 5.8 
Burke/Nine Mile 79 0 1650 87.1 236.8 20.6 6.7 
Kingston 12 0 38 4.7 10.9 1.0 5.0 
Osburn, Wallace, Silverton 66 0 49 11.4 13.6 3.0 6.8 
All Areas 222 0 1650 35.9 146.0 4.3 9.1 



Table 6-l5a Summary of Surface Soil Lead Levels for Common Use Areas (mg/kg) 

Minimum Minimum 95% Upper Reasonable 
Detected Value Detected Value Man Soil Confidence Maximum 

Site (mg/kg) (rag/kg) Concentration Limit Exposure 
CUA033 - Trestle area next to Route 1500 2470 2060 2440 2440 
CUA035 - Springston Beach Site 2140 2710 2440 2670 2670 
CUA036 - across river from Springston 2840 7250 4390 6110 6110 
CUA038 - Thompson Lake 250 2420 818 1690 1690 
CUA039 - Long Beach RM135/Springston 2830 3580 3290 3600 3580 
CUA041 - West of Blue lake 382 2150 1070 1800 1800 
CUA043 - West beach near Medimont 3540 4210 3930 4190 4190 
CUA044 - Medimont Hill Camping Area 2160 3730 2660 3260 3260 
CUA045 - Medimont Boat Ramp 2840 4690 3510 4210 4210 
CUA046 - Rainy Hill Fishing Area 3770 4540 4150 4420 4420 
CUA047 - Rainy Hill picnic area 1060 3290 1930 2750 2750 
CUA048 - RM 145 3000 3680 3500 3770 3680 
CUA049 - Beach near canal to Killamey Lake 3740 4900 4240 4750 4750 
CUA050 - Killamey 15,3 271 73 179 179 
CUA051 -Lane Beach 3910 4850 4340 4710 4710 
CUA052 - Near East end of Kiilamey Lake 4040 4560 4250 4460 4460 
CUA053 - Beach below Ward Ridge 4270 5330 4710 5110 5110 
CUA054 - Black Rock Gulch Beach 3580 5120 4500 5040 5040 
CUA055 - Quarry Beach 4100 4910 4370 4680 4680 
CUA056 - RV Park across from Black Rock Gulch 3690 4850 4370 4820 4820 
CUA057 - Beach upstream from Quarry 3190 5140 4350 5070 5070 
CUA058 - East end of Blackrock Gulch Marsh 3910 6080 5180 6090 6080 
CUA059 - East of Rose Creek 2970 6010 4610 5770 5770 
CUA060 - West of Rose Lake 4420 5580 4900 5370 5370 
CUA063 - Bull Run Peak Beach 4040 6390 4790 5700 5700 
CUA064 - Mouth of 4th of July Marsh 3360 3920 3610 3820 3820 
CUA065 - Just South of Mission Falls 3060 3530 3350 3530 3530 
CUA066 - Beach in Mission Flats 2670 3520 3130 3470 3470 
CUA067 - Old Mission State Park Boat Launch 123 1270 521 944 944 
CUA068 - South of Old Mission Park 2190 3740 2910 3540 3540 
CUA069 - Skeel Gulch Beach 2430 3690 3180 3710 3690 
Canyon Elementary - Play Areas' 63 
Canyon Elementary - Ballfields' 56 
Canyon Elementary - Basketball Court' 25 
Total Lower Basin2 15 7250 1939 
CUA077 - Confluence with CoeurD'Alene River 2660 4020 3480 3950 3950 
Silver Meadow Adventist School - Play Areas' 17 
Silver Meadow Adventist School - Ballfield1 136 
Silver Meadow Adventist School - Gravel Drive1 61 
Total Kingston2 149 
CUA080 - Elk Dreek Frontage roak/county Road 7870 15400 12100 15100 15100 
CUA089 - Silverton T-ball/Wellman ballfield 179 726 309 360 360 
CUA090 - Silverton T-ball/surroundmg park at Wellman Ballfield 151 522 293 334 334 
CUA091 - Silverton T-ball /Wellman & HS parking lot 362 3130 1330 1680 1680 
CUA092 - Silverton School/Huggy Bear Day Care 66 4930 665 918 918 
CUA094 - Silverton ballfield next to Huggy Bear Day Care 2604 6550 . 689 1290 1290 
CUA095 - Silverton School District Satner Field 105 11600 1570 2310 2310 
Total Silverton2 66 11600 665 
CUA096 - Wallace City Park (Monument) 1450 7222 3170 4630 4630 
CUA097 - Wallace Library 1140 4710 2160 2940 2940 
CUA098- Wallace Depot 179 685 464 608 608 
CUA099 - Small Wallace City Park mear schools 51.7 596 181 327 327 
CUA100 - Wallace High School 64.6 6900 1430 2050 2050 
CUA101 - Canyon Avenue Park 76.8 673 198 355 355 
CUA102 - Wallace Visitor's Center 29.8 2670 927 1420 1420 
Total Wallace2 29.8 7222 763 

I
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I
I


Mu!lan Elementary' 3270 
Mullan High School - Play Area' 588 
Mullan High School - Public Area' 1790 
Mullan High School - Athletic Pavilion Public Area' 359 
Total Mullan2 1054 
Data was taken from "Candidates for Early Removal Actions and/or Intervention Strategies among Schools and Daycares of Shoshone 
Kootenai Counties, Idaho." Raw data was not given. 

totals for Lower Basin, Kingston, Silverton, Wallace, and Mullan are the geometric mean of the CUA's and schools in those 
geographic areas 



Table 6-15b Summary of Sediment Lead Levels for Common Use Areas (mg/kg) 

Site 
CUA 18 - Harrison Beach 
CUA033 - Trestle area next to Route 
CUA035 • Springston Beach Site 
CUA036 - across river from Springston 
CUA038 - Thompson Lake 
CUA039 - Long Beach RM135/Sprtngston 
CUA041- West of Blue lake 
CUA045 - Medimont Boat Ramp 
CUA047 - Rainy Hill picnic area 
CUA048 - RM 145 
CUA049 - Beach near canal to Killarney Lake 
CUA051- Lane Beach 
CUA052 - Near East end of Killarney Lake 
CUA053 - Beach below Ward Ridge 
CUA054 - Black Rock Gulch Beach 
CUA055 - Quarry Beach 
CUA056 - RV Park across from Black Rock Gulch 
CUA057 - Beach upstream from Quarry 
CUA058 - East end of Blackrock Gulch Marsh 
CUA059 - East of Rose Creek 
CUA060 - West of Rose Lake 
CUA063 - Bull Run Peak Beach 
CUA065 - Just South of Mission Falls 
CUA068 - South of Old Mission Park 
CUA069 - Skeel Gulch Beach 
Total Lower Basin 

CUA077 - Confluence with Coeur D'Alene River (Kingston) 
CUA081 - Elk Creek Pond (Side Gulches) 

Minimum
 
Detected
 

Value
 
21
 

2290
 
1460
 
2560
 

18
 
2520
 

39
 
2620
 
2180
 
3010
 
2960
 
3410
 
3900
 
3900
 
3580
 
4330
 
1750
 
4010
 
4010
 
282
 
34
 

2830
 
2420
 
1950
 
2060
 

18
 
3010
 
45
 

Maximum
 
Detected
 

Value
 
12100
 
2800
 
2600
 
3580
 
117
 

7480
 
3420
 
3790
 
3590
 
5000
 
4670
 
4450
 
5960
 
15000
 
7120
 
5410
 
5000
 
6080
 
5300
 
6120
 
5910
 

29200
 
4810
 
2660
 
3600
 

29200
 
6360
 
14800
 

Average Exposure
 
Concentration*
 

1253
 
2610
 
2210
 
3020
 
55.6
 
3540
 
980
 
3110
 
2890
 
3990
 
3610
 
3830
 
4370
 
5750
 
4840
 
4810
 
4070
 
5000
 
4650
 
3780
 
3430
 
9560
 
3770
 
2430
 
2720
 
2898 
4410 
3630 

95% Upper
 
Confidence
 

Limit
 
N/A
 
2810
 
2390
 
3220
 
99
 

4410
 
2320
 
3560
 
7340
 
4340
 
3910
 
4030
 
4740
 
7670
 
5490
 
5000
 
5330
 
5380
 
4920
 
4860
 
4530
 
14100
 
4230
 
2550
 
2980
 
N/A
 
4900
 
6370
 

Reasonable 
Maximum 
Exposure 

N/A 
2800 
2390 
3220 

99 
4410 
2320 
3560 
3590 
4340 
3910 
4030 
4740 
7670 
5490 
5000 
5000 
5380 
4920 
4860 
4530 
14100 
4230 
2550 
2980 
N/A 
4900 
6370 

• This is the arithmetic average by CUA, except in the Lower Basin, this value is the geometric mean. 



Table 6-16 Summary of Lead Concentration for Waste Pile Soils (mg/kg)
 

Burke/Nine Mile Mullan AH Areas 
Tiger Mullan All Waste 

Poorman Tamarack #7 Rex #2 Success Rex L.F. Piles 
N 5 5 5 5 2 5 27 
Minimum 1510 104 2050 83.4 4610 228 83 
Maximum 49800 63700 4500 6210 16100 4570 63700 
Arithmetic Mean 12500 13838 3394 3625 10355 1871 7291 
Standard Deviation 20884 27943 1118 2258 8125 2247 14726 
Geometric Mean 5159 1246 3231 1985 8615 754 2217 



Table 6-17 Mat Dust Lead Concentration, Dust Loading, and Lead Loading for the 

Area 
vlullan 
3urke/Nine Mile 
Wallace 
Silverton 
Osburn 
Side Gulches 
Cingston
Lower Basin/Cataldo 

vlullan 
3urke/Nine Mile 
Wallace 
Silverton 
Osburn 
Side Gulches 
Cingston 
Lower Basin/Cataldo 

Mullan 
Burke/Nine Mile 
Wallace 
Silverton 
Osburn 
Side Gulches 
Cingston 
Lower Basin/Cataldo 

Coeur d'AIene Basin 

Total Number Geometric 
of Arithmetic Standard Geometric Standard 

Observations Minimum Maximum Mean Deviation Mean Deviation 
Dust Mat Lead Concentration (nig/kg) 

47 278 4460 1459 880 1242 1.78 
54 173 59500 4048 9232 1781 2.86 
42 604 47626 3616 7987 1774 2.54 
22 326 3658 1064 765 863 1.93 
98 202 42044 1423 4219 882 1.94 
53 167 8840 1196 1504 842 2.11 
48 63 15500 1151 2296 610 2.69 
110 22 4805 623 866 318 3.26 

Dust Loading (gW/day) 
40 0,7 7.4 1.6 1.2 1.38 1.73 
37 0.5 23.5 4.0 5.1 2.31. 2.79 
33 0.3 6.9 1.9 1.6 1.45 2.08 
19 0.5 17.5 2.2 3.8 1.31 2.31 
73 0.5 6.9 1.2 0.9 1.04 1.69 
47 0.5 6.8 1.8 1.3 1.44 1.83 
42 0,4 7.6 1.7 1.7 1.21 2.21 
109 0.3 17.0 2.5 3.0 1.54 2.61 

Lead Loading (mg/m2/day) 
40 0.4 10.5 2.0 2.0 1.52 2.04 
37 0.3 87.2 11.5 17.4 4.28 4.43 
33 0.3 158.3 8.4 27.5 2.63 3.13 
19 0.3 9.5 1.7 2.0 1.10 2.42 
73 0.2 66.2 2.0 7.7 0.87 2.49 
47 0.2 21.4 1.9 3.3 1.13 2.55 
42 0.1 6.3 1.4 1.4 0.74 3.25 
109 0.0 29.7 1.6 4.1 0.48 4.41 

*Ioading data are for 1996 only; concentration data also include some mats corrected by EPA in 1997-1999, loading data for these were not available at this time. 



Table 6-18 Summary of Lead Concentrations for Sediment and Surface Soil in the Lower
 
Basin 

Arithmetic Geometric 
Mean Standard Mean 

Minimum Maximum Concentration Deviation Concentration GSD 
Media (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 
Sediment 56 9560 3642 1778 2945 2.53 
Surface Soil 17 5180 2868 1741 1480 5.55 
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6.4 SITE-SPECIFIC BLOOD LEAD AND ENVIRONMENTAL EXPOSURE 
ANALYSIS 

6.4.1 Correlation Analysis 

Blood and Environmental Lead Level Correlations 

General correlation matrices were developed for the blood and dust database for all geographic 
areas combined. These matrices were examined to assess the linear association between the pairs 
of variables and to preliminarily identify the best predictors of blood lead levels and house dust 
lead concentrations for multiple regression model analysis. Tables 6-19 and 6-20 show the 
overall correlation matrix for all geographic areas for blood and dust lead concentrations. Most of 
the correlations in Tables 6-19 and 6-20 are highly significant (p<0.001). In reviewing these 
results, it should be noted that the paint lead methodology results in numerous descriptors of 
paint lead content and condition. In contrast, the house dust and yard soil data used in the 
quantitative analysis are composites and aliquot concentrations were not available from the 
parent studies. As a result, several paint lead variables expressing the same general relationship 
may appear in the tables. 

Examination of the correlation matrix for blood lead levels (Table 6-19) shows that blood lead 
level is significantly correlated with age (inversely), dust mat lead loading rate, yard soil lead 
concentration, community geometric mean soil concentration, and paint lead condition and XRF 
loading. The highest correlations are with the dust mat lead loading rate (r=0.63, p^ 0,001), 
followed by the mean interior paint condition (r=0.48, p^O.OOl). Other high correlations with 
blood lead levels are the median exterior lead XRF reading (r=0.41, p^O.OOl), the median 
exterior paint condition (r=0.40, p<0.001), the median interior lead XRF reading (r=0.34, 
p^O.OOl), mean interior paint condition code (r=0.48, p<0.001), mat lead concentration (r=0.31, 
p^O.OOl), yard soil lead (r=0.16, p^O.OOl), and the community geometric mean soils (r=0.12, 
p^O.05). Scatterplots for select variable pairs are presented in Figure 6-10a. 

The correlation matrix for the house dust mat data (Table 6-20) shows that log transformed dust 
mat lead concentration is significantly correlated with yard soils, community geometric mean 
soils, and paint lead loading. The highest correlations are with the log transformed yard soil lead 
(r=0.65, p<0.001), followed by the community geometric mean soils (r=0.56, p^O.OOl) and non
log-transformed paint variables; the maximum interior lead XRF reading (r=0.30, p< 0.001), the 
arithmetic mean exterior lead XRF reading (r=0.29, p<0.001), and the maximum interior paint 
condition (r=0.13, p^O.05). Scatterplots for select variable pairs are presented in Figure 6-10b. 

The house dust mat data, (Table 6-20) shows that log transformed lead loading rate is 
significantly correlated with yard soils, community geometric mean soils, and paint lead levels. 
The highest correlations are with the log transformed yard soil lead (r=0.53, p^0.001), followed 
by the community geometric mean soils (r=0.44, p<0.001) and non-log-transformed paint 
variables; the maximum interior lead XRF reading (r=0.29, p^O.OOl), the arithmetic mean 
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exterior lead XRF reading (r=0.26, p<0.001), the mean interior paint condition (r=0.25, • 
psG.OOl), and the mean exterior paint condition (r=0.25, p^O.OOl). Scatterplots for select 
variable pairs are presented in Figure 6-10c. • 

Examination of the correlation matrix for the house dust vacuum data (Table 6-20) shows that 
log transformed vacuum cleaner bag lead concentration is significantly correlated with dust mat 11 
lead content, yard soils, community geometric mean soils, and paint lead loading. The highest 
correlations are with the log transformed dust mat lead concentration (r=0.72, psO.OOl), followed _ 
by the log transformed yard soil lead (r=0.52, p^ 0.001), the community geometric mean soils • 
(r=0.45, p^O.OOl) and non-log-transformed paint variables, the maximum interior lead XRF 
reading (r=0.30, p^Q.05), and the arithmetic mean exterior lead XRF reading (r=0.25, psO.05). • 
Scatterplots for select variable pairs are presented in Figure 6-iOd. | 

6.4.2 Regression Analysis • 

Blood Lead and Environmental Exposure Factors 

Stepwise regression analysis was employed to identify variables for the best model describing the I 
blood lead and environmental exposure relationship. The blood lead data used in these analyses 
should be considered observational and opportunistic. Blood lead samples were collected from I 
children participating in voluntary health intervention efforts. This was not a survey or ™ 
experiment designed to obtain a representative sampling of the population. The data represent the 
population that elected to participate. The single variable model step identified lead loading rate I 
on entry way mats as describing most of the variation in blood lead levels. Yard soil lead ™ 
concentrations were identified as the next most significant variable. These variables were _ 
followed by the median exterior paint loading, as measured by XRF, the minimum mterior paint I 
condition, and an inverse relationship with age. No other environmental variables met 
significance criteria of p=0.05 in the presence of these factors. _ 

Although the residuals of the blood lead model are normally distributed and basic statistical 
assumptions are met, variables included in the model are distributed log-normally. This model • 
form was also investigated using log transformations for both independent and dependent | 
variables and alternate statistics (mean, maximum, minimum, median) for the paint related 
measurements. No improvements in model significance, R-square statistic or residual • 
distributions, were noted with variable transformations. The R-square statistic was diminished I 
with the dependent variable transformation. No other paint variables were found to increase 
model significance or the R-square value. Interior paint loading and exterior condition were not • 
significant in anv measurement. • 

Table 6-21 shows the best model selected to describe blood lead levels. Five variables are I 
included that explain about 60% (R-squared = 0.60) of the variation in children's blood lead ™ 
levels. This is a strong relationship for a study of this type. In previous analysis of blood lead and 
environmental exposures in the Basin (including the BHSS) typical R-squared statistics ranged • 
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from 0.20 to 0.75 with the lower range more common in recent years (TerraGraphics 2000a, 
Yankel et al. 1977). The variables selected include: i) Age of the Child, ii) Yard Soil Lead Level, 
iii) Dust Mat Lead Loading Rate, iv) Median Exterior Paint Lead Loading, and v) Minimum 
Interior Paint Condition. 

All five variables show similar standardized regression coefficients. The coefficients for age and 
yard soil lead are similar to those noted at the BHSS, indicating a consistent dose-response 
relationship. According to the model, typical blood lead levels decrease by about 0.34 ug/dl per 
year of age. Blood lead levels increase by an average of 0.7 ug/dl per 1000 mg/kg lead in home 
yard soil. Compared to the BHSS, where blood lead levels increase by an average of 2 ug/dl per 
1000 mg/kg lead in home yard soil (using the simple multiple regression model) and other 
reported literature values of 0.6-12.6 ug/dl per 1000 mg/kg lead in yard soil, the Basin yard soil 
coefficient falls into the lower end of reported slope coefficients (TerraGraphics 2000a, Xintaras 
1992). 

The strong mat dust lead loading relationship was noted in the Coeur d'Alene River Basin 
Environmental Health Exposure Assessment (IDHW 2000). Blood lead levels increase by about 
0.16 ug/dl per mg/m2/day of lead loading to the home. At a constant typical dust loading rate of 1 
g/day, this increase is about 0.5 ug/dl per 1000 mg/kg. Geometric mean dust loading rates range 
from 1.04 g/m2/day in Osburn to 2.31 g/m2/day in Burke/Nine Mile. Geometric mean dust mat 
lead concentrations range from 318 mg/kg in Lower Basin/Cataldo to 1781 mg/kg in Burke/Nine 
Mile. These two variables combine to yield dust lead loading rates ranging from a geometric 
mean of 0.48 mg/m2/day in the Lower Basin to 4.28 mg/m2/day in Burke/Nine Mile (Table 6-17). 

The significance of the paint variables adds additional information. The Median Exterior Paint 
Loading is the median XRF reading for all exterior paint lead measurements collected at a home. 
This variable may be indicative of an additional lead source to children. However, its 
significance in the presence of yard soil and house dust lead loading suggests a separate pathway 
may be present or the variable may be a surrogate for house age and community-specific effects. 
The effect of this variable is about 0.52 ug/dl per mg/cm2. Geometric mean exterior paint 
loadings range from 0.03 mg/cm2 in Kingston and the Side Gulches to 0.22 mg/cm2 in Wallace 
(Figure 6-7b). 

The significance of Minimum Interior Paint Condition is also interesting. This value represents 
the best single paint condition noted for a home. Most homes (79%) have a Category 1 value, 
indicating at least the painted surface in one room was in good condition. However, there are 
some number of homes (19%) where the best paint condition noted was Category 2 (chipping 
and peeling on a few surfaces in all rooms), or Category 3 (indicating all paint was in chipping, 
peeling, and chalking condition on most surfaces) (2%). These data suggest that children living 
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in homes with extraordinarily poor paint condition exhibit significantly higher blood lead levels. 
Children in homes in Minimum Category 2 would exhibit about a 2 ug/dl greater response than 
those in Category 1. Those in Category 3 would show about 2 ug/dl greater response than 
Category 2. This variable reflects a potential source of lead from which children could consume 
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paint particles directly or through incorporation in the house dust, and may also be a surrogate for • 
home hygiene and socioeconomic and housing quality status, 

Bivariate Analysis of Blood Lead Levels and Lead-Based Paint Hazard ™ 

A bivariate analysis was performed on the blood lead data to further examine the relationship • 
with lead-based paint. An ulterior lead-based paint hazard was assigned home-by-home using 
the Minimum Interior Paint Condition (INTCCMIN) variable determined significant in the blood . 
lead regression analysis and the Maximum Interior Paint Lead Loading (INTMAX) determined • 
significant in the dust mat lead loading regression analysis in the following section. These two 
paint variables were then used to define an interior paint lead hazard. If the INTMAX variable m 
was below 1.0 mg/cm2, or was not detected, then there was no interior lead paint hazard. If the J| 
INTMAX variable was 1.0 mg/cm2 or higher, but the INTCCMIN variable showed the paint was 
in good condition (Category 1), there was no interior lead paint hazard. There was an interior • 
lead paint hazard if lead-based paint existed (i 1.0mg/cm2) and the condition of the paint was I 
Category 2 (chipping and peeling on a few surfaces in ail rooms), or Category 3 (indicating all 
paint was in chipping and peeling condition on most surfaces). • 

Of the total 524 blood lead observations available in the database, 216 lived in a house that had 
been tested for lead based paint by XRF. Of those 524 blood lead observations, 58 (11%) had • 
blood lead levels greater than or equal to 10 £ig/dl. Of the 216 observations with an associated " 
lead paint measurement, a similar percentage, 9.2% (or 20 observations), had blood lead levels 
greater than or equal to 10 ̂ ag/dl. Of those 216 observations with an associated lead paint I 
measurement, 23 (or 11%) indicated an interior lead paint hazard and 193 (89%) showed no 
hazard. 

Figure 6-11 shows that 70% (14/20) of the children with high blood leads were not associated 
with an ulterior lead paint hazard, while 30% (6/20) were associated with a lead paint hazard. « 
One hundred ninety-six (196) blood lead observations below 10 ̂ ug/dl were from homes that had I 
been tested for lead based paint. Figures 6-12a and 6-12b represent environmental variables 
analyzed for high and low blood lead levels in children exposed and not exposed to an interior • 
lead paint hazard. Vacuum and mat dust, and yard soil lead concentrations were almost all J§ 
significantly different among children with high blood lead levels and children with blood leads 
less than 10 /^g/dl for both those exposed and not exposed to a lead paint hazard. The children • 
exposed to a lead paint hazard saw increased concentrations and loading rates compared to I 
children not exposed to a lead paint hazard, although not enough observations exist to compare 
vacuum dust lead levels. Yard soil lead levels in those exposed to a lead paint hazard, although • 
not statistically different (p=0.06), show an increased mean for those children with high blood • 
leads compared to those with blood lead levels less than 10 j-tg/dl. 

This simple bivariate analysis suggests similar conclusions to those discussed in the blood lead ™ 
regression analysis. Children with blood lead levels greater than or equal to 10 ,ug/dl are exposed 
to significantly higher soil, dust, and dust lead loading levels than children with blood leads less I 
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than 10 Mg/dl- Lead-based paint plays a minor, but significant, role in affecting these blood lead 
levels. Children living in houses with an interior lead paint hazard are exposed to increased soil 
and dust lead concentrations and dust lead loading rates compared to those not exposed to a lead 
paint hazard. A disproportionate number of children with high blood lead levels come from 
homes with an identified lead paint hazard (i.e., 30% of children with high blood lead levels 
come from the 11% of homes identified with an interior lead paint hazard). However, the 
majority of children with high blood lead levels (70%) come from homes with no identified lead 
paint hazard. 

These results were obtained using the two ulterior lead paint measurements significant in the 
regression analysis, INTCCMIN and INTMAX, to determine whether an interior lead paint 
hazard existed. Other paint variables were considered. Using the median concentration and 
condition code as an average paint variable for each house results in 15% (3/20) of the high 
blood lead observations associated with an ulterior lead paint hazard. Examining the maximum 
concentration and condition code for each house shows that a possible 45% (9/20) of the high 
blood leads would be associated with an interior lead paint hazard. The worst case scenario 
would be if the house had both an interior and exterior lead paint hazard. The interior and 
exterior maximum concentration and condition code for each house would provide this estimate 
and shows that 30% (6/20) of the blood lead observations greater than or equal to 10 ,ug/dl had 
both an interior and exterior lead paint hazard. In any case, despite the importance of lead paint 
for some individuals, the majority of children exhibiting high blood lead levels come from homes 
not exhibiting a lead paint hazard. 

Dust, Soil, and Paint Lead Relationships 

Stepwise regression analyses, similar to the blood lead regression analyses, were conducted for 
dust mat lead concentration, lead loading rate, and vacuum bag lead concentration using dust 
lead, soil lead, and paint lead source variables. For these analyses, soil and dust lead 
concentrations were log transformed to meet the appropriate statistical assumptions underlying 
regression analysis. 

Tables 6-22a-b show two candidate regression models for mat lead concentration following 
stepwise selection of candidate independent variables. In Table 6-22a the first model explains 
44% of the variation in log mat lead concentration using four variables: i) log of the yard soil 
lead concentration, ii) the maximum interior lead XRF reading, iii) the minimum interior paint 
condition, and iv) exterior median lead XRF loading. Three of these variables were also 
significantly related to blood lead levels in the preceding analysis. Interior paint lead loading was 
not significant in the blood lead regression model. These model results suggest that both soil and 
paint are potential sources of lead in house dust. The relative sums-of-square, F-statistic and 
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standardized regression coefficients suggest that soil is the largest contributor with both interior 
and exterior paint having similar, but lesser, significance than soils. Homes with extraordinarily 
poor paint condition also show increased mat dust lead concentrations. 
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Table 6-22b shows the same model with the community geometric mean soil concentration • 
variable added. The inclusion of this variable in the model results in loss of significance for both 
interior and exterior paint lead concentration variables. Table 6-22c shows the final model form I 
excluding the non-significant variables. This model explains 47% of the variation in dust mat • 
concentrations as opposed to 44% in the previous form including paint lead loadings. These 
results show that yard soil continues to be the most significant contributor to entryway dust lead • 
followed by soils from the community at large. These results suggest that community mean soil 
lead concentrations and paint lead loading co-vary as a function of housing and community age _ 
and that any major effect of paint lead on dust lead concentration is manifested through soils, I 
Older homes may have more lead paint, higher soil lead content, accumulated more lead dust 
from historic industrial operations and fugitive emissions from various sources., and be located mm 
closer to mineral industry activities. |j 

These results may also suggest another pathway where lead dusts may be brought in from the • 
larger community where a worker (construction, etc.) brings those dusts and soils home. Recent | 
studies reviewed by Roscoe et al. 2000 indicate higher blood lead levels were consistently 
reported among children of workers that may bring lead home from the workplace. • 

The model hi Table 6-22c suggests about a 0.8 mg/kg decrease in dust mat lead concentration per 
mg/kg decrease in yard soil concentration at typical values. This is similar to the effect of soil I 
lead on house dust lead levels noted in the BHSS (TerraGraphics 2000a). The same model B 
suggests that dust mat lead levels in homes with poor minimum paint condition would have dust 
lead levels typically 300 mg/kg greater per condition code category, and that dust lead I 
concentration reductions would parallel decreases in community mean soil lead concentration. ™ 

Table 6-22d shows the select regression model form for dependent variable log (dust mat lead I 
loading rate). Four variables are significant in describing 36% of the variation in lead loading 
rate. The log of yard soil lead concentration was again the most significant variable followed by _ 
the interior paint minimum condition, the community mean soil concentration, and the interior I 
paint maximum lead loading by XRF. In this case, the maximum interior lead XRF reading 
remained significant at p=0.02 in the presence of community soil. Exterior paint lead content was mm 
not significant. j| 

Table 6-23 shows the select regression model for dependent variable log vacuum bag lead • 
concentration. This analysis is limited by the number of observations containing both vacuum • 
bag and paint XRF readings; two observations were identified as outliers and were excluded 
from the statistical analysis. Only 68 observations are available for this analysis. About 55% of • 
the variation in vacuum bag lead concentration is explained by log transformed yard soil and dust • 
mat lead concentrations, and the maximum interior paint lead loading shown in Table 6-23. This 
analysis suggests that vacuum bag lead concentration is largely related to dust mat lead I 
concentrations, with yard soil lead content and the maximum interior paint XRF reading • 
contributing at the p=0.01 and 0.03 significance level, respectively. The empirical models in 
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Table 6-22c and 6-23 are used in Section 6.7.6 to project post soil remediation dust lead 
concentrations. 

6.4.3 Summary of Site-Specific Lead Health Analysis 

These site-specific analyses add considerable insight into the blood lead and environmental 
source relationships ongoing in the Basin. Blood lead levels are strongly related to dust lead 
loading, yard soil lead, and exterior paint loadings. Interior paint condition is a significant risk 
co-factor that is also related to dust mat lead concentration. Although lead-based paint is 
important for some individuals (30% of children with elevated blood lead levels), it is not the 
most significant factor affecting the majority of the children (the remaining 70% of children) 
with high blood lead levels. The slope of the blood lead to yard soil relationship of 0.7 ug/dl per 
1000 mg/kg soil lead is similar to that observed at the BHSS and other mining related sites. 
Succop et al. (1998) using simple regression techniques estimated a yard soil slope coefficient of 
1.5 ug/dl per 1000 mg/kg soil lead; however, by using more sophisticated statistical techniques a 
yard soil slope coefficient of 2.2 ug/dl per 1000 mg/kg soil lead was observed. The relationship 
with dust lead loading rate was previously noted in the Coeur d'Alene River Basin 
Environmental Health Exposure Assessment (IDHW 2000). However, this measurement has not 
been reported in dose-response analysis at other sites, and was not utilized at the BHSS until 
remediation was largely complete in Smelterville. 

Most of the effect of soil lead on blood lead is likely manifested through house dust. Dust lead 
loading rate is the most significant variable in describing blood lead levels, explaining more than 
40% of the variation in a single variable model. The variable is made up of two components. 
Those are dust loading rate, or the amount of dust that collects on an entryway mat per day, and 
the lead concentration of that dust. Examination of the database suggests that both components 
are important in exposure assessment for the Basin. Figures 6-9a-c show geometric means for 
both components and the product lead loading rate for each geographic subarea. 

Figure 6-9b shows that the 1996 dust loading rate, or amount of dust entering a home, is highest 
in the Burke/Nine Mile area at 2.31 g/m2/day, followed by Wallace and Mullan near 1.40 
g/m2/day, Osburn and Silverton in the 1.00 to 1.30 g/m2/day range, Side Gulches and Kingston at 
1.44 g/m2/day and 1.21 g/m2/day, respectively, and the Lower Basin at 1.54 g/rrrVday. A similar 
pattern is also noted in the lead concentration of these dusts, shown in Figure 6-9a. Mean dust 
mat lead concentration exceeds 1200 mg/kg and 1700 mg/kg, respectively, in Mullan, 
Burke/Nine Mile, and Wallace, and is near 900 mg/kg in the remainder of the Basin above the 
BHSS, and is near 600 mg/kg in Kingston and 300 mg/kg in the Lower Basin. 

The combination of these effects results in extremely high lead loadings in Burke/Nine Mile area, 
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nearly five times that in the Silverton to Kingston reach. Wallace also shows especially elevated 
lead loading rates, nearly twice the majority of the other geographic subareas. The remainder of 
the areas show similar lead loading rates, except the Lower Basin, with rates about 40% less than 
the Kingston to Silverton reach. Lead loading rate (from 1996) is shown in Table 6-17. 
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Mean blood lead levels and percent of children to exceed critical toxicity criteria follow a similar
 
pattern with highest levels in Burke/Nine Mile followed by Wallace. Mullan, Silverton, Osburn
 
and Kingston that all have similar levels. The exception to this trend is the Lower Basin where I
 
lead loading is notably lower, but blood lead levels and percent of children with high blood lead *
 
levels are similar to Wallace.
 

These results suggest that the combination of dusty conditions and high lead content of dusts is ™
 
the primary determinant of blood lead absorption in the upper Basin. Lead loading rate, in turn,
 
is most related to outdoor yard soil lead content with this variable alone explaining 42% (of the I
 
47%) of the variation in mat lead concentration. The slope of the mat dust to yard soil lead
 
concentration relationship is about 0.8. Interior paint condition code is also significant with _
 
respect to dust mat lead concentration, indicating as much as 300 mg/kg increase in poor I
 
condition homes. Exterior and interior paint loading is significant when added to the previous
 
variables in regression analysis, but becomes non-significant in the presence of community mean m
 
soil concentrations. This relationship is difficult to interpret because both paint concentration and |j
 
community wide contamination levels are higher in older communities. However, this
 
relationship is potentially important as the model indicates house dust lead levels are sensitive to •
 
community wide soil concentrations, as was noted at the BHSS and other sites. Elevated blood |
 
lead levels in the Lower Basin and follow-up activities initiated by the Panhandle Health District
 
suggest that pathways or sources beyond the immediate residence are associated with recreational •
 
activities in the fioodplain. I
 

The same variables, yard and community mean soil concentration and interior paint condition I
 
remain significant with respect to lead loading rate. Yard soil lead concentration is the strongest •
 
determinant in lead loading followed by community mean soils and interior paint condition.
 
Maximum interior paint lead loading also becomes a weaker, but significant, determinant of lead I
 
loading. 

Finally, vacuum bag dust lead levels are dependent on dust mat lead concentration, outdoor yard •
 
soil lead content, and indoor paint lead loading. Generally, vacuum bag dust lead concentration
 
ranges from about 60% to 80% of dust mat lead content as shown in Figure 6-13. These overall «
 
results suggest a complex pathway of exposure. Blood lead levels are most related to lead loading I
 
in the home, followed by independent effects of yard soil lead, and paint lead condition and
 
exterior lead content. The dust lead pathway is most influenced by outdoor soils, but is •
 
augmented by paint contributions particularly in older homes in poor condition. The overall |

effect is exacerbated by dusty conditions in Burke/Nine Mile and to a lesser extent in Wallace.
 
Much less of a problem is noted with respect to dustiness or dust concentrations in the Lower •
 
Basin. 1
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I Figure 6-10a Scatterplots for Blood Lead Concentration and Environmental Source 
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IFigure 6-10b Scatterplots for Dust Lead and Environmental Source Variables 
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• Figure 6-10c Scatterplots for Dust Lead Loading and Environmental Source Variables 
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IFigure 6-10d Scatterplots for Vacuum Dust Concentration and Environmental Variables 
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Figure 6-11 
Percentage of Blood Lead Observations > 10 ug/dl Associated With an Interior Lead Paint Hazard 
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Figure 6-12a Comparison of Geometric Mean Environmental Lead Levels Between High and Low 
Blood Lead Levels in Children (1-9 yrs.) Exposed to an Interior Lead Paint Hazard 
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Figure 6-12b Comparison of Geometric Mean Environmental Lead Levels Between High and Low 
Blood Lead Levels in Children (1-9 yrs.) Not Exposed to an Interior Lead Paint Hazard 
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Figure 6-13 Geometric Mean Dust Mat and Vacuum Bag Dust Lead Concentration by
 
Geographic Area
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Table 6-19 Correlation Matrix for Blood Lead Levels 
and Environmental Source Variables 

BLPB VARIABLE 
N | r 

AGE 524 -0.305** 
MATPB 169 0.314** 
LEADLD 140 0.634** 
VACPB 205 0.098 
SOILPB 444 0.158** 
GCOMMEAN 524 0.116* 
INTMEAN 216 0.304** 
INTMAX 216 0.177* 
INTMED 216 0.341** 
INCCMEAN 205 0.478** 
INTCCMAX 205 0.324** 
INTCCMIN 205 0.426** 
INTCCMED 205 0.421** 
EXTMEAN 217 • 0.327** 
EXTMAX 217 0.185* 
EXTMED 217 0.407** 
EXCCMEAN 208 0.355** 
EXTCCMAX 208 0.267** 
EXTCCMIN 208 0.237** 
EXTCCMED 208 0.395** 
** P<0.001 
* P<0.05 

BLPB Blood lead levels (ug/dl)
 
AGE Child age (years)
 
MATPB Mat dust lead concentration (mg/kg)
 
LEADLD Lead loading rate (mg/m2/day)
 
VACPB Vacuum cleaner dust lead concentration (mg/kg)
 
SOILPB Yard soil lead concentration (mg/kg)
 
GCOMMEAN Community geometric mean soil lead concentration (mg/kg)
 
INTMEAN Arithmetic mean interior paint lead loading(mg/cm2)
 
INTMAX Maximum interior paint lead loading (mg/cm2)
 
INTMED Median interior paint lead loading (unitless)
 
INCCMEAN Arithmetic mean interior paint condition (unitless)
 
INTCCMAX Maximum interior paint condition (unitless)
 
INTCCMIN Minimum interior paint condition (unitless)
 
INTCCMED Median interior paint condition (unitless)
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EXTMEAN Arithmetic mean exterior paint lead loading (mg/cm2) 
EXTMAX Maximum exterior paint lead loading (mg/cm2) 
EXTMED Median exterior paint lead loading (mg/cm2) 
EXCCMEAN Arithmetic mean exterior paint condition (unitless) 
EXTCCMAX Maximum exterior paint condition (unitless) 
EXTCCMIN Minimum exterior paint condition (unitless) 
EXTCCMED Median exterior paint condition (unitless) 



Table 6-20 Correlation Matrix for House Dust Lead Levels 
and Environmental Source Variables 
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** P«0.001 
* P<0,05 

LNMATPB Log mat dust lead concentration (mg/kg) EXTMAX Maximum exterior paint lead loading f mg/cm2) 
LNPBLD Log lead loading rate (mg/mVday) EXTMED Median exterior paint lead loading (mg/cm2) 
LNVACPB Log vacuum cleaner dust lead concentration <mg/kg) EXCCMEAN Arithmetic mean exterior paint condition {unitiess) 
LNSO1LPB Yard soi! lead concentration (mg/fcg) EXTCCMAX Maximum exterior paint condition (umtiess)
 
GCOMMEAK Community geomean soil lead concentration (mg/kg) EXTCCMIN Minimum exterior paint condition (unitiess)
 
INTMEAN Arithmetic mean interior paint lead loading (mg/em2) EXTCCMED Median exterior paint condition (unitiess)
 
INTMAX Maximum interior paint iead loading (mg/cm2) MLMEAN Arithmetic mean mat location paint lead loading (mg/emj)
 
INTMED Median interior paint lead loading (mg/cm2) MLMAX Maximum mat location paint iead loading (mg/cm2)
 
INCCMEAN Arithmetic mean interior paint condition (unitiess) MLMED Median mat location paint lead loading {mg/cra2)
 
INTCCMAX Maximum interior paint condition (unitiess) MLCCMEAN Arithmetic mean mat location paint condition (unitiess)
 
1NTCCMJN Minimum interior paint condition (unitiess} MLCCMAX Maximum mat location paint condition (unirtess)
 
JNTCCMED Median Interior paim condition (unitSess) MLCCMIN Minimum mat location paint condition (unitiess)
 
EXTMEAN Arithmetic mean exterior paint iead loading {mg/cm2) MLCCMED Median mat location paint condition (unitiess)
 

LNMATPB LNPBLD LNVACPB VARIABLE 
N j r N | r N | r
 

LNMATPB 498 1 400 0,804** 163 0.721**
 
LNPBLD 400 0.804** 400 1 73 0.510**
 
LNVACPB i63 0.721** 73 0.510** 324 1
 
LNSO1LPB 490 0.646** 392 0.534** 318 0.515**
 
GCOMMEAN 491 0.556** 400 0.439** 317 0.453**
 
INTMEAN 374 0.233** 374 0.226** 74 0.219
 
INTMAX 374 0.301** 374 0.285** 74 0.298*
 
INTMED 374 0.130* 374 0.153* 74 0.083
 
INCCMEAN 346 0.129* 346 0.252** 70 0.012
 
INTCCMAX 346 0.132* 346 0.222** 70 0.107
 
INTCCMIN 346 0.084 346 0.187** 70 0.041
 
INTCCMED 346 0.089 346 0,211** 70 -0.116
 
EXTMEAN 377 0.294** 377 0.264** 73 0.245*
 
EXTMAX 377 0,289** 377 0.241** 73 0.215
 
EXTMED 377 0.257** 377 0.243** 73 0.204
 
EXCCMEAN 359 0.198** 359 0.252** 70 0,153
 
EXTCCMAX 359 0.!74** 359 0.199** 70 0,096
 
EXTCCMIN 359 0.132* 359 0.211** 70 0.125
 
EXTCCMED 359 0.199** 359 0.248** 70 0,197
 
MLMEAN 335 0.1 12* 335 0,115* 69 0.098
 
MLMAX 335 0.152* 335 0,131* 69 0.183
 
MLMED 335 0,089 335 0.095 69 0.020
 
MLCCMEAN 264 0.099 264 0.190* 57 0.356
 
MLCCMAX 264 0.119 264 0.199* 57 0.115
 
MLCCMIN 264 0.072 264 0,168* 57 0.165
 
MLCCMED 264 0.099 264 0.187* 57 0.175
 



Table 6-21 General Linear Model and Regression Coefficients for Blood Lead and
 
Environmental Sources
 

Dependent Variable: BLPB 
R-Square=0.597 (P<0.0001) 
N=126 

Variable Estimate Pr>F Standardized Estimate 
Intercept 
AGE 

2.8644 
-0.3351 

0.0032 
0.0007 

0.0000 
-0.2056 

SOILPB 0.0007 0.0012 0.2249 
LEADLD 0.1638 0.0006 0.3212 
EXTMED 0.5176 0.0005 0.2742 
INTCCMIN 1.9230 0.0008 0.2313 

Table 6-22a General Linear Model and Regression Coefficients for Entryway Mat Lead 
Concentration and Environmental Sources 

Dependent Variable: LNMATPB 
R-Square=0.444 (P<0.0001) 
N=332 

Variable Estimate Pr>F Standardized Estimate 
Intercept 3.5549 0.0001 0.0000 
LNSOILPB 0.4664 0.0001 0.5868 
INTMAX 0.0416 0.0174 0.1089 
INTCCMIN 0.1960 0.0489 0.0818 
EXTMED 0.0572 0.0269 0.0996 

BLPB Blood lead levels (ug/dl)
 
SOILPB Yard soil lead concentration (mg/kg)
 
LEADLD Lead loading rate (mg/m2/day)
 
EXTMED Median exterior paint lead loading (mg/cm2)
 
INTCCMIN Minimum interior paint condition (unitless)
 
LNMATPB Log transformed mat dust lead concentration (mg/kg)
 
LNSOILPB Log transformed yard soil lead concentration (mg/kg)
 
INTMAX Maximum interior paint lead loading (mg/cm2)
 



Table 6-22b General Linear Model and Regression Coefficients for Entryway Mat Lead 
Concentration and Environmental Sources 

Dependent Variable: LNMATPB 
R-Square=0.484 (P<0.0001) 
N=332 

Variable Estimate Pr>F Standardized Estimate 
Intercept 3.6096 0.0001 0.0000 
LNSOILPB 0.3764 0.0001 0.4735 
INTMAX 0.0264 0.1218 0.0692 
INTCCMIN 0.2260 0.0189 0.0944 
EXTMED 0.0347 0.1697 0.0605 
GCOMMEAN 0.0013 0.0001 0.2488 

Table 6-22c General Linear Model and Regression Coefficients for Entryway Mat Lead 
Concentration and Environmental Sources (Final Model) 

Dependent Variable: LNMATPB 
R-Square=0.466 (P<0.0001) 
N=339 

Variable Estimate Pr>F Standardized Estimate 
Intercept 3.5641 0.0001 0.0000 
LNSOILPB 0.3838 0.0001 0.4818 
INTCCMIN 0.2321 0.0168 0.0961 
GCOMMEAN 0.0015 0.0001 0.2855 

LNMATPB Log transformed mat dust lead concentration (mg/kg)
 
LNSOILPB Log transformed yard soil lead concentration (mg/kg)
 
INTMAX Maximum interior paint lead loading (mg/cm2)
 
INTCCMIN Minimum interior paint condition (unitless)
 
EXTMED Median exterior paint lead loading (mg/cm2)
 
GCOMMEAN Community geometric mean soil lead concentration (mg/kg)
 



Table 6-22d General Linear Model and Regression Coefficients for Dust Mat Lead Loading and 
Environmental Sources 

Dependent Variable: LNPBLD 
R-Square=0.361 (PO.0001) 
N=339 

Variable Estimate Pr>F Standardized Estimate 
Intercept -3.5216 0.0001 0.0000 
LNSOILPB 0.4062 0.0001 0.4042 
INTCCMIN 0.5489 0.0001 0.1801 
INTMAX 0.0532 0.0203 0.1103 
GCOMMEAN 0.0012 0.0005 0.1879 

Table 6-23 General Linear Model and Regression Coefficients for Vacuum Bag Lead Concentration 
and Environmental Sources 

Dependent Variable: LNVACPB 
R-Square=0.546 (P<0.0001) 
N=68 

Variable Estimate Pr>F Standardized Estimate 
Intercept 3.2686 0.0001 0.0000 
LNSOILPB 0.1438 0.0104 0.2702 
LNMATPB 0.3380 0.0001 0.4568 
INTMAX 0.0697 0.0296 0.2012 

LNPBLD Log transformed lead loading rate (mg/m /day) 
LNSOILPB Log transformed yard soil lead concentration (mg/kg) 
INTCCMIN Minimum interior paint condition (unitless) 
INTMAX Maximum interior paint lead loading (mg/cm ) 
GCOMMEAN Community geometric mean soil lead concentration 
LNMATPB Log transformed mat dust lead concentration 



6.5 BASELINE AND INCREMENTAL LEAD EXPOSURE INTAKE RATES 

6.5.1 Exposure Routes Considered 

Lead intake rates are developed for the identified pathways and exposure routes in a format 
compatible with input to the IEUBK Model and USEPA Adult Model for lead that predict 
geometric mean blood lead levels. Intake rates were calculated using the Central Tendency (CT) 
exposure factor values for input into both models^ CT values represent a typical or average case 
(or 50% percentile). Exposure routes and intake estimates are developed for Suburban/Rural 
community scenarios for the local resident population and for Native American scenarios for 
Coeur d'Alene Tribe members practicing traditional or modern subsistence activities. 

Current Resident Population 

Intake rates for the resident population are developed in both baseline and incremental exposure 
format. Baseline exposure refers to typical everyday activities associated with residential life in 
the Basin. Incremental exposures are associated with specific activities (e.g., recreational or 
occupational) that can add to the baseline exposure. 

Baseline exposure routes for lead in the residential environment for both children and adults 
include: 

• incidental ingestion of soils/sediment'sub-surface soils, 
• incidental ingestion of house dusts, 
• ingestion of drinking water, 
• inhalation of dust in air, and 
• consumption of market basket foods. 

Incremental exposures are addressed in four major categories: i) occupational, ii) recreational, iii) 
local foodstuff, and iv) consumer goods. 

Intake rates for adults in occupational settings outside the mineral processing industry include: 

• incidental ingestion of soils, and 
• inhalation of dust in air. 

Recreational intake rates for children and adults include: 

• incidental ingestion of soils/sediments, 
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• incidental ingestion of surface waters, 
• ingestion of drinking water, and 
• inhalation of dust in air. 
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IIntake rates associated with local foodstuffs for children and adults include: 

• consumption of fish from the lateral lakes and Spokane River for Tribal Scenarios, • 
« consumption of locally grown vegetables. * 

Lead intake rates for consumer goods include: • 

« ingestion of lead-based paint other than that manifested through house dust for young _ 
children. • 

Native American Scenarios m 

Coeur d'Alene Tribal practices are such that the risk assessment is not easily sub-divided into 
baseline and incremental activities. Tribal lifestyle and exposure pathways are discussed in • 
Section 3.0. The resident riparian lifestyle in the Traditional Subsistence scenario and the | 
harvest techniques employed throughout tribal history represent holistic practices that encompass 
all activities in an overall lifestyle. Fully addressing potential Native American lead exposures • 
within the Basin requires consideration of routes of exposure not included in other scenarios in • 
the HHRA. The tribal riparian lifestyle has the potential for significant prolonged exposures to 
both sediment and water. One example could be the harvest of the water potato (Sagittaria spp.) I 
at the mouth of the Coeur d'Alene River. These activities also involve women of reproductive ™ 
age accompanied by small children for extended periods of time. 

The same exposure routes are evaluated for both the Traditional Subsistence scenario and the * 
Modern Subsistence scenario. For evaluation of the human health risks associated with each _ 
scenario, the exposure factors will reflect the difference for each exposure route. Generally, the I 
exposure frequencies for the Modern Subsistence are reduced from the values used in the 
Traditional Subsistence scenario. _ 

Intake rates developed for the tribal scenarios are: 

• incidental ingestion of soil/sediment, | 
• dermal contact with soil/sediment (non-lead only), 
« ingestion of surface water as drinking water, • 
• incidental ingestion of surface water during recreational activities, I 
• consumption of fish, and 
• consumption of water potatoes. • 

The remainder of the tribal pathways, discussed in Section 3.2.4, are not quantified in this risk 
assessment, due to limitations on available data or relatively insignificant contribution to the 8 
overall risk to human health. Data associated with certain exposure routes may be available, but * 
are considered insufficient to characterize media contaminant levels. Example calculations also 
showed some pathways do not significantly contribute to human health risk when compared to I 
others being quantified. 
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Table 3-19b shows those Native American exposure routes that will be considered either 
quantitatively or qualitatively in the HHRA. 

6.5.2 Developing Baseline Intake Rates for the Resident Population 

Children's Baseline Intake Rates 

Baseline intake rates estimate the amount of lead taken into the body through everyday, normal 
activities undertaken by the general population. These rates apply to everyone. These are 
calculated by multiplying the amount of soil, dust, food, and water ingested by the amount of 
lead contained in each medium. 

Baseline Ingestion and Inhalation Rates 

Baseline lead intake rates are calculated using the ingestion rates developed within the IEUBK 
Model and USEPA Adult Model for lead. These rates will correspond with the default ingestion, 
consumption, and inhalation parameters indicated in current USEPA Guidance. Using default 
assumptions indicates that values that characterize children and adults throughout the United 
States are applicable to estimate the amount of soil, dust, food, and water consumed hi typical 
activities for the resident population in the Basin. Tables 6-24a-b, respectively, show default 
ingestion and inhalation rates for children from the IEUBK Model guidance and default 
parameters for adults from the USEPA Adult Model for Lead. 

Soil and Dust Ingestion 

Both the IEUBK Model and USEPA Adult models combine soil and dust ingestion rates into a 
single input variable. The relative contribution is partitioned, or divided, among the various 
sources of soil and dust available to the population. Two initial partitions were developed for 
application to the IEUBK Model analysis. The first scenario is the USEPA guidance default 
partition of 55% house dust: 45% yard soil using the individual home yard as the soil exposure 
unit. This application is referred to as the "EPA Default Model". The second scenario 
corresponds to the 40% house dust: 30% yard soil: 30% community soil partition utilized at the 
Bunker Hill Superfund Site (BHSS), referred to as the "Box Model" or "40:30:30 Model". The 
Box Model is described in more detail in Appendix Q. 

Drinking Water Ingestion 

Default drinking water concentrations are included in both the EPA Default Model and Box 
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Model for Community Mean applications. Observed concentrations are employed in the Batch 
Mode application with the community geometric mean concentration (calculated from purged tap 
water and 1996 well water data presented in Tables 6-11) substituted for missing observations. 
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Inhalation of Dust in Air 

Default values will be used for inhalation of dusts. Support calculations demonstrate that the • 
relative contribution of this route does not justify additional characterization. Inhalation intakes 
assume similar RME exposure factors and are estimated using methods from EPA Exposure _ 
Factors Handbook (USEPA 1990c). The inhalation exposure for airborne contaminants is • 
estimated by the following formula: 

= CxIRxEFxEDxEP 

Where: • 

Ifmhai) = Inhalation intake (ug/year)
 
C = Concentration of contaminant (fig/m3) •
 
IR = Inhalation rate (2.1 mVhr) I
 
EF = Event frequency (5 days/wk)
 
ED = Event duration (39 weeks/yr) •
 
EP = Event period (8 hrs/day) •
 

Assuming 0.1 ug/m3 air lead concentration consistent with BHSS observations and a moderate 8
 
ventilation rate for average adults, yields a ventilation intake of 328 ug. Assuming 50% retention •
 
and absorption in the lungs results in 164 ug of lead absorption per nine month construction
 
season. This represents approximately 4% of the total baseline intake rate for lead in the Lower I
 
Basin, compared to 1% in Wallace. Neither dermal nor inhalation exposure routes are
 
considered in the remaining analyses. _
 

Dietary Lead 

Default dietary intake rates representing the typical US market basket are included in both model | 
forms. National default values are used for baseline dietary intake rates throughout these 
analyses. • 

Summary Baseline Intake Rates 

Tables 6-25a-b summarize estimated mean typical daily lead intake rates for each subarea in the 
Basin for both the EPA Default and Box Model scenarios. Tables 6-25a-b and Figures 6-14a-b 
show example intake rates for4 year old children. Appendix P contains similar intake rates for • 
other ages. Estimated Baseline lead intake for4 year old children based on geometric mean • 
conditions in each subarea range from a low of 30 ug/day in the Lower Basin to 99 ug/day hi 
Wallace for the EPA Default scenario. Generally, the Box Model intake rates are slightly lower I
 
ranging from 27 ug/day to 95 ug/day for the same subareas, respectively. Estimated mean intake ™ 
rates are considerably higher in the upper Basin ranging from 85 ug/day to 99 ug/day east of and 
including Wallace, 52 ug/day to 64 fig/day in the Silverton to the BHSS reach, 43 ug/day to 46 I
 
ug/day in Kingston and 27 ug/day to 30 ug/day in the Lower Basin. 
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All of the Baseline intake rates are dominated by the soil and dust component. Air, drinking 
water and dietary lead intake for the typical child total about 8.5 ug/day or about 10% of the total 
baseline intake in the upper Basin and about 30% for the Lower Basin. In the EPA Default 
scenario, house dust contributes about 50% to 60% of the total intake in all areas, ranging from 
17 ug/day in the Lower Basin to 55 ug/day in the upper Basin. Yard soil is estimated to 
contribute only 5 ug/day typically in the Lower Basin to 35 ug/day in Wallace in the EPA 
Default scenario. In this scenario, yard soil accounts for 17% of the total estimated intake in the 
Lower Basin to 35% in Wallace. 

The percentage contribution to total intake differs somewhat for the Box Model scenario. In this 
scenario, house dust contributes slightly less than in the EPA Default scenario ranging from 37% 
to 47% of the total lead intake throughout the Basin. Soils contribute from 26% in the Lower 
Basin to 48% in the upper Basin. However, in the Box Model the combined total of soils from 
the individual home yard and the greater community contribute a similar amount to overall 
intake. 

Adult Baseline Intake Rates 

Baseline intake rates for adults are shown in Table 6-26 based on a typical soil and dust ingestion 
rate of 50 mg/day comprised of ¥2 soil, ¥2 dust. However, these results are not used in the 
subsequent Adult Model for Lead analyses and are presented to identify potential adult lead 
intakes. Soil and dust ingestion rates are directly input to the Adult Model for Lead using values 
of 50 mg/day, 100 mg/day, and 200 mg/day (Table 6-27b-c and Tables 6-28a-b). Total baseline 
intake rates for lead from soils and dust range from a mean of 10 jig/day in the Lower Basin to 44 
ug/day in Wallace or about half that determined for children. Estimates range from 18 ug/day to 
23 ug/day in the areas near the Box (Kingston to Silverton), and 39 ug/day to 40 ug/day in the 
upper Basin. In all cases the majority of baseline lead intake is from house dust. 

6.5.3 Developing Incremental Intake Rates for the Resident Population 

Incremental lead intake rates refer to the amount of lead taken into the body during activities in 
which only certain members of the population engage. These individuals either consume more 
soil, dust, water, food, than the general population or those media have higher lead content. 

Incremental lead intake rates are determined for a variety of potential activities that could 
significantly add to the amount of lead taken into the body. These rates are developed on an 
activity specific basis for both a typical or average case called the Central Tendency (CT) or a 
worst case called the Reasonable Maximum Exposure (RME) estimate. Initial soil, dust, food, 
and water ingestion and inhalation values used for these intake calculations correspond to those 
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developed for the non-lead risk assessment. Specific adjustments have been made to 
accommodate lead-specific factors or input from reviewers, the public or other interested parties. 
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Estimated incremental intakes are presented in tabular form including both the absolute intake ™ 
value and the percent increment above baseline. In this manner, risk managers can evaluate the 
relative effect that incremental activities could have on baseline intake rates. I 

Occupational Intake Rates ~ 

Potentially significant occupational activities have been classified according to the likelihood of 
encountering soil and dust exposures hi the normal course of employment. Three classification _ 
levels are proposed: nominal, medium (CT), and intensive (RME) corresponding to the | 
following qualitative evaluation. Nominal exposures are consistent with typical residential 
behaviors and activities, or those occupations that have no special or particular relationship with • 
contaminated soils. Nominal occupational exposures are not evaluated in this risk assessment. j§ 
The medium classification corresponds to those individuals whose jobs involve periodic 
exposure to soil sources, such as public property maintenance, typical construction workers, or • 
laborers (equivalent to the CT). 1 

Intensive occupational exposure refers to individuals whose employment specifically involves • 
exposures to soils such as landscapers; farmers and agricultural workers; remediation workers; • 
construction workers routinely involved in excavation, demolition, or site development; or utility 
or road workers (equivalent to the RME). Intensive occupational scenarios also have a higher I 
likelihood of high take-home lead dusts, or greater potential for secondary child exposures of ™ 
workers' children, as more frequent contact with soils and dusts occurs in this occupational 
scenario. Mineral industry workers are specifically excluded in the occupational scenario, as I 
exposure to lead is specifically regulated by occupational health authorities. Although 
individuals working in the mining industry are not evaluated hi this HHRA for lead exposure in _ 
the workplace, they are considered in the residential scenario. I 

Soil and dust ingestion and inhalation rates, exposure frequencies, and contact tunes for these « 
activities do not correspond with those developed for the non-lead portion of the risk assessment. | 
Recommended ingestion rates from USEPA Adult Model for lead ingestion rates are employed 
for all adult lead health risk calculations. Comparison to non-lead intake parameters are shown • 
in Tables 6-27 a-c. Lead intake rates for medium classification are represented by the CT | 
estimates, with the RME representing the more intense exposure category. No estimates have 
been developed for nominally exposed populations. Table 6-27a shows intake parameters used • 
for the non-lead portions of the risk assessment for the RME (or intensive) and CT (or medium) • 
estimate. For lead risk assessment, alternate values corresponding to the EPA Adult model 
recommendations of 200 mg/day RME and 100 mg/day CT are used as noted in Table 6-27b. • 
Table 6-2 8a shows typical RME and CT lead intakes respectively, for community mean soils by • 
geographic subarea. Included in these tables are the estimated baseline intake rates assuming a 50 
mg/day soil/dust ingestion rate. These results suggest that lead intake for an adult employed in I 
medium intensity occupational activities involving typical residential soils would increase from ™ 
25% to 43% above baseline using the non-lead parameters. For the intense contact or RME 
activities lead intake would increase by 1.8 to 2.9 times. Table 6-28b and Figures 6-15a-b show I 
similar lead intake estimates using the EPA Adult Model recommended ingestion parameters. 
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These results suggest about 20% over baseline for CT and one to two times baseline for RME 
ingestion rates, respectively. 

Tables 6-29a-b show estimated occupational intake rates associated with different potential soil 
concentration intervals. Incremental intake rates are shown both seasonally, based on the RME 
and CT outdoor work duration, and averaged annually. Seasonally adjusted intake rates for 
unprotected work in 2000 mg/kg soils, for example in Table 6-29a, are 246 fig/day for medium 
exposure and 419 ug/day for intensively exposed occupations. Averaged over the year (12 
months) the respective values are 47 ug/day and 321 ug/day. Table 6-29a corresponds to non-
lead ingestion rates. Table 6-29b shows adult occupational exposure for lead ingestion rates. 

Tables 6-1 la-j through 6-16 show typical soils concentrations for each residential area, waste 
piles in the upper Basin and soils/sediments in the upper Basin and Lower Basin floodplain. The 
appropriate estimated intake rates for occupational activities associated with these soils have 
been included in Table 6-30b. For example, the estimated annual average 50th percentile soil 
concentration CT intake rate for a median intensive occupation in the Lower Basin floodplain is 
37 ug/day. 

This baseline intake rate is also included in Table 6-3 Oc. The estimated baseline intake rate for 
the Lower Basin is 10 ug/day. The combined baseline and incremental rate for an intensively 
exposed worker in the Lower Basin floodplain is 47 ug/day. This rate is 366% or 3.7 times 
increase over baseline for this subarea. Other examples in Tables 6-30b-c show the incremental 
and combined intake estimates and percent increases for occupational exposures to various soils 
throughout the Basin. 

Recreational Activities Intake Rates 

Proposed classifications of recreational activities are similar to the occupational categories. 
However, additional potential exposure routes, at-risk population factors, and exposure 
frequencies are considered. 

Recreational activities have been classified according to the frequency of encountering 
contaminated environmental media and the amount of media contacted. With regard to soils and 
dusts, these activities can also be considered nominal, medium (CT) or intense (RME). Nominal 
activities are considered consistent with baseline residential activities and will not be developed 
as incremental exposures. Nominal exposures to particular sources within a community (e.g., a 
neighborhood playground) are considered to be included in the soil partition for the baseline 
exposure. Medium intensity activities include picnicking, hiking, fishing, exploring, etc. 
(equivalent to the CT). Intense recreational activities include such practices as dirt biking, fort 
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building, beach activities, four-wheeling, gardening, landscaping, etc., that involve deliberate and 
continued contact with soils (equivalent to the RME). 

Ingestion of surface waters is not considered as a substitute source for typical drinking water 
during recreational activities. Surface waters are addressed as an incidental source of ingestion 
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of suspended sediments during swimming and beach activities. Inhalation of contaminated dusts • 
are considered incidental to soil/dust ingestion and are not developed as a separate pathway. 

Intake rates are developed for sub-populations including young children and reproductive-aged ™ 
women. Three exposure frequency categories are considered; incidental, seasonal, and year-
round. Because significant increases in blood lead levels can be associated with short-term • 
exposures on the order of a few weeks or months, only incidental and seasonal estimates are 
developed. _ 

Soil and dust and surface water ingestion rates, exposure frequencies and contact times for these 
activities correspond with those developed for the non-lead portion of the risk assessment. No « 
estimates are developed for nominally exposed populations as these exposures are incidental to I 
the baseline. 

Exposure point concentrations for recreational activities are developed at successive 500 mg/kg | 
concentration intervals for soils and dusts. This results in classification of particular recreational 
areas according to lead content of the environmental media and estimated incremental intakes for • 
both medium and highly exposed recreational groups. • 

Common Use Areas (CUAs) and other recreational locations are also classified by types of • 
recreational activity supported. Factors determining type of activity include the following " 
criteria: 

• Intensity of use-nominal, medium, intensive. ™ 
• Sensitive population - frequented by young children, older children or adults only. 
• Frequency of use - incidental or seasonal. • 

From this classification scheme, incremental intake estimates associated with particular _ 
recreational activities and locations can be obtained by applying the site-specific soil lead I 
concentration and activity characteristics. 

Incremental Soil Lead Intake. Table 6-31 summarizes the CT intake parameters for soil and | 
dust media for the non-lead portion of the risk assessment. CT estimates are used for the 
medium exposure category and RME estimates for the intensive recreational activities. • 

Tables 6-32a-c summarize incremental intake estimates due to recreational activities for soils and 
sediments at successive potential concentration levels. Incremental intake rates are shown both • 
seasonally, based on the number of weeks for each recreational activity, and averaged annually. • 
Tables 6-32a-b show, respectively, medium (CT) and intensive (RME) intake rates for children. 
Seasonally adjusted intake rates for 1500 mg/kg soils hi Upland Park areas, for example, are 13 ' I 
fig/day for medium exposure and 64 ug/day for intensively exposed children's recreational ™ 
activities. Averaged over the year these rates are 8 ug/day and 42 jag/day, respectively. 
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Similar values for adults are found in Table 6-32c. For 1500 mg/kg lead soils in Upland Parks, 
the seasonally adjusted rates for adults are 5 ug/day and 19 jig/day, for CT and RME conditions, 
respectively. Annual rates are 3 jig/day and 12 ug/day, respectively. 

Incremental Surface Water Intakes. Table 6-33 shows intake factors for incidental ingestion 
of surface water in recreational scenarios. Tables 6-34a-b show incremental lead intake rates 
associated with potential surface water lead concentrations for disturbed sediment sites, 
respectively, for children and adults. These tables show seasonally adjusted and annual average 
incremental lead intakes associated with potential surface water concentrations at Common Use 
Areas and neighborhood streams for children. For example, a site with a characteristic surface 
water concentration of 5000 jj.g/1 lead concentration would result 21 p.g/day seasonal and 7 
jag/day annual average lead intake for the CT recreational situation for children. Corresponding 
RME incremental intakes are 43 jag/day and 13 jag/day, respectively. For the neighborhood 
scenario at the same concentration, CT estimates are 43 ug/day seasonal and 20 ug/day annual. 
RME estimated intakes are 86 ng/day and 39 ng/day, respectively. 

Table 6-12a shows typical concentration of lead in water and suspended sediment at public 
beaches in the Basin and those for local residential areas. Tables 6-14 through 6-16 show typical 
soil and sediment concentrations for neighborhood stream sediments, CUAs, and waste piles in 
the upper Basin. 

Incremental Intake Rates for Upland Park CUAs. The appropriate estimated annual average 
CT intake rates for recreational activities associated with these soils have been included in Tables 
6-35a-c for medium exposed 0-6 year old children. Table 6-3 5a also shows percentile surface soil 
lead concentrations for Upland Parks in the Mullan area, the mid-reach of the upper Basin from 
Wallace to the BHSS, and the Lower Basin from Kingston to Harrison. There are no Upland Park 
CUAs for the Burke/Nine Mile Canyon sub-unit. Incremental recreational increases for this 
geographic subarea are discussed under neighborhood sediments below. 

Table 6-35b shows incremental lead intake rates associated with the respective percentile soil 
concentrations. Table 6-35c shows medium (CT) and reasonable maximum exposure (RME) 
intake rates (i.e., 50th and 95th percentile) compared to baseline intake rates for each geographic 
subarea. CT and RME annual intake rates are calculated using CT soil ingestion rates from 
Table 6-31. The RME intake value in Table 6-35c refers to the 95th percentile media 
concentration calculated for the geographic area. Only CT ingestion rate estimates are developed 
for inclusion in IEUBK Model blood lead predictions in Section 6.6. Children practicing RME 
soil ingestion rates would have considerably higher lead intake rates than those indicated in 
Tables 6-35b-c. 
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The results in Table 6-35c can be used to assess relative intake rates. For example, the estimated 
annual intake rate for a medium (CT) child recreation in the Lower Basin floodplain (mean soil 
concentration 3415 mg/kg lead) is 19 jig/day. The baseline intake rates are also included in 
Tables 6-35b-c with the incremental intake rates. The combined baseline and incremental rate 
for a medium exposed child in the Lower Basin floodplain is 49 ug/day (19 |J.g/day incremental 
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+30 jig/day baseline) using CT values. This rate is a 63% increase over baseline intake for the • 
typical four year old child playing in 50* percentile soil lead levels in the Lower Basin. 

Other examples in Tables 6-35b-c show the incremental and combined soil and dust lead intake ™
 
estimates and percent increases over baseline for recreational exposures throughout the Basin.
 
Generally, CT or typical incremental intake rates at 50* percentile concentrations are modest (5 I
 
to 7 ug/day) east of the BHSS. This represents a less than 10% increase over baseline for these
 
areas. In the Lower Basin, incremental CT intakes are larger (19 jag/day), representing _
 
approximately a 40% to 60% increase over baseline rates. •
 

RME results for 95th percentile concentrations hi the upper Basin, however, are substantial in the
 
mid-reach area, as a small number of CUAs are severely contaminated, RME (95th percentile
 
concentration) upland park CUA intakes represent about 70% to 125% increase over baseline in
 
these areas. RME incremental intakes in the Lower Basin are about 50% greater than CT
 
increments, and are about twice the baseline. I
 
Incremental Intake Rates for Neighborhood Sediments and Surface Water, Potential lead • 
intake rates associated with recreational activities in or near streams in the immediate I 
neighborhood of residences are shown in Tables 6-36a-c in the same manner as upland parks in 
Tables 6-35a-c. Percentile lead concentrations are shown in Table 6-36a for both surface water I 
and sediment and corresponding lead intake rates are calculated in Table 6-3 6b. CT and RME • 
intake rates are compared to baseline by geographic area in Table 6-36c. Generally, 
neighborhood streams contribute little to overall intake, as suspended sediment concentrations • 
are relatively low compared to CUAs. Principal incremental intakes in this scenario are due to 
stream sediments and are most significant in the Burke/Nine Mile subarea (13 fig/day annual 
average) and the mid-reach areas (8 jig/day). These constitute almost a 15% increase over I 
baseline for the CT situation. For the RME, substantial contributions to overall exposure are 
noted for Burke/Nine Mile (221 jig/day or nearly tripling baseline) and Mullan (45 u.g/day), a mm 
50% increase over baseline. I 

Neighborhood sediment and surface water contributions for the Lower Basin are low because 
these types of exposures generally occur at CUAs (discussed above) or public beaches (discussed 
below), rather than neighborhood streams as defined for the upper Basin. 

Incremental Intake Rates for Public Beaches. Combined sediment and surface water lead I 
intakes for public beaches included among the CUAs are shown in Tables 6-37a-c for children 
age 0-6 years. As opposed to neighborhood streams, these sites represent public access areas • 
frequented by both Basin residents and visitors. As a result, the data have been combined and are • 
uniform increments for all geographic subareas. The CT incremental lead intake for these sites is 
19 fig/day for both sediment and surface water ingestion. The RME sediment intake rate is 30 I 
ug/day lead and the corresponding surface water incidental ingestion rate is 42 jig/day, ™ 
respectively. The combined CT rate adds 40% to 45% to the baseline intake for an upper Basin 
child, 60% to 70% for a mid-reach child east of the BHSS, 84% in Kingston, and 128% in the I 
Lower Basin. The RME is a substantial contribution, nearly doubling baseline rates east of 
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Wallace, more than doubling baseline in the mid-reach, and tripling baseline intake in the Lower 
Basin. 

Incremental Intake Rates for Waste Piles. There are reported incidents of children playing on 
mining industry waste piles in the Burke/Nine Mile and Mullan subareas. Tables 6-38a-c show 
percentile lead concentration data for waste piles sampled in these areas, associated intake 
estimates and comparison of CT and RME intake to baseline. These results show that the 
assumed contact rates result in little CT incremental exposure in Mullan, although at 95th 

percentile concentrations there is a 14% increase over baseline in Mullan. Potential exposures in 
the Burke/Nine Mile area, however are significant, ranging from a 13% increase over baseline at 
the 50th percentile concentration to a 159% increase for the 95th percentile. 

Lead Intake Rates from Local Foodstuff! Ingestion of lead associated with local foodstuff 
includes consumption of garden vegetables and fish from the lateral lakes area. Recommended 
USEPA typical and RME consumption rates for fish fillets are used for adults; child consumption 
rates were derived from the adult values by calculating a consumption rate in units of grams per 
kilogram per day then multiplying by the child body weight (15 kg). Lead intake estimates for 
consumption of local garden produce have also been developed using recommended USEPA 
default rates. Table 6-39 summarizes the intake parameters for garden produce and sport fish 
ingestion consistent with the non-lead portion of the risk assessment. Table 6-40a shows typical 
CT and RME child incremental lead intake rates for homegrown vegetables. The CT and RME 
estimates are based on the 50th and 95th percentile lead concentrations for fresh weight vegetables 
developed in Table 6-10. Both estimated CT and RME incremental intake rates can add 
substantially to baseline intakes. Consumption of 50th percentile concentration homegrown 
vegetables on a regular basis could increase total estimated intake by 24% in Wallace to 79% in 
the Lower Basin. Intake rates from 95th percentile produce are extreme. Table 6-40b shows 
typical CT and RME adult incremental lead intake rates for homegrown vegetables. 

Tables 6-41a-b show similar results for sport fishery intake rates for children and adults. For 
adults typical incremental intake rates are modest. For children typical local fish consumption 
would increase total baseline intake by 1% to 12%. 

Summary of Incremental Lead Intake Rates. Tables 6-42a-b and 6-43a-b and Figures 6-16a-d 
summarize relative intake rates for various incremental activities for children and adults, 
respectively. 

6.5.4 Developing Intake Rates for the Coeur d'Alene Tribe 

Tables 3-26a-b, respectively, show exposure factors for the Traditional and Modern Subsistence 
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scenarios for the Coeur d'Alene Tribe. Figures 6-17a-b summarize estimated Tribal intake rates 
for children for each scenario, respectively. Adult intakes are summarized in Figures 6-18a-b. 
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Traditional Subsistence Intake Rates 

Tables 6-44a-b show estimated lead intake rates, respectively, for children and adults for I 
traditional subsistence pathways and percentiles for media concentration levels. Tribal intakes are • 
not appropriately characterized as baseline or incremental, as the Tribal lifestyle is cumulative 
and encompasses all pathways simultaneously. As a result, Table 6-44a-b entries are arranged by • 
media and percentile and are summed for corresponding percentile levels. This yields an 
estimated total intake rate for the sum of all like-percentile estimates. That is, all 50th percentile 
intakes from various media are combined for the 50* percentile total intake estimate. This I 
method is likely appropriate for the CT estimate. However, the RME or any minimal intake 
estimate (e.g., 10th percentile) likely overestimates the upper confidence limit (UCL) and _ 
underestimates the lower limits, as the extreme rates for each pathway are less likely to coincide, I 

Total estimated intake rates are extremely high for both adults and children for all but the lowest 
concentration percentile categories. Intake rates for the CT and greater media concentrations 
typically exceed 1000 ug/day for children and 2000 ug/day for adults. These intake rates are an 
order of magnitude higher than observed intake rates in the residential population or pre-remedial 
estimates at the BHSS. High intakes of lead from dietary sources may present a greater hazard 
than lead in soil and dust because of potentially greater absorption of lead from dietary sources 
compared to lead in dusts, soils, or tailings, particularly in times of famine. Conversely, increased • 
dietary absorption of lead may be mitigated by reduced lead absorption associated with a full • 
stomach (Maddaloni, et al. 1998), 

Tables 6-44a-b show estimated intake rates for both non-food and foodstuff for children and ™ 
adults, respectively. Each table is presented in two forms. The upper portion of the table shows 
intake calculations using whole fish data from the Spokane River and unpeeled water potatoes. • 
The lower portion shows fish fillet and peeled water potato lead content. The upper portion 
represents a worst case situation where fish would be consumed whole and unpeeled water m 
potatoes are a surrogate for the entire vegetable matter portion of the diet. Such assumptions are I 
not unreasonable, according to Tribal sources, as these practices may have occurred in times of 
famine during traditional existence. _ 

The lower portion of the table uses fish fillet and peeled water potato data. Total intake rates are 
reduced by 50% to 80% (as compared to whole fish and unpeeled water potato), but these values m 
are not typical of a true, traditional scenario of whole fish and unpeeled water potatoes. However, gj 
regardless of this significant adjustment, estimated CT intake rates exceed 1300 fig/day for 
children and adults and are nearly double for the RME situation. These intake rates are also • 
extremely high, about five to ten times pre-remedial levels at the BHSS. I 

Modern Subsistence Intake Rates I 

Figures 6-17a-b and 6-18a-b contrast estimated Traditional and Modern Subsistence intake rates. 
Modem Subsistence lead intake rates are summarized in Tables 6-45 and 6-46, which are I 
*3t"t**3'rirF î"1 ITl €S Ti"«"rria'i' t?irv»i lot* ~tr\ "tll& TVorlfHr-iVSol 4=rri-*3lro oo-fri-rv-jrs+o 3r*V*\£*f* C an rt r-»»-* r» 1 l^^y-3 **•*•*• <-*L' A wt*A» ^^ arranged in a format similar to the Traditional intake estimate tables. Seasonal lead intake rates 

FINAL VERSION 6-41 



for the CT estimate are 258 fig/day for children and 311 ug/day for adults assuming only fish 
fillet and peeled water potatoes are consumed, RME intake rates are approximately 2 times CT 
estimates. These rates are similar to pre-remedial total intake rates at the BHSS. However, a 
greater percentage of total intake for subsistence pathways is from dietary sources that would be 
more bioavailable. 

For modern subsistence families, the largest portion of intake is from ingestion of soils and 
sediments while engaging in subsistence activities on land and in disturbed surface waters. 
Consumption of whole fish or unpeeled water potatoes by modern subsistence families would 
result in dangerously high intake rates for both children and adults. 
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Figure 6-14a Estimated Lead Intake for Four-year-old Children 
by Geographic Area - EPA Default 
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Figure 6-14b Estimated Lead Intake for Four-year-old Children 
by Geographic Area - Box Model 
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Figure 6-15a Occupational CT Lead Intake Rates Compared to Baseline 
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Figure 6-15b Occupational RME Lead Intake Rates Compared to Baseline 
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Figure 6-16a Summary of Children's Recreational Potential Incremental
 
Lead Intakes - CT
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Figure 6~16b Summary of Children's Recreational Potential Incremental
 
Lead Intakes - RME
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Figure 6-16c Summary of Adult Recreational Potential Incremental Lead Intakes - CT 
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Figure 6-16d Summary of Adult Recreational Potential Incremental Lead Intakes 
RME
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Figure 6-17a Estimated CT Tribal Children Lead Intake Rates 
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Figure 6-17b Estimated RME Tribal Children Lead Intake Rates
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Figure 6-18a Estimated CT Tribal Adult Lead Intake Rates
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Figure 6-18b Estimated RME Tribal Adult Lead Intake Rates 
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Table 6-24a IEUBK Default Inhalation and Ingestion Parameters 

Inhalation 
Hours spent 

outdoors Ventilation 
Age(years) (hr/day) Rate (m3/day) 

0-1 1 2 
1-2 2 3 
2-3 3 5 
3-4 4 5 
4-5 4 5 
5-6 4 7 
6-7 L 4 7 

Lung
 
Absorption (%)
 

32
 
32
 
32
 
32
 
32
 
32
 

L__ 32 

Total Dust and
 
Soil Intake (g/day)
 

0.085 
0.135 
0.135 
0.135 
0.100 
0.090 
0.085 [___


Ingestion 

Diet Intake 
(Hg/day) 

5.53 
5.78 
6.49 
6.24 
6.01 
6.34 

 7.00 

Water (L/day) 
0.20 
0.50 
0.52 
0.53 
0.55 
0.58 
0.59 

Table 6-241) EPA Adult Model Default Ingestion Parameters 

Parameter Value 

PbBfeta| o.95, goal 10 

GSDUdult 1.8 

2.1 

^fetal/maternal 0.9 

PbBgdu^ o 1.7-2.2 

BKSF 0.4 

IR, 0.05 

EFS 219 

AFS 0.12 

Unit
 

Hg/dl
 

-


-


-


ug/dl
 

jig/dl per
 
ug/day
 

g/day
 

day/yr
 

-


Definition 
Goal for the 95th percentile blood lead concentration (ug/dl) in fetuses born to 
women having exposures to the specified site soil concentrations. 

Individual standard deviation among adults. A value of 1 .8 is recommended for 
a homogeneous population and 2.1 is recommended for a more heterogeneous 
population 
Fetal/maternal PbB ratio 

Typical blood lead concentration in adults in the absence of exposures to the 
site that is being assessed 
Biokenetic slope factor relating increase in typical adult blood lead 
concentration to average daily lead uptake 
Intake rate of soil, including both outdoor soil and indoor soil-derived dust 

Exposure frequency for contact with assessed soils and/or dust derived in part 
from these soils. 
Absolute gastrointestinal absorption fraction for ingested lead in soil and lead in 
dust derived from soil 



Table 6-25a Four Year Old Children's Baseline Lead Intake Rates for Ingestion of
 
Soil and Dust - EPA Default 

Community 
Average Soil 

Cone. 
Soil Lead 

Intake 

Community 
Average 

Dust Cone. 
Bust Lead 

Intake 
Air Lead 

Intake 

Water 
Lead 

Intake 
Market Basket 

Lead Intake 
Total Lead 

Intake 
Area (rag/kg) (ug/day) (mg/kg) (ug/day) (ug/day) (ug/day) (fig/day) (ug/day) 

Mullan 628 28 985 54 0.5 2 6 91 
Burke/Nine Mile 
Wallace 

679 
771 

31 
35 

879 
1004 

48 
55 

0.5 
0.5 

2 
2 

6 
6 

88 
99 

Silverton 352 16 557 31 0.5 2 6 55 
Osburn 418 19 493 27 0.5 2 6 55 
Side Gulches 373 17 695 38 0.5 2 6 64 
Kingston 257 12 466 26 0.5 2 6 46 
Lower Basin 110 5 301 17 0.5 2 6 30 

Table 6-25b Four Year Old Children's Baseline Lead Intake Rates for Ingestion 
of Soil and Dust - Box Model 

Community Community Water 
Average Soil Soil Lead Average Dust Lead Air Lead Lead Market Basket Total Leac 

Cone. Intake Dust Cone. Intake Intake Intake Lead Intake Intake 
Area (mg/kg) (Kg/day) (mg/kg) (Hg/day) (ug/day) (Rg/day) (Hg/day) (jag/day) 

Mullan 628 38 985 39 0.5 2 6 86 
Burke/Nine Mile 679 41 879 35 0.5 2 6 85 
Wallace 771 46 1004 40 0.5 2 6 95 
Silverton 352 21 557 22 0.5 2 6 52 
Qsbum 418 25 493 20 0.5 2 6 54 
Side Gulches 373 22 695 28 0.5 2 6 59 
Kingston 257 15 466 19 0.5 2 6 43 
Lower Basin no 7 301 12 0.5 2 6 27 
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Table 6-26 Adult Baseline Lead Intake Rates for Ingestion of Soil and Dust
 

Dust Total 
Concentration Soil Intake Concentration Dust Intake Intake 

Mullan 
(mg/kg) 

628 
(^ig/day) 

14 
(ngfcg)

985 
(Hg/day) 

27 
(Hg/day) 

40 
Burke/Nine Mile 679 15 879 24 39 
Wallace 771 17 1004 28 44 
Silverton 352 8 557 15 23 
Osburn 418 9 493 14 23 
Side Gulches 373 8 695 19 27 
Kingston 257 6 466 13 18 
Lower Basin 110 2 301 8 10 
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Table 6-27a Adult Occupational Exposure Factors for Non-lead Soil Related 
Activities Ingestion 

CT Values RME Values
 
Exposure Averaging Exposure Averaging
 

Ingestion Rate Frequency Time Ingestion Rate Frequency Time
 
(nig/day) (days/year) (days/year) (mg/day) (days/year) (days/year)
 

[ 200 43" 365 300 195" 365
 
'Equal to 8.7 weeks/year x 5 days/week; assumes a two month construction project,
 
bEqual to 39 weeks/year x 5 days/week; assumes a nine month construction season.
 

Table 6-27b Adult Occupational Exposure Factors for Lead Soil Related 
Activities Ingestion 

CT Values RME Values 
Exposure Averaging Exposure Averaging 

Ingestion Rate Frequency Time Ingestion Rate Frequency Time 
(mg/day) (days/year) (days/year) (mg/day) (days/year) (days/year) 

100 43* ~~j 365 ]| 200 195b 365
 
"Equal to 8.7 weeks/year x 5 days/week; assumes a two month construction project.
 
bEqual to 39 weeks/year x 5 days/week; assumes a nine month construction season.
 

Table 6-27c EPA Adult Lead Default Values for Non-soil Related Activities 

EPA Adult Model Default Values j
 
Exposure Averaging
 

Ingestion Rate Frequency Time
 
(mg/day) (days/year) (days/year)
 

| 50 219 365 |
 

Intake (ug/day) = C^i x IR,,oiI x EF x CF x I/AT 
Qaii= soil lead concentration (mg/kg) 
IRsoii = soil ingestion rate (mg/day) 
EF = exposure frequency (days/year) 
CF = unit correction factor 
AT = averaging time (days/year) 



Table 6-28a Estimated Occupational Intake Rates Associated with Community Soils for Geographic Subareas Using Non-Lead 
Ingestion Rates 

Central Tendency (CT) Reasonable Maximum Exposure (RME) 
Community Soil Intake Soil Intake 
Average Soil Baseline Averaged Over % Intake Averaged Over % Intake 

Concentration Intake the Year Total Intake Increase from the Year Total Intake Increase from 
(mg/kg) (lag/day) (ug/day) (Hg/day) Baseline (ug/day) (ug/day) Baseline 

Mullan 628 40 15 55 37% 101 141 250% 
Burke/Nine Mile 679 39 16 55 41% 109 148 276% 
Wallace 771 44 18 63 41% 124 168 279% 
Silverton 352 23 8 31 36% 56 79 248% 
Osburn 418 23 10 33 43% 67 90 294% 
Side Gulches 373 27 9 36 33% 60 87 224% 
Kingston 257 18 6 24 33% 41 59 228% 
Lower Basin 110 10 3 13 25% 18 28 171% 

Table 6-28b Estimated Occupational Intake Rates Associated with Community Soils for Geographic Subareas Using EPA Adult 
Model Ingestion Rates 

Central Tendency (CT) Reasonable Maximum Exposure (RME) 
Community Soil Intake Soil Intake 
Average Soil 

Concentration 
Baseline 
Intake 

Averaged Over 
the Year Total Intake 

% Intake 
Increase from 

Averaged Over 
the Year Total Intake 

% Intake 
Increase from 

(mg/kg) (jag/day) (ug/day) (ug/day) Baseline (Hg/day) (Hg/day) Baseline 
Mullan 628 40 7 48 18% 67 107 166% 
Burke/Nine Mile 679 39 8 47 20% 73 112 184% 
Wallace 771 44 9 53 20% 82 127 186% 
Silverton 352 23 4 27 18% 38 60 165% 
Osburn 418 23 5 28 22% 45 67 196% 
Side Gulches 373 27 4 31 16% 40 67 149% 
Kingston 257 18 3 21 17% 27 |_ 46 152% 
Lower Basin 110 10 1 12 13% 12 22 114% 



Table 6-29a Estimated Occupational Incremental Lead Intake Rates for Potential Soil Lead Concentration Levels using 
Non-lead Ingestion Rates 

I

Soil Concentration (mg/kg)
 
500
 
1000
 
1500
 
2000
 
2500
 
3000
 
3500
 
4000
 
4500
 
5000
 
5500
 
6000
 

 Central Tendency (CT) Reasonable Maximum Exposure (RME) 
Soil Intake Averaged Over Soil Intake Averaged Over the 

Soil Intake (ng/day) the Year (jig/day) Soil Intake (ug/day) Year (ng/day) 
61 12 105 80 
123 24 210 160 
184 35 315 240 
246 47 419 - 321 
307 59 524 401 
369 71 629 481 
430 82 734 561 
491 94 839 641 
553 106 944 721 
614 118 1048 801 
676 130 1153 882 
737 141 1258 962 
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Table 6-29b Estimated Occupational Incremental Lead Intake Rates for Potential Soil Lead Concentration Levels using
 
Lead Soil Related Ingestion Rates
 

Central Tendency (CT) 
Soil Intake Averaged Over 

Soil Concentration (mg/kg) Soil Intake (pg/day) the Year (ng/day) 
500 31 6 
1000 61 12 
1500 92 18 
2000 123 24 
2500 154 29 
3000 184 35 
3500 215 41 
4000 246 47 
4500 276 53 
5000 307 59 
5500 338 65 
6000 369 71 

Reasonable Maximum Exposure (RME) 

Soil Intake (ng/day)
 
70
 
140
 
210
 
280
 
349
 
419
 
489
 
559
 
629
 
699
 
769
 
839
 1 ; — L:— IJH.::!— ̂ iM^uiiiiiiiiiiiimM.""-^.^.^....!!.!,::, ml 

Soil Intake Averaged Over the
 
Year (ng/day)
 

53
 
107
 
160
 
214
 
267
 
321
 
374
 
427
 
481
 
534
 
588
 
641
 



Table 6-30 Occupational Lead Intake Rates for Adult Occupational Scenarios 

6-30a Percentile Lead Concentrations for Occupational Soils 
10% 25% 50% 75% 90% 95% 

Surface Soil Surface Soil Surface Soil Surface Soil Surface Soil Surface Soil 
Concentration Concentration Concentration Concentration Concentration Concentration 

Area (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 
Mullan 176 320 678 1516 2804 3860 
Burke/Nine Mile 121 500 833 1609 2558 3520 
Wallace 271 527 876 1525 2829 3803 
Silverton 124 193 378 636 1003 1724 
Osburn 134 264 406 692 1338 2163 
Side Gulches 143 256 463 649 930 1441 
Kingston 76 131 208 468 1392 5427 
Lower Basin 26 46 94 940 3930 4783 
Lower Basin floodplain 
sediment 0 980 3110 4070 4840 5750 
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I
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I
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6-30b Percentile Lead Intake Rates for Occupational Soils 
Baseline 10% 25% 50% 75% 90% 95% 
Intake Intake Value Intake Value Intake Value Intake Value Intake Value Intake Value 

Area (Hg/day) (ug/day) (jig/day) (US/day) (jig/day) (fig/day) (fig/day) 
Mullan 40 2 4 8 18 33 45 
Burke/Nine Mile 39 1 6 10 19 30 41 
Wallace 44 3 6 10 18 33 45 
Silverton 23 1 2 4 7 12 20 
Osburn 23 2 3 5 8 16 25 
Side Gulches 27 2 3 5 8 11 17 
Kingston 18 1 2 2 6 16 64 
Lower Basin 10 0 1 I 11 46 56 
Lower Basin floodplain 
sediment 10 0 12 37 48 57 68 

6-30c Central Tendency and Reasonable Maximum Exposure Lead Intakes Compared to Baseline 
Central Tendency (CT) Reasonable Maximum Exposure (RME) 

Baseline 50% Soil % Intake 95% Soil % Intake 
Intake Intake Value Total Intake Increase from Intake Value Total Intake Increase from 

Area (ug/day) (Ug/day) (Ug/day) Baseline (Ug/day) (ug/day) Baseline 
Mullan 40 8 48 20% 45 86 113% 
Burke/Nine Mile 39 10 49 25% 41 81 105% 
Wallace 44 10 55 23% 45 89 101% 
Silverton 23 4 27 20% 20 43 89% 
Osburn 23 5 28 21% 25 48 112% 
Side Gulches 27 5 . 32 20% 17 44 64% 
Kingston 18 2 21 14% 64 82 354% 
Lower Basin 10 I 11 11% 56 67 549% 
Lower Basin floodplain 
sediment 10 37 47 366% 68 78 677% 



Table 6-31 Recreational Exposure Factors 

CT Values RME Values 
Exposure Exposure Averaging 

Scenario Population 
Ingestion Rate 

(mg/day) 
Frequency" 
(days/year) 

Averaging Time 
(days/year) 

Ingestion Rate 
(mg/day) 

Frequency* 
(days/year) 

Timeb 

(days/year) 
Upland Parks Soil Adults 50 15 238C 100 30 238° 

Children (0-6) 120 17 238° 300 34 238° 
Beach Sediment Adults 50 16 224d 100 32 22411 

(Public Beaches) Children (0-6) 120 16 224d 300 32 224d 

Waste Pile Soil Children (4-1 1) 120 9 238C 300 17 238° 
Neighborhood Sediment Children (4-11) 120 10 168e 300 21 168" 
"Exposure Frequency ^ 

# waking hours per day 

Number of waking hours per day for adults is 16 hours; for children it is 14 hours. 
Examples: 17 days/year = 

14 hours/day 
16 events/year = 16 weeks/year x 1 full day event/week 
8,5 days/year = 34 weeks/year x 7 hours/day x 0.5 day/week 

14 hours/day 
1 0 days/year = 24 weeks/year x 3 hours/dayx 2 days/week 

14 hours/day 

Effective exposure duration is 365 days/year in the IEUBK model, whereas expected exposure is seasonal (as shown in the CT and RME values). 
'Averaging time is equal to 34 weeks/year x 7 days/week = 238 days/year, 
Averaging time is equal to 32 weeks/year x 7 days/week = 224 days/year. 
'Averaging time is equal to 24 weeks/year x 7 days/week <= 168 days/year. 

Intake (ug/day) * CKl) x. IR^j, x EF x CF x I/AT 
Qoii5* soil lead concentration (mg/kg) 
IRMii * soil ingestion rate (mg/day) 
EF = exposure frequency (days/year) 
CF = unit correction factor 
AT = averaging time (days/year) 
* Reference Tables 3-24 for rationale behind recreational exposure factors 



Table 6-32a Incremental Sediment/Soil Ingestion Lead Intake for Children - Central Tendency (CT) 

Upland Parlu Beach Sediment Waste Piles Neighborhood Sediment 

Intake Averaged Intake Averaged Intake Averaged Intake Averaged 
Concentration over the Year over the Year over file Year over the Year 

(me/kg) Intake (}lg/day) (Hg/day) Intake (fig/day) (Hg/day) Intake ((ig/day) (Hg/day) Intake (ug/day) (fig/day)
 
50 0 0 0 0 0 0 0 0
 
100 1 1 I I 0 0 1 0
 
200 2 1 2 1 1 1 1 1
 
400 3 2 3 2 2 1 3 1
 
500 4 3 4 3 2 1 4 2
 
1000 9 6 9 5 4 3 7 3
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1500 13 8 13 8 6
9 

4 11 5 
2000 17 11 17 11 6 14 7 
2500 21 14 21 13 11 7 IS 8 
3000 26 17 26 16 13 8 21 10 
3500 30 20 30 18 15 10 25 12 
4000 34 22 34 21 17 11 29 13 
4500 39 25 39 24 19 13 32 15 
5000 43 28 43 26 21 14 36 16 
5500 47 31 47 29 24 15 39 18 
6000 SI 34 51 32 26 17 43 20 

Table 6-32b Incremental Sediment/Soil Ingestion Lead Intake for Children - Reasonable Maximum Exposure (RME) 

Upland Parks Beach Sediment Waste Piles Neighborhood Sediment
 

Intake Averaged Intake Averaged Intake Averaged Intake Averaged
 
Concentration over the Year over the Year over the Year over the Year
 

(rag/kg) Intake (fig/day) (Hg/day) Intake (ug/day) (US/day) Intake (ug/day) (ug/day) Intake (ug/day) (Hg/day)
 
50 2 1 2 1 I 1 2 1
 
100 4 3 4 3 2 1 4 2
 
200 9 6 9 5 4 3 8 3
 
400 17 11 17 11 9 6 15 7
 
500 21 14 21 13 11 7 19 9
 
1000 43 28 43 26 21 14 38 17
 
1500 64 42 64 39 32 21 56 26
 
2000 86 56 86 53 43 28 75 35
 
2500 107 70 107 66 54 35 94 43
 
3000 129 84 129 79 64 42 113 52
 
3500 150 98 150 92 75 49 131 60
 
4000 171 112 171 105 86 56 150 69
 
4500 193 126 193 118 96 63 169 78
 
5000 214 140 214 132 107 70 188 86
 
5500 . 236 154 236 145 118 77 206 95
 
6000 257 168 257 158 129 84 225 104
 

Table 6-32c Incremental Sediment/Soil Ingestion Intake for Adults - Central Tendency (CT) and Reasonable Maximum Exposure (RME) 

Central Tendency (CT) Reasonable Maximum Exposure (RME) 
Upland Parks Beach Sediment Upland Parks Beach Sediment 

Intake Averaged Intake Averaged Intake Averaged Intake Averaged 
Concentration over the Year over the Year over the Year over the Year 

(mg/kg) Intake (ug/day) (Ug/day) Intake (ug/day) (Ug/day) Intake (ug/day) (Ug/day) Intake (ug/day) (ug/day) 
50 0 0 0 0 1 0 1 0 
100 0 0 0 0 I I 1 1 
500 2 I 2 1 6 4 7 4 
1000 3 2 4 2 13 8 14 9 
1500 5 3 5 3 19 12 21 13 
2000 6 4 7 4 25 16 29 18 
2500 8 5 9 5 32 21 36 22 
3000 9 6 11 7 38 25 43 26 
3500 11 7 13 8 44 29 50 31 
4000 13 8 14 9 50 33 57 35 
4500 14 9 16 10 57 37 64 39 
5000 16 10 18 11 63 41 71 44 
5500 17 11 20 12 69 45 79 48 
6000 19 12 21 13 76 49 86 53 



Table 6-33 Recreational Surface Water Exposure Factors 

CT Values RME Values 

Scenario Population 
Ingestion Rate 

(ml/hour) 

Exposure 
Frequency 

(events/year) 

Averaging 
Time 

(days/year) 
Ingestion Rate 

(ml/hour) 

Exposure 
Frequency* 

(events/year) 

Averaging 
Timeb 

(days/year) 
Recreational Adults 30 16 112C 30 32 112° 

(Public Beaches) 
Neighborhood Sediment 

Children 
Children 

30 
30 

16 
48 

112° 
168d 

30 
30 

32 
96 

112" 
168d 

"Exposure Frequency - # events per week x # weeks per year, where one event is a full day at the beach. 

Examples; 32 events/year = 2 events/week x 16 weeks/year 
96 events/year = 4 events/week x 24 weeks/year 
16 events/year = 1 event/week x 16 weeks/year 
48 events/year = 2 events/week x 24 weeks/year 

bEffective exposure duration is 365 days/year in the IEUBK model, whereas expected exposure is seasonal (as shown in the CT and RME values). 
Averaging time is equal to 16 weeks/year x 7 days/week =112 days/year. 
Averaging time is equal to 24 weeks/year x 7 days/week ~ 168 days/year. 

Intake (ug/day) = Cwator x IRwUer x EF x CF x I/AT
 
Cwatcr= water lead concentration (ug/L)
 
IRwater = water ingestion rate (ml/hour)
 
EF = exposure frequency (hourly events/year)
 
CF ~ unit correction factor
 
AT = averaging time (days/year)
 



Table 6-34a Incremental Recreational Surface Water Ingestion Lead Intake Rates for Children
 

Central Tendency (CT) Reasonable Maximum Exposure (RME) 
Recreational Neighborhood Recreational Neighborhood 

Intake Averaged Intake Averaged Intake Averaged Intake Averaged 
Concentration Intake over the Year Intake over the Year Intake over the Year Intake over the Year 

(HgflL) (Hg/day) fag/day) (jig/day) (|ig/day) ((ig/day) (Hg/day) (Hg/day) (̂ tg/day) 
50 0 0 0 0 0 0 1 0 
200 1 0 2 1 2 1 3 2 
500 2 1 4 2 4 1 9 4 
1000 4 1 9 4 9 3 17 8 
5000 21 7 43 20 43 13 86 39 
10000 43 13 86 39 86 26 171 79 
15000 64 20 129 59 129 39 257 118 
20000 86 26 171 79 171 53 343 158 
25000 107 33 214 99 214 66 429 197 
50000 214 66 429 197 429 131 857 395 
55000 236 72 471 217 471 145 943 434 
60000 257 79 514 237 514 158 1029 473 
65000 279 85 557 256 557 171 1114 513 



Table 6-34b Incremental Recreational Surface Water Ingestion Lead Intake Rates for Adults
 

Concentration
 
(Hg/L)
 
50
 
200
 
500
 
1000
 
5000
 
10000
 
15000
 
20000
 
25000
 
50000
 
55000
 
60000
 
65000
 

Central Tendency (CT) Reasonable Maximum Exposure (RME)
 
Intake Averaged over Intake Averaged over
 

Intake (jug/day) the Year (jag/day) Intake (ng/day) the Year (jig/day)
 
0 0 0 0
 
1 0 2 1
 
2 1 4 1
 
4 1 9 3
 
21 7 43 13
 
43 13 86 26
 
64 20 129 39
 
86 26 171 53
 
107 33 214 66
 
214 66 429 131
 
236 72 471 145
 
257 79 514 158
 
279 85 557 171
 



Table 6-35 Upland Parks Incremental Intakes for Children 

6-35a Percentile Surface Soil Lead Concentrations 
10% 25% 50% 75% 90% 95% 

Surface Soil Surface Soil Surface Soil Surface Soil Surface Soil Surface Soil 
Upland Park Concentration Concentration Concentration Concentration Concentration Concentration 

Area (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 
Mullan 359 474 1189 2530 3270 3270 
Mid Reach" 198 309 808 1570 3170 12100 
Lower Basinb 61 . 1070 3415 4350 4710 4900 
a Mid Reach includes Silverton, Osburn, Wallace, and the Side Gulches. 
b Lower Basin includes Kingston, 

6-35b Lead Intakes Associated with Concentration Percentiles 
10% 25% 50% 75% 90% 95% 

Baseline Intake Intake Value Intake Value Intake Value Intake Value Intake Value Intake Value 
(jag/day) (Hg/day) (Hg/day) (jig/day) (Hg/day) (Hg/day) (Hg/day) 

Mullan 91 2 3 7 14 18 18 
Wallace 99 1 2 5 9 18 68 
Silverton 55 1 2 5 9 18 68 
Osburn 55 1 2 5 9 18 68 
Side Gulches 64 1 2 5 9 18 68 
Kingston 46 0 6 19 24 26 27 
Lower Basin 30 0 6 19 24 26 27 

Central Tendency (CT) Reasonable Maximum Exposure (RME) 
50% % Intake 95% % Intake 

Baseline Intake Intake Value Total Intake Increase from Intake Value Total Intake Increase from 
(Hg/day) (ixg/day) (Hg/day) Baseline (Hg/day) (ug/day) Baseline 

Mullan 91 7 98 7% 18 109 20% 
Wallace 99 5 103 5% 68 166 69% 
Silverton 55 5 60 8% 68 123 123% 
Osburn 55 5 59 8% 68 122 124% 
Side Gulches 64 5 68 7% 68 131 106% 
Kingston 46 19 65 42% 27 73 59% 
Lower Basin 30 19 49 63% 27 58 91% 
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6-35c Incremental Central Tendency and Reasonable Maximum Exposure Intake Rates Compared to Baseline 



Table 6-36 Neighborhood Stream Incremental Intakes for Children 4 Years Through 11 Years Old 

6-36« Percenlile Lead Concentration for Sediment and Surface Water 

Area 
Mullan 
Burke/Nine Mile 
Kingston*
biburn, Wallace, 
Silverton, Side Gulches 

10% 
Sediment 

Concentration 
(«*%) 

114 
160 
»39 

1010 

10% Surface 
Water 

Concentration 
<«/L» 
013 
10 
02 

03 
*The Lower Basin aubarca is included with Kingston 

25V. Sediment 
Concentration 

(«|*g) 
361 
858 
110 

1490 

25% Suite 
Water 

Concentration 
<«t/U 

03 
64 
04 

0.5 

59% 
Sediment Soil 
Concen (ration 

(w<j*g) 
6% 

4030 
153 

2305 

50% Surface 
Water 

Concentration 
l»Hfl) 

13 
36 

065 

1.65 

75% Sediment 
Concentration 

(ingflt*) 
1850 
6130 
218 

4450 

75% 
Surface Water 
Concentration 

<«/L)
5.0 
74 
1.7 

219 

W% 
Sediment 

Co'ncewtratiO'n 
(mtlkfl 

5270 
20100 
228 

5720 

90% Surface 
Water 

Concentration 
<«'L) 

11 
129 
12 

31.2 

95% Sediment 
Concentration 

(mg%) 
13800 
67100 
249 

5880 

95% Surface 
Water 

Concentration 
(l» l̂.) 

19 
296 
38 

368 

6«36b Ferccntile Lead Intake Rates for Sediment and Surface Water 

Mullaii 
Burke/Nine Mile 
Wallace 
Silverton 
3sbum 
Side Culcltes 
Cingston 
..owet Basin 

Baiellne Intake 
(HfMay) 

91 
88 
99 
55 
55 
64 
46 
30 

10% Sediment 
Intake Value 

(URttay) 
0 
1 
3 
3 
3 
3 
0 
0 

10% Surface 
Water Intake 
Value (B^/day) 

0 
0 
0 
0 
0 
0 
0 
0 

25% Sediment 
Intake Value 

(wsw»y)
1 
3 
5 
5 
5 
5 
0 
0 

25% 
Surface Water 
Intake Value 

(Ijji/day) 
0 
0 
0 
0 
0 
0 
0 
0 

50% Sediment 
Intake Value 

(MSMay) 
2 
13 
8 
8 
8 
8 
1 
1 

50% 
Surface Water 
Intake Value 

(Hg/day) 
0 
0 
0 
0 
0 
0 
0 
0 

75% Sediment 
Intake Value 

(HR/d»y) 
6 
23 
IS 
15 
IS 
15 
1 
1 

75% 
Surface Water 
Intake Value 

(MS«»y) 
0 
0 
0 
0 
0 
0 
0 
0 

90% Sediment 
Intake Value 

(Hf/d»y) 
17 
66 
19 
19 
19 
19 
I 
1 

90% Surface 
Water Intake 

Value (Me/d«).) 
0 
1 
0 
0 
0 
0 
0 
0 

95% Sediment 
Intake Value 

(»f<l»f) 
45 
221 
19 
19 
19 
19 
1 
1 

95% 
Surface Water 
Intake Value 

(WWW) .. 
0 
1 
0 
0 
0 
0 
0 
0 

6-36c Central Tendency and Reasonable Maximum Exposure Intake Estimates Compared to Buseline 

Mullttn 
3udc/Nine Mile 
Wallnce 
silverton 
Dsbwn 
Side Gulches 
Kingston 
-mver Basin 

Baseline 
Intake 

(J«|/day) 
91 
88 
99 
55 
55 
64 
46 
30 

50% Sediment 
Intake Value 

(HS/day) 
2 
13 
8 
8 
8 
8 
1 
1 

Central Tendency (CT) 
50% 

Surface Waler 
Intake Value 

<W/day) 
0 
0 
0 
0 
0 
0 
0 
0 

Total Intake 
(WsWny) 

93 
101 
106 
63 
62 
71 
46 
31 

% Intake 
Increase from 

Bjuelinc 
3% 
15% 
«'/. 
14% 
14% 
12% 
1% 
2% 

Rea>on»Me Minimum Etptuure (RME) 

95% Seddnenl 
Intake Value 

(UK/day) 
45 
221 
19 
19 
19 
19 
1 
1 

95% Surface 
Water Intake 
ValMftiftfthy) 

0 
1 
0 
0 
0 
0 
0 
0 

Total Intake 
(»«/d»y) 

137 
309 
118 
75 
74 
83 
47 
31 

% Intake 
Incraute front 

Butcllnc 
50% 

253% 
20% 
35% 
36% 
31% 
2% 
3% 



Table 6-37 CUA Public Beach Incremental Intakes for Children 0 Through 6 Years Old 

6-37a Percentile Lead Concentrations for Sediments and Surface Water 

Area 
Lower Basin" 

10% 
Sediment 

Concentration 
(mg/kg) 

1250 

10% 
Surface Water 
Concentration 

(ug/L) 
658 

25% 
Sediment 

Concentration 
(mg/kg) 

2720 

25% 
Surface Water 
Concentration 

(ug/L) 
3010 

50% 
Sediment Soil 
Concentration 

(mg/kg) 
3690 

50% 
Surface Water 
Concentration 

(ug/L) 
14700 

75% 
Sediment 

Concentration 
(rag/kg) 

4410 

75% 
Surface Water 
Concentration 

(ug/L) 
25300 

90% 
Sediment 

Concentration 
(mg/kg) 

5000 

90% 
Surface Water 
Concentration 

(ug/L) 
30800 

95% 
Sediment 

Concentration 
(mg/kg) 

5750 

95% 
Surface Water 
Concentration 

(«e/L) 
31700 

* Lower Basin includes Kingston, 

6-37b Percentile Lead Intake Rates by Media 

Mullan 
Burke/Nine Mile 
Wallace 
Silverton 
Dsbum 
Side Gulches 
Kingston 
-ower Basin 

Baseline Intake 
(eg/day) 

91 
88 
99 
55 
55 
64 
46 
30 

10% 
Sediment 

Intake Value 
(ug/day) 

7 
7 
7 
7 
7 
7 
7 
7 

10% 
Surface Water 
Intake Value 

(Mg/day) 

25% 
Sediment 

Intake Value 
(ug/day) 

14 
14 
14 
14 
14 
14 
14 
14 

25% 
Surface Water 
Intake Value 

(fig/day) 
4 
4 
4 
4 
4 
4 
4 
4 

50% 
Sediment 

Intake Value 
(ug/day) 

19 
19 
19 
19 
19 
19 
19 
19 

50% 
Surface Water 
Intake Value 

(ug/day) 
19 
19 
19 
19 
19 
19 
19 
19 

75% 
Sediment Intake 

Value 
(ug/day) 

23 
23 
23 
23 
23 
23 
23 
23 

75% 
Surface Water 
Intake Value 

(ug/day) 
33 
33 
33 
33 
33 
33 
33 
33 

90% 
Sediment 

Intake Value 
(ug/day) 

26 
26 
26 
26 
26 
26 
26 
26 

90% 
Surface Water 
Intake Value 

(ug/day) 
41 
41 
41 
41 
41 
41 
41 
41 

95% 
Sediment 

Intake Value 
(ug/day) 

30 
30 
30 
30 
30 
30 
30 
30 

95% 
Surface Water 
Intake Value 

(ug/day) 
42 
42 
42 
42 
42 
42 
42 
42 

6-37c Central Tendency and Reasonable Maximum Exposure Lead Intake Rates Compared to Baseline 

Mullan 
Burke/Nine Mile 
Wallace 
Silverton 
Osburn 
Side Gulches 
Kingston 
jjwer Basin 

Baseline 
Intake 

(Ug/day) 
91 
88 
99 
55 
55 
64 
46 
30 

50% 
Sediment 

Intake Value 
(ug/day) 

19 
19 
19 
19 
19 
19 
19 
19 

Central Tendency (CT)
50% 

Surface Water 
Intake Value 

(ug/day) 
19 
19 
19 
19 
19 
19 
19 
19 

Total Intake 
(ug/day) 

130 
126 
137 
94 
93 
102 
85 
69 

• 

% Intake 
Increase from 

Baseline 
43% 
44% 
39% 
70% 
71% 
61% 
84% 
128% 

Reasonable Maximum Exposure (RME) 
95% 

Sediment 
Intake Value 

(ug/day) 
30 
30 
30 
30 
30 
30 
30 
30 

95% 
Surface Water 
Intake Value 

(ug/day) 
42 
42 
42 
42 
42 
42 
42 
42 

Total Intake 
(ug/day) 

163 
160 
171 
127 
127 
136 
118 
102 

% Intake 
Increase from 

Baseline 
79% 
82% 
73% 
130% 
132% 
113% 
157% 
238% 



Table 6-38 Incremental Lead Intake Rates for Waste Piles for Children 4 Through 11 Years Old
 

6~38a Percentile Lead Concentrations for Waste Pile Soils 

25% Surface 50% Surface 75% Surface 90% Surface 95% Surface 
10% Surface Soil Soil Soil Soil Soil Soil 

Concentration Concentration Concentration Concentration Concentration Concentration 
Area (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 
Mullan 228 234 245 4080 4570 4570 
Burke/Nine Mile 306 2050 * 3970 4750 16100 49800 

6-38b Percentile Lead Intake Rates for Waste Piles 

10% Intake 25% Intake 50% Intake 75%Intake 90% Intake 95% Intake 
Baseline Intake Value Value Value Value Value Value 

(ug/day) (ug/day) fag/day) (ug/day) (ug/day) (ug/day) (u.g/day) 
Mullan 91 1 1 1 11 13 13 
Burke/Nine Mile 88 1 6 11 13 45 139 

6~38c Central Tendency and Reasonable Maximum Exposure Incremental Lead Intakes Compared to Baseline 

Central Tendency (CT) Reasonable Maximum Exposure (RME) 
50% Intake Total % Intake 95% Intake Total % Intake 

Baseline Intake Value Intake Increase from Value Intake Increase from 
(jug/day) (ug/day) (ug/day) Baseline (fig/day) (fig/day) Baseline 

Mullan 91 1 92 1% 13 104 14% 
Burke/Nine Mile 88 11 99 13% 139 227 159% 
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Table 6-39 Local Foodstuff Exposure Factors for the Resident Populations 

CT Values	 RME Values 
Exposure Averaging Exposure 

Scenario Population Ingestion Rate 
Frequency 
(days/year) 

Time 
(days/year) Ingestion Rate 

Frequency 
(days/year) 

Averaging Time 
(days/year) 

Recreational fishermen Adults/Children 0.357 g/kg-daya 365 365 0.657 g/kg-day* 365 365 
Home grown vegetables Adults/Children 0.492 g/kg-dayb 365 365 5.04 g/kg-day1*1 365 365 
"Fish ingestion rate is calculated using the EPA suggested CT value of 25 g/day for adults and the ATSDR RME value of 46 g/day for adults. 

The ingestion rate becomes 0.357 g/kg-day when the aduit body weight, 70 kg, is factored out. Ingestion rates become g/day when 
0.357 g/kg-day is multiplied by body weight (70 kg for adults and 15 kg for children). 

Examples: 5.4 g/day = 0.357 g/kg-day x 15 kg child 
25 g/day = 0.357 g/kg-day x 70 kg adult 

blngestion rate is seasonally adjusted and incorporates the body weights of all participants in the study (children and adults). 
Ingestion rate units become g/day when 0.492 g/kg-day is multiplied by body weight (70 kg for adults and 15 kg for children). 

Examples:	 7.4 g/day = 0.492 g/kg-day x 15 kg child 
34 g/day = 0.492 g/kg-day x 70 kg adult 

Fish intake (ug/day) = Cfisb x IRfi,), x EF x CF x I/AT
 
C6sh= fish tissue lead concentration (mg/kg)
 
IRflsh = food ingestion rate for fish (g/day)
 
EF = exposure frequency (days/year)
 
CF = unit correction factor
 
AT = averaging time (days/year)
 

Vegetable intake (ug/day) = Cvcg x IRvog x EF x CF x BW x I/AT
 
Cvcg = wet weight vegetable lead concentration (mg/kg)
 
IRvcg = food ingestion rate for vegetables (g/kg-day)
 
EF = exposure frequency (days/year)
 
CF = unit correction factor
 
BW = body weight (kg)
 
AT = averaging time (days/year)
 



Table 6~40a Children's Incremental Lead Intake Rate from Home Grown Produce 

10% 25% 50% 75% 90% 95% 
Wet Weight Wet Weight Wet Weight Wet Weight Wet Weight Wet Weight 
Vegetable Vegetable Vegetable Vegetable Vegetable Vegetable 

Concentration Concentration Concentration Concentration Concentration Concentration 
Area (mg/kg) (mg/kg) (mg/kg) (mg/kg) (rag/kg) (rag/kg) 
Total Basin 0.6 1.2 3.2 12 19 24 

10% 25% 50% 75% 90% 95% 
Intake Value Intake Value Intake Value Intake Value Intake Value Intake Value 

Area (Hg/day) («g/day) (ug/day) (Ug/day) (Ug/day) (fig/day) 
Total Basin | 4 9 | 24 85 139 178 

Central Tendency (CT) Reasonable Maximum Exposure (RME) 
Baseline 50% % Intake 95% % Intake 
Intake Intake Value Total Intake Increase from Intake Value Total Intake Increase from 

(Hg/day) (jig/day) (ug/day) Baseline (Ug/day) (Ug/day) Baseline 
Mullan 91 24 115 26% 178 269 195% 
Burke/Nine Mile 88 24 111 27% 178 265 203% 
Wallace 99 24 122 24% 178 277 180% 
Silverton 55 24 79 43% 178 233 322% 
Osburn 55 24 78 44% 178 233 325% 
Side Gulches 64 24 88 37% 178 242 279% 
Kingston 
Lower Basin 

46 
30 

24 
24 

70 
54 

52% 
79% 

178 
178 

224 
208 

388% 
589% 



Table 6-40b Adults' Incremental Lead Intake Rate from Home Grown Foodstuff 

10% 25% 50% 75% 90% 95% 
Wet Weight Wet Weight Wet Weight Wet Weight Wet Weight Wet Weight 
Vegetable Vegetable Vegetable Vegetable Vegetable Vegetable 

Concentration Concentration Concentration Concentration Concentration Concentration 
Area (rag/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 
Total Basin 0.6 1.2 3.2 12 19 24 

10% 25% 50% 75% 90% 95% 
Intake Value Intake Value Intake Value Intake Value Intake Value Intake Value 

Area (fig/day) (ug/day) (jig/day) (fig/day) (^g/day) (Ug/day) 
Total Basin 20 40 111 399 648 _J 830 

Central Tendency (CT) Reasonable Maximum Exposure (RME) 
Baseline 50% % Intake 95% % Intake 
Intake Intake Value Total Intake Increase from Intake Value Total Intake Increase from 

(ug/day) (Ug/day) (fig/day) Baseline (fig/day) (jig/day) Baseline 
Mullan 40 111 151 276% 830 870 2058% 
Burke/Nine Mile 39 111 150 285% 830 869 2131% 
Wallace 44 111 156 250% 830 874 1870% 
Silverton 23 111 134 489% 830 853 3653% 
Osburn 23 111 134 488% 830 853 3644% 
Side Gulches 27 111 138 416% 830 857 3108% 
Kingston 18 111 129 615% 830 848 4593% 
Lower Basin 10 111 121 1083% 830 840 8087% 



Table 6-4la Recreational Fish Incremental Intakes for Children
 

10% 25% 50% 75% 90% 95% 
Fish Fillet Fish Fillet Fish FiUet Fish Fillet Fish Fillet Fish Fillet 

Concentration Concentration Concentration Concentration Concentration Concentration 
Area (nig/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 
Total Basin 0.03 0.06 0.12 0.27 0.51 0.68 

10% 25% 50% 75% 90% 95% 
Intake Value Intake Value Intake Value Intake Value Intake Value Intake Value 

Area (fig/day) (jig/day) (ug/<lay) (ug/day) (jig/day) (ug/day) 
Total Basin 0 0 1 1 3 4 | 

Central Tendency (CT) Reasonable Maximum Exposure (RME) 
Baseline 50% % Intake 95% % Intake 
Intake Intake Value Total Intake Increase from Intake Value Total Intake Increase from 

(ug/day) (fig/day) (ug/day) Baseline (ug/day) (ug/day) Baseline 
Mullan 91 1 92 1% 4 95 4% 
Burke/Nine Mile 
Wallace 

88 
99 

1 
1 

88 
99 

1% 
1% 

4 
4 

91 
102 

4% 
4% 

Silverton 55 1 56 1% 4 59 7% 
Osburn 55 1 55 1% 4 58 7% 
Side Gulches 64 1 64 1% 4 67 6% 
Kingston 
Lower Basin 

46 
30 

1 
1 

47 
31 

1% 
2% 

4 
4 

50 
34 

8% 
12% 



Table 6-4Ib Recreational Fish Incremental Intakes for Adults 

10% 25% 50% 75% 90% 95% 
Fish Fillet Fish Fillet Fish Fillet Fish Fillet Fish Fillet Fish Fillet 

Concentration Concentration Concentration Concentration Concentration Concentration 
Area (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 
Total Basin 0.03 0,06 0.12 0.27 0.51 0.68 

10% 25% 50% 75% 90% 95% 
Intake Value Intake Value Intake Value Intake Value Intake Value Intake Value 

Area fag/day) (fig/day) (fig/day) (ug/day) (fig/day) (Ug/day) 
Total Basin 1 2 3 7 13 17 

Central Tendency (CT) |[ Reasonable Maximum Exposure (RME) 
Baseline 50% % Intake 1 95% % Intake 
Intake Intake Value Total Intake Increase from Intake Value Total Intake Increase from 

(ug/day) (fig/day) (Ug/day) Baseline || (jug/day) (fig/day) Baseline 
Mullan 40 3 43 7% 17 57 42% 
Burke/Nine Mile 39 3 42 8% 17 56 43% 
Wallace 44 3 47 7% 17 61 38% 
Silverton 23 3 26 13% 17 40 75% 
Osburn 23 3 26 13% 17 40 75% 
Side Gulches 27 3 30 11% 17 44 64% 
Kingston 18 3 21 17% 17 35 94% 
Lower Basin 10 3 13 29% 17 27 166% 



Table 6-42a Summary of Children's Potential Incremental Intakes (CT) 

I
 
Upland Parks Neighborhood Streams Public Beaches Waste Piles Produce Fish Total 

50% 50% 50% 50% 50% 50% 50% 50% 50% 
Baseline Intake Sediment Surface Water Sediment Surface Water Intake Intake Intake Intake 
Intake Value Intake Value Intake Value Intake Value Intake Value Value Value Value Value 

(Hg/day) (Hg/day) (l^g/day) (Hg/day) (Mg/day) (Hg/day) (Hg/day) (Hg/day) (ug/day) (ug/day) 
Mullan 91 7 2 0 19 19 1 24 1 164 
Burke/Nine Mile 88 . 13 0 19 19 11 24 1 175 
Wallace 99 5 8 0 19 19 • 24 1 174 
Silverton 55 5 8 0 19 19 - 24 I 130 
Osburn 55 5 8 0 19 19 - 24 I 130 
Side Gulches 64 5 8 0 19 19 - 24 1 139 
Kingston 46 19 1 0 19 19 - 24 1 129 
Lower Basin 30 19 1 0 19 19 , 24 1 113 

imuTiiiiaaaamaimaai'iBga liiaiffiaaam— : — I 

Table 6-42b Summary of Children's Potential Incremental Intakes (RME) 

Upland Parks Neighborhood Streams Public Beaches Waste Piles Produce Fish Total 

95% 95% 95% 95% 95% 95% 95% 95% 95% 
Baseline lu take Sediment Surface Water Sediment Surface Water Intake Intake Intake Intake 
Intake Value Intake Value Intake Value Intake Value Intake Value Value Value Value Value 

(Mg/day) (Hg/day) (Hg/day) (Hg/day) (US/day) (ug/day) (ug/day) (Ug/day) (Ug/day) (Ug/day) 
J3 Mullan 91 18 45 0 30 42 178 4 421 

Burke/Nine Mile 88 - 221 1 30 42 139 178 4 702 
Wallace 99 68 19 0 30 42 , 178 4 439 
Silverton 55 68 19 0 30 42 - 178 4 396 
Osburn 55 68 19 0 30 42 - 178 4 395 
Side Gulches 64 68 19 0 30 42 , 178 4 404 
Kingston 46 19 1 0 30 42 - 178 4 320 
Lower Basin 30 27 1 0 30 42 - 178 4 312 



Table 6-43a Summary of Adult's Potential Incremental Intakes (CT) 

Upland Parks Public Beaches || Produce Fish Total 
50% Sediment 50% Surface Water I! 

Baseline Intake 50% Intake Value Intake Value Intake Value 50% Intake 50% Intake Value Intake Value 
(Hg/day) (Hg/day) (jag/day) (jig/day) 1 Value (ng/day) (Hg/day) (Hg/day) 

Mullan 40 2 8 19 11 3 184 
Burke/Nine Mile 39 2 8 19 11 3 183 
Wallace 44 2 8 19 11 3 188 
Silverton 23 2 8 19 11 3 166 
Osburn 23 2 8 19 11 3 166 
Side Gulches 27 2 8 19 11 3 170 
Kingston 18 7 8 19 111 3 167 
Lower Basin 10 7 8 19 111 3 159 

Table 6-43b Summary of Adult's Potential Incremental Intakes (RME) 

Upland Parks Public Beaches ||
95% Sediment 95% Surface Water 1 

 Produce Fish Total 

Baseline Intake 95% Intake Value Intake Value Intake Value 95% Intake 95% Intake Value Intake Value 
(Hg/day) (Hg/day) (Hg/day) (jig/day) || Value (|j,g/day) (fig/day) (Hg/day) 

Mullan 40 7 13 42 830 17 948 
Burke/Nine Mile 39 25 13 42 830 17 966 
Wallace 44 25 13 42 830 17 971 
Silverton 23 25 13 42 830 17 949 
Osburn 23 25 13 42 830 17 949 
Side Gulches 27 25 13 42 830 17 953 
Kingston 18 10 13 42 830 17 929 
Lower Basin 10 10 13 42 830 17 922 



Table 6-44a Traditional Tribal Lead Intake Rate Estimates for Children by Quantile Percentages 

Intake Rate Estimates With Whole Fish and Unpeded Water Potato 

Soil/Sediment Undisturbed Water Intake WetWeljsht Water Incidental * 
Quantile Soil Sediment Weighted Soil/Sediment Surface Water as Drinking Whole Fish Whole Fish Water Potato Potato Surface Water Ingesliun of 
Percent Concentration Concentration Concentration Intake Concentration Water Concentration1 Intake Concentration* Intake Concentration Surface Water Total Intake 

Concentration (niR/kR) (mR/kK) (ntR/kR) (UK/day) (KKflQ (US/day) (mU/kR) (HR/day) (mfi%) (uR/ilay) («t) (ug/day) (HE/day) 
10% 61 0 39 12 9 13.5 0,56 65 2 236 658 1 1 338 
25% 1070 980 1037 3 1  1 12 18 0.65 75 6 786 2340 40 1231 
50% 3350 3 1 1 0 3262 979 24 36 1.14 132 19 2310 15500 268 3724 
75% 4350 4070 4248 1274 32 48 1.77 205 46 5610 25300 437 7574 
90% 4710 4840 4757 1427 56 84 3.12 362 74 9092 30800 532 11497 
95% 4900 5750 5210 1563 110 165 4.34 503 94 1 1 599 31700 547 14377 

'The fish ingestion pathway evaluation is based on whole fish metals data collected from the Spokane River; interpolation of hazards and risks associated with Lake Coeur d'Alenc fish from these data is not recommended. 
zThe wet weight data are for impeded water potatoes. 

Intake Rate Estimates With Fish Fillet and Peeled Water Potato 
Peeled Wet 

Soil/Sediment Undisturbed Water Intake Weight Water Water Incidental 
Qmntile Soil Sediment Weighted Soil/Sediment Surface Water as Drinking Fish Fillet Fish Fillet Potato Potato Surface Water Ingestion of 
Percent Concentration Concentration Concentration Intake Concentration Water Concentration3 Intake Concentration4 Intake Concentration Surface Water Total Intake 

Concentration (mS*K) (rau/kg) (mK/kg) (MS/day) (MSt) («!/<i»y) (iHR/hR) 0*fi/day) (rag/kg) (Kg/day) ML) (US/day) (UK/day) 
10% 61 0 39 12 9 13.5 0,03 3 0.29 36 658 I I 75 
25% 1070 980 1037 3 1  1 12 18 0.07 & 0,31 38 2340 40 416 
50% 3350 3110 3262 979 24 36 0.13 15 0,34 41 15500 268 1339 
75% 4350 4070 4248 1274 32 48 0.32 37 0.37 45 25300 437 1841 
90% 4710 4840 4757 1427 56 84 0.56 65 0,41 50 30800 532 2158 
95% 4900 5750 5210 1563 110 165 0.74 86 0,53 65 31700 547 2426 

'the fish ingexion pathway evaluation is based on filleted fish metals data collected from the Lateral Lakes; interpolation of hazards and risks associated with Lake Coeur d'AIene fish from these data is not recommended. 
Tile wet weight data are for peeled water potatoes. 



Table 6-44b Traditional Tribal Lead Intake Rate Estimates for Adults by Quantile Percentages 

Intake Rate Estimates With Whole Fish and Unpeeled Water Potato 
Water Incidental 

Soil/Sediment Undisturbed Intake as Wet Weight Water Ingestion of 
Quantile Soil Sediment Weighted Soil/Sediment Surface Water Drinking Whole Fish Water Potato Potato Surface Water Surface Total 
Percent Concentration Concentration Concentration Intake Concentration Water Concentration1 Fish Intake Concentration2 Intake Concentration Water Intake 

Concentration (nig/kg) (mg/kg) (mg/kg) (Ug/day) (fg/L) (ug/day) j_ (mg/kg) (Ug/day) (mg/kg) (ug/day) (fg/L) (Ug/day) (ug/day)^ 
10% 61 0 39 12 9 27 0.56 302 2 1102 658 1 1 1454 
25% 1070 980 1037 3 1  1 12 36 0.65 351 6 3667 2340 40 4405 
50% 3350 3110 3262 979 24 72 1.14 616 19 10780 15500 268 12714 
75% 4350 4070 4248 1274 32 96 1.77 956 46 26180 25300 437 28943 
90% 4710 4840 4757 1427 56 168 3.12 1685  74 42430 30800 532 46242 L
95% 4900 5750 5210 1563 110 330 4.34 2344 94 54127 31700 547 58910 

'The fish ingestion pathway evaluation is based on whole fish metals data collected from the Spokane River; interpolation of hazards and risks associated with Lake Coeur d'Alene fish from these data is not recommended. 
2The wet weight data are for unpeeled water potatoes. 

Intake Rate Estimates With Fish Fillet and Peeled Water Potato 
Water Incidental Peeled Wet 

Soil/Sediment Undisturbed Intake as Weight Water Water Ingestion of 
Quantile Soil Sediment Weighted Soil/Sediment Surface Water Drinking Fish Fillet Potato Potato Surface Water Surface Total 
Percent Concentration Concentration Concentration Intake Concentration Water Concentration3 Fish Intake Concentration4 Intake Concentration Water Intake 

Concentration (mg/kg) (mg/kg) (mg/kg) (Hg/day) (ug/L) (ug/day) (mg/kg) (fig/day) (rag/kg) (ug/day) (W5/L) (ug/day) LiEî ayi 
10% 61 0 39 12 9 27 0.03 14 0.29 167 658 1 1 231 
25% 1070 980 1037 311 12 36 0.07 38 0.31 178 2340 40 603 
50% 3350 3110 3262 979 24 72 0.13 70 0.34 193 15500 268 1582 
75% 4350 4070 4248 1274 32 96 0.32 170 0.37 2 1  1 25300 437 2188 
90% 4710 4840 4757 1427 56 168 0.56 302 0.41 234 30800 532 2663 
95% 4900 5750 5210 1563 1 1  0 330 0.74 400 0.53 304 31700 547 3144 

'The fish ingestion pathway evaluation is based on filleted fish metals data collected from the Lateral Lakes; interpolation of hazards and risks associated with Lake Coeur d'Alene fish from these data is not recommended. 
''The wet weight data are for peeled water potatoes. 



Table 6-45 Modern Tribal Lead Intake Rate Estimates for Children by Quantilc Percentages 

Intake Rate Estimates With Whole Fish and Unpeeled Water Potato
 
Water Incidental
 

Soil/Sediment Undisturbed Intake as Whole Wet Weight Water Ingestion of
 
Quantile Soil Sediment Weighted Soil/Sediment Surface Water Drinking Whole Fish Fish Water Potato Potato Surface Water Surface Total
 
Percent Concentration Concentration Concentration Intake Concentration Water Concentration' Intake Concentration1 Intake Concentration Water Intake 

Concentration (me/kg) (rag/kg) (mg/kg) (ug/day) (ug/u (u«/day) (mg/kg) (ug/day) (mg/kg) (ug/day) (ug/L) (ug/day) (ug/day) 
10% 61 0 31 2 9 2 0.56 20 2 46 658 3 73 
25% 1070 980 1025 51 12 3 0.65 23 6 153 2340 12 243 
50% 3350 3110 3230 162 24 6 1.14 41 19 451 15500 78 737 
75% 4350 4070 4210 2 1  1 32 g 1.77 64 46 1095 25300 127 1504 
90% 4710 4840 4775 239 56 14 3.12 112 74 1774 30800 154 2294 
95% 4900 5750 5325 267 110 28 4.34 156 94 2263 31700 159 2873 

The fish ingestion pathway evaluation is baaed on whole fish metals data collected from the Spokane River; interpolation of hazards and risks associated with Lake Coeur d'Alene fish from these data is not 
recommended. 
The wet weight data are for unpeeled water potatoes. 

Intake Rate Estimates With Fish Fillet and Peeled Water Potato 
Peeled Wet 

Soil/Sediment Undisturbed Intake as Weight Water Water Ingestion of 
Quanfile Soil Sediment Weighted Soil/Sediment Surface Water Drinking Fish Fillet Fish Fillet Potato Potato Surface Water Surface Total 
Percent Concentration Concentration Concentration Intake Concentration Water Concentration3 Intake Concentration'* Intake Concentration Water Intake 

Concentration (mg/kg) (mg/kg) (mg/kg) (fig/day) (uR/L) (ug/day) (mg/kg) (ug/day) (mg/kg) (Ug/day) (MS/D (ug/day) (fig/day) 
10% 61 0 31 2 9 2 0.03 i 0.29 7 658 3 15 
25% 1070 980 1025 51 12 3 0.07 3 0.31 7 2340 12 76 
50% 3350 3110 3230 162 24 6 0.13 5 0,34 g 15500 78 258 
75% 4350 4070 4210 211 32 8 0.32 11 0,37 9 25300 127 366 
90% 4710 4840 4775 239 56 14 0.56 20 0,41 10 30800 154 438 
95% 4900 5750 5325 267 110 28 0.74 27 0.53 13 31700 159 493 

Water Incidental 

'The fish ingestion pathway evaluation is based on filleted fish metals data collected from the Lateral Lakes; interpolation of hazards and risks associated with Lake Coeur d'Alene fish from these data is not recommended. 
''The wet weight data are for peeled water potatoes. 



Table 6-46 Modern Tribal Lead Intake Rate Estimates for Adults by Quantile Percentages 

Intake Rate Estimates With Whole Fish and Unpeeled Water Potato 
Water 

Soil/Sediment Undisturbed Intake as Whole Wet Weight Water Incidental 
Quantile Soil Sediment Weighted Soil/Sediment Surface Water Drinking Whole Fish Fish Water Potato Potato Surface Water Ingestion of Total 
Percent Concentration Concentration Concentration Intake Concentration Water Concentration1 Intake Concentration2 Intake Concentration Surface Water Intake 

Concentration (mg/kg) (mg/kg) (mg/kg) (ug/day) (ug/L) (ug/day) (mg/kg) (ug/day) (mg/kg) (ug/day) (H8/L) (ug/day) (ug/day) 
10% 61 0 31 2 9 5 0.56 95 2 215 658 3 320 
25% 1070 980 1025 51 12 6 0.65 1 1 1 6 715 2340 12 895 
50% 3350 3110 3230 162 24 12 1.14 194 19 2103 15500 78 2549 
75% 4350 4070 4210 2 1  1 32 16 1.77 301 46 5108 25300 127 5763 
90% 4710 4840 4775 239 56 28 3.12 530 74 8279 30800 154 9231 
95% 4900 5750 5325 267 1 1  0 55 4.34 738 94 10561 31700 159 11780 

'The fish ingestion pathway evaluation is based on whole fish metals data collected from the Spokane River; interpolation of hazards and risks associated with Lake Coeur d'Alene fish from these data is not recommended, 
2The wet weight data are for unpeeled water potatoes. 

Intake Rate Estimates With Fish Fillet and Peeled Water Potato 
Water Peeled Wet 

Soil/Sediment Undisturbed Intake as Weight Water Water Incidental 
Quantile Soil Sediment Weighted Soil/Sediment Surface Water Drinking Fish Fillet Fish Fillet Potato Potato Surface Water Ingestion of Total 
Percent Concentration Concentration Concentration Intake Concentration Water Concentration3 Intake Concentration4 Intake Concentration Surface Water Intake 

Concentration (mg/kg) (mg/kg) (mg/kg) (ug/day) («g/L) (ug/day) (mg/kg) (ug/day) (mg/kg) (ug/day) (Mg/L) (ug/day) (ug/day) 
10% 61 0 31 2 9 5 0.03 4 0.29 33 658 3 46 
25% 1070 980 1025 51 12 6 0.07 12 0.31 35 2340 12 116 
50% 3350 3110 3230 162 24 12 0.13 22 0.34 38 15500 78 3 1 1 
75% 4350 4070 4210 2 1 1 32 16 0.32 54 0.37 41 25300 127 449 
90% 4710 4840 4775 239 56 28 0.56 95 0.41 46 30800 154 563 
95% 4900 5750 5325 267 110 55 0.74 126 0.53 59 31700 159 666 

?The fish ingestion pathway evaluation is based on filleted fish metals data collected from the Lateral Lakes; interpolation of hazards and risks associated with Lake Coeur d'Alene fish from these data is not recommended. 
4The wet weight data are for peeled water potatoes. 



6.6 ESTIMATED BASELINE BLOOD LEAD LEVELS 

6.6.1 Childhood Baseline Blood Lead Levels 

The estimated Baseline intake rates for children developed hi Section 6.5.2 were input to the 
IEUBK Model for both the EPA Default and Box Model scenarios. Estimates of mean blood lead 
levels and the percent of children to exceed 10 ug/dl were obtained from these applications in 
both the community and batch mode of the IEUBK Model. The community mode models predict 
blood lead levels based on geometric mean soil and dust concentrations for each geographic 
subarea. The model predictions are then compared to community mean blood lead observations. 
The following comparisons should be interpreted with caution and consideration of the 
uncertainties associated with both predicted and observed blood lead levels (Mushak 1998). The 
batch mode utilizes all paired blood lead data, or only those observations that have 
accompanying soil and dust lead measurements. Mean blood lead levels are then projected for 
each individual observation and the results are aggregated to develop community means that are 
then compared to the observed blood lead results. As such, the observed mean blood lead levels 
are not necessarily the same for both model applications. Some of the blood lead observations 
included in the overall community mean calculations for the community mode do not have 
corresponding environmental data and are not included hi the batch mode runs. Exposure 
scenarios and corresponding input assumptions and data used for the IEUBK Model are 
summarized in Appendix V. 

Community mode IEUBK Model Estimates 

The community mode application of the IEUBK Model predicts outcome blood lead distributions 
from community mean exposures. In this mode, the default estimates of baseline dietary, air, and 
drinking water intakes were used and geometric mean soil and dust concentrations for each 
subarea were applied. Tables 6-1 la-h summarize the soil and dust input database for this 
application. 

The community mode application results in an estimated mean blood lead level for each age 
group. The percent of children to exceed the 10 ug/dl health criteria are calculated by applying a 
pre-determined geometric standard deviation to the mean. Tables 6-47a-c show predicted and 
observed mean blood lead levels and percent to exceed estimates for each subarea for various age 
groups. 

Results for both the EPA Default and Box Model are shown. These models differ principally in 
the partition of soil and dust sources to overall intake and in the assumed bioavailability of soils 
and dusts. The differences in the soil and dust partition is discussed in Section 6.5.2. The EPA 
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Default Model uses a 30% bioavailability estimate for soils and dusts, whereas the Box Model 
uses an 18% site-specific estimate derived in past analysis of BHSS blood lead monitoring 
results (USEPA 1994a, TerraGraphics 2000a). Appendix Q contains details regarding the 
development and parameters included in the Box Model. 
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Table 6-47a shows observed and predicted blood lead levels for 9-84 month old children using • 
the community mode. For the EPA Default Model, predicted mean blood lead levels exceed the 
observed geometric mean for all subareas except in the Lower Basin, where observed geometric I 
mean blood lead levels are 25% greater than EPA Default model predictions. In the upper Basin, " 
EPA Default predictions are 1.4 to 1.9 times greater than the observed concentrations. 

For the community mode application of the Box Model, art opposite pattern is noted. The 
Baseline Box Model under-predicts blood lead levels in the Lower Basin by a factor of 1.8 for . 
the geometric mean, or the model predicts about 55% the observed mean blood lead • 
concentration in this subarea. In Kingston, the observed means are equal to the prediction. 
Upstream from the BHSS, the predicted concentrations range from 1,0 to 1.3 times the observed • 
geometric means, with Burke/Nine Mile blood lead levels slightly under-predicted and the Side gj 
Gulches and Mullan showing similar over-prediction. 

Comparisons of predicted and observed percentages of children to exceed the 10 ug/dl health 1 
criteria follow a similar pattern, also shown in Table 6-47a. The Baseline EPA Default scenario 
tends to over predict the observed percentage by a factor of 1.8 to 4.3 in the areas east of • 
Wallace. In the three easternmost geographic subareas, this model predicts 40% to 48% of • 
children will exceed 10 ug/dl, whereas 10% of Mullan and 19 % of Wallace and 22% of 
Burke/Nine Mile children tested showed excessive levels. For the middle reach from Silverton I 
to the BHSS the model predicts 15% to 21 % exceedance where 0% to 11 % of children were • 
observed with greater than 10 ug/dl blood lead levels. The EPA default model under-predicts 
observed percent exceedance in the areas west of the BHSS predicting near 9% for Kingston and I 
less than 2% for the Lower Basin, whereas 14% and 25% of children were observed with levels 
of 10 ug/dl or greater. 

The community mode Box Model tends to predict the percentage of 9-84 month old children 
exceeding 10 jj.g/dl east of the BHSS fairly well. Estimates range from 15% to 19% east of, and • 
including Wallace, compared to 10% to 22% observed. From 3% to 5% of children in the | 
Silverton to BHSS reach were predicted to exceed the 10 ug/dl criteria and 0 to 11% were 
observed. Downstream from the BHSS, the Box Model greatly under-predicts observed toxicity • 
projecting less than 5% exceedance compared to 14% to 25% of children in this age group | 
exhibiting levels of 10 ug/dl or greater. 

With younger age groups, similar patterns of over- and under-prediction are noted, though the I 
magnitude of difference is less (Tables 6-47b-c). The EPA Default Model continues to 
significantly over-predict observed blood lead levels in the area east of Wallace. The Box Model • 
effectively predicts both mean blood lead levels and percent to exceed 10 ug/dl in this area. • 
Mean blood lead predictions and observations are within 1.2 ug/dl (i.e., 1-20%). Percent to 
exceed 10 ug/dl estimates range from 25% to 32% compared to 17% to 46% observed for less I 
than 2 year old children (Table 6-47b). Respective predicted and observed estimates for 1 to 5 * 
year old children (9-60 months) range from 20% to 25% percent predicted and 17% to 26 % 
observed (Table 6-47c), I 
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In the reach from Silverton to the BHSS, the Box Model over-predicts observed 1-5 year old 
mean levels and under-predicts 2 year old levels by 0.3 to 1.3 ng/dl or generally within 10% to 
20%. Percent to exceed the 10 ug/dl criteria predicted for two year olds ranged from 8% to 11% 
compared to the high of 19% observed in Silverton. For 1 to 5 year old children, the respective 
predictions were 5% to 8% compared to 0% to 13% observed. The EPA Default model over-
predicts observed levels in the BHSS to Silverton reach by 1.2 to 2.0 times, or 25% to 97%. 

West of the BHSS, both models significantly under-predict observed blood lead levels in the 
Lower Basin. Observed mean blood lead levels are more than twice those predicted by either 
model in the community mode. Similarly, neither of these models effectively captures the 
percent of children to exceed the 10 ug/dl health criteria in this geographic subarea. In the 
Kingston subarea, the EPA Default model over-predicts and the Box Model under-predicts 
observed levels. However, both models under-predict the percent to exceed criterion. 

Batch mode IEUBK Model Estimates 

Generally, when paired site-specific environmental and blood lead data are available, the batch 
mode application of the IEUBK Model more appropriately describes the distribution of blood 
lead levels. In contrast to the community mode, batch mode for comparative analysis was 
applied only to those homes with observed blood lead observations. The community mode 
included all homes for which soil and dust lead data were available. In the batch mode, each 
observation is sequentially applied to the model and the results are aggregated for the entire 
population. The batch mode was applied to the entire Basin population in a single run. Table 6
48 summarizes the characteristics of the input data set. A total of 445 observations were included 
in these model runs. 

Some modifications were made to the data set to maximize the number of observations available. 
If either the soil lead or vacuum dust lead level was missing for any observation, the geometric 
mean value for that geographic subarea was substituted and the observation was retained. If both 
values were missing the observation was deleted. In cases where the tap water value was 
missing, a community geometric mean lead concentration (using the 1996 well water and purged 
tap water) was used. 

A small number of children with high blood levels included in these analyses have been noted to 
have exposures outside the home. This is particularly true in the Lower Basin where recreational 
exposures were suspected in health department followup investigations. The model will tend to 
under-predict blood lead levels for these children. Some children are included in the analysis 
more than once as described in Section 6.2 2. Children tested more than once tended to have 
lower than average levels for children in their age group on the first test and similar levels on 
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subsequent testing. These results would indicate that the model might over-predict 
concentrations for these children. 

Table 6-49 summarizes the observed and predicted blood lead levels and percent of children to 
exceed the 10 ug/dl criteria Basin wide for three age groups. Overall, the batch mode of the EPA 
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Default Model over-predicts mean blood lead levels by 27% for 9-24 moth olds, 41% for 9-60 • 
month olds and 43% for children age 9-84 months. The Box Model performs more effectively in 
this mode predicting 5,5 ug/dl versus 6.2 ug/dl observed for 9-24 month olds, 4.9 ug/dl versus • 
5.1 ug/dl for 9-60 month olds, and 4.5 ug/dl versus 4.6 ug/dl observed for children age 9-84 ™ 
months. However, the EPA Default Model consistently over-predicts, and the Box Model under-
predicts the percent of children to exceed the 10 ug/dl criteria. I 

Tables 6-50a-c and Figures 6-19a-c and Figures 6-20a-c show the results by geographic subarea. . 
The observed mean blood lead levels, although similar, differ from those reported in the previous g 
section due to differing number of observations included in the analysis. Results are reported for 
both the EPA Default and Box Model (40:30:30). The results are similar to the community mode • 
model runs. Both arithmetic and geometric mean blood lead levels are over-predicted by the EPA g 
Default model throughout the upper Basin. Predicted levels are more than two times observed 
concentrations in Mullan and Wallace and are approximately 50% higher in Burke/Nine Mile, 
Silverton, Osburn, and the Side Gulches. West of the BHSS, mean blood lead levels are better I 
predicted by the EPA Default model. For Kingston, the arithmetic mean prediction is 5.0 ug/dl 
versus 5.7 ug/dl observed and 4.7 ug/dl predicted versus 4.3 ug/dl observed for the geometric • 
mean. In the Lower Basin, the predicted and observed arithmetic means are 7.0 ug/dl and 6.9 • 
ug/dl, respectively, and geometric means are 4.5 ug/dl predicted and 4.9 u.g/dl observed. 

In the upper Basin, the Box Model is an effective predictor of mean blood lead levels, generally • 
over-predicting geometric means and predicting near or slightly below arithmetic means. The 
degree of over-prediction is greater from Wallace east and is minimal from Silverton to the • 
BHSS. West of the BHSS, the Box Model tends to under-predict mean blood lead concentrations 
by approximately 10% to 50% in the batch mode application. _ 

A similar pattern is noted with percent toxicity predictions. Generally, east of Wallace, the batch 
mode EPA Default Model over-predicts toxicity or the percent to exceed the 10 fig/dl health • 
criteria, projecting 44% to 48% exceedance versus 13% to 22% observed. The Box Model |j 
projects 19 % and 20% exceedance for these communities. From Siiverton to the BHSS, the Box 
Model also accurately predicts observed percent toxicity, projecting 5% to 8% to exceed versus 
0% to 11% observed. The EPA default model predicts 17% to 26% exceedance in this reach. I 
West of the BHSS, both models underpredict the percentage of children greater than or equal to • 
10 ug/dl. The EPA Default version estimates 11% and 21% exceedance, respectively, for I 
Kingston and the Lower Basin, as opposed to 17% and 32% observed. The Box Model predicts 
2% and 14%, respectively, for these areas. • 

Tables 6-50b-c, respectively, show similar predicted and observed batch mode results for the 9
month through 24-month and 9-month through 60-month old children's age groups. Although the • 
number of observations become scarce for some age/geographic area groups, the results tend to * 
parallel the community mode applications. Figures 6-19a-c show predicted and observed mean 
blood lead levels for each age group. These figures illustrate that, in general, the Box Model • 
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provides a better prediction of observed levels in the upper Basin, while the EPA Default Model 
performs better in the lower Basin. 

Discussion of Baseline IEUBK Model Results 

The results of the Baseline IEUBK Model applications suggest that there are potentially three 
different exposure situations ongoing in the Basin with respect to the residential soil and dust 
lead. East of the BHSS, the Baseline Box Model is a better predictor of observed blood lead 
levels. In these areas, the EPA Default Baseline model significantly over-predicts both observed 
concentrations and the percent of children to experience excess absorption. Immediately east of 
the BHSS in Osburn, the Side Gulches and Silverton, the Baseline Box Model fairly-well 
describes both observed mean blood lead levels and the percent of children exceeding the health 
criteria. 

West of the BHSS and particularly in the Lower Basin the Box Model is ineffective, under-
predicting both mean blood lead levels and percent exceedance. The EPA Default Model 
describes mean blood lead levels fairly well, but fails to capture the percent of children to exceed 
health criterion.. 

The magnitude of the variance in observed population blood lead levels, particularly in the 
Lower Basin, suggests a large variation in exposure. This is especially true relative to the 
Baseline intake estimates. A small number of children are exhibiting much greater blood lead 
levels than expected under any scenario from the Baseline intakes. Potential sources of these 
additional exposures are addressed in the incremental exposure analysis. 

6.6.2 Resident Children's Incremental Blood Lead Levels 

Recreational Exposures Blood Lead Increments 

Incremental lead intake rates associated with children's recreational activities were developed in 
Section 6.5. Tables 6-32 through 6-41 show incremental intake rates associated with potential 
media concentrations for soils in upland park areas, neighborhood sediments and surface waters, 
public beaches, and waste piles. Tables 6-35 through 6-41 show typical percentile concentrations 
for these media for each geographic subarea and developed specific intake estimates using CT 
ingestion rates and CT (50th percentile) and RME (95th percentile) media concentrations for those 
areas. 

Table 6-5 la develops estimates of blood lead increments associated with the CT recreational 
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intake estimates for upland parks from Table 6-35. This is accomplished by adding the estimated 
annual average intake in ug/day to the baseline model for each subarea through the Other Source 
option of the IEUBK Model. For example, in Table 6-5 la, the 50th percentile recreational intake 
estimate for upland park areas in Mullan is 7 jag/day. Entering this rate through the Other Source 
route in the Community Mode IEUBK EPA Default baseline model (Table 6-47a), results in an 
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estimated blood lead level of 9.8 ug/dl for 9-84 month old children. This compares to the • 
baseline estimate of 9.3 ug/dl from Table 6-47a, or a 0.5 ug/dl increase. This represents about a 
5% predicted increase in mean blood lead level associated with the 7% increase in intake for the I 
CT upland park media concentration of 1189 mg/kg from Table 6-35a. 

Table 6-5 Ib shows the addition of the 95th percentile recreational intake increment. This I 
represents a child (9-84 months) playing at the most contaminated upland park CUA (e.g., 3270 
mg/kg from Table 6-3 5a for Mullan). This 20% increment hi intake results in a mean blood lead . 
estimate of 10.6 ug/dl, an increment of 1.3 ug/dl, or a 14% increase in blood lead level. I 

Tables 6-51a-b also show the estimated percent of children to exceed 10 ug/di if they were to 
engage in these play activities at the upland park locations. For the Mullan example, the EPA 
Default Model predicts that 43% of 9-84 month old children will exceed 10 ug/dl due to the 
baseline exposure (See Table 6-47a). This value can be interpreted as the probability that a child • 
would experience an excessive blood lead level associated with baseline exposures in Mullan • 
according to EPA Default Model estimates. Tables 6-51a-b, respectively, show that this 
probability increases to 45% for the CT exposure and 53% for the RME. • 

Tables 6-51a-b also show corresponding estimates developed using the Box Model to predict 
baseline and incremental blood lead levels. Similar results are shown for neighborhood streams I 
and sediments in Tables 6-52a-b, public beaches in Tables 6-53a-b, and waste piles in Tables 6- ™ 
54a-b. 

Discussion of Children rs Recreational Incremental IEUBK Model Results 

Figures 6-19a-h summarize the incremental blood lead results for each geographic area. These • I 
are discussed in the following four sub-sections. Upland park activities refer to general 
recreational practices in contact with soils in non-water related activities. Swimming and intense • 
contact with waters and sediments are discussed in the public beaches section. Wading and • 
stream exploration-type activities in the general residential area near homes are discussed under 
neighborhood sediments and surface water. Contact with waste piles is discussed in the final m 
sub-section below. 

Upland Park Activities. Figures 6-21a-h show the observed mean and estimated baseline and 
baseline plus incremental blood lead levels associated with upland park recreational activities for I 
each geographic subarea. These results suggest that there are relatively modest potential 
increases in blood lead levels associated with typical upland park activities in the upper Basin in I 
comparison to baseline levels. For the50th percentile (or CT) CUA soil concentration typical • 
incremental intake and blood lead increases are less than 10% of baseline east of the BHSS. For 
the RME, however, there are substantial increases projected for extremely contaminated play I 
areas in the upper Basin. No upland park CUAs were identified for the Burke/Nine Mile area. ~ 
Recreational activities for this subarea are discussed under neighborhood sediments and surface 
water and waste piles. I 
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West of the BHSS, conversely, there are substantial potential increments for these activities in 
typical (CT) recreational activities in the Kingston and Lower Basin areas relative to baseline 
estimates. Inclusion of potential recreational intakes in these areas results in near 50% increases 
above baseline intake rates and projected blood lead levels. 

Neighborhood Sediments and Surface Water. Figures 6-21a-h show the observed mean and 
estimated baseline and incremental blood lead levels associated with neighborhood sediments 
and surface water recreational activities for each geographic area. For the typical or CT media 
concentration levels, minimal intake and blood lead increments are projected for contact with 
local sediments and stream water hi Mullan and the lower Basin. In this case, exposures in the 
lower Basin are limited to the Pine Creek area. Most water contact exposures for the lower Basin 
are discussed as public beach activities. Near 10% increases are predicted in both intake and 
blood lead for the remainder of the upper Basin, with expected levels somewhat higher in 
Burke/Nine Mile. For the RME, however, the most contaminated streams result in 20% to 35% 
increases in intake for the Wallace to BHSS reach, a 50% increase in Mullan, and nearly a 
tripling of baseline intake in Burke/Nine Mile (271% increase). 

Public Beaches. Figures 6-21a-h show for each geographic area the observed mean and 
estimated baseline and incremental blood lead levels associated with public beach recreational 
activities. Public swimming areas are assessed throughout the Basin and are not subdivided by 
geographic subarea. However, for this analysis the incremental exposure is added to baseline for 
each subarea. Substantial incremental intake and estimated blood lead increments are predicted 
for sediment and disturbed surface water ingestion at public beaches throughout the upper and 
Lower Basin for typical or CT concentrations. Estimated incremental blood lead levels range 
from 13.2 |o.g/dl for Wallace children to 6.6 u.g/dl in the Lower Basin. Respectively, these are 
33% and 36% potential increases in blood lead level associated with public beach activities at 
50th percentile concentrations. Engaging in these activities at RME (95th percentile) sites can 
result in more than doubling annual intake rates and substantial blood lead increases for children 
throughout the Basin. 

Waste Piles. Figures 6-21a-h show for each geographic area the observed mean and estimated 
baseline and incremental blood lead levels associated with play on waste piles in the upper Basin 
areas of Mullan and Burke/Nine Mile. For the 50th percentile (CT) concentrations incremental 
exposures are minimal in Mullan and an 8% increase over baseline blood lead levels in 
Burke/Nine Mile. At the RME (95th percentile) concentration, a 14% increase in intake is 
projected for Mullan and a near doubling of total intake is predicted for Burke/Nine Mile. 

Summary of Children's Recreational Incremental Exposures. Potentially significant 
recreational exposures are noted for certain activities in particular areas of the Basin. Upland 
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park type recreation can result in significant exposures in the more contaminated areas of the 
upper Basin and throughout the areas west of the BHSS. Potential recreational exposures in the 
lower Basin are more significant because of both higher soil concentrations and lower baseline 
residential exposures. This can result in higher dose-response rates to incremental exposures at 
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lower blood lead levels. This is a possible explanation for the higher than predicted blood lead • 
levels observed among lower Basin children. 

Additionally, swimming and water sport activities that could result in ingestion of disturbed " 
sediment laden surface water can result in substantial increases in intake and lead absorption. 
Potential exposures are of particular concern to neighborhood stream sediments in Burke/Nine I 
Mile, and at public swimming areas in the Side Gulches and the Lower Basin. 

Incremental Blood Lead Levels Associated with Local Foodstuff I 

Homegrown Produce. Tables 6-55a-b show estimated CT and RME blood lead levels, • 
respectively, associated with consuming local produce. Potentially significant increases in blood gj 
lead levels could result from consumption of home grown vegetables. Increased intake from 
foodstuff can result in higher blood lead levels due to the high bioavailability of dietary lead. • 

Sport Fishery. Tables 6-56a-b show similar results for local fish consumption. Figures 6-21e-h 
show baseline and estimated incremental blood lead levels by geographic area including, local • 
foodstuff. • 

6.6.3 Adult Model Blood Lead Estimates • 

Adult Occupational Blood Lead Level Estimates 

Tables 6-57 and 6-58 show the USEPA Adult Model for lead applications for occupational 
Preliminary Remediation Goals (PRGs) for the parameters and intakes shown in Tables 6-27 _ 
through 6-30, respectively, for CT and RME scenarios. The EPA Adult Model was used to • 
determine the concentration value for soils that would result in an upper confidence limit (95th 

percentile) blood lead level of 10 ug/dl for women of child-bearing age. The results suggest that « 
for CT or medium intensive soil contact occupations, the probability for blood lead levels to g 
exceed 10 ug/dl is greater than the 5% criteria at soil concentrations ranging from 2800 mg/kg to 
4500 mg/kg. For intensively exposed or RME occupational activities, corresponding values range • 
from 300 mg/kg to 500 mg/kg. | 

Adult Recreational Blood Lead Level Estimates • 

Tables 6-59a-b and 6-60a-b show CT and RME values with PRO calculations for upland park 
and CUA recreational activities for adults. For intense soil contact recreational practices such as I 
dirt hiking, beach activities, four-wheeling, gardening, landscaping, etc., that involve deliberate • 
and continued contact with soils, the probability for blood lead levels to exceed 10 jig/dl is 
greater than the 5% criteria at concentrations ranging from 3700 mg/kg to 6400 mg/kg lead. I 
These values correspond to the 90th to 95th percentile concentrations in upper Basin recreational ™ 
areas and 50th to 95th percentiles among Lower Basin CUAs. 
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6.6.4 Native American Blood Lead Levels 

Blood lead levels were not estimated for either the traditional or modern subsistence scenarios 
because estimated lead intake levels ranged from 300-1000 ug/day. These high rates coupled 
with cultural-specific dietary and behavioral considerations precluded estimating all RME and 
CT scenarios. Estimated lead intake rates for these scenarios are too high to predict blood lead 
levels with confidence. Predictions for blood lead levels associated with subsistence activities in 
the floodplain of the lower Basin would significantly exceed all health criteria for children or 
adults in either scenario. 
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Figure 6-19a Observed and Predicted Geomean Blood Lead Levels for 9-84 Month Old 
Children Only - IEUBK Batch Mode 
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Figure 6-19b Observed and Predicted Blood Lead Levels for 9-60 Month Old Children-

IEUBK Batch Mode
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Figure 6-19c Observed and Predicted Blood Lead Levels for 9-24 Month Old Children-
IEUBK Batch Mode 
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Figure 6-20a Observed and Predicted Percent to Exceed 10 jj.g/dl for 9-84 Month Old
 
Children - IEUBK Batch Mode
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Figure 6-20b Observed and Predicted Percent to Exceed Levels for 9-60 Month Old
 
Children-IEUBK Batch Mode
 

70% 

0% 
Mullan Burke/Nine Mile Wallace Silverton Osburn Side Gulches Kingston Lower Basin 

Geographic Area 

D Observed • EPA Default D Box Model 



Figure 6-20c Observed and Predicted Percent to Exceed Levels for 9-24 Month Old
 
Children-IEUBK Batch Mode
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Figure 6-21a Incremental Blood Lead Estimates for 0-9 Year-Old Children by
 
Recreational Activity and Local Foodstuff- Mullan
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Figure 6-2lb Incremental Blood Lead Estimates for 0-9 Year-Old Children by
 
Recreational Activity and Local Foodstuff- Burke/Nine Mile
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Figure 6-21c Incremental Blood Lead Estimates for 0-9 Year-Old Children by
 
Recreational Activity and Local Foodstuff - Wallace
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Figure 6-21d Incremental Blood Lead Estimates for 0-9 Year-Old Children by
 
Recreational Activity and Local Foodstuff- Silverton
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Figure 6-21e Incremental Blood Lead Estimates for 0-9 Year-Old Children by 
Recreational Activity and Local Foodstuff- Osburn 
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Figure 6-21f Incremental Blood Lead Estimates for 0-9 Year-Old Children by
 
Recreational Activity and Local Foodstuff- Side Gulches
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Figure 6-21g Incremental Blood Lead Estimates for 0-9 Year-Old Children by 
Recreational Activity and Local Foodstuff - Kingston 
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Figure 6-21h Incremental Blood Lead Estimates for 0-9 Year-Old Children by
 
Recreational Activity and Local Foodstuff- Lower Basin
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I
I
I
I
 

40:30:3tt 
Predicted % to 
exceed 10 figfdl 

15
 
15
 
19 I
 
3 |
 
4
 
5 1
 
-) 

0 | 

40:30:30 
Predicted % to 
exceed 10! ftg/dl 

27
 
25
 
32
 
8
 
8
 
11
 
4
 
I
 

40:30:30 
Predicted %.to 
exceed iiOjigfdi 

20
 
20
 
25
 
5
 
6
 
8
 
3
 
0
 

;• • Area ' '• r 
Mullan 
Burke/Nine Mile 
Wallace 
Silverton 
Osburn 
Side Gulches 
Kingston 
Lower Basin 

Table 6-47a Predicted and Observed Baseline Blood Lead Levels 
Community Mode IEUBK- 9-84 Months 

9-84 Months 
Observed*
 

Geometric Mean
 
fr&dll 

5,0 
6.4 
5.7 
4.5 
4.0 
3.7 
3.7 
5.1 

Observed* % to
 
: exceed 18 HgfrB
 

10
 
22
 
19
 
U
 
5
 
0
 
14
 
25
 

Default Predicted
 
Geometric Mean
 

Cng«i>
 
9.3
 
9
 

9.9
 
6.3
 
6.2
 
7
 

5.4
 
3.9
 

Oefauit Predicted
 
% to exceed 10
 

:. (ig/dl
 
43
 
40
 
48
 
15
 
15
 
21
 
9
 
2
 

40:30:30 Predicted 
Geometric Mean 

Oigtol) 
6.3 
6.2 
6.3 
4.3 
4.4 
4.7 
3.7 
2.8 

' observed levels correspond to children 9 months through 9 years of age 

Table 6-47b Predicted and Observed Baseline Blood Lead Levels 

:"-'.' ;:''&rca:::::f::\" 

Mullan 
Burke/Nine Mile 
Wallace 
Silverton 
Osburn 
Side Gulches 
Kingston 
Lower Basin 

;• • • " " • • • : • : • "-.'••.:: • '•
. . : - ; • . Observed^. - . ; ; • 
Geometric Mean 

?;;:;;i;;:.;^ai»;;;;;;v 
6.7 
6.6 
7.4 
6.1 
6.0 
5.0 
5.5 
6.9 

Community Mode DSUBK- 9-24 Months 

"• • •••'• . ' • • •'•'' , •, • "••"."•.. :."• • 9r24Monihs :
 

jBefaolt Predicted Default Predicted
 
: Observed* %i tp| .;.: Gedmeirici Mean: : % to«xeeed 10
 
'jiieJSMseS: l&ifig/ai: Pi;i^;;««g^:.:::;:;j- ;;.•• -i^di • • 

17 11.3 58
 
30 11.0 56
 
46 12.0 61
 
19 7.6 27
 
14 7.6 26
 
0 8.6 34
 

25 6.6 18
 
33 4.6 5
 

; 40:30:30 Predicted 
:. Geometric Mean 
1 : (ft^dl) 

7.6 
7.5 
8.2 
5.2 
5.3 
5.7 
4.5 
3.2 

' observed levels only correspond to 9-24 months 

Table 6-47c Predicted and Observed Baseline Blood Lead Levels 
Community Mode IEUBK- 9-60 Months 

^i^jiie&m^ 
Mullan 
Burke/Nine Mile 
Wallace 
Silverton 
Osburn 
Side Gulches 
Kingston 
Lower Basin 

-Observed*: .:. 
Geometric Mean 
yill&ipiC:;;!: 

5.7 
6.4 
6.4 
5.0 
4.3 
3,9 
4.7 
6.1 

; Observed*;%: to.
 
; i exceed; 10 ytg/.iui '.
 

17
 
22
 
26
 
13
 
7
 
0
 
19
 
29
 

I ; Default Predicted . . 
: :.Geomeitr£c?Meyai: : 
l^\\^im&^:''-\-:h:\

10.2 
9.9 
10.8 
6.9 
6.9 
7.7 
5.9 
4.2 

Default Predicted 
:• "SttoieJEceed il;0:: : 
:ii;:-:i;;ii^di"::":;:; 

50
 
48
 
53
 
20
 
20
 
27
 
13
 
3
 

* observed levels only correspond to 9-60 months 

Note: 40:30:30 refers to the "Box Model" or 40% house dust: 30% yard soil: 30% community soil 

40:30:30 Predicted 
:;. Geometric: Mean! 
: ';::;:::;: Oi^dl)' '''''- :> 

6.9
 
6.8
 
7.4
 
4.7
 
4.8
 
5.2
 
4.1
 
3
 



Table 6-48 Summary of Blood Lead, Yard Soil, and Vacuum Dust 
for IEUBK Batch Mode Input 

Area 

Mullan 
Burke/Nine Mile 
Wallace 
Silverton 
Osbum 
Side Gulches 
Kingston
Lower Basin/Cataldo 

Mullan 
Burke/Nine Mile 
Wallace 
Silverton 
Osburn 
Side Gulches 
Kingston
Lower Basin/Cataldo 

Mullan 
Burke/Nine Mile 
Wallace 
Silverton 
Osbum 
Side Gulches 
Kingston
Lower Basin/Cataldo 

Geometric 
Total Number of Arithmetic Standard Geometric Standard 

Observations Minimum Maximum Mean Deviation Mean Deviation 
Blood Lead (|ig/dl) 

27 2 12 5.1 3.0 4.4 1.8 
70 I 21 7.4 5.4 5.7 2.1 
56 1 19 5.3 3.6 4.4 1.9 
69 1 23 5.0 3.7 4.1 1.9 
95 1 13 4.1 2.4 3.4 1.9 
45 1 16 4.3 2.9 3.6 1.8 
45 1 16 5.2 4.2 3.9 2.1 
38 1 18 5.7 5.0 3.9 2.5 

Yard Soil (mg/kg) 
105 41 20218 1187 2230 628 2.91 
88 32 5410 1105 973 679 3.25 
110 54 16026 1154 1628 771 2.47 
70 94 6098 524 763 352 2.25 

262 33 12884 682 1195 419 2.45 
100 25 3356 505 437 368 2.38 
99 22 9228 711 1622 257 3.34 
160 15 7350 487 1251 110 4.29 

Vacuum Dust (ing/kg) 
32 429 4060 1146 754 985 1.70 
35 83 5800 1318 1263 879 2.63 
35 259 29725 1951 4944 1004 2.33 
26 75 3390 837 869 557 2.52 
84 23 2192 616 366 493 2.17 
26 116 3929 952 890 695 2.21 
30 102 1750 592 409 466 2.07 
31 49 3140 512 646 301 2.81 



Table 6-49IEUBK Batch Mode Overall Observed v. Predicted Blood Lead by Age 

9-24 Months 9-60 Months | 9-84 Months 
Predicted Predicted 11 Predicted Predicted Predicted Predicted 

Observed (Default) (40:30:30)| Observed (Default) (40:30:30) ([observed (Default) (40:30:30) 1
N 75 75 75 222 222 222 311 311 3 1 1 
Minimum (ug/dl) 2 2 2 1 2 2 1 2 2 

Maximum (ng/dl) 23 27 17 23 28 17 23 28 17 
Arithmetic Mean (ng/dl) 7.5 9.2 6.1 6.3 8.2 5.4 5.7 7.6 5.0 
Geometric Mean (ng/dl) 6.2 7.9 5.5 5.1 7.2 4.9 4.6 6.6 4.5 
Geometric Standard Deviation 1.82 2.08 1.91 1.90 1.96 1.86 1.93 2.02 1.90 
% > 10 fig/dl 23% 37% 17% 16% 31% 13% 13% 28% 11% 
% > 15 ug/dl 12% 19% 6% 8% 14% 4% 7% 12% 3% 

Note: observed levels are for children 9-84 months or 0-7 years old as opposed to community mode showing observed levels for 0-9 year olds. 



Table 6-50a IEUBK Batch Mode Overall Observed v. Predicted Blood Lead by Geographic Area, Ages 9-84 Months: Default and 40:30:30 

N 
Vlinimum (ug/dl) 
Maximum (figAll) 
Arithmetic Mean (ng/cll) 
Geometric Mean (Mg/dl) 
Geometric Standard Deviation 
%>10ug/dl 
% > 15 ng/dl 

Mull.u 

Observed 
IS 
2 
12 
5.5 
4.7 
1.75 
13% 
0% 

Predicted 
(Default) 

15 
5 

L_JL_
10.2 
9-7 

2.08 
48% 
22% 

Predicted 
(40:30:30) 

15 
4 
9 

6.4 
6.1 
1,73 
19% 
5% 

Burke/Nine Mile 

Observed 
46 

1 
21 
7.8 
6.3 
1.98 
22% 
15% 

Predicted 
(Default) 

46 
4 
27 

10.2 
9.2 
1.76 
44% 
22% 

Predicted 
(40:30:30) 

46 
3 
17 

6.6 
6.1 
1.78 
20% 
7% 

Observed 
39 
1 

19 
6.1 
5.2 
1.82 
13% 
5% 

Wallace 
Predicted 
(Default) 

39 
6 
21 

100 
9.6 
1.64 
47% 
20% 

Predicted 
(40:30:30) 

39 
4 
13 
6.5 
6.3 
1.70 
19% 
5% 

Silvcrlon 

Observed 
S5 
2 
23 
55 
4.6 
1 81 
11% 
5% 

Predicted 
(Default) 

55 
2 
19 

7.3 
67 
1.86 
26% 
10% 

Predicted 
(40:30:30) 

55 
2 
11 

4  7 
4.S 
1.79 
8% 
2% 

IEUBK Batch Mode Overall Observed v. Predicted Blood Lead by Geographic Area, Ages 9-84 Months: Default and 40:30:30 (continued) 

N 
Minimum (ng/iil) 
Maximum (ug/dj) 
Arithmetic Mean (|ig/dl) 
Geometric Mean (ng/dl) 
Geometric Standard Deviation 
%>10ug/dl
%>15|4g/dl 

Observed 
62 
1 

11 
4.6 
4.0 
1.77 
5% 
0% 

Osburn 
Predicted 
(Default) 

62 
3 
14 
6.2 
5.7 
1.86 
19% 
6% 

Predicted 
(40:30:30) 

62 
2 
8 

4.2 
4,0 
1,74 
5% 
1% 

Side Gulches 

Observed 
30 
1 
9 

4.0 
3.6 
1.64 
0% 
0% 

Predicted 
(Default)

lo 
2 

i_i4_ 
6.1 
5,7 
1.79 
17% 
5% 

Predicted 
(40:30:30) 

30 
2 
8 

4.2 
4.0 
1.73 
5% 
1% 

Observed 
36 
1 

16 
5.7 
4.3 

2.17 
17% 
17% 

Kingston 
Predicted 
(Default) 

36 
2 
9 

5,0 
4.7 
1.83 
i l  % 
2% 

Predicted 
(40:30:30) 

36 
2 
5 

3.4 
3.3 
1.72 
2% 
0% 

Iwer Basin 

Observed 
28 

I 
18 

6.9 
49 

2.40 
32% 
11% 

Predicted 
(Default) 

28 
2 

28 
7,0 
4.5 

2.68 
21% 
16% 

Predicted 
(40:30:30) 

28 
2 
16 

4.5 
32 

28  1 
14% 
7% 

Observed 
311 

1 
23 
57 
4.6 
193 
13% 
7% 

total 
Predicted 
(Default) 

311 
2 

28 
7.6 
66 
202 
28% 
12% 

Predicted 
(40:30:30) 

311 
2 
17 
50 
4  5 
1.90 
11% 
3% 

Nole: observed levels are for children 9-84 months or 0-7 years old as opposed to community mode showing observed levels for 0-9 year olds. 



Table 6-50b IEUBK Batch Mode Observed v. Predicted Blood Lead by Geographic Area, Age 9-60 Months: Default and 40:30:30 

Mullan Burke/Nine Mile Wallace Silvetloi) 
Predicted Predicted Predicted Predicted Predicted Predicted Predicted Predicted 

Observed (Default) (40:30:30) Observed (Default) (40:30:30) Observed (Default) (40:30:30) Observed (Default) (40:30:30) 
N 8 8 8 31 31 31 26 26 26 46 46 46 
Minimum (ng/dl) 2 8 5 2 4 4 2 7 5 2 3 2 
Maximum (ng/dl) 12 13 8 21 27 17 19 21 13 23 19 11 
Arithmetic Menu (ng/dl) 6.8 10.9 6.9 7.9 11.1 7.2 7.0 10.9 7.2 6.0 7.8 5.6 
Geometric Mean (ug/dl) 5.8 10.7 6.8 6.3 10.0 6.7 6.0 10.6 7.1 5.0 7.2 4  8 
Geometric Standard Deviation 1.87 1.64 1.65 1.98 0.98 1.77 1.79 1.79 1.66 1.78 1.81 1.75 
% > 10 ug/dl 25% 56% 22% 23% 48% 24% 19% 54% 25% 13% 29% 10% 
% > IS ug/dl 0% 25% 6% 16% 26% 9% 8% 25% 7% 7% 12% 2% 

IEUBK Batch Mode Observed v. Predicted Blood Lead by Geographic Area, Age 9-60 Months: Default and 40:30:30 (continued) 

Osburn Side Gulches Kingston Lower Basin Total 
Predicted Predicted Predicted Predicted Predicted Predicted Predicted Predicted Predicted Predicted 

Observed (Default) (40:30:30) Observed (Default) (40:30:30) Observed (Default) (40:30:30) Observed (Default) (40:30.30) Observed (Default) (40:30:30) 
N 43 43 43 23 23 23 27 27 27 18 18 18 222 222 222 
Minimum (ug/dl) 1 3 3 1 3 2 1 3 2 1 2 2 1 2 2 
Maximum (ng/dl) 11 14 8 9 14 8 16 9 5 18 28 16 23 28 17 
Arithmetic Mean (ug/dl) 5.0 6.5 4.4 4.2 6.6 4.5 6.7 5.6 3.8 8.2 9.3 5.7 6.3 8-2 5.4 
Geometric Mean (fig/dl) 4.3 6.1 4.3 3.8 6.3 4.4 5.4 5.3 3.7 6.2 5.7 4.1 5  1 7  2 4  9 
Geometric Standard Deviation 1.80 1.83 1.71 1.61 1.75 1.69 2.03 1.79 1.68 2.31 3.27 3.11 1 90 196 1 86 
%>10uj/dl 7% 20% 6% 0% 20% 6% 22% 14% 3% 39% 32% 21% 16% 31% 13% 
% > 15 ug/dl 0% 7% 1% 0% 6% 1% 15% 3% 0% 17% 25% 11% 8% 14% 4% 

Note: observed levels are for children 9-60 months or 0-5 years old. 

http:40:30.30


Table 6-50c IEUBK Batch Mode Observed v. Predicted Blood Lead by Geographic Area, Age 9-24 Months: Default and 40:30:30 

Mtillan Burke/Nine Mile Wallace Silverlon 
Predicted Predicted Predicted Predicted Predicted Predicted Predicted Predicted 

Observed (Default) (40:30:30) Observed (Default) (40:30:30) Observed (Default) (40:30:30) Observed (Default) (40:30.30) 
N 4 4 4 10 10 10 8 8 8 16 16 16 
Minimum (ng/dl) 5 10 7 2 8 6 3 8 6 3 4 3 
Maximum (ng/ill) 11 13 8 20 27 17 16 15 9 23 17 10 
Arithmetic Mean (ng/dl) 7.8 12.1 " 7.8 9.1 15,0 9,6 8.1 11.4 7.7 7.5 8.5 55 
Geometric Mean ((ig/JI) 7.4 12.1 7.8 6.6 13.7 9.0 7.0 11.2 7.6 6.1 7.9 5.3 
Geometric Standard Deviation 1.44 1.61 1.61 2.39 2.00 1.70 1.83 1.64 1.64 186 1.85 1.74 
% > IGjtg/dl 25% 65% 30% 30% 67% 42% 38% 59% 29% 19% 35% 13% 
%>15ug/dl 0% 33% 8% 30% 44% 20% 13% 28% 8% 19% 15% 3% 

IEUBK Batch Mode Observed v. Predicted Blood Lead by Geographic Area, Age 9-24 Months: Default and 40:30:30 (continued) 

Osburo SldcCiulcbes Kingston Lower Basin Tola) 
Predicted Predicted Predicted Predicted Predicted Predicted Predicted Predicted Predicted Predicted 

Observed (Default) (40:30:30) Observed (Default) (40:30:30) Observed (Default) (40:30:30) Observed (Default) (40:30:30) Observed (Default) (40:30:30)
N 14 14 14 9 9 9 7 7 7 7 7 7 75 75 r" 75 
Minimum (up/ill) 2 3 3 2 5 4 2 3 2 3 2 2 2 2 2 
Maximum (ngA)l) 11 12 8 9 14 8 15 9 5 18 25 15 23 27 17 
Arithmetic Mean (Mg/'H) 6.5 6.2 4.5 5.2 7.4 5,0 7.7 6.5 4.3 8.7 89 5.6 7.5 92 6.1 
Geometric Mean (pig/dl) 6.0 5.7 4.3 4.8 7.0 4.9 6.3 6.1 4.2 7,1 55 4.0 6.2 79 55 
Geometric Standard Deviation 1.55 1.87 1.73 1.55 1.72 1.69 2.03 L 1.82 1.67 2.04 288 307 1 82 208 l 9 l 
% > Ifljig/dl 14% 18% 6% 0% 26% 9% 29% 20% 4% 43% 29% 21% 23% 37% 17% 
%>15ug/dl 0% 6% 1% 0% 9% 2% 14% 5% 1% 14% 23% 12% J2% 19% 6% 

Note: observed levels are for children 9-24 months or 0-2 years old. 

http:40:30.30


Table 6-5la Upland Parks Estimated Recreational Blood Lead Increments for 0-84 Month Old Children (CT) 

IEUBK IEUBK EPA Default Box Model 
% Intake EPA Default Box Model 

Baseline 50% Increase Baseline Baseline Geometric %to Geometric %to 
Intake Intake Value Total Intake from Geometric Geometric Mean Exceed Mean Exceed 10 

Area (ug/day) ((ig/day) (Hg/day) Baseline Mean Blood Mean Blood (ug/dl) 10(ng/dl) (Hg/dl) (ug/dl) 
Mullan 91 7 98 7% 9.3 6.3 9.8 45% 6.6 18% 
Wallace 99 5 103 5% 9.9 6.8 10.3 50% 7.0 21% 
Silverton 55 5 60 8% 6.3 4.3 6.7 19% 4.6 5% 
Osburn 55 5 59 8% 6.2 4.4 6.6 18% 4.7 5% 
Side Gulches 64 5 68 7% 7.0 4.7 7.4 25% 5.0 6% 
Kingston 46 19 65 42% 5.4 3.7 7.0 21% 4.8 5% 
Lower Basin 30 19 49 63% 3.9 2.8 5.6 10% 3.9 2% 

Table 6-51 b Upland Parks Estimated Recreational Blood Lead Increments for 0-84 Month Old Children (RME) 

Area 
Mullan 
Wallace 
Silverton 
Osburn 
Side Gulches 
Kingston 
Lower Basin 

Baseline
 
Intake
 

(jig/day)
 
91
 
99
 
55
 
55
 
64
 
46
 
30
 

95%
 
Intake Value
 

(ug/day)
 
18
 
68
 
68
 
68
 
68
 
19
 
27
 

Total Intake
 
(jig/day)
 

109
 
166
 
123
 
122
 
131
 
65
 
58
 

% Intake
 
Increase
 

from
 
Baseline
 

20%
 
69%
 
123%
 
124%
 
106%
 
42%
 
91%
 

IEUBK
 
EPA Default
 

Baseline
 
Geometric
 

Mean Blood
 
9.3 
9.9 

L 6.3 
6.2 
7.0 
5.4 
3.9 

IEUBK EPA Defalt Box Model 
Box Model 

Baseline Geometric %to Geometric %to 
Geometric Mean Exceed Mean Exceed 10 

Mean Blood (ug/dl) 10 (ug/dl) (Hg/dl) (ug/dl) 
6.3 10.6 53% 7.1 22% 
6.8 14.2 76% 9.8 45% 
4.3 11.3 58% 7.7 27% 
4.4 11.3 58% 7.8 29% 
4.7 11.9 61% 8.1 30% 
3.7 7.0 21% 4.8 5% 
2.8 6.2 15% 4.3 3% 



Table 6-52a Neighborhood Stream Recreational Blood Lead Increment for 0-84 Month Old children (CT) 

IEUBK IEUBK EPA Default Box Model 
50% 50% % Intake EPA Default Box Model 

Baseline Sediment Surface Water Total Increase Baseline Baseline %to %to 
Intake Intake Value Intake Value Intake from Geometric Geometric Geometric Exceed 10 Geometric Exceed 10 

fag/day) (fig/day) (ug/day) (fig/day) Baseline Mean Blood Mean Blood Mean (fig/dl) (Hg/dl) Mean (ng/dl) (Hg/dl) 
Mullan 91 2 0 93 3% r 9.3 6.3 9.5 43% 6.4 15% 
Burke/Nine Mile 88 13 0 101 15% 9.0 6,2 10.0 48% 6.8 20% 
Wallace 99 8 0 106 8% 9.9 6.8 10.5 , 50% 7.1 22% 
Silverton 55 8 0 63 14% 6.3 4.3 6.9 21% 4.7 5% 
Osburn 55 8 0 62 14% 6.2 4.4 6.9 20% 4.8 6% 
Side Gulches 64 8 0 71 12% 7.0 4.7 7.7 27% 5.1 7% 
Kingston 46 1 0 46 1% 5.4 3.7 5.5 9% 3.8 2% 
Lower Basin 30 1 0 31 2% 3.9 2.8 3.9 2% 2.8 0% 

Table 6-52b Neighborhood Stream Recreational Blood Lead Increment for 0-84 Month Old Children (RME) 

IEUBK IEUBK Box EPA Default Box Model 
95% 95% % Intake EPA Default Model 

Baseline Sediment Surface Water Total Increase Baseline Baseline %to %to 
Intake Intake Value Intake Value Intake from Geometric Geometric Geometric Exceed 10 Geometric Exceed 10 

(Hg/day) (ug/day) (Ug/day) (ag/day) Baseline Mean Blood Mean Blood Mean (ng/dl) <ra«i) Mean (ng/dl) (ug/dl) 
Mullan 91 45 0 137 50% 9.3 6.3 12.4 64% 8,4 34% 
Burke/Nine Mile 88 221 1 303 271% 9.0 6.2 21.2 93% 15.2 78% 
Wallace 99 19 0 118 20% 9.9 6.8 11,2 56% . 7.7 27% 
Silverton 55 19 0 75 35% 6.3 4.3 7.8 29% 5.3 8% 
Osburn 55 19 0 74 36% 6.2 4.4 7.8 29% 5.4 9% 
Side Gulches 64 19 0 83 31% 7.0 4.7 8.5 34% 5.7 11% 
Kingston 46 1 0 47 2% 5.4 3.7 5.5 9% 3.8 2% 
^ower Basin 30 1 0 31 3% 3.9 2.8 3.9 2% 2.8 0% 



Table 6-53a Public Beach Recreational Blood Lead Increment for Children 0-84 Month Old (CT) 

EPA Default Box Model 
50% IEUBK IEUBK 

Surface EPA Default Box Model 
Water % Intake Baseline Baseline %to 

Baseline 50% Sediment Intake Total Increase Geometric Geometric Exceed Geometric %to 
Intake Intake Value Value Intake from Mean Blood Mean Blood Geometric 10 Mean Exceed 10 

(jig/day) (Hg/day) (ug/day) (fig/day) Baseline Lead (ng/dl) Lead (ng/dl) Mean (ug/dl) (Hg/dl) (Hg/dl) (Hg/dl) 
Mullan 91 19 19 130 43 9.3 6.3 12.7 67 9.6 43 
Burke/Nine Mile 88 19 19 120 47 9.0 6.2 12.5 64 9.4 43 
Wallace 99 19 19 137 39 9.9 6.8 13.2 70 10 48 
Silverton 55 19 19 94 70 6.3 4.3 10.1 48 7.9 29 
Osburn 55 19 19 93 71 6.2 4.4 10.1 48 8 30 
Side Gulches 64 19 19 102 61 7.0 4.7 10.7 53 8.2 32 
Kingston 46 19 19 85 84 5.4 3.7 9.4 43 7.4 25 
Lower Basin 30 19 19 69 128 3.9 2.8 8.1 30 6.6 18 

Table 6-53b Public Beach Recreational Blood Lead Increment for Children 0-84 Month Old (RME) 

IEUBK IEUBK EPA Default Box Model 
95% EPA Default Box Model 

Surface % Intake Baseline Baseline %to 
Baseline 95% Sediment Water Total Increase Geometric Geometric Exceed Geometric %to 
Intake Intake Value Intake Intake from Mean Blood Mean Blood Geometric 10 Mean Exceed 10 

(fig/day) (Hg/day) Value (ug/day) Baseline Lead (ng/dl) Lead (yg/dl) Mean (ug/dl) (Hg/dl) (ug/dl) (Mg/dl) 
Mullan 91 30 42 163 79 9.3 6.3 15.6 81 12.6 67 
Burke/Nine Mile 88 30 42 154 88 9.0 6.2 13.4 70 12.5 64 
Wallace 99 30 42 171 73 9.9 6.8 16 81 13 67 
Silverton 55 30 42 127 130 6.3 4.3 13.3 70 11.2 56 
Osburn 55 30 42 127 132 6.2 4.4 13.3 70 11.2 56 
Side Gulches 64 30 42 136 113 7.0 4.7 13.9 73 11.5 58 
Kingston 46 30 42 1 1 8 157 5.4 3.7 12.7 67 10.8 53 
Lower Basin 30 30 42 102 238 3.9 2.8 11.6 58 10.1 48 



Table 6-54a Waste Pile Recreational Blood Lead Increment for 0-84 Month Old Children (CT) 

EPA Default Box Model IEUBK EPA IEUBK Box 
50% Default Baseline Model Baseline 

Baseline Intake Total % Intake Geometric Mean Geometric Mean Geometric %to Geometric %to 
Intake Value Intake Increase from Blood Lead Blood Lead Mean Exceed 10 Mean Exceed 

(ug/day) (fig/day) (Ug/day) Baseline (Hg/dl) (Hg/dl) (fig/dl) "g/dl (ug/dl) 10 fig/dl 
Mullan 91 1 92 1% 9,3 6.3 9.4 43 6.3 15 
Burke/Nine Mile 88 11 99 13% 9.0 6.2 9.8 45 6.7 19 

Table 6-54b Waste Pile Recreational Blood Lead Increment for 0-84 Month Old Children (RME) 

IEUBK EPA IEUBK Box EPA Default Box Model 
95% Default Baseline Model Baseline 

Baseline Intake Total % Intake Geometric Mean Geometric Mean Geometric %to Geometric %to 
Intake Value Intake Increase from Blood Lead Blood Lead Mean Exceed 10 Mean Exceed 

(ug/day) (^g/day) (ug/day) Baseline (Ug/dl) (Mg/dl) (ug/dl) wg/dl (ug/dl) 10 ug/dl 
Mullan 91 13 104 14% 9,3 6.3 10.2 50 6.9 20 
Burke/Nine Mile 88 139 221 170% 9.0 6.2 17.4 86 12.2 __64__ 

li:i:...̂ ..i— '.',ii"rirv 



Table 6-55a Home Grown Vegetable Central Tendency (CT) Intakes for Children (0-84 mos.) 

IEUBK IEUBK Box EPA Default Box Model 
50% % Intake EPA Default Model 

Baseline Intake Total Increase Baseline Baseline Geometric % to Exceed Geometric %to 
Intake Value Intake from Geometric Geometric Mean 10 ug/dl Mean Exceed 10 

Area (fig/day) (ug/day) (fig/day) Baseline Mean Blood Mean Blood (ug/dl) ("«/<») Ug/dl 
Mullan 91 24 115 26% 9.3 6.3 12.0 61% 9.3 43% 
Burke/Nine Mile 88 24 106 29% 9.0 6.2 11.8 61% 9.3 40% 
Wallace 99 24 122 24% 9.9 6.8 12.6 67% 9.8 45% 

79 Silverton 55 24 43% 6.3 4.3 9.4 43% 7.7 27% 
Osburn 55 24 78 44% 6.2 4.4 9.3 43% 7.8 29% 
Side Gulches 64 24 88 37% 7.0 4.7 10.0 48% 8.0 30% 
Kingston 46 24 70 52% 5.4 3.7 8.6 36% 7.2 22% 
Lower Basin 30 24 54 79% 3.9 2.8 7.3 24% 6.4 15% 

Table 6-55b Home Grown Vegetable Reasonable Maximum Exposure (RME) Intakes for Children (0-84 mos.) 

IEUBK IEUBK Box EPA Default Box Model 
95% % Intake EPA Default Model 

Baseline Intake Total Increase Baseline Baseline Geometric % to Exceed Geometric %to 
Intake Value Intake from Geometric Geometric Mean 10 ug/dl Mean Exceed 10 

Area (fig/day) (Hg/day) (ug/day) Baseline Mean Blood Mean Blood (ug/dl) (ug/dl) ug/dl 
Mullan 91 178 269 195% 9.3 6.3 24.4 96% 22.9 94% 
Burke/Nine Mile 88 178 260 218% 9.0 6.2 24.3 96% 22.8 94% 
Wallace 99 178 277 180% 9.9 6.8 24.7 96% 23.1 94% 
Silverton 55 178 233 322% 6.3 4.3 22.9 94% 21.9 94% 
Osburn 55 178 233 325% 6.2 4.4 22.8 94% 22.0 94% 
Side Gulches 64 178 242 279% 7.0 4.7 23.2 94% 22.1 94% 
Kingston 46 178 224 388% 5.4 3.7 22.5 94% 21.7 93% 
Lower Basin 30 178 208 589% 3.9 2.8 21.7 94% 21.2 93% 



Table 6-56a Recreational Fish Ingestion Central Tendency (CT) Intakes for Children (0-84 mos.) 

IEUBK IEUBK Box EPA Default Box Model 

Area 

Baseline 
Intake 

(fig/day) 

50% 
Intake 
Value 

(ug/day) 

Total 
Intake 

(fig/day) 

% Intake 
Increase 

from 
Baseline 

EPA Default 
Baseline 

Geometric 
Mean Blood 

Model 
Baseline 

Geometric 
Mean Blood 

Geometric 
Mean 
(ug/dl) 

%to 
Exceed 10 

ug/dl 

Geometric 
Mean 
(ug/dl) 

%to 
Exceed 10 

ug/dl 

Mullan 91 1 92 1% 9.3 6.3 9.4 43% 6.4 16% 
Burke/Nine Mile 88 89 1% 9.0 6.2 9.2 40% 6.3 15% 
Wallace 99 100 1% 9,9 6.8 10.0 48% 6.9 20% 
Silverton 55 56 2% 6.3 4.3 6.4 16% 4.5 4% 
Osburn 55 56 2% 6.2 4.4 6.4 15% 4.5 4% 
Side Gulches 64 65 2% 7.0 4.7 7,2 27% 4.9 6% 
Kingston 46 47 2% 5,4 3.7 5,6 10% 3.9 2% 
Lower Basin 30 1 31 3% 3.9 2.8 4.0 2% 2.9 0% 

Table 6-56b Recreational Fish Ingestion Reasonable Maximum Exposure (RME) Intakes for Children (0-84 mos.) 

IEUBK IEUBK Box EPA Default Box Model 
95% % Intake EPA Default Model Geometric %to Geometric %to Baseline Intake Total Increase Baseline Baseline Mean Exceed 10 Mean Exceed 10 Intake Value Intake from Geometric Geometric (ug/dl) ug/dl (ug/dl) ug/dl Area (jig/day) (jig/day) (tig/day) Baseline Mean Blood Mean Blood 

Mullan 91 4 95 4% 9.3 6,3 9.8 45% 6.8 20% 
Burke/Nine Mile 88 4 92 5% 9.0 6.2 9.5 43% 6.7 19% 
Wallace 99 4 103 4% 9.9 6.8 10.4 50% 7.3 24% 
Silverton 55 4 59 7% 6.3 4.3 6.8 20% 4.9 6% 
Osburn 55 4 59 7% 6.2 4.4 6.8 19% 5.0 6% 
Side Gulches 64 4 68 6% 7.0 4.7 7.6 25% 5.3 8% 
Kingston 46 4 50 9% 5.4 3.7 6.0 13% 4.4 4% 
Lower Basin 30 4 34 13% 3.9 2.8 4.5 4% 3.4 1% 



Table 6-57 Calculations of Preliminary Remediation Goals (PRGs) using the Occupational CT Values 
U.S. EPA Technical Review Workgroup for Lead, Adult Lead Committee 

Values for Nonresidential 
PRG Exposure Scenario 

Exposure Equation1 Using Equation 1 
Variable 1* Description of Exposure Variable Units GSDi = 1.8 GSDi = 2.1 

r bBfeta|t 0.95 X 95* percentile PbB in fetus ug/dL 10 10 
*Hetal/matemal X Fetal/maternal PbB ratio — 0.9 0.9 

BKSF X Biokinetic Slope Factor ug/dL per 0.4 0.4 
ug/day 

GSDi X Geometric standard deviation PbB .. 1.8 2.1 
PbB0 X Baseline PbB ug/dL 1.7 1.7 
IRS X Soil ingestion rate (including soil-derived indoor dust) g/day 0.100 0.100 

IRs+o Total ingestion rate of outdoor soil and indoor dust g/day — .. 
Ws Weighting factor; fraction of IRS4D ingested as outdoor soil - - -
KSD Mass fraction of soil in dust - - ~ 

AFS,D X Absorption fraction (same for soil and dust) - 0.12 0.12 
EFS,D 

2 X Exposure frequency (same for soil and dust) days/yr 43 43 
PRG Preliminary Remediation Goal ppm 4,465 2,792 

Equation 1 does not apportion exposure between soil and dust ingestion (excludes 
When IRS = IRS+D and Ws = 1.0, the equations yield the same PRG. 

The averaging time (AT) is a fixed value of 365 days/yr. 

"Equation 1, based on Eq. 4 in USEPA (1996). 

PRG = ([PbB95fetal/(R*(GSDj1645)])-PbBo)*AT | 
BKSF*(IRS*AFS*EFS) I 

Source: U.S. EPA (1996). Recommendations of the Technical Review Workgroup for Lead 
for an Interim Approach to Assessing Risks Associated with Adult Exposures to Lead in Soil 



Table 6-58 Calculations of Preliminary Remediation Goals (PRGs) using the Occupational RME Values 
U.S. EPA Technical Review Workgroup for Lead, Adult Lead Committee 

PRG 
Exposure Equation1 

Variable 1* Description of Exposure Variable 
PbBfe|a|_ 0,95 X 95th percentile PbB in fetus 
"fetal/maternal X Fetal/maternal PbB ratio 

BKSF X Biokinetic Slope Factor 

GSDj X Geometric standard deviation PbB 
PbB0 X Baseline PbB 
IRs X Soil ingestion rate (including soil-derived indoor dust) 

IRs*o Total ingestion rate of outdoor soil and indoor dust 
ws Weighting factor; fraction of IR^o ingested as outdoor soil 
KSD Mass fraction of soil in dust 

AFS,D X Absorption fraction (same for soil and dust) 
2EFS,D X Exposure frequency (same for soil and dust) 

PRG Preliminary Remediation Goal 
Equation 1 does not apportion exposure between soil and dust ingestion (excludes Wj, KSD). 

When IRS = IRS*0 and Ws = 1.0, the equations yield the same PRG, 
2 The averaging time (AT) is a fixed value of 365 days/yr. 

^Equation 1, based on Eq. 4 in USEPA (1996). 
I M S ([PbB9sfetaI/(R*(GSD;)])-PbB0)*AT 

BKSF*(IRs*AFs*EFs) 

Units
 

ug/dL
 
..
 

ug/dL per
 
ug/day
 

,.
 

ug/dL
 
g/day
 
g/day
 
..
 
,.
 
..
 

days/yr
 
Ppm
 

Values for Non residential
 
Exposure Scenario
 
Using Equation 1
 

GSDi-1.8 

10 
0.9 
0.4 

1.8 
1.7 

0.200
 
..
 
..
 
..
 

0.12
 
195 
492 

GSDi«2.1 

10 

0.9 
0.4 

2.1
 
1.7
 

0.200
 
..
 
..
 
,.
 

0.12 
195 
308 

Source: U,S. EPA (1996). Recommendations of the Technical Review Workgroup for Lead 
for an Interim Approach to Assessing Risks Associated with Adult Exposures to Lead in Soil 



Table 6-59a Calculations of Preliminary Remediation Goals (PRGs) using the Upland Parks CT Values 
U.S. EPA Technical Review Workgroup for Lead, Adult Lead Committee 

Values for Nonresidential 
PRG Exposure Scenario 

Exposure Equation1 Using Equation 1 
Variable 1* Description of Exposure Variable Units GSDi = 1.8 GSDi-2.2 

PbBfcta| 0.95 X 95th percentile PbB in fetus ug/dL 10 10 

Kfetal/maternal X Fetal/maternal PbB ratio .. 0.9 0.9
 
BKSF X Biokinetic Slope Factor ug/dL per 0.4 0.4
 

ug/day
 

GSDj X Geometric standard deviation PbB .. 1.8 2.1 
PbB0 X Baseline PbB ug/dL 1.7 1.7 
IRS X Soil ingestion rate (including soil-derived indoor dust) g/day 0.050 0.050 

IRS+D Total ingestion rate of outdoor soil and indoor dust g/day ~ --
Ws Weighting factor; fraction of IRs+o ingested as outdoor soil .. .. 
KSD Mass fraction of soil in dust --- .. 

AFS,D X Absorption fraction (same for soil and dust) — 0.12 0.12 
2EFS,D X Exposure frequency (same for soil and dust) days/yr 15 15 

PRG Preliminary Remediation Goal ppm 25,601 16,007 
' Equation I does not apportion exposure between soil and dust ingestion (excludes W§, KSD). 

When IRS = 1RS4D and Ws = 1.0, the equations yield the same PRG. 
2 The averaging time (AT) is a fixed value of 365 days/yr. 

"Equation 1, based on Eq. 4 in USEPA (1996). 

PRG = ([PbB9Sfetal/(R*(GSDj )])-PbB0)*AT 
BKSF*(IRS*AFS*EFS) 

Source: U.S. EPA (1996). Recommendations of the Technical Review Workgroup for Lead 
for an Interim Approach to Assessing Risks Associated with Adult Exposures to Lead in Soil 



Table 6-S9b Calculations of Preliminary Remediation Goals (PRGs) using the CUAs CT Values 
U.S. EPA Technical Review Workgroup for Lead, Adult Lead Committee 

Values for Nonresidential 
PRG Exposure Scenario 

Exposure Equation1 Using Equation 1 
Variable 1* Description of Exposure Variable Units GSDi-1.8 GStH-2.1 

PbEWo.,,5 X 95* percentile PbB in fetus ug/dL 10 10 
•Metal/maternal X Fetal/maternal PbB ratio	 .. 0.9 0.9 

BKSF	 X Biokinetic Slope Factor ug/dL per 0.4 0.4 
ug/day 

GSDj X Geometric standard deviation PbB .. 1.8 2.1 
PbB0 X Baseline PbB ug/dL 1.7 1.7 
IRs X Soil ingestion rate (including soil-derived indoor dust) g/day 0.050 0.050 

IRs+o Total ingestion rate of outdoor soil and indoor dust g/day .. ,. 
Ws Weighting factor; fraction of IRj+o ingested as outdoor soil .. -- -
KSD Mass fraction of soil in dust .. .. ., 

AFS,D X Absorption fraction (same for soil and dust)	 .. 0.12 0.12 
2EFS,D X Exposure frequency (same for soil and dust) days/yr 16 16 

PRG Preliminary Remediation Goal ppm 24,001 15,006 
Equation 1 does not apportion exposure between soil and dust ingestion (excludes Wj, 

When IRS = IR^n and Ws = 1.0, the equations yield the same PRG. 
1 The averaging time (AT) is a fixed value of 365 days/yr. 

"Equation 1, based on Eq, 4 in USEPA (1996). 
([PbB95fetal/(R*(GSDj IMS. 5)])-PbB0)*AT 

BKSF*(IRS*AFS*EFS) 

Source: U.S. EPA (1996). Recommendations of the Technical Review Workgroup for Lead 
for an Interim Approach to Assessing Risks Associated with Adult Exposures to Lead in Soil 



Table 6-60a Calculations of Preliminary Remediation Goals (PRGs) using the Upland Parks RME Values 
U.S. EPA Technical Review Workgroup for Lead, Adult Lead Committee 

Values for Nonresidential 
PRG Exposure Scenario 

Exposure Equation1 Using Equation 1 
Variable 1* Description of Exposure Variable Units GSDi = 1.8 GSDi = 2.2 

PbBfeta|, 0.95 X 95lh percentile PbB in fetus ug/dL 10 10 
•^fetal/maternal X Fetal/maternal PbB ratio .. 0.9 0.9 

BKSF X Biokinetic Slope Factor ug/dL per 0.4 0.4 
ug/day 

GSDi .. X Geometric standard deviation PbB 1.8 2.1 
PbB0 X Baseline PbB ug/dL 1.7 1.7
 
IRs X Soil ingestion rate (including soil-derived indoor dust) g/day 0.100 0.100
 

IRS+D Total ingestion rate of outdoor soil and indoor dust g/day - -

Ws Weighting factor; fraction of IRs+o ingested as outdoor soil .. - .. 
KSD Mass fraction of soil in dust -- ~ -

AFS,D X Absorption fraction (same for soil and dust) - 0.12 0.12 
EFS,D2 X Exposure frequency (same for soil and dust) days/yr 30 30 

PRG Preliminary Remediation Goal ppm 6,400 4,002 
' Equation 1 does not apportion exposure between soil and dust ingestion (excludes Ws, KSD). 

When IRS = IRS+D and Ws = 1.0, the equations yield the same PRG, 
2 The averaging time (AT) is a fixed value of 365 days/yr. 

*Equation 1, based on Eq. 4 in USEPA (1996). 
t 645VPRG = ([PbB9Sfetai/(R*(GSDj )])-PbB0)*AT
 

BKSF*(IRS*AFS*EFS)
 

Source: U.S. EPA (1996). Recommendations of the Technical Review Workgroup for Lead 
for an Interim Approach to Assessing Risks Associated with Adult Exposures to Lead in Soil 
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Table 6-60b Calculations of Preliminary Remediation Goals (PRGs) using the CUA RME Values 
U.S. EPA Technical Review Workgroup for Lead, Adult Lead Committee 

PRG 
Exposure Equation' 
Variable 1* Description of Exposure Variable 

PkBfelai o 95 X 95*1 percentile PbB in fetus 
Kfetal/matcmal X Fetal/maternal PbB ratio 

BKSF X Biokinetic Slope Factor 

GSD| X Geometric standard deviation PbB 
PbB0 X Baseline PbB 
IRS X Soil ingestion rate (including soil-derived indoor dust) 

IRs.D Total ingestion rate of outdoor soil and indoor dust 
ws Weighting factor; fraction of IRs+o ingested as outdoor soil 
KSD Mass fraction of soil in dust 

AFS,D X Absorption fraction (same for soil and dust) 
2EFS,D X Exposure frequency (same for soil and dust) 

PRG Preliminary Remediation Goal 
1 Equation 1 does not apportion exposure between soil and dust ingestion (excludes Ws, KSD). 

When IRS = IRs*D and Ws = 1.0, the equations yield the same PRO, 
2 The averaging time (AT) is a fixed value of 365 days/yr. 

*Equa«on J, based on Eq. 4 in USEPA (19%). 

PRG = ([PbB,sfetal/(R*(GSDj s)])-PbB0)*AT 
BKSF*(IRS*AFS*EFS) 

Unite
 
ug/dL
 
..
 

ug/dL per
 
ug/day
 

—
 

ug/dL
 

g/day
 
g/day
 

.. 

days/yr 
ppm 

Values for Nonrcsidential 
Exposure Scenario 
Using Equation 1 

GSDI-1.8
 

10
 
0,9
 
0,4 

1,8 
1.7 

0.100 
., 
.. 
., 

0.12 
32 

6,000 

GSDi»2.2 

10 

0.9 
0.4 

2.1 
1.7 

0.100 
.. 
.. 
.. 

0.12 
32 

3,752 

Source: U.S. EPA (19%). Recommendations of the Technical Review Workgroup for Lead 
for an Interim Approach to Assessing Risks Associated with Adult Exposures to Lead in Soil 



6.7 RISK CHARACTERIZATION 

6.7.1 Overview and Summary 

The risk of lead poisoning among adults and children has been assessed in several ways in the 
preceding sections. Observed blood lead levels indicate a significant and consistent incidence of 
elevated blood lead levels among the children in the Basin who have been tested for lead. The 
observed blood lead levels and rates of elevated blood lead have changed little from 1996 
through 2000 despite varying levels of participation in the Basin during these years. The 
consistency of the blood lead levels increases the confidence in the representativeness of the 
blood lead observations. Quantitative site-specific analysis of paired blood and environmental 
variables indicate excess absorption is associated with a combination of contaminated soils, 
house dust and paint sources. Lead intake estimates developed for various pathways indicate 
potentially significant rates associated with both baseline (everyday home life common to the 
entire population) and incremental exposures (certain activities practiced by part of the 
population). 

Predictions of blood lead levels and percent of resident children to experience excess absorption 
was accomplished with two IEUBK Models, both applied in the community and batch modes. 
The EPA Default version predicts higher blood lead levels and percent of children to exceed 10 
ug/dl than the site-specific model employed at the neighboring BHSS. Both models predict 
excess absorption rates associated with baseline residential exposures for the upper Basin east of 
Silverton. The models provide conflicting results in Osburn and the Side Gulches. The EPA 
Default model suggests greater than 5% risk of exceeding the 10 (ig/dl criteria, and the Box 
Model projects 5% exceedance. Using baseline residential exposures, neither model predicts the 
degree of excessive absorption observed in Kingston or the Lower Basin. Both models predict 
potentially significant incremental blood lead levels associated with particular recreational 
activities in contaminated areas, and consumption of local foodstuff. These incremental 
exposures may explain the higher than expected blood lead levels observed in the Lower Basin. 

Observed blood lead levels among adults are significantly lower, particularly among reproductive 
aged females. Older individuals (>50 years) tend to have higher blood lead levels in the adult 
population. Intake and Adult Model blood lead predictions indicate potentially significant risks 
associated with occupational and recreational activities in certain areas, and consumption of local 
foodstuff. 

Evaluation of potential Native American lifestyle practices in the Lower Basin indicates severe 
lead intake rates for both children and adults in either the traditional existence or modern 
subsistence scenarios. Both non-food (soil, sediment, and water), and fish and riparian foodstuff 
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exposure routes result in unacceptably high lead intake levels. 
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6.7.2 Indices of Lead Health Risk (adapted from CDC, 1997) • 

The risks associated with elevated blood lead levels are characterized by comparison to the CDC I 
criteria: excessive prevalence of blood lead levels in the 10-14 ug/dl range are indicative of 
excess exposure to the individual; levels of 15-19 ug/dl are indicative of excessive lead — 
absorption and require education and nutritional intervention and more frequent screening; levels • 
of 20-44 ug/di require medical and environmental intervention and perhaps chelation; levels of 
45 ug/dl and higher (45-69) require environmental and medical intervention with chelation H 
therapy. Children with blood lead levels at or above 70 ug/dl require immediate hospitalization | 
and chelation therapy, along with immediate environmental management. 

USEPA policy seeks actions that limit exposure to soil lead levels such that a typical (or m 
hypothetical) child or group of similarly exposed children would have an estimated risk of no 
more than 5% likelihood of exceeding a 10 ug/dl blood lead level (USEPA 1994d, USEPA 1998f • 
- Attached as Appendix O). The USEPA also recommends the use of the individual residence as I 
the primary exposure unit of concern and that the IEUBK Model be used as the primary tool to 
estimate risk. This policy requires that the probability of the typical 9-84 month old child at any I 
residence experiencing a blood lead level of 10 ug/dl or greater be no more than 5%. This differs * 
from the RAO adopted at the adjacent BHSS that requires that no more than 5% of the 
community wide population of nine month to nine year old children have levels of 10 ug/dl or • 
greater and that less than 1% of children have levels of 15 ug/dl or greater. Comparisons of 
predicted blood lead levels to both criteria are accomplished below. 

6,7.3 Observed Blood Lead Levels 

The highest prevalence of elevated blood lead levels among 9 month through 9 year old children I 
is observed in Burke/Nine Mile at 21% exceeding 10 ug/dl, 13% exceeding 15 ug/dl and 4% 
with levels of 20 ug/dl or greater. The Lower Basin subarea showed the next highest toxicity rate • 
with 18% exceeding 10 ug/dl and 5% greater than 15 ug/dl. No children were in the 20 ug/dl | 
range in the Lower Basin, Wallace, Mullan and Silverton, respectively, showed 13%, 11% and 
8% of children with levels of 10 ug/dl, or greater. From 4% to 5% of children tested in Wallace • 
and Silverton exhibited blood lead levels exceeding 15 ug/dl and1 % to 3% exceeded 20 ug/dl, | 
respectively. Osburn and the Side Gulches area both showed 4% of children exceeding 10 ug/dl 
and only one child (in the Side Gulches) in four years exceeded 15 ug/dl. Kingston showed 11% • 
greater than or equal to 10 ug/dl and 7% exceeded the 15 ug/dl. • 

The highest blood lead levels are observed in the youngest age groups. One and two year old I 
children have arithmetic mean blood lead levels of 7.0 ug/dl and 8.0 ug/dl, respectively, and • 
geometric mean concentrations of 6.2 ug/dl to 6.3 ug/dl. Geometric mean levels then decrease 
with age from 5.2 ug/dl at age 3 to 3.0 ug/dl at age 8. • 

The percent of children to exceed critical toxicity levels differs markedly with age. In the lowest _ 
age groups, 9 months to 36 months, 19% to 26% exceed 10 ug/dl. The rate is highest in 2 year I 
old children with 17% of this group exceeding 15 ug/dl. For four year old children, 12% exceed 
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10 ug/dl and 5% exceed 15 ug/dl. In older children, the percent to exceed 10 ug/dl ranges from 
5% to 8%, and 1 % to 3% exceed 15 ug/dl. 

Follow-up investigations were completed by the local health department for 50 of 58 children 
whose blood lead levels exceeded 10 ug/dl. Twenty-six investigations involving 21 individual 
children were for observed blood lead levels exceeding 15 ug/dl. Risk profiles indicate excess 
absorption associated with high soil and dust concentrations at homes in the Burke/Nine Mile 
subarea. Older children's risk profiles in this area indicate recreational exposures in 
neighborhood areas contaminated by tailings. High blood lead levels in Wallace are indicated in 
younger children and are possibly associated with paint and remodeling problems, high soil lead 
levels in play areas, and dusty or difficult to clean homes. Both Mullan and Osburn had no 
children with blood lead levels above 15 ug/dl and children's blood lead levels in the 10-14 ug/dl 
range were associated with high residential soil and dust concentrations or play in contaminated 
areas. West of the BHSS, excess absorption was associated with either homes that had been 
flooded or extended recreational activities in the river or lateral lake areas of the Lower Basin. 

6.7.4 Site-specific Analysis of Paired Blood Lead and Environmental Source Observations 

Site-specific quantitative analysis of the relationship between blood lead levels and 
environmental variables indicate that contaminated soils, house dust and lead based paint are all 
related to excess absorption. The overall results suggest complex exposure pathways, with lead 
absorption levels most related to dust lead loading rate in the home, followed by independent 
effects of yard soil lead, interior paint lead condition and exterior paint lead content. The dust 
lead pathway is most influenced by outdoor soils, augmented by paint contributions in older 
homes, especially those in poor condition. The overall effect is exacerbated by extremely dusty 
conditions in Burke/Nine Mile and to a lesser extent in Wallace. The Lower Basin is a notable 
exception. High blood lead levels are observed, although little problem is indicated with respect 
to dustiness or dust lead concentrations in the Lower Basin. 

Quantitative models relating blood lead levels to soil, house dust, and paint lead levels and house 
dust levels to soil and paint sources were developed. These are used below to quantify baseline 
exposures and project risk reductions that might be achieved through source modifications. 

6.7.5 Predicted Blood Lead Levels 

The USEPA recommends the use of the IEUBK Model for estimating risks for childhood lead 
exposure from a number of sources, such as soils, dust, air, water, and other sources to predict 
blood lead levels in children 9 months to 84 months old. EPA recommends that the IEUBK 
Model be used as the primary tool to generate risk-based soil cleanup levels at lead sites for 
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current or future residential land use. Response actions can be taken using IEUBK Model 
predictions alone; blood lead studies are not required (USEPA 1994d, 1998f). 

USEPA policy also recommends that risk assessments use the individual residence as the primary 
exposure unit of concern. This does not mean that a risk assessment should be conducted for 
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every yard, rather that the soil lead contamination data from yards and other residential media •
 
(for example, interior dust and drinking water) should be input into the IEUBK Model to provide
 
a preliminary remediation goal (PRO) for the residential setting. When applicable, potential I
 
exposure to accessible site-related lead sources outside the residential setting should also be
 
evaluated to understand how these other potential exposures contribute to the overall risk to _
 
children, and to suggest appropriate cleanup measures for those areas (USEPA 1994d, 1998f). I
 

This policy has been addressed in this assessment Lead health risks in the residential setting are mm 
projected through baseline residential exposures and those outside the residential setting are g 
assessed through incremental exposures. 

Residential Baseline Blood Lead Level Predictions | 

Residential baseline (everyday home life) blood lead predictions were accomplished using four •
 
different applications of the IEUBK Model. Both the EPA Default Model (using national I
 
assumptions for soil and dust ingestion rates and bioavailability) and the Box Model derived
 
specifically for the BHSS were employed. Both models were applied in both the community and •
 
batch modes. The results suggest that there are potentially three different exposure situations •
 
ongoing in the Basin with respect to the residential soil and dust lead.
 

East of Wallace, the baseline Box Model is a better predictor of observed mean blood lead levels, ™
 
although the percentage of younger children above the 10 p.g/dl criteria was under predicted in
 
Wallace, Silverton, Osburn, Kingston, and the Lower Basin (See Figure 6-20c). In these areas, I
 
the EPA Default baseline model significantly over-predicts both observed concentrations and the
 
percent of children to experience excess absorption. In the community mode, both models predict _
 
more than 5% of 9-84 month old children will exceed the 10 ug/dl criteria in Mullan, Wallace, •
 
and Burke/Nine Mile, The EPA Default Model predicts 40% to 48% exceedance in these areas,
 
the Box Model predicts 15% to 19% above the criteria. Observed exceedance in these areas
 
ranged from 1 0% to 22%.
 

Immediately east of the BHSS in Osburn, the Side Gulches and Silverton, the batch mode •
 
Baseline Box Model fairly-well describes both observed mean blood lead levels and the percent |
 
of children exceeding the health criteria. Observed exceedance of the 10 ug/dl criteria for 9-84
 
month old children ranged from 0% to 1 1% in this reach. The EPA Default Model predicts 1 7% •
 
to 26% exceedance associated with baseline residential exposures for these areas, as opposed to •
 
the Box Model 5% to 8% projection.
 

West of the BHSS and particularly in the Lower Basin the Box Model is ineffective, under- • 
predicting both mean blood lead levels and percent exceedance. The EPA Default Model fairly-
well describes mean blood lead levels, but underestimates percent of children to exceed the I
 
health criteria. Both the EPA Default and Box Models failed to predict these high blood lead ™
 
levels. The community mode estimates for Kingston (14% observed greater than 10 ug/dl) were _
 
9% and 2%, respectively, for the EPA Default and Box models. For the Lower Basin (25% I
 
observed greater than 1 0 ug/dl), the respective community mode predictions were 2% and 0%. 
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Batch mode estimates for Kingston were 11% for the EPA Default Model and 2% for the Box 
Model. Batch mode estimates for the Lower Basin were better, 21% and 14%, respectively, but 
also under-predicted the 32% observed. 

There are several possible factors that could contribute to the difference in exposures and blood 
lead levels among these areas of the Basin. There could be physical and chemical differences in 
the soil and dust contaminants. Differences in chemical form, particle size and matrix effects 
could result in different physical accessability and bioavailability to children. These differences 
could be attributable to the original source of the lead from mine, mill or smelter wastes, or from 
the degree of weathering and secondary mineralization that has occurred while in the 
environment. 

The degree of dustiness, vegetative cover, and snow cover in these communities could be a 
factor, as the larger communities have curbs and gutters and other infrastructure that is not 
available in the smaller villages. The size of yards, use of lead paint, age of the communities and 
proximity to industrial or transportation sources could all impact this relationship. The habits and 
behavior of children, particularly as they move about neighborhoods and select favorite play 
areas and activities may present important differences in the larger cities, small residential areas 
or rural homes. 

The Batch mode more accurately reflects variance in exposures and is a better predictor than the 
community mode of the IEUBK Model. The EPA Default version of the IEUBK Model Batch 
Mode application predicts a greater than 5% exceedance of the 10 ug/dl health criteria, 
associated with baseline residential exposures, for all geographic areas. The Box Model predicts 
exceedance greater than 5% for Mullan, Burke/Nine Mile, Wallace, Silverton and the Lower 
Basin. The areas adjoining the BHSS including Kingston, Osburn and the Side Gulches are 
projected at or less than 5% exceedance for baseline residential exposures by the Box Model (see 
Figure 6-20a). 

Incremental Exposure Blood Lead Predictions 

Potentially significant recreational exposures are noted for certain activities in particular areas of 
the Basin. Upland park type recreation can result in significant exposures in the more 
contaminated areas of the upper Basin and throughout the areas west of the BHSS. Recreational 
exposures in the Lower Basin are more significant because of both higher soil concentrations and 
lower baseline residential exposures. This can result in higher dose response rates to incremental 
exposures at lower blood lead levels. This is a possible explanation for the higher than predicted 
blood lead levels observed among Lower Basin children. 

Swimming and water sport activities that could result in ingestion of disturbed sediment-laden 
surface water can result in substantial increases in intake and lead absorption. Potential exposures 
are of particular concern to neighborhood stream sediments in Burke/Nine Mile, and at public 
swimming areas in the Side Gulches and the Lower Basin. 
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Potentially significant increases in blood lead levels could also result from consumption of home • 
grown vegetables. Increased intake from foodstuff can result in higher blood lead levels due to 
the high bioavailability of dietary lead. I 

Adult Resident Population Blood Lead Predictions _ 

Occupational. Adult blood lead model estimates were developed for medium intensity (CT) soil 
contact occupations or jobs involving periodic exposure to soil sources, such as public property • 
maintenance, typical construction workers, or laborers. These results suggest that exposures to g 
soils ranging in lead concentration from 2800 mg/kg to 4500 mg/kg could result in more than a 
5% probability of blood lead greater than 10 p.g/dl. Few soil concentrations hi this range are m 
observed in residential areas of the Basin. In. upland park CUAs these values correspond to the | 
90th to 95th percentile of sites. In the Lower Basin floodplain 50% to 95% of soils exceed these 
levels. • 

Intensive or RME exposure refers to individuals whose employment specifically involves 
exposures to soils such as landscapers; farmers and agricultural workers; remediation workers; • 
construction workers routinely involved in excavation, demolition, or site development; or utility • 
or road workers. Mineral industry workers are excluded from the occupational scenario, as 
exposure to lead is specifically regulated by occupational health authorities. Although individuals I 
working in the mining industry are not evaluated in this HHRA for lead exposure in the ™ 
workplace, they are considered in the residential scenario. For these workers, soils near 500 
mg/kg could result hi more than a 5% probability of having a blood lead level greater than 10 I 
ug/dl. * 

Recreational. For typical (CT) adult recreational activities, less than 5% probability of • 
exceeding 10 ug/dl is predicted for all recreational area soil concentrations observed in the Basin. 
For intense (RME) soil contact recreational practices such as dirt hiking, beach activities, four- m 
wheeling, gardening, landscaping, etc., that involve deliberate and continued contact with soils, | 
95th percentile blood lead estimates exceed 10 ug/dl at concentrations ranging from 3700 mg/kg 
to 6400 mg/kg lead. These values generally represent the 90* to 95sh percentile concentrations in • 
upper Basin recreational areas and 50th to 95th percentiles among lower Basin CUAs. j§ 

Native American Blood Lead Levels • 

Blood lead levels were not predicted for either the traditional or modern subsistence scenarios 
because extremely high intake rates coupled with cultural-specific dietary and behavioral I 
considerations exceed the capabilities of current blood lead models. Nevertheless, projected • 
intake rates are sufficiently high to suggest that blood lead levels associated with subsistence 
activities in the floodplain of the Lower Basin would significantly exceed all health criteria for I 
children or adults in either scenario. ™ 

The high lead intake rates are associated with several media. Soil and sediment intakes, fish fillet I 
and peeled water potato, and ingestion of disturbed surface water during swimming and bathing 
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activities would each individually result in excessive lead intake. Consumption of whole fish 
from the Spokane River or un-peeled water potatoes from the Lower Basin would result in 
especially dangerous intake levels. 

6.7.6 Potential Lead Health Risk Reduction Strategies 

The results suggest complex pathways of exposure are ongoing in the Basin. Resident children's 
blood lead levels are most related to dust lead loading in the home, followed by independent 
effects of yard soil lead, paint lead condition, and exterior lead paint content. The dust lead 
pathway is most influenced by outdoor soils, but is augmented by paint contributions particularly 
in older homes in poor condition. The overall effect is exacerbated by dusty conditions in 
Burke/Nine Mile and to a lesser extent in Wallace. Fewer problems are noted with respect to 
dustiness or dust concentrations in the Lower Basin. West of the BHSS, excess absorption was 
associated with either homes that had been flooded or extended recreational activities in the river 
or lateral lake areas. 

Significant recreational exposures are noted for certain activities in particular areas of the Basin 
and from consumption of home grown vegetables. Excessive occupational exposures could occur 
with particular unprotected jobs in highly contaminated areas. Subsistence Native American 
practices in the Lower Basin are dangerous, particularly if whole fish or unpeeled water potatoes 
made up a substantial portion of the diet. 

An integrated approach to risk reduction is needed to reduce multiple sources of lead exposure. 
Baseline residential exposures could be reduced through cleanup of excessive soil contamination 
coupled with paint stabilization to simultaneously reduce direct exposure to these media and 
house dust lead concentrations. Targeted cleanups of recreational areas, coupled with access 
limitations or appropriate warnings, could be used to prevent excessive incremental exposures. 
Provision of clean gardening media could reduce incremental exposure to local produce. Worker 
safety protocols could be developed to protect adults while employed in contaminated soil related 
jobs. Native Americans should continue to refrain from food harvest and subsistence activities in 
the Lower Basin until substantial improvements are made. In the interim, individual children's 
exposures could be reduced by removal actions and continuing and enhancing current health 
intervention activities until final remedial determinations aimed at primary prevention are 
completed. 

For the residents, children's baseline blood lead levels are likely to be the determining factor in 
establishing media-specific remediation goals or concentration action levels. The baseline blood 
lead levels then become a critical determinant in developing required risk reduction strategies for 
incremental, or away from home, activities. 

Discussion and development of candidate action levels for children's incremental recreational 
activities and fish and local produce consumption ultimately depend upon risk management 
decisions that are forthcoming and cannot be addressed by the risk assessment. Comprehensive 
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risk reduction methods and action levels will be evaluated by risk managers after fundamental " 
approaches to reducing baseline blood lead levels have been identified. 

Resident Childhood Population Baseline Risk Reduction 

Community Mode IEUBK Model Blood Lead Projections for Various Cleanup Action I 
Levels. 

The community mode of the IEUBK model was used to conduct an abbreviated sensitivity | 
analysis regarding potential residential soil cleanup remedies. Select input parameters were 
varied in the IEUBK to evaluate those most likely to influence outcome blood lead levels In soil m 
lead reduction scenarios. Only soil and dust concentration variables were modified in this | 
analysis. The soil and dust partition and bioavailability assumptions inherent in the EPA Default 
and Box Model applications were retained in these analyses. Outcome dust lead concentrations 
resulting from soil and paint lead remediation efforts were found to be the most important 
determinant of post-remedial blood lead levels. The key to evaluating this strategy is estimating 
the effect any soil or paint remediation efforts will have on dust lead concentrations. Figures 6- • 
22a-b demonstrate, respectively for Wallace and the Lower Basin, the sensitivity of the predicted • 
percent of 9-84 month old children to exceed the 10 ug/dl health criteria for various soil and dust 
lead concentration reduction scenarios. Tables 2 and 3 and Figures 1 through 3 in Appendix R I 
show results for all subareas in tabular and graphic format. ™ 

Figures 6-22a-b show results fora remediation strategy addressing home yards with soil lead I 
concentrations exceeding action levels varying from 2000 mg/kg to 400 mg/kg. In each case it is 
assumed that soils exceeding the action level are replaced with soils of less than 100 mg/kg. The — 
value of the resulting community mean lead level is then recalculated using these substitute • 
values for remediated yards. Tables 2 and 3 in Appendix R show the resulting community mean 
soil lead level. This value is input to the community mode IEUBK Model and outcome blood mm 
lead levels are estimated for both the EPA Default and the Box Model. | 

Two potential effects representing upper and lower bounds of any dust lead reduction are • 
assessed in Figures 6-22a-b. Those bounds are i) dust lead levels remain unchanged, or ii) dust | 
lead levels reduce to the geometric mean soil lead concentration. Examination of the results in 
Figure 6-22a lead to the following conclusions: • 

Dust lead levels in the upper Basin are critical determinants of the efficacy of any 
cleanup strategy. • 

To achieve acceptable blood lead levels, a substantial reduction of house dust lead 
levels in the upper Basin will be necessary. I 

Figure 6-22a shows that if Wallace dust lead levels remain unchanged, then the 5% community 
exceedance goal is unattainable in the EPA Default analysis and only marginally attainable for I 
yard soil cleanup of 600 mg/kg, or less, under the Box Model assumptions. Under the 
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assumption that dust concentrations decrease to concurrent soil lead projections, a 5% 
community exceedance of 10 ug/dl is achieved at the 1500 mg/kg level for the Box Model and 
1000 mg/kg for the EPA Default Model. Reducing risks to individuals, as required by current 
EPA guidance, would require more protective soil levels. 

In the Lower Basin (shown in Figure 6-22b), and to a lesser extent in the Kingston subarea, yard 
soil and house dust lead concentration reductions are unlikely to be effective in reducing 
observed high blood lead levels, unless these homes are located within the floodplain. 
Residential soil and dust lead concentrations in these areas are generally low and baseline intake 
rates do not suggest an absorption problem. For these areas, excepting some individual 
situations, development of strategies addressing incremental exposures outside the home 
environment are more likely to be effective in reducing risk of lead poisoning. Because 
residential soil and house dust concentrations are generally low in the Lower Basin, it is likely 
that children residing on properties located outside of the floodplain are receiving much of their 
exposure outside of the home, including recreational areas. 

Estimating Post-remedial Soil and Dust Lead Concentrations. In assessing risks from 
potential action levels for soils and dusts, there are substantial differences between the EPA 
Default and Box Model projections. Use of the EPA Default model would require substantially 
lower action levels than the Box Model projections. The EPA Default Model predicts future 
levels based on nationally derived assumptions of soil/dust intake and typical bioavailability. The 
Box Model assumes that past relationships between environmental lead and blood lead levels 
observed in the BHSS are predictive of future exposures and behavior patterns in the Basin. 
Although calibration of the lead model with blood lead data can accurately describe past 
relationships, its predictive value depends on sustaining patterns of behavior and levels of 
awareness that modify levels of exposure. Behavior modification has not yet been proven 
effective as a long-term approach to preventing lead hazards. 

In either model format, the key to evaluating risk is estimating the dust lead concentration 
resulting from differing levels of soil or paint remediation. The site-specific analysis was 
conducted to preliminarily assess the efficacy of any strategy adopted to reduce dust lead levels. 
This analysis suggests that blood lead levels are highly dependent on dust lead loading rates, yard 
soil contamination levels, and paint lead, particularly in poorly maintained housing. Dust lead 
loading rates, in turn, are dependent on both dust loading or dustiness in a community and the 
lead content of that dust. Outdoor soils both in the yard and the community are the primary 
determinant in dust mat lead concentrations augmented by interior paint lead levels, again in poor 
quality housing. 

The quantitative relationships developed in the site-specific analysis can be used to predict the 
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effects of risk reduction strategies. Figures 6-23a-h show, for each subarea, projected community 
soil, dust mat and vacuum bag dust lead levels. The latter values are predicted by substitution of 
the appropriate soil concentrations into the regression model equations developed in Tables 6
22c and 6-23. This was a two step process, first estimating mat lead concentration in equation 6
22c from yard and community mean soil lead levels assuming good minimum paint condition. 
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The resultant mat concentration estimate was then substituted with soil and mean, or typical, ™ 
interior paint concentration in equation 6-23 to estimate the vacuum bag dust lead concentration. 
Both projections assume paint stabilization has been implemented in the poorest quality housing. • 

Batch Mode IEUBK Model Blood Lead Projections for Various Cleanup Action Levels, _ 
IEUBK Model batch mode estimates are made using the entire 994 home data base assembled for • 
the Basin. Mean blood lead levels are estimated for 9 through 84 month old children at every 
home in the Basin using the observed yard soil lead concentration and estimated dust lead levels « 
shown hi Figures 6-23 a-h. Progressive remediation schemes are evaluated by reducing all yard g 
soil concentrations greater than the suggested action level to 100 mg/kg lead and recalculating 
the community mean soil lead and dust lead values. This was accomplished at potential action 
levels of 2000 mg/kg,1500 mg/kg, 1000 mg/kg, 800 mg/kg, 600 mg/kg and 400 mg/kg. I 
Tables 6-61 a-f and 6-62a-f summarize the results for the EPA Default and Box Model versions, • 
respectively. Figures 6-24a-h show the results for both models for both community wide and • 
individual risks for 9 through 84 month children to exceed 10 ug/dl and 15 ug/di health criteria. 
For example, for the 1000 mg/kg action level hi Figure 6-24h, the community wide probability to I 
exceed 10 ug/dl is 3% for the EPA Default estimate and 0% for the Box Model in the Lower • 
Basin. In Wallace (Figure 6-24c) the estimate is 21% for the EPA Default Model and 5% for the 
Box model. Estimated percentages of children to exceed 15 ug/di are found in the inset to these I 
figures. For the 1000 mg/kg action level for Wallace, 7% are expected to exceed 15 ug/dl for the ™ 
EPA Default Model, and 1% are expected for the Box Model. 

USEPA policy requires that the probability of the typical 9-84 month old child at any residence 
experiencing a blood lead level of 10 ug/dl or greater, be no more than 5% (USEPA 1994d, . 
1998f). Figures 6-24a-h also show (in parentheses) the individual risk for 9-84 month old I 
children associated with candidate action levels. These estimates are developed using the action 
level for the yard soil lead concentration and the estimated community mean dust concentration. • 
As a result, there may be some underestimation of blood lead due to the dust lead level. The | 
individual probability of exceeding 10 ug/dl for the 1000 mg/kg action level for the Lower Basin 
is 38% by the EPA Default Model, and 7% by the Box Model (Figure 6-24h). For Wallace, • 
corresponding values are 46% and 12%, respectively (Figure 6-24e). For the 1000 mg/kg action | 
level example above the most exposed children in the Lower Basin would have a 14% 
probability of exceeding 15 jig/dl in the Lower Basin according to the EPA Default Model and a • 
1% chance by the Box Model. Corresponding probabilities for Wallace are 19% and 2%. I 

There are two major considerations in assessing these results. First, the risk of exceeding the I 
health criteria projected in this analysis only accounts for baseline (or home residential) ™ 
exposures after paint stabilization. Consequently, incremental exposures that might occur in 
addition to home exposure are not addressed by this analysis. Second, USEPA policy and the • 
RAOs applied at the BHSS require consideration of individual risks for those children left at the 
highest exposure levels. 

The disparity in risk allocation across a post-remedial community results from the nature of a 
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yard soil cleanup implemented on a yard-by-yard basis. Remediated yards have levels near 
background (40 mg/kg to 100 mg/kg lead), while other children are exposed to concentrations 4 
to 50 times greater depending on the action level. At the BHSS, this disparity was addressed 
through the 15 ug/dl RAO. The 1000 mg/kg action level at the BHSS was addressed in the RAO 
requiring that less than 1% of children exceed the 15 ug/dl criteria. The cleanup action level 
necessary to meet the site wide goal of having less than 5% of the children exceeding 10 ug/dl at 
the BHSS was approximately 1500 mg/kg. However, this level was rejected in favor of the more 
protective 15 ug/dl RAO. Maximum post-remedial individual risks at the BHSS are estimated at 
between 10% and 15% for the 10 ug/dl health criteria and from 1% to 2% for the 15 ug/dl RAO. 
Comparable risk levels could be achieved in the Basin with a 400-600 mg/kg action level by the 
EPA Default model or an 800-1000 mg/kg action level by the Box Model. The acceptable level 
of risk to individuals will be a critical determinant in developing risk management alternatives 
for the Basin. 

Individual risks for those children in homes with yard soil lead concentrations near the action 
level are shown in Tables 6-6 la-f through 6-62a-f, for each of the candidate action levels. For 
example, for the 1000 mg/kg action level in Table 6-6 Ic, the columns headed Homes 800-1000 
mg/kg show the risk of exceeding 10 ug/dl ranges from 36% to 46% for children living in these 
homes according to the EPA Default Model. The corresponding value for the Box Model in 
Table 6-62c is 7% to 12%. 

These tables also indicate the number and percent of the homes sampled in each subarea, the 
number and percent of those homes that would require remediation under the 1000 mg/kg action 
level, and how many homes are in the 800 mg/kg to 1000 mg/kg range in each geographic 
subarea. For example, 42 (or 38%) homes in Wallace were above the 1000 mg/kg action level 
and eighteen (or 16%) additional homes are in the 800 mg/kg to 1000 mg/kg range. 

The subsequent remediation Table 6-6 Id shows the outcome if those homes in the 800 mg/kg to 
1000 mg/kg range were remediated. Overall community wide risk would remain about the same 
in Kingston and the Lower Basin, but would drop from 21% to 14% in Wallace, with 
intermediate drops in other areas. Those at highest risk are now in the 600 mg/kg to 800 mg/kg 
range and have about a 10% lower probability of experiencing a high blood lead level, than those 
in the previous table. 

For the EPA Default Model in the batch mode, 5% probabilities are not achieved even at the 400 
mg/kg cleanup level. At an action level of 400 mg/kg, probabilities of exceeding 10 p.g/dl remain 
at 6% for several areas. 

Results for the Box Model shown in Tables 6-62a-f are much different. Less than 5% community 
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wide probabilities of exceeding 10 ug/dl are indicated at the 2000 ug/dl action level in Kingston 
and the Lower Basin, and at the 1500 mg/kg level in Silverton, the Side Gulches, Osburn, and 
Mullan. All areas project less than 5% of children greater than or equal to 10 ug/dl at the 1000 
mg/kg action level. 
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For the 1000 mg/kg Box Model action level scenario (Table 6-62c}5 risks to children in the 800 ™ 
mg/kg to 1000 mg/kg yard soil lead concentration range are from 7% to 12%. The probability of 
exceeding 15 ug/dl ranges from 1% to 2% for these children. These risk probabilities are similar I 
to the RAOs for the BHSS. Under this cleanup scenario approximately 33% to 43% of homes in 
areas east of and including Wallace, and 8% to 13% of homes in the remainder of the Basin _ 
would require remediation. • 

For the 800 mg/kg Box Model action level (Table 6-62d), from 40% to 55% of homes east of and » 
including Wallace and 13% to 17% of homes hi the remainder of the Basin would require || 
remediation. The probability of exceeding 10 ug/dl for the highest individuals drops to 5% to 
7% with less than 1% projected to exceed 15 u.g/dl. Figures 6-24a-h summarize these results. • 
The values in parentheses show the average individual probability of exceeding 10 ug/dl for | 
children living in homes with the highest post-remedial soil concentrations. The inset table 
shows the community wide and individual probability of exceeding the 15 jig/dl health criteria. • 

Yard Soil Risk Reduction Conclusions 

Based on residential exposures, achieving a remedial action goal of no more than 5% of children • 
in a community having blood lead levels of 10 ug/dl or greater requires a cleanup level of 400 
mg/kg to 1000 mg/kg based on Default and Box IEUBK Model runs, respectively. To achieve an • 
acceptable risk, of no more than 5% probability that an individual child has a blood lead of 10 ™ 
jag/dl, would require similar yard soil cleanup levels of 400 to 800 mg/kg. Consideration of 
incremental exposures would require lower levels of lead in soils. These analyses assume that • 
paint lead stabilization has been achieved and that lead levels in house dust will decline as yard 
soils are remediated. No other risk reduction activities have been considered in these analyses. _ 

Incremental Exposure Risk Reduction 

Childhood Recreational Substantial increases in blood lead levels are predicted for particular | 
play activities in contaminated areas of the Basin. Blood lead increments to existing baseline 
conditions were developed for this report. For most activities, appropriate action levels will likely • 
vary between the25th and95th percentile concentration levels for the specific media. However, | 
determination of appropriate risk reduction action levels for soil and sediments must be made in 
conjunction with concurrent decreases in baseline, or residential, risk levels. These analyses are • 
not possible until appropriate baseline levels are available. • 

Childhood Consumption of Local Foodstuff. Similarly, the significance of local produce and I 
fish from the lateral lakes area depends on the relative baseline blood lead level. In this case, a • 
determination of allowable dietary intake based on baseline blood lead levels will be required. 
These can be compared to incremental fish and local produce intake tables relating intake to • 
media contaminant levels. ™ 

Adult Occupational. Tables 6-57 and 6-58 show estimated blood lead levels associated with I 
potential soil and dust concentration levels in occupational activities. These results suggest that 
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in order to maintain 95% of reproductive aged women's blood lead levels below 10 ug/dl, 
protective measures should be taken for typical workers when in contact with soils exceeding 
2800 mg/kg to 4500 mg/kg lead. For those workers engaged in heavy contact with soils for 
extended periods of time, the corresponding level of concern is 500 mg/kg lead. Consideration 
should also be given to secondary take-home exposures of workers' children for those workers 
engaged in heavy contact with contaminated soils. 

Adult Recreational. Tables 6-59a-b and 6-60a-b show similar results for upland park, land-
based, and CUA recreational activities. These results suggest protective measures should be 
employed for adults engaging in intense soil-related recreational practices with soils exceeding 
3700 mg/kg. 

Adult Consumption of Local Foodstuff. Some local vegetable garden produce shows high lead 
content that could substantially increase total intake to levels of concern among pregnant women. 
Adult consumption of local fish adds minimally to total intake at typical fish fillet lead 
concentrations. However, at maximum concentrations and consumption rates, the increased 
intake could be of concern, although it is unlikely that the species offish providing the samples 
would be consumed in large amounts. 

Native American Subsistence Activities. Native American subsistence practices in the Lower 
Coeur d'Alene River would be ill-advised. Soil and sediment ingestion rates associated with 
residence in the floodplain and food harvest practices are extremely high. Near background level 
concentrations would be required to achieve acceptable intake rates for soils and sediments. 
Additionally, two critical elements of the native diet, fish and water potatoes, contain unsafe 
levels of lead when aboriginal consumption rates are applied. Lead levels in these food sources 
may also likely need to be in equilibrium with background soil and water conditions to assure 
acceptable intake rates. However, appropriate background lead levels for biological media are 
unknown other than water potatoes in an adjacent drainage that show below detection levels for 
lead. 
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Figure 6-22a Estimated Percent of Children to Exceed 10 p-g/dl Blood Lead Associated 
with Various Yard Soil Cleanup Action Criteria Using Different Dust Concentrations 

Wallace 

50% 

45% EPA Defaul^w " " "
 
Models ^^^
 

40% - ._ . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . .
 

"* \
i V35% S \ 

00 Vo 30% 
X5Oil 

0Z,)*\Q/~ /o 
V 

o ^ ...,, 
1-H 

Dust Lead Concentration / 
x Reflects Soil Lead 

1u 20% - _ _ // _ ._ _ . _ _ . . 
X Dust Lead Concentration "~^ NBox Models^^x^ * / Remains Constant 
£
1 15% . . . . . . . .>>v_. . .. 

^\̂>s~~-
10% 

si^ /
S 

5% . . - . . . -"." -1 r. . . . ... »» . . . T ... . —— ?— — -—, ___ 

0% i 
No Action 2000 1500 1000 800 600 400 

Remediation Level 

•EPA Default Max. EPA Default Min. •Box Model Max. Box Model Min. 



Figure 6-22b Estimated Percent of Children to Exceed 10 |ig/dl Blood Lead Associated 
with Various Yard Soil Cleanup Action Criteria Using Different Dust Concentrations 
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Figure 6-23a Estimated Community Geometric Mean Dust Mat, Vacuum, and Soil Lead
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Figure 6-23b Estimated Community Geometric Mean Dust Mat, Vacuum, and Soil Lead
 
Concentrations for Various Yard Soil Action Levels - Burke/Nine Mile
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Figure 6-23c Estimated Community Geometric Mean Dust Mat, Vacuum, and Soil Lead
 
Concentrations for Various Yard Soil Action Levels - Wallace
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Figure 6-23d Estimated Community Geometric Mean Dust Mat, Vacuum, and Soil Lead 
Concentrations for Various Yard Soil Action Levels - Silverton 
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Figure 6-23e Estimated Community Geometric Mean Dust Mat, Vacuum, and Soil Lead 
Concentrations for Various Yard Soil Action Levels - Osburn 
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Figure 6-23f Estimated Community Geometric Mean Dust Mat, Vacuum, and Soil Lead
 
Concentrations for Various Yard Soil Action Levels - Side Gulches
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Figure 6-23g Estimated Community Geometric Mean Dust Mat, Vacuum, and Soil Lead 
Concentrations for Various Yard Soil Action Levels - Kingston 
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Figure 6-23H Estimated Community Geometric Mean Dust Mat, Vacuum, and Soil Lead 
Concentrations for Various Yard Soil Action Levels - Lower Basin 
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Figure 6-24a Predicted Percentage of 0-84 Month Old Children to Exceed 10 |ag/dl Blood 
Lead for Various Yard Soil Action Levels - Mullan 
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Figure 6-24b Predicted Percentage of 0-84 Month Old Children to Exceed 10 |ig/dl Blood
 
Lead for Various Yard Soil Action Levels - Burke/Nine Mile
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Figure 6-24c Predicted Percentage of 0-84 Month Old Children to Exceed 10 jag/dl Blood
 
Lead for Various Yard Soil Action Levels - Wallace
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Figure 6-24d Predicted Percentage of 0-84 Month Old Children to Exceed 10 (ig/dl Blood 
Lead for Various Yard Soil Action Levels - Silverton 
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Figure 6-24e Predicted Percentage of 0-84 Month Old Children to Exceed 10 |ag/dl Blood
 
Lead for Various Yard Soil Action Levels - Osburn
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Figure 6-24f Predicted Percentage of 0-84 Month Old Children to Exceed 10 (ig/dl Blood
 
Lead for Various Yard Soil Action Levels - Side Gulches
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Figure 6-24g Predicted Percentage of 0-84 Month Old Children to Exceed 10 (J,g/dl Blood
 
Lead for Various Yard Soil Action Levels - Kingston
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Figure 6-24h Predicted Percentage of 0-84 Month Old Children to Exceed 10 jig/dl Blood
 
Lead for Various Yard Soil Action Levels - Lower Basin
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Table 6-61a Estimated Post-Remedial Blood Lead Levels and Probability to Exceed Health Criteria by Community and Individuals for 
a 2000 mg/kg Soil Action Level - EPA Default Model 

Community Wide Homes 1500-2000 mg/kg 
Predicted 
Geometric Total Number of 

Mean Blood Number of Homes % of Homes Probability >_ Probability >_ Number of Probability >. Probability >_ 
Area Lead (|ag/dl) Homes Remediated Remediated 10 ng/dl 15ng/dl Homes % of Homes 10 ug/dl 15 ng/dl 
Mullan 7.1 105 12 11% 30% 12% 12 11% 67% 36% 
Burke/Nine Mile 7.2 88 14 16% 32% 13% 11 13% 67% 37% 
Wallace 8.3 110 13 12% 39% 17% 11 10% 70% 40% 
Silverton 6.1 70 1 1% 20% 6% 2 3% 65% 35% 
Osburn 6.1 262 13 5% 20% 6% 4 2% 64% 34% 
Side Gulches 6.2 100 1 1% 21% 7% 1 1% 66% 35% 
Kingston 4.9 99 7 7% 12% 3% 1 1% 68% 38% 
Lower Basin 3.7 160 11 7% 6% 2% 3 2% 59% 29% 

Table 6-61b Estimated Post-Remedial Blood Lead Level and Probability to Exceed Health Criteria by Community and Individuals for 
a 1500 mg/kg Soil Action Level - EPA Default Model 

Community Wide Homes 1000-1500 mg/kg 
Predicted 
Geometric Total Number of 

Mean Blood Number of Homes % of Homes Probability >_ Probability >_ Number of Probability >_ Probability >_ 
Area Lead (ng/dl) Homes Remediated Remediated 10 ng/dl 15 ng/dl Homes % of Homes 10 ng/dl 15 |4g/dl 
Mullan 6.2 105 24 23% 22% 7% 11 10% 55% 25% 
Burke/Nine Mile 6.1 88 25 28% 23% 8% 13 15% 54% 25% 
Wallace 7.3 110 24 22% 31% 12% 18 16% 58% 28% 
Silverton 5.9 70 3 4% 18% 5% 4 6% 50% 22% 
Osburn 6.0 262 17 6% 19% 6% 13 5% 51% 22% 
Side Gulches 6.1 100 2 2% 20% 6% 6 6% 51% 23% 
Kingston 4.8 99 8 8% 11% 3% 5 5% 53% 24% 
Lower Basin 3.6 160 14 9% 5% 1% 5 3% 48% 20% 



Table 6-61c Estimated Post-Remedial Blood Lead Level and Probability to Exceed Health Criteria by Community and Individuals for a 
1000 mg/kg Soil Action Level - EPA Default Model 

Community Wide Homes 800-1000 mg/kg 
Predicted 
Geometric Total Number of 

Area 
Mean Blood 
Lead (ng/dl) 

Number of 
Homes 

Homes 
Remediated 

% of Homes 
Remediated 

Probability >, 
10 ng/dl 

Probability >_ 
IS Hg/dl 

Number of 
Homes % of Homes 

Probability >. 
10ng/dl 

Probability >. 
15 ng/dl 

Mulian 5.5 105 35 33% 16% 4% 7 10% 42% 16% 
Burke/Nine Mile 5.3 88 38 43% 15% 4% 7 15% 41% 15% 
Wallace 6.1 110 42 38% 21% 7% 18 16% 46% 19% 
Silverton 5.6 70 7 10% 15% 4% 2 6% 41% 16% 
Osburn 5.7 262 30 11% 17% 4% 14 5% 39% 14% 
Side Gulches 5.7 100 8 8% 17% 5% 5 6% 39% 14% 
Kingston 4.6 99 13 13% 8% 2% I 5% 36% 13% 
Lower Basin 3.5 160 19 12% 3% 1% 1 3% 38% 14% 

Table 6-61d Estimated Post-Remedial Blood Lead Level and Probability to Exceed Health Criteria by Community and Individuals for 
a 800 mg/kg Soil Action Level - EPA Default Model 

Community Wide Homes 600-800 mg/kg 
Predicted 
Geometric Total Number of 

Area 
Mean Blood 
Lead ftig/dl) 

Number of 
Homes 

Homes 
Remediated 

% of Homes 
Remediated 

Probability >. 
10 ng/dl 

Probability >_ 
15 ng/dl 

Number of 
Homes % of Homes 

Probability >. 
10 |ig/dl 

Probability >_ 
15 ugttl 

Mulian 5,2 105 42 40% 13% 3% 13 10% 34% 12% 
Burke/Nine Mile 4.9 88 45 51% 12% 3% 15 15% 33% 11% 
Wallace 5.3 1 1  0 60 55% 14% 4% 14 16% 36% 12% 
Silverton 5.4 70 9 13% 14% 3% 9 6% 32% 11% 
Osburn 5.4 262 44 17% 14% 4% 34 5% 31% 10% 
Side Gulches 5.4 100 13 13% 15% 4% 16 6% 30% 10% 
Kingston 4.5 99 14 14% 8% 2% 3 5% 32% 10% 
lower Basin 3.5 160 20 13% 3% 0% 1 3% 31% 10% 



Table 6-61e Estimated Post-Remedial Blood Lead Levels and Probability to Exceed Health Criteria by Community and Individuals for 
a 600 mg/kg Soil Action Level - EPA Default Model 

Community Wide Homes 400-600 mg/kg 
Predicted 
Geometric Total Number of 

Mean Blood Number of Homes % of Homes Probability >. Probability >. Number of Probability >_ Probability >_ 
Area Lead (ug/dl) Homes Remediated Remediated 10 ug/dl 15 ng/dl Homes % of Homes 10 ng/dl 15 ug/dl 
Mullan 4.7 105 55 52% 9% 2% 14 10% 22% 6% 
Burke/Nine Mile 4.3 88 60 68% 6% 1% 8 15% 24% 7% 
Wallace 4.8 110 74 67% 10% 2% 17 16% 26% 8% 
Silverton 4.9 70 18 26% 10% 2% 16 6% 21% 5% 
Osburn 4.9 262 78 30% 10% 2% 60 5% 21% 6% 
Side Gulches 4.8 100 29 29% 10% 2% 29 6% 20% 5% 
Kingston 4.4 99 17 17% 7% 1% 7 5% 20% 5% 
Lower Basin 3.4 160 21 13% 3% 0% 6 3% 17% 4% 

Table 6-61f Estimated Post-Remedial Blood Lead Levels and Probability to Exceed Health Criteria by Community and Individuals for 
a 400 mg/kg Soil Action Level - EPA Default Model 

Community Wide 
Predicted 
Geometric Total Number of 

Mean Blood Number of Homes % of Homes Probability >_ Probability >_ 
Area Lead (ug/dl) Homes Remediated Remediated 10 ug/dl 15 ug/dl 
Mullan 4.4 105 69 66% 6% 1% 
Burke/Nine Mile 4.1 88 68 77% 5% 1% 
Wallace 4.4 110 91 83% 6% 1% 
Silverton 4.3 70 34 49% 6% 1% 
Osburn 4.3 262 138 53% 6% 1% 
Side Gulches 4.0 100 58 58% 4% 1% 
Kingston 4.2 99 24 24% 6% 1% 
Lower Basin 3.4 160 27 17% 2% 0% 



Table 6-62a Estimated Post-Remedial Blood Lead and Risk by Community and Individuals for a 2000 mg/kg Soil Action Level 
Box Model 

Community Wide Homes 1500-2000 mg/kg 
Predicted 
Geometric Total Number of 

Mean Blood Number of Homes % of Homes Probability >, Probability >. Number of Probability > Probability > 
Area Lead (ng/dl) Homes Remediated Remediated 10 ug/dl 15 ug/dl Homes % of Homes 10 ug/dl 15 ng/dl 
Mullan 4.7 105 12 11% 9% 2% 12 11% 26% 8% 
Burke/Nine Mile 4.7 88 14 16% 10% 2% 1  1 13% 27% 8% 
Wallace 5.4 110 13 12% 14% 3% 1 1 10% 31% 10% 
Silverton 4.0 70 1 1% 5% 1% 2 3% 24% 7% 
Osburn 4.1 262 13 5% 5% 1% 4 2% 24% 6% 
Side Gulches 4.1 100 1 1% 5% 1% 1 1% 25% 7% 
Kingston 3.2 99 7 7% 2% 0% 1 1% 25% 7% 
Lower Basin 2.4 160 1  1 7% 1% 0% 3 2% 16% 4% 

Table 6-62b Estimated Post-Remedial Blood Lead and Risk by Community and Individuals for a 1500 mg/kg Soil Action Level 
Box Model
 

Community Wide Homes 1000-1500 mg/kg 
Predicted 
Geometric Total Number of 

Mean Blood Number of Homes % of Homes Probability >. Probability > Number of Probability > Probability > 
Area Lead (ng/dl) Homes Remediated Remediated 10 ng/dl 15 fig/dl Homes % of Homes 10 ng/dl 15 ng/dl 
Mullan 4.0 105 24 23% 5% 1% 1  1 10% 17% 4% 
Burke/Nine Mile 4.0 88 25 28% 6% 1% 13 15% 16% 4% 
Wallace 4.7 1 1 0 24 22% 9% 2% IS 16% 20% 5% 
Silverton 3.9 70 3 4% 4% 1% 4 6% 14% 3% 
Osburn 4.0 262 17 6% 5% 1% 13 5% 15% 3% 
Side Gulches 4.0 100 2 2% 5% 1% 6 6% 16% 4% 
Kingston 3.2 99 8 8% 2% 0% 5 5% 15% 3% 
Lower Basin 2.4 160 14 9% 1% 0% 5 3% 11% 2% 



Table 6-62c Estimated Post-Remedial Blood Lead and Risk by Community and Individuals for a 1000 mg/kg Soil Action Level 
Box Model 

Community Wide Homes 800-1000 mg/kg 
Predicted 
Geometric Total Number of 

Mean Blood Number of Homes % of Homes Probability >_ Probability > Number of Probability > Probability > 
Area Lead (ug/dl) Homes Remediated Remediated 10 ug/dl 15 ug/dl Homes % of Homes 10 ug/dl 15 ug/dl 
Mullan 3.6 105 35 33% 3% 0% 7 7% 10% 2% 
Burke/Nine Mile 3.4 88 38 43% 3% 0% 7 8% 9% 2% 
Wallace 3.9 110 42 38% 5% 1% 18 16% 12% 2% 
Silverton 3.6 70 7 10% 3% 0% 2 3% 10% 2% 
Osburn 3.8 262 30 11% 3% 0% 15 6% 9% 2% 
Side Gulches 3.7 100 8 8% 4% 0% 5 5% 10% 2% 
Kingston 3.0 99 13 13% 1% 0% 1 1% 7% 1% 
Lower Basin 2.3 160 19 12% 0% 0% 1 1% 7% 1% 

Table 6-62d Estimated Post-Remedial Blood Lead and Risk by Community and Individuals for a 800 mg/kg Soil Action Level - Box 
Model 

Community Wide Homes 600-800 mg/kg 
Predicted 
Geometric Total Number of 

Mean Blood Number of Homes % of Homes Probability >_ Probability > Number of Probability > Probability > 
Area Lead (ug/dl) Homes Remediated Remediated 10 ug/dl 15 ug/dl Homes % of Homes 10 ug/dl 15 (xg/dl 
Mullan 3.3 105 42 40% 2% 0% 13 12% 7% 1% 
Burke/Nine Mile 3.2 88 45 51% 2% 0% 15 17% 6% 1% 
Wallace 3.4 110 60 55% 2% 0% 14 13% 7% 1% 
Silverton 3.5 70 9 13% 3% 0% 9 13% 7% 1% 
Osburn 3.6 262 45 17% 3% 0% 33 13% 7% 1% 
Side Gulches 3.6 100 13 13% 3% 0% 16 16% 6% 1% 

99 Kingston 3.0 14 14% 1% 0% 3 3% 6% 1% 
Lower Basin 2.3 160 20 13% 0% 0% 1 1% ,_ 5% 1% 



Table 6-62e Estimated Post-Remedial Blood Lead and Risk by Community and Individuals for a 600 mg/kg Soil Action Level - Box 
Model 

Community Wide Homes 400-600 mg/kg 
Predicted 
Geometric Total Number of 

Mean Blood Number of Homes % of Homes Probability >, Probability >, Number of Probability > Probability > 
Area Lead (ng/dl) Homes Remediated Remediated 10 ug/dl 15 fig/dl Homes % of Homes 10 ng/dl 15 |ig/dl 
Mullan 3,1 105 55 52% 1% 0% 14 13% 4% 0% 
Burke/Nine Mile 2.8 88 60 68% 1% 0% 9 10% 3% 0% 
Wallace 3.1 110 74 67% 1% 0% 17 15% 4% 1% 
Silverton 3.2 70 IS 26% 2% 0% 16 23% 3% 0% 
Osburn 3.2 262 78 30% 2% 0% 61 23% 4% 0% 
Side Gulches 3.1 100 29 29% 2% 0% 29 29% 3% 0% 
Kingston 2.9 99 17 17% 1% 0% 7 7% 3% 0% 
Lower Basin 2.3 160 21 13% 0% 0% 6 4% 2% 0% 

Table 6-62f Estimated Post-Remedial Blood Lead and Risk by Community and Individuals for a 400 mg/kg Soil Action Level - Box 
Model 

Community Wide 
Predicted 
Geometric Total Number of 

Mean Blood Number of Homes % of Homes Probability >. Probability >. 
Area Lead (ng/dl) Homes Remediated Remediated 10 ng/dl 15 ng/dl 
Mullan 2.8 105 69 66% 1% 0% 
Burke/Nine Mile 2.7 88 69 78% 0% 0% 
Wallace 2,8 110 91 83% 1% 0% 
Silverton 2.8 70 34 49% 1% 0% 
Osburn 2.8 262 139 53% 1% 0% 
Side Gulches 2.7 100 58 58% 1% 0% 
Kingston 2.8 99 24 24% 1% 0% 
Lower Basin 2.2 160 27 17% 0% 0% 
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7.0 UNCERTAINTIES IN RISK ASSESSMENT 

The purpose of this baseline risk assessment is to identify areas and activities in the Coeur 
d'Alene River Basin with potential risks and hazards that are greater than the public health target 
goals established by the EPA. The findings of the risk assessment will be incorporated into the 
Feasibility Study (FS) in order to select the most appropriate human health remedies for the 
COPCs in areas where risks exceed target health goals. Estimating and evaluating health risks 
from exposure to environmental chemicals is a complex process with inherent uncertainties. 
Uncertainty reflects limitations in knowledge and simplifying assumptions that must be made in 
order to quantify health risks. 

Uncertainty can be statistically classified into four types (Finkel 1990; Harris and Burmaster 
1994): parameter uncertainty, model uncertainty, decision-rule uncertainty, and variability. Of 
these, the first two often provide much of the overall uncertainty in risk assessment (in contrast 
to risk management), and provides much of the uncertainty for this HHRA. 

Parameter uncertainty includes measurement errors and random and/or systematic errors arising 
from the inability to measure variables precisely and accurately (equipment and laboratory 
protocol problems), or because the quantity being measured varies spatially or temporally. Basic 
methodological (laboratory processing and equipment) errors were less a problem for the data 
sets included in the Basin HHRA, given the reliance on standardized CLP and other QA/QC
dictated criteria. The principal problems lie more with sampling, i.e., spatial and temporal error. 

Spatial and temporal errors apply to both the lead and non-lead sections and to both 
environmental and exposure biomarker measurements such as blood lead. For brief illustration, 
the 1996 Basin ATSDR/IDHW study sampled exposure units, particularly residential soils, 
differently than did the later EPA field work. Geostatistical characterization of the various 
segments of the Basin was limited, due to the complex nature of the contaminant point sources. 
Consequently, point and block kriging or other geostatistical approaches to characterize 
distributions of contaminants are largely absent and limit the ability to quantify uncertainty in 
sampling. 

Temporal errors are of differing type in the HHRA and include different times for environmental 
data gathering and blood lead sampling, along with differing sampling designs within separate 
blood survey efforts. Temporal errors also apply to the extent of any differences arising later, 
versus the present, in the absence of remedial measures: future land use changes, future exposure 
receptor demographic and socioeconomic characteristics, etc. 

Model uncertainty can arise from use in any model of surrogate variables, from excluded 
variables that should have been included, abnormal conditions, incorrect model forms, etc. This 
is of special concern in lead risk assessment, as pathways of lead exposure have both direct 
effects (from contact with contaminated media) and secondary impacts such as the soil and paint 
contributions to house dust lead. Failure to correctly specify these variables can lead to 
uncertainties in interpreting quantitative results. 
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Abnormal conditions affecting model evaluation can be problematic when using a highly «*
 
variable exposure measure, such as blood lead, to validate or calibrate exposure models using
 
measured blood lead data. It is always important to characterize the validity of the blood lead I
 
data to assure the true reflection of steady-state lead exposures of children and other receptors,
 
and not transitory or abrupt changes. _
 

Decision-rule uncertainty, unlike the first two elements, is more important to the risk manager 
rather than the risk assessor. Examples include uncertainties within the process of evaluating mm 
competing or different priorities among societal and economic concerns when arriving at an g 
acceptable level of measured or modeled risk. 

"Variability" is often confused with "uncertainty," but the terms are different. Variability, • 
according to currently accepted risk terminology and methodology, is taken as the underlying 
and relatively stable distribution of some parameter that can be empirically characterized in • 
knowabie biological, physical, bio-physicochemical, or chemical terms. Variability can be • 
characterized empirically hi an exposure population, but that does not eliminate its contribution 
to overall uncertainty. For example, in the case of lead and non-lead contaminants in yard soils, • 
such factors as particle size distribution, chemical species, matrix effects, and so on can be 
characterized. However, this does not fully resolve uncertainty as to where to sample soil and 
what to sample. I 

Uncertainty can be assessed via a formal analysis or can be described qualitatively. The choice of • 
qualitative or quantitative approaches depends on the completeness of the database and the g 
purposes of the original risk analysis. In formal or quantitative analysis, the uncertainty with each 
parameter in the risk estimation process is first quantified. Uncertainty is described by inclusion • 
of a standard error of means or probability density functions (relative probability for discrete 1 
parameter values). Then, numerical methods such as one- or two-dimensional Monte Carlo 
analyses can be used to develop a composite uncertainty distribution by merging all individual • 
distributions. In this way, the risk or model equations undergo solution repetition using randomly «• 
sampled values from the specified distributions to calculate a distribution of risk values. For 
example, an exposure or risk level for lead can be selected that corresponds to the 95th percentile I 
of the overall risk distribution rather than relying on a single point estimate of risk based on the ™ 
95th percentile measures of each parameter. 

For the data sets used in this HHRA, "variability" has not been systematically assessed and some 
question of true representativeness of the sampled populations to the true populations remain • 
within the point estimates. In addition, the overall data base borrows from several underlying | 
studies conducted over a four year period. Given these limitations and the diversity of the data 
sets in the various Basin studies, uncertainty issues are addressed qualitatively in this HHRA. • 

Uncertainties reflect limitations in knowledge. In this assessment, uncertainties relate to (i) the 
development of media concentrations that people are exposed to, (if) the assumptions about I 
exposure and toxicity, and (iif) the characterization of health risks. Uncertainty in the * 
development of media concentrations is due to the inability to sample every square inch of 
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potentially impacted media at a site. Instead, a limited number of samples must be obtained to 
represent the contaminant characteristics of a larger medium. The sampling strategies for non-
lead contaminants in this assessment were, in general, designed to prevent underestimation of 
media concentrations, thus avoiding an underestimation of the risks to public health. In the risk 
assessment, uncertainties were handled conservatively (i.e., health protective choices were 
preferentially made). Media sampling for lead differed with some of the data sets and it is less 
likely that underestimations of media lead levels were systematically avoided. 

There are uncertainties regarding the quantification of health risks in terms of a number of 
assumptions about both exposure and toxicity, including both site-specific and general 
uncertainties. Based on anticipation of uncertainty when quantifying exposure and toxicity, the 
health risks and hazards presented in this risk assessment are more likely to indicate that 
chemicals are exceeding target risk goals, although health risks may actually be negligible. Risk 
assessment methodology is less likely to indicate that chemicals are not a health risk when they 
actually are. This process is necessary to ensure the protection of public health. 

Uncertainty in the risk assessment produces the potential for two kinds of errors. The first 
potential, or Type I, error is the identification of a specific chemical, area, or activity as a health 
concern when, in fact, it is not a concern (false positive conclusion). The second potential, or 
Type II error is the elimination of a chemical, area, or activity from further consideration when, 
in fact, there should be a concern (false negative conclusion). In the HHRA, uncertainties were 
handled conservatively (i.e., health protective choices were preferentially made). This strategy is 
more likely to produce false positive errors than false negative errors. 

The following sections provide additional detail regarding uncertainties in the estimations of 
health risks. 

7.1 FACTORS LEADING TO POSSIBLE OVERESTIMATION OF RISK 

Assumptions in the risk assessment with the potential to overestimate risk are discussed in the 
following subsections. These protective assumptions compensate for uncertainties in the 
calculations or simplifications that might potentially underestimate risk (discussed in 
Section 7.2). 

7.1.1 Data Collection and Evaluation 

The data evaluation process addresses whether (1) chemicals are potentially present in various 
environmental media at levels of health concern, (2) site concentrations are different from 
background concentrations, and (3) sufficient samples have been collected to fully characterize 
each exposure pathway. 
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Soil and Sediment Sampling 

Thousands of soil and sediment samples have been collected in the Coeur d'Alene Basin over I
 
many years and within a large area. The risk assessment for both lead and the non-lead metals ™
 
used a subset of the total data available. The HHRA data subset preferentially selected soil
 
samples that were (1) sieved to represent the fine particles that stick to children's hands (less than I
 
175-micron diameter), and (2) collected from places known to be used by people (primarily
 
residential yards and areas with high public use). Where sieved data were unavailable, bulk data «
 
that met the risk assessment quality standards were used. |
 

For non-lead metals, 191 homes were sampled and analyzed for non-lead metals. From these •
 
homes, 929 soil samples were used in the EPC calculations for residential exposure. The •
 
samples used for the residential soil data had all been sieved. All the homes from which soil
 
samples were collected had been volunteered by the residents. It is unknown whether the •
 
volunteer aspect of the sampling resulted in an overestimation or underestimation of metal •
 
concentrations relative to residents who have not volunteered to have their properties sampled.
 
For lead, however, nearly 1000 homes in the Basin were sampled (homes had been volunteered I
 
but a concerted effort was made to include as many homes as possible) and no significant ™
 
differences could be found between the IDHW/ATSDR and EPA data sets for lead. Lead is
 
collocated with the other mining-related metals, i.e., high lead concentrations indicate high •
 
concentrations of the other mining-related metals and vice versa (see Appendix F), As a result,
 
the soil data for non-lead metals from the 191 homes are likely representative of the remainder of •
 
the Basin. I
 

A total of 49 common use (or public) areas were sampled in the Basin. Common use areas were •
 
selected with local input to identify the areas with the highest public use. Of the 49 selected |
 
areas, 33 are located along the lower Coeur d'Alene River, 1 is located on Coeur d'Alene Lake
 
(Blackwell Island), and 15 are upland parks, schools, and day care centers in the towns of •
 
Silverton and Wallace. This effort to evaluate public areas involved sampling nearly all of the •
 
commonly used areas throughout the Basin. A total of 647 soil and sediment samples were
 
collected from public areas for use in the EPC calculations. Concentrations of metals in these I
 
areas ranged from relatively low to very high when compared to human health Screening Values ™
 
(SVs). Therefore, exposure to metals during recreational activities in areas that have not been
 
sampled is unlikely to be underestimated. I
 

In addition to easily accessible public areas, the risk assessment also evaluated "neighborhood" _ 
exposure to soil and sediment at undeveloped areas adjacent to homes. As part of the effort to I
 
characterize neighborhood exposures, several waste piles near homes in Canyon Creek, Nine 
Mile Creek, and Mulian that could be accessed by children were sampled. A total of 27 samples • 
were collected from five waste piles for use in the BPC calculations. Waste piles generally have | 
the highest metal concentrations and including them as part of the neighborhood exposures likely 
resulted in overestimation rather than underestimation of these types of exposure, • 
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Neighborhood sediment concentrations were evaluated in Canyon Creek, Nine Mile Creek, Elk 
Creek, Pine Creek, and the South Fork. A total of 75 sediment samples from the five water 
bodies were used in the EPC calculations. While there are a number of additional creeks in the 
upper Basin with homes adjacent to water, the other creeks are unlikely to have sediment 
concentrations greater than those in Canyon Creek or Nine Mile Creek, which have some of the 
largest mining impacts in the area. Therefore, creeks that were not sampled and/or did not have 
data that were usable in the risk assessment are unlikely to have higher metals concentrations in 
sediments. In the absence of data, exposure to unsampled creeks should be assumed to be within 
the range of risks found in the risk assessment and potentially as great as the risks in Canyon 
Creek and Nine Mile Creek, where risks were greatest (Figures 5-1 and 5-2). However, 
neighborhood sediment concentrations may be underestimated because the samples were not 
sieved before analysis (see Section 7.2.1). 

The concentrations of sediment and surface water for the five water bodies where sampling was
 
not done for the purposes of human health should be considered. Sample locations were not
 
selected based on human use patterns (see previous discussions in Section 2) and therefore, the
 
risk results are of limited use for risk managers because specific exposure areas applicable to
 
human health cannot be determined from this data. However, the risk results in Section 5
 
indicate that neighborhood exposures along Canyon and Nine Mile Creeks may be "risky" and
 
therefore areas near homes may warrant further investigation. Many of the high concentration
 
sediments in these two creeks are already slated for removal (or in some cases, removal actions,
 
have happened) because of ecological considerations.
 

Surface Water Sampling 

Public exposures to surface water during recreational use were evaluated in the Lower Basin 
using "disturbed" samples, i.e., samples that were collected after the water had been stirred up. 
These water samples contained a large amount of suspended sediments. Because water in the 
lower Coeur d'Alene River typically has a lower suspended sediment load, metal concentrations 
in water have likely been overestimated. Concentration data from a total of 127 disturbed water 
samples were used in the EPC calculations. 

7.1.2 Exposure Assessment 

For estimating the RME, upper 90th percentile values or high-end estimates of national averages 
are generally used for exposure assumptions. As discussed by the EPA, the intent of the RME is 
to present risks as a range from CT to high-end risk ("above the 90th percentile of the population 
distribution") (Habicht 1992). This descriptor is intended to "estimate the risks that are expected 
to occur in small but definable 'high end' segments of the subject population" (Habicht 1992). 
The EPA makes a distinction between scenarios that are possible, but highly improbable, and 
those that are conservative, but more likely to occur within a population, with the latter being 
favored in risk assessment. RME calculations thus overestimate risk for the majority of a 
hypothetical population even though all assumptions may not be at their maximum. 
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The following discussion summarizes exposure assumptions that potentially overestimate risk.

Ingestion of Soil andSediment

The intake rates of soil and sediment included an assumption that the rates of ingestion of soil
and sediment during recreational activities were 300 mg/day for young children, and 100 mg/day
for older children and adults. This applied to all chemicals except lead, because different values 
for ingestion are used in the IEUBK Model for lead. The intake rate of 300 mg/kg day is the
90th percentile value from a study of the amount of soil ingested by children while camping (van
Wijnen et aL 1990), The average value from this study was 120 mg/day. Use of the 90th 
percentile value likely overestimates soil ingestion for the majority of children.

The exposure rates may be exceeded by some individuals within a population. For example, a 
child on a given day may ingest more than 300 mg or the 200 mg/day assumed for residential
exposures. A recent evaluation suggests that the 90th percentile level for the average daily soil
ingestion rate may be as high as 1100 mg/day assuming the variability measured in wanner 
seasons can be extrapolated over a year (Calabrese and Stanek 1995). The 90th percentile of the
average soil ingestion rate during the measurement period was about 180 mg/day (Calabrese and 
Stanek 1995). The soil ingestion rate is intended to be a daily average over the exposure period,
rather than a maximum value, i.e., an actual child may ingest more than 200 or 300 mg one day
but less than 200 or 300 mg on other days. Therefore, on average, over the years of the exposure 
periods, soil ingestion rates will be less than the 90th percentile values; therefore, ingestion will
be overestimated for most children.

Averaging Time

The assumption of a 70-year averaging time used in EPA RME assumptions tends to 
overestimate cancer risks, which are prorated over the lifetime. The current life expectancy in
the United States is actually 75,7 years (Bureau of the Census 1994). A 75,7-year averaging time
is more consistent with the way the arsenic SF was developed and thus technically should be 
used in the risk calculations rather than the 70-year default value,

Adult Body Weight 

The default value for adult body weight used in the risk calculations was 70 kg (USEPA 199la, 
1998e). The latest information presented in USEPA, 1997a, indicates that the average body
weight for adults age 18 to 75 is currently closer to 71.8 kg. Therefore, use of 70 kg
over-estimates risks and hazards for the adult population by about three percent. This indicates 
that the occupational exposures, which only include adults, are overestimated. However, in the
combined adult/child risk and hazard calculations, the "adult" portion is assumed to include
individuals of seven years to 30 years. Using a body weight of 70 kg for this age range may 
actually underestimate risks. In addition, cancer slope factors are calculated assuming 70 kg as
the adult body weight and thus cancer risk calculations for arsenic correctly used 70 kg.
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Skin Surface Area 

The dermal surface areas used for the 4 to 11 year old age group in the neighborhood recreational 
scenarios were potentially overestimated for the assumed exposure period. The skin surface 
areas used to calculate risks and hazards assumed an exposure period of 24 weeks (May through 
mid-October) for exposure to floodplain soil/sediment along the river and 34 weeks (April 
through November) for exposure to upland parks and schools and waste pile soils. It was 
assumed that a child would be wearing shorts, shirt sleeves, and bare feet for the duration of the 
exposure period which corresponds to a skin surface area of 5080 cm2. In addition, for 
floodplain soil/sediment exposure in the Lower Basin and Kingston, where swimming is a 
possibility, it was assumed that a child would be wearing a bathing suit for the warmest 16 weeks 
of the 24 weeks of exposure, corresponding to a time adjusted skin surface area of 7960 cm2 (See 
Section 3.3.3). 

Based on the climate and temperature patterns of the Basin, these skin surface areas may be 
overly protective, because it may not be reasonable to assume that a child would be barefoot, 
wearing shorts and shirt sleeves for all 34 weeks (April through November) for neighborhood 
exposure to waste piles and upland parks, nor would a child be swimming in the river for 16 
weeks out of the 24 weeks per year of exposure to floodplain soil/sediments in the Lower Basin 
and Kingston areas. However, risks and hazards for the combined neighborhood exposures are 
not risk drivers and dermal exposures are a relatively low percentage of the total neighborhood 
risks, only 17% to 35% for arsenic. In addition, if skin surface areas are lowered to reflect more 
reasonable exposure assumptions, total RME risks and hazards will decrease by less than 10%. 
Table 7-1 summarizes the change in RME risk and hazard estimates if reduced skin surface areas 
are used in the calculations. These reduced skin surface areas assume that for dermal exposure to 
waste piles and upland parks a child will be wearing pants, shoes, and shirt sleeves for 10 weeks 
and shorts, shirt sleeves, and bare feet for the remaining 24 weeks of the 34 week exposure 
period, corresponding to a skin surface area of 2775 cm2. For dermal exposure to floodplain 
soil/sediment it was assumed that a child would be wearing a swimsuit for only 8 weeks out of 
the 24 week exposure period (and shorts, shirt sleeves, and bare feet the other 16 weeks) in the 
Lower Basin and Kingston areas, and 4 weeks out of the 24 week exposure period (and shorts, 
shirt sleeves, and bare feet the other 20 weeks) in all other areas of the Basin, which corresponds 
to a skin surface area of 5175 cm2 and 4240 cm2, respectively. In summary, although the skin 
surface areas used in the calculations presented in Sections 3 and 5 of the report were likely 
overestimated, reducing skin surface areas to levels more appropriate for the local climate 
conditions results in a reduction of only 10% in the RME risks and hazards, and would not affect 
any of the conclusions reached. 

7.1.3 Toxicity Assessment and Risk Calculations 

Toxicity values have been developed by the EPA from the available toxicological data. These 
values frequently involve high- to low-dose extrapolations and are often derived from animal 
rather than human data. In addition, there may be few studies available for a particular chemical. 
As the unknowns increase, the uncertainty of the value increases. Uncertainty is addressed by 
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reducing RfDs using uncertainty factors and by deriving SFs using a conservative model. The • 
greater the uncertainty, the greater the uncertainty factors and tendency to overestimate the 
toxicity. I 

The risk calculations combine uncertainties regarding the data evaluation, the exposure 
assessment, and the toxicity assessment • 

Arsenic Toxicity Issues « 

For cancer effects, the conservative assumption is made that some finite risk is associated with 
exposure to even one atom of arsenic. EPA's SF for arsenic is based on a linear high- to low- • 
dose extrapolation primarily from human studies. For some chemicals, detoxification reactions in | 
the body may reduce the risk of cancer at low doses (Williams and Weisburger 1996), This was 
considered to be potentially true for arsenic because the human body changes inorganic arsenic • 
to organic forms that were thought to be less toxic and are more readily excreted in the urine • 
(Goyer 1996). Some inorganic arsenic is also directly excreted in the urine. The half-life of 
ingested arsenic in the body is about 4 days, with urine being the greatest pathway of elimination • 
(NRC 1999). * 

A recent study has found that methylation of arsenic may not be a detoxification pathway. Mass I 
et al. (2001) found that methylated trivalent arsenic added to human peripheral lymphocytes 
produced direct DNA damage. Genotoxicity at the DMA level was established using nicking and • 
degradation assays to include use of the single-cell gel (SCG or "comet") assay. g 
Dimethyltrivalent arsenic was 388 times more potent in inducing DNA damage than was 
inorganic arsenic in the study. The authors were careful to rule out artifactual occurrences as • 
potential alternative explanations of their findings. They correctly noted that direct DNA | 
damage may not be the only mechanism by which arsenic can impart carcinogenic effects. 
However, their findings show we cannot automatically assume that biomethylation of absorbed • 
inorganic arsenic is solely a detoxification pathway. It may actually be a step required for • 
carcinogenic action based on direct DNA damage. 

The recent review of arsenic toxicity in drinking water by the National Research Council (NRC) ™ 
found a wide variation in methylated forms of arsenic in the urine and recommended more study 
in this area before drawing conclusions or quantifying detoxification abilities and their effect on • 
health endpoints (NRC 1999). The NRC (1999) also noted that more research is needed on 
possible differences in arsenic methylation abilities between children and adults. « 

Other potential sources of uncertainty regarding the arsenic SF are due to unresolved scientific 
issues regarding differences between the Taiwanese population (including., potentially, their • 
ability to detoxify arsenic) and the U.S. population. The issues have been discussed in numerous I 
reports, including a presentation of issues (Mushak and Crocetti 1995), a detailed response 
(Slayton et al. 1996), and a rebuttal (Mushak and Crocetti 1996). These differences in the • 
Taiwanese population include their water intake, diet, hygiene, and exposure to other • 
carcinogenic chemicals in drinking water as well as sources of arsenic other than drinking water 
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(arsenic-contaminated water was used for agriculture and aquiculture). The current arsenic SF is 
based on skin cancer; however, the NRC report found supporting evidence of internal organ 
cancers in populations in Argentina and Chile exposed to arsenic concentrations similar to those 
in Taiwan. In terms of diet, Argentina and Chile are more similar to the United States than 
Taiwan (this issue is discussed further in Section 7.2.3). The findings regarding internal organs 
support the current arsenic SF and indicate that it may even underestimate the cancer risks related 
to internal organs. 

Skin cancer was not observed among 145 persons exposed to arsenic in drinking water in Millard 
County, Utah, at a concentration of 6 ug/kg-day (Southwick et al. 1983; Valberg et al. 1993). A 
number of studies did not report any skin cancer below this exposure level (Abernathy et al. 
1989; USEPA 1988; ATSDR 1993). However, these studies did not have sufficient statistical 
power to detect effects if they existed and they did not consider internal organ cancers. 

A recent study of arsenic exposure in the United States population has been published for an area 
of Utah where arsenic is naturally high in drinking water (Lewis et al. 1999). This study did not 
find an association between arsenic exposure and the arsenic cancer endpoints discussed above 
such as skin, lung, or bladder cancer. However, the study did find a positive association between 
arsenic exposure and increased cardiovascular effects. Vascular effects have been found to be 
associated with arsenic in other studies in the United States and elsewhere (Engel and Smith 
1994, see also Section 4 and Appendix H). Because the population evaluated hi the Lewis 
(1999) study was primarily of Mormon faith, the applicability of the results to the rest of the 
United States population should be interpreted with caution. The majority of the U.S. population 
is generally not as non-smoking, not as non-drinking, and not as healthy as the Mormon 
population. These factors can increase the susceptibility of individuals to disease. 

Exposure Scenario Combinations 

Combining exposure scenarios would result in higher hazard/risk estimates than presented for
 
individual scenarios in this risk assessment. As an example, hazard/risk results were calculated
 
for a combination of child/adult resident and neighborhood recreational scenarios in Section 5.
 
Combining the two exposure scenarios resulted in more exposure areas with hazard indices
 
higher than 1.0 and cancer risks higher than 1 x 10"4 than for individual scenarios. Therefore,
 
calculating hazard/risk estimates for individual exposure scenarios could underestimate
 
hazard/risk at the site in cases where combinations of exposures occur.
 

However, combining scenarios could also result in overestimates of hazard/risk for actual
 
individuals. For example, child/adult residents are assumed to spend 24 hours/day, 350
 
days/year at their residence. Assuming that residents also regularly spend several hours each day
 
at a neighborhood or public recreational area or also are exposed occupationally at the site results
 
in "double counting" (exposure for more than 24 hours/day), which will overestimate hazard/risk.
 
The combining of exposure scenarios conservatively assumes that the maximally exposed
 
individual for one route and pathway is the same as the maximally exposed individual for all the
 
other routes and pathways.
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7.2 FACTORS LEADING TO POSSIBLE UNDERESTIMATION OF RISK 

Potential underestimation of risk is always possible because sampling every square inch of a site I
 
is technically unfeasible, toxicity data are often incomplete, simplifying assumptions must be ™
 
made, and all hypothetically possible conditions and pathways cannot be assessed. The
 
protective assumptions presented in Section 7.1 are intended to balance factors that tend to •
 
underestimate risk. Some of the potential sources of underestimation are discussed in the
 
following subsections. «
 

7.2.1 Data Collection and Evaluation 

Despite extensive sampling of soil, sediment, surface water, and groundwater throughout the | 
Basin, some unsampled areas could have higher or lower concentrations than ones that were 
sampled. • 

Surface Water Sampling 

Surface water samples were collected from the five water bodies noted in Section 7.1.1 (Elk " 
Creek, Pine Creek, Canyon Creek, Nine Mile Creek, and the South Fork). These samples 
consisted of undisturbed water, i.e., no special effort was made to stir up the sediment prior to • 
sample collection. Data from a total of 220 samples from these five water bodies were used in 
the EPC calculations. This data set includes water sample results from high-flow events when _ 
the water would be expected to carry an increased load of sediments (early spring runoff from • 
storm events). However, it also includes data from samples collected at low flow. While most of 
these streams have limited amounts of sediments along the stream channels (unlike the lower • 
Coeur d'Alene River) and recreational use would be expected to be minimal during high-flow | 
events, additional exposure to metals in suspended sediments for individuals during water play in 
the creeks may be underestimated. • 

Sediment Sampling 

The sediment data used to evaluate the neighborhood exposures for all geographical areas except • 
the Lower Basin came from un-sieved samples, because the samples were not collected 
specifically for the purposes of the HHRA. Sediment data from sieved samples were not • 
available for these areas. The smaller size fraction of sediment and soil generally has higher 
concentrations of metals than bulk samples. Therefore, using un-sieved data for neighborhood . 
sediment exposure concentrations likely underestimates the magnitude of exposure for that • 
pathway. 

Chemicals Not Selectedfor Risk Assessment in Soil 

Chemicals were selected for in-depth analysis in the risk assessment if they exceeded screening • 
values that were based on residential exposures. For the general population, residential • 
exposures would be the highest that would be expected for any media. However, the risk 
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assessment also evaluated subsistence exposures. The special subsistence population could 
potentially have exposures to media greater than residential populations. Thus some chemicals, 
which were screened out, might present a health risk for subsistence populations. Two things 
make the potential underestimation of COPCs for subsistence populations less of a concern: 

1.	 The results of the risk calculations have identified this sub-population as having 
risks and hazards well in excess of target health goals for all media evaluated, so 
adding additional chemicals would not change the conclusions of either the risk 
assessment or potential risk management decisions. 

2.	 The metals identified as a health concern are those associated with the mining 
history and are the most toxic to people. Therefore, they would be the risk drivers 
no matter how many additional chemicals were selected. 

Three chemicals in soil and sediment had a handful of concentrations exceeding screening values 
based on residential exposures. Those three chemicals are discussed further below. 

Mercury in soil and sediments was screened out from further evaluation in the data evaluation 
process because its exceedance over the SV would not contribute significantly to site hazards. 
Approximately 13 percent of the mercury concentrations exceeded the SV with less than 
0.1 percent of the concentrations exceeding the residential PRG of 22 mg/kg (10 times the SV). 
In addition, the few mercury samples with concentrations greater than the residential PRG were 
all collocated with lead concentrations in excess of 2,000 mg/kg (6 samples out of 4,208 had 
concentrations greater than the PRG). Thus, soil remediation for lead would be expected to also 
remove any scattered mercury concentrations over the PRG. Appendix D includes a histogram 
of mercury concentrations in soil/sediment showing the majority of the concentrations at less 
than the SV. A UCL95 of the mean concentration was less than the SV, indicating that hazards 
due to mercury in soil would likely be 0.1 or less. Thus, mercury is not a significant contributor 
to site hazards and its exclusion from the risk assessment does not affect the conclusions of the 
risk assessment. 

Thallium was also not selected as a COPC in soil and sediment. Thallium concentrations 
showed a pattern similar to that for mercury with concentrations in approximately 13 percent of 
the samples exceeding the SV and approximately 0.9 percent of the data exceeding the residential 
PRG. Thallium had the lowest frequency of detection of any metal (16 percent). Approximately 
75 percent of the sample quantisation limits for thallium in soil exceeded the SV of 0.52 mg/kg 
and 0.1 percent (four samples) exceeded the PRG of 5.2 mg/kg. The majority of the sample 
quantitation limits were less than 2 mg/kg (approximately 80 percent). If thallium concentrations 
in the four samples with non-detections (sample quantitation limits over the PRG) were actually 
greater than the PRG, the hazard due to this chemical would not substantially increase. When 
thallium concentrations in soil and sediment are graphed using half the sample quantitation limit 
for the non-detected samples, the majority of the data are less than the SV and hazards would be 
approximately 0.1 or less for residential exposures and less than that for recreational and 
occupational exposures. If the concentrations in the samples with non-detections were closer to 
the sample quantitation limits, hazards due to thallium would still be unlikely to exceed 0.2 and, 
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thus, would not have an impact on the results of risk assessment. Consequently, thallium is • 
unlikely to contribute significantly to health hazards even if actual concentrations in the samples 
with non-detections are just below the sample quantitation limit, rather than the default I 
assumption of half the sample quantitation limit. Thus, the exclusion of thallium from the risk 
assessment does not affect the conclusions of the risk assessment. Appendix D includes a _ 
histogram showing the distribution of thallium concentrations in soil and sediment along with the I 
mean and UCL95 of the mean. 

Aluminum in soil and sediments was screened out from further evaluation because its g 
concentrations are potentially at background for the area, and no concentrations exceeded the 
PRO. In addition, aluminum is likely present in a form that is less bioavailable than that used in • 
deriving the provisional RfD. However, the majority of the data in CSM Units 1 and 2 • 
(86 percent and 90 percent, respectively) exceeded the SV and 18 percent of the data exceeded 
the SV in CSM Unit 3. If aluminum had been included in the risk assessment, it would likely • 
have resulted in HQs between 0.2 and 0.6 for residential soils, which could have an impact on the « 
results of the risk assessment for some exposure scenarios. Aluminum concentrations are likely 
at or below the background concentrations for northern Idaho. The mean background I 
concentration of aluminum for the western United States is estimated at 58,000 mg/kg, with a ™ 
range of 5,000 to 100,000 mg/kg (Shacklett and Boerngen 1984). The maximum concentration _ 
in soil samples collected in the Basin was 52,000 mg/kg. Although quantifying aluminum I 
exposures would increase hazard estimates, remediation efforts typically do not address 
chemicals that are present at background concentrations. Thus, including aluminum in the risk « 
assessment would not affect ultimate risk management decisions. gj 

7.2.2 Exposure Assessment 
I 

Exposure Factor 

Estimates of exposure duration are based on best estimates of what exposures will be. If work or I 
recreational patterns include more time in contaminated areas than the amount estimated, the 
current exposure estimates may underestimate actual exposure for the occupational and • 
recreational scenario (exposures for the residential scenario assume all time is spent at the home). ™ 

Individuals within a population may have higher exposure rates than assumed by the separate • 
exposure assumptions. However, the RME values used represent the maximum exposures that 
could reasonably be expected to occur in the population. • 

Under RME conditions, individuals are expected to be exposed to the Upper Confidence Limit of 
the mean concentration of chemicals for 30 years. Some individuals may live in the area for • 
longer than 30 years. • 

I
 

I 
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Complete Pathways Excluded From Evaluation 

Not all possible pathways were quantified. Potentially complete pathways that were not selected 
for quantification include inhalation; ingestion of beef, wild fowl, game, or berries from the 
lower floodplain; and dermal contact with water (all metals) and soil (all metals except arsenic 
and cadmium). Some of the exposure pathways in the floodplain of the Lower Basin are 
discussed further in the paragraphs below. In general, excluding these pathways is assumed not 
to affect the conclusions of the risk assessment because where metals are the chemicals of 
concern, the soil ingestion pathway is always the main component determining site risk (Glass 
and SAIC 1992; USEPA 1995b; Weston 1989,1996). 

Ingestion of Local Beef. Local residents who eat locally raised beef are the population of 
concern for this pathway because beef purchased on the open market is typically not from only 
one source. Most individuals consume beef from cattle raised in a location other than their 
immediate community; thus, consumption of beef from local cattle will not contribute 
significantly to total exposure in the general population. Only 2.4 percent of the total meat 
consumed in the average U.S. household is from home-raised cattle and only 3.8 percent of the 
beef eaten in the average household is from home-raised cattle (USEPA 1997a). Because beef 
from home-raised cattle is consumed by only a small portion of the U.S. population and it 
constitutes a small percentage of the total diet, this pathway does not significantly contribute to 
total exposure for the general U.S. population. 

Although metals taken up into plant tissue are available for ingestion by beef cattle and other 
herbivores, most metals are generally present in plant tissues at concentrations that are typically 
orders of magnitude less than the surrounding soil concentrations. Except for cadmium, these 
metals do not tend to bioaccumulate in plant tissue. For example, the recommended root uptake 
factors (ratio of concentration in plant tissue to the concentration in the soil) for arsenic, 
cadmium, lead, and mercury are 0.0004, 0.04, 0.002, and 0.05, respectively (CalEPA 1996). 
However, other studies have shown that concentrations of cadmium in some plant tissues are 
higher than those in surrounding soils (Nwosu, Harding, and Linder 1995), and cadmium was 
found to be a health hazard for vegetable consumption. 

In addition, the amount of soil ingested by cattle while grazing is small, approximately 
0.05 percent by weight of the pasture grasses ingested (CalEPA 1996). A study that investigated 
concentrations of metals in edible beef tissue in comparison to soil concentrations could not be 
located. However, a conservative calculation (see Appendix J) that assumes 100 percent 
contaminated cattle forage, 100 percent bioavailability, and no depuration, estimates that a 
concentration of 2 mg/kg arsenic in soil would result in a concentration of approximately 0.0033 
mg of arsenic per kg of fresh edible beef tissue. Assuming conservatively that all meat 
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consumed is contaminated beef, a 70 kg male who consumes 250 g of meat per day would have a 
dose of 0.000012 mg arsenic/kg body weight-day (CalEPA 1996; USEPA 1990c, 1998a). 
Calculations using the most health-protective assumptions (as described above) result in some 
health risks that exceed the target risk goals; however, actual metal concentrations in edible 
tissue are likely to be lower than the conservative estimate presented here. For example, 
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individuals are unlikely to eat 250 mg/kg of local beef every day for 70 years and the • 
bioavailability of arsenic in soil is unlikely to be 100 percent. If the uncertainty regarding this 
pathway is a concern, actual tissue samples should be collected from the edible portions of • 
locally raised beef cattle. 

Ingestion of Waterfowl and Large Game. Hunting of both waterfowl and large game in the I 
Panhandle region is limited primarily to the fall and early winter (September to mid-December) 
and takes are restricted depending on the species. Take of most large game is limited to one to mm 
two animals per year per permit holder. Take of waterfowl is higher, up to8 and 14 per year for | 
geese and ducks, respectively. Because of the difference in body size between large game and 
waterfowl, the total amount of metals consumed by humans is expected to be similar for game • 
and waterfowl. These restrictions limit the amount of game that residents can ingest. I 

While wildfowl have been studied and are considered no to be a concern for human health • 
(Weston 1989), big game has not been evaluated. Only one muscle tissue sample of white-tail • 
deer from CSM Unit 2 is available (collected by the US Fish and Wildlife Service). While no 
conclusions can be reached from only one sample, the results of the sample and some • 
conservative risk and hazard estimates are presented below for discussion purposes. 

Wet weight concentrations of muscle tissue were calculated from dry weight concentrations I 
assuming 70 percent moisture (default values of non-human mammalian moisture content range 
from 70 to 80 percent) and using the dry weight-to-wet weight formula presented in Section 3.3.1 mm 
for vegetables. Wet weight concentrations for four of the COPC metal are: jj 

Arsenic Q.I 5 ppm • 
Cadmium 0.19 ppm I 
Mercury 0.03 ppm 
Lead 1.17 ppm I 

To estimate risks and hazards we used an ingestion rate for game corrected for body weight of 
0.446 g/kg-day, the 99* percentile rate from USEPA (1997a)5 and the same formulas used to I 
calculate doses from vegetables (Table 4.3 in Appendix A). Under those assumptions, hazards 
from arsenic, cadmium, and methyl mercury are estimated at 0.2, 0.08, and 0.1, respectively. _ 
Arsenic risks are 4 x 10"5, assuming all arsenic is in the inorganic form, a very conservative • 
assumption. Thus, risks and hazards from this one sample do not appear to be a large concern 
and would not add significantly to the total residential risks and hazards in the Basin. However, mm 
one sample anda default exposure formula are insufficient to either include or exclude and | 
exposure pathway. The deer was not collected from the area with the most contaminated soils 
(CSM Unit 3) and it is not known if the deer grazed in that area. Therefore, this pathway 
remains an uncertainty, is a potential source of metals for hunters, and may warrant further I 
investigation. 

Inhalation of Non-lead Metals in Dusts During High-dust Activities. Inhalation of metals in I 
dusts was excluded as a pathway of concern for all metals but lead (see Section 2.4.5). The 
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methodology used to evaluate dust inhalation risks makes an assumption that dust in the air 
comes primarily from soil being eroded by wind action. Health-protective assumptions are made 
regarding the "erosion potential" of the soil and how much dust will be in the air every day for 30 
years. No non-lead chemicals were at high enough concentrations to present an inhalation health 
risk or hazard based on inhalation of wind-generated dust from soils; therefore, the inhalation 
pathway was not included in the risk assessment. However, some types of activities generate 
airborne dust hi higher amounts than would be produced by wind erosion such as recreational use 
of all terrain vehicles (ATVs) or certain types of construction activities. Workers engaged in soil 
disturbing activities in mining-impacted soils will need to take precautions to prevent exposure 
from a variety of pathways, including inhalation. Recreational exposures are typically infrequent 
and/or are of relatively short duration; therefore, exposures from ATV use are unlikely to pose a 
health risk if continuous exposure to dust under residential exposure conditions does not pose a 
risk. Nonetheless, frequent and lengthy use of ATVs on high-concentration soils such as waste 
piles could add significantly to exposures; thus, the lack of inclusion of this pathway could 
underestimate health risks for some individuals. 

7.2.3 Toxicity Assessment and Risk Calculations 

Bladder and Lung Cancer From Ingested Arsenic 

After an extensive review of available literature, the NRC report evaluating health risks from 
arsenic in drinking water concluded that in addition to the previously documented risk of skin 
cancer, there is sufficient evidence to link ingested arsenic with bladder and lung cancer (NRC 
1999). Increased rates of bladder and lung cancer have been observed in humans who ingest 
arsenic in drinking water containing several hundred jag/L. Two recent studies (discussed 
below), published since the NRC report, found an increased risk of bladder cancer at arsenic 
levels in drinking water well below previous reports. The NRC concluded that the evidence is 
insufficient to depart from the default assumption of a linear relationship (using EPA criteria hi 
USEPA 1996e) and the two additional studies support that conclusion. The NRC report 
estimated that combined cancer risks due to drinking arsenic at the MCL of 50 p.g/L might be as 
high as 1 in 100, an order of magnitude greater than the risk of skin cancer by itself (NRC 1999). 
The NRC acknowledges a number of problems with quantifying the dose response relationship 
for internal organ cancers; however, it recommends lowering the MCL as soon as possible 
because the current MCL likely does not meet EPA criterion for public health protection (i.e., 
risks falling within the range of 1 x 10"4 to 1 x 10'6). Therefore, total cancer risks due to arsenic 
based on the skin cancer SF could be underestimated if risks from lung and bladder cancer were 
also considered. 

Recently published findings (Chiou et al. 2001) for a large group (8000+) of arsenic-exposed 
northeast Taiwan residents found an association between arsenic in drinking water and an 
increased risk of bladder cancer at lower arsenic levels than have been noted in most other 
studies. The northeast Taiwan population is different than the heavily studied southwest Taiwan 
population in that each household had its own well; thus, enabling a more precise estimation of 
individual exposure than was possible in SW Taiwan where several households shared a well. 
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Thousands of individual water arsenic samples (N=3901; I/household, 85.1% of all households) • 
were tested in this most recent investigation; consequently, dose characterization provided a 
better exposure reconstruction than was possible in the many, earlier SW Taiwan studies. Like I 
the earlier studies, however, these subjects presented an overall increased risk of urinary tract ™ 
cancers within a clear dose-response relationship. Chiou et al. showed the range of the dose-
response relationship to begin at least at water arsenic levels below 50 ppb (MCL). In particular, I 
they noted that there was a rough doubling of urinary cancer tract risk hi the range of arsenic 
water levels of 10 to 50 ppb. . 

The Chiou et al. paper was preceded by the findings of Kurttio et al. (1999) showing increased 
bladder cancer rates for Finns imbibing well water arsenic levels below those linked to increased • 
cancer risk and stratified as to dose-response hi the Chiou et al. investigations. The arsenic levels | 
reported in Kurttio et al. were quite low, the highest value being 64 ppb. An increased bladder 
cancer risk was observed in individuals with arsenic levels above 0.1 ppb and the finding was • 
statistically significant at arsenic concentrations above 0.5 ppb. The authors note that their • 
finding of a relative risk of bladder cancer above two at these low water concentrations is not 
consistent with other arsenic studies and note that the role of bias and chance in their findings I 
needs to be carefully considered. The Finnish data do support linearity more than nonlinearity of ™ 
the arsenic dose-response curve for internal cancers. 

Chiou et al. (2001) juxtaposed the Finnish findings with their NE Taiwan finds, leading the 
authors to state: » 

"A dose-response relation between arsenic and bladder cancer was also found in 
Finland... When the results of these two studies are considered together, arsenic appears to 
induce bladder cancer in a biological gradient at levels less than 50 Mg/liter (ppb)." I 

In addition to the strong evidence of lung and bladder cancer associated with ingested arsenic, • 
there is additional evidence from the Taiwanese population of an association between arsenic in • 
groundwater with cancer hi other internal organs such as the kidney, liver, and colon (Chen et al. 
1985, 1986). A dose-response relationship between arsenic in well water and cancer of the liver, I 
nasal cavity, bladder, kidney, lung and prostate has been reported (Chen and Wang 1990). * 
Studies in Argentina indicated an increase in kidney cancers hi addition to skin, lung, and 
bladder cancers (Hopenhayn-Rich et al. 1996; Hopenhayn-Rich, Biggs, and Smith 1998). It is I 
unknown whether the current SF for arsenic protects against these additional types of cancer. 

Risks andHazards Added toResidential Exposures I 

Risks and hazards due to the ingestion of locally grown vegetables and local fish were not • 
combined with other risk/hazards in the risk and hazard totals presented in Section 5. The RME | 
hazard indices for eating cadmium in fish ranged from 0.005 to 0.02 indicating that an increase in 
hazards from cadmium in fish is unlikely to affect the hazard totals or risk assessment • 
conclusions if added to the residential scenarios. The RME hazard indices for eating mercury in • 
fish were 0.3, 0.9, and 0.6 for bullhead, northern pike, and perch, respectively. If local fishermen 
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eat only bullhead, total hazards for residents would not significantly be affected, if fish ingestion 
hazards due to methyl mercury were added to residential scenarios. However, for local 
fishermen who eat primarily northern pike, and secondarily perch, the hazards from eating fish 
containing methyl mercury could add significantly to residential scenarios at some locations. 
The mercury concentration hi northern pike used in the risk calculations was 0.133 ppm and the 
value for perch was 0.089 ppm. 

The ATSDR (1993) reports for mercury that the average concentration in most fish is less than 
0.2 ppm and UCL95 mercury concentrations in fish tissue from the lateral lakes are below this 
value. The highest concentration of mercury in fish from the lateral lakes was a value of 0.48 
ppm in northern pike. 

The mercury concentrations used in the risk calculations are similar to mercury levels seen in 
uncontaminated areas and are similar to average values seen in fish across the country. The 
USGS sampled fish filets and sediments at 16 locations in Montana, Idaho, and Washington and 
analyzed the samples for metals, including mercury (Maret and Skinner 2000). The locations 
included Mullan and Pinehurst on the South Fork of the Coeur d'Alene River, and Enaville on the 
North Fork. They also sampled two locations along the St. Joe River, an area that could be 
considered to represent natural background for local fish tissue concentrations. The USGS report 
did not find any correlation between sediment concentrations and filet concentrations for any of 
the metals sampled, including mercury, cadmium, and lead, indicating that sediment 
concentrations did not appear to be a good predictor of filet concentrations (Maret and Skinner 
2000). Researchers did not report that they considered the home range of the fish in their 
correlation estimates. Mercury levels in sediment need to be weighted to accurately reflect 
concentrations in the entire feeding range if fish range over a wider area for their food then is 
represented hi the sediment sampling geostatistics. Researchers did not sample the same species 
as those evaluated in this risk assessment, the USGS sampled several species of trout, mountain 
whitefish, and largescale sucker. Samples were composited from up to 16 fish per location and 
one sample was sent to the laboratory for analysis. Pinehurst had the lowest mercury 
concentration in filet tissue although this location had the highest mercury concentrations in 
sediment (the filet concentration was approximately 0.07 ppm). Mercury concentrations in the 
two filet composites collected from the St. Joe River were approximately 0.13 ppm and 0.17 ppm. 
USEPA (1992e) studies of mercury concentrations hi fish across the country found a median 
mercury concentration in filets of 0.18 ppm and mercury concentrations in the area of 0.18 ppm 
may be a concern. The St. Joe River concentrations are equal to or exceed the UCL95 values used 
in the risk assessment listed above. 

The RME hazard index for homegrown vegetables was 2 for child and child/adult residents and 
the RME cancer risk was 8 x 10'5 for child/adult residents. These values are large enough to 
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significantly affect the hazard/risk estimates for the residential scenario in several exposure areas 
and could impact the overall conclusions of the risk assessment. However, the vegetable data are 
considered semi-quantitative because of the non-systematic sampling of gardens and the small 
data set (e.g., vegetable data were not available for all exposure areas because of opportunistic 
sampling [see Section 2]). It is unknown how many homes in the Basin have vegetable gardens 
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and whether the homes and vegetables sampled were representative. Cadmium concentrations in • 
leafy and root vegetables in the limited data set appear to be higher by almost an order of 
magnitude than the national averages, and the concentrations in Basin vegetables are similar to I 
those found in Pinehurst in 1983 (PHD et al. 1986). " 

Risks from eating vegetables containing arsenic were calculated assuming 100 percent of the I 
arsenic in produce was inorganic (which is accepted as being more toxic than organic arsenic). 
The assumption of 100 percent is potentially an overestimate of inorganic arsenic in many foods, « 
with some produce having as little as 25 percent of its arsenic content in the inorganic form | 
(Schoof et al. 1999; Yost et al. 1998; Mushak and Crocetti 1995). In the absence of site-specific 
speciated arsenic data and acknowledging that the types and amounts of produce consumed will • 
vary between individuals, the 100 percent assumption is not unreasonable. However, the amount I 
of inorganic arsenic in produce is another area of uncertainty, indicating the risk estimates from 
eating garden produce should be viewed with caution. • 

Not combining the results for vegetables with hazard/risk estimates for residents may have 
resulted in an underestimation of hazard/risk for some residents. The magnitude of the • 
underestimation is unknown due to the uncertainty regarding the data set for homegrown 
vegetables and the uncertainty of the amount of inorganic arsenic ingested in produce. _ 

7.3	 FACTORS LEADING TO POSSIBLE UNDERESTIMATION OR 
OVERESTIMATION OF RISK m 

Several factors have the potential to overestimate or underestimate risk. This section discusses 
these factors and the likely effect of combining uncertainties in evaluating risk.	 • 

7.3.1	 Data Collection and Evaluation 

A risk assessment depends heavily on the quality and representativeness of the sampling data. • 
Uncertainties contributing to sample variation may involve the heterogeneity of the sample matrix 
(e,g., particle sizes in soil), the number of samples collected in various locations, and the field or I 
laboratory analytical techniques. These sampling uncertainties can underestimate or overestimate 
risk. 

House Dust 

The house dust data for the non-lead metals were not used in the EPC calculations for residential | 
exposure primarily because of (1) the lack of sufficient dust data (in six of the eight residential 
areas fewer than 10 dust samples were available [see Table 3-521 ]), and (2) the uncertainty	 • 
associated with the prediction of a dust concentration on the basis of a yard soil concentration. I 
Scatter plots of house dust versus soil (Appendix I) indicate no clear relationship between the 
concentrations in house dust and yard soil, i.e., as concentrations in soil go up, concentrations in • 
dust do not necessarily increase also and vice versa. Because of the time spent in the house,	 " 
especially by young children, a significant portion of a child's soil exposure occurs from dust in 
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the home. In the EPAIEUBK Model for lead, the amount of time spent outdoors is assumed to 
represent 45 percent of the child's day, while 55 percent of the child's exposure occurs indoors 
(USEPA 1994a). As a result, metal concentrations hi indoor dust that are significantly different 
from concentrations in outdoor soil could make a difference in the EPC and the estimate of risk or 
hazard. 

Two types of house dust samples were collected: dust from floor mats and dust from vacuum 
cleaner bags. The data from vacuum cleaner bags are considered more representative of dust 
exposures in the home than data from floor mats, while floor mats provide a better estimate of the 
total amount of outside soil tracked into the home. Once the soil is in the home, other dust 
generated inside the home likely dilutes the soil particles (unless there is an in-home source, such 
as with lead) (Trowbridge and Burmaster 1996). Examples of dust particles generated in the 
home are flaking skin scales, dust from carpet lint, organic material, and flakes of construction 
material (Trowbridge and Burmaster 1996). As a result, concentrations of metals in the vacuum 
cleaner bag samples are expected to be lower than those in outdoor soil because of the dilution of 
outdoor soil by indoor-generated dust (Trowbridge and Burmaster 1996). Concentrations of 
metals in floor mat samples are expected to be similar to those in outdoor soil. Iron and 
manganese were the only two metals that showed the expected pattern—concentrations hi outdoor 
soil samples and floor mat samples were the same and concentrations in vacuum cleaner bag 
samples were about half those in outdoor soil. 

Concentrations of antimony, arsenic, cadmium, and zinc all showed a statistically significant 
enrichment hi floor matHust when compared to outdoor soil. All but arsenic also showed an 
enrichment, though not as great, hi vacuum bag dust. The results of the paired t-test performed on 
floor mat and vacuum cleaner bag concentrations versus outdoor soil concentrations are presented 
in Appendix I. The statistical comparison was performed after the removal of one outlier sample 
from each of the chemical-specific data sets, with the exception of antimony, which had no 
outliers. Data were tested for outliers using the studentized residual test performed in S YSTAT 
v.9. For the statistical comparison, the soil data were pooled for each chemical for all the homes 
with floor mat and vacuum cleaner data and were found to be lognormally distributed. 
Residential soil data for different geographical subareas presented in the Part D Table 3 series 
were often not lognormally distributed. 

The statistical results indicate that concentration dilution is occurring in the home (vacuum 
cleaner bags) relative to entry into the home (floor mats); however, the concentrations of all 
metals, except arsenic and lead, in dust from vacuum cleaner bags exceeded the concentrations in 
outdoor soil. The reasons for the concentration enrichment are unknown. Possible explanations 
include the following: 

•	 The mechanisms by which yard soil is being transported into the home 
preferentially bring in particles smaller than those (less than 175-micron diameter) 
collected in the yard soil samples. Because samples consisting of smaller particles 
have higher concentrations of metals, the concentrations in house dust are greater 
than those in outdoor soil. 
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• Bias may be introduced by the comparison of results from different sampling • 

methods for house dust and soil. 
•	 There may be sources of outdoor metals entering homes that are not from the I 

yards. ™ 
•	 A potential indoor source of metals is being added to metals tracked in from the 

yard. • 

Further investigation is needed to explain the results (e.g. more data gathering, further analysis, _ 
etc.). Depending on the chemical and the dust data used, concentrations in house dust could either | 
be the same as those in outdoor soil, less than those in outdoor soil, or greater than those in 
outdoor soil. • 

Ratios of chemical concentrations in soil to those in dust from floor mats and vacuum cleaner 
bags are presented in Table 7-2. Arsenic and iron are the chemicals contributing most to the • 
noncancer hazard in residential homes. Both their concentrations were generally lower in dust • 
from vacuum cleaner bags than in outdoor soil, indicating that EPC concentrations could be 
overestimated for these metals; however, arsenic concentrations in the floor mat samples were I 
higher than those in outdoor soil. If dust samples from vacuum bags represent the best measure of ™ 
indoor dust, the use of soil concentrations as a surrogate for house dust concentrations for arsenic 
and iron likely over estimates health risks. • 

Vegetables	 » « 

Vegetable samples were not collected in a systematic manner. As discussed previously, homes 
were sampled because the owners volunteered and only a small percentage of the homes had • 
produce available for sampling. It is unknown how many homes in the Basin have vegetable | 
gardens and whether the homes sampled were representative. Furthermore, the same produce was 
not sampled in every garden; the 24 sampled gardens did not have similar produce and a wide • 
variety was sampled. Leafy vegetables and root vegetables were preferentially sampled from • 
every garden, if available. For some types of produce only a few samples were collected and for 
some only one sample was collected. Because of the non-systematic sampling and the small data I 
set, the vegetable data are considered semi-quantitative. It is unknown whether the data ™ 
underestimated or overestimated the metal concentrations hi homegrown produce. The estimated 
HQ associated with cadmium in vegetables is 2, which exceeds the target health goal of 1. Issues • 
surrounding cadmium in vegetables are discussed further in the following text. 

The database for cadmium concentrations hi garden soil is much larger than that for cadmium in | 
vegetables. When the concentrations of cadmium in vegetables are compared with the cadmium 
concentrations hi collected garden soil, no trends are apparent. Figures 7-1 through 7-3 show • 
scatter plots of cadmium concentrations in vegetables and soil for (1) all vegetables, 31 paired I 
samples; (2) leafy vegetables, 11 paired samples; and (3) root vegetables, 19 paired samples. The 
plots do not indicate a relationship between cadmium concentrations hi vegetables and soil (i.e., • 
vegetable concentrations do not increase as soil concentrations increase). As a result, it is not • 
possible to use cadmium concentrations in garden soil to determine whether the homes sampled 
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for homegrown vegetables were representative of the entire site. The average concentration of 
cadmium in leafy vegetables is 0.42 mg/kg and in root vegetables it is 0.13 mg/kg. These 
concentrations are higher than those indicated by national survey data, which show the mean 
cadmium concentration in leafy vegetables as 0.033 mg/kg (ranging from of 0.016 to 
0.142 mg/kg) and in root vegetables as 0.016 mg/kg (ranging from a trace to 0.028 mg/kg) 
(Gartrell et al. 1986). The average cadmium concentration in root vegetables in the Basin is 
higher than the highest value reported in ATSDR (1993). Recent surveys by the Food and Drug 
Administration (PDA) note that 80 percent of cadmium in the diet comes from lettuce, potatoes, 
and grains (Gunderson 1995). 

Garden vegetables and garden soil were sampled at homes in the BHSS (PHD et al. 1986) in
 
1983. The dry-weight results for cadmium concentrations are compared with EPA's 1998
 
sampling results for the Coeur d'Alene Basin in Table 7-3. The sampling results are provided in
 
Appendix B. Only dry-weight values were reported in the 1983 data; therefore, EPA dry weights
 
are used for comparison. Exposure to vegetables occurs to the wet product; therefore, wet-weight
 
concentrations were used hi the hazard calculations and wet-weight concentrations are shown in
 
the figures. Wet-weight concentrations are much lower than dry-weight concentrations because
 
vegetables contain a large percentage of water.
 

The 1983 and 1998 vegetable data are similar. Both indicate that leafy vegetables have higher 
concentrations of cadmium than root vegetables and that concentrations are a similar order of 
magnitude. 

In conclusion, leafy vegetables, particularly lettuce, in the Coeur d'Alene Basin appear to have the 
highest concentrations of cadmium. This finding agrees with national survey information 
indicating that this vegetable type generally has the highest cadmium levels. (The latest PDA 
survey indicated that potatoes contain slightly higher cadmium concentrations than leafy 
vegetables [Gartrell et al. 1986]). Average cadmium concentrations in leafy vegetables and root 
vegetables, in the limited data set available for the Basin, appear to be almost an order of 
magnitude higher than the national averages, and Basin concentrations are similar to those found 
in Pinehurst in 1983 (PHD et al. 1986). Cadmium concentrations for vegetables in the Basin do 
seem elevated compared to the rest of the country. 

Health risks due to cadmium in vegetables were estimated using a total vegetable ingestion rate 
for homegrown vegetables that was not vegetable specific. Actual health risks could be higher or 
lower, depending on the amount of leafy vegetables versus other types of vegetables consumed. 
On average, cadmium concentrations in leafy vegetables were three times the concentrations in 
root vegetables. Hazards due to cadmium in vegetables exceeded the target hazard goal, 
indicating that this may be an exposure pathway of some concern and potentially worth evaluating 
further to eliminate some of the uncertainly. 
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7.3.2 Exposure Assessment ™ 

Gastrointestinal Absorption of Arsenic From Soil • 

As recommended in EPA Region 10 guidance, a gastrointestinal absorption factor of 60 percent _ 
was used in exposure estimates for arsenic ingested in soil (USEPA 2000b). Confidence in the I 
data set used to estimate 60% absorption is limited. Actual bioavailability is likely to vary across 
the site and would be higher or lower than 60%, In portions of the Basin, arsenic derived from • 
residual smelter emissions may be more bioavailable than 60%. The EPA oral RfD and SF for | 
arsenic were derived on the basis of an epidemiological study of a group of people who were 
exposed to high levels (e.g., intake of approximately 1,000 fig/day) of soluble arsenic in food and 
water. However, arsenic ingested in soil at mining sites is generally less well absorbed than I 
soluble arsenic in food and water because (1) the arsenic form may be relatively insoluble (Davis 
et al. 1996), and (2) arsenic adsorbs to soil particles, making it less available for absorption • 
(Valberg et al. 1997). Therefore, the gastrointestinal absorption factor of 60 percent was used to • 
account for differences between the bioavailability of arsenic ingested in soil at the site and the 
bioavailability of soluble arsenic ingested in water and the diet in the study used to derive the SF. I 

EPA Region 8 has used a generic gastrointestinal absorption factor for arsenic in soil of 80 _ 
percent for arsenic in smelter-derived waste and 50 percent for arsenic in mining-derived waste • 
(USEPA 1993a). The assumption of lower bioavailability of arsenic in soil has been tentatively 
confirmed by results from animal studies indicating that soil-bound arsenic is not as bioavailable « 
(8 to 48 percent) as arsenic in solution (Freeman et al. 1993, 1995; Groen et al. 1994; Yanez et al. | 
1993). However, the number of animals used in the study was small. In addition, a number of 
human studies have reported low urinary arsenic levels at sites with high arsenic concentrations hi 
the soil, probably as a result of the low bioavailability of arsenic hi soil (Butte-Silver Bow Dept I 
of Public Health and Cincinnati Dept. of Environmental Health 1992; Colorado Dept. of Health 
et al. 1990; Hewitt et al. 1995; Valberg et al. 1997). Site-specific gastrointestinal absorption • 
factors for arsenic have been derived using soil from the Murray Smelter Superfund site in Utah • 
(24 percent), and residential soil (80 percent) and slag dust (42 percent) from the Ruston/North 
Tacoma Superfund site in Washington (Weis, Henningsen, and Griffin 1996; USEPA 1993b, I 
1996d, 1997d). • 

The gastrointestinal absorption factor of 60 percent used in this risk assessment is within the range I 
of values discussed. However, this is a source of uncertainty in the estimates of hazard/risk due to 
arsenic ingestion in soil. _ 

Current Conditions Do Not Change 

EPA residential exposure assumes that the current conditions remain the same over 30 years of I 
exposure. Over this period, conditions may improve (e.g., many areas will be cleaned up after 
which cleaner sediments potentially will be deposited over the formerly contaminated areas) or, • 
conversely, areas now contained could be disturbed (e.g., large flood events mobilizing new waste • 
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pile materials with high concentrations of metals). Any of these conditions could affect the actual 
amount of exposure. 

7.3.3 Toxicity Assessment 

Arsenic Toxicity Issues 

There is uncertainty associated with the effects of arsenic at low exposure doses. Because of the 
controversy surrounding the carcinogenicity and toxicity of ingested arsenic, further revisions to 
the SF may occur in the future. Some of the outstanding issues previously discussed in this 
section include (1) a possible threshold dose (i.e., risks are less than predicted based on the linear 
model relationship between dose and cancer risk at low doses); (2) the increasing body of 
epidemiologic evidence linking internal cancers with ingested arsenic exposures, particularly of 
the bladder and lung; and (3) the differences in absorption between arsenic in drinking water 
versus soil. 

A new study by Kaltreider et al. (2001) provides a mechanistic rationale for the genesis of 
diseases that are linked to glucocorticoid receptor (GR) disruption and simultaneously known to 
be associated with arsenic: vascular disease, diabetes (Type-2) from disruption of GR-mediated 
glucose metabolism, and molecular events leading to carcinogenesis. It is not yet clear how this 
new information might affect the numerical estimates of arsenic toxicity, but the study provides 
mechanistic support for some of the diseases that have been linked with arsenic exposure in 
epidemiologic studies. 

Kaltreider et al. (2001) showed in rat studies that arsenic, used in the chemical form usually found 
in drinking water, interferes by disruption with a class of hormones called the glucocorticoids. 
These hormones serve multiple critical functions in the body, such as control of the blood vessels, 
blood glucose regulation, cell differentiation, and apoptosis, apoptosis being the process of 
controlled or programmed cell death. They function by connecting with a target site receptor (the 
GR). 

The results say that arsenic interferes with glucocorticoids and their receptor function by way of 
altering in a newly found way how the hormone binds to its target tissues, thereby impairing 
glucocorticoid function. The glucocorticoid receptor, the target tissue site where the hormone 
interacts, is blocked by arsenic from responding in a way that puts it in a separate class of 
disrupter, i.e., disruption by glucocorticoid receptor-produced gene expression, i.e., genetic 
processes within the nucleus. Arsenic interferes with the hormone receptor in exposed cells to 
control the expression of target genes in the target cell nucleus. 

The risks presented here for arsenic were calculated based on the total arsenic concentrations in 
each area. However, some of the arsenic is naturally present (pre-mining background 
concentration). For example, the 90th percentile soil background concentration for arsenic is 
estimated to be 22 mg/kg (Gott and Cathrall 1980). Of the 26 different arsenic EPCs for soil and 
sediment used in the RME risk and hazard calculations, only 4 were less than or equal to 22 
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mg/kg (Table 3-2). The arsenic concentrations used in the risk and hazard calculations are not ™ 
90th percentile values, but 95 percent upper confidence limits of the mean (UCL95). The 
background UCL95 for arsenic is unknown and cannot be estimated from the Gott and Cathrall • 
report where only the 75th and 90th percentile values for arsenic were provided. The 75th 
percentile concentration was 10 mg/kg and a background UCL9J for arsenic is thus potentially _ 
lower than 10 mg/kg. Therefore, all the arsenic soil EPCs are potentially greater than a UCL9J I 
natural background value. 

However, for many of the soil and sediment EPCs close to 22 mg/kg, background may be | 
contributing significantly to the total arsenic concentration. Risk management activities typically 
take background concentrations into account for decisions about remediation. Thus, background • 
may account fora large percentage of arsenic risks in some areas and may affect remedial I 
decisions. When considering the contribution of background to risks, the bioavailability of 
arsenic in background soil as compared to arsenic in mining-impacted soil must be taken into I 
consideration as well as the total background concentration. Another area of uncertainty is that • 
background arsenic may have a different bioavailability than arsenic in mine wastes and thus risks 
would not be equal given equal soil concentrations. If bioavailability was equal, at an arsenic I 
concentration of 10 mg/kg, risks for residential exposures would be 3 x 10"5 (ingestion and dermal 
soil exposure, 60 percent gastrointestinal absorption rate). Cancer risks from arsenic due to — 
residential soil exposure (highest risks) ranged from 5 x 10"5 to 1 x 10"4 for the eight residential I 
areas evaluated (current conditions). Therefore, where risks from residential soil exposure are at 
the low end of the calculated risk range, below 6 x 10"5 (Kingston, Silverton, and Wallace), risks • 
from a natural background concentration of 10 mg/kg could account for half the risk. For the five | 
remaining residential areas which had risks from residential soil of 1 x 10"4 (Lower Basin, Side 
Gulches, Osburn, Mullan, and Nine Mile), the risk due to the background concentration of arsenic • 
could account for approximately 30 percent of the risk. The incremental increases in risk above • 
background are approximately 3 x 10'5 and 7 x 10'5 for the lower risk and higher risk areas, 
respectively. Ail increases above background are, therefore, greater than 10"6, even if I 
bioavailability is assumed to be the same and the background UCL95 is assumed to be 10 mg/kg. * 
This same discussion would also apply to noncancer hazards due to arsenic. 

Reference Dosefor Iron ™ 

The RfD for iron is a provisional one; it has not gone through the peer review process necessary • 
for its inclusion in the EPA on-line IRIS database. Therefore, the provisional RfD may be 
reevaluated and subsequently be raised or lowered. Such a change would increase or decrease the H 
hazard estimates for iron in this report. g 

COPCInteractions • 

The potential toxicity-modifying interactions between COPCs in the Coeur d'Alene Basin are 
numerous and complex. Some of these interactions could be expected to increase toxic effects, I 
some would reduce toxic effects. The following examples illustrate some of the complexities and * 
potential interactions (TVA 1999): 
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•	 Several of the COPCs are required for nutritional adequacy in these concentrations 
(iron, manganese, and zinc) and have limited toxicity unless intake is excessive or 
through an inappropriate pathway. For example, an iron intake of 0.3 mg/kg body 
weight is recommended for nutritional adequacy, and an oral dose in excess of 
40 mg/kg body weight is likely to be toxic. The RfD used in the hazard 
calculations for iron was 0.3 mg/kg and hazards slightly greater than 1 are, 
therefore, unlikely to be a health concern for a child who has an adequate nutrient 
intake. 

•	 Some COPCs that are essential nutrients may have adverse effects by altering the 
physiological balance with another essential nutrient COPC. For example, iron 
deficiency increases the absorption of ingested manganese. 

•	 The toxicity mechanisms of some of the COPCs are at least partially attributable to 
interference with normal metabolism of the COPCs that are essential nutrients. In 
some cases, toxicity may be ameliorated by providing what under normal 
circumstances might be considered an inordinate level of an essential nutrient. For 
example, cadmium may cause anemia by interfering with normal iron metabolism 
and absorption. These symptoms can often be alleviated by zinc supplementation. 

•	 Dietary status may influence an individual's response to some COPCs. For 
example, calcium deficiency and/or physiological states causing remobilization of 
calcium stores (e.g., pregnancy, lactation, and aging) may increase both the 
absorption of ingested lead and the concentration of lead in critical organs. Iron 
deficiency and/or physiological states associated with increased iron requirements 
(e.g., infancy) enhance lead absorption and promote lead toxicity. An inadequate 
dietary intake of protein, methionine, or choline may limit the ability of the liver to 
methylate arsenic, thereby limiting arsenic detoxification and excretion. 

Interactions between COPCs may result in synergism or antagonism related to the toxic effect of 
individual COPCs and may even fundamentally alter the mechanism of the toxic effect in vivo. 
For example, rats exposed to mining waste that was contaminated primarily with arsenic, 
manganese, zinc, copper, and lead showed an apparent interaction between arsenic and 
manganese. The interaction appears to influence the bioaceumulation of arsenic and manganese 
in brain tissue and alters the release of the neurotransmitter dopamine hi areas of the brain 
involved in motor activity, attention, and learning (Rodriguez et al. 1998). 

The potential effects of exposure to several of the COPCs, especially those classified as essential 
nutrients, may also be modulated by homeostatic mechanisms, including the following: 

•	 Limitation or enhancement of uptake from the gastrointestinal tract (e.g., iron) 
•	 Alteration of the rate of excretion (e.g., manganese). 

The magnitude of the effect of these homeostatic mechanisms would be expected to vary, 
depending on factors such as age and nutritional status (TVA 1999). 
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7.3.4 Risk Calculations 

The effect of combining uncertainties associated with the various assumptions in the risk I
 
assessment is partially demonstrated by the difference between "typical" (average) and RME risk
 
calculations. To address potential uncertainties, a number of conservative estimates were used for _
 
the RME calculations, which when combined could overestimate risk considerably for most I
 
individuals. As noted by Habicht (1992), maximizing all variables will result in an estimate that
 
is above the actual values seen in the population in virtually all cases. This recent guidance, m
 
therefore, recommends (1) the use of near maximum values for one ora few variables with the |
 
majority being mean values, and (2) the evaluation of an average case for comparison.
 

7.4 UNCERTAINTIES IN LEAD RISK ASSESSMENT 

Each of the parameters and assumptions made in the lead health risk analysis have some I 
associated degree of uncertainty. The data utilized in developing quantitative estimates of risk ™ 
variables and parameters, and the likelihood of the assumptions made regarding each parameter, 
should be considered in assessing the results of the risk calculations. Most of the data collected to • 
represent exposure and response variables and to support the development of exposure factors, 
were collected by standard methodologies employed in the area for many years. These methods m 
have been peer-reviewed and critiqued by various agencies prior to implementation. For many of • 
the parameters, typical values have evolved from other studies and guidance and have been 
broadly applied in similar risk assessments. Other parameters are more site-specific in nature and • 
subject to greater range of uncertainty. Additionally, the data used were a compendium of results | 
from a number of studies that were designed and carried out for different objectives. As a result, 
some uncertainty is introduced from the combining of these studies. • 

There are five areas of uncertainty in the overall human health risk characterization for lead that
 
are discussed in this section: i) observed blood lead concentrations and distributions hi the various I
 
populations at increased risk for lead, ii) environmental data collection and evaluation including "
 
sampling and analysis protocols, iii) the broad range of exposure parameters linked to
 
characterizing both baseline and incremental lead exposures, iv) the multiple areas of uncertainty I
 
and variability in the modeling of blood lead levels, and v) uncertainties associated with modeling
 
results employed to derive risk-based soil lead cleanup levels. _
 

7.4.1 Uncertainty in the Use of Observed Blood Lead Levels 

Uncertainty in Blood Lead Measurements | 

AH blood lead samples for both the Basin and the BHSS are venous samples drawn by a certified •
 
phlebotomist. Basin samples were drawn at fixed site screenings utilizing school buildings, and I
 
BHSS samples were drawn in a hospital setting. All samples have been analyzed at the same
 
CDC certified laboratory for the last 15 years and are subject to all Public Health Service
 
protocols and QA/QC procedures. More than 5000 blood lead samples have been collected and
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analyzed in the Silver Valley by this procedure. Risk managers should consider the measured 
blood lead levels to be reasonably accurate, 

Uncertainty in Representativeness of Blood Lead Surveys 

The blood lead surveys conducted by the State and local health departments were estimated to 
have sampled about 25% of the 9-month to 9-year old children living in the eight geographic 
Basin subareas. These data were used in the HHRA i) to characterize excess absorption levels 
among different age groups in the various geographic subareas, ii) as a dependent variable in 
quantitatively assessing dose-response relationships with independent environmental source 
variables, and iii) to compare to blood lead modeling estimates to assess the effectiveness of 
different model forms in describing current blood lead levels. 

Review of these data indicate significant excess absorption is occurring, particularly among 
younger children, in several areas of the Basin. A strong quantitative relationship (R-square = 
0.60, p=0.0001) between blood lead levels and soil, dust and paint lead concentrations was noted. 
This empirical relationship was subsequently used to predict the effect of exposure reductions on 
future environmental and blood lead levels. These findings and conclusions are applicable to the 
population studied. A site-specific form of the IEUBK Model for lead, the "Box Model" used for 
the BHSS provided reasonably accurate predictions of observed blood lead levels and percent to 
exceed toxicity criteria for areas east of the BHSS. The EPA Default Model tended to over-predict 
current blood lead levels in these areas. Both models under-predicted observed blood lead levels 
in the Lower Basin. 

Each of these findings is based on an inherent assumption that those individuals providing blood 
samples are representative of the overall population of the Basin. The environmental source 
characteristics used in the site-specific analyses are compared in Table 7-8 and these results 
indicate that the source variables for the blood lead population are representative to that of all 
houses sampled. The sampled population was self-identified in response to solicitations from the 
health departments over a period of four years. In 1996, the area was systematically canvassed and 
a randomized sampling of 843 homes across the Basin was obtained. Although the participation 
rate for environmental sampling of these homes was adequate, few parents availed themselves of 
the opportunity to have their children tested. More than 660 adults agreed to provide blood 
samples. However, only 98 children were tested in the 1996 survey. 

The latter three screenings were directed more toward health intervention efforts and showed 
different participation rates. Children from age 1-9 years were tested, although tighter age band 
sub-grouping results were presented. In 1999, extra solicitation efforts were applied including 
additional publicity, public and monetary support from the local mining industry, and a $40 per 
child financial incentive. This survey resulted in a turnout estimated near 25% of the eligible 
children in the Basin and a doubling of the total blood lead observations obtained. The overall 
response over the four years was biased toward older children, with about twice as many children 
in the 7-9 year category than 9-month to 36-month old children. The nature of this turnout raises 
questions regarding the reliability of using these data in the HHRA and subsequent remedial 
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decision-making. The implications of the uncertainty in the representativeness of the observed " 
blood lead database are discussed below for each major use of information. 

Characterizing Excess Absorption in the Population. Review of the blood lead data indicate 
that about 10% of the 9-month to 9-year old children tested are experiencing excessive blood lead _ 
levels. The high blood lead levels are concentrated in younger children with 23% of 9-month to I 
36-month old children showing levels of 10 p,g/dl or greater and 10% at 15 ug/dl or higher. A 
significant portion of these children (3%) are in the medical response category greater than 20 
jj.g/dl. These results indicate an unacceptable level of absorption is ongoing among, at least, the I 
younger children participating in the intervention program. 

Blood lead screening has associated problems that can result in uncertainty and variability, as • 
noted in Table 7-4. Much of the variability and uncertainty is related to the relative instability of 
this measure in young children. Blood lead levels may change with increases or decreases in lead I 
intake. Questions leading to uncertainty in results include the extent to which those screenings ~ 
with low turnout would be representative of those individuals, especially children, who did not 
participate. I 

One statistical problem noted in screenings of this type is participant selection bias. Two potential ^ 
biases are important to consider. The announcement and implementation of the surveys and || 
associated education efforts may have caused parents to undertake exposure reduction efforts with 
their children that result in lower blood lead levels. These same children may have been more • 
likely to participate than those from uninformed families. The nature of the solicitation may have | 
resulted in drawing from particular segments of the population that exhibit higher or lower blood 
lead levels. • 

It is not clear the extent to which the publicity and concerns raised about scheduled screenings 
would have affected blood lead in response to any abrupt lead exposure changes elicited by care I 
giver concerns (Mushak 1998). Judging from the low participation rate in earlier screenings, there ™ 
seems to be a differential attitude within the Basin as to the seriousness of the lead exposure 
problem. Many community members feel strongly that there are few health risks ongoing and I 
resent the government intervention and investigation efforts. These factors could affect the 
relative seriousness of care-givers attempts to prevent exposure for their children among those M 
who elect to participate. That is, those parents most concerned will willingly use the opportunity I 
of a community screening to have their children tested. But they may also be those who extend 
their concerns about lead hazards to daily exposure prevention activities for their children as well. • 
That is, those most likely to participate are those whose children represent a likely lower level of | 
exposure than those care-givers who are indifferent to both needs for blood lead testing and 
children's activities in a lead-contaminated environment (Mushak 1998). This would suggest that • 
blood lead levels among the non-participants would be expected to be greater than those that • 
provided samples. 

On the other hand, the use of money as an incentive would be expected to particularly favor low- ™ 
income participation. Because potentially high exposures are associated with poverty-related 
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factors, higher than average blood lead concentrations would be expected among the participants. 
More than 30% of young children in the Basin are classified a being in poverty and a majority of 
families with young children could possibly be considered low-income. As a result, it is unclear 
whether the observed blood lead levels noted in the health department surveys are higher or lower 
than those children not tested. 

This question was examined in the BHSS where a door-to-door screening has been ongoing for 
over a decade. In the BHSS, recent turnout has been about 50% of the population down from more 
than 70% in the early years of the program. Of those that don't participate, about 6% are not found 
in door-to-door solicitations despite repeated efforts, 4% indicate previous testing, 10% believe 
there is no problem, 8% give no reason, and samples are unobtainable from 10% (TerraGraphics 
2000a). The only particular bias identifiable among non-participants was among those that were 
tested before with negative results. These families would be expected to have low blood lead 
levels. Coupled with the monetary incentive that favors low-income participation, this factor 
would suggest that overall blood lead levels at the BHSS would show lower incidence of 
exceedance than observed among participants. No such information exists for the Basin 
population. 

Comparison to Health Criteria and Other Populations. There are problems in comparing 
Basin blood lead levels to State and national surveys. The Basin-wide 1999 blood testing results 
of 10% exceeding the level of concern, cannot be directly compared with a State-wide survey 
conducted in 1997 that found that 4.2% of pre-school children living in pre-1970 housing had 
blood leads greater than the level of concern because i) all the children in the Basin do not live in 
pre-1970 housing, ii) children 9 months to 9 years of age cannot be compared to a population of 
pre-school age children, and iii) the 10% exceedance in the Basin may be the result of a bias in 
sampling of older children, and the influence of education and intervention activities; the second 
of these at least would clearly not have been present in the State-wide survey. 

These problems can be somewhat mitigated by examining only pre-school results in the Basin. 
Sixteen percent of preschoolers showed blood lead levels greater than or equal to 10 ug/dl in the 
most recent survey. Housing data for the Basin indicate that about 48% of housing in the Basin 
has been built since 1960 compared to 37% statewide, although the housing age breakdown for 
the children providing blood lead samples is unknown. This question is also compounded by the 
age distribution of children in the Basin and the subset of the population providing samples. There 
has been a preferential loss of younger children in the population in the last decade. The percent 
of children under 5 years of age has decreased by 12% as compared to an 8% decrease for all 
children under age 18 in the last decade. The degree to which this difference affects population 
blood statistics or the demographic characteristics of the preschool children remaining in the 
valley is unknown. With regard to risk assessment considerations, future populations would see a 
repopulating of the lower age groups as economic conditions improve. These families would 
likely be new to the area, less acquainted with lead health risks, and less affected by intervention 
efforts. As a result, it is likely that the prevalence of excess absorption is substantially higher in 
the Basin than the in Idaho generally. Risk managers may want to consider that those newcomers 
to the area in the future may have higher dose response rates than the current population. 
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Comparisons of Basin blood lead levels to national statistics is also problematic as there is clear • 
stratification hi national blood lead levels with children's age, income, age of housing, ethnicity, 
and size of community. These factors interplay in complex ways. Living hi older poorly • 
maintained housing may introduce additional sources of lead. However, low income status may 
not be a direct cause of elevated blood lead levels, but rather reflect such co-factors as poor _ 
nutritional status and having to live in older homes because they are generally less expensive and • 
the resulting higher exposures from greater dust and lead loading rates in older homes. Both a 
reduced nutritional status and increased dust exposures in older homes are arguments for greater mt 
risk reduction efforts. g 

It is not readily obvious how the Basin should be characterized relative to the national • 
demographic considerations. The area is not ethnically diverse and observed blood lead levels I 
were drawn from the largely white resident population. The Coeur d'Alene Tribe, for the greatest 
part, resides outside of the area of contamination. No blood lead observations specific to Tribal • 
members are available. Community size is small to rural and currently has a high incidence of • 
poverty among young families. However, much of the poverty and low income status has been 
incurred in the last two decades associated with economic downturns in the mining industry. As a I 
result, previously established community infrastructure, local government services, a stable older 
generation, and a tradition of community self-reliance in place prior to the economic downturn — 
have helped to mitigate risk co-factors associated with poverty and comparison to other low I 
income areas may not be justified. 

Calibrating or Validating Predictive Models. It is important to note that neither the EPA | 
Default or the Box Model were calibrated to observed blood lead levels in the Basin. The EPA 
Model was validated using blood lead levels from a variety of sites nationally and the parameter • 
values are expected to provide representative estimates of blood lead levels based on health • 
protective assumptions. The Box Model was developed through structural equation analysis of the 
last twelve years of blood lead and environmental exposure data collected through the course the I 
BHSS cleanup. Both models were run "asis!! and results were compared to observed levels in the • 
Basin. No adjustment specific to observed Basin blood lead levels was made. 

In comparing projected lead absorption results to observed blood lead levels, there is concern that ™ 
observed values may not represent true baseline blood lead levels in the Basin. Blood lead levels m 
may be biased high or low by selection factors discussed above. Additionally, observed levels I 
may actually be reduced due to several factors, including the influence of a general community 
awareness of the lead problem, and as a result of general health education and specific « 
intervention activities in the Basin. Analysis of the Lead Health Intervention Program developed | 
for the BHSS indicate that community education and intervention activities have a substantial 
effect on reduction of blood lead levels in children. It is unclear how much the introduction of • 
LHIP activities in the Basin in 1996, or the media and public attention to the potential problems I 
have affected people's behavior with respect to lead exposures. However, any effect these efforts 
had likely resulted in lowering blood lead levels and particularly among those that provided • 
samples. Many of the children whose families received follow-up counseling provided samples • 
showing lowered lead levels in subsequent years. Siblings in these families and possibly 
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acquaintances and neighbors would have similarly benefitted. As a result, risk managers might 
want to consider that model predictions based on default assumptions are likely to over-predict 
this population under current conditions. 

Two general types of blood lead modeling were performed in the HHRA. These two methods are 
generally called conventional (e.g., a predictive, mechanistic approach to blood modeling) and 
site-specific analysis (e.g. a descriptive, empirical approach). The traditional IEUBK approach is 
intended to be predictive of future, potential blood lead levels associated with a site. The 
site-specific approach more accurately describes blood lead trends and current conditions; its 
predictive value for future blood leads may be contingent upon sustained efforts and efficacy of 
the Lead Health Intervention Programs to monitor blood lead levels and reduce exposure in 
perpetuity. This possibility, in addition to the self-selection bias toward children in the older age 
groups may result a significant reduction of observed exceedances of 10 ug/dl blood lead. 

As a result, Box Model developed for the BHSS may inherently reflect some suppression of the 
dose-response relationship between blood lead levels and environmental exposures. Those same 
factors may be present in the Basin and partially account for the quantitative site-specific and the 
Box model's performance in describing observed concentrations and percent to exceed critical 
toxicity levels. There is a possibility that the relationships described in the site-specific 
quantitative models and the IEUBK Box Model may not apply to future generations and 
environmental conditions in the Basin. On the other hand, future improvement in the economic 
situation could mitigate those dose-response factors associated with poverty and the overall dose-
response rate for the community could improve. However, particular families that remain poor 
would continue to be at increased risk. To err on the side of protectiveness, risk managers may 
want to consider the Box Model as a minimum expression of the dose-response relationship. 

Screening for High Blood Lead Levels Intervention Activities. Turnout for the Basin-wide 
intervention program has been disappointingly low, although not atypical for fixed-site 
screenings. The primary purpose of the intervention screening is to identify children with high 
blood lead levels and to provide follow-up services that can help to reduce exposure and 
consequently, excess absorption. Review of the population statistics suggests that only one-in-four 
9 month to 9 year old children is being sampled. The participating population is skewed toward 7
9 year old children, resulting in a substantially lower participation rate among 9-month to 36
month old children. Among the young children ( 9-month to 36-month olds) participating, 22% 
have blood lead levels exceeding 10 ug/dl and 10% exceed the 15 \ig/dl criteria. As a result, it is 
likely that the majority of children experiencing excessive blood lead levels are unidentified and 
receiving only the general education benefits associated with the intervention program and no 
individualized health response. This finding suggests that increased surveillance and more 
aggressive intervention efforts may be required in the interim until permanent risk reduction 
actions can be put hi place, and that the efficacy of long-term intervention as a health protective 
measure is in question. 
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7.4.2 Uncertainty in Data Collection and Evaluation	 ™ 

Qualitative statements of uncertainty for environmental data gathering within various segments of I 
the Basin for lead and non-lead contaminants include sampling procedures and post-sampling 
measurement methodologies. The uncertainties associated with blood lead data gathering are _ 
summarized hi Table 7-4. Three basic questions are addressed with respect to variability and I 
uncertainty with the use of these data in the HHRA: 

•	 Do lead and the non-lead contaminants potentially occur hi various environmental | 
media present hi areas of the Basin at sufficient concentrations to produce levels of 
concern for health? • 

•	 Are the levels of lead and non-lead contaminants in site media different from I 
background levels? That is, are levels of these substances higher than would be the 
case in the absence of historical mining, milling and smelting activities? • 

•	 Were the sampling plans, in terms of both numbers and types of sampling, • 
adequate to characterize lead and non-lead contaminants in each exposure source 
and pathway? • 

Table 7-5 summarizes the elements of uncertainty associated with data gathering and evaluation _ 
with reference to environmental sampling and analysis for lead. The Table includes likely I 
direction of bias to the media-specific lead measurements. Comparatively speaking, the level of 
uncertainty in media sampling for lead concentration or lead loading is arguably less overall than • 
that residing in the parameters associated with lead exposures (exposure factors) and lead risks | 
(measured and/or modeled blood lead levels). 

An underlying assumption with environmental lead data collection, an assumption with its own I 
uncertainly, is that the types of environmental media sampled adequately reflect all the media that 
would be encountered by human populations. This is especially of concern later in the process, I 
during risk characterization, where all media at issue would or would not be entered into the " 
applicable model. 

A wealth of data exists to identify what would most certainly be those lead sources and pathways 
most relevant for the Basin. Expert consensus documents exist to identify and validate these for _ 
application to almost all human populations (NRC 1993; CDC 1991; ATSDR 1988, 1992, 1999b; | 
USEPA 1986). Similarly, considerable data exists to specify likely environmental lead inputs to 
either ad-hoc, statistical models in the form of multi-regression models or mechanistic models H 
such as EPA's Integrated Exposure-Uptake Biokinetic (IEUBK) and Adult Lead (ALM) models | 
(USEPA 1994 a,b; USEPA 1996c). 

Less obvious sources of environmental lead that may result in measurable intakes and some	 I 
associated body lead burden may sometimes be difficult to identify and hi theory add an element 
of uncertainty about all lead sources. In the case of the Basin, it is unlikely that such idiosyncratic I 
lead sources comprise any significant increment of exposure. Of particular concern would be	 • 
ethnic dietary components and folk medicines that are known to add sizeable amounts of lead to 
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human intake. For example, imported canned foods may still have lead-seamed cans, while some 
preparations for traditional home treatments for pediatric ailments can contain high lead levels. 
The Basin population, however, is relatively homogenous demographically, such that few 
idiosyncratic sources of this type are likely significant. 

General Soil and Sediment Sampling Plans 

The risk assessment for both lead and non-lead contaminants incorporated only a portion of the 
many thousands of soil and sediment samples that have been collected throughout the Coeur 
d'Alene River Basin over the past 25 years. Two criteria for incorporation were that the soil 
samples had been sieved to a uniform fraction of particle sizes more reflective of likely human 
contact, and the samples had to have been collected from sites along and within the Basin where 
some human contact would occur. This is not to say that exposures of and toxicity to ecological 
systems and populations would not occur where human contact is unlikely at present or in the 
future. 

A matter of more concern in the above connection is the extent to which current or likely future 
human contact patterns are adequately addressed within the human residential or recreational 
areas addressed in this HHRA. This uncertainty cannot be totally resolved as projecting future 
land use practices involves a complex mix of economic and demographic/sociological factors. 

Sampling for Yard Soil Lead in the Basin 

Soil lead data available under the above criteria were gathered from the 1996 ATSDR/IDHW 
survey, two selective repeat screenings in 1999 and various EPA field samplings (notably the 
FSPA06, -07, and -12 samplings). More than a quarter of all homes in the Basin, and near 50% of 
those with suspect contamination, were sampled for lead in soil in the course of the above efforts. 
This amounts to about 1020 homes within both the 1996 and 1999 screenings by the State of 
Idaho and the FSPA06, -07, and -12 efforts. 

How much uncertainty is associated with the merging of the various lead data sets from IDHW's 
1996 and 1999 efforts and the EPA samplings? Any answer to that question is tempered by a trade 
off between the statistical and interpretive advantages gained for the Basin risk assessment 
through sizeable increases in the sample size through data merger, i.e., reduced uncertainty, versus 
the consequences of differences encountered in having different soil sampling protocols, 
ATSDR/IDHW vs. EPA, and differences in recruitment protocols. 

Recruitment differed between the 1996 and the later EPA protocols, and some uncertainty as to 
the consequence of this for soil contaminant assessment exists. For lead and non-lead 
contaminants, homes in the Basin were self-identified through a voluntary call-in basis in the EPA 
screenings. For lead and cadmium, the IDHW/ATSDR homes were selected randomly from 
within the entire population of homes in the Basin. This began with a census of the study area for 
participants and non-participants. Data collection was preceded by public meetings and 
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availability sessions about three weeks before actual sampling began. Household and individual ™ 
questionnaires were used for participants. 
Sampling protocols of yard soils differed between the State and EPA screenings. Neither I 
technique conducted preliminary discrete core analyses to determine the in-yard variability of soil 
lead concentration. Because soil lead levels within a yard are likely log normally distributed, the _ 
more aliquots that are collected in composite sampling, the higher the probability of including a • 
hot spot, and there are likely more typical aliquots to dilute the hot spot contribution. As a result, 
the more aliquots collected, the better the representation of true media concentration. It is H 
typically the case that selected compositing protocols await the outcomes of a screening analysis g 
using discrete samples. Both surveys relied on techniques developed at other sites to determine 
the compositing rate for yard soils. • 

The IDHW/ATSDR study collected a single composited core sample from a minimum of two and 
a maximum of 10 cores per yard per 500ft2, as being representative spatially of the likelihood of • 
exposure population interactions with yard soils. This technique evolved from comprehensive « 
studies conducted over a number years at the BHSS that has been successfully used to assess both 
dose-response relationships and characterize yards for remedial purposes. I 
The EPA surveys relied on techniques used at other mining sites in the western U.S. and sub
composited a number of subareas in each yard but did not collect all samples within sectors as _ 
discrete samples for analysis to permit assessment of contaminant level heterogeneity or I 
distributions of contaminants spatially. Because the EPA's approach usually involved more 
aliquots, it had a higher probability of including a "hot spot" contribution. On balance, some m* 
uncertainty persists as to the representativeness of either protocol fora "true" sampling, and || 
additional uncertainty exists as to the potential of the two different protocols to differentially 
depict an adequate expression of soil lead levels and their distributions within the Basin. This 
descriptor is uncertain as to how well it captures the full distribution of soil lead values in the I 
Basin. IAnalysis of twenty-three yards sampled independently, colleted by both methodologies shown in 
Appendix N, indicates little significant difference in overall lead levels, and none in cadmium 
concentrations. The difference noted in lead levels is associated with yards with extremely high I 
concentrations that clearly represent excess risk by any analysis. With regard to the use of these ™ 
data, both the predictive and empirical analysis relate the results, as obtained, to observed blood 
lead levels. Both models show a strong relationship that is effective in describing observed levels • 
in those areas where residential soils are the largest contributor to exposure. It is likely, overall, 
that soil lead level data as merged for this risk assessment adequately represents typical or mean • 
concentrations as used in subsequent analysis. However, these results may underestimate "hot | 
spot" contributions, that may be significant in individual risk evaluations. 

There is also uncertainty associated with soil sample preparation, specifically the sieve size used • 
to segregate soil by particle size prior to laboratory analysis. All soil samples collected for health 
assessment or response actions in the Silver Valley for the last twenty-five years have been sieved I 
to 175 micron particle size. Subsequent studies have shown that this size fraction is a reasonable • 
expression of those particles that adhere to children's hands and are most active in the hand-to-
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mouth pathway of soil and dust ingestion. Although this size fraction has been observed to 
contribute to the soil and dust exposure pathway, the validation for the IEUBK model was done 
using a 250 micron particle size. Use of the smaller particle size is likely to result in higher lead 
concentrations relative to the 250 micron particle size, which may result in an overestirnation of 
risk. 

According to the Technical Review Workgroup (TRW) for Lead Guidance Document from Short 
Sheet (http://www.epa.gov/superfund/programs/lead/products/sssiev.pdf) (EPA 2000c): 

Several studies indicate that the particle size fraction of soil and dust that sticks to 
hands is the fine fraction, and that reasonable high-end for this size fraction is 250 
microns (um) (Kissel et al. 1996a; Sheppard and Evenden 1994; Driver et al. 1989; 
Duggan and Inskip 1985; Que Hee et al. 1985; Duggan 1983). This is also the 
particle size fraction that is most likely to accumulate in the indoor environment, as 
a result of deposition of wind-blown soil and transport of soil on clothes, shoes, 
pets, toys, and other objects. Lead concentration data for the fine (250 um) 
fraction (Midvale data) were used in the calibration of the EPA Integrated 
Exposure Uptake Biokinetic (IEUBK Model for Lead in Children, and in the 
characterization of lead bioavailability in soil, using either in vivo or in vitro 
studies (Casteel et al. 1997; Maddaloni et al. 1998; Ruby et al. 1996) 

Sampling of Other Soilsfor Lead 

In contrast to yard soils, it is likely that lead in soils and sediments in various common use 
areas would somewhat overestimate the levels that would be relevant to human exposures. 
This arises from the highly conservative assumptions (most protective against health 
hazard) employed for these 49 public areas (Sample N=647). 

Five waste piles (Sample N=27) were included in the "neighborhood" soil lead scenario. 
These waste piles have particularly high levels of lead and can often contain readily 
ingestible particles that also readily stick to hands. However, the likelihood of direct 
children's contact in most of these cases is quite low in the case of infants and toddlers, but 
increases with older, more mobile children. Therefore, sampling and measurements for 
lead likely overestimate direct contact, and the amount of overall lead contact infants and 
toddlers will encounter hi the Basin. These may or may not overestimate exposures of 
older, mobile children roaming freely in and around waste piles. To the extent older 
children transfer into the home smaller, high lead particles on bikes, shoes, clothing, pets, 
and from waste piles for younger sibling exposures, an indirect added exposure of the 
siblings is an area of remaining uncertainty. 
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House Dust Lead 

House dust lead characterized as lead concentration or lead loading per unit surface area is 
typically gathered by various methods, all of which depict different spatial segments of 
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home surfaces and engender sampling uncertainty at several levels. Therefore, one level of • 
uncertainty in this environmental parameter has to do with which type of dust sampling is 
employed and which approach more accurately expresses the lead content of interior dusts. • 
A second area of uncertainty arises within each sampling method. Basin house dust 
samples were gathered as either vacuum bag collections (N=320) or by entry dust mats _ 
(N=500). The former provided lead as concentration, while the latter permitted • 
quantification in terms of lead concentration or lead loading (mg/m2/day). 

Conventional vacuum cleaners collect a broad range of deposited dust particles. This range jj 
is further complicated by the state of repair and efficiency of the units and depicts a 
general but variable expression of interior dust lead level. Uncertainty has to do with how • 
well the range of surfaces vacuumed coincide with the surfaces contacted by children, I 
especially infants and toddlers exploring their interior home environment. Dust particles 
largely adhere to children's hands, in contrast to soils where only the smaller fraction of • 
soils are likely to do so. It is likely that some homemakers will vacuum thoroughly, • 
including surfaces not encountered by children. Others would confine vacuuming to the 
areas in more common usage and that are likely to become more visibly dusty. The former • 
vacuuming pattern may overestimate dust lead concentration with reference to children, 
while the direction of bias to measurement of more confined areas is not clear. _ 

It is difficult to assess how well the mat dust sampling in this Basin study reflect general 
deposition of exterior dusts and soils outside of the short collecting protocol of the Basin mm 
studies. To the extent that household practice would be to more frequently vacuum entry gj 
way mats or carpet than the running collection time of mat loadings in this study, then mat 
lead measures overestimate actual likely persisting entry mat levels or loadings. To the 
extent that entry mat surface is largely ignored hi vacuuming, then the short collection I 
time in the Basin protocol underestimates likely dust lead content. 

Lead-Based Paint • 

Considerable uncertainty attends the testing of lead-painted surfaces, simply because there I 
are few methods that truly sample the content of lead in paint that infants and toddlers are ™ 
likely to contact. Compounding the problem for Basin studies is the use of multiple 
measures for lead paint and the merging of this with expressions of painted surface I 
condition. It is a problem in sampling statistics that the more expressions of concentration 
or loading for content of a substance, the more likely the finding that the substance has a — 
more robust association with exposure than do those using other media. This is more | 
likely to find statistical artifacts, rather than a true association. 

Numerous expressions for lead in paint were employed in lead risk assessment, and these I 
included use of the maximum level in the entire unit and the median level. Collectively, 
inclusion of these measures would likely overstate the level of lead in paint that is an • 
accurate depiction of what children will encounter. B 

I
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Groundwater 

Groundwater sampling (N=80) was done from 27 monitoring wells sited near Nine Mile 
and Canyon Creeks. This water is not currently used as public drinking water and would 
only be an issue for future scenarios in land use where access to such waters might be 
required. In the latter case, extensive treatment might be required, limiting the extent to 
which lead levels would reflect human exposure levels. Uncertainty here is only for future 
likelihood of public consumption. 

Surface Water Sampling 

Measurement of lead and other contaminants in surface waters entailed a procedure in 
which sediments were stirred for suspension into the water column and then lead measured 
for the suspension samples. This would of course have produced a significant 
overestimation of what lead level would reside in either the water column itself or water 
with moderate amounts of sediment under less disturbed, non-flooding conditions. 

Garden Vegetables 

Vegetable sampling for lead is riddled with uncertainties of various types: 

•	 What crops are grown by residents in the Basin and should these be preferentially 
sampled for lead? 

•	 What is the range of vegetables which could be grown in the Basin, whatever the 
popularity of current crops, and should all crops be sampled equally for lead? 

•	 In the absence of measurement data, what bioconcentration factor, linking lead in 
soil to metals in plant, should be used for estimates of plant lead uptake? 

•	 Should results for washed or unwashed samples be used, given that part of garden 
crop lead content is from incorporated lead and part from external foliar, root or 
fruit surface contamination? 

•	 Use of wet weight or dry weight concentrations? 

Lead measurements in garden samples in the Basin were performed on all produce 
samples, along with testings of arsenic and cadmium. The sampling was opportunistic as 
described earlier. Available data for crop lead do not indicate whether actual lead 
samplings of garden produce would tend to bias the actual levels of lead relevant to human 
intakes upward or not. As examples, parameters affecting sampling results in terms of lead 
concentrations include garden size (how to sample areal segments), when during the 
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growing season the samples were taken (net level of lead changes during growing season), 
rainfall during the growing season which affects growth rate, splash contamination of 
foliar and fruit surfaces with soil as well as frequency of dust wash-off from plant surfaces 
prior to testing. See also Section 7.3. 
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Fish 

There a several insufficiencies in the fish tissue data. There is no accurate characterization ™ 
of tissue levels available for the Coeur d'AIene Lake fishery, although this may be the 
source of most of the fish consumed in the area. Although the data collected for three • 
species in the lateral lakes may represent that particular fishery, there is little information 
regarding fish consumption rates among either residents or the Coeur d'AIene Tribe, These _ 
data are for filleted fish that likely represent the favored preparation technique for sport g 
fishery families, but may not apply to Native American subsistence populations. Perch 
from the lateral lake fish tissue study carry the highest lead load compared to other fish m 
fillet species. Perch are a highly desirable and sought after food fish in this area, and it is | 
not uncommon for subsistence fishermen to take "buckets" of perch home and these small 
fish may be preserved whole. • 

One disappointing aspect of the lateral lakes fish sampling effort was the relative lack of
 
larger bullheads and perch in the samples. The majority of the sampled perch were of a •
 
small size that would likely be tossed back by many fishermen. Whether this size factor m
 
impacted the metal loads in the tissue is unknown, but it is important to note that perch are
 
predatory on other smaller fish so a food chain bio-accumulation might be a consideration. I
 
Comprehensive sampling of fish populations, appropriate tissues, harvest arid •
 
consumption rates by both Tribal and sport fishery families, and comparable background
 
concentrations in areas unaffected by the mining industry will be required to appropriately •
 
characterize risks associated with fish in the CDAB. 

Water Potatoes • 

This plant is reportedly dominant in the Tribal subsistence activities and is prepared in a M
 
number of ways that can significantly affect lead content. The water potato is more highly gj
 
coated with sediment because of its habitat, and that this surficial sediment in the Lower
 
Coeur d'AIene contamination can overwhelm the risk analysis. Depending on how fish •
 
and water potatoes were (and are) traditionally prepared and cooked (e.g., unpeeled and |
 
boiled, etc.) can increase total lead intake rates 50% to 80%. Use of the water potato as a
 
surrogate for all fioodplain vegetation consumed in subsistence activities likely •
 
overestimates total intake from these sources, as other foods likely have a lower adhered I
 
sediment content. 

According to tribal representatives, it may be more likely that a modern subsistence family • 
would be eating fish fillets (rather than whole fish), but it is not likely that they would be 
peeling the water potatoes. This would continue to result in extremely high intake rates. • 
There is data on background lead levels for water potatoes sampled from the St. Joe * 
watershed wetlands at the extreme south end of Lake Coeur d'AIene (Campbell et al. 
1999). These results for water potatoes in the St. Joe drainage show no detectable lead • 
levels, compared to lead levels ranging from 0.33 to 127 mg/kg in the Lateral Lakes (wet 
weight detection limits of 0.04 - 1.8 mg/kg). _ 
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7.4.3 Uncertainty in Exposure Assessments 

This section addresses lead intakes and associated uncertainties. Questions dealing with 
biokinetic issues (e.g., uptakes and dependence of uptakes on media lead content) are more 
appropriately noted in the next section, dealing with lead risk characterization. This 
division is consistent with EPA's preferred definition of exposure to mean media-specific 
intakes of lead. Elements of uncertainty for lead exposures in the Basin are summarized in 
Table 7-6. This portion of uncertainty analysis anticipates the use of exposure factors in 
either statistical (regression) or biokinetic models. 

Intakes of lead are estimated at two rates. The central tendency (CT) intake measurement 
(for the main body of the population) is employed to derive baseline exposures and 
incremental exposures. The second uses a reasonable maximum exposure (RME) of 
intakes as the 95th percentile subset of the exposed populations. These individuals have 
increased, but not unlikely, incremental exposures compared to the bulk of individuals. 
CT and RME lead intake values are developed for upland parks, neighborhood stream 
sediments, public beach sediments, waste pile lead, and garden vegetable and fish 
consumption. 

The principal areas of uncertainty in lead intakes that figure in predictive lead exposure 
model use for children and other risk populations include: ingested soil and dust, 
partitioning of intake into direct soil ingestion, and soil-generated dust, dietary lead 
intakes, inhalation of ah- lead or reentrained dust, ingestion of lead paint, dietary intakes, 
and incremental intakes of lead by (mainly) children in the Basin of garden vegetables, 
waste pile lead, neighborhood recreational and public use area lead intakes. 

Uncertainty about intakes of media lead are compounded by the fact that there are 
demographically different populations: local residents and Coeur d'Alene tribal members. 
These groups stratify into demographically-deiined risk groups based on the potential 
interactions with contaminated media. This HHRA distinguishes between these two 
populations through "subsistence" exposure scenarios that are largely theoretical. Neither 
traditional nor modern "subsistence" exposures to lead are known to be occurring in this 
area. Establishing the total absence of any subsistence activity with concomitant high lead 
exposures may be problematic. In any case, the sections below address, where appropriate, 
tribal vs. non-tribal exposure scenarios. 

Soil Lead Intakes 

As noted in Chapter 3, soil is the principal medium that Basin dwellers of various 
demographic type, under various lead exposure scenarios, are likely to encounter. In 
common with most assessments of mineral industry impacts, the soil exposure pathway is 
complete for both tribal and local residents, and for children and adults. Soil is also a main 
source of lead in exterior and home interior dusts. Ingestion of soil is the principal route of 
exposure, although dusts can be inhaled after reentrainment or in occupational activities. 
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Numerous variables affect soil lead intake and each has associated uncertainty. These have 
been described in detail by Mushak (1998) and EPA's IEUBK model user's manual I 
(1 994a). Some variables are generic and intrinsic, and some are Basin-specific. For 
example, the presence of Coeur d'Alene Tribe members with historically distinct practices _ 
within the lower Basin produces a set of soil lead exposure scenarios that differ markedly • 
from the typical case for other residents. Other variables include age, the absence or 
presence of abnormal ingestion rates of soil (in children called pica), the fractional « 
distribution of children's time and activities between ulterior and exterior settings, the g 
relative interactions with residential soils versus soils in the neighborhood, at daycare 
centers, kindergartens, parks, common use areas, and in the case of the lower Basin, beach 
and waterfront park contacts.

Considerable uncertainty surrounds the various attempts to quantify soil lead intakes, • 
especially for the young child. This document assumes that soil intakes for adults and • 
older children differs markedly relative to young children. At the same time, as noted by 
Mushak (1998,1991) there is a relatively wide distribution of soil ingestion rates across • 
groups of children and within a given period of time for an individual child. " 

Various studies have reported different soil ingestion rates for the infant and toddler. I 
These differ with respect to study design protocol, the selection of which chemical tracers, 
the time intervals of the study and confounding variables, such as attributing to soil some • 
tracers that co-occur in diet and may overstate the daily soil intake. The data of Calabrese g[ 
and Stanek (1995) and Stanek and Calabrese (1995) as analyzed by Mushak (1998) 
indicate that soil ingestion rates are probably more variable across tune and children, and • 
within a given child's activities, than previously assumed. Even in the case of the | 
Calabrese testing series, this group's later studies have continually refined their earlier 
studies with changes in estimates being required. At this time, there are improved data • 
regarding ingestion rates of soil for infants and toddlers but no rigidly defined values, due " 
to the considerable variability that occurs. 

The EPA has extensively reviewed the various studies and the associated variability and ™ 
uncertainty in observed ingestion rates. Overall, the current default selections for age- — 
variable soil intakes for the most vulnerable subsets of children in the total age band 0-84 • 
months in the IEUBK model, a range approximating 85 to 135 mg/day, are reasonable 
depictions of mean levels. For any adult lead exposure modeling, there is relatively little in « 
the way of empirical data to assess uncertainty. g 

EPA's IEUBK model entails steady-state, i.e., stable, long-term distributions of lead • 
among body compartments for body lead, derived in turn from stable intakes of lead. 1 
Factors that provoke abrupt changes in lead intakes from soils and other media, as might 
arise from heightened awareness and concerns about lead exposure and hazards to health • 
of children by their parents and other care givers, can produce marked reductions in intake • 
rates of dusts and soils. This can arise by such interventions as more attention paid to 
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children's play behavior, limiting play to relatively clear areas, frequent washing of hands, 
etc. Such abrupt changes can also affect children's Pb-B levels and do so in a matter of 
days (Mushak 1998). Such abrupt changes cannot be modeled in a steady-state model, but 
rather require a physiologically-based pharmacokinetic (PB-PK) model. No such model, 
however, has been validated at extractive industry Western sites, unlike the extensive 
validation done for the IEUBK model. 

There is some uncertainty in the Basin data about how soil lead ingestion rates for children 
can be estimated for scenarios beyond that of the residence: to neighborhood recreational 
soils, soils in rights of way, beach common use and other soil scenarios. This expanded 
view of uncertainty differs with the ages of children. Infants and toddlers are assumed to 
be largely confined to home or sites outside the home equally represented by a residential 
soil intake scenario. It is for increasingly older children that soils external to the residence 
are at issue. However, working in opposition to this uncertainty is the fact that soil 
ingestion rates are comparatively lower in older individuals and are likely within a 
relatively tighter range. 

Dusts and Soil/Dust Ratios 

One area of considerable uncertainty deals with the interplay of soil lead ingestion rates 
and ingestion of soil-derived exterior and interior dusts. Soil lead makes a major 
contribution to exterior dusts and household dusts through a variety of physical and 
environmental mechanisms. This is usually addressed through inferential statistical 
analysis, where the overall level of uncertainty is generally higher than if systematic 
experimental studies were done. By use of a form of multiple regression analysis, 
structural equation modeling researchers have been able to show that at many sites 
including Western extractive industry sites, soil lead contributes to dust lead and these 
dust lead intakes also produce associations with blood lead. It is now largely accepted that 
it is interior dust that is the proximate environmental pathway medium for lead exposures 
of infants and toddlers (Mushak 1998; Succop et al. 1998; USEPA 1996c). 

All of the soil ingestion rate studies conducted to date have not experimentally stratified 
total soil rates into outside soils in the yard, playgrounds, etc., and soil-derived dusts 
around the entry and in household interiors. These include the studies of Calabrese and 
coworkers (Calabrese and Stanek 1995; Stanek and Calabrese 1995). These experimental 
designs were such this was not determinable. Soil-derived interior dusts are not merely 
interior soils, toxicologically, physically, or biokinetically. Dust particles are much smaller 
and presumably would be more bioavailable, tend to have higher concentrations of lead 
per unit mass, and differ on the time scale in terms of their stability as an exposure 
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measure. Unremediated soil lead levels change slowly, while dust lead as an exposure 
metric can vary greatly depending on such variables as household dust distributions, 
household cleaning practices, where children encounter dusts, etc. 
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EPA's IEUBK model attempts to address the inter-relationship of yard/community soils " 
and interior dusts derived therefrom by considering these media as linked via a ratio of 
55% dust, 45% soil. The HHRA employed soil/dust lead ratios in both the default 55/45 I 
mode and as a more stratified ratio of 40-30-30 interior dust, yard soil and community 
soil, This partition was developed through the use of structural equations analysis at the _ 
BHSS. However, for the Basin, it is not clear that the latter introduces less uncertainty into | 
the input, despite the fact that this particular partitioning produce a concordance with the 
observed data similar to that at the BHSS. In common with refining of other input • 
parameters, it is assumed that those ratios of soil and dust that produce closer agreement | 
between predicted and measured blood lead levels are more representative of true child 
exposures. That may be an erroneous or misleading assumption where little assessment of • 
the accuracy or reliability of the blood lead data has been done (Mushak 1998). 8 

Food and Water Ingestion I 

Water lead levels are reasonably well known, given the preponderance of public supplies 
as water source for most of the Basin residents. Water volume intake rates are also • 
reasonably well known as average values although climate hi the Basin would indicate less 
water intake for much of the year than occurs in hotter climates. While there is some — 
uncertainty about the range of water intakes and water lead levels owing to the presence or I 
absence of lead-containing fittings, joint soldering, etc., overall lead intakes from water are 
comparatively less significant than those from soils and dusts. That's certainly the case for 
infants and toddlers, where oral exploratory activity greatly amplifies soil/dust lead intake. I 
A largely uniform, centralized food supply as any dietary lead source for the bulk of Basin • 
residents constrains the uncertainty to variability in market basket lead testing results. In • 
any case, background dietary lead for the base food supply is relatively low at the present 
time and relatively wide variability in this measure would contribute limited uncertainty to I 
lead intakes from this pathway. • 

Garden crop lead intakes can be another matter. Garden crop data were gathered for the I 
Basin since a number of residents had gardens. However, the use of garden crop intake 
parameters in this HHRA used very conservative EPA guidance values which served to — 
likely overestimate to some extent lead intakes from garden crops. The garden crop lead • 
intake scenario was employed in the HHRA in the context of incremental exposures, i.e., 
added intakes over the principal, baseline intakes of lead. mm 

Lead intakes by Inhalation 

Ambient air lead levels in the Basin at the time of measurements reported in this HHRA I 
were quite low. Combined with ventilation rates appropriate for the different age bands of 
children, including infants and toddlers, one arrives at relatively low inhaled lead rates. I 
Reentrained dusts in households where infants and toddlers spend most of their time ™ 
would periodically occur with inside activity and presence of forced-air furnace units. 
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However, this route's net input of lead relative to ingested interior dust lead would be 
relatively minor, even with considerable variability. 

Lead Paint Intakes 

Lead paint as a pathway, as is typical in most cases, can only be characterized in 
qualitative terms. Consequently, the amount of uncertainty and variability associated with 
lead intakes from this source in young children is principally inferred hi comparative 
terms. That is, SEM or other regression analysis techniques are generally used to calculate 
associations with paint exposure blood lead and compared to the relative contribution of 
soil lead, the latter modeled as working both directly and indirectly through dusts. The 
relative crudeness of indices for lead intake from paint rule out its ready use for input to 
any of the biokinetic models estimating blood lead, including the IEUBK model. 

Incremental Exposures 

The above pathways largely described the baseline lead exposures as defined by 
applications of the IEUBK model in the modeling subsections of Chapter 6 of the HHRA. 
Incremental lead intakes from non-residential soils away from the home can significantly 
add to overall exposure. These incremental exposures are largely assessed indirectly as to 
the degree of uncertainty in the parameters by observing how such incremental intakes 
alter agreement between estimated and measured blood lead levels. Again, this assumes 
that the blood lead data used for comparison are reasonably accurate and reliable. 

Coeur d'Alene Tribal Subsistence Scenarios 

Lead exposures for tribal members who do not engage in any traditional subsistence 
activities likely approximate those for the rest of the Basin residents. There is some 
uncertainty as to how much traditional patterns of interactions with Basin contamination 
zones exist, do not exist, are strongly discouraged, or are not strongly discouraged. No 
evidence exists to conclusively show that such traditional or modern tribal subsistence 
activities do not occur. 

Intakes of lead by tribal members within the traditional and modern subsistence exposure 
scenarios are assumed to be associated with potential future uses, as tribal cultural 
practices were abandoned in this area a century ago. This means that there are few checks 
on the extent of uncertainty or variability for the intake factors derived solely for tribal 
practices within the Basin. 
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However, there is a good technical grounding to the assumptions that some tribal-specific 
pathways are huge compared to the remaining residents in the Basin. The intake rates for 
various media are similar to those described for other tribal scenarios and seem to be 
reasonable. It cannot be said they are excessively protective absent any current evidence of 
that. 
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7.4,4 Uncertainty in Blood Lead Level Modeling 

lEUBKModets * 

Uncertainties associated with blood lead level modeling are summarized in Table 7-7. I
 

Baseline Blood Lead Levels Estimates. The HHRA applied the IEUBK model _ 
extensively for two categories of risk: 1) the estimation of blood lead level means and | 
blood lead level distributions for multiple areas within the Basin and within baseline and 
incremental lead exposure scenarios, and 2) calculations of blood lead level means and • 
distributions at various yard soil cleanup concentrations. All model runs were |
accomplished using both the community and batch mode of the IEUBK and the EPA 
Default and Box Models. For reasons discussed below, risk managers should favor the • 
batch mode application in their considerations. There are arguments favoring application • 
of both the EPA Default and Box Models. 

In both the EPA Default and Box Model versions, national default recommendations were ™
 
used for all assumptions for which no site-specific information was available. The
 
development of those assumptions and the associated uncertainties are described in detail I
 
in other publications and are not repeated in this discussion. For the EPA Default Model,
 
only site-specific media concentration data were used. All other parameters are those «
 
suggested by current guidance. |
 

The Box Model was applied as it was used in the BHSS Five Year Review document •
 
(TerraGrapMcs 2000a) and was not "adjusted", or calibrated, to fit observed Basin blood |
 
lead data. The Box Model was developed through structural equation analysis of the last
 
twelve years of blood lead and environmental exposure data collected through the course •
 
of BHSS cleanup. The Box Model does show a better concordance with observed data in •
 
the Basin and BHSS areas where residential exposures are dominant. The EPA Default
 
Model significantly over-estimates blood lead levels in those portions of the Basin. I
 

Community versus Batch Mode. All runs were accomplished hi both the community and
 
batch mode. The community lead exposure approach, where each of the areas hi the Basin I
 
was characterized by geometric mean media-specific lead inputs to the model, gives a
 
community-wide depiction of blood lead level mean and distribution. The second «
 
characterization of child exposures was the use of batch runs using available lead |
 
concentrations for each residential unit's media.
 

Use of the community mean input approach and subsequent estimation of community | 
blood lead level means and blood lead level distributions is the least computationally and 
conceptually desirable of the various approaches that can be employed. The community • 
approach subsumes too much uncertainty simply because it attenuates heterogeneity of • 
lead exposures, and understates the most revealing depictions of blood lead distributions. 
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For this reason, the IEUBK model's user manual (USEPA 1994a, b) discourages use of the 
model at this insensitive, gross level. 

The batch run mode, where a blood lead level is calculated for each set of environmental 
input data for each residence, provides the most sensitive depiction of blood lead level and 
its distribution in the various communities. This approach also is in accord with user 
manual guidance. Risk managers should consider the results of the batch mode runs as 
more reliable than those produced in the community mode. 

Soil and Dust Partition. The Box Model's 40:30:30 house dust, yard soil, community 
soil partition was derived through structural equation analysis at the BHSS. It differs 
significantly from the EPA Default assumption in the inclusion of a soil contribution from 
outside the home yard. Other studies have noted that area-wide and neighborhood soils are 
significant contributors to blood lead levels in a community setting. At the BHSS, 
community-wide soils were identified as the greatest contributor to blood lead as a direct 
source and as a large component of house dust. It is likely that effective remediation 
efforts will require attention to community-wide soil levels, as was necessary at the BHSS. 
As a result, the EPA Default Model would not be expected to accurately describe observed 
blood lead levels, if there was a significant intake from community soils that differed from 
the yard lead exposure. The EPA Default Model, however, might better reflect the 
exposures of young children that seldom leave the home environment. 

Bioavailability. Two choices of bioavailability were made for the IEUBK runs the default 
value of 30% and a lower figure of 18%, previously found to give good agreement with 
blood lead level data at the BHSS. The choice of 18% is potentially problematic, as it was 
borrowed from the specific set of conditions observed at a potentially different exposure 
area, even though that area was within the Basin. The 18% figure reflects those variables 
and conditions inherent in the BHSS screenings, that differ from the screenings 
accomplished in the Basin outside of the Superfund Site. The 30% bioavailability value is 
potentially problematic in that several studies at western mining sites suggest this figure 
may be high. Bioavailability is discussed in more detail in Appendix O and in the 1999 
Five Year Review Report (TerraGraphics 2000a) and the 1999 Five Year Review Report 
Addendum and Extended Response to Technical Comments (TerraGraphics 2001). 

It is important to note that the derivation of the 18% bioavailability estimate for the BHSS 
assumed that there was no suppression of intake rates associated with educational and 
intervention efforts. All of the reduced dose-response indicated at the site was attributed to 
reduced bioavailability and not to reduced intake rates. There is evidence at the BHSS to 
suggest that intervention efforts have contributed to lower blood lead levels, likely through 
reduced intakes. As a result, the 18% bioavailability should be considered a minimum as it 
is applied. Similar model results could be obtained from equally credible assumptions of 
higher bioavailability and lowered ingestion rates. This is particularly important for risk 
managers to consider when using the model to predict future levels associated with risk 
reduction efforts. 
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Changes made to IEUBK input parameters to match observed blood lead levels should be • 
made and interpreted with caution. Comparisons of observed versus blood lead level 
predicted by the EPA Default Model, show that the BHSS initially over-predicted by a • 
factor of 2 times in 1989, but gradually converged toward default levels over the next 10 
years as exposures decreased (TerraGrapbics 2000a). An alternative interpretation of — 
predicted versus observed blood lead trends at the BHSS is that the Box Model is more I 
likely to over-predict blood leads for very high soil concentrations (> 2,000 mg/kg) and is 
less likely to over-predict blood leads for low soil concentrations (< 1,000 mg/kg) (Hogan mt 
et al. 1998). There is concern that applying the Box Model to the Basin may g 
underestimate blood lead levels at lower concentrations. Since 1996, as lead 
concentrations dropped, the default bioavailability factor has accurately predicted blood 
lead levels at the BHSS (TerraGraphics 2000a). Conditions at Bunker Hill from I 
1996-1999 may more closely resemble the Basin than the period prior to" 1996. 
Nevertheless, the Box Model does accurately describe mean blood lead levels and percent • 
to exceed observations in those areas where community-wide residential soil lead » 
concentrations are elevated. 

The predictive value of the IEUBK Model depends on the representativeness of the " 
environmental data to actual exposures (Hogan et al., 1998). This explanation relates to 
the results in the Lower Basin where residential lead levels are generally much lower than • 
lead levels close to the Coeur d'Alene River. To the extent that children are exposed to 
elevated levels of lead remote from then- homes, the Model will under predict their blood » 
lead levels because it is under representing then- exposure. Although this phenomenon | 
seems most apparent in the Lower Basin (because homes are relatively cleaner than in 
other subareas), it may manifest throughout the site hi the non-residential, incremental 
exposure scenarios. It may also be masked in areas where residences are moderately to I 
severely contaminated with lead. If the remedy does not adequately address residential 
and incremental exposures, then remediated areas may exhibit the pattern apparent in the • 
Lower Basin. » 

Geometric Standard Deviation (GSD). The GSD for blood lead distributions in human 8 
populations theoretically captures inter-individual variability in its physiological, * 
behavioral, biokinetic and, to some extent, even exposure dimensions. A relatively small 
GSD adjustment can effect a considerable change in the upper tail of the log-normal blood • 
lead distribution. No change in GSD from the EPA Default value was performed in these 
analyses for either model. « 

Incremental Blood Lead Levels. For inclusion of the incremental exposures in the 
IEUBK models, the same ingestion rates and exposure frequency and duration • 
assumptions used for the non-lead metals were applied. As a result, the same uncertainty m 
considerations apply. The most sensitive parameters in predicting blood lead increments 
among the models are ingestion rates, contact times, and bioavailabiltiy. • 
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The means by which baseline residential scenario blood leads are first estimated and then 
used in combination with runs for incremental, non residential lead intakes in the IEUBK 
model runs can drive potential differences in the magnitude of the resulting incremental 
increase in children's blood lead levels and distributions. These are further dependent on 
methodology when there is remediation of the residential but not those community lead 
sources that provide the Pb-B increment. Incremental intakes of lead and any associated 
Pb-B increases are estimated by looking at the difference in the estimates for combined 
residential/baseline plus additional (non-baseline) intakes, minus the residential baseline. 
However, the pre-remediation incremental amount of Pb-B derived in this way (total 
intake - background) can be different from, and in fact lower than, the incremental amount 
that would be estimated post-residential remediation. The overall impact of incremental 
sources outside the child's home can be demonstrably attenuated, that is, underestimated in 
the modeling, when one looks only at combined significant intakes before any clean-up 
actions. 

The general biokinetic curve depicting Pb-B versus daily lead intake, or versus such other 
surrogate independent measures as level of lead in some medium such as soil, is 
curvilinear downward across a broad intake range (USEPA, 1986a, Ch. 10). As the intake 
increases, the relative incremental increase across the spectrum in Pb-B for an identical 
added intake becomes less and less. Because the model is constructed to reflect this 
curvilmearity, combining any high baseline lead intakes in the residential scenarios with 
an incremental intake, i.e., adding incremental lead intakes to those already far up the 
curve of Pb-B vs. Pb intake, would obviously underestimate what that incremental intake 
might produce in Pb-B if it had actually entered the simulations further down the curve of 
Pb-B versus total lead intake and in the steeper slope (more rectilinear) portion of the Pb-B 
vs. intake curve. 

What this means, in essence, is that one cannot accurately quantify any residual risk to 
children after residences but not community lead sources are cleaned up if one estimates 
contributions of such lead to Pb-B by combining residential and non-residential 
contributions prior to remediation, especially if residence contamination is already 
significant. An alternate depiction of that "incremental" contribution to Pb-B and therefore 
remaining child health risk after residential remediation could be provided by adding that 
lower range of soil leads likely to encompass any clean-up level for the residence to 
whatever the incremental lead intakes are. 

These comparisons could be depicted using several simple IEUBK runs for children 0-84
 
months of age. Risk managers may want to consider additional model applications in
 
evaluating appropriate remedial strategies.
 

Site-specific Regression Models 

Multiple regression analyses were run using various environmental inputs and calculating 
the robustness of statistical associations of each with measured blood lead level. There is 
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uncertainty with how well the robustness of the associations were affected by how the " 
environmental measures were gathered, and the appropriateness of the statistical models 
used. Interpretation of these results and reliance on the empirical relationships developed I 
for future projections have inherent uncertainties. 

For example, soil lead levels for use in either statistical or mechanistic, biokinetic models I 
can have a direct impact on high-risk populations through contacting yard soils, and an 
indirect effect through generation of interior house dust levels. Because soil-based interior mm 
dust lead is derived from soil, this pathway is not competitive with a direct soil | 
contribution but additive to it, and this requires a model to maximally depict such pathway 
relationships. • 

Statistical modeling by ordinary regression analysis was used to assess dose-response and 
soil to dust slope factors. This type of analysis runs the risk of missing the pathway- I 
contributing variables of interior dust. In regression models developed with blood lead as • 
the dependent variable, dust lead loading rate shows the strongest relationship with blood 
lead levels followed by independent effects of yard soil and paint lead. The effect of soil • 
likely reflects direct contact with soil lead and such behavioral factors as time spent 
playing in bare soils, playing hi sand boxes, the frequency of hand to mouth activities, etc. _ 
The importance of the paint condition variable likely reflects factors of home hygiene and I 
socioeconomic status as well as lead source considerations. The major impact of both yard 
soil and the paint source variables is likely captured in the dust loading variable, as these 
are the ultimate sources of the lead. I 

Those equations in which interior house dust lead concentration is the dependent variable • 
indicates that soil and paint are both independent sources of lead to house dust. The • 
models all show strong statistical significance and are likely reasonable quantitative 
indicators of the relative significance of these sources. However, extending these models • 
to future predictions of the effect of source reductions through remedial action should be • 
done with care as the slopes developed include factors that may be independent of, or 
influenced in peculiar ways by, the remedial action. • 

These various pathway relationships can be quantified using structural equation modeling, _ 
a form of multiple regression analysis used at the BHSS (Succop et al. 1998, • 
TerraGrapHcs 2000a). However, this analysis was not attempted with this data base due to 
a scarcity of paired blood-soil-dust mat-vacuum bag results. As a result the predictive mm 
equations discussed hi the next section should be viewed with caution. | 

Adult Modelfor Lead • 

The USEPA guidance requires use of baseline blood lead concentrations that reflect no 
site-related exposures. The method is primarily used to assess risks from lead I 
contaminated sites for people who do not otherwise have excessive lead exposures. ™ 
However, some residents in the Basin may also have ongoing exposures to lead elsewhere 
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in the Basin. The use of national baseline blood lead levels may underestimate risk for 
people with baseline blood lead concentrations that are elevated due to other exposures. 

Subsistence Blood Lead Levels 

Modeling of subsistence blood lead levels was not accomplished because the intakes 
estimated for these potential activities would exceed the practical limitations of available 
models. Human health risk assessments for lead among Basin residents entailed the use of 
annual blood lead screenings of children and adults and the use of the IEUBK model for 
descriptive estimates of blood lead averages and distributions. For tribal members, the 
model was not used nor are there any available blood lead screening data, notably for 
tribal children. Nevertheless, the exposures predicted for subsistence activities are great 
enough that blood lead levels exceeding 30 ug/dl can be expected for both children and 
adults. 

7.4.5 Uncertainty Regarding Candidate Risk Reduction Activities 

The risk reduction strategies discussed in Section 6 largely depend on the ability to 
accurately predict future environmental and blood lead levels based on projected remedial 
activities. The reliability of these estimates depends on the ability to describe current 
blood lead and environmental exposure levels, the applicability of those relationships in 
the future, and the effectiveness of the candidate remedial actions. The uncertainties in 
many of these considerations have been discussed above. These uncertainties include the 
representativeness of the observed blood lead surveys, the strength and applicability of the 
identified dose-response relationships, and the potential impacts of other sources either 
inadequately described or not quantified. 

The overall analysis indicates that excessive levels of absorption are ongoing in both the 
upper and Lower Basin. Whether or not the available survey results overstate or understate 
the blood lead levels of non-participants, there is a clear need for risk reduction activities 
for, at least, those children with high blood lead levels. In the Upper Basin, house dust 
lead is the most important exposure source to children. House dust lead levels are 
influenced by soils and lead based paint. Analysis of the available data indicate both 
sources will require action to achieve acceptable house dust concentrations. Addressing 
only soil exposure will not resolve excessive intakes in homes with a significant lead paint 
risk. Conversely, lead paint stabilization will not sufficiently reduce house dust levels, as 
evidenced by homes with no lead paint problems having high dust lead concentrations. 

Uncertainty in Risk Reduction Techniques
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Intervention Programs. The first question with regard to the relative uncertainty is the 
specific type of risk reduction activity. The efficacy of intervention activities and long 
term reliance on methodologies to effect permanent behavioral changes are most 
uncertain. Reliance on education, and repeated warnings regarding parental attentiveness, 
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as with personal and home hygiene, may be effective in the short term, but may lose their • 
value as time goes on. The community as a whole has demonstrated little inclination for 
such programs by the failure to participate in screening surveys. Nearly one-third of I 
children are currently in poverty. The coinciding socioeconomic problems that poor 
families deal with in raising their children, puta considerable burden on those families . 
lacking in needed resources. These communities plan to revitalize their economies I 
through recruitment of new industry. The continuing implementation of invasive public 
health intervention activities may deter investment hi the area. This, hi turn, will not help 
to resolve the poverty-related risk co-factors, making exposure more difficult to address. I 
Access Restrictions and Institutional Controls. Remedial techniques to restrict access to • 
contaminated media vary in uncertainty. Secure well-maintained fencing, physical • 
barricades or protective barriers restricting access to contaminated sites can be successful 
in eliminating exposure. However, there are incumbent maintenance obligations that must I 
be accepted and carried out and an appropriate enforcement mechanism must be ™ 
established to ensure compliance. These institutional requirements introduce a level of 
uncertainty depending on the cooperation of the affected parties. Access restrictions I 
through signage, education and public cooperation to maintain awareness are less certain; 
the public has indicated some reluctance to accept and maintain signs in CUAs. — 

Cleanup Actions. Elimination of contaminated media and replacement with suitable clean 
materials offers the most certainty. However, the question of how clean is clean always • 
presents uncertainty. With regard to risk reduction measures involving cleanup of | 
contaminated environmental media, the greatest unknown in effectively remediating the 
upper Basin is how much will soil cleanup and paint stabilization reduce house dust lead • 
levels. In the Burke/Nine Mile area, these exposures are exacerbated by children accessing I 
contaminated neighborhood areas and waste piles. There is considerable experience in 
remediating these types of sites in the BHSS that can be used to reduce uncertainty in their I 
effectiveness. • 

In the Lower Basin, there is evidence that exposures to sources outside the home I 
environment are contributing to, or are largely responsible for, excess exposure. In the 
Lower Basin, these exposures will not be significantly reduced by residential cleanup. M 
Protecting homes from flooding and development of clean recreational areas are candidate I 
actions to reduce excessive exposures in the Lower Basin. These remedial activities offer 
significant engineering challenges and are subject to continual re-contamination by • 
flooding. The uncertainty hi these approaches are related to technical feasibility and the | 
public's willingness to use clean areas and avoid unremediated recreational sites. 

Uncertainty in Blood Lead Projections m 

Comparisons between observed and predicted blood lead level must be judged at both I 
portions of the distribution: " 

I 
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1) central tendency (geometric mean)
 
2) high-end (percentage of children above 10 p.g/dl)
 

The protect! veness of remedial strategies considers both central tendency and high end risk 
estimates for current and future conditions. Since 1994, USEPA policy is to control risks 
to individuals from lead associated with discreet residences as well as the aggregate risks 
to entire communities (USEPA 1994d, 1998f). A target proportion of 5 percent or less for 
a typical child exposed to a discreet residence above 10 ng/dl is the basis for determining 
target cleanup levels on Superfund Sites. Current USEPA Guidance recommends the use 
of IEUBK Model to best evaluate target cleanup levels for lead (USEPA 1994d, 1998f). 

The analyses conducted in this assessment are consistent with that guidance. There is 
uncertainty, however, in the application of the models. All those factors discussed above 
should be considered including parameter uncertainty in the measurement of media 
contaminant levels and calculation of model inputs, in the selection of soil/dust partition 
and bioavailability, and hi the comparisons to observed blood lead levels. 

Aside from those many considerations, the brief sensitivity analysis conducted hi Section 
6 indicates the two most critical elements in projecting post-remedial blood lead levels. 
Those are 1) the selection of either the EPA Default or Box Model and 2) the projection of 
post-remedial house dust lead levels. 

The analysis conducted in Section 6 suggests that the Box Model may be the more 
effective predictor of blood lead levels for the Basin. Results hi the remedial program at 
the BHSS are testimony to the potential success of a similar approach hi the Basin. 
However, this model relies on a reduced dose-response relationship developed from site-
specific analysis of blood lead and environmental source relationships. 

Adjusting the IEUBK Model based on paired environmental and blood data is a hybrid 
empirical approach to a mechanistic model. Empirical models describe direct and indirect 
relationships between measures of exposure and blood lead. By definition, empirical 
models describe observed relationships. They are descriptive of recent past conditions but 
may not be predictive of changed future conditions. The BHSS bioavailability value may 
not be reflective of baseline conditions to the extent that the 18% value reflects the 
sustained and intensive efforts of lead health intervention activities. Although the Default 
and Box modeling approaches differ, the differences in the predictions from the two 
models are not large, given uncertainties associated with both models, and it could be 
readily argued that actual risks fall within the range of predictions from the two models. 
Use of the Box Model to accurately predict blood lead concentration and select soil action 
levels in the Basin may be contingent upon a sustained effective Lead Health Intervention 
Program. The EPA Default Model results offer additional protectiveness, but that could 
come at a high price with little additional benefit if the Box Model assumptions are 
accurate. 
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The dust lead projections are empirically based on the site-specific regression analysis. •
 
The uncertainties associated with these models are discussed above. That the modeled
 
relationships are similar to, and that the projections parallel, the results observed at the I
 
BHSS provides some comfort. Nevertheless, reducing house dust lead concentration is
 
likely the most critical factor hi bringing blood lead absorption to acceptable levels in the «
 
upper Basin. |
 

Uncertainty Due to Unaccounted Multiple Exposures mm 

In view of the importance of reducing house dust lead levels in any remedial strategy, it is
 
important to consider other factors that may influence this media. Lead paint abatement, •
 
control of fugitive dust sources, stabilization of waste piles or tailings accumulations I
 
where tracking may occur, street cleaning and washing, greening programs, cleaning curbs
 
and gutters and installing storm-water infrastructure, and interior cleaning are all measures •
 
that could help reduce dustiness and dust lead content. "
 

Several potential exposure pathways were not quantified hi the HHRA. These were I
 
discussed in previous sections for other metals. Similar considerations apply for lead. Such
 
exposures include consumption of whole fish from Lake Coeur d'Alene, inhalation of _
 
fugitive dust, ingestion of waterfowl and big game, consumption of locally raised beef I
 
cattle, breast milk and floodplain vegetation used by subsistence populations. Any
 
significant exposure associated with these media, although unlikely, would add to blood mm
 
lead levels. g
 

Uncertainty in Sub-population Group Protectiveness • 

Children in the infant/toddler age band clearly have higher mean blood lead levels and 
probability to exceed health criteria associated with various soil lead cleanup levels. Risk • 
managers may want to consider age-specific responses in evaluating cleanup strategies. • 

Uncertainty inFuture UseScenarios • 

Some of the most metals-polluted soils, sediment and vegetation occur in the river
 
floodplain below Cataldo. It is likely that this area will experience significant pressure for •
 
land use change in the future, including residential expansion (both year-round and
 
seasonal) similar to that now occurring in the Coeur d'Alene/Spokane area. Although mm
 
much of the floodplain is presumably unavailable to residential growth because it is I
 
protected by government ownership/management, there are thousands of acres of private
 
lands in or near the floodplain where growth could occur. •
 

Additionally, the State and Tribe are in the final stages of approving and building a major 
recreational trail (the UPRR Right-of-Way) through the heart of the river corridor. There 
is potential for real or perceived conflict in the eyes of the public associated with warnings 
and restricted access in some areas and concurrent invitations to the public to use these 
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improvements. The Coeur d'Alene Tribe has indicated a desire for a cleanup strategy 
sufficiently protective to eventually support subsistence activities. Risk managers may 
want to consider the possibility of expanded use of this area for recreational, subsistence 
and residential development in developing cleanup and risk reduction strategies. 
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Table 7-1
 
Effect of Reduced Dermal Surface Areas (SAs) on Current Total RME Risks and Hazards for the
 

Neighborhood Recreational Scenario
 

Curent Total RME (across Total RME with Reduced SAs 
all media & exposure (across all media & exposure Percent Decrease 

routes) routes) (1-Reduced/Current) 
Hazard Risk Hazard Risk Hazard Risk 

Lower Basin 1.1 2.20E-05 1.01 2.0E-05 8% 11% 

Kingston (NS 1.2 3.20E-05 1.14 2.8E-05 5% 13% 
Confluence) 

Side Gulches 1.7 3.00E-05 1.66 2.8E-05 3% 8% 

MidGradSegOl 0.38 7.20E-06 0.37 6.8E-06 2% 6% 

Nine Mile 1.7 5.40E-05 1.64 5.0E-05 3% 8% 

Mullan 0.46 6.00E-06 0.45 5.6E-06 3% 7% 

Silverton 0.23 5.10E-06 0.22 4.7E-06 4% 7% 

Wallace 
0.3 5.00E-06 0.29 4.6E-06 2% 8% 

* The current RME Skin Surface Areas used in these risk and hazard calculations are 7960,5080, and 5080 cm2 

for Kingston and Lower Basin Soil/Sediment exposure, all other areas Soil/Sediment exposure, and Upland Soil 
and Waste Pile exposures, respectively. The reduced RME Skin Surface Areas used in these risk and hazard 
calculations are 5175,4240, and 2775 cm2 for Kingston and Lower Basin Soil/Sediment exposure, all other 
areas Soil/Sediment exposure, and Upland Soil and Waste Pile exposures, respectively. 



Table 7-2 
Summary of Geometric Means and Ratios of Chemical Concentrations 

in House Dust and Yard Soil 
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Antimony 12.41 9,22 6,09 5.73 2.04 1.61 1.35
 
Arsenic 32.89 20,7 27.27 26,52 1.21 0,78 1.59
 
Cadmium 8.66 8.19 4.65 4.42 1.87 1.85 1,06
 
Iron 21,123.41 12,464.93 22,441.75 22,012.91 0.94 0.57 1.69
 
Manganese 1,040.96 558.76 1,073.99 1,045.1 0.97 0.53 1,86
 
Zinc 1,390.39 1.076,57 697.33 669.73 1.99 1.61 1.29
 

'Surface soil from yards with data from floor mat samples 
''Surface soil from yards with data from vacuum cleaner bag samples 

Notes: 
Every home with a soil sample did not also have a mat sample and/or a vacuum sample. 
Soil data were paired with mat data for all homes with mats and paired with vacuum data for all homes with vacuum 
data. Consequently, the means for surface soil paired with mate and surface soil paired with vacuums are different 
because the soil sample populations are different. 

SS - surface soil 

Table 7-3
 
Cadmium Concentrations in Vegetables and Soil
 

-Samelel^iK^^;fc^^ wefeftt (sig/JcgV "I 
Carrots 19 Samples; mean = 4; range =1-11 9 Samples; mean = 1.8; range = 0.3 -4.7 
Beets 7 Samples; mean = 6; range = 2—13 1 Sample; concentration = 0.6
 
Lettuce 10 Samples; mean = 12; range = 4-28 6 Samples; mean = 11; range = 3-28
 
Garden soil 20 Samples; mean = 7; ranges 3—15 31 Samples; mean = 5; range is 1 - 36
 

"These results are from the Pinehurst area only (PHD et al, 1986). Smelterville and the Kellogg-Wardner-Page 
area were also sampled and generally had higher cadmium concentrations in soil and vegetables than Pinehurst. 
However, the Pinehurst samples were selected as potentially more representative of current conditions. The other 
two areas have been the subject of intensive remediation efforts. 

bData provided in Appendix F. 
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Table 7-4
 
Generic and Basin-Specific Elements of Uncertainty in Blood Lead (Pb-B) Data Gathering
 

Screening Event 
Typical 

IDHW/ATSDR 1996 

Later 1997,1998,1999 

Area of Uncertainty 
Nature of screening: 
programmatic vs. health 
intervention, vs. single-shot 

Reflection of Pb-B statistics in 
entire Basin 

Comparability of study or 
screening design with 1996 
data 

Level of Uncertainty 
Potentially moderate to 
high absent programmatic 
structure 

Moderate given level of 
participation 

Moderate in comparison 
with 1996 results 

Direction of Bias 
Typically lower Pb-Bs owing to 
attenuating effect of publicity, 
education, alarm, etc. 

Potentially an underestimate absent 
statistical testings of screened vs. 
non-screened 

Bias indeterminate over all 4 data 
sets 
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Table 7-5
 
Elements of Uncertainty in Environmental Lead Bata Gathering and Assessment in The Basin
 

Pb Medium 
Yard soil 

Dust 

Community/other 
soils 

Lead-based paint 

Groundwater 

Surface water 

Vegetables 

Sampling 
Variable across studies: 
single or subcomposite 

Personal vacuum cleaner 
bags or entry mats 

Recreation, beach and waste 
pile sample testing 

Surface Pb by XRF + 
condition ranking: multiple 
measures 

Monitor well sampling 

Stirred water with sediment 
suspension 

Current garden crop 
samples: growth period 
unknown 

Main Areas of Uncertainty 
Full reflection of high Pb areas 
and Pb distributions 

Areas of home covered: relative 
inputs from yard soil 

Relative contact times for variable 
age children 

Largely qualitative testing; 
frequency of child contact vs. 
multiple Pb measures 

Uncertainty for eventual use by 
public 

Likely ingestion with sediment at 
this loading 

Sampling across yards and within 
yards 

Level of Uncertainty/ Bias 
Moderate/ underestimate 

Moderate/ bias indeterminate 

Moderate/ overestimate for infants 
and toddlers, likely overestimate for 
older children 

Moderate/overestimate owing to 
multiple and/or maximum measures 

High for future use scenarios 

Moderate/ overestimate 

Moderate to high/ bias indeterminate 
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Table 7-6
 
Elements of Uncertainty in Lead Exposure Data in the Basin
 

Pb Medium 
Yard soil ingestion 

Soil-derived dusts 

Food 

Tap water 

Inhalation 

Lead paint 

Multimedia 
incremental Pb 
intakes 

Multimedia Coeur 
d'Alene Tribal 
scenarios 

Variable 

Soil ingestion rate and at which 
sites 

Soil-dust ratios 

Current diet Pb intake 

Daily water volume and total Pb 
intake 

Ambient air or reentrained dust 
inhalation 

Multiple measures incl. maximum 
reading and median of readings + 
condition ranking 

Non-baseline intakes, largely 
away from home 

Intakes of Pb media under 
"subsistence" scenarios using 
published data 

Areas of Uncertainty 
How much soil ingested daily? 

% of total soil <= dust? 

Centralized vs. local/ ethnic food 
in diet 

% first-flush vs. full-run samples 

Inside/ outside time ratios, high 
for dust inhalation 

Qualitative, not quantitative 
assessment; which of multiple 
measures most valid? 

Amounts of intake for quite 
different scenarios 

Extent of variance with regular 
residents theoretical; question of 
level of use of subsistence practice 

Level of Uncertainty/ Bias 
Moderate/ bias indeterminate 

For model, moderate/ likely 
underestimate using "Box" 40:30:30 
dust -yard soil - community soil vs. 
55% -45% model default 

Overall, low impact/ bias minimal 

Overall impact low/ bias minimal 

Overall impact low/ bias indeterminate 

Moderate to high/ analyses favor 
overestimating 

Moderate/ overestimate 

Moderate to high, given theoretical 
scenarios/ bias indeterminate, but high 
overestimate with practice avoidance 
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Table 7-7
 
Elements of Uncertainty in IEUBK Modeling of Blood Lead (Pb-B) Levels in The Basin
 

Model Parameter 
Bioavailability, 18% vs. 
default 

Soil/Dust mass ratios 

Choice of population 
testing
a) community 
b) batch run of 
residential unit media 
Pb vs. estimated Pb-Bs 

Pb cleanup levels vs. 
child age bands at 
different soil Pb values 

Areas of Uncertainty 
1) True extent of bioavailability 
difference vs. default 
2) At 18%, how much lack of 
agreement is uptake differences 
vs. intake differences? 

True extent of partitioning 
difference vs. default, if any; 
limited validating of 40:30:30 
ratio selected 

a) Predicted Pb-Bs via 
community mode are uncertain 
b) Predicted Pb-Bs via batch 
runs maximizes site-specific 
data at less crude estimating 
level, lower uncertainty 

Levels of adequate protection 
and preservation of "not more 
than 5% _> 10 jig/dl" guidance 

Level of Uncertainty 
Relevance of 18% bioavailability 
used in "Box" to rest of Basin for 
various reasons, including child 
group differences, somewhat 
questionable 

Potentially moderate vs. default of 
55% dust/45% soil 

Community runs less certain than 
batch runs 

Protective use of cleanup criteria at 
EPA's policy of 0-84 mo. age band 
uncertain for most vulnerable age 
group: infants, toddlers 

Direction of Bias 

Likely an underestimate using 
blood lead data as reference 
for calibration 

Pb uptake likely an 
underestimate since soil Pb 
uptake likely less than dust Pb; 
if higher soil fraction, lower 
net uptake 

Community runs minimize 
high Pb areas; bias the overall 
Pb-B distribution low 

Tabulated estimates of 
exceedances of 10 |ig/dl higher 
for 9-24 mos. vs. 0-84 nios. 
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Table 7-8
 
Summary Statistics for Environmental Variables for All Data and the Subset of Data Paired with Blood Lead Observations
 

Arm Sot M«t Lead (mg/kg) 
All Homes All Children 

Lend Loading (ug/mVday) 
All Homes All Children 

Soil Lend (mg/kg) 
All Homes All Children 

Vacuum U»d (mg/kg) 
All Homes All Children 

Interior Mean Paint Le»d (rag/cm1) 
All Homes All Children 

Exterior Mem Faint Lead (tng/cn1) 
All Homes All Children 

|| 
KINGSTON N 

Mm 
48 
63 

14 
145 

42 
0.06 

10 
0.19 

99 
22 

44 
57 

30 
102 

25 
102 

37 
0.00 

7 
0.00 

40 
0.00 

10 
0.00 

MAX 15500 3505 6,31 3.78 9228 753 1750 1750 0.57 0.06 8.60 1,65 
OEOMEAN 610 660 0.74 0.% 257 207 466 326 0.02 0.02 0.03 0.18 
GSD 2.69 2.96 3.26 3.32 3.34 2.35 2.07 1.81 7.23 5.15 15.65 12.07 

LOWER BASIN N 110 18 109 18 160 38 31 15 104 23 102 22 
MIN 22 55 0.02 0.04 IS 15 49 68 0.00 o.oo 0.00 0.00 
MAX 4805 4805 29.75 L 22.52 7350 7350 3140 3140 7.85 0.12 0.93 0.21 
GEOMEAN 318 263 0.48 0.56 110 104 301 221 0.01 0.01 0.04 0.03 
GSD 376 3.24 4.41 6.47 4.29 6.04 2.81 3.59 6.28 3.29 5.12 4,99 

1! _._.l.._........................ 
MULLAN N 47 10 40 9 105 27 32 14 43 13 43 13 

MIN 278 S92 0.43 0.66 40 215 429 557 0.00 0.00 0.00 0,00 
MAX 4460 2800 10.47 4.79 20217 5620 4060 4060 0.72 0.27 2.83 2.83 
GEOMEAN 1242 1301 1.52 1.34 628 930 985 1385 0.03 0.03 0.10 0.04 
GSD 1.78 1.45 2.04 2.13 2.91 2.49 1.70 2.03 6.69 5.58 7.03 11.71 

|| 1 
BURKE/ 
NINE MILE 

N 
MIN 

54 
173 

33 
691 

37 
0.30 

27 
0.96 

88 
32 

70 
37 

35 
S3 

33 
83 

38 
0.00 

38 
0.00 

39 
0.00 

38 
0.00 

MAX 59498 27601 87.17 45.70 5410 5410 5800 5800 2.14 2.14 4.70 4.70 
GEOMEAN 1781 2044 4.28 6.07 679 628 879 906 0.02 0.04 0.05 . 0.22 
GSD 2.86 2.60 4,43 3.81 3,25 4.01 2.63 2.72 10.15 11,87 12.92 11.67 

OSBURN N 98 35 73 27 262 95 84 48 81 46 79 45 
MIN 202 517 0.19 0.35 33 76 23 82 0.00 0.00 0,00 0.00 
MAX 42045 6020 66.16 3.91 12883 4251 2192 1340 0.35 0.28 4.28 0,51 
GEOMEAN 882 990 0.88 1.06 419 532 493 328 0.02 0.02 0.06 0.05 
GSD 1.94 1.81 2.49 1.91 2.45 2.34 2.17 2,26 6.38 6.51 8.87 6.45 

II 
SIDE GULCHES N 53 19 47 16 100 45 26 14 52 28 53 28 

MIN 167 281 0.17 0.17 25 31 116 162 0.00 0.00 0.00 0.00 
MAX 8840 2103 21.37 5.73 3356 1200 3929 1646 0.34 0.25 1.67 1.67 
GEOMEAN 842 651 1.13 1.18 368 197 695 493 0.02 0.03 0.04 0.03 
GSD 2.11 1.78 2.55 4.06 2.38 2.65 2.21 1.78 7,83 7.67 7.19 8.08 

1 
SILVERTON N 22 28 19 27 70 69 26 37 23 35 24 35 

MIN 326 374 0.28 0.42 94 94 75 75 0.00 0.00 0.00 0.00 
MAX 3658 1458 9.45 2.69 6098 1690 3390 3390 0.57 0.28 1.83 1.58 
GEOMEAN 863 859 1.10 1.21 352 3S6 557 660 0.05 0.11 0.08 0.16 
GSD 1.93 1.58 2.42 1,95 2.25 2.24 2.52 2.23 6.56 3.76 8.24 4.75 

|| 
WALLACE N 42 12 33 6 110 56 35 19 37 26 37 26 

MIN 604 716 0.35 1.17 54 65 259 681 0.00 0.01 0.0 1 0.01 
MAX 47624 3440 158.27 4.78 16027 3020 29724 3300 1.23 1.20 9.90 3.40 
GEOMEAN 1774 1404 2.63 2.31 771 866 1004 1059 0.08 O.OS 0.22 0.12 
GSD 2.54 1.69 3J4 1.60 2.47 2.10 2.33 1.48 5.26 3.64 7.89 4.20 

This table was originally created in M://BasinffitsinOO/Comraents/Table 1 xls 
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8.0 SUMMARY AND CONCLUSIONS
 

The Coeur d'Alene Basin (CDAB) in northern Idaho includes Lake Coeur d'Alene and the St. 
Joe and Coeur d'Alene River drainages that are the ancestral home of the Coeur d'Alene Indian 
Tribe. Since the late 19th century, this area has been the center of one of the most productive 
mining districts in the world. Significant deposits of gold, silver, lead, zinc and associated 
metals have been mined and refined in the upper Basin for over a century. The area is known as 
Idaho's Silver Valley. During most of the last century, substantial quantities of industrial wastes 
were directly discharged to the environment from mining, mineral processing, and smelting 
activities, as was common practice at the time. Public health investigations in the 1970s to 1980s 
resulted in the designation, in 1983, of a 21 square mile area called the Bunker Hill Superfund 
Site (BHSS), or "the Box," surrounding the former smelter complex near Kellogg. Remedial 
activities and public health response activities have been ongoing in the BHSS for two decades. 

A Remedial Investigation and Feasibility Study (RI/FS) is currently being undertaken to 
characterize the degree and extent of the contaminant release in the remainder of the CDAB. 
Concurrent with the RI/FS, this baseline Human Health Risk Assessment (HHRA) addresses 
potential health risks associated with residual heavy metals contamination in the CDAB for areas 
east of Harrison upstream from the mouth of the Coeur d'Alene River. A screening level HHRA 
was previously conducted for Coeur d'Alene Lake beach areas, and a similar screening level 
HHRA is being conducted for the Spokane River that drains Lake Coeur d'Alene into the State 
of Washington. 

The baseline risk assessment is an evaluation of the potential threats to public health from site 
contaminants hi the absence of any remedial action. The primary tasks accomplished hi 
performing the HHRA included data collection, data evaluation, exposure assessment, toxicity 
assessment, and risk characterization. The purpose of this HHRA is to determine the extent of 
heavy metal contamination in environmental media that may expose current or future residents or 
visitors to the CDAB, to evaluate the potential human health risks associated with exposure to 
those contaminated media, and to provide information for risk managers to evaluate the need for 
remedial action and development of associated clean-up criteria. 

Observed blood lead levels among area children collected by the Panhandle Health District 
(PHD) are considered in the HHRA. These data have been used to evaluate potential and active 
pathways, the degree and extent of excess absorption among the population, and the relationship 
between blood lead levels and environmental exposures. The participants in the PHD surveys 
were voluntary respondents to Basin-wide solicitations by the health department and it is not 
known if these individuals are representative of the overall population. To the extent that risk 
assessment or site-specific analyses rely, directly or indirectly, on observed blood lead data; 
baseline conditions reflect the ongoing PHD public health intervention efforts. 
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8,2 STUDY AREA 

Figure 8-1 shows various features of the CDAB. The CDAB is located hi the Panhandle region • 
of northern Idaho and lies within Kootenai, Shoshone, and Benewah Counties. The Basin is on 
the west slope of the Bitterroot Mountain Range. Summers in the area are generally hot and dry _ 
with only about 12% of the annual precipitation occurring between July and September. • 
Approximately 50% of the annual precipitation occurs between November and February. Winter 
temperatures are 15 to 25 degrees higher than those in continental locations of similar latitude. • 
These weather patterns make the Basin one of the highest precipitation areas of the upper | 
Columbia River Basin and result hi the potential for frequent high water events. The remaining 
precipitation takes place in the spring. • 

Much of the area is rural and contains a wide variety of landscape types, rich in natural resources 
including floodplains, steep mountain canyons, and river valleys. Topography and landscape • 
vary in the Basin from relatively open, fiat floodplain areas of the Coeur d'Alene River in the I 
western portion of the Basin to steep, narrow canyons to the east. The floor of the valley near the 
boundary between Kootenai and Shoshone Counties is roughly 1 mile wide and narrows I 
significantly eastward toward Shoshone County. Valley areas near Wallace average 0.25 mile • 
wide. 

For the purposes of this HHRA, the study area is from the Idaho-Montana border hi the east to ™ 
Harrison in the west. The 21 square-mile BHSS is excluded from this assessment. Some 
additional areas, such as regions south of Hanison, Blackwell Island, and Corbin Park beaches, I 
have been identified by the State, EPA, and the Coeur d'Alene Tribe, and are also included as 
part of this HHRA. Some subareas addressed in this HHRA are discussed as being located in the _ 
upper Basin, that is contained in the steep mountain canyon of the South Fork and adjacent I 
tributary gulches east, or upstream, of the BHSS. The upper Basin contains 11 residential cities 
or unincorporated areas, about half of which are located within the BHSS. Most of the mines m 
and industrial facilities that constitute the Coeur d* Alene mining district are, or were, located in | 
the upper Basin. 

Immediately west of the BHSS is the Kingston subarea that includes Kingston, Pine Creek, and | 
the confluence of the North and South Forks of the Coeur d'Alene River. The Lower Basin area 
west of Cataldo includes 11 lateral chain lakes and extensive wetlands, located adjacent to the • 
main channel and within the Coeur d'Alene River floodplain. These marshes and lakes provide I 
an extensive recreational area between the town of Cataldo and Lake Coeur d* Alene, Camping, 
fishing, boating, swimming, hunting, and wildlife photography and observation are popular I 
activities throughout the lower CDAB. There are no incorporated cities between Cataldo and ™ 
Harrison at the mouth of the main Coeur d'Alene River. However, there are a few small 
unincorporated village areas and several rural residences. I 
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8.3 RESIDENT POPULATION, LAND-USE, ECONOMY AND HOUSING 

Much of the Basin is rural, undeveloped land. Approximately 32 percent of Kootenai County 
and 75 percent of Shoshone County consist of federally managed lands, primarily National 
Forests. These areas are rich in natural resources including forests, wildlife, and a number of 
tributaries and streams that support a variety of aquatic organisms. However, many of these 
areas are inaccessible due to the lack of roads, difficult terrain, or lack of services. Interstate 90 
(1-90) provides limited access to the otherwise rural area. 

Tourism related to the use of these natural resource areas for recreational purposes has increased 
significantly over the last two decades and is one of the fastest growing contributors to the local 
economy. Recreational use of the abundant natural resource areas include riding off-road 
vehicles, snowmobiling, berry picking, mountain biking, fishing and floating the Coeur d'Alene 
River, and cross-country and downhill skiing. 

Approximately 10,500 people, or 1% of the total population of Idaho, reside within the study 
area. The economy of the region, traditionally based on mining, has declined over the last 10 to 
20 years due to mine closures, layoffs, and a lack of other industry to replace the mineral-based 
economy. Between 1980 and 1996, total mining employment decreased by 74%. As a result, the 
total population shows a declining trend as people move outside of the area seeking jobs. 

The population of Shoshone County decreased by 29% between 1970 and 1990. Between 1990 
and 1998, the population remained relatively unchanged, with a slight decreasing trend (0.4%). 
Correspondingly, the unemployment rate increased from 6.7% to 9.9%. Between 1990 and 1996, 
total employment increased slightly (4%), while mining employment continued to decrease 
significantly (58%). Tourism and recreation appear to be growth sectors, replacing some of the 
mining jobs. Unemployment showed a slight increase (0.3%) from 1990 to 1998. 

As the younger generation is forced to move outside of the area to find employment, the 
population of the Shoshone County is becoming older. The median age of residents in Shoshone 
County in 1970 was 27.3 years as compared to 39.6 in 1998. The percent of the population aged 
65 and over in Shoshone County in 1997 was 15.7% compared to 7.1% in 1970. Between 1994 
and 1998, the child population under age 18 in Shoshone County showed a decrease of 6%, while 
the total population remained fairly constant. Statewide, the child population showed a slight 
increase (3%) between 1994 and 1998, with a total population increase of 8%. 

From 1990 to 1998, the number of children under the age of 5 years in Shoshone County 
decreased by 12.1%. Statewide, the number of children under age 5 increased by 12.2%. The 
number of children between the ages of 5 and 17 in Shoshone County decreased by 7.7%, while 
statewide, the number increased by 14%. Overall, the total number of children under 18 in 
Shoshone County decreased by 8.7% and increased statewide by 13.5%. 
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Socio-economic data for children living in Shoshone County showed higher than statewide • 
percentages of child poverty, single parent families, infant mortality, low birth weight babies, 
school dropouts, teen births, and teen violent deaths for all years included. As an example, the I 
percentage of children in poverty in Shoshone County increased from 23.7% to 31.2% from 1990 
to 1996, while the percentage of children in poverty statewide remained relatively constant at _ 
approximately 16% to 17%. Births paid for by medicaid decreased in Shoshone County from I 
1997 to 1998 (55% to 42%); however, the percentage remained higher than statewide numbers of 
33% and 28% for 1997 and 1998, respectively. _ 

The total number of housing units in the Basin Area is 5651, or 1.4% of the total number of 
housing units in Idaho. The percentage of occupied housing units in the Basin Area (74%) is H 
lower than the statewide percentage (87%) due to vacancies anda high number of seasonal units | 
hi some Lower Basin census blocks. The percentage of renter occupied units is lower in the 
Basin Area than statewide at 23% and 30%, respectively. The statewide average is likely 
influenced by a higher number of renters in urban areas. I 
Housing units in the Basin Area are typically older than those reported statewide. Forty-eight • 
percent of the housing units in the Basin Area were built before 1960, and over half (60%) of • 
those were built before 1940. Statewide, only 37% were built before 1960, and less than half of 
those (44%) were built before 1940. Since 1980, the percentage of houses built in the Basin Area I 
has also been lower than statewide, at 12% and 18%, respectively. From 1990 to 1997 housing • 
growth in Shoshone County was 5.6%, well below the statewide growth rate of 21.6%, 

Basin Area housing values were typically lower than the State median with fourteen of the 
eighteen census block groups included in the Basin Area (78%) having median housing values _ 
less than the statewide median of $58,000. The four block groups with median values greater • 
than $58,000 are located within the Kingston and Lower Basin subareas. The majority of median 
rent values in the Basin Areas are also lower than the State median rent value of $330. Of the « 
eighteen block groups in the Basin Area, only one (located in the Kingston Study Area) has a I 
higher median rent value. 

8.4 DATA USED IN THE HHRA | 

In addition to traditional geographic, climatic, and demographic information, two basic data • 
sources were used in the HHRA. Those data either i) originated in investigations associated with m 
the RI/FS or the Natural Resource Damage Assessment (NRDA) being conducted under 
CERCLA by federal and Tribal trustees, or ii) were obtained in health surveys conducted by the • 
State Department of Health and Welfare and allied local and federal health agencies. The • 
principal source of the latter data was a comprehensive blood lead and environmental exposure 
study conducted hi 1996, and follow-up blood lead surveys conducted in 1997-1999. I 

In 1996, the State of Idaho, the PHD, and the Agency for Toxic Substances and Disease Registry 
(ATSDR) conducted a large-scale, multimedia exposure study within the Basin. The I 
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investigation characterized both environmental contamination and biological indices of human 
exposure from 843 residential homes in the upper and Lower Basin. The data obtained included 
blood lead, urine cadmium, yard soil, house mat dust, home vacuum dust, lead-based paint 
measurements, and tap water. All samples collected were originally analyzed for lead and 
cadmium. 

The 1996 study was followed by fixed-site blood lead surveys during the following three 
summers. Testing during all four summers produced a total of 524 children in the nine month 
through nine year old category and 667 adult blood lead observations (Adult blood leads were 
only collected during 1996). In addition, public health investigations were conducted at the 
homes of 50 children exhibiting blood lead levels greater than or equal to 10 ja.g/dl. In July of 
1999, a strategy was adopted to augment the existing database with new information sufficient to 
support site-specific analysis and provide the risk assessment effort with appropriate information 
to characterize lead exposure in the Basin. This effort involved extensive development of the 
available paint lead and housing database that was not utilized in previous investigations, and 
targeted sampling of additional homes and potential exposure locations. 

Those public areas, communities, and specific media for which little data were available were 
sampled in the summer of 1999 by the State of Idaho. A supplemental survey was also 
conducted by the State of Idaho in November of 1999 that collected environmental samples and 
survey data from the homes of those children providing blood lead results that had not previously 
been sampled. Of the 132 homes that were not included hi previous efforts, approximately 90 of 
those homes were sampled in the Fall 1999 survey. 

The combined sampling effort from the IDHW study, all EPA residential data, and additional
 
residential data collected by the State of Idaho in the Summer and Fall of 1999 totals 1020
 
homes, and these are included hi the lead risk assessment section.
 

Non-lead risk assessment data were largely obtained from the federal and Tribal investigations 
conducted in the course of the RI/FS and associated NRDA. Numerous samples of soil, house 
dust, tap water, groundwater, homegrown vegetables, sediment, surface water, fish, and plants 
(i.e., water potatoes) were collected hi the CDAB. Because of the large quantity of analytical 
information available, the data were organized by medium and geographical area; and the 
methods used for sample analysis and data quality were evaluated. From this, a baseline data set 
to support the non-lead portions of the HHRA was developed. 

Initially, all the available sampling data from the site was reviewed to identify chemicals that 
might contribute to risk based on concentration and toxicity. Much of the analytical data from 
these samples were applicable to human exposures. Others were not, primarily because of the 
sampling location (not a location people frequent) or the sampling methodology. The analytical 
data selected for use in the HHRA included: 
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» 524 blood lead observations from 424 individual children from 260 homes	 * 
collected over four years, 

»	 Yard soil from 191 homes for non-lead metals, 994 homes for lead, I 
•	 House dust from 83 homes for non-lead metals, 299 vacuum bag samples and 474 

dust mat samples for lead, _ 
»	 Groundwater from shallow wells in Burke/Nine Mile and Canyon Creeks (for a I 

future scenario, this groundwater is not currently being used as a drinking water 
source), • 

•	 Tap water from 100 homes for non-lead metals, 398 homes for lead, g 
•	 Soil from 13 upland parks and schools located hi the towns of Silverton and 

Wallace, • 
•	 Soil from five mining waste piles, two near Canyon Creek, two near Nine Mile 8 

Creek, and one near Mullan, 
»	 Soil and sediment from 33 beach areas along the lower Coeur d'Alene River, and • 

one beach area in Coeur d'Alene Lake (Blackwell Island), • 
•	 Surface water collected adjacent to 33 beach areas along the lower Coeur d'Alene 

River, and one beach area adjacent to Coeur d'Alene Lake (Blackwell Island), I 
•	 Sediment and surface water from Canyon Creek, Nine Mile Creek, Moon Creek, * 

Big Creek, Beaver Creek, and Pine Creek, 
«	 Fish fillet tissue from pike, perch, and bullhead (312 total samples from Medicine, I 

Killarney, and Thompson Lakes) and whole fish tissue data from the Spokane ™ 
River, _ 

•	 Produce from 24 residential vegetable gardens, and I 
•	 XRF paint lead observations from 417 homes. 

8.5	 CHEMICALS OF POTENTIAL CONCERN 

Chemicals of potential concern (COPCs) were identified using a decision process that included a 
comparison of detected chemical concentrations with screening values (SV). Additional analysis 
of a subset of the soil data for other metals (e.g., arsenic, mercury, and zinc) was completed for 
approximately 80 homes, and these were included hi the risk calculations for the non-lead metals 
in addition to the EPA residential data. 

Table 8-1 summarizes the COPCs for each media evaluated. For the solid media soil, sediment • 
and house dust, seven metals including antimony, arsenic, cadmium, iron, lead, manganese and • 
zinc were selected as COPCs. Only lead was selected as a COPC in air. 

In water, five metals including arsenic, cadmium, lead, manganese, and mercury were selected as ™ 
COPCs in surface water for both "disturbed" and "undisturbed" conditions. Five metals were 
selected as COPCs for groundwater including antimony, arsenic, cadmium, lead, and zinc. Only • 
arsenic and lead were selected for tap water. 
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For dietary routes, all chemicals analyzed in fish including cadmium, lead, and mercury were 
considered COPCs. The COPCs selected for homegrown vegetables and water potatoes were 
arsenic, cadmium, and lead. 

8.6	 TOXICITY ASSESSMENT 

A toxicity assessment was developed for each of the COPCs. The toxicity assessment identifies 
the adverse health effects associated with excess exposure to each metal. In particular, the 
relationship between the dose of a chemical and the occurrence of toxic effects is evaluated. 
Toxicity criteria for chemicals (that identify acceptable levels of contaminants) consider both 
cancer effects and adverse health effects other than cancer (noncancer effects). Generally, the 
acceptable levels of contaminant intake are based on reference doses related to specific effects 
for non-carcinogens and slope factors that estimate the potential incidence of cancers associated 
with the absorbed dose of the chemical. 

The toxicity assessment for lead is based on its potential to cause neurocognitive and 
neurobehavioral effects in children. The toxicity criteria for lead is related to blood lead levels 
associated with these effects. The current level of concern is 10 p.g/dl of lead in whole blood and 
is of greatest concern for children and pregnant women (as they represent the developing fetus). 
Arsenic, the primary COPC after lead, is assessed for its potential to cause skin cancer, 
frequently fatal cancers of the internal organs (e.g., bladder, kidney, lung, and liver), and various 
pre-cancer and noncancer effects in skin by ingestion. Arsenic was the only COPC evaluated for 
cancer effects. The other metals examined have various adverse health effects. Table 8-2 shows 
the principal health effects for each COPC. 

8.7	 EXPOSURE SUBAREAS 

For the purposes of the ecological risk assessment and the RI/FS, the Coeur d'Alene Basin has 
been divided into exposure areas based on watersheds and drainage patterns. However, not all 
portions of the Basin are of concern with respect to human health considerations, and potential 
human exposures in a number of areas cross watershed boundaries. As a result, the Basin was 
divided into eight HHRA geographical subareas based on existing communities, identified routes 
of potential human exposure, public use patterns, and the results of environmental lead health 
surveys in each area. Those geographic subareas shown on Figure 8-1 are: 

•	 Lower Basin (the floodplain of the lower Coeur d'Alene River from Harrison to, 
and including, Cataldo), 

•	 Kingston (the area of the Basin between the 21-square-mile Bunker Hill 
Superfund Site and Cataldo; specifically, the town of Kingston, the confluence of 
the North Fork Coeur d'Alene River (North Fork) and the South Fork Coeur 
d'Alene River (South Fork), and residences near Pine Creek, but outside the 
Bunker Hill Superfund Site), 
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•	 Side Gulches (including residences in the side canyons along streams draining 

into the South Fork between the Bunker Hill Superfund Site and Mullan, with the _ 
exception of Nine Mile and Canyon Creeks), • 

» Osburn, 
» Silverton, « 
» Wallace, I 
» Burke/Nine Mile (including Nine Mile Creek and Canyon Creek), and 
*	 Mullan. • 

8.8 POPULATIONS OF POTENTIAL CONCERN
 

Certain population groups in the Basin could be more sensitive to contamination, or more likely I 
to be subjected to greater exposure than the typical individual in each of the receptor groups. 
These populations include infants, children andpregnant women as they represent ihefettts, and • 
individuals with subsistence lifestyles, including some members of the Coeur d'Alene Tribe, • 

Because of their physical vulnerability and small body size, infants andchildren are often more I 
susceptible to the potential toxic effects of chemicals in the environment. Their risks may differ ™ 
qualitatively and quantitatively from those of adults for a variety of reasons including differences 
in behavior (e.g., frequent hand-to-mouth behavior), physiology, metabolism, pharmacokineties, I 
diet, and exposure environment. 

Physiological differences include intake rates of air, food, and water (and associated chemicals) • 
per unit of body weight. Similarly, dermal, intestinal, and respiratory absorption may be greater 
or lesser in children depending on the chemical and the exposure scenario. There are also major • 
metabolic differences between children and adults that can significantly affect their ability to | 
respond to chemical exposure. Pharmacokinetics, including the absorption, distribution, and 
excretion of various chemicals, differs between children and adults on a chemical-specific basis. • 

The diet of a child is often quite different from that of adults. Dietary differences, such as the 
amount of vegetables, fruit, fish, or red meat consumed, can have an effect on the amount of • 
chemical ingested in food items. In addition, nutritional status has a profound effect on toxiciiy • 
response. There are obvious differences between adults and children in the physical environment 
and living habits. For example, children are generally closer to the floor, carpet, and ground. I 
Their daily activities, hand-to-mouth behavior, and lack of occupational exposure significantly • 
influence the amount of soil and dust consumed, and chemical exposure that occurs. Although 
children may not have occupational exposures, they are susceptible to secondary exposures from • 
take-home dusts brought in by a parent, other caregiver, or family member encountering ™ 
contaminated media in the Basin through various routes of contact at work, e.g., working in local 
construction, • 

As a result, infants and children often receive a different effective dose of a chemical than adults, _ 
even when chemical concentrations in affected media are the same. Several poverty-related • 
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factors among the resident population cause additional concern for infants and children in this 
population. The high incidence of teenage pregnancies, infant mortality, low birth weights, and 
single parent families suggest possible nutritional deficiencies. Vitamin and essential nutrient 
deficits can contribute to higher metal absorption rates, particularly for lead as the body seeks 
calcium, and exacerbate adverse health effects for the fetus and infant. 

Lower socio-economic status indicated by the 31% of children living in poverty, births paid for 
by medicaid, school lunch programs, high welfare payments, low-rents, and high unemployment 
rates are associated with greater risk of lead poisoning. The substantial decrease in young 
children in the population indicates young families are continuing to leave the area. Increase in 
welfare payments to the remaining homes with children may indicate the area is attracting and 
retaining economically disadvantaged families. 

Poverty and lead poisoning interact in several ways. Children may have lowered nutritional 
status and live in poorer quality housing. Parents may experience more difficulties in managing 
the home and children, and are less able to provide a stimulating and healthy home environment 
Home and child hygiene and behavioral risk co-factors can lead to increased ingestion rates of 
soils and dusts. Yard soils and house dust can be more contaminated due to deteriorating lead 
paint, proximity to industrial sources, and lesser quality maintenance of the home, yard, and local 
infrastructure. The age of housing in the Basin is problematic due to the frequent use of lead 
paint and accumulation of contaminated dusts throughout the last century. 

As a result, poor children ingest more soil and dust that has a higher lead content. These children 
tend to absorb more of the ingested lead than those with a more nutritionally sound diet, resulting 
in higher blood lead levels. In addition, poor children are more vulnerable to adverse health 
effects resulting from their lower general health status, and reduced access to quality health care 
and early childhood educational opportunities. The increased risk of lead poisoning for children 
in lower socio-economic groups does not imply that other children in the Basin from areas with 
higher rent and housing values are not at-risk. Poor children are at relatively higher risk than 
those from more affluent families. 

A second population of concern are fetuses, by virtue of maternal exposures to lead and certain 
non-lead contaminants such as arsenic. Lead crosses the human placental barrier and can expose 
fetal tissues at the most vulnerable periods of development. Another population of concern are 
elderly residents whose long-term exposures to lead may result in risk of hypertension or bone 
demineralizing disorders later in life that might release historically-accumulated bone lead to the 
blood stream. 

Effective dose and routes of exposure can also differ markedly for those practicing subsistence 
lifestyles. The resident riparian lifestyle and harvest techniques employed throughout Coeur 
d'Alene tribal history represent holistic practices that encompass all activities in an overall 
lifestyle. Fully addressing potential Native American exposures within the Basin requires 
consideration of routes of exposure not included in other scenarios in the HHRA. The tribal 

FINAL VERSION 8-9
 



I
 
riparian lifestyle has the potential for significant prolonged exposures to both sediment and water 
and significant dietary intake. Examples are fishing, consumption of whole fish, and the harvest 
of the water potato (Sagittaria spp.) at the mouth of the Coeur d'Alene River. Vegetable I 
consumption rates for the Tribe show a strong dependence on the water potato and, traditionally, 
as much as one-third of the overall diet was resident fish. _ 

The traditional economy of the Coeur d'Alene Tribe was characterized by a complex and highly 
structured system of food source production, distribution, and consumption. The Plateau peoples • 
generally practiced a seasonally based cycle of utilization of specific economic resources. This || 
travel involves the return annually to well known camps for root digging, fishing, hunting, and 
high elevation hunting and berry picking. • 

The Tribe was largely dependent upon Lake Coeur d'Alene and its tributaries; perhaps more than 
any other Plateau group. Water played a central role in all aspects of life, from birth to death and • 
was included in all major cultural events. Individuals spent a great portion of their time in the • 
water; generally through fishing, hunting, gathering, bathing, recreating, and other various 
activities. The basic winter village in the Basin was the center of the cycle and was never fully I 
abandoned by certain individuals of the society, especially the elderly and children too young to ™ 
travel on their own but too heavy to be carried. The Coeur d'Alene were primarily involved in 
harvesting, consuming, and utilizing riparian resources. Much of the raw material used in the I 
manufacture of various necessary items was obtained from within the riparian environment. 

All of these activities were undertaken collectively in family or tribal groups and involve children • 
and women of reproductive age, that are considered the population at greatest risk. These 
activities also result in substantially greater potential exposures associated with consumption « 
rates of resident fish and riparian vegetation, and soil and sediment contact rates associated with g 
typical residence and harvest practices for both higestion and dermal routes. 

Due to the Tribe's dependence on water from Lake Coeur d'Alene, the surrounding lateral lakes, 
the Coeur d'Alene River, and close interaction with the natural environment, maximum 
exposures were assumed. Additionally, it is not known how a subsistence diet affects metal 
absorption rates in the body. Nutritional factors, such as calcium or trace metal deficiencies, and I 
periodic fasting associated with cultural activities or availability of foodstuff could lead to 
enhanced absorption rates, especially for growing infants and children, pregnant women and • 
fetuses. • 

8.9 RECEPTORS, EXPOSURE PATHWAYS AND SELECTED SCENARIOS •
 

In order for an adverse health effect to occur, a person must be exposed to the chemical of 
concern. Residents and visitors to the Basin could be exposed to affected media during their • 
normal daily activities including home life, recreation, and work. However, across the Basin, 
exposures will not be the same because of differences in activity patterns, e.g., people do not all _ 
use the same places for recreation and do not all eat homegrown vegetables. The amount of the I 

I
 
I
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chemical (the dose) a person encounters depends on the concentration of the chemical in the 
medium, the frequency of use of a particular area or medium, the length of time the person is 
exposed, the person's age, size, and intake of the medium. 

Five major population groups were quantitatively evaluated in the risk assessment for a variety of 
exposure pathways. Inherent in these major groups are various pathways of exposure. For 
example, day care, school, deposition of wind-blown dusts and tracking of soils into the home 
are inclusive in the residential scenario. Different exposure pathways were also evaluated 
depending on the geographical area where they are encountered. For example, no waste pile 
exposures were evaluated in the Lower Basin because there are no waste piles present. The 
receptors and exposure pathways that were evaluated fall into one of five exposure scenarios. 

The residential scenario pertains to children and adults who live in the Basin and could be 
exposed to affected media inside the home, in the yard, and the local community. Estimates of 
metals intake were developed for incidental ingestion of soil and house dust, dermal contact with 
soil, ingestipn of drinking water, and ingestion of homegrown vegetables. A future drinking 
water scenario using shallow groundwater collected from metal source areas in Canyon Creek 
and Nine Mile Creek was also evaluated for hypothetical residents. Shallow groundwater is not 
widely used as a drinking water source for Basin residents. 

The neighborhood recreational scenario pertains to children of ages 4 through 11 who would 
play in their neighborhood in or near creeks and on waste piles and for whom these exposures 
would be in addition to the residential scenario. In general, the areas evaluated for neighborhood 
exposures are undeveloped properties immediately adjacent to residences. Neighborhood 
recreational scenarios were quantitatively evaluated for exposures from incidental ingestion of 
sediments, dermal exposure to sediments, incidental ingestion of surface water during water play 
activities, and exposures to waste pile soils. 

The public recreational scenario pertains to children and adults who use developed parks and 
playgrounds, and undeveloped recreation areas, whether they are local residents or visitors from 
outside the area. Public recreational exposures were quantified separately from residential and 
neighborhood recreational exposures because of the potential for cross-Basin travel and the 
possibility that visitors from outside the Basin could use the public areas. Public recreational 
scenarios were quantitatively evaluated for exposures from incidental ingestion of surface soil 
and sediments, dermal exposure to soils and sediments, incidental ingestion of surface water 
during water play activities, and ingestion offish. 

The occupational scenario pertains to adults who could come into contact with affected media in 
the course of their daily work activities. In general, work exposures would be less than 
residential and recreational exposures because of more limited contact with the affected media. 
However, workers who have intensive contact with soils such as during construction activities, 
might have high exposures for short periods, depending on the work location. As a result, 
construction workers exposed to soils were quantitatively evaluated in the risk assessment. 

FINAL VERSION 8-11
 



I
 
The subsistence scenario pertains to children and adults engaged in traditional (aboriginal) or * 
modern subsistence lifestyles hi the floodpiain of the lower Coeur d'Alene River. These are 
future scenarios, as subsistence lifestyles are not known to be currently practiced hi the I 
floodpiain. Exposure pathways quantified for subsistence lifestyles are similar to those evaluated 
for residential and recreational receptors. « 

Typical (CT) and Reasonable Maximum Exposures (RME) 

All scenarios were evaluated at two levels of probable contaminant intake. Those are called the | 
typical, or Central Tendency (CT), and the Reasonable Maximum Exposures (RME) intake rates. 
The CT estimate is the most likely or typical amount of contaminant a member of the population • 
will intake for each scenario. The RME represents the largest intake that can reasonably be | 
expected for any individual member of the population. All risk calculations are performed at 
both levels of potential intake so that risk managers may consider the potential effects for both • 
the bulk of the population and for those individuals most at risk. Generally, the CT estimate is I 
for the 50th percentile of the population and the RME is calculated at the 95* percentile. The 
results can generally be interpreted to mean that the CT estimate applies to at least half of the I 
population and the RME applies to the 5% of the population most exposed. • 

8.10	 HUMAN HEALTH RISK CHARACTERIZATION FOR METALS OTHER THAN I 
LEAD * 

8.10.1	 Non-carcinogenic Risk • 

The exposure factors, media concentrations, and toxicity criteria are combined for the non-lead _ 
metals to calculate health risks. Health risks for chemicals that cause cancer are calculated • 
differently from health risks for chemicals that cause noncancer health effects. For each non
carcinogenic chemical, there is a "threshold" dose. If a person is exposed to a chemical dose m 
equal to or less than the threshold, no adverse health effects are expected. The chemical dose | 
from the site is divided by the threshold dose to arrive at a "hazard quotient." If the hazard 
quotient is equal to or less than 1, no adverse health effects are anticipated. Hazard quotients • 
greater than 1 may be associated with an adverse health effect. Noncancer health effects present | 
age-specific concerns because young children are often more sensitive than adults. As a result, 
noncancer health risks were calculated separately for young children hi addition to children and • 
adults combined. • 

Summary hazard results for non-carcinogenic effects are provided hi Tables 8-3 through 8-6 and I 
are discussed by Exposure Scenario below. Risks and hazards for the traditional subsistence • 
scenario were the highest of any receptor population. Modern and traditional subsistence 
exposures were evaluated only as future scenarios because subsistence lifestyles are not known to I 
be currently practiced in the floodpiain. For both exposure scenarios, hazard quotients were 
greater than 1 for each age group, with hazards for the traditional scenario being at least three _ 
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times higher than hazards for the modern exposure scenario (Table 8-6). Risks and hazards for 
the modern subsistence scenario were similar to those for the highest residential areas. 

For both the modern and traditional subsistence scenarios, arsenic and iron hi soil and sediment 
were the greatest contributors to noncancer hazards. Hazards from fish ingestion are likely 
underestimated for subsistence exposures because the whole fish is consumed. Hazards are 
estimated using data on fish fillets, that have substantially lower metals concentrations (e.g., an 
order of magnitude) than whole fish. 

For typical (CT) exposures to the resident population, potentially unacceptable hazards occur 
only for future child/adult residents of the Burke/Nine Mile area, if they were to use groundwater 
as a domestic supply. Hazards when all exposure routes are combined were equal to one (i.e., at 
the acceptable limit) for the resident children in the Lower Basin, the Side Gulches, Osburn, 
Burke/Nine Mile, and Mullan. In general, the hazards and risks calculated for typical (CT) 
exposures were lower by approximately an order of magnitude compared to those calculated for 
RME conditions. All other excess hazard quotients discussed are for RME conditions. 

For the resident population, soil ingestion pathways contributed the most to risk and hazard 
totals, with soil ingestion generally contributing more than 90% of the noncancer risk. Hazards 
from arsenic contributed 30% to 60% of the total hazard for residents, and iron was the second 
largest contributor, accounting for 20% to 40% of the total residential hazard. However, in most 
cases the hazard due to iron did not exceed the target hazard quotient of 1. 

In addition to arsenic, other chemicals exceeded a hazard quotient of 1 for a few age groups, 
pathways, and areas under RME conditions. Exposures to other chemicals with hazard quotients 
greater than 1 were the following: 

•	 Cadmium hazards to residents from eating homegrown vegetables, and to 
traditional subsistence receptors from eating water potatoes, 

•	 Iron hazards from ingesting soils and sediment in the Lower Basin (0- to 6-year 
age group for residential receptors and all ages for subsistence scenarios), 

•	 For the hypothetical future scenario that includes drinking shallow groundwater hi 
the Burke/Nine Mile area, cadmium and zinc hazards from drinking groundwater 
(0- to 6-year age group and 0- to 30-year age group), and 

•	 For the modern subsistence scenario, mercury in fish and for the traditional 
subsistence scenario, mercury in fish, and manganese and iron hi soils and 
sediments. 

8.10.2	 Arsenic Carcinogenic Risks 

Cancer risks are calculated under the assumption that no level of the chemical is without some 
risk. Risk indices are presented as a probability of developing cancer, e.g., an increased risk of 
developing cancer of 1 person in 1,000,000 (a 1 x 10"6 cancer risk level). The U.S. 
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Environmental Protection Agency (EPA) uses the general 10"4 to IQ^risk range as a "target ™ 
range" within which the Agency strives to manage risks as part of a Superfund cleanup. Once a _ 
decision has been made to take an action, the Agency has expressed a preference for cleanups I 
achieving the more protective end of the range (i,e., 10"6), although waste management strategies 
achieving reductions anywhere within the risk range may be deemed acceptable. Furthermore, • 
the upper boundary of the risk range is not a discrete line at 1 x 10"4, although EPA generally uses g 
1 x 10"4 in making risk management decisions. A specific estimate around 10"4 may be 
considered acceptable if justified based on site-specific conditions, including any remaining • 
uncertainties on the nature and extent of contamination and associated risks. As a result, in | 
certain cases EPA may consider risk estimates slightly greater than 1 x 10"4 to be protective (U.S. 
EPA 1991d). • 

For carcinogens, the greatest health concerns are (chronic) doses over the entire lifetime and 
cancer risks are calculated for children and adults combined, assuming exposure over a lifetime. I 
Arsenic was the only carcinogen evaluated and the only chemical other than lead evaluated for • 
the drinking water pathway (other chemicals and pathways were screened out because they did 
not pose a health risk). • 

The highest cancer risks are associated with subsistence lifestyles. RME cancer risks exceeded 
10~6 in all exposure pathways, with cancer risks ranging from approximately 1 x 1Q~5 to 1 x 10"3. I 
Table 8-6 shows the RME cancer risk for arsenic for the traditional and modern subsistence 
exposure scenarios for the combined adult/child age group. Total RME cancer risk is — 
approximately 3 x 10"3 for the traditional scenario, and 7 x 10"4 for the modern scenario. This I 
suggests unacceptable cancer risks from exposure to arsenic through all media and pathways. 

For the resident population, cancer risks were evaluated for two age groups: child/adult, age 0 to | 
30, and occupational adult, 25 years of exposure. As shown hi Table 8-3, total RME cancer risk 
for each scenario was in the range of 10"6 to 10"4, except for the residential scenario at the Side • 
Gulches where the RME cancer risk was 3 x 10"4. CT cancer risk for each scenario ranged from • 
IQ-^to 1Q-4. 

For the residential scenarios, exposure to arsenic in yard surface soil contributed most of the total • 
RME cancer risk. Arsenic in tap water also contributed significantly to total RME cancer risk for 
residents at the Side Gulches. Although tap water was not the primary contributor to cancer risk I 
for the residential scenarios, RME cancer risk for tap water exceeded 1G"6 in all exposure areas. • 

Arsenic risks in surface/subsurface soil for construction workers ranged from 2 x 10"5to 8 x 10"5. I 
For recreational scenarios in each exposure area, the following media contributed to most or all ™ 
of RME cancer risk due to arsenic: 

• Soil/sediment in the lower Coeur d* Alene River for the Lower Basin (highest 
concentrations of arsenic in the entire Basin with the exception of waste piles), . 

» Soil/sediment at the North and South Fork confluence in Kingston, I 
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•	 Upland surface soil from the Elk Creek area and sediment from Elk Creek Pond in 
the Side Gulches (Elk Creek area soil and sediment had the second highest arsenic 
concentrations in the entire Basin after floodplain soil/sediments in the Lower 
Basin), 

•	 Sediment in the South Fork (Osburn, Wallace, and Silverton neighborhood 
exposures), 

•	 Surface soil from waste piles in Burke/Nine Mile, 
•	 Soil in waste piles and sediment hi the South Fork in Mullan, and 
•	 Soil/sediment from the Spokane River on Blackwell Island. 

Cancer risks were calculated on the basis of total arsenic concentrations in each area. However, 
some of the arsenic is naturally present (pre-mining background concentration) and 
may be contributing significantly to the total arsenic concentration in soil and sediment. Risk 
management activities typically take background concentrations into account for decisions 
regarding remediation. As a result, background may account for a percentage of the risk due to 
arsenic in some areas and may affect remedial decisions. 

8.10.3	 Non-lead RME Residential and Neighborhood Risks and Hazards 

Under current conditions, the Side Gulches had the highest risks and hazards for the 0- to 6-year 
age group and the combined children and adults age group (Table 8-3). The Lower Basin had the 
second highest risks and hazards for these age groups. The Lower Basin had the highest 
concentrations of arsenic and iron in soil and sediment (except for waste piles). The higher risks 
and hazards in the Side Gulches were due to high concentrations of arsenic in water in one 
private well. The Burke/Nine Mile area had the highest neighborhood risks and hazards because 
of the waste pile exposures evaluated for this area. Waste piles had the highest concentrations of 
non-lead metals. 

Some additional hazards over target health goals for the 30-year period evaluated for child and 
adult residents exist for elementary-aged school children play in mining-affected media in their 
neighborhoods, particularly in the Side Gulches and Burke/Nine Mile areas. Additional risks and 
hazards for residents from arsenic and cadmium hi vegetables are also a potential concern. 

The hazard quotients in Table 8-3 represent the sum of hazards from all chemicals, and the 
majority of the hazards are due to arsenic and iron (60% to 100%). There is no evidence that the 
toxic effects of these two chemicals are additive: the noncancer hazard for arsenic is based on 
adverse effects on the skin, while the hazard for iron is based on adverse effects on the blood-
forming system. For example, the hazard quotient of 4 for the Lower Basin comprises an 
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arsenic hazard quotient of 1.6 an iron hazard quotient of 1.6, and a hazard quotient of 0.6 for the 
other metals of concern. 
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8.10.4	 Non-lead RME Public Recreational Risks and Hazards 

Of the 8 geographic subareas evaluated for recreational exposure, five had public recreational I 
areas with sampling results. Hazard Quotients from the use of these areas exceeded 1 for the 0
to 6-year age group only along the lower Coeur d'Alene River from the confluence of the North « 
Fork and the South Fork downstream to Harrison (Table 8-4). Cancer risks were highest for this • 
area as well. 

8.10.5	 Non-lead RME Occupational Risks and Hazards (Construction Worker) | 

Of the 8 geographic subareas, five were evaluated for risks and hazards to construction workers • 
actively engaged hi work that involves soil disturbance. As with the other populations evaluated, I 
risks and hazards were highest in the Lower Basin, and the Lower Basin is the only area where 
the hazard quotient exceeded 1, with a hazard quotient of 0.5 for arsenic and 0,7 for iron • 
(Table 8-5). • 

8.10.6	 Non-lead RME Modern and Traditional Subsistence Exposure Scenarios (Tribal I 
Members) ™ 

Risks and hazards for the traditional subsistence scenario were the highest of any receptor • 
population. Cancer risks for both the modern and traditional exposure scenarios were greater 
than 10"6. Total RME hazard indices for noncancer effects were greater than 1 for each age group _ 
in both the modern and the traditional subsistence exposure scenario with the child in the I 
traditional scenario having the greatest hazard quotient of 43, The total noncancer hazards for 
the adult/child and adult age groups for the traditional subsistence scenario were 10 and 19, « 
respectively. • 

» For subsistence children, exposure to metals through all exposure pathways,
 
except the ingestion of disturbed surface water, represents potentially
 
unacceptable risk for noncancer health effects, Ingestion of surface soil and
 
ingestion of sediment contribute most to the total RME hazard index for the
 
traditional subsistence exposure scenario with hazard indices of 17 and 11,
 
respectively.
 

• For the combined subsistence adult/child age group, the total hazard index • 
exceeded 1 for each exposure pathway except dermal absorption from surface soil • 
and ingestion of disturbed surface water. Ingestion of water potatoes, ingestion of 
surface soil, and ingestion of undisturbed surface water are the greatest risk I 
drivers for this age group. The key metals contributing to the total RME hazard • 
are arsenic, cadmium and iron. 

•	 Ingestion offish was the only pathway evaluated for the subsistence adult age I 
group. The total hazard index for fish ingestion exceeded 1, with mercury in fish 
being the most significant risk driver. — 
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The hazards from eating fish are underestimated for subsistence populations because tissue 
concentration estimates are based on concentrations in fish fillets. Some tribal members eat the 
whole fish, not just the muscle tissue, and concentrations of metals in whole fish are greater than 
those in fillets. In addition, fish fillet data are from the lateral lakes, not Lake Coeur d'Alene. 
Sufficient fish tissue data were not available from Lake Coeur d'Alene to characterize health 
risks; however, tribal populations do eat fish from the lake. As a result, tribal health hazards due 
to fish consumption from Lake Coeur d'Alene are unknown. 

8.10.7 Risks and Hazards for Combined Non-lead Exposures 

Risks and hazards were not added across exposure scenarios because residential exposures 
assume people spend most of their time in the home environment. However, for example, if 
resident children were to play on a waste pile, eat homegrown vegetables, and recreate in the 
Lower Basin, their risks may be higher than those for residential children who spend the majority 
of their time at home. In contrast, if people spend significant amounts of time in areas with metal 
concentrations that are lower than those in their homes, overall risks would be lower. 

The hazard quotients and risk estimates developed for non-lead metals should be considered as 
potentially underestimating noncancer risks for these populations due to additional exposures to 
lead. Lead is known to have adverse effects to many of the same organ systems of concern in the 
development of the hazard indices. Potential lead effects are not accounted for in these risk 
estimates, although substantial lead intake rates are anticipated for these populations. Lead risk 
assessment is addressed by a separate methodology below. 

8.10.8 Potential Preliminary Remediation Goals for Arsenic 

Health-based preliminary remediation goals (PRGs) can provide targets for developing and 
evaluating response action alternatives and are considered with other U.S. EPA guidelines when 
evaluating remediation options. PRGs are calculated by defining a target risk goal and then 
solving the basic risk equations for concentrations rather than solving for risk. Target risk goals 
and equations differ for carcinogenic and noncarcinogenic health effects. The target goal 
selected for noncancer hazards is a hazard index of 1, which is the point at which the estimated 
dose from the site equals the reference dose associated with no adverse health effects. As noted 
in Section 5.2, the highest target goal for carcinogens would generally be a cancer risk of 1 x 10"4 

(increased risk of cancer of 1 in 10,000); however, target goals of 1 x 10"5 and 1 x 10"6 are 
sometimes considered if site-specific conditions warrant lower risk goals. 

Arsenic is the COPC that was most consistently a risk driver for all non-lead risk assessment 
scenarios and soil was the largest contributor to risks. Thus, potential PRGs were calculated for 
exposure to arsenic in soil by ingestion and dermal exposure for residential, public, and 
neighborhood receptors. Residential children, aged 0-6 years have the lowest non-cancer PRG 
of 35 mg/kg. For residential children and adults combined, a cancer PRG with a target risk goal 
of 1 x 10"4 is 64 mg/kg, and the non-cancer PRG for children and adults combined is 123 mg/kg. 
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When arsenic concentrations from 242 homes (current number of homes that have been sampled 
for arsenic) are compared to PRGs of 35 mg/kg, 64 mg/kg, 100 mg/kg, and 123 mg/kg, _ 
concentrations in 31% of the sampled homes exceed the lowest PRO of 35 mg/kg. In contrast, I 
14% of sampled Basin homes exceed 64 mg/kg, 9% exceed 100 mg/kg, and only 6% exceed 123 
mg/kg. mm 

8.11 HUMAN HEALTH RISK CHARACTERIZATION FOR LEAD 

8.11.1 Observed Blood Lead Levels I 
Lead health surveys conducted by State and local public health authorities note excessive levels • 
of lead absorption in children throughout the Basin. Little problem is noted among adults, I 
particularly in women of reproductive age, although specific data are not available for pregnant 
women. The risks associated with blood lead levels are characterized by comparison to current I 
Centers for Disease Control (CDC) criteria: excessive prevalence of blood lead levels in the 10 • 
ug/dl -14 ug/dl range are indicative of excess exposure in a community (Class IIA); levels of 15
19 ug/dl are indicative of excessive lead absorption and require education and nutritional I 
intervention and more frequent screening (Class IIB). Levels of 20-44 ug/dl require medical and 
environmental intervention and perhaps chelation (Class III). Levels of 45 and higher (45-69) mm 
require environmental and medical intervention with chelation therapy (Class IV). Children with g 
blood lead levels at or above 70 ug/dl require hospitalization and chelation therapy, along with 
immediate environmental management (Class V). Critical incidence criteria correspond to • 
current Public Health Service recommendations of no more than 5% of children exceedhlg the 10 | 
ug/dl level with no child greater than 15 ug/dl. 

Figures 8-2 and 8-3 summarize observed blood lead data for children in the Basin combined for ™ 
the years 1996 to 1999. The highest toxicity rates among nine month to nine year old children 
are observed in Burke/Nine Mile at 21% exceedhlg 10 ug/dl, 13% exceeding 15 ug/dl, and 4% I 
with levels of 20 ug/dl or greater. The Lower Basin/Cataldo subarea showed the next highest 
toxicity rate with 18% exceeding 10 ug/dl and 5% greater than the 15 ug/dl criteria. No children 
were hi the 20 ug/dl range in the Lower Basin. Wallace, Mullan and Silverton, respectively, I 
showed 13%, 11%, and 8% of children with levels of 10 ug/dl, or greater. From 4% to 5% of 
children tested in Wallace and Silverton exhibited blood lead levels exceeding the 15 ug/dl mm 
criteria and 1% exceeded 20 ug/dl. Osburn and the Side Gulches area showed 4% of children | 
exceeding 10 ug/dl and only one child in four years exceeded 15 ug/dl. Kingston showed 11% 
greater than or equal to 10 ug/dl and 7% exceeded the 15 ug/dl criteria. • 

The highest blood lead levels are observed in the youngest age groups. One and two year old 
children have arithmetic mean blood lead levels of 7.0 ug/dl and 8.0 ug/dl, respectively, and • 
geometric mean concentrations of 6.2 ug/dl to 6.3 u-g/dl. Geometric mean levels then decrease • 
with age from 5.2 ug/dl at age 3 to 3.0 ug/dl at age 8 (Figure 8-4). 

I
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The percent of children to exceed critical toxicity levels differs markedly with age. In the lowest 
age groups, 9 months to 3 years, 19% to 26% of children Basin-wide exceed 10 ng/dl. The rate 
is highest in 2 year old children with 17% of this group exceeding 15 (ig/dl. For four year old 
children, 12% exceed 10 jj.g/dl and 5% exceed 15 ug/dl. In older children, the percent to exceed 
10 ug/dl ranges from 5% to 8%, and 1% to 3% exceed 15 ug/dl. Figures 8-4 and 8-5 summarize 
these results. 

8.11.2 Representativeness of the Surveys 

Approximately 25% of eligible children participated in the surveys. Participation was lowest 
among younger children. There are divergent opinions as to how well the health surveys 
represent non-participants from throughout the Basin. Selection bias may have occurred related 
to individual family decisions to participate and current representativeness is unknown. One 
argument suggests that the incidence of lead poisoning is likely greater among non-participants, 
as families that did have their children tested are more attentive to lead poisoning and have 
benefitted from the local health department's efforts to assist parents in reducing exposures. A 
counter argument suggests that paying each child $40 as an incentive hi 1999 favored low-
income participation. Because potentially high exposures are associated with poverty-related 
factors, this argument contends higher than average blood lead concentrations would be expected 
among the participants. There is also concern that younger children were under-represented in the 
surveys. Because young children typically have higher blood lead levels, overall population 
means and percent to exceed critical toxicity levels may be biased low. This could affect 
comparisons of model predictions to observed blood lead levels. 

8.11.3 Follow-up of Children with High Blood Lead Levels 

Follow-up investigations were completed by the local health department for 50 of 58 children 
whose blood lead levels exceeded 10 ug/dl. Twenty-five investigations involving 21 individual 
children were conducted for observed blood lead levels exceeding 15 ng/dl. Risk profiles 
indicate excess absorption associated with high soil and dust concentrations at homes in the 
Burke/Nine Mile subarea. Older children's risk profiles in this area also indicate recreational 
exposures in neighborhood areas contaminated by tailings. High blood lead levels in Wallace are 
indicated for younger children and are possibly associated with paint and remodeling problems, 
high soil lead levels in play areas, and dusty or difficult to clean homes. Both Mullan and 
Osburn had no children greater than the 15 ug/dl blood lead criteria and children's blood lead 
levels in the 10 ug/dl to 14 ug/dl range were associated with high residential soil and dust 
concentrations or play in contaminated areas. West of the BHSS, excess absorption was 
associated with either homes that had been flooded and were contaminated with sediment and 
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flood debris; or with extended recreational activities in the river or lateral lakes areas of the 
Lower Basin. 

FINAL VERSION 8-19 



I
 
8.11.4 Site-specific Analysis of Paired Blood and Environmental Lead Data. ™ 

Site-specific quantitative analysis of the relationship between blood lead levels and • 
environmental variables indicate that contaminated soils, house dust, and lead based paint are all 
related to excess absorption. The overall results suggest complex exposure pathways, with blood « 
lead levels most related to dust lead loading in the home, followed byindependent effects of yard | 
soil lead, interior paint lead condition, and exterior paint lead content. The dust lead pathway is 
most influenced by outdoor soils, augmented bypaint contributions inolder homes, especially • 
those in poor condition. The overall effect is exacerbated by dusty conditions in Burke/Nine | 
Mile and to a lesser extent in Wallace. The Lower Basin is a notable exception. High blood lead 
levels areobserved, although little problem is indicated with respect todustiness orhouse dust • 
lead concentrations intheLower Basin, High blood lead levels in theLower Basin have been • 
associated with homes that were flooded in 1996 and recreational activities outside the home 
environment. I 

Quantitative models relating blood lead levels to soil, house dust, and paint lead levels and house 
dust levels to soil andpaint sources were developed. These were used toquantify baseline • 
exposures and project risk reductions that might be achieved through source modifications. 

8.11.5 Biokinetic Predictions of Resident Children's Blood Lead Levels I 
The IEUBK model is used to estimate theaverage blood lead level expected fora typical child • 
ingesting lead through soil, house dust, paint, andwater, andalso estimates the percentage of • 
children predicted to exceed certain blood lead levels. Residential baseline (everyday home life) 
blood lead predictions were estimated using four different applications of the IEUBK Model. • 
These applications included both thecommunity andbatch mode versions of the IEUBK. Both • 
the EPA Default Model (using national assumptions for soil and dust ingestion rates and 
bioavailability) andtheBoxModel, derived specifically fortheBHSS, were employed foreach I 
mode. The Box Model uses a lower bioavailability estimate and includes a community-wide ™ 
component for soil/dust exposure that is not included in the EPA Default Model. 

The community mode input includes the geometric mean media lead concentrations for all homes 
in a community and calculates an estimated mean blood lead level andpercent of children to _ 
exceed 10fig/dl. Thebatch mode wasapplied to only those homes forwhich anobserved blood I 
lead level was available. Similar results were obtained for both the community and batch mode 
applications. The EPA Default and Box Model versions, however, provided significantly 

•esult  gdifferent results. Batch mode results were selected forevaluation and discussion as these resultss
are more sensitive to variation hi environmental exposure and can be directly compared to> 
observed blood lead levels. I 
The EPA Default version of the IEUBK Model Batch Mode application predicts a greater than 
5% exceedance of the 10 ug/dl health criteria, associated with baseline residential exposures, 
for all geographic areas. The Box Model predicts exceedance greater than 5% for Mullan, 
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Burke/Nine Mile, Wallace, Silverton, and the Lower Basin. The areas adjoining the BHSS 
including Kingston, Osburn, and the Side Gulches are projected at less than 5% exceedance for 
baseline residential exposures by the Box Model. Figures 8-6 and 8-7 show observed and 
predicted blood lead levels and percent of children to exceed 10 ug/dl for both the EPA Default 
and Box Models using the batch mode. The results suggest that there are potentially three 
different exposure situations ongoing in the Basin with respect to the residential soil and dust 
lead. 

East of (and including) Wallace, the baseline Box Model is a better predictor of observed mean 
blood lead levels. In these areas, the EPA Default baseline model significantly over-predicts 
both observed concentrations and the percent of children to experience excess absorption. Both 
models predict more than 5% of 0-84 month old children will exceed the 10 ug/dl criteria in 
Mullan, Wallace, and Burke/Nine Mile. The EPA Default Model predicts 44% to 48% 
exceedance in these areas, and the Box Model predicts 19% to 20% above the criteria. Observed 
exceedance in these areas ranged from 13% to 22%. 

Immediately east of the BHSS in Osburn, the Side Gulches, and Silverton, the baseline Box 
Model fairly-well describes both observed mean blood lead levels and the percent of children 
exceeding the health criteria. Observed exceedance of the 10 }ig/dl criteria for 0-84 month old 
children ranged from 0% to 11% in this reach. The EPA Default Model predicts 17% to 26% 
exceedance associated with baseline residential exposures for these areas, as opposed to the 
Box Model 5% to 8% projection. 

West of the BHSS, and particularly in the Lower Basin, the Box Model is ineffective in 
describing observed absorption, under-predicting both mean blood lead levels and percent 
exceedance. Both the EPA Default and Box Models failed to predict these high blood lead 
levels. The EPA Default Model fairly-well describes mean blood lead levels, but fails to capture 
the percent of children to exceed health criteria. The Batch mode estimates for Kingston (17% 
observed greater than 10 |J.g/dl) were 11% and 2%, respectively, for the EPA Default and Box 
models. For the Lower Basin (32% observed greater than 10 ug/dl), the respective batch mode 
predictions were 21% and 14%. This suggests that significant Lower Basin exposures may be 
occurring outside the immediate home environment. 

There are several possible factors that could contribute to the difference in exposures and blood 
lead levels among these areas of the Basin. There could be physical and chemical differences in 
the soil and dust contaminants. Differences in chemical form, particle size and matrix effects 
could result in different physical accessability and bioavailability to children. These differences 
could be attributable to the original source of the lead from mine, mill or smelter wastes, or from 
the degree of weathering and secondary mineralization that has occurred while in the 
environment. 

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
 

The degree of dustiness and snow cover in these communities could be a factor, as the larger 
communities have curbs and gutters and other infrastructure that is not available in the smaller 
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villages. The size of yards, use of lead paint, age of the communities and proximity to industrial 
or transportation sources could all impact this relationship. The habits and behavior of children, 
particularly as they move about neighborhoods and select favorite play areas and activities may I 
present important differences in exposures between the larger cities, small residential areas or 
rural homes. « 

8.11.6 Lead Health Risks from Exposures Outside the Residential Environment 

Lead exposures from sources or activities outside the home environment were evaluated by | 
adding incremental intake rates associated with the other exposure scenarios to the residential 
estimates. Potentially significant recreational exposures are noted for children engaged in certain • 
activities in particular areas of the Basin. Upland park type recreation can result in significant I 
exposures hi the more contaminated areas of the Upper Basin and throughout the floodplain areas 
west of the BHSS. Potential recreational exposures in the Lower Basin are more significant • 
because of both higher soil concentrations and lower baseline residential exposures. This can • 
result in higher dose response rates to incremental exposures at lower blood lead levels. This is a 
possible explanation for the higher than predicted blood lead levels observed among Lower Basin I 
children. ™ 

Additionally, swimming and water sport activities that could result in ingestion of disturbed • 
sediment-laden surface water can result in substantial increases in intake and lead absorption. 
Potential exposures to neighborhood stream sediments in Burke/Nine Mile, and at public _ 
swimming areas in the Side Gulches and the Lower Basin are of particular concern. • 

Potentially significant increases in blood lead levels could also result from consumption of home • 
grown vegetables. Increased intake from foodstuff can result in higher blood lead levels due to | 
the high bioavailability of dietary lead, 

For typical adult recreational activities, less than 5% probability of exceeding 10 u.g/dl is | 
predicted for all recreational area soil concentrations observed in the Basin, For intense soil 
contact recreational practices such as dirt hiking, beach activities, four-wheeling, gardening, • 
landscaping, etc., that involve deliberate and continued contact with soils, 95th percentile blood I 
lead estimates exceed 10 ng/dl at concentrations ranging from 3700 mg/kg to 6400 mg/kg lead. 
These values generally represent the 90* to 95th percentile concentrations in upper Basin I 
recreational areas and 50th to 95th percentiles among Lower Basin common use areas. « 

Adult blood lead model estimates were developed for medium intensity soil contact occupations • 
or jobs involving periodic exposure to soil sources, such as public property maintenance, typical ™ 
construction workers, or laborers. These results suggest that exposures to soils ranging in lead 
concentration from 2800 mg/kg to 4500 mg/kg could result in more than a 5% probability of I 
blood lead greater than 10 |4.g/dl. Few soil concentrations in this range are observed in residential 
areas of the Basin. In Upland Park common use areas, these values correspond to the 90th to 95!h _ 
percentile of sites. In the Lower Basin floodplain 50% to 95% of soils exceed these levels. | 
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Intensive or RME exposure refers to individuals whose employment specifically involves 
exposures to soils such as landscapers; farmers and agricultural workers; remediation workers; 
construction workers routinely involved in excavation, demolition, or site development; or utility 
or road workers. For these workers, soils near 500 mg/kg could result in more than a 5% 
probability of having a blood lead level greater than 10 ug/dl. Mineral industry workers are 
specifically excluded as exposure to lead is specifically regulated by occupational health 
authorities. Although individuals are not evaluated in this HHRA for lead exposure in the 
workplace, they are considered in the residential scenario. 

8.11.7 Native American Blood Lead Levels 

Blood lead levels were not predicted for either the traditional or modern subsistence scenarios 
because extremely high estimated intake rates coupled with cultural-specific dietary and 
behavioral considerations invalidate current blood lead models. Nevertheless, projected intake 
rates are sufficiently high to indicate that blood lead levels associated with subsistence activities 
in the floodplain of the Lower Basin would exceed any current health criteria for children or 
adults in either scenario. 

It is important to note that the high lead intake rates are associated with several media. Soil and 
sediment intakes, fish fillet and peeled water potato, and ingestion of disturbed surface water 
during swimming and bathing activities would each individually result in excessive lead intake. 
Consumption of whole fish from the Spokane River or un-peeled water potatoes from the Lower 
Basin would present especially dangerous intake levels. It is likely that background or pristine 
environmental concentrations would be required for all media to safely support Native American 
subsistence activities. 

8.11.8 Lead Health Risk Reduction Strategies 

These overall results suggest complex pathways of exposure are ongoing in the Basin. Resident 
children's blood lead levels are most related to dust lead loading in the home, followed by 
independent effects of yard soil lead, interior paint condition and exterior lead paint content. The 
dust lead pathway is most influenced by outdoor soils, but is augmented by paint contributions 
particularly in poorly maintained older homes. The overall effect is exacerbated by extremely 
dusty conditions in Burke/Nine Mile and to a lesser extent in Wallace. Significantly less 
problem is noted with respect to dustiness or dust concentrations hi the Lower Basin. West of 
the BHSS, excess absorption was associated with either homes that had been flooded or extended 
recreational activities in the river or lateral lakes areas. 

Potentially significant recreational exposures are noted for certain activities in particular areas of 
the Basin and from consumption of home grown vegetables. Excessive occupational exposures 
could occur with particular unprotected jobs in highly contaminated areas. Subsistence Native 
American practices in the Lower Basin would be dangerous, particularly if whole fish or 
unpeeled water potatoes contribute a substantial portion of the diet. 
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These pathways suggest an integrated approach to risk reduction may be advised. Baseline 
residential exposures could potentially be reduced through cleanup of excessive soil _ 
contamination coupled with paint stabilization tosimultaneously reduce direct exposure tothese • 
media and subsequent house dust lead concentrations. Targeted cleanups of recreational areas, 
coupled with access limitations or appropriate warnings, could be used to prevent excessive « 
incremental exposures. Provision of clean gardening media could reduce incremental exposure || 
to local produce. Worker safety protocols could be developed to protect adults while employed 
In contaminated soil relatedjobs. Native Americans should continue torefrain from food harvest • 
and subsistence activities in theLower Basin until substantial improvements are made. | 
Individual children's problems could be addressed by continuing and enhancing current health 
intervention activities until final remedial determinations are completed. • 

For the resident population, children's baseline blood lead levels are likely to be the determining 
factor inestablishing media-specific remediation goals orconcentration action levels. The I 
baseline blood lead levels then become a critical determinant hideveloping required risk • 
reduction strategies for incremental, or away from home, activities. As a result, it is possible to 
discuss preliminary potential cleanup levels for risk manager's consideration forchildren's I 
baseline residential exposures and adult occupational and recreational activities. ™ 

However, discussion anddevelopment of candidate action levels forchildren's incremental I 
recreational activities and fish and local produce consumption cannot be addressed hi this 
document. Appropriate risk reduction methods and action levels will have to be evaluated by _ 
risk managers after fundamental approaches to reducing baseline blood lead levels have been • 
made. Determining whether these actions would be sufficient to reduce non-lead risks to 
acceptable levels must also beaccomplished inrelation toactions addressing cumulative lead • 
exposures. | 

8.11.9 Biokinetie Blood Lead Modeling forResidential Cleanup Levels 

In the upper Basin, house dust lead levels are critical determinants of the efficacy of any cleanup
 h< •strategystrategy.. SubstantiaSubstantiall reductioreductionn ooff uppeupperr BasiBasinn house dust lead levels will benecessary under any

scenario to achieve acceptable blood lead levels. 

Quantitative estimates of house dust andblood lead levels associated with proposed remedial I 
activities were developed from thesite-specific analysis. These analyses suggest that blood lead • 
levels are highly dependent on dust lead loading rates, yard soil contamination levels, and paint 
lead, particularly in poorly maintained housing. Dust lead loading rates, in turn, aredependent I 
on both dust loading, or dustiness in a community, and the lead content of that dust. Outdoor 
soils, both in the yard and the community, are the primary determinant in dust mat lead _ 
concentrations augmented byulterior paint lead levels, again inpoorly maintained housing. Dust I 
lead inside the home is dependent on dust mat lead, yard soil and interior paint concentrations. 
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Post-remedial dust lead concentrations for input to the IEUBK model were estimated by the 
regression model equation that quantitatively describe these pathways. This was accomplished 
by first estimating post-remedial soil concentrations based on replacing all home yards with soil 
lead levels exceeding the cleanup threshold with 100 mg/kg lead soils. These soil concentrations 
were then substituted into the model equations assuming a mean paint lead concentration and 
good paint condition. This implies that paint stabilization has been implemented. Mat and 
vacuum dust lead concentration were then successively estimated. The vacuum dust lead 
estimate was applied with the individual soil concentrations in the batch mode of the IEUBK for 
all ages of children and the results were aggregated for risk estimates. In this analysis, the entire 
housing database was utilized, as opposed to only those homes having blood lead observations 
used to evaluate dose-response relationships. 

Preliminary analysis, using the Box Model, suggests that a cleanup threshold for soils of 800
 
mg/kg to 1000 mg/kg is necessary to achieve risk levels in the upper Basin comparable to those
 
established for the BHSS. The EPA Default Model suggests cleanup levels for soils below 400
 
mg/kg are required to achieve similar risk criteria. These results are summarized in Figures 8-8a
 
through 8-8h.
 

Both models indicate that lead paint stabilization will be required in combination with soil 
remediation to reduce house dust lead concentrations to protective levels. Potential paint 
stabilization would apply to the approximately 20% of housing units that currently have lead 
paint in poorly maintained condition. These measures will not resolve excessive blood lead 
levels observed in the Lower Basin. 

In the Lower Basin, and to a lesser extent in the Kingston subarea, yard soil and house dust lead 
concentration reductions are likely to be less effective in reducing observed high blood lead 
levels. Residential soil and dust lead concentrations in these areas are generally low and 
projected residential intake rates do not suggest an excess absorption problem. For these areas, 
excepting some individual situations, development of strategies addressing incremental 
exposures outside the home environment are more likely to be effective in reducing risk of lead 
poisoning. 

There are two major considerations in assessing these results. First, the risk of exceeding the 
health criteria projected in this analysis only accounts for baseline (or home residential) 
exposures after paint stabilization. Consequently, there is no safety margin allowing for 
incremental exposures that might occur in addition to home exposure. Second, current USEPA 
policy addresses individual risks for those children left at the highest exposure levels. Current 
policy recommends that the probability of the typical 0-84 month old child at any residence 
experiencing a blood lead level of 10 ug/dl or greater, be less than 5%. Box Model estimates of 
individual risks indicate this criteria is considerably more stringent than that applied at the BHSS 
and would require a soil cleanup in the 600 mg/kg to 800 mg/kg range. Using the EPA Default 
Model to calculate a residential soil cleanup level protective of risk to individuals results in a soil 
level below the EPA residential soil screening level of 400 mg/kg. This is caused be elevated 
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levels of lead in house dust in portions of the Basin, As a result, risk managers, public health 
officials and community representatives will need to assess the applicability of this criteria to the _ 
Basin population and alternative risk reduction techniques that might provide the necessary level I 
of protectiveness. 

8.1 1.10 Lead Health Risk Reduction for Childhood Recreational Activities | 

Substantial increases hi blood lead levels are predicted for particular play activities in • 
contaminated areas of the Basin. Blood lead increments to existing baseline or residential | 
conditions were developed for this report. However, determination of appropriate risk reduction 
action levels for soil and sediments in recreational areas cannot be accomplished until • 
appropriate risk management strategies for residential sources have been identified. I 

8.11.11 Lead Health Risk Reduction for Childhood Consumption of Local Foodstuff • 

Similarly, the significance of local produce and fish from the lateral lakes area depends on the 
relative baseline residential blood lead level. In this case, a determination of allowable dietary I 
intake based on baseline blood lead levels will be required. These can be compared to 
incremental fish and local produce intake tables relating intake to media contaminant levels, _ 

8.11.12 Lead Health Risk Reduction for Adult Occupational Activities 

Estimated blood lead levels associated with potential soil and dust concentration levels in 
occupational activities suggest that hi order to maintain 95% of reproductive aged women's 
blood lead levels below 10 p.g/dl, protective measures should be taken for typical workers when 
in contact with soils exceeding 2800 mg/kg to 4500 mg/kg lead. For those workers engaged in I 
heavy contact with soils for extended periods of time working, the corresponding level of 
concern is 500 mg/kg lead. I 

8.11.13 Lead Health Risk Reduction for Adult Recreational Activities 

Estimated blood lead responses for Upland Park or land-based recreational activities suggest ™ 
protective measures should be employed for adults engaging in intense soil-related recreational 
practices with soils exceeding 3700 mg/kg, I 

8.11.14 Lead Health Risk Reduction for Adult Consumption of Local Foodstuff _ 

Some local vegetable garden produce shows high lead content that could substantially increase 
total intake to levels of concern among pregnant women. Adult consumption of local fish adds • 
minimally to total intake at typical fish fillet lead concentrations. However, at maximum | 
concentrations and consumption rates the increased intake could be of concern, although it is 
unlikely that the species offish providing the samples would be consumed hi large amounts. • 

I
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8.11.15 Lead Health Risk Reduction for Native American Subsistence Activities 

Native American subsistence practices in the Lower Coeur d'Alene Basin would be ill-advised. 
Soil and sediment ingestion rates associated with residence in the floodplain and food harvest 
practices are extremely high. Near background level concentrations would be required to achieve 
acceptable intake rates for soils and sediments. Additionally, two critical elements of the native 
diet, fish and water potatoes, contain unsafe levels of lead when aboriginal consumption rates are 
applied. Lead levels in these food sources may also likely need to be in equilibrium with 
background soil and water conditions to assure acceptable intake rates. 

8.12 RESPONSE TO COMMENTS - PUBLIC REVIEW DRAFT 

8.12.1 General and Specific Responses to Public Comments 

Numerous comments were received from several reviewers of the Public Review Draft of the 
HHRA released in July 2000. Appendix W contains a compendium of public comments received 
and responses. The various written comments received and notes taken regarding discussions 
and questions during public meetings and presentations were entered into a database as specific 
comments and concerns. Individual responses to each of the specific written comments received 
from the public and interested parties are included hi the data base. Those comments together 
with particular concerns expressed during meetings, conference calls, group discussions, and 
presentations were summarized in eleven general categories and a general response is provided 
for each comment category. 

Also included as part of the response to comments are an independent peer evaluation of the 
comments received and the U.S. EPA Technical Review Workgroup for Lead (TRW) evaluation 
of the HHRA. 

Some comments pointed out errors in presentation or data tables that have subsequently been 
corrected. Some analyses were modified. Enhanced discussion has been provided in several 
areas that were confusing to reviewers. Additional discussions regarding uncertainties in the 
analyses and conclusions were included in Section 7 to assist risk managers in decision making. 

8.12.2 Additional Analysis and Appendices in Responses to Public Comments 

Additional analysis and new information was added to the document in response to requests from 
the Public Reviewers. Analyses were amended and supplemental information was included in 
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the text of the document in the following Sections. 

• Tables and discussion regarding the potential adverse health effects associated 
with blood lead levels observed in the Basin were added to Section 6.0. 
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•	 A Table summarizing exposure and IEUBK input assumptions for the overall ™ 

document was added as Appendix V. 
•	 Alternate exposure parameters were employed hi assessing the dermal exposure I 

route for arsenic and cadmium included hi Section 5,0. These analyses resulted 
in a 15-20% reduction in estimated exposures to these metals by skin absorption. « 
These modification were made hi response to public comments regarding the • 
length of the recreational season in the Basin and the amount of clothing children 
would be expected to wear in engaging in these activities. • 

»	 Additional information regarding the blood lead data base used in the site-specific | 
analysis was provided in Section 6.2.2. Data were provided indicating the number 
of repeat blood lead observations, the number of households participating in the 
surveys, and the characteristics of blood lead levels for those children providing I 
more than one sample. 

» Additional analysis of the lead paint hazard associated with observed high blood • 
lead levels was presented hi Section 6.4.2. This analysis classified homes as • 
having a potential lead paint hazard if lead paint was present and the paint was not 
in good condition. About 20-25% of the homes tested hi the Basin met this I 
criteria. About 30% of children exhibiting high blood lead levels, for which this ™ 
index was available, were from homes with a potential lead paint hazard. About 
70% of the high blood lead children came from homes classified as having no • 
lead paint hazard. 

•	 Drinking water exposure to lead was reformatted hi Section 6.0 to separate purged m 
tap water samples collected from home surveys conducted in 1997-1999 from I 
purged individual well source samples collected in the 1996 exposure survey. 
Previously, these data were averaged together to estimate characteristic purged « 
drinking water lead concentration for various geographic subareas. |

•	 Supplemental analysis of the incidence of cancer in Shoshone County has been 
included as Appendix U to the HHRA. This analysis, conducted by the Cancer • 
Data Registry of Idaho concludes that the incidence of brain cancer in Shoshone | 
County is not higher than expected, but does warrant periodic reanalysis. 

•	 Appendices that have been added to the Document are Appendices S, T, U, V, and • 
W. These appendices can be found on the attached CD.	 I 

8.12.3	 Clarification of USEPA Policy Regarding Human Health Risk Assessment for Lead • 

Several reviewers indicated confusion and dissatisfaction with EPA policy regarding the use of 
environmental exposure and observed blood lead data to characterize risk to human health at I 
CERCLA sites. USEPA policy requires risk to be characterized by environmental exposures. In ~ 
the case of lead, the risk presented by the potential environmental exposure is evaluated by the 
percent of children expected to equal or exceed a 10 ̂ g/dl blood lead level, if that exposure I 
occurs in the future. Current USEPA policy addresses individual risks for those children left at 
the highest exposure levels and recommends that the probability of experiencing a blood lead _ 
level of 10 ^g/dl or greater, at any residence, be less than 5%, I 
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Use of the IEUBK Model to Assess Risk: The approved method to estimate this risk is use of the 
IEUBK model for lead. Other predictive models may be used, if shown to be equivalent. No 
other published biokinetic models are currently considered equivalent in all their features in 
terms of specific required features for technical and regulatory application to risk assessment at 
CERCLA sites. Only the IEUBK is currently approved for use (USEPA 1994d, USEPA 1998d). 

Default exposure and absorption parameters are to be used in the IEUBK analysis, unless there is
 
compelling evidence to support the use of site-specific parameters. Default parameters are
 
reflective of typical national conditions and application of these factors results in required
 
cleanup criteria for soils and dusts near 400 mg/kg lead. This effectively serves as a default
 
national cleanup standard that can be amended higher or lower based on site-specific
 
information. Box Model estimates of individual risks indicate this criteria is considerably more
 
stringent than that applied at the BHSS and would require a soil cleanup in the 600 mg/kg to 800
 
mg/kg range.
 

Since release of the Public Draft of the HHRA, the State has argued that there is sufficient site-
specific evidence to support the use of reduced dose-response parameters for the Basin that could 
result in higher cleanup levels. This argument is based on the experience and success of using 
these same adjustments in risk management activities at the BHSS, and analysis of the existing 
blood lead and environmental database for the Basin. These results suggest that soil and dust 
cleanup criteria in the range of 800 mg/kg to 1000 mg/kg, applied in conjunction with alternative 
risk reduction techniques, could provide the necessary level of protectiveness, and would be in 
compliance with EPA guidance. 

Use of Blood Lead Surveys to Assess Model Predications: The HHRA acknowledges, as many 
critiques have pointed out, that the paired blood lead/environmental exposure database available 
for the Basin is limited and has not been demonstrated to be representative of the overall 
population. Blood lead samples were not solicited for experimental or survey purposes. Blood 
lead samples are observational and opportunistic based on voluntary participation in health 
response programs. As a result, blood lead levels are not, nor were intended to be, randomized. 
The blood lead database is limited to less than 1/3 of the 9 month to 9 year old population and 
less than 20% of pre-school children. 

Because there is not a representative database for blood lead levels, survey results cannot be used 
to quantitatively assess the risk or probability of exceeding blood lead criteria in this population, 
especially for young children. This limitation was overcome in the BHSS, where participation 
rates exceed 50% and reasons for failure to participate are known for the majority of the 
remaining resident children (see Appendix Q). Turnout and identification of reasons for non-
participation are insufficient in the Basin to assess the representativeness of the blood lead 
database. 

Use of Site-specific Parameters in the IEUBK Model: Although less than 20% of young 
children have been tested for blood lead, a representative sample of environmental media was 
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obtained in 1996 and has been substantially supplemented to near 50% of all homes in the Basin. ™ 
As a result, several analyses of the available data to support site-specific amendments to the 
IEUBK model were presented. Strict application of current EPA policy requires applying the • 
default mode of the IEUBK in addition to any site-specific analysis. The Default analysis was 
accomplished and, not surprisingly, results in cleanup threshold criteria near 400 mg/kg lead in _ 
soil anddust. I 

Although theblood lead database does notrepresent theoverall population, it is can be • 
considered representative of thepopulation of children that were tested. Application of the | 
IEUBK analysis to this sub-population, shows a response consistent with children in the BHSS. 
Moreover, comparison of the environmental exposures for those children that have provided • 
blood lead samples to theoverall environmental database shows noobvious differences hi I 
exposure media concentration. As a result, any suspected biases in the population providing 
blood lead levels arelikely notmedia-concentration related, butcould reflect behavioral • 
associations with factors such as ersonal habits andsocio-economic conditions. • 

Additionally, quantitative dose-response analysis of the sampled population shows slope factors I 
for theblood lead to soil anddust concentrations similar to those obtained in theBHSS. • 
Supplemental analysis shows an additional component related to lead-based paint for a small 
percentage of these children, that wasnotobserved intheBHSS. Finally, application of the I 
"Box" form of the IEUBK model shows conformance with the observed blood lead levels in the 
sampled population. The combination of these factors, support the State's argument that the 
"Box" cleanup criteria, augmented bypaint abatement efforts andalternate risk reduction I 
techniques, will sufficiently reduce risk for the sampled population and the remainder of Basin 
residents. It must be noted that the weight of evidence shows conclusively that the sampled « 
population is at-risk of excessive blood lead levels. This is demonstrated both in the Default and | 
Box applications of the IEUBK model, the quantitative analysis of the site-specific dose-response 
data and, most importantly, by direct blood lead measurements. • 

Responsible health agencies are compelled to act,at least, in the interest of the sampled 
population and those children exhibiting dangerous blood lead levels. Because the remainder of 
the population, that has not been tested, is exposed to similar community environmental 
concentrations and other children may exhibit similar behaviorbehaviorss anandd socio-economisocio-economicc statusstatus,, 
current policies require they beprotected aswell. Thissi policpolicyy applieappliess unlesunlesss compellincompellingg evidencevidencee • 
to the contrary is provided. No such evidence exists. • 
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Figure 8-2 Percent to Exceed Blood Lead Concentrations by Geographic Area - 9 Month 
through 9 Year old Children (1996 -1999 Combined) 
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Figure 8-3 Arithmetic and Geometric Mean Blood Lead Concentrations by Geographic 
Area - 9 Month through 9 Year Old Children (1996 -1999 Combined) 
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Figure 8-4 Basin Mean Blood Lead Levels by Age (1996 -1999 combined)
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Figure 8-5 Percent of Children to Exceed Critical Toxicity Levels by Age 
(Basin-wide 1996 -1999 Combined) 
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Figure 8-6 Observed and Predicted Geomean Blood Lead Levels for 0-84 Month Old Children Only
 
IEUBK Batch Mode
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Figure 8-7 Observed and Predicted Percent to Exceed 10 |ig/dl for 0-84 Month Old Children 
IEUBK Batch Mode 
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Figure 8-8a Predicted Percentage of 0-84 Month Old Children to Exceed 10 jAg/dl Blood
 
Lead for Various Yard Soil Action Levels - Mullan
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Figure 8-8b Predicted Percentage of 0-84 Month Old Children to Exceed 10 jig/dl Blood
 
Lead for Various Yard Soil Action Levels - Burke/Nine Mile
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Figure 8-8c Predicted Percentage of 0-84 Month Old Children to Exceed 10 Blood
 
Lead for Various Yard Soil Action Levels - Wallace
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Figure 8-8d Predicted Percentage of 0-84 Month Old Children to Exceed 10 fag/dl Blood
 
Lead for Various Yard Soil Action Levels - Silverton
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Figure 8-8e Predicted Percentage of 0-84 Month Old Children to Exceed 10 jig/dl Blood
 
Lead for Various Yard Soil Action Levels - Osburn
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Figure 8-8f Predicted Percentage of 0-84 Month Old Children to Exceed 10 ^g/dl Blood
 
Lead for Various Yard Soil Action Levels - Side Gulches
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Figure 8-8g Predicted Percentage of 0-84 Month Old Children to Exceed 10 |ig/dl Blood
 
Lead for Various Yard Soil Action Levels - Kingston
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Figure 8-8h Predicted Percentage of 0-84 Month Old Children to Exceed 10 |ag/dl Blood
 

Lead for Various Yard Soil Action Levels - Lower Basin
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Table 8-1
 
Selected Chemicals of Potential Concern in Each Medium
 

ill!!! 
Iliiiiiilii 

Antimony X X X
 
Arsenic X X X
 
Cadmium X X X X
 
Iron
 
Lead x X X X X X
 
Manganese X
 
Mercury X X
 
Zinc X X X
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Table 8-2 Health Effects of Exposure to Chemicals of Potential Concern 

Chemical Health Effects Carcinogenic Effects 
Antimony Respiratory effects, gastrointestinal effects, elevated blood 

pressure, fibrosis of the lungs, altered pulmonary function 

Arsenic	 Gastrointestinal irritation, neuropathy, skin lesions, vascular Skin, liver, bladder, lung, kidney cancer. 
disease, death due to cardiopulmonary collapse (acute dose) EPA Group A carcinogen". 

Cadmium	 Kidney disease, skeletal toxicity, cardiovascular disease, Lung cancer. EPA Group Bl carcinogen", 
anemia, hypertension 

Iron	 Gastrointestinal ulcers, metabolic acidosis, kidney damage, 
liver damage, disturbance of endocrine function, diabetes 
mellitus, cardiovascular effects, siderosis, death due to renal 
failure or cirrhosis of the liver (acute dose), lipid 
peroxidation leading to genotoxic effects, hemachromatosis 

Lead	 Neurocognitive, neurobehavioral, CNS effects, Renal cancer. EPA Group B2 carcinogen". 
hematological, kidney effects (higher susceptiblity in young 
children)

Manganese	 Respiratory tract irritaiton, CNS disorder resembling EPA Group D carcinogen" 
Parkinsonism (manganism) 

Mercury Developmental toxicity, kidney toxicity, neurological effects	 EPA Group C carcinogen" (mercuric 
chloride and methylmercury only), EPA 
Group D carcinogen (elemental mercury) 

Zinc	 Gastrointestinal irritation, anemia, fever-like symptoms, EPA Group D carcinogen* 
respiratory injury 

"EPA's Weight-of-Evtdcnce Classification System: 
Group A - human carcinogen (sufficient evidence in humans) 
Group Bl - probable human carcinogen (limited human data available) 
Group B2 - probable human carcinogen (sufficient evidence in animals, inadequate or no evidence in humans) 
Group C • possible human carcinogen (limited evidence in animals) 
Group D - not classifiable with regard to human ctrcinogenicily 



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
 

Table 8-3 
RME Hazard Quotients and Cancer Risks for Residential and Neighborhood Scenarios 

Lower Basin 
Kingston 
Side Gulches 
Osburn 0.3 

Silverton 0.5 
Wallace 0.6 
Burke/Nine Mile, current 
conditions 
Burke/Nine Mile, future 
conditions 

22 Same as 
current 

Mullan 0.4 

Vegetables (all areas) Not evaluated 

aCancer risks were not evaluated for the 0- to 6-year age group. 

2 x lO'5 

3 x 10': 0.7 

2 x 10'5 

5 x ID'6 0.9 
9x 10-6 0.7 

8 x lO'6 0.8 
4xlO'5 

Same as 12 
current 
4xlO'6 

Not evaluated 

1x10-" 
5 x I0's 

3x10-" 
8 x ID'5 

5 x lO'5 

5 x ID'5 

SxlO'5 

3 x lO'5 

7xlO'5 

8 x 10'5 



Table 8-4
 
RME Hazard Quotients and Cancer Risks for Public Recreational Scenario
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; mmmmmsinmims^ ::;:mK*4^-€SMrm aad Adults . ; 
' , • - ' • ' , ; , '  •-• '•'-'••'-'•\\\' ^r-;;;'\;':'-^S^v';yi-.;:>^;^cw;;v 

•\ " - '' -• " /;',:;-.', ,v---.--.--: ••-'t'.x"£^'-:'--'v^-1'-' ^^m^.,^yw^y<&e$. ..,....-:•.. ,\ 
' 'G^^^f^'^f^::f:^mOK ^mmsxm^M^'^:^ ^:jH^iKi.iga8toBtr:v Cancer Risk
 

Blackwel! Island 0.7 0.2 1 x 10'$
 

Lower Basin 2 0.5 3 x 1Q-5
 

Soil/water risks/hazards 
Fishing in lateral lakes Not evaluated 0.9 No arsenic data 

Kingston (confluence of the North 2 0.6 4xlO'5 

Fork and South Fork) 
Side Gulches No public areas No public areas No public areas 

evaluated evaluated evaluated 
Osburn No public areas No public areas No public areas 

evaluated evaluated evaluated 
Silverton 0,3 0.09 6x10-* 
Wallace 0.5 0.1 6x10-* 
Burke/Nine Mile (current No public areas No public areas No public areas 
conditions) evaluated evaluated evaluated 
Mullan No public areas No public areas No public areas 

evaluated evaluated evaluated 

"Cancer risks were not evaluated for the 0- to 6-year age group. 

Table 8-5
 
RME Hazard Quotients and Cancer Risks for Occupational Scenario
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Lower Basin 2 8 x 10'5
 

Kingston 0,5 3 x ID'5
 

Osfaurn, Silverton, Wallace areas combined 0.4 2 x 10"s
 

BurkeMine Mile 0.4 2 x lO'5
 

Mullan 0,5 2 x lO'5
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Table 8-6
 
RME Hazard Quotients and Cancer Risks for Arsenic for Modern and
 

Traditional Future Subsistence Exposure Scenarios
 

Adult No arsenic data 10 No arsenic data
 
Child Not evaluated 43 Not evaluated
 
Child/adult 19 3 x
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STATE OF IDAHO 

DEPARTMENT OF
 
ENVIRONMENTAL QUALITY
 

1410 North Hilton • Boise, Idaho 83706-1255 • (208)373-0502 RECEIYEB Dirk Kempthorna, Governor 
C. Stephen Allred, Director 

AU6 1 5 2001 August 10, 2001 

RE: Final Human Health Risk Assessment 

Enclosed is the "Final Human Health Risk Assessment for the Coeur d'Alene 
Basin Extending from Harrison to Mullan on the Coeur d'Alene River and 
Tributaries." This document was prepared for the Idaho Department of Health 
and Welfare, Idaho Department of Environmental Quality and USEPA. The 
document was completed in accordance with ERA guidelines and policies for risk 
assessment per the May 1999 Memorandum of Agreement (MOA) between the 
State of Idaho and ERA. 

The document has gone through multiple review processes. These include peer 
review, independent technical review by the ERA Technical Review Workgroup 
and the mining company review, and public comment. A formal response to 
comments was issued in January of this year that explains how comments were 
addressed. The response to comments is included as Appendix W on the 
attached CD. 

The risk assessment will be used in the risk management phase to help identify 
the appropriate remedies to protect human health in the Coeur d'Alene Basin. 

Thank you for your interest in the risk assessment process. 

Sine 

Mine Waste Program Manager
 
Waste Management & Remediation Division
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