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1. DECLARATION 

1.1 SITE NAMES AND LOCATIONS 

Areas of Contamination 
Fuel Spill No. 17(FS-17) 
Fuel Spill No. 19(FS-19) 
Otis Air National Guard [U.S. Air Force (USAF)] 
Falmouth, Massachusetts 

1.2 STATEMENT OF BASIS AND PURPOSE 

 This Record of Decision (ROD) presents the selected remedial actions at Area of 
Contamination (AOC) FS-17 and AOC FS-19 at the Massachusetts Military Reservation (MMR) 
in Barnstable County, Falmouth, Massachusetts, hereinafter referred to as AOC FS-17 and 

 AOC FS-19. These remedial actions were chosen in accordance with the Comprehensive 
Environmental Response, Compensation, and Liability Act of 1980 (CERCLA) as amended by 
the Superfund Amendments and Reauthorization Act of 1986 (SARA), 42 U.S. Code §§ 9601 et 
seq., and to the extent practicable the National Oil and Hazardous Substances Pollution 
Contingency Plan (NCP) as amended, 40 Code of Federal Regulations (CFR) Part 300. The 

 Director, Air Force Center for Environmental Excellence (AFCEE), and the Director of the 
Office of Site Remediation and Restoration, U.S. Environmental Protection Agency (USEPA) 
New England have been delegated the authority to approve this ROD. 

This ROD is based on the Administrative Record for AOC FS-17 and AOC FS-19 that has 
been developed in accordance with Section 113(k) of CERCLA. The Administrative Record is 

 available for public review at the AFCEE Installation Restoration Program (IRP) Office at MMR 
and at the Falmouth Public Library, Falmouth, Massachusetts. 

 The Commonwealth of Massachusetts concurs with the selected remedies for AOC FS-17 
and AOC FS-19. Appendix E of this ROD contains a copy of the letter of concurrence. 

1.3 ASSESSMENT OF AOC FS-17 AND AOC FS-19 

Actual or threatened releases of hazardous substances from AOC FS-17 and AOC FS-19 do 
not present a current or potential threat to public health, welfare, or the environment. 

1.4 DESCRIPTION OF THE SELECTED REMEDY FOR AOC FS-17 AND AOC FS-19 

The selected remedy for AOC FS-17 and AOC FS-19 is No Further Action. No further 
action is necessary to ensure protection of human health and the environment. A 5-year review 
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of AOC FS-17 and AOC FS-19 is not necessary. Removal actions completed at the AOC source 
areas removed soils containing hazardous substances that may have posed risk. The removal 
actions did not include the implementation of engineering or institutional controls to prevent 
exposure from hazardous substances because all hazardous substances were removed from the 
AOCs. 

1.5 STATUTORY DETERMINATIONS FOR AOC FS-17 AND AOC FS-19 

The selected remedy is consistent with CERCLA and, to the extent practicable, the NCP; is
 
protective of human health and the environment; and is cost effective. Because the selected
 
remedy is No Further Action, there are no applicable or relevant and appropriate requirements
 
with which to comply.
 

1.6 SIGNATURE AND SUPPORT AGENCY ACCEPTANCE 

The foregoing represents the decision for No Further Action at AOC FS-17 and AOC FS-19 
by AFCEE and the USEPA with the concurrence of the Massachusetts Department of 
Environmental Protection (MADEP). 

Concur and recommend for immediate implementation: 

AIR FOR^E CENTER FOR ENVIRONMENTAL EXCELLENCE 

2 9 N: . 1999 
GaryM. Ericl^*n,f .E! l^~7 Date 
Director 

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

.^y ' -•— / 
Patricia L. Meaney / / Date 
Director, Office of Site Remediation and Restoration 
U.S. Environmental Protection Agency, New England 
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2. DECISION SUMMARY 

2.1 SITE NAME, LOCATION, AND DESCRIPTION 

IMM 

This ROD addresses past releases of contaminants to surface soil, subsurface soil, and 
groundwater at the AOC FS-17 and AOC FS-19 sites at MMR. 

at 
MMR is a National Priorities List (NPL) site under CERCLA. MMR is located on western 

Cape Cod in Barnstable County, Massachusetts, approximately 60 miles south of Boston and 
« immediately southeast of the Cape Cod Canal. It occupies approximately 22,000 acres within 

the towns of Bourne, Falmouth, Mashpee, and Sandwich (Figure 2-1, Appendix A). MMR is 
organized into four functional areas: Range Maneuver and Impact Area, Cantonment Area, 

«* Massachusetts National Cemetery, and Cape Cod Air Force Station. AOC FS-17 occupies 
approximately 1 acre and is west of Frank Perkins Road and north of Connery Avenue 
(Figure 2-2, Appendix A). AOC FS-19 occupies less than 1 acre and is located east of Weaver 

*	 Road and north of Lee Road (Figure 2-3, Appendix A). 

Currently, AOC FS-17 consists of one concrete slab, relic asphalt, and unvegetated soil. All 
other surface and subsurface structures have been removed. Before the removal actions and the 
Fuel System Upgrade Program (FSUP), the site included two underground storage tanks (USTs), 

(| a pump house with pumps, a vehicle maintenance area with two vehicle maintenance pits, a
 
leaching well, a French drain, and a dry well. AOC FS-17 is located just west of Frank Perkins
 
Road and the former main base landfill (AOC LF-1) in the south-central portion of MMR. The
 

t)l study area is a former World War II motor pool approximately 1 acre in size (Figure 2-2, 
Appendix A). A pitch pine and scrub oak forest that serves as a wildlife habitat borders the study 
area on three sides. At the time of the 1993/1994 remedial investigation (RI), prominent features 

ill of the paved and gravel-covered study area included an intact structure (Building 3693), a pump 
island for both gasoline and diesel fuel, and two building foundations (former Buildings 3692 
and 3694). Two USTs were associated with the pump island as current product tanks [(CPT)

 104 and -105]. Also at the time of the 1993/1994 RI, the concrete foundation of former Building 
3694 contained two vehicle repair bays (structure codes 23CDXX4 and 23CDXX5) that were 
connected to a leaching well (structure code 23CDXX1) adjacent to the western edge of the 
building slab. A drainage structure referred to as a French drain (structure code 23CDXX2) also 
existed north of former Building 3694. A dry well (structure code 23CDXX3) located 
approximately 10 feet northeast of Building 3693 was identified during Phase I of the Sump 
Removal Action Program (SRAP) [renamed the Drainage Structure Removal Program (DSRP)]. 
Pertinent features identified during the AOC FS-17 RI are depicted in Figure 2-4 (Appendix A). 

m Subsequent to the completion of the RI, the USTs and pump island, along with Building 3693, 
were removed as part of the MMR Fuel System Upgrade Program. Additional structures 
removed subsequent to the completion of the RI included the foundations of former 

•	 Buildings 3692 and 3694 (along with the vehicle repair bays 23CDXX4 and 23CDXX5), the 
leaching well (23CDXX1), the dry well (23CDXX3), and the French drain (23CDXX2). These 
structures were removed as part of the MMR DSRP. 
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AOC FS-19 is presently an undeveloped area of grass-covered soil. All structures have been 
removed from the site. Before such removal, the site included six USTs, a pump house with 
pumps, and a small building. 

AOC FS-19 is located in the south-central portion of MMR in the township of Sandwich at 
the intersection of Lee and Weaver Roads. The nearest major cross street is Turpentine Street. 
The AOC FS-19 site is approximately 60 feet long and 40 feet wide (0.05 acre) in the vicinity of 
the former USTs and 20 feet long and 40 feet wide (0.02 acre) in the vicinity of former Building 
3493. The long axis of the site is parallel to Weaver Road and is oriented approximately 
northeast-southwest. It is bounded on the west by Weaver Road, on the north by an open 
undeveloped area, on the east by the General Telephone and Electronics (GTE) Complex and 
wooded areas, and on the south by Lee Road. At the time of the RI, the site was open and 
undeveloped and was covered by grass. No buildings are present on the site. A chain link fence 
separates the site from the GTE Complex. Access to AOC FS-19 is unrestricted. 

The northern portion of the site is the location of former Building 3493 (Area I). Two asphalt 
driveways leading from Weaver Road to the GTE Complex are situated on either side of the site 
of former Building 3493. A small wooded area exists between the southernmost of the two 
driveways and the former Building 3493 location. Near the corner formed by Weaver Road and 
the northernmost of the two driveways is an area of disturbed earth that approximately matches 
the dimensions of the footprint of former Building 3493 given in reports (ABB-ES 1993). The 
area measures approximately 20 feet by 40 feet. The long axis of the area is oriented parallel to 
the driveway. The area appears to have been excavated. It is assumed that this was the location 
of former Building 3493 and that the excavation was performed to remove the concrete 
foundation slab. 

The southern portion of the site is the location of the former vehicle fueling facility and UST 
excavation (Area II). No visible surface expression of any fueling station structures is present. 
The approximate location of the former UST excavation was obtained from a previous report 
(ABB-ES 1993) that stated the outline of the UST excavation was visible, that it measured 
approximately 60 feet by 40 feet, and that monitoring well MW-1 was placed in the center of the 
UST excavation area. During CDM Federal Program's RI activities, a concrete slab measuring 
approximately 60 feet long and 15 feet wide was encountered at approximately 1 foot below 
ground surface (bgs) adjacent to the UST excavation. The concrete foundation was oriented 
parallel to Weaver Road and is believed to be a remnant of the former control building that was 
located east of the USTs. In addition, several chunks of asphalt were encountered at 
approximately 6 inches to 1 foot bgs over an area of approximately 1,200 square feet 
immediately west and southwest of the southern end of the concrete slab. No other evidence of 
artificial structures was encountered during RI activities. 

A more complete description of MMR and AOC FS-17 and AOC FS-19 can be found in the 
Phase I Records Search prepared by E.G. Jordan in 1986 and in Remedial Investigation Report, 
Area of Concern FS-17 (HAZWRAP 1998a) and Remedial Investigation Report, Area of 
Concern FS-19 (HAZWRAP 1998b). These reports are available for review at the main libraries 
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in the towns of Bourne, Falmouth, Mashpee, and Sandwich and at the U.S. Coast Guard library 
at MMR. 

2.2 SITE HISTORY AND ENFORCEMENT ACTIVITIES 

This section provides background information on the sites' history and enforcement actions 
taken to date. Factors addressed include a history of activities at the site, the history of site 
investigations, and the history of CERCLA enforcement activities. 

2.2.1 MMR and Site History 

Although military activity began at MMR as early as 1911, most operations occurred after
 
1935 and consisted of two general types: (1) mechanized Army training and maneuvers and
 
(2) military aircraft operations, maintenance, and support. Intensive Army activity occurred with 
the onset of World War II and continued through demobilization following the war (1940-1946). 
Major aircraft operations were associated with surveillance and air defense aircraft and occurred 
from 1955 to 1970. Although aircraft operations continue today, the greatest potential for release 
of contaminants to the environment was between 1940 and 1970. Tenants at MMR include, or 
have included, the U.S. Coast Guard, Army National Guard (Camp Edwards), USAF, Air 
National Guard (Otis Air National Guard Base), Veterans Administration National Cemetery, 
U.S. Marine Corps, U.S. Department of Agriculture, and the Commonwealth of Massachusetts. 
The USAF managed MMR until 1973, when base management was transferred to the Air 
National Guard. 

2.2.2 AOC FS-17 Site History and Investigation History 

AOC FS-17 was used as a motor pool and vehicle maintenance facility during World War II 
until 1946 (E.G. Jordan 1986). At the time of the 1993/1994 RI field investigations, the main 
concerns at AOC FS-17 were the disposal of wastes associated with vehicle repairs that took 
place in former Building 3694 and possible leaks from the two USTs, which were installed in 
1941 (E.G. Jordan 1986). CPT-104 contained motor gasoline (MOGAS) and CPT-105 contained 
diesel fuel at the time of the 1986 investigation; no other portions of the facility were active. 

Multiple investigations have occurred at AOC FS-17. Those actions included a site 
investigation (SI), a part of the SRAP, and an RI. In addition, investigations were incorporated 
into the FSUP and undertaken as part of removal actions at AOC FS-17. The following 
subsections outline these activities. A summary of the results of these activities is contained in 
Section 2.5. 

2.2.2.1 Site Investigation 

An SI was performed in 1989 to assess the presence or absence of contamination resulting 
from fuel spills or leaks associated with the fuel pump island, USTs, and vehicle repair bays. 
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The SI consisted of a soil-gas survey, a limited soil investigation, sampling of the leaching well 
and French drain, and a limited groundwater investigation. Samples were submitted for volatile 
organic compounds (VOCs), semivolatile organic compounds (SVOCs), pesticides and 
polychlorinated biphenyls (PCBs), metals, and total petroleum hydrocarbons (TPH). Refer to 
Priority 2 and 3 Study Areas Site Investigation (ABB-ES 1993) for detailed information 
(including figures and tables) regarding the SI results. Section 2.5 of this ROD provides a 
summary of SI findings. 

2.2.2.2 Sump Removal Action Program 

As part of the SRAP, ABB Environmental Services, Inc. (ABB-ES) investigated the leaching 
well and the French drain during 1989. TerraProbes were advanced beneath the leaching well 
and French drain. Samples were submitted to a mobile laboratory for VOCs, SVOCs, 
pesticides/PCBs, TPH, and five metals (lead, copper, zinc, arsenic, and chromium). Refer to 
Sump Removal Action Program, Phase I Sump Investigation Program, Work Completion Report 
(ABB-ES 1992) for detailed information (including figures and tables) regarding the SRAP 
results. Section 2.5 of this ROD provides a summary of SRAP findings. 

2.2.2.3 Remedial Investigation 

An RI was performed at AOC FS-17 in several phases extending from 1993 through 1998. 
The phases included the initial RI, a supplemental RI, and volatile petroleum 
hydrocarbon/extractable petroleum hydrocarbon (VPFI/EPH) sampling. Samples were submitted 
for VOCs, SVOCs, pesticides/PCBs, metals, and TPH. Refer to Remedial Investigation Report 
Area of Contamination FS-17 (HAZWRAP 1998a) for detailed information (including figures 
and tables) regarding the RI results. A summary of the findings of the RI is included in Section 
2.5 of this ROD. Analytical results from the RI are included in Appendix B, and figures 
depicting RI findings are included in Appendix A. 

2.2.2.4 Fuel Systems Upgrade 

The USTs CPT-104 and CPT-105 present at AOC FS-17 were removed from the site in 
1994, along with Building 3693 and the fuel pump island, as part of the MMR FSUP. Soils were 
screened for VOCs. A summary of the findings is included in Section 2.5 of this ROD. 

2.2.2.5 Drainage Structure Removal Program 

The French drain (23CDXX2), leaching well (23CDXX1), dry well (23CDXX3), vehicle 
maintenance bays (23CDXX4 and 23CDXX5), and foundations of former Buildings 3692 and 
3694 were removed as part of the MMR DSRP. Removals occurred in 1996. Samples were 
submitted to mobile and fixed-base laboratories for VOCs, SVOCs, pesticides/PCBs, metals, and 
TPH. Refer to the drainage structure closure reports (Jacobs 1996) for detailed information 
(including figures and tables) regarding the closure results. A summary of the findings of the 
DSRP is included in Section 2.5 of this ROD. 
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2.2.3 AOC FS-19 Site History and Investigation History 

AOC FS-19 was operated as a World War II leaded motor gas (MOGAS) fuel storage and 
transfer point. In 1941, six 10,000-gallon USTs (AT-24 through AT-29) were installed at AOC 
FS-19 and were used to store MOGAS until 1958. Between 1958 and 1965, the six USTs were 
used for the storage of hazardous waste. AOC FS-19 was referred to as hazardous waste storage 
area HWSS-2 during that period. The quantity of fuel and the type and quantity of waste that 
may have leaked from the USTs or spilled is unknown (B.C. Jordan 1986). 

In 1965, subsequent to the establishment of the Defense Property Disposal Office (DPDO), 
the six USTs were reportedly emptied and the fill pipes capped. In May 1985, it was determined 
that the tanks still contained approximately 7,000 gallons of a waste fuel/solvent mixture. The 
DPDO issued a contract for the removal of the waste mixture and tanks, and in October 1989 the 
USTs were removed. 

Base personnel reported that Building 3493, located northeast of the UST location, was used 
for the storage of hazardous waste. 

Multiple investigations have occurred at AOC FS-19. Those actions included an Army 
Environmental Hygiene Agency (AEHA) investigation, SI, a part of the SRAP (renamed the 
DSRP in 1993), and an RI. The following sections outline these activities. A summary of the 
results of these activities is contained in Section 2.5. 

Two removal actions have been completed at FS-19. In both instances, structures were 
removed and soils excavated. In both instances, soil samples collected from the excavations 
document that soils at the limits of the excavation did not contain contaminants of concern in 
concentrations posing an unacceptable risk to human health or the environment. 

2.2.3.1 Army Environmental Hygiene Agency Investigation 

The U.S. Army's AEHA installed a single monitoring well downgradient of the tank pit area 
to determine the presence or absence of groundwater contamination in 1985. A water sample 
was submitted for VOC analysis. Additional samples collected in 1986 were submitted for VOC 
and metals analyses. A summary of the results of the AEHA investigation is contained in 
Section 2.5. 

2.2.3.2 Site Investigation 

An SI was performed in 1989 and 1990 in two phases to assess the presence or absence of 
contamination resulting from fuel spills or leaks associated with the USTs. The SI included the 
installation of monitoring wells, groundwater sampling, advancement of soil borings, and soil 
sampling. Samples were submitted for VOCs, SVOCs, pesticides/PCBs, metals, and TPH. 
Refer to Priority 2 and 3 Study Areas Site Investigation (ABB-ES 1993) for detailed information 
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(including figures and tables) regarding the SI results. Section 2.5 of this ROD provides a 
summary of SI findings. 

2.2.3.3 Remedial Investigation 

An Rl was performed at AOC FS-19 in two phases extending from 1993 through 1998. The 
phases included the initial RI and VPH/EPH sampling. The RI included the installation of 
monitoring wells, soil borings, and surface soil sampling. Samples were submitted for VOCs, 
SVOCs, pesticides/PCBs, metals, and TPH. Refer to Remedial Investigation Report Area of 
Concern FS-19 (HAZWRAP 1998b) for detailed information (including figures and tables) 
regarding the RI results. A summary of the findings of the RI is included in Section 2.5 of this 
ROD. Analytical results from the RI are included in Appendix B, and the figures depicting RI 
findings are included in Appendix A. 

2.2.4 History of Enforcement Activities 

On November 21, 1989, USEPA placed MMR on the NPL under CERCLA, as amended by 
SARA, to evaluate and implement response actions to clean up past releases of hazardous 
substances, pollutants, and contaminants. A Federal Facility Agreement (FFA) between the 
National Guard Bureau (NGB) [representing all Department of Defense (DOD) agencies owning 
or controlling property at MMR], the U.S. Coast Guard, and USEPA was signed in 1991 and 
amended in 1996 and 1997. The FFA established a procedural framework for ensuring that 
appropriate response actions are implemented and required the NGB to take the lead in cleanup 
activities at MMR, including AOC FS-17 and AOC FS-19, which are considered subsites to the 
entire installation. AFCEE currently provides on-site management and direction for the 
execution of cleanup activities at MMR in accordance with the FFA. 

In response to environmental contamination at MMR, DOD implemented its multiphase IRP 
at MMR to identify and evaluate problems associated with past releases of hazardous substances. 
The IRP parallels the USEPA CERCLA investigation and cleanup process. The NGB, and 
subsequently AFCEE, followed USEPA guidelines for most IRP investigations performed 
between 1986 and 1989 and for all investigations performed since 1989. 

In 1986, an extensive records search and review of available soil and groundwater data 
identified 73 areas at MMR as having potential for contamination (E.G. Jordan Co. 1986). Six 
additional areas were later identified through anonymous sources and unrelated base construction 
projects, thus bringing the total to 79. 

The Proposed Plan (MMR 1998) for remedial action for the contaminant source areas at 
AOC FS-17 and AOC FS-19 was issued in December 1998 for public comment. Technical 
comments presented during the public comment period are included in the Administrative 
Record and are provided in a transcript of the Public Hearing (Appendix D). The 
Responsiveness Summary contains a summary of these comments and AFCEE's responses and 
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describes how these comments affected the remedial action decision for each AOC 
(Appendix C). 

2.3 HIGHLIGHTS OF COMMUNITY PARTICIPATION 

The NGB and AFCEE have held regular informational meetings, issued fact sheets, and held 
public meetings and public hearings to keep the community and other interested parties informed of 
the activities at AOC FS-17 and AOC FS-19. 

Throughout MMR's history, community concern and involvement have been high. The NGB, 
AFCEE, USEPA, and MADEP have kept the community and other interested parties apprised of 
site activities through informational meetings, fact sheets, news releases, public hearings, and 
Technical Environmental Affairs Committee (TEAC) meetings. TEAC was organized in 1986 by 
the NGB to provide a forum for public input on the MMR response activities. Membership in 
TEAC comprised USEPA, MADEP, and representatives from local, regional, and state groups. 
Beginning with the October 7, 1992 TEAC meeting, members of the public could attend these 
bimonthly meetings. TEAC ceased meeting in 1996 and is no longer in existence. 

During May 1991, an MMR Community Relations Plan was released that outlined a program to 
address community concerns and keep citizens informed and involved in the remediation process at 
MMR. In July 1994, and again in December 1996, an updated draft Community Relations Plan 
(AFCEE 1996) was issued to incorporate concerns and feedback provided by the community and to 
document changes in AFCEE policy such as the public attendance at TEAC meetings. 

In October 1993, a senior management board was created to advise AFCEE on IRP activities. 
A person from each of the four towns surrounding MMR is among the Board members, along with 
the regulatory agencies and the Adjutant General's Office of the Commonwealth of Massachusetts. 
Process Action Teams (PATs) were also created to address specific issues at MMR; these issues 
including plume containment, long-range water supplies, innovative technologies, and public 
information. PATs have representation from the community, local business, regulatory agencies, 
and AFCEE. 

Advertisements announcing the public meeting and Public Hearing were published in the 
Falmouth and Mashpee Enterprises on November 27,1998; the Cape Cod Times on November 27, 
1998; and the Bourne and Sandwich Enterprises on November 27, 1998. Before the start of the 
comment period, AFCEE made the RI reports, the Feasibility Study, and Proposed Plan available 
for public review at the U.S. Coast Guard library at MMR and at the main public libraries in 
Bourne, Falmouth, Mashpee, and Sandwich, Massachusetts. The Proposed Plan has also been 
made part the Administrative Record available for public review at the AFCEE IRP office at MMR 
and at the Falmouth Public Library. 

From December 9, 1998, to January 8, 1999, AFCEE held a 30-day public comment period 
to accept public comments on the No Further Action decision presented for AOC FS-17 and 
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AOC FS-19 in the Proposed Plan. On December 8, 1998, AFCEE held a public meeting at the 
Otis Theater, Building 5219, Turpentine Road, MMR, to present and discuss the Proposed Plan. 
On January 5, 1999, AFCEE held a Public Hearing at Building 330, MMR, to accept verbal 
comments on the Proposed Plan. No representatives of the general public attended the Public 
Meeting for AOC FS-17 and AOC FS-19. No representatives of the general public attended the 
Public Hearing for AOC FS-17 and AOC FS-19. Because no public attended the Public Hearing, 
no comments were received from the public at the hearing. No formal comments were submitted 
by the public through any venue during the public comment period extending from December 9, 
1998, through January 8, 1999. A transcript of the January 5, 1999, public hearing is included in 
Appendix D. AFCEE's responses to the comments received at the hearing and during the public 
comment period are included in Appendix C. 

2.4 SCOPE AND ROLE OF RESPONSE ACTION
 

The selected action for AOC FS-17 and AOC FS-19 is No Further Action. No further action 
is necessary to ensure protection of human health and the environment. Risks from all pathways 
at AOC FS-17 and AOC FS-19 are not sufficient to warrant remedial action. A 5-year review of 
AOC FS-17 and AOC FS-19 is not necessary. Removal actions completed at the AOC source 
areas removed soils containing hazardous substances that may have posed risk. The removal 
actions did not include the implementation of engineering or institutional controls to prevent 
exposure from hazardous substances because all potential hazardous substances were removed 
from the AOCs. 

2.5 SITE CHARACTERISTICS 

The sites, AOC FS-17 and AOC FS-19, do not include any known continuing sources of 
contamination. Potential sources at AOC FS-17 and AOC FS-19 have been demolished and/or 
removed. No activities continue on AOC FS-17 and AOC FS-19 that generate contamination. 
Potentially contaminated media (soils) associated with the potential sources of contamination 
have been removed. Several contaminants were detected in groundwater during sampling 
episodes in 1990 and 1991; however, the concentrations detected pose no unacceptable risk to 
human health. Data presented in the investigative reports for AOC FS-17 and AOC FS-19 
substantiate the statements regarding the absence of contamination at levels that might negatively 
impact human health or the environment. 

2.5.1 AOC FS-17 Potential Sources 

Investigations at AOC FS-17 were based on site conceptual models that considered potential 
sources of contamination and the media impacted by those potential sources. As identified in the 
RIs for FS-17, potential sources included USTs (CPT-104 and CPT-105), the pump system 
associated with the USTs, leaching well 23CDXX1, French drain 23CDXX2, dry well 
23CDXX3, vehicle maintenance pits 23CDXX4 and 23CDXX5, and disposal of hazardous 
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substances to the ground surface during maintenance activities. Identified potential sources are 
depicted on Figure 2-4 (Appendix A). 

All potential sources of contamination have been removed. Drainage structures 23CDXX1 
through 23CDXX5 were removed during the DSRP. Soils associated with the structures were 
also removed. Clean closure was accomplished at all five drainage structures. Closure reports 
are contained in Appendix F. The foundation of Building 3694 was also demolished during the 
DSRP. The USTs CPT-104 and CPT-105 were removed during the FSUP. The removal was a 
clean closure. The tank removal report is also included in Appendix F. Maintenance activities 
no longer occur at AOC FS-17. Consequently, there is no continuing potential source of 
contamination from maintenance activities. 

2.5.2 AOC FS-17 Surface Soil Contamination 

Investigative activities at AOC FS-17 that addressed surface soils were the SI and the RI. 
Figure 2-6 (Appendix A) presents SI surface soil results. Figure 2-7 (Appendix A) presents RI 
surface soil results. Tables 2-1 and 2-2 (Appendix B) contain analytical results from the SI and 
RI, respectively. 

Three surface soil samples were collected during the SI and the locations are shown on 
Figure 2-6. Analytical results of surface soils from the SI did not quantify VOCs above 
Contract-Required Quantitation Limits (CRQLs). Low levels of a single SVOC bis(2
ethylhexyl)phthalate (BEHP) were detected in surface soils. The maximum detected 
concentration of the BEHP was 0.12J milligrams per kilogram (mg/kg). No pesticides/PCBs 
compounds were detected. Several inorganic compounds were quantified at levels above the 
MMR background. Refer to Figure 2-5 (Appendix A) for those elements. Xylene was detected 
in sediments from leaching well 23CDXX1 at a concentration of 51 mg/kg. SVOCs were 
detected within the sediments contained in 23CDXX1. The maximum quantified detection of an 
SVOC in 23CDXX1 was 220 mg/kg of 2-methylnapthalene. Note that structure 23CDXX1 was 
removed. Several inorganic compounds were detected at levels above the MMR background. 
Refer to Figure 2-5 (Appendix A) for these elements. 

An additional 18 surface soil samples were collected and analyzed during the RI. Samples 
were collected during the initial RI and the supplemental VPH/EPH sampling activity and their 
locations are shown on Figure 2-7A. Thirteen surface soil samples were collected at Geoprobe 
boring locations GP-1 through GP-13 and submitted for on-site analyses. Analyses included 
selected VOCs, ethylene dibromide (EDB), and TPH. Table 2-3 (Appendix B) presents 
Geoprobe results. No VOCs or EDB were quantified. TPH values up to 7070 mg/kg were 
detected. 

Five surface soil samples were collected and analyzed with CLP methods at an off-site 
laboratory. Figure 2-7 (Appendix A) depicts these surface soil sampling locations. Samples 
were submitted for VOC, SVOC, pesticides/PCBs, metals, and TPH analyses. VOCs, SVOCs, 
pesticides/PCBs, and metals were quantified at low levels at locations SS-1 through SS-4. 
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Elevated levels of organic compounds were quantified at SS-5. The xylene concentration at SS-5 
was 25,000 micrograms per liter (Aig/L). Multiple SVOCs were quantified from sample SS-5. 
The maximum concentration of an SVOC at SS-5 was napthalene at 48,000 /ug/L. TPH values at 
SS-5 were 37,000 mg/kg by method 418.1 and 19,000 mg/kg for the diesel fraction of TPH. 

The elevated levels of TPH, VOCs, and SVOCs at SS-5 suggested possible surface spills of 
fuels. However, the extent of contamination in the area of SS-5 was minimal. Additionally, after 
the RI, removal activities were performed at AOC FS-17 in the areas at which the elevated levels 
of fuel compounds were identified. Because there had been a removal in the area of SS-5, there 
was a question as to whether contamination associated with SS-5 still existed at FS-17. A TPH 
sampling event using MADEP VPH/EPH analytical methods was performed in the area of SS-5 
to document the presence or absence of TPH. Additional areas at FS-17 were also resampled for 
TPH using the VPH/EPH methodology. Samples collected from SS-5, as well as from other 
areas, did not contain elevated levels of TPH, VOCs, or SVOCs. Total TPH, composed of 
VPH/EPH fractions, was below Massachusetts SI/GW soil cleanup action limits. VOCs and 
SVOCs were all below action limits and generally below detection limits. 

Data collected during the various investigative and removal activities at AOC FS-17 indicate 
that minimal or no contamination is present in surface soil at AOC FS-17. 

2.5.3 AOC FS-17 Subsurface Soil Contamination 

Investigative activities at AOC FS-17 that addressed subsurface soils were the SI, the SRAP, 
the DSRP, the FSUP, and the RI. Figure 2-8 (Appendix A) presents SI subsurface soil results. 
Figure 2-9 (Appendix A) presents RI subsurface soil results. Table 2-4 contains results from the 
SI, Table 2-5 results from the SRAP, and Table 2-6 from the RI (Appendix B). DSRP and 
SRAP results are contained in Appendix F. During both actions, all soils with detected levels of 
contamination were removed. 

Eight subsurface soil samples were collected and analyzed during SI activities. Primary areas 
in which samples were collected included the USTs, French drain 23CDXX2, and Building 
3693. Samples were analyzed for VOCs, SVOCs, pesticides/PCBs, metals, and TPH. Low 
levels of VOCs and SVOCs were detected. No pesticides/PCBs were quantified. Multiple levels 
of metals were quantified at levels above background. Maximum detected VOCs of interest in 
subsurface soil included tetrachloroethene at 0.055J micrograms per kilogram Gug/kg) and 
acetone at 0.099J /ug/L. The maximum level of SVOCs of interest was 2-methylnapthalene at 
46 /^g/kg. Details of the metals are shown on Figure 2-8 (Appendix A). Most elevated metals 
were associated with French drain 23CDXX2. Note that French drain 23CDXX 2 was removed 
during the DSRP. The closure achieved clean closure. 

The SRAP included the collection of 28 subsurface soil samples in the areas of leaching well 
23CDXX1 and French drain 23CDXX2. Geoprobes were advanced along the sides of the 
structure and also angled beneath the structures. Samples were analyzed in a field laboratory for 
selected VOCs, SVOCs, pesticides/PCBs, metals, and TPH. Low levels of VOCs, SVOCs, a 
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pesticide, and metals were quantified. The maximum detections of a VOC, SVOC, and 
pesticides were, respectively, benzene at 1 5 /ug/kg, BEHP at 2 mg/kg, and chlordane at 
610 A^g/kg. Maximum concentrations of TPH were 660 mg/kg. 

RI subsurface soil sampling included 28 Geoprobe samples collected at locations shown on 
Figure 2-7a and 13 samples collected with split spoons at locations shown on Figure 2-9. 

Geoprobe samples were analyzed for selected VOCs, EDB, and TPH. Samples collected 
I0 with split spoons were analyzed for VOCs, SVOCs, pesticides/PCBs, metals, and TPH. Low
 

levels of VOCs and SVOCs were quantified in subsurface soils. No pesticides or PCBs were
 
detected in subsurface soils. Moderate levels of TPH and metals were detected. Maximum
 

•• levels of VOCs included trichloroethene at 1 .8 /^g/kg, xylene at 2.0 ^g/kg, and acetone at
 
170 /^g/kg. Maximum TPH in subsurface soils was 1,250 mg/kg at MW-6.1 Four metals
 
exceeded background levels.
 

Soils in sidewalls and the bottoms of excavations from removal actions conducted during the 
DSRP were tested for selected VOCs, SVOCs, pesticides/PCBs, metals, and TPH. Samples from 

*	 the excavations of 23CDXX1, 23CDXX2, 23CDXX3, 23CDXX4, and 23CDXX5 were below 
action levels for all tested compounds. All excavations achieved clean closure as a result of the 

—	 clean samples from the excavation. 

The elevated levels of TPH at MW-6 suggested possible fuel contamination. Based on 
ai * elevated TPH values, a VPH/EPH sampling event was conducted at AOC FS-17 in 1998. 

Subsurface soil samples collected from MW-6, as well as from other areas, did not contain 
elevated levels of TPH, VOCs, or SVOCs. Total TPH, composed of EPH and VPH fractions, 

M was below Massachusetts action levels and, in most locations, below quantifiable concentrations. 
VOCs and SVOCs were all below action limits and generally below detection limits. 

m Data collected during the various investigative and removal activities at AOC FS-17 indicate 
that minimal contamination or no contamination is present in subsurface soil at AOC FS-17. 

m	 2.5A AOC FS-17 Groundwater 

Investigative activities at AOC FS-17 that addressed groundwater were the SI, RI, and a 
supplemental well sampling effort in 1999. Figure 2-10 (Appendix A) presents SI groundwater 
results. Figure 2-11 (Appendix A) presents RI groundwater results. Table 2-7 (Appendix B) 

—	 contains results from the SI, and Table 2-8 (Appendix B) contains results from the RI. Table 
2-8a contains results of the 1999 sampling event. Negligible groundwater contamination was 
quantified at AOC FS-17. Laboratory data sheets for the 1999 sampling event are included in 

*	 Appendix G. 

Two wells were installed at AOC FS-17 during the SI. The wells were sampled for VOCs, 
*	 SVOCs, pesticides/PCBs, and metals. A single low detection of a VOC was quantified. No 

site-related SVOCs were identified. No pesticides/PCBs were quantified. All metals were below 
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MMR background levels. Tetrachloroethane (1.0 /ug/L) in groundwater from MW-1 was the 
only detected VOC. A single detection of BEHP (13 /ug/L) was found in MW-2. During a 
second round of sampling, neither compound was present in groundwater samples. 

Six wells were installed during the RI activities of 1993/1994. Groundwater samples from 
the newly installed wells and existing wells were analyzed for VOCs, SVOCs, pesticides/PCBs, 
EDB, metals, and TPH. No VOCs were detected above state or federal MCLs. Five compounds 
were detected at low levels, including benzene (MW-4 at 0.2 //g/L) and tetrachloroethylene (5 
locations, maximum from MW-1 at 0.5 /ug/L). With the exception of the SVOC BEHP at 
U £tg/L, no SVOCs were detected in groundwater. No pesticide compound was detected except 
for one detection in MW-2 at 0.02J /ug/L. No PCB compounds were detected in groundwater 
samples. Eight metals were detected in the unfiltered analysis at concentrations that exceeded 
MMR background. Only lead, detected at 40 /ug/L in MW-2, exceeded Massachusetts MCLs 
and the federal action limit of 15 /ug/L. With respect to dissolved metals analysis, three metals 
exceeded MMR background; however, only antimony exceeded state or federal MCLs. 

Uncertainties about well placements being placed downgradient of all possible sources 
instigated installation of four additional wells during 1997. The wells were sampled for VOCs, 
SVOCs, pesticides/PCBs, metals, and VPH/EPH. No VOCs, SVOCs, pesticides/PCBs, or 
VPH/EPH were detected. All metals were below state and federal MCLs. 

The sampling performed during the 1997 event was with a submersible pump. The sampling 
in years prior to the 1997 sampling event had been with an inertial pump (Wattera). The 
difference in the metals results from the two events suggested that the detection of metals in the 
1993 event was the result of mobilization of colloidal particles and not the presence of metals in 
groundwater. As a result, existing wells were resampled for metals in 1999. Two metals were 
detected above background levels in groundwater collected during 1999. 

Four wells (MW-1, MW-2, MW-3, and AEHA-9) were resampled in January 1999. Sample 
collection conformed to low flow sampling methodologies. There were three detections of 
metals that exceeded MMR background levels, federal MCLs, and state MMCLs. Arsenic was 
quantified in the duplicate sample from MW-3 at 3.4J /ug/L. Thallium was quantified in MW-3 
at 7.0J /ug/L and in the duplicate sample from MW-3 at 7.9 /ug/L. No other samples contained 
metals above MMR background, MCLs, or MMCLs. Due to the concentration of Thallium 
detected in MW-3, groundwater from this monitoring well was re-sampled in July 1999, and re
analyzed for Thallium. The Thallium concentration was below laboratory detection limits (2 
/ug/L). Monitoring Well MW-3 had been sampled in January 1994 as part of the Remedial 
Investigation, using non-low flow purge and sample techniques. Thallium was not detected 
above laboratory detection limits (ND<2). The Thallium concentration in nine other 
groundwater monitoring wells upgradient of MW-3 at FS-17 had not been detected above 
laboratory detection limits (0.63 - 2.5 /^g/L) using the low flow purge and sample method (1997
1999). This pulse of Thallium detected is not indicative a larger, surrounding plume of Thallium 
contamination. 
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There are no known sources of Thallium at FS-17. Thallium is a naturally occurring element 
in soils, which generally sorbs to manganese or iron oxy-hydroxides. Sporadic hits of thallium in 
groundwater are likely generated by the reductive dissolution of iron and manganese hydroxides 
that have accumulated trace amounts of natural thallium (AFCEE, 1998). It is likely an 
intermittent condition that generally subsides with the biodegradation of surrounding organic 
material in the subsurface. As the aquifer becomes more oxidizing, Thallium should readsorb 
onto the soil matrix. 

The detection of Thallium in groundwater collected from MW-3 in January, 1999, was likely 
due to a temporary reducing condition which has since stabilized to more oxidizing conditions, 
as indicated by the lack of Thallium in groundwater detected in MW-3 in July, 1999. Further 
elevated concentrations of Thallium in groundwater from MW-3 are not anticipated - due in part 
to the lack of Thallium detected in groundwater collected from wells upgradient of MW-3 (MW
1, MW-2, MW-5, MW-6, MW-7, MW-8, MW-9, MW-10, MW-11). 

Data collected during the various investigative activities at AOC FS-17 indicate that minimal 
or no contamination is present in groundwater at AOC FS-17. 

2.5.5 AOC FS-17 Completed Removal Actions 

Two removal actions have been completed at FS-17. In both instances, structures were 
removed and soils excavated. In both instances, soil samples collected from the excavations 
document that soils at the limits of the excavation did not contain contaminants of concern in 
concentrations posing an unacceptable risk to human health or the environment. 

The first removal action was the removal of USTs CPT-104 and CPT-105. The tanks, the 
associated dispensing system, and Building 3693 were removed as part of the FSUP conducted 
on August 8 and 9, 1994. The removal was conducted in accordance with applicable MADEP 
regulations. No evidence of soil contamination was identified during the removal. Clean closure 
was documented. Tank pull reports are included in Appendix F. 

The French drain (23CDXX2), leaching well (23CDXX1), dry well (23CDXX3), vehicle 
maintenance bays (23CDXX4 and 23CDXX5), and foundations of former Buildings 3692 and 
3694 were removed as part of the DSRP. Samples were submitted to mobile and fixed-base 
laboratories for VOCs, SVOCs, pesticides/PCBs, metals, and TPH. All soil contamination 
associated with the drainage structures was removed. Samples collected from the limits of the 
excavations were clean. DSRP structure-specific reports are contained in Appendix F. 

FS-17FS-19RODFinal .do c 2-13 October 1999 

http:FS-17FS-19RODFinal.do


2.5.6 AOC FS-19 Potential Sources 

Investigations at AOC FS-19 were based on a site conceptual model that considered potential 
sources of contamination and the media impacted by those potential sources. As identified in the 
RI report, potential sources included the tank pit remaining after the removal of six USTs (AT-24 
through AT-29) and potential spills at Building 3493. Identified potential sources are depicted on 
Figure 2-5 (Appendix A). 

All potential sources of contamination have been removed. USTs AT-24 through AT-29 
were removed in 1989. The only remaining indication of Building 3493 is the foundation. 
Consequently, there is no continuing potential source of contamination at AOC FS-19. 

2.5.7 AOC FS-19 Surface Soil Contamination 

Investigative activities at AOC FS-19 that addressed surface soils were the AEHA 
investigation, SI, and RI. Figure 2-12 (Appendix A) presents SI surface soil results. Figure 2-13 
(Appendix A) presents RI surface soil results. Tables 2-9 and 2-10 (Appendix B) contain 
analytical results from the SI and RI, respectively. 

Two surface soil samples were collected at locations shown on Figure 2-12. Analytical 
results of surface soils from the SI did not quantify VOCs, SVOCs, or pesticides/PCBs above 
CRQLs. Metals were below the MMR background. TPH was quantified at 64 mg/kg. 

Four surface soil samples were collected at locations shown on Figure 2-13. Low 
concentrations of VOCs, SVOCs, pesticides/PCBs, and TPH were identified in the vicinity of 
Building 3493. Twelve metals exceeded MMR background. Detections included a single VOC 
(acetone at 5J /wg/kg), low concentrations of SVOCs (total PAHs at 3.8 mg/kg), pesticides 
(1.16 mg/kg), PCBs (Aroclor-1260 at 0.26 mg/kg), and TPH at 93J mg/kg. Surface soil samples 
in the tank pit area also contained low levels of VOCs, SVOCs, pesticides/PCBs, and TPH. 
Maximum detected levels in the tank pit area included VOCs (xylene at 3J ^g/kg), SVOCs (total 
SVOCs 1.1 mg/kg), pesticides (0.43J mg/kg), PCBs (Aroclor-1260 at 0.52J mg/kg), and TPH at 
50J mg/kg. Six metals were above MMR maximum background levels. 

Data collected during the various investigative activities at AOC FS-19 indicates that 
minimal or no contamination is present in surface soil at AOC FS-19. 

2.5.8 AOC FS-19 Subsurface Soil Contamination 

Investigative activities at AOC FS-19 that addressed subsurface soils were the SI and the RI. 
Figure 2-12 (Appendix A) presents SI subsurface soil results. Figures 2-14 through 2-16 
(Appendix A) present RI subsurface soil results. Table 2-11 contains results from the SI and 
Table 2-12 contains results from the RI (Appendix B). Results from the DSRP are included in 
Appendix F. During this action, all detected levels of contamination were removed. 
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Three subsurface soil samples were collected at locations shown on Figure 2-12. All samples 
were collected in the tank pit area. Samples were analyzed for VOCs, SVOCs, pesticides/PCBs, 
metals, and TPH. No VOCs, SVOCs, pesticides/PCBs, or TPH were detected above contract-
required quantitation limits. No metals were quantified at levels above background. 

RI sampling included 51 Geoprobe subsurface soil samples and 7 samples collected with split 
spoons. Geoprobe samples were analyzed for selected VOCs, EDB, and TPH. Samples 
collected with split spoons were analyzed for VOCs, SVOCs, pesticides/PCBs, metals, and TPH. 
Low levels of VOCs and SVOCs were quantified in subsurface soils. No pesticides or PCBs 
were detected in subsurface soils. Moderate levels of TPH and metals were detected. Maximum 
levels of VOCs included trichloroethene at 1.3 //g/kg, xylene at 6.6 /ug/kg, toluene at 3.5 yWg/kg, 
and acetone at 170 /ug/kg. Maximum TPH in subsurface soils was 2,100 mg/kg at GP-11. Two 
metals exceeded background levels. 

The presence of the elevated levels of TPH suggested possible fuel contamination. Based on 
elevated TPH values, a VPH/EPH sampling event was conducted at AOC FS-19 in 1998. 
Subsurface soil samples collected from MW-6, as well as other areas, did not contain elevated 
levels of TPH, VOCs, or SVOCs. Total TPH, composed of EPH and VPH fractions, was below 
MADEP S-l/GW-1 action levels and in most instances below quantifiable concentrations. 
VOCs and SVOCs were all below MADEP S-l/GW-1 action levels and generally below 
detection limits. 

Data collected during the investigative activities at AOC FS-19 indicate that minimal or no 
contamination is present in subsurface soil at AOC FS-19. 

2.5.9 AOC FS-19 Groundwater 

Investigative activities at AOC FS-19 that addressed groundwater were the AEHA 
investigation, the SI, RI, and a supplemental well sampling effort in 1999. The validated 
analytical results and validation worksheets are included in Appendix F. Figure 2-17 
(Appendix A) presents SI groundwater results. Figure 2-18 (Appendix A) presents RI 
groundwater results. Table 2-13 and Table 2-13a (Appendix B) contain groundwater results 
from the SI and RI. Table 2-13b contains results from the 1999 sampling event. Appendix G 
contains laboratory data sheets for the 1999 sampling event. Negligible groundwater 
contamination was quantified at AOC FS-19. 

Initial groundwater investigations began with the AEHA installation of one well in 1985. 
The well was sampled for VOCs and metals. The well was sampled in 1985 and twice in 1986. 
Low levels of VOCs and metals were quantified in 1986. Maximum detected VOCs included 
trichloroethene at 2.9 /^g/L and cyclohexane at 3.0 //g/L. Lead was quantified at 5 /ug/L. 

Two wells were installed at AOC FS-19 during the SI. All site wells were sampled for 
VOCs, SVOCs, pesticides/PCBs, and metals. Moderate levels of VOCs were quantified. No 
site-related SVOCs were identified. No pesticides/PCBs were quantified. All but two metals 
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were below MMR background levels. Maximum VOC detections included trichloroethane at 
15J /ug/L, trichloroethene at 3.0J /ug/L, and dichloroethane at 4.0J /J./L 

Two wells were installed during the RI activities of 1993/1994. Groundwater samples from 
the newly installed wells and existing wells were analyzed for VOCs, SVOCs, pesticides/PCBs, 
EDB, metals, and TPH. The RI reports duplicate sample from MW-1 as a sample from well 
MW-1A. No VOCs were detected above state or federal MCLs. Nine compounds were detected 
at low levels, including benzene (MW-1 A at 1.6 A*g/L) and xylenes (two locations, maximum 
total xylenes from MW-1 at 0.5 /^g/L), toluene (maximum from MW-1 A at 7.6 /ug/L), and 
trimethylbenzenes (maximum total trimethylbenzenes from MW-1 A at 5.0 ^g/L). With the 
exception of the SVOC BEHP at 13 /wg/L, no SVOCs were detected in groundwater. No 
pesticide compound was detected except for one detection in MW-2 at 0.02J //g/L. No PCB 
compounds were detected in groundwater samples. Thirteen metals were detected in the 
unfiltered analysis that exceeded MMR background. Only lead, detected at 1 8.5 /ug/L in 
MW-1 A, exceeded Massachusetts MCL and federal action limits of 15 /ug/L. With respect to 
dissolved metals analysis, three metals exceeded MMR background; however, only barium 
exceeded state or federal MCLs. 

The sampling performed during the 1993/1994 RI used an inertial pump (Wattera). There 
was concern that the metals detections were the result of mobilization of colloidal particles and 
not the presence of metals in groundwater. As a result, existing wells were resampled for metals 
in 1999. 

Five wells (MW-1, MW-2, MW-3, MW-4, and AEHA-9) were re-sampled in January 1999 
using the low flow sampling methodologies. One well contained one metal at levels exceeding 
MCLs; groundwater collected from MW-3 had a Thallium concentration of 13.3 /ug/L. Due to 
the concentration of Thallium detected in MW-3, groundwater from this monitoring well was re-
sampled in July 1 999, and re-analyzed for Thallium. The Thallium concentration was below 
laboratory detection limits (2 

There are no known sources of Thallium at FS-19. Groundwater collected from monitoring 
wells immediately downgradient of MW-3 (i.e., MW-1, and AEHA-9) did not have Thallium 
concentration detected above laboratory detection limits using the low flow purge and sample 
methodology. As detailed in section 2.5.4 (AOC FS-17 Groundwater), the detection of Thallium 
was likely due to an intermittent reducing condition. As shown by the lack of Thallium 
downgradient of MW-3, the sporadic hit of Thallium detected likely re-adsorbed to the soil 
matrix as oxidizing conditions in the aquifer increased. 

Data collected during the various investigative activities at AOC FS-19 indicate that minimal 
or no contamination is present in groundwater at AOC FS-19. 
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2.5.10 AOC FS-19 Completed Removal Actions 

Two removal actions have been completed at FS-19. In both instances, structures were 
removed and soils excavated. In both instances, soil samples collected from the excavations 
document that soils at the limits of the excavation did not contain contaminants of concern in 
concentrations posing an unacceptable risk to human health or the environment. 

The first removal action was the removal of six USTs, AT-24 through AT-29. The tanks 
were removed under the action performed by the DPDO in 1989. Details of the removal are not 
available. However, samples collected during the RI document that there are no remaining 
contaminants in sufficient quantity to negatively impact human health or the environment. 

The drainage structure 08CDXX1 was removed as part of the MMR DSRP. Samples were 
submitted to mobile and fixed-base laboratories for VOCs, SVOCs, pesticides/PCBs, metals, and 
TPH. All soil contamination associated with the drainage structures was removed. Samples 
collected from the limits of the excavations were clean. DSRP structure-specific reports are 
contained in Appendix F. 

2.6 SUMMARY OF SITE RISKS FOR AOC FS-17 AND AOC FS-19 

The risk assessment process for AOC FS-17 and AOC FS-19 consisted of Preliminary Risk 
Assessments (PRAs), which were conducted for their respective RI reports. The PRAs fulfill the 
CERCLA requirement that a baseline risk assessment be performed to establish whether 
remediation is necessary to protect human health and the environment. 

The goal of the PRAs was to provide an estimate of the baseline risks (i.e., risks in the 
absence of remediation of contamination posing an unacceptable risk at AOC FS-17 and AOC 
FS-19). Baseline risks are estimated to determine whether a current or potential threat to human 
health or the environment exists that warrants remedial action (USEPA 1990). 

The PRAs were conducted in accordance with federal CERCLA human health and ecological 
risk assessment guidance, requirements set forth by the state of Massachusetts, and site-specific 
guidance provided in Risk Assessment Handbook, Volumes I and II [Risk Assessment Handbook 
(RAH)] (Automated Sciences Group, Inc., 1994). 

2.6.1 Human Health PRA for AOC FS-17 

The objectives of the PRA at AOC FS-17 were to characterize the potential current and future 
risks to human health from exposure to contaminants at AOC FS-17. For risk assessment 
purposes, the AOC was defined by the contaminated soil and groundwater that may serve as 
exposure media for human receptors. Because portions of AOC FS-17 are accessible to workers 
and trespassers, one of the objectives of the risk assessment was to evaluate human health risks 

. to these groups from existing contamination. The evaluation includes current risks as well as 

FS-17FS-19RODFinal .do c 2-17 October 1999 

http:FS-17FS-19RODFinal.do


future potential risks, assuming the area becomes residential. To fully characterize human health 
risks at AOC FS-17, a Tier III analysis was performed. The steps of the Tier III analysis include 
contaminant identification, exposure assessment, toxicity assessment, and risk characterization. 
These components of the PRA are summarized below. 

2.6.1.1 Contaminant Identification 

Fixed-base laboratory analytical results from the final RI report (HAZWRAP 1998a) for 
surface soil, subsurface soil test borings, and groundwater were evaluated in the PRA. An 
evaluation of duplicate sample results, blank results, detection limits, detection frequency, and 
tentatively identified compounds (TICs) was performed, and a comparison against inorganic 
background concentrations was made to establish the usability of these data for the PRA. 

Because a preliminary risk evaluation (PRE) was not previously conducted for AOC FS-17, 
contaminants of concern (COCs) were not previously identified. COCs were selected in the PRA 
by comparing maximum detected chemical concentrations to risk equivalent concentrations 
(RECs) and hazard equivalent concentrations (HECs) provided for contaminant screening in 
Appendix F of the RAH. Maximum detected chemical concentrations exceeding RECs/HECs 
were considered COCs. Essential macronutrients (calcium, magnesium, potassium, and sodium) 
were not considered COCs. Chemical constituents with a detection frequency of less than 5% for 
data sets greater than 20 samples were not considered COCs. A comparison of chemical 
concentrations to MMR background was also conducted, but no COCs were eliminated based on 
this comparison. 

Based on the COC selection process, environmental media of concern at AOC FS-17 are 
surface soil, subsurface soil, groundwater, and surface waters receiving groundwater discharge 
from the AOC. The human health COCs selected for further evaluation are summarized in 
Tables 2-14 through 2-17. Potential COCs for human health receptors for surface water were 
identified based on a conservative comparison of groundwater concentrations detected at AOC 
FS-17 to risk-based concentrations for surface water presented in the RAH. These potential 
COCs are not quantitatively evaluated in the PRA because the actual concentrations that may 
discharge from groundwater into Long or Red Brook Ponds have not been predicted. 

2.6.1.2 Exposure Assessment 

Potentially exposed populations and potential exposure pathways were identified based on 
current and future land use. For current land use, construction workers and trespassers (children 
and adults) were identified. For future land use, construction workers, trespassers (children and 
adults), and residents (children and adults) were identified. 

Potential exposure pathways identified for construction workers under current and future land 
use include: 

• inhalation of VOCs and/or fugitive dusts from surface soil, 
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• ingestion of surface soil, and 
• dermal contact with surface soil. 

Trespassers at AOC FS-17 may include children and adolescents who play on the site and 
adults who walk across the site. Potential exposure pathways identified for trespassers (children 
and adults) under current and future land use include: 

• inhalation of VOCs and/or fugitive dusts from surface soil, 
• ingestion of surface soil, and 
• dermal contact with surface soil. 

Potential exposure pathways identified for residents (children and adults) under future land 
use include: 

• inhalation of VOCs and/or fugitive dusts from surface soil, 
• ingestion of surface soil, 
• dermal contact with surface soil, 
• ingestion of groundwater, 
• dermal contact with groundwater, 
• ingestion of surface waters receiving groundwater discharge from AOC FS-17, and 
• dermal contact with surface waters receiving groundwater discharge from AOC FS-17. 

Potential exposures were quantified using standardized dose equations based on USEPA risk 
assessment guidance and integrated into the equations used to estimate risk for AOC FS-17. The 
risk estimates are based on both maximum and mean detected COC concentrations. Table 2-18 
summarizes the equations and parameters used to estimate site risks. 

2.6.1.3 Toxicity Assessment 

The purpose of the toxicity assessment is to weigh available evidence regarding the potential 
for particular contaminants to cause adverse effects in exposed individuals and to provide, where 
possible, an estimate of the relationship between the extent of exposure to a contaminant and the 
increased likelihood and/or severity of adverse effects. USEPA has performed the toxicity 
assessment for numerous chemicals and has made available the resulting toxicity information and 
toxicity values, which have undergone extensive peer review. The toxicity values consist of 
cancer potency factors (CPFs), and noncarcinogenic reference doses (RfDs). These toxicity 
values are evaluated and selected for use in the PRA based on their applicability to the specific 
COCs and types of exposures identified at AOC FS-17. 

CPFs have been developed by USEPA's Carcinogenic Assessment Group for estimating 
excess lifetime cancer risks associated with exposure to potentially carcinogenic chemicals. 
CPFs, which are expressed in units of (mg/kg-day)"1 , are multiplied by the estimated intake of a 
potential carcinogen in mg/kg-day to provide an upper-bound estimate of the excess lifetime 
cancer risk associated with exposure at that intake level. The term "upper bound" reflects the 
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conservative estimate of the risks calculated from the CPF. Use of this approach makes 
underestimation of the actual cancer risk highly unlikely. CPFs are derived from the results of 
human epidemiological studies or chronic animal bioassays to which animal-to-human 
extrapolation and uncertainty factors have been applied. 

RfDs have been developed by USEPA for indicating the potential for adverse health effects 
from exposure to chemicals exhibiting noncarcinogenic effects. RfDs, which are expressed in 
units of mg/kg-day, are estimates of lifetime daily exposure levels for humans, including 
sensitive individuals. Estimated intakes of chemicals from environmental media (e.g., the 
amount of a chemical ingested from contaminated drinking water) can be compared to the RfD. 
RfDs are derived from human epidemiological studies or animal studies to which uncertainty 
factors have been applied (e.g., to account for the use of animal data to predict effects on 
humans). These uncertainty factors help ensure that the RfDs will not underestimate the 
potential for adverse noncarcinogenic effects to occur. 

Table 2-19 provides a summary of the CPFs and RfDs used to estimate risk for the AOC 
FS-17PRA. 

2.6.1.4 Human Health Risk Characterization 

In the risk characterization, excess lifetime cancer risk and noncarcinogenic hazard potential 
are estimated based on the chemical dose received by a receptor and the toxicity per unit intake 
of the contaminant. 

Excess lifetime cancer risks are determined by multiplying the intake level with the CPF. 
These risks are probabilities that are generally expressed in scientific notation (e.g., 1 x 10"6 or 
1E-6). An excess lifetime cancer risk of 1 x 10~6 indicates that as a plausible upper bound, an 
individual has a one in one million chance of developing cancer as a result of site-related 
exposure to a carcinogen over a 70-year lifetime under the specific exposure conditions at a site. 

Potential concern for noncarcinogenic effects of a single contaminant in a single medium is 
expressed as the Hazard Quotient (HQ) (or the ratio of the estimated intake derived from the 
contaminant concentration in a given medium to the contaminant's RfD). By adding the HQs for 
all contaminants within a medium or across all media to which a given population may 
reasonably be exposed, the Hazard Index (HI) can be generated. The HI provides a useful 
reference point for gauging the potential significance of multiple contaminant exposures within a 
single medium or across media. 

Tables 2-20 through 2-33 provide the risk/HQ/HI estimates (based on current and future land 
use) for the exposure scenarios evaluated in the PRA. For each exposure scenario, chemical-
specific carcinogenic risks and noncarcinogenic HQs were estimated for the exposure pathways 
associated with each contaminated medium. Total pathway carcinogenic risks and 
noncarcinogenic His (e.g., risks from all COCs for dermal contact) were also calculated. Total 
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carcinogenic risks and noncarcinogenic His (e.g., risks from all COCs and all exposure pathways 
combined) were also calculated. 

Cancer and noncancer risks are summarized for AOC FS-17 in Table 2-33a. For the current 
exposure scenario for utility workers and child trespassers, cancer risk estimates for soil are 
8.5E-08 and 2.6E-07, respectively, for arithmetic mean concentrations and 1.1E-07 and 3.4E-07, 
respectively, for maximum concentrations. These risk levels are below USEPA's target risk 
range of 1E-04 to 1E-06. As measured by His, noncancer effects are not likely, as His are less 
than 1.0. 

For the future exposure scenario for utility workers and child trespasser, cancer risk estimates 
are below USEPA's target risk range, and His are less than the target level of 1. 

For the future child and adult resident exposure scenario, cancer risk estimates for soils and 
groundwater are between 3.2E-06 and 3.1E-05 for arithmetic mean concentrations and between 
4.7E-06 and 5.7E-05 for the maximum concentrations. The total lifetime cancer risks (child and 
adult) are 4.2E-05 (organics and total inorganics) and 1.9E-05 (organics and dissolved 
inorganics) for arithmetic mean concentrations, and 7.2E-05 (organics and total inorganics) and 
2.6E-05 (organic and dissolved inorganics) for maximum concentrations. The risks are within 
USEPA's target risk range of 1E-04 to 1E-06. 

As measured by His (all less than 1.0), future potential noncancer effects are not likely based 
on maximum and mean concentrations using organics and dissolved inorganics concentrations 
and mean concentrations using organics and total inorganics concentrations for groundwater (His 
less than 1.0). However, the HI for maximum concentrations based on organics and total 
inorganics concentrations in groundwater were greater than 1.0 (2.2). This exceedance is 
attributed to metals (including manganese, arsenic, and antimony) in groundwater. The 
maximum concentrations of manganese and arsenic exceeded the MMR maximum background 
concentration. 

Neither a Cancer Slope Factor (CSF) nor an RfD is available for lead. Instead, blood lead 
concentrations have been accepted as the best measure of exposure. USEPA has developed the 
Integrated Exposure Uptake (IEUBK) model to assess chronic, noncancer exposures of children 
to lead. Version 0.99d of the model was used to evaluate exposures of child residents (in the 
future) to lead (USEPA 1994). 

The maximum and arithmetic average of lead concentrations in surface soil and groundwater 
were used as the input for the model. Default values for lead in air and dietary ingestion were 
used. No contribution from paint ingestion was included. A blood lead level of 10 /^g of 
lead/deciliters of blood (dL) is the benchmark to evaluate lead exposure. Based on the above 
assumptions and the maximum soil concentration (769 mg/kg) and maximum groundwater 
concentration (40 /-ig/L), projected blood lead levels of 65.98% of the exposed child population 
(0 to 84 months of age) would be expected to be below 10 ̂ g/dL and 34.02% would be expected 
to be above 10 Mg/dL. Based on the average soil concentration (229 mg/kg) and average 
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groundwater concentration (9.1 /ug/L), projected blood lead levels of 96.95% of the exposed 
child population (0 to 84 months of age) would be expected to be below 10 /ug/dL and 3.05% 
would be expected to be above 10 

The major uncertainties associated with the risk assessment are listed below. 

•	 Toxicity values were available for most detected compounds. However, toxicity values were 
not available for several detected compounds, including 2-methylnaphthalene, endrin ketone, 
iron, copper, and cobalt. Therefore, these compounds were not evaluated in the risk 
assessment because of lack of toxicity information. The exclusion of these compounds adds 
uncertainty to the risk evaluation and may result in an underestimation of risks, but it is not 
likely to affect the validity of recommendations significantly. 

•	 The toxicity values and exposure factors that are used in risk assessments result in very 
conservative estimates of risk, which may overemphasize the potential adverse effects 
associated with the site. 

•	 A number of polycyclic aromatic hydrocarbons (PAHs) are present in the soil at AOC FS-17. 
The source of these compounds may be site related or may be attributed to other artificial and 
natural sources. However, they were evaluated as part of the risk assessment under the 
assumption that they are entirely site related. As their presence contributes to the human
health-predicted cancer risk, there is uncertainty related to the contribution of these 
compounds to actual site risks, and these risks may by overestimated. In addition, the 
toxicity values used for the carcinogenic PAH compounds are currently under review by 
various agencies. The toxicity value for the most potent carcinogenic, PAH 
[benzo(a)pyrene], and toxicity equivalency factors were used as a surrogate for other 
carcinogenic PAHs. This contributes to the uncertainty of the risks for carcinogenic PAHs, 
which may be overestimated. 

2.6.2 Ecological PRA for AOC FS-17 

To fully characterize ecological risks at AOC FS-17, a Tier III analysis was performed. The 
steps of the Tier III analysis include contaminant identification, exposure assessment, effects 
assessment, and risk characterization. These components of the PRA are summarized below. 

2.6.2.1 Contaminant Identification 

Fixed-base laboratory analytical results from the final RI report (HAZWRAP 1998a) for 
surface soil, subsurface soil test borings, and groundwater were evaluated in the PRA. An 
evaluation of duplicate sample results, blank results, detection limits, detection frequency, and 
TICs, and a comparison against inorganic background concentrations were performed to 
establish the usability of these data for the PRA. 
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Because a PRE was not conducted for AOC FS-17, COCs were not previously identified. 
COCs were selected in the PRA by comparing maximum detected chemical concentrations to 
ecological HECs provided for contaminant screening in Appendix F of the RAH. Maximum 
detected chemical concentrations exceeding HECs were considered COCs. Essential 
macronutrients (calcium, magnesium, potassium, and sodium) were not considered COCs. 
Chemical constituents with a detection frequency of less than 5% for data sets greater than 20 
samples were not considered COCs. A comparison of chemical concentrations to MMR 
background was also conducted, but no COCs were eliminated based on this comparison. Based 
on the COC selection process, environmental media of concern at AOC FS-17 are surface soil, 
subsurface soil, groundwater, and surface waters receiving groundwater discharge from the AOC. 
The ecological COCs selected for further evaluation are summarized in Table 2-34. 

2.6.2.2 Exposure Assessment 

The purpose of the ecological exposure assessment was to identify and quantify site-specific 
exposure pathways for representative indicator species identified at AOC FS-17. For the coastal 
plain pond, pitch pine/scrub oak barren, and sandplain grassland/coastal heathland habitats 
identified in the PRA, site-specific receptor species were identified based on a survey of the site 
and surrounding environment conducted during November 1993, January 1994, and September 
1995. AOC FS-17 is approximately 1 acre of disturbed open area primarily consisting of 
compacted soil, gravel, and pavement. Edge community habitats were associated with AOC 
FS-17 and consisted of the flat open field of AOC FS-17 and forested borders of the AOC 
consisting of pitch pine and scrub oak at its eastern, western, and northern limits. These areas 
may have the potential of supporting a greater abundance of wildlife or diversity of species than 
the open area of AOC FS-17. Based on these findings, there are potential ecological receptors at 
the limits of AOC FS-17 and they may have contact with on-site surface soil. 

Identification of Receptor Species 

Receptor species were selected to represent potentially affected organisms belonging to 
different taxa and trophic levels. The following nine indicator species presented in Appendix P of 
the RAH were considered representative receptor species that may inhabit AOC FS-17; they 
were selected for evaluation in the PRA: 

• white-footed mouse (Peromyscus leucopus), 
• meadow vole (Microtus pennsylvanicus), 
• northern short-tailed shrew (Blarina brevicaudd), 
• red fox (Vulpes vulpes), 
• upland sandpiper (Bartramia longicauda), 
• grasshopper sparrow (Ammodramus savannarum), 
• northern harrier (Circus cyaneus), 
• short-eared owl (Asio flammeus), and 
• northern cardinal (Cardinalis cardinalis). 
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Identification of Exposure Pathways 

Exposure pathways are the means by which ecological receptors come into contact with 
contaminated environmental media. Exposure to the environmental COCs can occur through 
direct contact exposure with contaminated media or indirect exposure via the food chain. 
Groundwater from AOC FS-17 could potentially discharge to surface water located southwest of 
Route 28 at the cranberry bogs and Red Brook and Long Ponds, Given that groundwater in this 
area characteristically sinks as it flows toward discharge points, groundwater from the AOC 
FS-17 area would be expected to pass beneath water bodies located downgradient. Therefore, 
these surface water bodies were not evaluated as exposure media in the PRA. However, for 
purposes of qualitatively estimating risks to pelagic aquatic receptors in surface waters 
potentially receiving groundwater discharge from AOC FS-17, the groundwater analytical results 
from AOC FS-17 were evaluated directly. 

An exposure pathway consists of an environmental medium (e.g., surface soil) and an 
ecological receptor (e.g., soil invertebrates, flora, and terrestrial receptors) that may have contact 
with the medium. Exposure pathways for secondary and tertiary consumers include direct 
contact with contaminated surface soil and/or indirect food chain transfer of soil contaminants. 
An exposure pathway is considered potentially complete if the ecological receptor can have 
contact with contaminants detected in a medium. Three major exposure routes for ecological 
receptors include ingestion of food and water, inhalation/respiration, and direct contact. Many of 
the COCs have the potential to bioconcentrate, bioaccumulate, and biomagnify within the food 
chain (see Appendix J of the RAH). Receptor species may ingest contaminated food items such 
as insects or vegetation. The ecological receptor's foraging behavior can significantly influence 
the consumption of contaminated food items. For example, the consumption of prey items such 
as the white-footed mouse or shrew by higher trophic-level organisms can present a significant 
indirect exposure pathway that might contribute greatly to the overall exposure of these receptors 
to site contaminants. 

The white-footed mouse is a small, burrowing omnivore. According to dietary information 
provided in Appendix P of the RAH, its diet is assumed to consist of approximately 80% plant 
material and 17% invertebrates. Incidental soil ingestion accounts for the remaining 3% of its 
diet. Therefore, this animal would likely be chronically exposed to soil contaminants directly 
through incidental soil ingestion, inhalation, and dermal contact and indirectly through ingestion 
of potentially contaminated food items. 

The meadow vole is an herbivore that consumes seeds, grasses, and sedges. This animal 
might also be exposed to contaminants directly through incidental soil ingestion, inhalation and 
dermal contact and indirectly through ingestion of potentially contaminated plant matter. 

The northern short-tailed shrew is a representative of the insectivore trophic level. The shrew 
might similarly be directly exposed through dermal contact, incidental soil ingestion, and 
inhalation and indirectly via the food chain. 
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Based on its life history, the red fox might be exposed to contaminants primarily through the 
food chain. If the red fox were to have a den within AOC FS-17, this receptor may also be 
exposed to COCs through dermal contact and inhalation routes of exposure. 

The state-listed endangered upland sandpiper is a ground-nesting bird; therefore, it may be 
exposed to soil contaminants by means of incidental soil ingestion, inhalation, and dermal 
exposure. Also, these birds are insectivorous and may further be exposed through their food 
source as a result of the potential uptake of chemicals by insects. 

The grasshopper sparrow, a state species of special concern, is a ground-nesting insectivorous 
bird and therefore may be exposed to contaminants by means of incidental soil ingestion, 
inhalation, and dermal exposure, as well as uptake via the food chain of insects. 

The northern harrier, a state threatened species, and the short-eared owl are also ground-
nesting species. If they nest on-site, they may be exposed to contaminants through dermal and 
inhalation pathways; however, they may be primarily exposed to soil contaminants through their 
diet. 

The northern cardinal is included because it is an omnivorous bird, and this receptor 
population is not represented by any state-listed species. This passerine bird would be exposed 
to chemicals bioaccumulated in plants and invertebrates. While foraging, the cardinal may 
inadvertently ingest small quantities of soil. The cardinal is not a ground-nesting species and, 
therefore, exposure by means of dermal absorption and inhalation would likely be limited. 

Quantification of Exposure 

The purpose of the ecological exposure assessment is to define the exposure concentrations 
or doses from site-related contaminants that could potentially pose adverse effects to ecological 
receptors. This includes estimation of doses received through defined routes of exposure. 

As previously noted, in assessing the potential ecological risk posed by the hypothetical 
discharge of groundwater contaminants to surface water, the PRA considered the future potential 
impact of groundwater on aquatic receptors as it may contribute to future contamination of 
sediment-and surface water. Because groundwater from AOC FS-17 may move downgradient 
toward Red Brook and Long Ponds, the risks associated with the potential exposure of pelagic 
aquatic receptors by contaminated groundwater were addressed in the PRA. The potential risk to 
pelagic aquatic receptors inhabiting these ponds was qualitatively evaluated by comparing the 
total and dissolved concentrations of individual COCs detected in AOC FS-17 groundwater to 
the aquatic benchmark values presented in Table O-2 of the RAH [the majority of which were 
derived from federal Ambient Water Quality Criteria (AWQC)]. 

Exposure estimates were based conservatively on the current measured concentrations of 
COCs in AOC FS-17 groundwater without corrections for possible dilution or attenuation by 
chemical, physical, or biological processes acting upon the groundwater before its potential 
discharge to surface water. It was also conservatively assumed that aquatic receptors would be 
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exposed to COCs in surface water at current groundwater concentrations without dilutions by the 
surface water itself. In addition, COC concentrations would be reduced by chemical or physical 
processes within the receiving surface water that could affect bioavailability. 

While the aforementioned assumptions resulted in a conservative quantification of surface 
water exposures to pelagic aquatic receptors, similar assumptions regarding potential risks to 
benthic receptors using groundwater-derived data could not be made because a complex variety 
of chemical interactions and transformations can occur at the point of groundwater discharge to 
the receiving sediments. Various physical/chemical properties of the sediments (e.g., organic 
carbon content and redox conditions) can greatly affect the bioavailability of hydrophobic (i.e., 
with large tt-octanol/water partition coefficient) and ionizable COCs. For example, hydrophobic 
contaminants in discharging groundwater may partition to the solid-phase sediment and become 
less bioavailable within the interstitial (pore) water that may be a major exposure medium for the 
benthos (i.e., organisms inhabiting the sediment). The uncertainty concerning the potential 
discharge of AOC FS-17 groundwater to surface water, and the physical/chemical properties of 
the potential receiving sediments and surface waters, make predicting risks to benthic receptors 
difficult. As a result, possible groundwater COC-associated body burdens in the primary 
producers (aquatic vegetation) inhabiting the ponds cannot be reasonably determined, nor can 
contaminant levels be estimated for higher trophic levels. Thus, the groundwater COC-
associated exposure doses for aquatic food chain indicator species (e.g., waterfowl) that 
potentially inhabit Red Brook and Long Ponds were not quantified. 

The ecological exposure dose was modeled for the terrestrial indicator species selected to 
represent potential receptors that may occur in AOC FS-17. While all potential pathways were 
discussed, only those that would likely result in the largest intakes of contaminants were 
quantified. The dermal contact and inhalation exposure pathways are generally of little 
importance relative to ingestion; therefore, the exposure doses for these pathways were not 
quantified for any model receptor. The doses (via ingestion) were calculated for both the 
maximum and mean concentrations of each COC. The results of the exposure modeling are 
presented in Tables 2-35 through 2-52. 

The following models were used to estimate risk to receptors at various trophic levels. 
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Herbivore 
Meadow vole 

x HRF 
HD = 

HBW 

where:
 
HD estimated exposure dose to an herbivore via food chain (mg/kg/day),
 
PC concentration in plant (mg/g),
 
PI ingestion rate of plant (g/day)(daily ingestion rate)(proportion of vegetation in the
 

diet), 
SC soil or sediment concentration (mg/g), 
SI soil or sediment ingestion rate (g/day), 
WI intake rate of drinking water (L/day), 
WC concentration in surface water (mg/L), 
HBW body weight of herbivore (kg), and 
HRF home range factor—area of contamination/home range. 

and 

PC = (SCFsoi]/sedjmem)(mean and maximum soil or sediment concentrations) 

where: 
PC = concentration in plant 
SCFsoil/sediment = soil- or sediment-to-plant concentration factor (mg contaminant/g dry soil or 

sediment)/(mg contaminant/g dry plant) 

Insectivore 
Short-tailed shrew 
Upland sandpiper 
Grasshopper sparrow 

{[(IC)(IT)]+[(SC)(SI)]+[(WI)(WC)}} x HRF 
ID = 

IBW 

where: 

ID = estimated exposure dose to an insectivore via food chain (mg/kg/day), 
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1C = 
IT = 
SC = 
SI = 
WI = 
WC = 
IBW = 
HRF = 

and 

1C = 

where: 

1C 
BAFinv 

invertebrate concentration (mg/g),
 
ingestion rate of invertebrates (g/day),
 
soil or sediment concentration (mg/g),
 
ingestion rate of soil/sediment (g/day),
 
intake rate of drinking water (L/day),
 
concentration in surface water (mg/L),
 
body weight of insectivore (kg),
 
home range factor—area of contamination/home range,
 

(BAFinv)(soil or sediment concentration). 

invertebrate concentration (mg/g), 
bioaccumulation factor for invertebrates 

Omnivore 
White-footed mouse 
Northern cardinal 

x HRF 
OD = 

OBW 

where: 
OD estimated exposure dose to an omnivore via food chain (mg/kg/day), 
PC concentration in plant (mg/g), 
PI ingestion rate of plant (g/day)=(daily ingestion rate)(proportion of vegetation in the 

diet), 
1C invertebrate concentration (mg/g), 
IT ingestion rate of invertebrates (g/day)(daily ingestion rate)(proportion of 

invertebrates in the diet), 
WC concentration in surface water (mg/L), 
WI intake rate of drinking water (L/day), 
SC soil or sediment concentration (mg/g), 
SI ingestion rate of soil or sediment (g/day), 
OBW body weight of omnivore (kg), 
HRF home range factor—area of contamination/home range, 

and 
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PC = (SCFsoil/sedinient)(mean and maximum soil or sediment concentrations). 

where:
 
PC = concentration in plant,
 
SCFson/sedimenl = soil- or sediment-to-plant concentration factor(mg contaminant/g dry plant)/
 

(mg contaminant/g dry soil or sediment), 

and 

1C = (BAFinv)(soil or sediment concentration). 
where: 
1C = invertebrate concentration 
BAF:nv = bioaccumulation factor for invertebrates 

Carnivore 
Red fox 
Northern harrier 
Short-eared owl 

{[(Q )(*/)]+ [(C,XM)]+ [(sc)(si)]+[(wc)(m)]} x HRF 
CD = 

CBW 

where:
 
CD estimated exposure dose to carnivore via the food chain (mg/kg/day),
 
Cb whole body concentration of small bird (mg/g),
 
cm whole body concentration of small mammal (mg/g),
 
BI ingestion rate of diet consisting of small bird (diet g/day),
 
MI ingestion rate of diet consisting of small mammals (diet g/day),
 
SC soil or sediment concentration (mg/g),
 
SI ingestion rate of soil (g/day),
 
CBW body weight of carnivore (kg),
 
WC concentration in surface water (mg/L),
 
WI intake rate of drinking water (L/dayX
 
HRF home range factor—area of contamination/home range,
 

and 

Cb = (BAFbird)(Cf)(Ffrac), 
Cm = (BAFmammal)(Cf)(Ffrac), 
BAFbird/mammal = bioaccumulation factor for an herbivorous bird or mammal 
Cf = whole body concentration in small mammal/bird, 
Ffrac = fraction of diet composed of food item, 
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and 

PC = (SCFsoil/sedimem)(mean and maximum soil or sediment concentrations). 

where: 
PC = concentration in plant and 
SCFsoil/sediment = soil- or sediment-to-plant concentration factor 

(mg contaminant/g dry plant)(mg contaminant/g dry soil or sediment). 

Ecological Effects Assessment 

The PRA used the following endpoints for evaluating potential effects on terrestrial wildlife: 

•	 A reduction in population or production of local vertebrate or plant groups. 
•	 Any toxic effect on an individual of a state-protected species sufficient to impair survival or 

reproduction. 

It was assumed that, by protecting the individual, all higher levels of biological organization 
within the ecosystem (i.e., populations and communities) are protected. Potential impacts on 
terrestrial species were evaluated by estimating an acceptable dose, or oral benchmark value, for 
each of the major receptor groups (herbivorous, omnivorous, insectivorous, and carnivorous 
mammals) and insectivorous, omnivorous, and carnivorous birds. These estimated oral 
benchmark values were then compared with the modeled daily dietary intakes to determine if 
maximum and mean detected surface soil concentrations in AOC FS-17 were acceptable. The 
derivation of the oral benchmark values for each receptor group were obtained from Sample et al. 
1996, and the RAH and are presented in the calculations of His. 

The ecological endpoint for plants was based on protection of the most sensitive species. 
Phytotoxicity values were obtained from the RAH. These benchmark values for soils were set to 
approximate the lowest concentrations at which a measurable effect on plant growth or 
germination would be expected for plants growing in the soil. 

For purposes of evaluating estimated risks to potential aquatic receptors, aquatic benchmark 
values provided in Table O-2 of the RAH were used. In many cases these values represent the 
federal AWQC (USEPA 1991), which are used as benchmarks to evaluate potential for effects on 
pelagic aquatic organisms. Where AWQC values were not available for a COC, other aquatic 
benchmarks presented in Table O-2 were used. 

The toxicity data and derivation of oral benchmark values for wildlife and the acceptable 
exposure concentrations for plants and aquatic populations are discussed in the following 
sections. These data were used to calculate benchmark values for both wildlife indicator species 
and plants. 
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Ecological Benchmarks 

Benchmark values for terrestrial vegetation were obtained using phytotoxicity information 
contained in Tables O-3 and O-4 of the RAH. The phytotoxicity values used as benchmarks 
were based on protection of the most sensitive vegetation species. Benchmarks for the surface 
soil COCs in AOC FS-17 are presented in Tables 2-53 and 2-54. These benchmark values for 
soils approximate the lowest soil concentrations at which a measurable effect on plant growth or 
germination would be expected. 

For purposes of evaluating risk to potential aquatic receptors, contaminant concentrations 
detected in surface water were compared with aquatic benchmark values provided in Table O-2 
of the RAH. Many of these values are federal AWQC, Freshwater Chronic Criteria (USEPA 
1991). The AWQC are used as benchmarks to predict potential for effects on pelagic aquatic 
organisms (i.e., aquatic organisms inhabiting the water column of surface water). For the metals 
cadmium, copper, lead, nickel, and zinc, the AWQC can vary with water hardness. For these 
metals, a hardness value of 14 mg CaCO3/L was assumed, as described in Table G-4 of the RAH. 
Where AWQC values were unavailable for a COC, other aquatic benchmarks presented in 
Table O-2 were used. The aquatic benchmark values used to evaluate risks posed by COCs 
detected in groundwater from AOC FS-17 are presented in Tables 2-55 and 2-56. 

The oral benchmark value used as the ecological benchmark for terrestrial wildlife was based 
on the maximum dose (mg of chemical/kg of body weight/day) that was not expected to have a 
long-term adverse effect upon the animal. These doses were taken from current literature, where 
available (Sample et al. 1996). In the absence of appropriate literature values, doses were 
obtained from the RAH, Appendix O. When possible, the highest no observable adverse effect 
level (NOAEL) from a chronic study of oral exposure in which organisms from the same 
taxonomic class were used for determining the acceptable concentrations, although such studies 
were rare. The NOAEL was defined as the dose at which no adverse effects were observed in the 
exposed animals. This type of data was not always available. In cases where a NOAEL for a 
specific chemical is not available for either wildlife or laboratory species but a lowest observed 
adverse effects level (LOAEL) has been determined experimentally, the NOAEL can be 
estimated by applying an uncertainty factor of 10 to the LOAEL. In USEPA methodology 
(USEPA 1995), the LOAEL can be reduced by a factor of up to 10 to derive the NOAEL. No 
data were found for any of the contaminants considered, which suggests the use of a LOEAL
NOEAL adjustment factor of less than 10. Tables 2-57 and 2-58 summarize the values used 
presenting test species, endpoints, reference studies, and the benchmarks used. 

The seven animal receptor groups used in the PRA were herbivorous mammal, omnivorous 
mammal, insectivorous mammal, carnivorous mammal, insectivorous bird, omnivorous bird, and 
carnivorous bird. When possible, the toxicity benchmark value selected for each animal trophic 
group was based on a test species from the same animal group (e.g., the toxicity value for a 
herbivorous mammal model receptor was obtained from test data on herbivorous mammals) and 
on laboratory tests using reproductive endpoints because reproduction is considered key to the 
survival of a population. When a trophic-specific toxicity value was unavailable, the toxicity 
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value for an herbivore was used because it was assumed that absorption could be greater in 
organisms at this trophic-level because herbivores have longer gastrointestinal tracts than 
carnivores. When avian toxicity benchmarks were unavailable, mammalian toxicity data were 
used instead. 

The estimated acceptable daily doses for specific receptor populations were obtained from 
the RAH and were used as oral reference doses to evaluate estimated risks from potential 
exposure to the COC detected in surface soil at AOC FS-17. These COC-specific estimated 
acceptable daily doses are presented in Tables 2-59 through 2-76 and termed Adjusted Oral 
Benchmark values. These values were subsequently compared to the estimated daily exposures 
by COC for each model receptor species to quantify estimated risks from potential exposure to 
COCs in surface soil at AOC FS-17. 

Estimated exposure doses for the white-footed mouse and the meadow vole were compared 
to the acceptable daily doses for an herbivorous mammal. Estimated exposure doses for the 
short-tailed shrew were compared to the acceptable daily doses for a carnivorous mammal 
because acceptable daily doses for insectivorous mammals such as the shrew were unavailable. 
The shrew ingests large soil invertebrates, such as earthworms, and 4,4'
dichJorodiphenyltrichloroethane (4,4'-DDT) can potentially bioaccumulate in earthworms. 
Insectivores, omnivores, and carnivores typically receive less exposure to inorganic COCs than 
herbivores from food ingestion because of the difference in trophic status. Carnivores may gain 
exposures to higher doses of the organic COCs that biomagnify through trophic transfer within 
the ecological food chain. Predators may be severely affected if they ingest prey containing 
organic contaminants. The shrew's exposure doses, therefore, were compared to benchmark 
values for a carnivorous mammal rather than for an herbivorous mammal. 

Daily exposure doses estimated for the upland sandpiper and the grasshopper sparrow were 
compared to acceptable daily doses for a carnivorous bird. Because of dietary preferences by 
upland sandpiper and grasshopper sparrow (i.e., large insects rather than plant matter), there is 
the potential for 4,4'-DDT to bioaccumulate in their food items. In addition, DDT can cause 
eggshell thinning and thus decrease the reproductive success of individual birds. The raptors can 
potentially experience higher exposure doses of the organic COCs, which typically biomagnify 
through trophic transfer within the ecological food-chain. 

2.6.2.3 Risk Characterization 

The AOC FS-17 baseline ecological assessment follows the methodology for a Tier III 
ecological risk assessment, as outlined in the RAH using HQs to calculate an HI. The HI was 
cumulative by exposure pathway and, where risks were elevated, by each chemical class (i.e., 
VOC, SVOC, pesticides/PCBs, and inorganics). For each COC, an HQ was calculated by 
dividing the exposure concentration (i.e., maximum or mean detected concentrations in media) 
or, for food-chain exposures to terrestrial model receptors, the calculated exposure dose (i.e., 
maximum or mean oral dose) by a benchmark or oral reference dose. The HI is the sum of the 
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calculated HQs for all the COCs for a given chemical class and exposure route (e.g., ingestion) 
within the pathway: 

HI = £ (maximum or mean detected concentration/benchmark value)
 
or
 
HI = Y, (calculated maximum or mean oral dose/oral reference dose).
 

His were developed for both maximum and mean detected concentrations for surface soil or 
groundwater by comparing the maximum and mean detected concentrations with appropriate 
benchmark values or by using the maximum and mean concentrations in surface soil to calculate 
maximum and mean oral doses for comparisons with the oral reference doses. 

The ecological PRA represents a Tier III analysis. While His >1 indicate the potential for 
adverse effects, these His do not necessarily indicate an appreciable effect based on applicable 
assessment of endpoints (i.e., population effects, reproduction effects, etc.). With the exception 
of nonmobile benthic invertebrates and terrestrial plants, an HI of 10 or more is an appropriate 
risk management criterion because of the uncertainty inherent in the exposure and hazard 
estimates; the appropriate assessment endpoint is protection of populations rather than 
individuals. An HI of 10 is probably adequate to protect most animal populations in the AOC 
FS-17 Study Area because they have home ranges larger than the AOC area and the benchmarks 
are based on the no effects levels. 

Risks to Terrestrial Vegetation 

The evaluation of risks to plants at AOC FS-17 was based on maximum and mean detected 
concentrations of COCs in surface soil compared to benchmark levels known or predicted to be 
toxic to vegetation. HQs were calculated for each COC and were summed to derive an HI for 
terrestrial vegetation using maximum or mean detected concentrations. Tables 2-53 and 2-54 
present results of the risk characterization for terrestrial vegetation. The following is a summary 
of the results of the risk calculations. 

Using maximum detected concentrations in surface soils, lead was found to be the greatest 
contributor to risk among the inorganic COCs, with an HQ of 26. Other inorganics with HQs 
greater than 1.0 were chromium (3.8), copper (1.3), and zinc (1.6). The major organic 
contributor to risk was 2-methylnaphthalene (HQ = 14), followed by naphthalene (4.8), 
phenanthrene (2.4), fluorine (1.6), and total xylenes (1.1). Lead was also the major contributor to 
risk using mean detected concentrations, with an HQ of 7.6, followed by 2-methylnaphthalene 
(2.8), and chromium (1.9). Other organic and inorganic compounds detected in surface soils at 
AOC FS-17 contributed to the His; however, they were not the major contributors to risks. 
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Terrestrial vegetation Hazard Index 

Maximum COC Mean COC 
concentration concentration 

voc 1.4 0.29 

svoc 24 5 

Pesticides/ 
PCBs 

0.03 0.008 

Inorganics 34 12 

Total HI 59 17 

Risks to Aquatic Receptors 

The evaluation of risks to aquatic receptors was based on His calculated using maximum and 
mean detected concentrations in groundwater with determination of both total and dissolved 
inorganic concentrations. The results of the risk characterization for aquatic receptors using 
groundwater data from AOC FS-17 are presented in Tables 2-55 and 2-56. The following is a 
summary of the calculated His for aquatic receptors. 

Aquatic receptor Hazard Indices 

Maximum COC Mean COC 
Hazard Index 

concentration concentration 

Total Dissolved Total Dissolved 

Pesticides/ 
PCBs 20 

Not 
available 

11 
Not 
available 

Inorganics 270 18.00 88 4.3 

Total 290 18.00 100 4.3 

Using total maximum detected concentrations in groundwater (i.e., unfiltered groundwater), 
all COCs were major contributors to risks (Table 2-55). Lead, aluminum, copper, and 4,4'DDT 
were the greatest contributors to risks, with HQs equal to 150, 79, 18, and 20, respectively. 
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Using dissolved maximum detected concentrations in groundwater (i.e., filtered groundwater), 
aluminum, lead, and copper were contributors to risk with HQs of 7.7, 5.4, and 3.0, respectively. 

The risk characterization using total mean detected concentrations again suggested that 
aluminum, lead, and 4,4'-DDT were the greatest contributors to risks with HQs equal to 40, 35, 
and 11, respectively (Table 2-56). Iron and copper were the only other contributors to risks with 
HQs equal to 6.1 and 4.9, respectively. Using dissolved mean detected concentrations, only 
copper and lead had HQs greater than 1(1.0 and 2.7, respectively). 

Exposure concentrations for pelagic aquatic receptors were based on an evaluation of COCs 
detected in the groundwater and were conservatively based on currently measured 
concentrations. In quantifying exposure, it was conservatively assumed that aquatic receptors 
would be exposed to the contaminant levels measured in the groundwater and that contaminant 
levels would not be diluted by surface water inputs and bioavailable fractions would not be 
reduced by chemical, physical, or biological processes occurring in the surface waters. In Tables 
2-55 and 2-56, the His for aquatic receptors using both total and dissolved concentrations in 
groundwater exceeded a value of 1.0. If aquatic receptors were exposed to these groundwater 
COC concentrations in surface water, then adverse biological effects to pelagic aquatic receptors 
would be expected. For both maximum and mean groundwater COC concentrations for 
unfiltered groundwater (total), several HQs exceed a value of 1.0. Based on maximum and mean 
groundwater COC concentrations using filtered groundwater (dissolved), several inorganic HQs 
exceed 1.0, but the risk is reduced compared with total detected values. Dissolved 
concentrations of inorganic COCs are more indicative of actual risk to pelagic aquatic receptors 
because this is typically the bioavailable fraction of the total concentration and because the 
federal AWQC are derived using contaminant concentrations dissolved in water. Although the 
results of the Tier III analysis of groundwater at AOC FS-17 indicate that potential groundwater 
discharge to surface water may result in potential for adverse biological effects among aquatic 
organisms, the realization of these effects is unlikely. 

Further consideration of dissolved data illustrates that potential site risks are not meaningful 
when compared to risks associated with MMR maximum background results. Tables 2-78 and 
2-55 present the MMR background and site aquatic risk characterization, respectively. Using 
dissolved site data, the HI for aquatic receptors is 18 and the HI based on MMR maximum 
background concentrations for dissolved results is 29, or 161% of the total risk estimated using 
site data. This percentage, although not possible in reality, provides a mathematical indication 
that background risks to aquatic receptors contribute to aquatic receptor risks to a far greater 
degree than site-related constituents. Remediation based on these results would do little to 
reduce risks because remediation to levels below background cannot reduce risks at a site. 

Risks to Terrestrial Receptors 

The evaluation of risk to terrestrial vertebrate receptors at AOC FS-17 was based on risks 
associated with terrestrial food chains. Risks were evaluated by estimating exposure doses based 
on the organisms' feeding habits and habitat preferences (life history). HQs were calculated for 
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each COC detected in surface soil at AOC FS-17 and were summed to derive His for the model 
receptor species.. 

His were developed for each model receptor likely to reside in AOC FS-17. Tables 2-59 
through 2-76 present the risk characterizations using maximum and mean detected COC 
concentrations in surface soils. The following is a summary of the risk characterization for 
terrestrial model receptors. 

Summary of estimated risks to terrestrial model receptors 

Terrestrial model receptors HI based on HI based on mean 
maximum COC COC concentration 
concentration 

White-footed mouse 1.2 0.3 

Meadow vole 3.6 0.8 

Northern short-tailed shrew 2.4 0.8 

Red fox 2.0 0.4 

Upland sandpiper 1.5 0.4 

Grasshopper sparrow 0.1 0.02 

Northern harrier 0.02 0.01 

Short-eared owl 0.1 0.04 

Northern cardinal 5.6 1.9 

For the omnivorous white-footed mouse, the total HI using maximum detected surface soil 
concentrations was 1.2 (Table 2-59). No single COC had an HQ greater than 1. The COC with 
the highest HQ was total xylene (HQ = 0.5). Using mean detected concentrations, the total HI 
was 0.3. No single COC had an HQ greater than 1. Total xylene had the highest HQ, which was 
0.1 (Table 2-60). Because the total HI for maximum detected concentrations in surface soil for 
all COCs was less than 10, HQs were not summed by chemical class for this terrestrial model 
receptor. 
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Using maximum detected soil concentrations, the total HI for the meadow vole was 3.6 
(Table 2-61). The primary COCs contributing to risk were total xylene (HQ = 1.6) and 
naphthalene (HQ = 1.2) (Table 2-61). Risk calculations using mean soil concentrations resulted 
in a total HI of 0.8 (Table 2-62). No single COC had an HQ greater than 1. The COC with the 
highest HQ was total xylene (HQ = 0.33). Because the total HI for maximum detected surface 
soil concentrations for all COCs was less than 10, HQs were not summed by chemical class for 
this terrestrial model receptor. 

For the insectivorous northern short-tailed shrew, the total HI using maximum detected 
surface soil concentrations was 2.4 (Table 2-63). No single COC had an HQ greater than 1. The 
COC with the highest HQ was total xylene (HQ = 0.75). Using mean concentrations, the total HI 
was 0.8 (Table 2-64). No single COC had an HQ greater than 1. The COC with the highest HQ 
was lead (HQ = 0.16). Because the total HI for maximum detected surface soil concentrations 
for all COCs was less than 10, HQs were not summed by chemical class for this terrestrial model 
receptor. 

For the red fox, the total HI using maximum detected surface soil concentrations was 2.0 
(Table 2-65). No single COC had an HQ greater than 1. The COC with the highest HQ was zinc 
(HQ = 0.6). Mean detected surface soil concentrations showed that the total HI was 0.4. No 
single COC had an HQ greater than 1. Zinc had the highest HQ, which was 0.3. Because the 
total HI for maximum detected surface soil concentrations for all COCs was less than 10, HQs 
were not summed by chemical class for this terrestrial model receptor. 

For the upland sandpiper, the total HI using maximum detected surface soil concentration 
was 1.5 (Table 2-67). No single COC had an HQ greater than 1. The COC with the highest HQ 
was 4,4'-DDT (HQ = 0.76. Using mean detected concentrations, no single COC had an HQ 
greater than 1. The pesticide 4,4'-DDT had the highest HQ, which was 0.19. Because the total 
HI for maximum detected surface soil concentrations for all COCs was less than 10, HQs were 
not summed by chemical class for this terrestrial model receptor. 

For the insectivorous grasshopper sparrow, the total HI using maximum detected surface soil 
concentrations was 0.1 (Table 2-69). No single COC had an HQ greater than 1. The COC with 
the highest HQ was 4,4'-DDT (HQ = 0.04). Using mean detected concentrations, total HI for the 
grasshopper sparrow was 0.02, and no single COC had an HQ greater than 1. The pesticide 
4,4'-DDT had the highest HQ, which was 0.01 (Table 2-70). Because the total HI for maximum 
detected surface soil concentrations for all COCs was less than 10, HQs were not summed by 
chemical class for this terrestrial model receptor. 

Concerning the northern harrier, using maximum and mean detected surface soil 
concentrations, the total HI was less than 1 (HI = 0.02 maximum concentrations; HI = 0.01 mean 
concentrations), and no single COC had an HQ greater than 1 (Tables 2-71 and 2-72). Zinc had 
the highest HQs, which were HQ = 0.01 (maximum concentrations) and HQ = 0.003 (mean 
concentrations). Because the total HI for maximum detected surface soil concentrations for all 
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COCs was less than 10, HQs were not summed by chemical class for this terrestrial model 
receptor. 

Estimated risks to the short-eared owl were also very low for most COCs, with maximum 
and mean total His less than 1 (HI = 0.1 maximum concentrations; HI = 0.04 mean 
concentrations) (Tables 2-73 and 2-74). Zinc had the highest HQs, which were 0.07 (maximum 
concentrations) and 0.02 (mean concentrations). 

For the omnivorous northern cardinal, total HI using maximum detected concentrations in 
surface soil was 5.6 (Table 2-75). The primary contributors to risk were naphthalene (HQ = 
1.97), and 4,4'-DDT (HQ = 1.2, Table 2-75). Using the mean detected soil concentrations, total 
HI was 1.9. No single COC had an HQ greater than 1. The COC with the highest HQ was 
4,4'-DDT (HQ = 0.94) (Table 2-76). Because the total His for maximum detected surface soil 
concentrations for COCs was less than 10, HQs were not summed by chemical class for this 
terrestrial model receptor. 

Ecological Risk Characterization Summary 

While HIs> 1.0 indicate the potential for adverse effects, these His do not necessarily 
indicate an appreciable effect based on applicable assessment of endpoints (i.e., population 
effects, reproduction effects, etc.). Furthermore, concerning the evaluation of potential impacts 
to terrestrial vegetation at AOC FS-17, organics and inorganics could pose a threat to these 
receptors using maximum soil data. Organics include xylenes, 2-methylnaphthalene, fluorene, 
naphthalene, and phenanthrene. Inorganics include chromium, copper, lead, and zinc (Table 
2-53). Using mean soil concentrations, only 2-methylnaphthalene, chromium, and lead have HQ 
values that exceed unity. It should be noted that benchmarks for several inorganic COCs listed 
in Table O-4 of the RAH were presented as a range of values, not a single benchmark value. The 
benchmark values used to calculate HQs for inorganic COCs were the lowest number in the 
range for each COC. The use of the high-end value in each range would result in HQs less than 
1.0 for all inorganics except lead using maximum detected soil concentrations and HQs less than 
1.0 for all inorganics using mean detected soil concentrations. Maximum and mean His 
represent estimated cumulative adverse impacts of surface soil COCs on terrestrial vegetation. 
However, because plants are immobile, they experience concentrations at one location at the site 
only and not at several locations. To evaluate potential impacts to terrestrial vegetation properly, 
concentrations detected location-by-location should be used to estimate potential risks to 
organisms that tend to remain at one location. Mean concentrations probably more accurately 
represent COC concentrations that may be experienced by terrestrial plants than maximum 
concentrations. 

To discriminate between the level of potential risk posed by naturally occurring background 
concentrations for these inorganic compounds from that posed by concentrations of the inorganic 
COC contributed by past activities at AOC FS-17, the potential risk to terrestrial vegetation 
associated with maximum MMR background soil concentrations was also characterized. 

FS-17FS-19RODFinal.do c 2-38 October 1999 

http:FS-17FS-19RODFinal.do


Potential risks to terrestrial vegetation associated with maximum MMR background soil 
concentrations were derived and are presented in Table 2-77. When comparing the HI for 
maximum COC concentrations in soil (HQ = 59, Table 2-53) to the HI (3.6) representing MMR 
background levels in soil, the HI for the site was approximately 94% higher than the HI 
representing MMR background levels in soil. The site supports very little vegetation because of 
paved surfaces and compacted, sandy soil. 

Potential risks associated with COCs detected in AOC FS-17 groundwater to potential 
pelagic aquatic receptors were only qualitatively evaluated. It was conservatively assumed that 
aquatic receptors would be exposed to concentrations in groundwater and that contaminant levels 
would not be diluted by surface water inputs nor would toxicity be reduced by chemical, 
physical, or biological processes while migrating through subsurface soil or at the point of 
potential discharge. Using the maximum total (unfiltered) detected groundwater concentrations, 
4,4'-DDT, aluminum, cadmium, chromium, copper, iron, lead, and zinc contribute to risk 
(Table 2-55). Concentrations of contaminants in the dissolved fraction are considered more 
indicative of actual risk to pelagic aquatic receptors because the federal AWQC are derived from 
contaminant concentrations dissolved in water and dissolved concentrations in surface water 
generally reflect what concentration is bioavailable to pelagic aquatic receptors. It was suggested 
(but unlikely) from AOC FS-17 filtered groundwater data that aluminum, copper, and lead may 
pose a potential threat to pelagic aquatic receptors, using maximum detected concentrations. 

To gain a perspective on the predicted risk to aquatic receptors, Table 2-78 is presented as a 
characterization of the potential aquatic risks associated with maximum background 
concentrations for total and dissolved inorganic compounds in MMR groundwater. The 
calculated HI (29) for maximum dissolved concentrations in MMR background groundwater is 
29. The calculated HI representing aquatic risks associated with maximum dissolved COC 
concentrations detected in AOC FS-17 groundwater is 18. Using mean detected concentrations 
for AOC FS-17, which may be more indicative of true exposure potential, only copper and lead 
have HQs greater than 1.0, and the risk from these COCs is lower than the risk from background 
dissolved concentrations. Therefore, further investigation of potential aquatic risks attributed to 
AOC FS-17 groundwater is not necessary based on background conditions existing in 
groundwater within MMR. 

For aquatic receptors, the HI is 290 using total concentration data (unfiltered samples). The 
HI for background inorganics (total concentration basis) for aquatic receptors is 34, 
approximately 12% of the total HI and 13% of the inorganic HI. Using dissolved data, the HI for 
aquatic receptors is 18, and the HI based on MMR maximum background concentrations for 
dissolved results is 29, or 161% of the total and 28% of the inorganic HI. These percentages, 
although not possible in reality, provide a mathematical indication that background risks to 
aquatic receptors contributes to aquatic receptor risks to a far greater degree than site-related 
constituents. Remediation based on these results would do little to reduce risks because 
remediation to levels below background cannot reduce risks at a site. 
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The results of the Tier III analysis for terrestrial wildlife, and resulting risk estimates for the 
exposure pathways quantified in this ecological PRA, indicated that COCs in surface soil at AOC 
FS-17 pose little threat to individual wildlife such as the terrestrial model receptor species. The 
PRA used the following assessment endpoints to evaluate potential adverse effects to terrestrial 
wildlife attributed the presence of COCs in surface soil: 

•	 A reduction in population or productivity within local vertebrate populations or plant
 
communities.
 

•	 Any toxic effect on an individual of a state-protected species sufficient to impair survival or
 
reproduction.
 

The white-footed mouse, meadow vole, northern short-tailed shrew, fox, and cardinal are not 
state-protected species but are indigenous to MMR. Therefore, the potential for a reduction in 
reproductive success or population size for these model receptors within the proximity of AOC 
FS-17 is considered a significant impact. However, His for these receptor species indicate that 
individual animals are not at risk. Therefore, potential effects on the local breeding population of 
these model receptors is not expected. In addition, the model receptor species may or may not 
use AOC FS-17 habitats because of poor habitat quality relative to other areas in MMR. The 
receptor species were selected based on a review of information identifying species known or 
expected to occur at MMR and types of habitats present in AOC FS-17. Based on observations 
made during the September 1995 site walkover, AOC FS-17 is of poor habitat quality, and 
habitat is limited to areas surrounding the site. 

Should some of the model receptors inhabit or forage in AOC FS-17, continuously or 
intermittently, it is not likely that AOC FS-17 would support bird or mammal populations that 
represent significant portions of the total population existing within MMR because of the 
relatively small area of AOC FS-17 (1 acre). If herbivorous, insectivorous, and omnivorous 
receptor species were present on the site and significantly affected as a result of exposure to 
COCs in surface soil, the loss of these individuals from the breeding population may not affect 
the size of the larger population in the region. Individual animals that may inhabit AOC FS-17 
and represent a food source for raptors or predators may represent an insignificant fraction of the 
diet for these carnivores. 

The upland sandpiper and the grasshopper sparrow are state-protected species but, based on 
the His for these model receptors, a potential threat does not exist for individual upland 
sandpipers and grasshopper sparrows by the dietary exposure pathway. In addition, upland 
sandpipers and grasshopper sparrows are not expected to use AOC FS-17 based on the physical 
characteristics of the site and poor habitat quality relative to other areas in the MMR. 

Dermal and inhalation pathways of exposure were not evaluated in this Tier III PRA. 
Adherence of contaminated soil to the skin of a receptor organism or inhalation of COCs adhered 
to particulates could result in exposure risks that are greater than those quantified in this 
ecological PRA. However, exposure via these routes was judged to be minor when qualitatively 
compared to the food-chain exposure pathway. 
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m 2.6.3 Conclusions for Human Health and Ecological Risk for AOC FS-17 

Actual or threatened releases of hazardous substances from AOC FS-17 do not present an 
imminent and substantial endangerment to public health, welfare, or the environment. AOC-17 
does not pose any unacceptable human health or ecological risk. 

"	 2.6.4 Human Health PRA for AOC FS-19 

M The objectives of the PRA at AOC FS-19 were to characterize the potential current and future 
risks to human health from exposure to contaminants at AOC FS-19. For risk assessment 
purposes, the AOC was defined by the contaminated soil and groundwater that may serve as 

»" exposure media for human receptors. Because portions of AOC FS-19 are accessible to workers 
and trespassers, one of the objectives of the risk assessment was to evaluate human health risks 
to these groups from existing contamination. The evaluation includes current risks as well as 

m	 future potential risks, assuming the area becomes residential. 

For AOC FS-19, a PRE for human health risks to groundwater was performed as part of the 
SI (ABB-ES 1992). A PRE for human health risks to soils was not conducted because TPH 
results cannot be assessed quantitatively in risk assessment. To fully characterize human health 

—	 risks at AOC FS-19 in the RI, a Tier III PRA analysis was performed. The basic steps of the 
PRA are contaminant identification, exposure assessment, toxicity assessment, and risks 
characterization. 

M 
2.6.4.1 Contaminant Identification 

utf Fixed-base laboratory analytical results from the final RI report (HAZWRAP 1998b) for 
surface soil, subsurface soil test borings, and groundwater were evaluated in the PRA. An 
evaluation of duplicate sample results, blank results, detection limits, detection frequency, TICs, 

"* and a comparison against inorganic background concentrations were performed to establish the 
usability of these data for the PRA. 

iM 
Because a PRE was not previously conducted for AOC FS-19, COCs were not previously 

identified. COCs were selected in the PRA by comparing maximum detected chemical 
concentrations to RECs and HECs provided for contaminant screening in Appendix F of the 
RAH. Maximum detected chemical concentrations exceeding RECs/HECs were considered 
COCs. Essential macronutrients (calcium, magnesium, potassium, and sodium) were not 

—	 considered COCs. Chemical constituents with a detection frequency of less than 5% for data sets 
greater than 20 samples were not considered COCs. A comparison of chemical concentrations to 
MMR background was also conducted, but no COCs were eliminated based on this comparison. 

M 

Based on the COC selection process, environmental media of concern at AOC FS-19 are 
surface soil, subsurface soil, groundwater, and surface waters receiving groundwater discharge 

*	 from the AOC. The human health COCs selected for further evaluation are summarized in 
Tables 2-79 through 2-82. Potential COCs for human health receptors for surface water were 
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identified based on a conservative comparison of groundwater concentrations detected at AOC 
FS-19 to risk-based concentrations for surface water presented in the RAH. These potential 
COCs for surface water are not quantitatively carried through the PRA because the actual 
concentrations that may discharge from groundwater into surface water such as Edmunds Pond 
have not been predicted. 

2.6.4.2 Exposure Assessment 

Potentially exposed populations and potential exposure pathways were identified based on 
current and future land use. For current land use, construction workers and trespassers (children 
and adults) were identified. For future land use, construction workers, trespassers (children and 
adults), and residents (children and adults) were identified. 

Potential exposure pathways identified for construction workers under current and future land 
use include: 

• inhalation of VOCs and/or fugitive dusts from surface soil, 
• ingestion of surface soil, and 
• dermal contact with surface soil. 

Trespassers at AOC FS-19 may include children and adolescents who play on the site and 
adults who walk across the site. Potential exposure pathways identified for trespassers (children 
and adults) under current and future land use include: 

• inhalation of VOCs and/or fugitive dusts from surface soil, 
• ingestion of surface soil, and 
• dermal contact with surface soil. 

Potential exposure pathways identified for residents (children and adults) under future land 
use include: 

• inhalation of VOCs and/or fugitive dusts from surface soil, 
• ingestion of surface soil, 
• dermal contact with surface soil, 
• ingestion of groundwater, 
• dermal contact with groundwater, 
• ingestion of surface waters receiving groundwater discharge from AOC FS-19, and 
• dermal contact with surface waters receiving groundwater discharge from AOC FS-19. 

Potential exposures were quantified using standardized dose equations based on USEPA risk 
assessment guidance and integrated into the equations used to estimate risk for AOC FS-19. The 
risk estimates are based on both maximum and mean detected COC concentrations. Table 2-83 
summarizes the equations and parameters used to estimate site risks. 
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2.6.4.3 Toxicity Assessment 

The purpose of the toxicity assessment is to weigh available evidence regarding the potential 
for particular contaminants to cause adverse effects in exposed individuals and to provide, where 
possible, an estimate of the relationship between the extent of exposure to a contaminant and the 
increased likelihood and/or severity of adverse effects. USEPA has performed the toxicity 
assessment for numerous chemicals and has made available the resulting toxicity information and 
toxicity values, which have undergone extensive peer review. The toxicity values consist of 
CPFs and noncarcinogenic reference doses. These toxicity values are evaluated and selected for 
use in the PRA based on their applicability to the specific COCs and types of exposures 
identified at AOC FS-19. 

CPFs have been developed by USEPA's Carcinogenic Assessment Group for estimating 
excess lifetime cancer risks associated with exposure to potentially carcinogenic chemicals. 
CPFs, which are expressed in units of (mg/kg-day)"1 , are multiplied by the estimated intake of a 
potential carcinogen in mg/kg-day to provide an upper-bound estimate of the excess lifetime 
cancer risk associated with exposure at that intake level. The term "upper bound" reflects the 
conservative estimate of the risks calculated from the CPF. Use of this approach makes 
underestimation of the actual cancer risk highly unlikely. Cancer potency factors are derived 
from the results of human epidemiological studies or chronic animal bioassays to which animal
to-human extrapolation and uncertainty factors have been applied. 

RfDs have been developed by USEPA for indicating the potential for adverse health effects 
from exposure to chemicals exhibiting noncarcinogenic effects. RfDs, which are expressed in 
units of mg/kg-day, are estimates of lifetime daily exposure levels for humans, including 
sensitive individuals. Estimated intakes of chemicals from environmental media (e.g., the 
amount of a chemical ingested from contaminated drinking water) can be compared to the RfD. 
RfDs are derived from human epidemiological studies or animal studies to which uncertainty 
factors have been applied (e.g., to account for the use of animal data to predict effects on 
humans). These uncertainty factors help ensure that the RfDs will not underestimate the 
potential for adverse noncarcinogenic effects to occur. 

Table 2-84 provides a summary of the CPFs and RfDs used to estimate risk for the AOC 
FS-19 PRA. 

2.6.4.4 Risk Characterization 

In the risk characterization, excess lifetime cancer risk and noncarcinogenic hazard potential 
are estimated based on the chemical dose received by a receptor and the toxicity per unit intake 
of the contaminant. 

Excess lifetime cancer risks are determined by multiplying the intake level with the cancer 
potency factor. These risks are probabilities that are generally expressed in scientific notation 
(e.g., 1 x 10"6 or 1E-6). An excess lifetime cancer risk of 1 x 10"6 indicates that as a plausible 
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upper bound, and individual has a one in one million chance of developing cancer as a result of 
site-related exposure to a carcinogen over a 70-year lifetime under the specific exposure 
conditions at a site. 

Potential concern for noncarcinogenic effects of a single contaminant in a single medium is 
expressed as the HQ (or the ration of the estimated intake derived from the contaminant 
concentration in a given medium to the contaminant's reference dose). By adding the HQs for 
all contaminants within a medium or across all media to which a given population may 
reasonably be exposed, the HI can be generated. The HI provides a useful reference point for 
gauging the potential significance of multiple contaminant exposures within a single medium or 
across media. 

Tables 2-85 through 2-96 provide the risk/HQ/HI estimates based on current and future land 
use for the exposure scenarios evaluated in the PRA. For each exposure scenario, chemical-
specific carcinogenic risks and noncarcinogenic HQs were estimated for the exposure pathways 
associated with each contaminated medium. Total pathway carcinogenic risks and 
noncarcinogenic His (e.g., risks from all COCs for dermal contact) were also calculated. Total 
carcinogenic risks and noncarcinogenic His (e.g., risks from all COCs and all exposure pathways 
combined) were also calculated. Summary of risk and HI for FS-19 are given in Tables 2-96a. 

Cancer and noncancer risks are summarized for AOC FS-19 in Table 2-97. For the current 
exposure scenario, cancer risk estimates are between l.OE-07 and 3.15E-07 for arithmetic mean 
concentrations and between 1.46E-07 and 4.66E-07 for maximum concentrations. These risk 
levels are below USEPA's target risk range. As measured by His, noncancer effects are not 
likely, as His are less than 1.0. 

For the future exposure scenario, total lifetime cancer risk estimates are between 1.52E-05 
and 8.44E-05 for arithmetic mean concentrations and between 2.4E-05 and 1.83E-04 for the 
maximum concentrations. There is potential for excess cancer in the future scenario to the 
residential adult as evidenced by an estimated risks slightly exceeding 1E-04. This is primarily 
due to total (unfiltered samples) concentrations of arsenic and beryllium in groundwater. The 
total HI for the adult (3.76) exceeds 1.0, indicating a potential for noncarcinogenic effects. The 
exceedance is attributed to total concentrations of manganese in groundwater. The maximum 
total concentrations of arsenic and manganese are above the maximum total concentration for 
MMR background, whereas beryllium is below the MMR background concentrations. 

Neither a CSF nor an RfD is available for lead. Instead, blood lead concentrations have been 
accepted as the best measure of exposure. USEPA has developed the IEUBK model to assess 
chronic, noncancer exposures of children to lead. Version 0.99d of the model was used to 
evaluate exposures of child residents (in the future) to lead (USEPA 1994). 

The maximum and arithmetic average of lead concentrations in surface soil and groundwater 
were used as the input for the model. Default values for lead in air and dietary ingestion were 
used. No contribution from paint ingestion was included. A blood lead level of 10 /ug/dL is the 

FS-17FS-19RODFinal .do c 2-44 October 1999 

http:FS-17FS-19RODFinal.do


"* benchmark to evaluate lead exposure. Based on the above assumptions, the maximum soil 
concentration (119 mg/kg), and maximum groundwater concentration (18.5 /^g/L), projected 
blood lead levels of 96.33% of the exposed child population (0 to 84 months of age) would be 
expected to be below 10 /ug/dL and 3.67% would be expected to be above 10 /ug/dL. Based on 
the average soil concentration (63 mg/kg) and average groundwater concentration (4.5 ,wg/L), 

m projected blood lead levels of 99.94% of the exposed child population (0 to 84 months of age)
 
would be expected to be below 10 /ug/dL and 0.06% would be expected to be above 10 /ug/dL.
 

• 2.6.5 Ecological PRA for AOCFS-19 

To fully characterize ecological risks at AOC FS-19, a Tier III analysis was performed. The 
** steps of the Tier III analysis include contaminant identification, exposure assessment, effects 

assessment, and risk characterization. These components of the PRA are summarized below. 

2.6.5.1 Contaminant Identification 

m Fixed-base laboratory analytical results from the final RI report (HAZWRAP 1998b) for 
surface soil, subsurface soil test borings, and groundwater were evaluated in the PRA. An 
evaluation of duplicate sample results, blank results, detection limits, detection frequency, TICs, 

M and a comparison against inorganic background concentrations were performed to establish the 
usability of these data for the PRA. 

« Because an ecological PRE was not previously conducted for AOC FS-19, COCs were not
 
previously identified. COCs were selected in the PRA by comparing maximum detected
 
chemical concentrations to ecological HECs provided for contaminant screening in the RAH
 

ll|i (Appendix F). Maximum detected chemical concentrations exceeding HECs were considered 
COCs. Essential macronutrients (calcium, magnesium, potassium, and sodium) were not 
considered COCs. Chemical constituents with a detection frequency of less than 5% for data sets 
greater than 20 samples were not considered COCs. A comparison of chemical concentrations to 
MMR background was also conducted, but no COCs were eliminated based on this comparison. 
Based on the COC selection process, environmental media of concern at AOC FS-19 are surface 
soil, subsurface soil, groundwater, and surface waters receiving groundwater discharge from the 
AOC. The ecological COCs selected for further evaluation are summarized in Tables 2-98 and 

H 2-99. 

2.6.5.2 Exposure Assessment 
Ml 

The purpose of the ecological exposure assessment was to identify and quantify site-specific 
exposure pathways for representative indicator species identified at AOC FS-19. For the coastal 

«* plain pond, pitch pine/scrub oak barren, and sandplain grassland/coastal heathland habitats 
identified in the PRA, site-specific receptor species were identified based on a survey of the site 
and surrounding environment conducted during November 1993 and January 1994. AOC FS-19, 

** an abandoned vehicle fueling facility and hazardous waste storage facility, has been unused since 
1965. USTs were removed in 1989. Building No. 3493, which covered an area approximately 

FS-17FS-19RODFinal.do c 2-45 October 1999 

http:FS-17FS-19RODFinal.do


20 feet by 40 feet and once existed within AOC FS-19, has been demolished. Concrete remnants 
of the building foundation remain in the subsurface; however, the ground surface is unpaved and 
vegetated. Topography of AOC FS-19 is flat, but just off-site to the east, the ground gradually 
slopes upward and becomes wooded at the top of a hill. Additional wooded areas (approximately 
12 acres) abut the site but are not within the AOC boundaries. 

The wildlife expected within the area is thought to be limited to the surrounding grassy fields 
and the adjacent wooded area. The habitat for AOC FS-19 can be described as an edge 
community consisting of the on-site flat open field and the abutting small pitch pine area. The 
open grassy area in AOC FS-19 spans 0.05 acre and is considered the area accessible to 
terrestrial receptors. 

Identification of Indicator Species 

Nine indicator species identified in Appendix P of the RAH were considered representative 
receptor species that may continuously inhabit AOC FS-19; they were selected for evaluation in 
the PRA. The following species were selected: 

• white-footed mouse (Peromyscus lenopus), 
• meadow vole (Microtus pennsylvanicus), 
• northern short-tailed shrew (Blatina brevicauda), 
• northern cardinal (Cardinalis cardinalis), 
• grasshopper sparrow (Ammodramus savannarum), 
• upland sandpiper (Banramia longicauda), 
• northern harrier (Circus cyaneus), 
• short-eared owl (Asioflammeus), and 
• red fox (Vulpes vulpes). 

The white-footed mouse is an omnivorous, small burrowing mammal with limited range and 
likely to live in open/old field, forest edge, and forest habitats. 

The meadow vole is an herbivore and is typically found in grass-dominated fields, bog mat 
areas, and marshes. The vole maintains networks of runways consisting of cleared vegetation. 
Voles also burrow to a limited degree. 

The short-tailed shrew was selected as representative of small mammal insectivores. The 
shrew might be expected to occur in the field and edge community habitats similar to those 
found at AOC FS-19. These small mammals construct nests underground and runways within 
the upper surface layer of soil. 

The red fox, a terrestrial mammalian carnivore, was selected as a model receptor because it 
preys on both birds and burrowing mammals, like rodents, and is known to feed on carrion. The 
home range of the red fox is approximately 210 acres. Given the small size of the site and the 
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presence of heavy traffic on I&E Road, carnivores like the red fox would not continuously 
inhabit the site, but they may occasionally forage on-site in darkness. 

Representative avian receptor species include the state-listed endangered upland sandpiper, 
the northern cardinal, and the grasshopper sparrow, a state species of special concern. All these 
species may be found at AOC FS-19. The northern cardinal was selected as a model receptor 
because it is usually found in edge community habitats and is representative of an avian 
omnivore (i.e., its diet consists of plants and insects). The cardinal is a small-to-medium-size 
bird that is frequently present in forest edge habitats. This bird nests above ground within 
shrubs, low trees, and thickets or other tangled vegetation. 

The upland sandpiper and grasshopper sparrow were selected as model receptors because 
they most commonly occur in early successional, old field habitats similar to the open field area 
of AOC FS-19 and might also utilize the pitch pine and scrub oak forest edge habitat at AOC 
FS-19. In addition, these model receptors represent avian insectivores (i.e.. diet consisting of 
primarily insects) and construct their nests on the ground. 

The northern harrier (Circus cyaneus), a state threatened species and short-eared owl (Asia 
flammeus) are representative of raptors. The home range of the northern harrier ranges from 
1.5 km2 to 2.1 km2 while the short-eared owl ranges over an area of 0.2 km2 . These receptors 
commonly forage in the open fields where their diet consists of small mammals, such as voles 
and small birds. However, they may more frequently utilize other areas that offer better quality 
habitat to their prey, such as old fields and wetland habitats. It seems unlikely that AOC FS-19 
could support a significant population of small mammals that could serve as a significant food 
source for avian or mammalian carnivores. 

Identification of Exposure Pathways 

Exposure pathways are the means by which ecological receptors come into contact with 
contaminated environmental media. Exposure to the environmental media may occur through 
direct contact with contaminated media or indirect exposure via the food chain. 

Groundwater and surface soil (see Table 2-100) are the environmental media that were 
evaluated in this ecological PRA. Groundwater is not considered an exposure medium at AOC 
FS-19 with regard to its contribution to possible contaminant loading to sediment in Edmunds 
Pond. However, it may ultimately discharge downgradient into the surface water at Edmunds 
Pond. For the PRA, groundwater data for AOC FS-19 were qualitatively evaluated as to 
potential risk to pelagic aquatic biota inhabiting Edmunds Pond. 

Table 2-100 shows that the maximum surface soil concentrations of arsenic, cadmium, 
chromium, cyanide, lead, manganese, vanadium, and zinc exceed maximum concentrations for 
MMR background. However, the average concentrations for arsenic, cadmium, cyanide, and 
manganese were less than the maximum concentration for MMR background. The average 
concentrations for the analytes detected in surface soil were computed using a data set of only 
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three samples collected from the areas of suspected petroleum-related contamination. Based on 
the small surface soil data set representing the most highly contaminated areas of AOC FS-19 
and the average concentrations' being less than MMR background, it is likely that detected 
concentrations of arsenic, cadmium, cyanide, and manganese in surface soil represent naturally 
occurring levels. The average concentrations of chromium and vanadium only slightly exceed 
the MMR background and probably represent ambient levels. However, surface soil 
concentrations of lead and zinc were 2- to 3-fold higher than MMR background and may be 
related to activities at AOC FS-19. The elevated lead concentrations in the surface soil samples 
may be the result of residual contamination remaining in the backfill within the excavated areas 
from which the USTs were removed. The USTs had been filled with MOGAS, which has a high 
lead content. The elevated zinc concentrations in the surface soil samples may also be the result 
of residual soil contamination in the backfill within the excavated areas. A few of the USTs 
removed also contained waste oil, which may have been mixed with discarded battery fluid. 
However, the elevated lead and zinc levels in the surface soil represent a small confined area of 
metal contamination (approximately 0.015 acres). This area would have little impact on the 
ecological receptors foraging area as it represents a small portion of the available foraging 
habitat. It is unlikely that ecological receptors would forage in this area to any great extent as 
better sustaining habitats are nearby. 

Given the history of AOC FS-19, the detected concentrations of 4,4'-DDT and dieldrin are 
not likely to be related to AOC FS-19 activities but are likely to be the result of historical 
pesticide spraying on the base. 

Exposure pathways exist between an environmental medium (e.g., surface soil) and receptors 
(e.g., soil invertebrates, flora, and mobile terrestrial receptors) in direct contact with a medium. 
Exposure pathways to herbivores and insectivores are also expected to occur indirectly through 
food chain transfer of soil contaminants. 

Receptor species may ingest contaminated food items, such as insects or vegetation. An 
exposure pathway is considered potentially complete if there is a way for the ecological receptor 
to take in the contaminant. The three major exposure routes for ecological receptors are 
ingestion of food and water, inhalation/respiration, and direct contact. Many of the COCs have 
the potential to bioconcentrate, bioaccumulate, and biomagnify contaminants through food 
chains (see Appendix J of the RAH). The ecological receptor's foraging behavior can 
significantly influence the consumption of contaminated food items. For example, consumption 
of prey items such as the white-footed mouse or shrew by higher trophic-level organisms can 
present a significant indirect exposure pathway that may contribute greatly to the overall 
exposure of these receptors to site contaminants. 

Some pathways, such as dermal contact and inhalation, could not be quantified because of the 
absence of species-specific exposure information. While all potential pathways are discussed, 
those that will likely result in the largest contaminant intakes were quantified. 
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** The white-footed mouse is a small, burrowing omnivore. According to dietary information 
provided in Appendix P of the RAH, its diet consists of approximately 80% plant material and 
17% invertebrates. Incidental soil ingestion accounts for the remaining 3% of its diet. 
Therefore, this animal would be chronically exposed to soil contaminants by means of incidental 
soil ingestion, inhalation, and dermal contact and indirectly through ingestion of potentially 

—	 contaminated food items. 

The meadow vole is an herbivore that consumes seeds, grasses, and sedges. This animal 
•	 would also be exposed to contaminants by means of incidental soil ingestion, inhalation, dermal 

contact, and potential ingestion of contaminated plant matter. 

•	 The northern short-tailed shrew is a representative of the insectivore trophic level. The shrew 
would similarly be exposed through dermal contact, incidental soil ingestion, inhalation, and by 
means of the food chain. 

m 
Based on its life history, the red fox might be exposed to contaminants primarily through the 

food chain. If the red fox were to have a den on-site, the receptor may also be exposed to COCs 
"* through dermal contact and inhalation routes of exposure. 

The upland sandpiper is a ground-nesting bird; therefore, it may be exposed to soil 
contaminants by means of incidental soil ingestion, inhalation, and dermal exposure. Also, these 
birds are insectivores and may be exposed through uptake of chemicals into insects. 

• 
The grasshopper sparrow is a ground-nesting insectivorous bird and therefore may be 

exposed to contaminants by means of incidental soil ingestion, inhalation, and dermal exposure, 
rg as well as uptake via the food chain, as both species feed on insects. 

The northern cardinal is included because it is an omnivorous bird, and this receptor 
"• population is not represented by any state-listed species. This passerine bird would be exposed 

to chemicals bioaccumulated into plants and invertebrates. While foraging, the cardinal may 
inadvertently ingest small quantities of soil. The cardinal is not a ground nesting species; 

•	 therefore, exposure by means of dermal absorption and inhalation would be limited. 

The northern harrier and the short-eared owl are also ground-nesting species. If they nest on-
site, they may be exposed to contaminants through dermal and inhalation pathways; however, 
they might be primarily exposed to soil contaminants through their diets. 

Quantification of Exposure 

^ The purpose of the ecological exposure assessment is to define the exposure concentrations 
or doses from site-related contaminants that could potentially pose a threat to ecological 
receptors. This definition includes estimates of doses received through defined routes of 

•i	 exposure. 
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As previously noted, in assessing the potential ecological risk posed by the hypothetical 
discharge of groundwater contaminants to the surface water, the PRA considered the future 
potential impact of the groundwater as it may contribute to future sediment and surface water 
contamination. Because groundwater from AOC FS-19 flows downgradient and eventually 
discharges to Edmunds Pond, the risks associated with the potential exposure of pelagic aquatic 
receptors to contaminated groundwater is addressed in the PRA. The potential risks to pelagic 
aquatic receptors inhabiting Edmunds Pond were qualitatively evaluated by comparing the total 
and dissolved concentrations of COCs detected in AOC FS-19 groundwater to the aquatic 
benchmark values presented in Table 0-2 of the RAH or to available federal AWQC and 
guidelines (USEPA 1991). 

Exposure estimates were based conservatively on the current measured concentrations of 
COCs in AOC FS-19 groundwater without corrections for possible dilution or attenuation by 
chemical, physical, or biological processes. It was also conservatively assumed that aquatic 
receptors will be exposed to the COCs in surface water at current groundwater concentrations 
without dilution by the surface water itself nor reduced by chemical or physical processes within 
the receiving surface waters. 

While the aforementioned assumptions resulted in a conservative quantification of surface 
water exposures to pelagic aquatic receptors, similar risks to benthic receptors using 
groundwater-derived data could not be made. To pelagic aquatic receptors, similar assumptions 
regarding future potential sediment contaminant concentrations cannot be made. The 
characteristics of the sediments will influence the availability and the specification of the COCs. 
The potential transformations may occur at the point of groundwater discharge, and contaminants 
may be transformed into less toxic forms through natural biodegradation processes. Also, a COC 
may or may not be completely dissolved in sediment pore water or may be strongly sorbed to 
sediment constituents such as organic matter, thus resulting in a contaminant's being less 
bioavailable. The locations of discharge of the groundwater and the physical and chemical 
characteristics of the sediment in Edmunds Pond that would receive groundwater discharge 
cannot be predicted based on currently available data. As a result, possible groundwater COC-
associated body burdens of the primary producers (aquatic vegetation) inhabiting Edmunds Pond 
cannot be reasonably determined, nor can contaminant levels be determined for higher trophic 
levels. Thus, the groundwater COC-associated exposure doses for food chain indicator species 
that inhabit Edmunds Pond cannot be quantified. 

The ecological exposure dose was modeled for the terrestrial indicator species selected to 
represent species that may occur in AOC FS-19. The doses were calculated for both the mean 
and maximum concentrations of each COC. The results of the modeling are provided in Tables 
2-101 through 2-118. 

Ecological Effects Assessment 

The PRA used the following endpoints for evaluating potential effects on terrestrial wildlife: 
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•	 A reduction in population or production of local vertebrate or plant groups. 
•	 Any toxic effect on an individual of a state-protected species sufficient to impair survival or 

reproduction. 

It is assumed that, by protecting the individual, all levels of the ecosystem (i.e., populations 
and communities) are protected. Potential impacts on terrestrial species are evaluated by 
estimating an "acceptable applied daily dose" for each of the major receptor groups: herbivorous 
mammal, carnivorous mammal, herbivorous bird, and carnivorous bird. These estimated 
acceptable doses are then compared with the modeled daily intakes to determine if acceptable 
soil or sediment concentrations found on-site are acceptable. 

The ecological endpoint for plants was based on protection of the most sensitive species. 
Phytotoxicity values were obtained from the RAH. These values for soils were set to 
approximate the lowest concentrations at which a measurable effect on plant growth or 
germination could be expected for plants growing in soil. 

For the purposes of this risk assessment, the federal AWQC (USEPA 1991) were used as 
benchmarks to quantify potential impacts to pelagic aquatic populations (i.e., aquatic populations 
inhabiting the water column). These criteria were designed to protect approximately 95% of the 
aquatic populations potentially exposed. For chemicals that did not have AWQC values, aquatic 
benchmark values provided in Table O-2 were used, as described in the RAH. In Table G-4 of 
the RAH, the values for cadmium, chromium, nickel, lead, and zinc were adjusted for water 
hardness (mg CaCo3/L) of 14 mg/L using hardness equations for AWQC. 

The toxicity data and derivation of acceptable applied daily doses for wildlife and the 
acceptable exposure concentrations for plants and aquatic populations are discussed below. 
These data were used to calculate benchmark values for both wildlife indicator species and 
plants. 

Ecological Benchmarks 

Benchmark values for terrestrial vegetation were obtained using phytotoxicity information 
contained in Tables O-3 and O-4 of the RAH. The phytotoxicity values used as benchmarks 
were based on protection of the most sensitive vegetation species. Benchmarks for the surface 
soil COC in AOC FS-19 are presented in Tables 2-119 and 2-120. These benchmark values for 
soils approximate the lowest soil concentrations at which a measurable effect on plant growth or 
germination would be expected. 

The "acceptable applied daily dose" used as the terrestrial wildlife benchmark was based on 
the maximum dose (mg of chemical/kg of body weight/day) that was not expected to have a 
long-term adverse effect upon the animal. These doses were taken from current literature where 
available (Sample et al. 1996). In the absence of appropriate literature values, doses were 
obtained from Table O-l in Appendix O of the RAH. When possible, the highest NOAEL from 
a chronic study of oral exposure in which organisms from the same taxonomic class were used 
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for determining the acceptable concentrations, although such studies were rare. The NOAEL is 
defined as the dose at which no adverse effects were observed in the exposed animals. This type 
of data is not always available. Therefore, the acceptable applied daily dose was extrapolated 
from other toxicological studies and the appropriate uncertainty factors were applied. 

The four animal receptor groups are herbivorous mammal, carnivorous mammal, herbivorous 
bird, and carnivorous bird. When possible, the toxicity benchmark value selected for each 
animal trophic group was based on a test species from the same animal group (e.g., the toxicity 
value for an herbivorous mammal was based on the test data on herbivorous mammals) and on 
laboratory tests using reproductive endpoints because reproduction is essential to the survival of 
a population. When a trophic-specific toxicity value was unavailable, the toxicity value for an 
herbivore was used because it is assumed that absorption would be greater due to the longer gut 
length in herbivores. Frequently, benchmarks were not available for birds. Therefore, mammal 
toxicity data were used. 

The estimated acceptable daily doses or benchmark values for receptor populations were 
obtained from the literature or the RAH as appropriate. These values were compared to 
estimated daily doses calculated for each of the identified receptor species. These COC-specific 
estimated and acceptable daily doses are presented in Tables 2-121 through 2-138. 

Estimated exposure doses for the white-footed mouse and the meadow vole were compared 
to the acceptable daily doses for an herbivorous mammal. Estimated exposure doses for the 
short-tailed shrew were compared to the acceptable daily doses for a carnivorous mammal 
because acceptable daily doses for insectivorous mammals such as the shrew were not available 
in the RAH. The shrew consumes large soil invertebrates, such as earthworms, and two of the 
COCs, dieldrin and DDT, can potentially bioaccumulate in earthworms. Herbivores experience 
less exposure from food ingestion than insectivores, omnivores, and carnivores. Carnivores can 
potentially experience higher exposure doses of the organic contaminants that biomagnify 
through the food chain transfer. Predators can be severely affected if they ingest prey containing 
organic contaminants. For these reasons, the shrew's exposure doses were compared to 
acceptable daily doses for a carnivorous mammal rather than an herbivorous mammal. 

Daily exposure doses estimated for the upland sandpiper and the grasshopper sparrow were 
compared to acceptable daily doses for a carnivorous bird. Because of the dietary preferences of 
the upland sandpiper and grasshopper sparrow (i.e., large insects rather than plant matter), there 
is the potential for dieldrin and DDT to bioaccumulate in their food items. In addition, DDT can 
cause eggshell thinning and thus decrease the reproductive success of individual birds. The 
raptors can potentially experience higher exposure doses of the organic contaminants that 
biomagnify through the food chain transfer. 

Aquatic benchmark values for use in the PRA were taken from Appendix 0, Table 0-2 of the 
RAH. Table 0-2 provides freshwater aquatic benchmarks for several contaminants. Aquatic 
benchmark values represent the maximum acceptable toxicant concentration (MATC) as the 
selected benchmark for aquatic risk evaluation. The MATC is an estimate of the chronic toxicity 
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threshold that is the geometric mean of the no observed-effect-concentration and lowest
observed-effect-concentration. When the listed test organism from the toxicological studies was 
not applicable to the organism being assessed, an appropriate surrogate species with a quantified 
MATC value was selected. 

2.6.5.3 Risk Characterization 

The AOC FS-19 PRA follows the methodology for a Tier III ecological risk assessment, as 
outlined in the RAH, using HQs to calculate an HI. The HI is cumulative by exposure pathway 
and, where risks were elevated, by chemical class. For each COC, an HQ is calculated by 
dividing the exposure concentration (maximum or mean) or the food-chain exposure doses for 
terrestrial model receptors by a benchmark value. The HI is the sum of the HQ values for all 
contaminants within the pathway: 

HI = £ (observed contaminant concentration/benchmark value)
 
or
 
HI = £ (estimated exposure dose/benchmark value).
 

His were developed for both maximum and mean detected concentrations for each medium 
by comparing the detected concentrations with appropriate benchmark values. Values greater 
than 1.0 did not necessarily indicate a potential ecological hazard but, instead, suggested that the 
potential for biological effects among receptors exposed to COCs by the pathway be evaluated. 

Risk to Terrestrial Vegetation 

The evaluation of risk to plants at AOC FS-19 is based on concentrations of contaminants in 
soil known or predicted to be toxic to vegetation. HQs are calculated for each COC and then 
summed to derive an HI for terrestrial vegetation. 

Tables 2-119 and 2-120 present the contaminant concentrations, benchmark values, 
calculated HQs, and resultant His for maximum and mean contaminant concentrations in the on-
site soils. The terrestrial vegetation His are summarized as follows: 

Terrestrial Vegetation Hazard Index 

Maximum COC Mean COC 
Hazard Index Concentrations Concentrations 

Inorganics 3.17 2.0 
SVOCs 0.16 0.2 
VOCs 0.002 0.003 
Pesticides/PCBs 0.17 0.096 

TOTAL 3.5 2.3 
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For surface soils, none of the mean concentrations had HQs exceeding 1.0. Lead is the only 
COC maximum concentration that generated an HQ greater than 1.0 (HQ = 1.9). The inorganic 
COCs contributed to the overall HI that exceeded 1.0. When characterizing the potential risk 
posed to terrestrial vegetation from the contaminants present in on-site soils, the greater the HI, 
the greater the likelihood of potential risk to these receptors. His greater than 1.0 indicate that 
terrestrial vegetation may be affected by contaminant concentrations in the soils. 

The results of the Tier III analysis suggest that risk to terrestrial plants may be present, based 
on the cumulative HI. However, considering the limited size of the site, and the fact that, with 
the exception of lead, no individual contaminant had an HQ over 1.0, the actual risk to terrestrial 
vegetation may be limited. 

Risk to Aquatic Receptors 

The evaluation of risks to aquatic receptors was based on His developed using on-site 
groundwater concentrations with both total and dissolved inorganic concentrations. His 
developed for AOC FS-19 and the selected benchmarks used to calculate a compound specific 
HQ are provided in the RAH. They consist primarily of AWQC values. 

His for the groundwater concentrations in this area were calculated and are presented in 
Tables 2-139 and 2-140. These tables present the contaminant concentrations, benchmarks, 
calculated HQs, and resultant His for maximum and mean contaminant concentrations in the 
aquatic media. 

The aquatic His are summarized as follows: 

Aquatic Hazard Indices 

Maximum Contaminant Mean Contaminant 
Concentration Concentration 

Hazard Index Total Dissolved Total Dissolved 

Inorganics 81.6 6.0 21.3 2.9 

TOTAL 81.6 6 21.3 2.9 

While HIs>1.0 indicate the potential for adverse effects, these His do not necessarily indicate 
an appreciable effect based on applicable assessment of endpoints (i.e., population effects, 
reproduction effects, etc.). With the exception of nonmobile benthic invertebrates and terrestrial 
plants, an HI of 10 or more is an appropriate risk management criterion because of the 
uncertainty inherent in the exposure and hazard estimates; the appropriate assessment endpoint is 
protection of populations rather than individuals. An HI of 10 is probably adequate to protect 
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most animal populations in the AOC FS-19 Study Area because they have home ranges larger 
that the AOC area. 

Exposure concentrations for pelagic aquatic receptors were based on an evaluation of COCs 
detected in the groundwater and were conservatively based on currently measured 
concentrations. In quantifying exposure, it was conservatively assumed that aquatic receptors 
would be exposed to the contaminant levels currently measured in the groundwater and that 
contaminant levels would not be diluted by surface water inputs. It was also assumed that 
bioavailable fractions would not be reduced by chemical, physical, or biological processes 
occurring in the surface waters. In Tables 2-139 and 2-140, the His for aquatic receptors using 
both total and dissolved concentrations in groundwater exceed 1.0. If aquatic receptors were 
exposed to these groundwater COC concentrations in surface water, then adverse effects to 
pelagic aquatic receptors would be expected. For maximum groundwater COC concentrations 
for unfiltered groundwater, all HQs for individual COCs exceed 1.0 (Table 2-139). Based on 
mean groundwater COC concentrations for unfiltered groundwater, HQs for copper, and lead, 
exceed 1.0. Dissolved groundwater concentrations for inorganic COCs are considered more 
indicative of actual risk to pelagic aquatic receptors because this is typically the bioavailable 
fraction and because the AWQC are derived from contaminant concentrations dissolved in water. 
According to filtered groundwater data, as shown in Tables 2-139 and 2-140, lead dissolved in 
groundwater could pose a potential threat to potential aquatic receptors. 

Risks to Terrestrial Receptors 

The evaluation of risk to terrestrial vertebrate receptors at AOC FS-19 was based on the risks 
associated with the terrestrial food chain. The risks were evaluated by estimating the exposure 
dose based on the organisms' feeding habits and habitat preferences. For each selected terrestrial 
vertebrate receptor, a daily maximum or mean exposure dose of a COC in units of mg COC per 
body weight of the animal is compared to a COC-specific adjusted oral benchmark value in the 
same units. These adjusted oral benchmark values or terrestrial wildlife benchmarks were 
obtained from current literature values and Table 0 in the RAH. In Table 0, the terrestrial 
wildlife benchmarks have been grouped by vertebrate group and trophic position. The four 
groups include herbivorous mammal, carnivorous mammal, herbivorous bird, and carnivorous 
bird. A terrestrial wildlife benchmark group was selected for each selected vertebrate receptor 
species based on the feeding strategy and trophic position of the vertebrate receptor. Comparing 
a COC exposure dose for a particular vertebrate receptor species to an adjusted COC benchmark 
value produces a COC-specific HQ. The HQ represents the potential risk posed by a COC to the 
vertebrate receptor. The COC-specific HQs are summed to derive an HI. The HI represents the 
potential cumulative risk posed by COCs to the vertebrate receptor. 

His were developed for each indicator species likely to reside in AOC FS-19. Tables 2-121 
through 2-138 present the contaminant concentrations, benchmark values, calculated HQs and 
resultant His for maximum and mean contaminant concentrations. The food chain His are 
summarized as follows. 
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Food Chain Exposure Hazard Index Summary 

TERRESTRIAL SPECIES Maximum HI Mean HI 
Meadow vole 0.4 0.3 
Northern short-tailed shrew 1.4 0.9 
Upland sandpiper 4.4 2.0 
Grasshopper sparrow 0.1 0.1 
White-footed mouse 0.2 0.1 
Northern harrier 0.004 0.003 
Short-eared owl 0.003 0.002 
Red fox 0.0002 0.0001 
Northern cardinal 5.3 2.5 

The meadow vole grasshopper sparrow, white-footed mouse, northern harrier, short-eared 
owl, and the red fox are not expected to experience adverse effects associated with individual 
exposures to COCs in surface soil. The His based on maximum detected surface soil 
concentrations, as shown above, are less than 1. 

For the insectivorous northern short-tailed shrew, the total HI using maximum detected 
concentrations in surface soil was 1.4 (Table 2-125). No single COC had an HQ greater than 1. 
The COC with the highest HQ was arsenic (HQ = 0.36). Using mean concentrations, the total HI 
was 0.9 (Table 2-126). No single COC had an HQ greater than 1. The COC with the highest HQ 
was arsenic (HQ = 0.27). Because the total HI for maximum detected surface soil concentrations 
for all COCs was less than 10, HQs were not summed by chemical class for this terrestrial model 
receptor. 

For the upland sandpiper, the total HI using maximum detected concentration in surface soil 
was 4.4 (Table 2-127). The pesticide 4,4'-DDT was the primary contributor to risk with an HI of 
4.4. The total HI using mean concentration data was 2.0 with 4,4'-DDT as the primary 
contributor to risk (HQ = 1.8) (Table 2-128). Because the total HI for maximum detected surface 
soil concentrations for all COCs was less than 10, HQs were not summed by chemical class for 
this terrestrial model receptor. 

For the northern cardinal, the total HI using maximum detected concentrations in surface soil 
was 5.3 (Table 2-129). The pesticide 4,4'-DDT (HQ = 3.3) and cyanide (HQ = 1.7) were the 
primary contributors to risk. The total HI using mean concentrations was 2.5. The pesticide 
4,4'-DDT (HQ = 1.4) was the primary contributor. Because the total HI for maximum detected 
surface soil concentrations for all COCs was less than 10, HQs were not summed by chemical 
class for this terrestrial model receptor. 
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Risk Characterization Summary 

As the evaluation presented herein represents a Tier III analysis, values greater than 1.0 are
 
not necessarily indicative of a potential hazard, but they do suggest that the potential ecological
 
effects of the COCs in the evaluated media should be considered further or qualified.
 

The potential risks associated with groundwater COCs originating from the site to pelagic 
aquatic receptors in Edmunds Pond were qualitatively evaluated. It was conservatively assumed 
that aquatic receptors will be exposed to the concentrations of COCs measured in the on-site 
groundwater and that contaminant levels will not be diluted by surface water inputs, nor will 
toxicity be reduced by chemical, physical, or biological processes while migrating through 
subsurface or at the point of discharge. Concentrations of contaminants in the dissolved fraction 
are considered more indicative of actual risk to pelagic aquatic receptors because the AWQC are 
derived from contaminant concentrations dissolved in water, and dissolved concentrations in 
surface water represent what is bioavailable to aquatic receptors. For filtered groundwater data, 
lead dissolved in groundwater could pose a potential threat to aquatic receptors. However, to 
gain a perspective on the predicted risk, Table 2-77 characterizes the potential aquatic risks 
associated with maximum background concentrations for dissolved inorganic compounds in 
MMR groundwater. The calculated HI (272) for maximum dissolved background concentrations 
in MMR groundwater is higher than the HI for AOC FS-19 representing aquatic risks associated 
with dissolved COC concentrations detected in one-site groundwater. Therefore, further 
investigation of potential aquatic risks attributed to AOC FS-19 groundwater is not warranted 
based on naturally occurring background conditions existing within MMR. Additionally, a high 
level of uncertainty is associated with estimated risk for surface water exposures using 
groundwater concentrations. Risks would be grossly overestimated because concentrations in 
groundwater would likely diminish greatly after upwelling into surface water bodies. 

His representing predicted adverse effects associated with surface soil COCs to terrestrial 
vegetation exceed 1.0. Therefore, potential adverse impacts to terrestrial vegetation may have 
occurred. Maximum and mean COC concentrations are presented on a sitewide basis for AOC 
FS-19, and His represent cumulative adverse impacts of the COCS. Because, plants are 
immobile, they experience concentrations at only one location, not several. To evaluate risks to 
ground vegetation properly, concentrations detected location-by-location should be used to 
estimate potential risks to organisms that tend to remain at one location. Because this is not 
practical however, mean concentrations may accurately evaluate COC concentrations that may 
be experienced by terrestrial plants. To discriminate the level of potential risk posed by naturally 
occurring background concentrations of these inorganic compounds versus that posed by 
concentrations of the inorganic compounds contributed by past on-site activities, the potential 
terrestrial risks associated with maximum MMR background soil concentrations were also 
characterized. The derivation of these His is presented in Tables 2-78. When comparing the HI 
for mean COC concentrations in soil to the HI representing MMR background levels in soil, the 
HI for the site is only approximately 30% higher than the HI representing MMR background 
levels in soil. However, considering the limited size of the site, the incremental risk above 
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background, and the fact that no contaminant had an HQ over 1.0, farther consideration of risk to 
terrestrial vegetation is not considered to be warranted. 

The results of the Tier III analysis for terrestrial wildlife indicate that the risk estimates for 
the quantified exposure pathways at AOC FS-19 pose little or no threat to individual wildlife 
species. The PRA used the following assessment endpoints for evaluating potential adverse 
impacts to terrestrial wildlife attributed to the presence of COCs in surface soil: 

•	 A reduction in population or production of local vertebrate or plant groups. 
•	 Any toxic effect on an individual of a state-protected species sufficient to impair survival or 

reproduction. 

The northern short-tailed shrew and the northern cardinal are not state-protected species but 
are indigenous to MMR. Therefore, the potential reduction in population sizes or reduction of 
local vertebrate species is considered a significant impact. Although the His for these receptors 
is slightly greater than 1, it is not expected that individual animals will be at an appreciable risk 
because the HI does not exceed 10 and the toxicity values used in the assessment were NOAELs. 
Therefore, potential effects on the local breeding population of these receptor species are 
likewise not expected due to the very low HI. In addition, it is unknown whether the receptor 
species use AOC FS-19 habitats, because the model receptors were selected based on types of 
habitats in AOC FS-19 and a review of information identifying species known or expected to 
occur at MMR. No formal ecological field surveys were conducted as part of the Tier III 
analysis to confirm that the selected receptor species actually are present at the site or that a 
suitable habitat exists to support the receptors. 

It is not likely that AOC FS-19 supports bird or mammal populations that represent a 
significant portion of the total population within MMR because of the small grass area of AOC 
FS-19 (approximately 0.07 acre). If the insectivorous and omnivorous receptor species are on-
site and were significantly affected as a result of exposure to COCS, the loss of these individuals 
may not affect the MMR population size. Animals that may inhabit AOC FS-19 and are prey for 
raptors or predators may not represent a significant portion of the diet for the carnivores 
inhabiting MMR. 

Population density, which is defined as the number of individuals inhabiting a measurable 
area, can be significant when estimating an effect of a COC on a species population. The habitat 
requirements of a species control its population density. Density is a dynamic quantity, changing 
as animals or birds are born, die, and migrate. Density is measured at a particular time and can 
only be meaningfully compared to measurements taken at approximately the same time in other 
years. The population densities of the selected receptor species have not been measured for AOC 
FS-19 or for MMR. 

The upland sandpiper is a state-protected species, and based on the estimated His for the 
species, potential dietary exposure to surface soil COCs may cause toxic effects in individual 
upland sandpipers. For this reason, and based on the results of Tier III risk analysis, some risk to 
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the upland sandpiper may exist. However, a degree of uncertainty is introduced into the risk 
estimates for this species because the upland sandpiper may not use the site. Based on the 
physical characteristics of AOC FS-19, the habitat quality of AOC FS-19 for this bird is low 
compared to other areas in the MMR. If upland sandpipers use AOC FS- 19, it should be noted 
that the COC body burdens of the on-site portion of their diet (soil macroinvertebrates) were 
modeled values and were not measured. 

Dermal and inhalation exposure pathways were not evaluated in this Tier III PRA. 
Contaminated soil adhering to a target organism's skin or particulates that are directly inhaled 
may result in increased exposure and risk. However, exposure via these routes was judged to be 
minor when qualitatively compared to the food chain exposure route. 

2.6.6 Conclusions for Human Health and Ecological Risk for AOC FS-19 

Actual or threatened releases of hazardous substances from AOC FS-19 do not present an 
imminent and substantial endangerment to public health, welfare, or, the environment. The AOC 
FS-19 does not pose any unacceptable human health and ecological risks. 

2.7 DESCRIPTION OF NO FURTHER ACTION ALTERNATIVE 

The No Further Action alternative for AOC FS-17 and FS-19 allows for unrestricted use of 
the sites because no remedial action is necessary to protect human health and the environment. 
No additional structures will be removed from AOC FS-17 and AOC FS-19. Additional soils 
will not be excavated. Groundwater will not be treated in situ, nor will it be extracted and 
treated. Additional soil and groundwater sampling will not be performed with respect to the 
sites. 

2.8 DOCUMENTATION OF NO SIGNIFICANT CHANGES 

AFCEE presented a Proposed Plan for No Further Action at AOC FS-17 and AOC 
FS-19 source areas at a public information meeting held on December 9,1998, at the Otis 
Theater, Building 5219, Turpentine Road, MMR, and at a public hearing held on 
January 8, 1999, at Building 330, MMR. There have been no significant changes made to 
the No Further Action alternative presented in the Proposed Plan. 
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3. RESPONSIVENESS SUMMARY 

This Responsiveness Summary has been prepared to meet the requirements of Sections 
113(k)(2)(B)(iv) and 117(b) of CERCLA as amended by SARA, which requires response to "... 
significant comments, criticisms, and new data submitted in written or oral presentations" on a 
Proposed Plan for remedial action. The purpose of this Responsiveness Summary is to document 
AFCEE's responses to questions and comments expressed during the comment period by the 
public, potentially responsible parties, and governmental bodies in written and oral comments 
regarding the Proposed Plan For No Further Action for Soils and Groundwater at the FS-17 and 
FS-19 Sites at the Massachusetts Military Reservation (MMR 1998). 

3.1 OVERVIEW 

No Further Action is the selected action for AOC FS-1 7 and AOC FS-19 soils and 
groundwater. The No Further Action decision has not been changed from the No Further Action 
decision presented to the public in the Proposed Plan. Community representatives have not 
provided comments to the Proposed Plan. 

3.2 BACKGROUND AND COMMUNITY INVOLVEMENT 

The National Guard Bureau (NGB) and AFCEE have held regular informational meetings, 
issued fact sheets, and held public meetings to keep the community and other interested parties 

 informed of activities at the two AOCs covered in this ROD. The NGB was responsible for the 
IRP at MMR until 1996, when AFCEE assumed this responsibility. 

 Throughout MMR's history, community concern and involvement have been high. The 
NGB, AFCEE, USEPA, and MADEP have kept the community and other interested parties 
apprised of site activities through informational meetings, fact sheets, news releases, public 
hearings, and TEAC meetings. TEAC was organized in 1986 by NGB to provide a forum for 
public input on the MMR response activities. Membership in TEAC comprised USEPA, 
MADEP, and representatives from local, regional, and state groups. Beginning with the 
October 7, 1992 TEAC meeting, members of the public could attend these bimonthly meetings. 
TEAC is no longer in existence. 

During May 1991, an MMR Community Relations Plan was released that outlined a program 
to address community concerns and keep citizens informed and involved in the remediation 

 process at MMR. In July 1994, and again in December 1996, an updated draft Community 
Relations Plan was issued to incorporate concerns and feedback provided by the community and 
to document changes in AFCEE policy. 

In October 1993, a Senior Management Board was created to advise AFCEE on IRP 
activities. A person from each of the four towns surrounding MMR is among the Board - 
FS-17FS-19RODFinal .do c J L October 1999 

http:FS-17FS-19RODFinal.do


members, along with the regulatory agencies and the Adjunct General's Office of the 
Commonwealth of Massachusetts. PATs were also created to address specific issues at MMR; 
these issues including plume containment, long-range water supplies, innovative technologies, 
and public information. PATs have representation from the community, local business, 
regulatory agencies, and AFCEE. 

AFCEE published a notice of the Proposed Plan Meeting and the Proposed Plan Hearing for 
AOC FS-17 and AOC FS-19 in the Falmouth and Mashpee Enterprises, the Cape Cod Times, 
and the Bourne and Sandwich Enterprises on November 27, 1998. The notices indicated that the 
comment period would extend from December 9, 1998, through January 8, 1999. Before the 
start of the comment period, AFCEE made the RI reports, the Feasibility Study, and Proposed 
Plan available for public review at the U.S. Coast Guard library at MMR and at the main public 
libraries in Bourne, Falmouth, Mashpee, and Sandwich, Massachusetts. The Proposed Plan has 
also been made part of the Administrative Record available for public review at the AFCEE IRP 
office at MMR and at the Falmouth Public Library. 

From December 9, 1998, to January 8, 1999, AFCEE held a 30-day public comment period 
to accept public comments on the No Further Action decision presented for AOC FS-17 and 
AOC FS-19 in the Proposed Plan. On December 8, 1998, AFCEE held a Public Meeting at the 
Otis Theater, Building 5219, Turpentine Road, MMR, to present and discuss the Proposed Plan. 
On January 5, 1999, AFCEE held a Public Hearing at Building 330, MMR, to accept verbal 
comments on the Proposed Plan. No representatives of the general public attended the public 
meeting for AOC FS-17 and AOC FS-19. No representatives of the general public attended the 
Public Hearing for AOC FS-17 and AOC FS-19. Because no public attended the Public Hearing, 
no comments were received from the public at the hearing. No formal comments were submitted 
by the public through any venue during the public comment period extending from December 9, 
1998, through January 8, 1999. A transcript of the January 5, 1999, Public Hearing is included 
in Appendix D. AFCEE's responses to the comments received at the hearing and during the 
public comment period are included in Appendix C. 

3.3 SUMMARY OF COMMENTS RECEIVED AND RESPONSE TO THOSE 
COMMENTS 

No comments were received from the public regarding the No Further Action decisions for 
AOC FS-17 and AOC FS-19. Because no comments were received, there are no responses. 

3.4 NO FURTHER ACTION DECISION CONCERNS 

The public has not expressed any concerns regarding the No Further Action decisions for 
AOC FS-17 and FS-19. 
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4. STATE ROLE
 

The Commonwealth of Massachusetts has reviewed the SI, RI, Feasibility Study reports, and 
Proposed Plan and concurs with the proposed remedial action decisions. The Commonwealth has 
also reviewed these documents to determine if the decision complies with applicable or relevant 
and appropriate laws and regulations of the Commonwealth. A copy of the letter of concurrence 
from the Commonwealth of Massachusetts is attached as Appendix E to this ROD. 
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TCL VOCs (?g/kg) TCL SVOC TICs [a] 5,557J(18) Acetone TCL Pusticidus (V'J/ky) 
Acetone 2J TCL Pesticides C?g/kg) Malhylane Chloride 4,4'-ODE 1.UJ 
Carbon Olsulfide U 4.4'-DDD 2.2J Toluene 4.4'-DDT 22 
Chloroform U 4,4'-DDE 4.2 TCL VOC TICs [a] TCL PCBs (?g/kg) NO 
Toluene 1J 4,4'-DDT 53 TCL SVOCsr (?g/kg) TAL Melals (my/kg) [b] 94.-1 
Total Xylerie Gamma Chlordane 2—rnetttylnophlhalene Magnesium 032 2J 0.76J 

TCL VOC TICfl [a] 403J(7) Endrln ketone 3J | Acenaphthalene Lead 94. 4 
TCL SVOCs (?g/kg) TCL PCBs (?g/kg) Anlhracehe Zinc W.'J. 

2-methylnaphlhalene Aroclor-1260 Benzo anthracene TPH (410.1)(mg/kg) 230J 120J 43 TPH (B015)aa Diusol (my/kg) 05 Acenaphthalene 14J TAL Metals (mg/kg) [b] Qenzo pyrene 
Anthracene 10J Barium 20.9 Benzo (luoranthene 
Denzo a) anthracene 61J Chromium 11.3 Benzo .h,l) perylene 
Donzo a) pyreno 38J Copper 7.7 Bonzo ;) fluoranthene 
Benio b) (luoranlhene 130J Lead 204 Chrysene 
Benzo g.h.l) perylene 35J Zinc 38.9 Di-n-butylphthalate

Dlbanzo (o,h) onthracono Benzo k) fluoranlhene 130J TPH (41B.1)(rng/kg) 210J 
Fluoranlhene Chrysene 73J TPH (80l5)as Diesel (mg/kg) 17 
Indeno (1,2,3-cd) pyrene Dl-n-bulylphlhalale 42J 

Dlbonzofuran 17J Naphthalene 
Phenanthrene Fluoranlhene t40J 
Pyrene Indono (1.2.3-cd) pyreno 33J
 

Naphthalene 71J
 
Phenanlhrene 110J
 17 
Pyrona t 10J 

USTs - CRT 104 AND 
~~" ~~~ "~- —

0 

SS-4 
' ^— ̂  

^ " ' "~^~ ^ 
TCL VOCs (?g/kg) TCL SVOC TICs [u] 3, 730J(6) SS-1 SS-1A SS-1 SS-1A "^ o
 Chloroform t J TCL Pesticides (?g/ky)
 1 Molhylono Chloroido U 4.4'-DDD 20J 

TCL VOCs (?g/kg) TCL SVOC TICs fa] 49BJ(24] 20,5AOJ(23) Toluene 3J 4.4'-DDE i!3J 
Acolone 9J 9J TCL Pesticides (?g/kg) SS-5 4,4' -DDT VMJ Total Xylene 5J 
Chlorofortn U U 4.4'-DDT 4.9J 4.5 Alpha-ChlordaneTCL VOC TICs [a] 230J(4) Mothylene Chloride ND U TCL PCBs (?a/kg) Gamma -Chlordono 4'.(jJ TCL VOCs (?g/kg) TCL SVOCs (?tl/kq) Endrin ketono TCL VOC TICs [a] 66J(2) 62J(2) Aroclor-1260 ND 25J 3,700 1 VJ Qhylbenzene 2-melhylnaphlhalene 310J TCL SVOCs (?g/kg) TAL Melals (mg/kg) [b] 

220J 
TCL PCBs (?g/kg) 

Toluene 1.800 Acenophlhalono Acenaphlhylone 96J 95J Barium 10.4 10.5 Aroclor-1260 200J 
Tolol Xylene 25.000 Anthracene 92J TAL Melals (mg/ky) [b] Anthracene 23J 23J Chromium 9.3 10.7 TCL VOC TICs [o] 1,041.000J(9) Benzo a) anthracene 330J Barium 56.7 Benzo a) anlhracono 140J 160J Copper 7.6 9.6 TCL SVOCs (?g/kg) Benzo a) pyreno 300J Chromium 10.0 Oenzo bS fluoranlheno 460J 480J Lead 74.5 42.5 2-melhylnophthalene Bonzo b) fluoranthone 920J 23 Benzo k; fluoranlhene 460J 4BOJ Magnesium 1,040 120,000 Copper 
Fluorene 10.000J Benzo g.h.i) perylene B20J Lead 709 V3G.7 Benzo g,h,l) perylene 150J 150J Zinc 29.7 27.9 
Naphlhalene 48.000J Benzo k) fluoranlhene 920J Manganosa 1 24 Benzo a) pyreno 180J 180J TPH (41B.1)(mg/kg) 460J 460J 1 f^i^ Phenanlhrene 10.000J Carbazole 92J Zinc Chrysene 170J 170J TPH (8015)as Diesel (rng/kg) 1300 130D :Chrysene 410J Pyrene 2.200J TPH (410.1)(mg/kg) U90 Dl-n-bulylphthalalo 14J NO TCL SVOC TICs fa] 5.295.000J(29) Di-n-bulvlphlhalale 62J Dlbonzo (a.h) anthracene 81J 82J TPH (8015)us Uioscl (mg/kg) I'JOJ 

TCL Pesticides f?g/kg) 6.6J Dibenzo (a.ti) anthracene 120J 
Fluoranlheno 140J 160J TAL Metals (rng/kg) Dibenzofuran 72J 
Indeno (1.2,3— cd) pyrene 150J 160J Copper 26.8 Fluoranthene 770J 
Phonanlnrone 27J 28J TPH (41B.1)(mq/kg) 37. 000J Indeno (1,2,3 — cd) pyrene 330J Pyreno 190J 200J TPH (8015)as Diesel (mg/kg) 19.000J Naphlhalene 24 OJ 

I PhonanthrcTie 730J 
Pyrene 650J 

^3±
 
KEY
 

GP-I
 BREAK IN PAVEMENT/STAINED SOIL — — EDGE OF ASPHALT PAVEMENT [b] ONLY METALS EXCEEDING MAXIMUM MMR GEOPRODE LOCATION AND SS-1 BACKGROUND ARE PRESENTED SURFACE SOIL LOCATION CONCRETE PAD 140.1 SURFACE ELEVATION
 

NO INDICATES COMPOUND NOT DETECTED INDICATES COMPOUND DETECTED BUT AT A
 FORMER DUILDINC FOUNDATION C/f°) TOPOGRAPHIC CONTOUR LINES CONCENrRATION LESS THAN MAXIMUM MMR BACKGROUND 
J INDICATES ESTIMATED CONCENTRATION EXISTING BUILDING c*T) FUEL ISLAND 

UNDERGROUND STORAGE TANKS Q [o] TICs REPRESENT TENTATIVELY IDENTIFIED COMPOUNDS. TPH ANALYZED BY METHOD 418.1 AND 50 WOODED AREA 
RESULTS ARE ESTIMATED AND THE NUMBER OF TICs MODIFIED METHOD 8015
 

FRENCH DRAIN 0 TELEPHONE POLE IDENTIFIED ARE IN PARENTHESES.
 

AUTO REPAIR BAYS 0 LEACHING WELL 

; FS-17 REMEDIAL INVESTIGATION 17_SOIL.DWC 

CLP TCL AND TAL 
SURFACE SOIL ANALYSES SUMMARY COM FEDERAL PROGRAMS CORPORATION 

of Cuiup Di-cssoi- & MeKui: Inc. MASSACHUSETTS MILITARY RESERVATION Rquro NO. •*-; 



NOTE: 
1. PHYSICAL FEATURES SHOWN (PN THIS FIGURE WERE EXISTING 

AT THE TIME OF THE Rl FIELQ INVESTIGATIONS CONDUCTED 
IN 1993/1994. 

USTs  CPT 104 AND 105 

FUEL ISLAND 

CONCRETE PAVEMENT 

TB-2 
GP-6m 

LEACHING WELL 

KEY 

W///A

I I

C Z)

I I

 BREAK IN PAVEMENT/STAINED SOIL 

 CONCRETE PAD 

 FORMER BUILDING FOUNDATION 

 EXISTING BUILDING 

UNDERGROUND STORAGE TANKS 

FRENCH DRAIN 

AUTO REPAIR BAYS 

140.1 
-/„ 

EDGE OF ASPHALT PAVEMENT 

SURFACE ELEVATION 

TOPOGRAPHIC CONTOUR LINES 0 

0 

FUEL ISLAND 

WOODED AREA 

TELEPHONE POLE 

LEACHING WELL 

MW-3 ^

TB-1 +

GP-2 B

GP— 1
ss_1 •

 MONITORING WELL LOCATION 

 SOIL BORING LOCATION 

 GEOPROBE LOCATION ,
\ 
' 

 GEOPROBE LOCATION A|D SURFACE SOIL LOCATION 

SCALE 

1" = 50' 

50 

JJS-/7 REMEDIAL INVESTIGATION I7_SALOC.DWG 

FIELD fXPLORATION LOCATIONS 
CDM FEDERAL PROGRAMS CORPORATION 
a subsidiary of Camp Dresser Ac McKcc Inc. MASSACHUSETTS MILITARY RESERVATION Figure No. 2-/I1 



Mlv-2 
DEPTH 

11/30/89 
8CV 

TP-7 
DEPTH 

ll/ 
5' 

16/90 
6' 

TREE LIME AND EDGE OF PAVEMENT 

VOCs 
Acetone
TICs
SVOCs 
TICs
INORGANICS 
TPH 

 0.0993 
 2(0.043) 

 K0.31J) 

VQCs 
Methyler.e Chloride 
Tetractiloroethene 
TICs 

SVOCs 
TICs 
INORGANICS 

O.O L 

NoData 

3(2. S9J) 

. 
0.0553 

2(0.31 7J) 
. 

3(1943.83) 

Aluminum 5380 5550 
Arsenic 2.4 2.5 
Barium S1.2 

Building Cadmium - 4.5 

VOCi 
e CMorloe 0.00-sJ 

TICs NI 
SVOCs 
TICs NI 

INORGANICS 
Lead 14.63 

TPH 53 

3693 

^^ \. ̂ ^ ^f 

- TB f 
/ TP-i m 

f 0 
TP-5 
DEPTH 

ft^% 3694 YMr
^^*/SS/ff/fs/rfSSf* 

\ LEACHING 

(CD-l/CL-1) 

11/28/89 
4' 6' 

TP-6 
DEPTH 

VOCs 
TICS 

SVOCs 
2-Metnylnaphthalene
TICs 

11/28/89 
4* 

NI 

 46 
7(1030.03) 

Chromium 
Copper 
Iron 
Lead 
Magnesium 
Nickel 
Vanadium 
Zinc 

TPH 

10.9 
3.6 

5290 
20.2 
1240 
6.9J 
10.5 
30.9 
234 

32.3 
81 

4570 
183 
-
-

11.2 
190 

27*00 

INORGANICS 

MW-1 

DEPTH 
11/28/89 

80' 

2(0.53) 
VOCs 
TICs 

SVOCs 
TICS NI 

INORGANICS 
TPH 21 

TP-1
DEPTH 

VOCs 
TICs 

SVOCs 
TICs 

Ii/ 2 1/89 
13

NI 
-

NI 

VOCs 
4-Methyl-2-Pentanone 
Styrene 
TICs 
SVOCs 
2-Methyln»phth»iene 
Phenanthrene 
3:s(2-EthyPhexyl)oh:hilate 
TJCs 
INORGANICS 

NI

46
;53 

9(1040.03)

0.0.12 
0.005J 

 3(4. 6J) 

 0.0833 

0.123 
 2(2.73) 

Aluminum 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 

6960 
4 

212J 
0.79) 

15 
93.4 
3.13 
1983 
9920 
5733 

NOTES: 

INORGANICS 
Cadmium 
Lead 

TPH 

13 
8.63 
12 

Aluminum 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 

11300
6.2

2643
1.13
13.5
9S03
63.4
4. S3

 N/A 
 N/A 
 N/A 
 N/A 
 N/A 
 N/A 
 N/A 
 N/A 

Magnesium 
Mercury 
Nickel 
Potassium 
Silver 
Vanadium 
Zinc 

TPH 

11803 
0.64 
9.4] 
43S 3 
2.63 
•9.2 3 
517 

22421 

1. ALL SOIL AND SEDIMENT CONCENTRATIONS IN mg/kg. 
UNLESS OTHERWISE NOTED, ALL AQUEOUS 
CONCENTRATIONS IN ug/L. 

Copper 
Iron 
Lead 
Magnesium 

3243
1 3900
! 80C3
1630

 N/A 
 N/A 
 N/A 

 NVA 
2. DEPTH, WHERE SHOWN, INDICATES THE TOP OF THE 

SAMPLE INTERVAL. 
3. ••-" INDICATES NO TARGETED COMPOUNDS WERE 

Mercury 
Nickel 
Potassium 
Silver 

0.32
15.1
705)
i.Sj

 N/A 
 N/A 
 N/A 
 WA 

LEGEND: 

-X) MCNITOF 
DETECTED. Vanadium 28.13 N/A 

4. TIC RESULTS INDICATE NUMBER OF COMPOUNDS Zmc 
TPH 

425
18405

 N/A 
 39 -f^} TEST PIT 

IDENTIFIED. TOTAL CONCENTRATIONS OF TIC IS 
SHOWN IN PARENTHESIS. 

5. ONLY INORGANIC CONCENTRATIONS ABOVE MMR 
BACKGROUND ARE SHOWN (SEE SUBSECTION 3.4). 

SUMMARY OF ANALYTES DETECTED 6. FOR DEFINITIONS OF QUALIFIERS, SEE TABLE 3.7. 
IN SUBSURFACE SOIL 

STUDY AREA FS-17 
APPROXIMATE SCALE IN FEET 

MASSACHUSETTS 
0 100. 200 FIGURE 2-8 MILITARY RESERVATION 
SOURCE: OAFB MASTER PLAN TAB NO. G-7 AND AERIAL SURVEY PHOTO TAKEN IN APRIL, 1990. 



• /o 
MW-7
 

Depth ' 5-7 ft. 20-22 ft. 30-32 ft. 75-77 ft.
 
TCL VOCs
 

Acetone NA 170 ND ND
 
2-Butanone (MEK) NA 4J ND 2J
 
Total Xyleno NA ND ND 7J
 

TCL VOC TICs [a] 0(0) 215J(3) 0(0) I25J(4) 
TCL SVOCs NO ND NA ND
 
TCL SVOC TICs [b] 70J(1) 1,440J(4) NA 0(0)
 
TCL Pesticides ND ND NA ND
 
TCL PCOs ND ND NA ND
 
TAL Metals [b]
 

Iron NA — — 3.360
 
TPH NA NA ND ND '
 

138.5 
MW-5 

Depth , 10-12 ft. 20-22 ft. 78-80 ft. 

TCL VOCs 
Acetone 41J 59J 31J 
Benzene ' IJ ND ND 
Ethylberizerte IJ , ND ND 
2-Bulanone (MEK) 5J' gj 4J 
4-Melhyl-2-Pentanone(MIBK) 6J 6J 8J 
Tetrochloroethylene IJ ND ND 
Toluene 10J IJ ND 
Total Xylene OJ ND ND 

TCL VOC TICs [a] 8J(1) 12J(1)
TCL SVOCs	 NA ND 'T 
TCL SVOC TICs NA 0(0) NA 
TCL Pesticides NA ND NA 
TCL PCBs NA ND NA 
TAL Metals [b] NA NA ND 
TPH NA NA NA 

BREAK IN PAVEMENT/STAINED SOIL — — EDGE OF ASPHALT PAVEMENT MW-3 $ MONITORING WELL LOCATION 

CONCRETE PAD	 140.1 SURFACE ELEVATION TG-1-f SOIL BORING LOCATION 

FORMER	 BUILDING FOUNDATION PX TOPOCRAPHIC CONTOUR LINES WATER TABLE CONTOUR LINE
 
EXISTING BUILDING rrp FUEL ISLAND NA
 INDICATES COMPOUND NOT ANALYZED 

IU111111J UNDERGROUND STORAGE TANKS <£) WOODED AREA ND INDICATES'COMPOUND NOT DETECTED 
FRENCH DRAIN 0 TELEPHONE POLE j INDICATES ESTIMATED CONCENTRATION 
AUTO REPAIR DAYS (5) LEACHING WELL 

CDM FEDERAL PROGRAMS CORPORATION 
u subsidiary of Cuinp Dresser & McKee Inc. 

LAST	 REVISED: 6-23-9 4 

, TB-1 
Depth	 10-12 ft. 45-47 ft. 78-80 ft. 
TCL VOCs 

Acetone 11J ND 19J 
Chloroform 2J 2J 2J 
Melhylene Chloride IJ ND ND 
Toluene ND IJ ND 

TCL VOC TICs [a] 71J(3) 0(0) 28J(2) 
TCL SVOCa 

Bis (2-ethylhexyl) phtholate 21J 37J 23J 
Phenol ND ND HJ 

TCL SVOC TICs [a] 5.876J(15) 2.577J(12) 0(0) 
TCL Pesticides ND ND ND 
TCL PCBs ND ND ND 
TAL Melals [b] _

Aluminum	 — 2.G40 _
Iron 3.480 9.350 

TPH 14J NA ND 

USTs 
CRT 104 AND 105 /, 

LEACHING WELL©/7 

MW-6 
Depth 10-12 ft. 20-22 ft. 78-80 ft. 

TCL VOCs 
Acetone 20J NA 32J 
2-Bulonone (MEK) 
4-Methyl-2-Pentanone(MIBK) 

TCL VOC TICs [a] 
TCL SVOCs 

ND 
ND 
13J(1) 
ND 

NA 
NA 
NA 
ND 

6J 
11J 
15J(1) 
NA 

TCL SVOC TICs
TCL Pesticides 

 [a] 0(0) 
ND 

0(0) 
ND 

NA 
NA 

TCL PCBs ND ND NA 
TAL Malals [b] 

Chromium — NA 9.9 
Copper 
Iron 

-
3.300 

NA 
NA 

4.3 
4.500 

TPH NA NA NA 

[a]	 TICs REPRESENT TENTATIVELY IDENTIFIED VOCs. SVOCs. PESTICIDES AND PCOs ARE REPORTED 
COMPOUNDS. RESULTS ARE ESTIMATED IN ?g/kg. TPH AMD METALS ARE REPORTED IN mg/kg. 

1	 AND THE NUMBER OF TICs IDENTIFIED ARE 
IN PARENTHESES. 

[b]	 ONLY METALS EXCEEDING MAXIMUM MMR 
BACKGROUND ARE PRESENTED 0 

INDICATES COMPOUND DETECTED BUT AT A 
CONCENTRATION LESS THAN MAXIMUM 
MUR BACKGROUND 

AOC fS-1 7 REMEDIAL INVESTIGATION 

CLP TCL AND TAL 
SUBSURFACE SOIL ANALYSIS SUMMARY 

MASSACHUSETTS MILITARY RESERVATION 

SCALI: 
1" =	 50' 

y_.SSOIL.[)W( 

|-'njur e No. 2-'. 

50 



\ \
 
•5/19/90 1/-.0/91 

THEE LINE AND EDGE OF PAVEMENT 
VOCs 
Chloroform 2] 
TTCs NI 

LEACHING SVOCs 

@ WELL 2 bis (2-Ettiylhe»yt)Phthalate 13 
T!Cs NI 

-Hj-TP-4 INORGANICS 

LEACHING 

MW-1 4/19/50 2/27/91 (OUP) 
TP-2 TP-1 =WELL 1 

(CD-1/CL-1) 

k^OCs 
I,1.2.2-T«r»chloroeth8ne 1NJ 
Chloroform 33 
TICs NI 

SVOCs 
ncs NI 

N] 

NI 

N; 

N; 

UW-1 

Building 
36993? 

BulWing 
3691 

INORGANICS 

REWORKED UNVEGETATED SOIL 

LEGEND: 

MONITORING WELL 

TEST PIT 

APPROXIMATE SCALE IN FEET 

0 100 200 
SOURCE: OAFB MASTER PLAN TAB NO. G-7 AND AERIAL SURVEY PHOTO TAKEN IN APRIL, 1990. 

NOTES: 
1. ALL SOIL AND SEDIMENT CONCENTRATIONS IN mg/kg . 

UNLESS OTHERWISE NOTED, ALL AQUEOUS 
CONCENTRATIONS IN ug/L. 

2.	 DEPTH, WHERE SHOWN, INDICATES THE TOP OF THE 
SAMPLE INTERVAL. 

3.	 "-" INDICATES NO TARGETED COMPOUNDS WERE 
DETECTED. 

4.	 TIC RESULTS INDICATE NUMBER OF COMPOUNDS 
IDENTIFIED. TOTAL CONCENTRATIONS OF TIC IS 
SHOWN IN PARENTHESIS. 

5.	 ONLY INORGANIC CONCENTRATIONS ABOVE MMR 
BACKGROUND ARE SHOWN (SEE SUBSECTION 3.4). 

6. FOR DEFINITIONS OF QUALIFIERS, SEE TABLE 3.7. 

SUMMARY OF ANALYTES DETECTED
 
IN GROUNDWATER
 
STUDY AREA FS-17
 

MASSACHUSETTS 
FIGURE 2-10 MILITARY RESERVATION 



7 
•_ MW-2 

TCL VOCa 
Acetone 3.1 

TCL VOCa 
Chloroform	 2.3 

Chloroform	 2.7 Tetrachloroethylene 0.5 Dictilorodlfluoromethone 1.1 
TCL VOC TICs [a] 0(0)! 

TCL VOC TICs [a] 0(0) TCL SVOCs	 ND j 
TCL SVOCs 

TCL SVOC TICs [a] 43J(10) Bi3; (2-elhylhexyl) phlholate UTCL Pesticides	 ND . 
TCL SVOC TICs [a] 840(11) TCL PCBa	 ND 
TCL Pesticides EDB	 ND 

:	 4.4-DDT 0.02J 
TPH	 ND EDB	 ND TAL Metals (unflllered) [b] 

TPH	 ND Aluminum TAL Metals (unfiltered) [b] 
Copper
Iron •DRX.WELL Aluminum 6,870 

Copper 40.6 Lead FUEL ISLAND Iron 7.320J Manganese	 CONCRETE ^ Lead	 40 Potassium PAVEMENT 0	 Vanadium 14.9 Vanadium TAL Melals (filtered) [b] ND 
TAL Metals (filtered) [b]
 

Aluminum
 I C /  ) » MW-3 Chromium FRENCH DRAI
 
' ^ \ 60.02 Iron
 

MW-5 I '. 
60.12 

CRT	 104 AND 105 /, 
LEACHING WELL®77 ~o 

FUEL ISLAND 
60.28 

MW-4 
\139.3 

O 
138.5	 I  V 

MW-3	 dMW-5 MW-5A
 
TCL VOCs
 MW-4	 TCL VOCs Chloroform MW-1 Chloroform 2.2 2.2 Telrachloroethylene TCL VOCs
 
TCL VOC TICs [a] Benzene 0.2
 Tetrachloroethylene ND 0.4	 MW-6 

TCL VOCs TCL VOC TICs [a] 0(0) 0(0) TCL SVOCs	 Chloroform 2Acetone TCL VOCs TCL SVOC TICs [a]	 Dlchlorodtfluoromethane 1 TCL SVOCs ND ND 
Chloroform	 Chloroform TCL Pesticides	 Tetrachloroethyleno 0.4 TCL SVOC TICs [a] 
Dichlorodifluorome thane	 TCL Pesticides TCL VOC TICs [a] TCL PCBs	 TCL VOC TICs [a] T °ND0) 

Tetrochloroelhylene	 TCL SVOCs TEDO	 TCL SVOCs TCL PCBs ND ND 
TCL VOC TICs [a] TPH	 TCL SVOC TICs [a] 0(0) EDB ND ND TCL SVOC TICs 
TCL SVOCs TAL Motals (unflltored) [b] TCL Pesticides NO TPH ND ND TCL Pesticides
 

Aluminum 4,810 TCL SVOC TICs [a] TCL PCBs ND TAL Metals (unfiltered) [b] TCL PCBs
 
TCL Pesticides EDB
 Cobalt 9.3	 EDB ND Aluminum 1,830 3.180 

Copper 8.6 EDB	 TPH ND Copper - 7.1 TPH 
IRON	 11.200 TPH TAL Melals (unflllered) [b] Iron 3,490 5.930 TAL Metals (unfilled) [b]
 
Lead 5.2 Aluminum 1,710
 TAL Metals (unfiltered) [b] Lead - 3.8 Aluminum 2,760
 
Manganese 311 Aluminum 937 Arsenic 2.6 Manganese - 120 Iron 5,430

Vanadium 12.8 Iron 1,130J Iron 3,490 Vanadium — 8.4 Lead 4.4
 

TAL Metals (filtered) [b] ND TAL Metals (filtered) [b] ND TAL Melals (filtered) [b] ND TAL Metals (filtered) [b] ND ND TAL Metals (filtered) [b] ND
 

z:	 A. A. JL 
KEY 

BREAK IN PAVEMENT/STAINED SOIL — — EDGE OF ASPHALT PAVEMENT MW-3 0 MONITORING WELL LOCATION [b] ONLY METALS EXCEEDING MAXIMUM MMR
 
BACKGROUND ARE PRESENTED
 I I CONCRETE PAD	 140.1 SURFACE ELEVATION WATER TABLE CONTOUR LINE 

50' INDICATES COMPOUND DETECTED BUT AT A C D FORMER BUILDING FOUNDATION (̂ ) TOPOGRAPHIC CONTOUR LINES ND INDICATES COMPOUND NOT DETECTED CONCENTRATION LESS THAN .MAXIMUM MMR BACKGROUND
 
I I EXISHNC BUILDING rrp FUEL ISLAND
 J INDICATES ESTIMATED CONCENTRATION
 
rfnmm UNDERGROUND STORAGE TANKS O WOODED AREA TCL VOCs. SVOCs. PESTICIDES, PCOs, EDB AND METALS 130
 [a] TICs FOR VOC AND SVOC DATA ARE ESTIMATED 

ARE REPORTED IN ?g/L CONCENTRATIONS, THE NUMDER OF TICs OniHIfflU FRENCH DRAIN	 0 TELEPHONE POLE TPH REPORTED IN mg/L IDENTIFIED ARE REPORTED IN PARENTHESIS 
I 1 AUTO REPAIR DAYS (T) LEACHING WELL 1 /_ DATA'/!. 

:	 -40C fS-/  7 REMEDIAL INVESTIGATION 

I CLP TCL AND TAL 
GJOUNDWATER ANALYSIS SUMMARY CUM FEDERAL PROGRAMS CORPORATION 

u subsidiary of Cuinp Dresser it McKcc Inc. '\UASSACHUSEnSMILITARYRESERVATlON Ficjiu u No. 2-1 

i AC T orwicrrv 0 1 o/ i 
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Building 
3424 

I Building 
3423 

•fffffffff' 

Building 
3422 

Wfffffff. 

Building 
3421 

LEGEND: 

MONITORING WELL LOCATION 

-4- EXISTING MONITORING WELL 

SOIL BORING LOCATION 

APPROXIMATE SCALE IN FEET 

0 100 

3413 

TB-2 
DEPTH 

VOCs 
TIC 

SVOCS 
TIC 
INORGANICS 

ffffffffff 

Building 
3411 

LEE ROAD 

Building 

3414 
MW-2 

+ 

TB-1 12/3/90 
DEPTH O1 O'(DUP) 

GATE 

VOCs 
TIC 

SVOCs 
TIC 
INORGANICS 
TPH 

N I

N I 
64 

 N I 

N I 
61 

W
Building

3493

 ' I 
 i..J 

I ji 
LOCATION OF ABANDONED AND 

Building REMOVED UNDERGROUND FUEL

\ 
TANKS AT-24 THROUGH AT-29 

12/3/90 
r 101 20' 

N I 

VOCs 
TIC
 

SVOCs
 
TIC
 
INORGANICS
 
TPH
 

NOTES: 
1. ALL SOIL AND SEDIMENT CONCENTRATIONS IN mcj/kcj 

UNLESS OTHERWISE NOTED, ALL AQUEOUS 
CONCENTRATIONS IN ug/L. 

2.	 DEPTH, WHERE SHOWN, INDICATES THE TOP OF THE 
SAMPLE INTERVAL. 

3. "-" INDICATES NO TARGETED COMPOUNDS WEUL: 

DETECTED. 
4.	 TIC RESULTS INDICATE NUMBER OF COMPOUNDS 

IDENTIFIED. TOTAL CONCENTRATIONS OF TIC IS 
SHOWN IN PARENTHESIS. 

5. ONLY INORGANIC CONCENTRATIONS ABOVE MMR 
BACKGROUND ARE SHOWN (SEE SUBSECTION 3.1). 

6.	 FOR DEFINITIONS OF QUALIFIERS, SEE TABLE 3.7. 

SUMMARY OF ANALYTES DETECTED 

200	 IN SOIL 
STUDY AREA FS-19 

SOURCE: OAFB MASTER PLAN TAB NO.G-7 
AND AERIAL SURVEY PHOTO TAKEN IN APRIL, 1990, MASSACHUSETTS 
AND FIELD OBSERVATIONS IN APRIL, 1993. FIGURE 2-12 MILITARY RESERVATION 



~7 
ARE A I AND ARE A II
 

CLP DATA
 

FORMER LOCATION 
BUILDING 3493 

FORMER LOCATION 
OF SIX 10,000-GALLON UST's 

(AT-24 THROUGH AT-29) 

NOTES: 
ALL VOLATILE. SEMI-VOLATILE. PESTICIDE, AND 
PCB CONCENTRATIONS REPORTED IN ?g/kq. 
ALL METALS AND TPH CONCENTRATION? REPORTED 
IN ing/kg. 

REPORTED METALS CONCENTRATIONS ARE 
EXCEEDANCES OF MMR MAXIMUM BACKGROUND 
CONCENTRATIONS (MMR RISK ASSESSMENT 
HANDBOOK). SEE TABLE 5-2 FOR COMPLETE 
LISTING OF METALS DETECTED AND ASSOCIATED 
CONCENTRATIONS. 

ANALYSIS/ 
COMPOUND 

TCL VOC 

METHYLENE CHLORIDE 
ACETONE 
CHLOROFORM 
TOLUENE 
TOTAL XYLENE 
TOTAL VOCj 
TCL VOC TlCa 

CLP SVOC 

NAPHTALENE 
2-METHYLNAPHTHALENE 
ACENAPHTHYLENE 
PHENANTHRENE 
ANTHRACENE 
OI-N-BUTYLPHTHALATE 
FLUORANTHENE 
PYRENE 
DEN20 (A) ANTHRACENE 
CHRYSENE 
BENZO (B) aUORANTHENE 
BENZO (K) FUIORANTHENE 
BENZO (A) PYRENE 
INDENO (1.2.3-CD) PYRENE 
DIBENZO (A.H) ANTHRACENE 
BENZO (G.H.I) PERYUNE 

TOTAL SVOC« 
TCL SVOC TlCa 

CLP PESTICIDES 

DIELDRIN 
4.4'-DDE 
4.4'-DDD 
4,4'-DDT 
METHOXYCHLOR 
ENDRIN KETONE 
ALPHA CHLORDANE 
GAMMA CHLORDANE 
TOTAL PESTICIDES 

TCL PCB 
AROCLOR-1260 

TAL INORGANICS 

ALUMINUM 
ARSENIC 
BARIUM 
CALCIUM 
CHROMIUM 
COPPER 
IRON 
LEAD 
MAGNESIUM 
NICKEL 
POTASSIUM 
VANADIUM 
ZINC 

TPH (METHOD 41 B.I)
TPH (MODIFIED METHOD 8015)

SURFACE
SS-1

ND
5J
ND
ND
ND
50
82(3)

29J
38J
ND
350
ND
20J
38J
35J
ND
36J
460
46J
17J
24J
ND
220
3860
7.241(23)

70
110
19J
930J
16J
17
ND
1.9J

1.163.9J

260

13,800 
4.8 
57.9
1.280 
11.5
NO 
13.900 
119
1.300
6
717 
22.5 
88

 930
 37

 SOIL SAMPLES 
 SS-2 SS-2A 

 1J 1J
 
 ND ND
 

U U
 
U ND
 

 30 ND
 
 6J 2J
 

 73(2) 76(2)
 

 ND ND 
 ND ND 
 ND ND 
 41J 350 

 ND ND 
 12J ND 
 74J 76J 
 65J 72J 

 46J 42J 
 510 48J 
 92J 88J 
 92J 88J 
 43J 37J 
 35J 330 

 ND ND 
 30J 28J 

 5B1J 545J 
 2.886(15) 2.117(11) 

 21 18
 
 44 39
 
 12J 12J
 

 280J 380J
 
 31 34
 

 30 32
 
 ND 1.3J
 
 2.6J 3J 

 420.6J 519.3J 

 420 540 

 15.9 15.7 

 7.1 

 40.8 36.2
 
 1,030 1.000
 

 5.3 

 38.2 41.6 

 50J 48J
 
 NO 14
 

SS-3 

ND
 
ND
 
U
 
2J
 
ND
 
3J
 
24(3)
 

ND 
ND 
22J 
110J 
11J 
ND 
170J 
130J 
640 
89J 
160J 
160J 
640 
490 
290 
450 
1,1030 

12.188(23) 

120
 
11
 
NO
 
270
 
ND
 
ND
 
ND
 
ND
 
1580 

ND 

16.4 

7.9 

29.9 

18.7 
21.6 

ND
 
16
 

KEY 

SS-31 SURFACE SOIL SAMPLING LOCATION 

ND INDICATES COMPOUND NOT DETECTED 

DID NOT EXCEED MAXIMUM MMR BACKGROUND CONCENTRATIONS 

J SEE SECTION 3.6.4 FOR EXPLANATION OF DATA QUALIFIERS 

TICs TIC CONCENTRATION WITH NUMBER OF TICs IDENTIFIED 
19_SSB.DWG 

AOC FS-19 REMEDIAL INVESTIGATION 

COM FEDERAL PROGRAMS CORPORATION 
SURFACE SOIL CONTAMINATION MAP 

• mbildUr; of Cirnp DrtMir * lloKct Inc. 
MASSACHUSETTS MILITARY RESERVATION Figure No. 2-1 3 

LAS T KEVISLU: 11-17-95 

http:1.163.9J


ARE A 1 . • ARE A I 
CONFIRMATION DATA SCREENING DATA
 

FIXED-BASE LABORATORY MOBILE LABORATORY
 

GEOPROBE: GP-5 GP-16 GEOPROBE: GP-1 GP-2 GP-3 GP-4 GP-5 GP-16 
(8-9') (8-91) (8-9') (8-9') (8-9') (8-9') (8-9') (8-9') 

VOCs ND ND VOCs ND ND ND ND ND ND 

TPH (418.1) 27 ND TPH (418.1) 48 32 107 406 89 ND 

TPH (8015) ND ND TEST BORING: TB-6 
(10-12') 

VOCs ND 

FORMER LOCATION TPH (418.1) 23
 
BUILDING 3493
 

AREA II ARE A II 
CONFIRMATION DATA SCREENING DATA 

FIXED-BASE LABORATORY MOBILE LABORATORY 

DGP-12 GP-7 GEOPROBE: GP-8 GP-9 GP-11 GP-1 3 GP-14 GEOPROBE: GP-6 GP-7 GP-8 GP-9 GP-10A C 
GP-6 GP-10A ' (8-9') (8-9') (8-9') (8-9') (8-9') (8-9') (S-91) (8-9') (8-9') (8-9') (

GP-11 -15 VOCs GP-1OB VOCs ND ND ND ND ND ND 

Trichloroethylene ND ND ND 1.3 ND TPH (418.1) 116 48 72 448 70 I8G 
Toluene ND ND 3.5 1.3J 2.1J GEOPROBE: GP-1 2 GP-1 3 GP-14 GP-1 5
Ethylbenzene ND ND 1.3J ND ND (8-9') (8-9') (8-9') (8-9') 
M,P-Xylenes ND NO 4.4 2.7 ND 
0-Xylenes ND ND 2.1 1.3J ND VOCs ND ND ND ND 
Total Xylenes ND ND 6.6 4 ND TPH (418.1) 55 106 11B ND 

FORMER LOCATION TPH (418.1) 57 230 2,100 520 19
 
OF SIX 10,000-GALLON UST's
 TEST BORING; TB-5 

(AT-24 THROUGH AT-29) TPH (8015) 16 11 1.500D 290D ND (10-12') 

ND VOCs 

TPH (418.1) 3,850 

NOTES: KEY 

ALL VOLATILE CONCENTRATIONS REPORTED IN ?g/kg. GP-16 D GEOPROBE LOCATION TB-6 <•> SOIL BORING LOCATION -i 
80' 

i
ALL TPH CONCENTRATIONS REPORTED IN mg kq. j 

80 I GO VOCs - VOCs ANALYZED BY METHOD 8010/8020. T1TI1H1T RAILROAD TRACKS ND INDICATES COMPOUND NOT DETECTED 
TPH(8015) - ANALYZED BY MODIFIED METHOD 8015. 
TPH(418.1) - TPH ANALYZED BY METHOD 418.1. D.J.B SEE SECTION 3.6.4 FOR EXPLANATION OF 

DATA QUALIFIERS. 19 ...a-12 . owe 
" AOC FS-19 REMEDIAL INVESTIGATION 

12' SUBSURFACE SOIL CONTAMINATION MAP 
COM FEDERAL PROGRAMS CORPORATION 
a subsidiary of Cump Drcsacr & McKcc Inc. MASSACHUSETTS MILITARY RESERVATION FJCJLIM; No. 2-I'I 



7_ 
ARE A ARE A I 

CONFIRMATION DATA SCREENING DATA 
FIXED-BASE LABORATORY MOBILE LABORATORY 

FORMER LOCATION
 
BUILDING 3493
 

DGP-12 GP
GP-10A GP-6 

GP-11 -15 
GP-10RO 

FORMER LOCATION 
OF SIX 10,000-GALLON UST's 

(AT-24 THROUGH AT-29) 

NOTES: 

ALL VOLATILE CONCENTRATIONS REPORTED IN ?g/kg. 
ALL TPH CONCENTRATIONS REPORTED IN mg/kg. 
VOCs - VOCs ANALYZED BY METHOD 8010/8020. 
TPH(8015) - ANALYZED BY MODIFIED METHOD 8015. 
TPH(418.1) - TPH ANALYZED BY METHOD 418.1. 

COM FEDERAL PROGRAMS CORPORATION 
u subsidiary of Cuiup Dresser tt MoKcc Inc. 

IJO'I* OPIMOPIV K - i  n (I J 

KEY 

GP-16 D

"

GEOPROBE: 

VOCs 

TPH (418.1) 

TPH (8015) 

TEST BORING: 

VOCs 

TPH (418.1) 

TPH (8015) 

GEOPROBE: 

VOCs 

TPH (418.1) 

TEST BORING: 

VOCs 

TPH (418.1) 

7 

 GEOPROBE LOCATION 

 RAILROAD TRACKS 

GP-2 
(16-17') 

ND 

65 

16 

TB-6 
(15-17') 

ND 

ND 

ND 

GP-6
(16-17')

ND

60

TB-5 
05-17') 

ND 

7.6J 

GEOPROBE: GP-1 GP-2 GP-3 GP-4 GP-5 ,GP-16 
(16-17') (16-17') (16-irXl6-17')(16-17')(16-17') 

VOCs ND ND ND ND NS ND 

TPH (418.1) 170 100 26 25 NS ND 

TEST BORING: TB-6
 
(15-17')
 

VOCs ND
 

TPH (418.1) 4.1J 

ARE A II 
SCREENING DATA 
MOBILE LABORATORY 

 GP-7 GP-8 GP-9 GP-10B GP-11 GP-12 GP-1 3 GP-14 GP-1 5 
 (16-17') (16-17') (16-17) (16-17')(16-1 7')(16-17') (16-17') (16-17') (16-17') 

 ND ND ND ND ND ND ND ND ND 

 49 82 285 20 158 57 85 188 ND 

TB-6 <•> SOIL BORING LOCATION 

NS INDICATES INTERVAL NOT SAMPLED 
ND INDICATES COMPOUND NOT DETECTED 
B,J SEE SECTION 3.6.4 FOR EXPLANATION OF 

DATA QUALIFIERS. 

AOC rS-1% REMEDIAL INVESTIGATION 

15' - 17' SUBSURF/JcE SOIL CONTAMINATION

MASSACHUSETTS MILITARY RESERVATION 

SCALE
 
1" = 00'
 

sa?
80 1(30 

19_15-17.DW G 

 MAP 

Figure No. 2- I 5 

http:19_15-17.DW


FORMER LOCATION 
BUILDING 3493 

GP
GP-6 

GP-11 
GP-10BL1 

DGP-12 
GP-10A 

-15 
GEOPROBE: 

VOCs 

TPH (418.1) 

FORMER LOCATION 
OF SIX 10,000-GALLON UST's 

(AT-24 THROUGH AT-29) 

TEST BORING: 

VOCs 

TPH (418.1) 

ARE A I
 

SCREENING DATA
 
MOBILE LABORATORY
 

GEOPROBE: GP-1 GP-2 GP-3 GP-4 GP-5 GP-16 
(24-25') (24-25') (24-25') (24-25') (24-25') (24-25') 

VOCs ND ND ND ND NS NO 

TPH (418.1) 31 53 105 240 NS ND 

TEST BORING: TB-6 
(25-27') 

VOCs ND 

TPH (418.1) ND 

ARE A II 
SCREENIN G DATA
 
MOBILE LABORATORY
 

GP-6 GP-7 GP-8 GP-9 GP-10A GP-11 GP-12 GP-1 3 GP-14 GP-1 5 
(24-25') (24-25') (24-25') (24-25') (24-25') (24-25') (24-25')(24-25')(24-25') (24-25') 

ND ND ND ND ND ND ND NS ND ND 

69 56 128 534 39 37 76 348 15B ND 

TB-5 
(25-27') 

ND 

7.6J 

NOTES: 
ALL VOLATILE CONCENTRATIONS REPORTED IN ?g/kg. 
ALL TPH CONCENTRATIONS REPORTED IN mg/kg. 
VOCs  VOCs ANALYZED BY METHOD 8010/8020. 
TPH(8015)  ANALYZED BY MODIFIED METHOD 8015. 
TPH(418.1)  TPH ANALYZED BY METHOD 418.1. 

KEY 

GP-16

TB-6

 D

 <?>

"1±

 GEOPROBE LOCATION 

 SOIL BORING LOCATION 

 RAILROAD TRACKS 

ND

NS

B,J

 INDICATES COMPOUND NOT DETECTED 

 INDICATES INTERVAL NOT SAMPLED 

 SEE SECTION 3.6.4 FOR EXPLANATION
DATA QUALIFIERS. 

 OF 

0 

SCALE; 
I" = UO' 

——00 100 

19_24-27.0W G 

AOC FS-19 REMEDIAL INVESTIGATION 

COM FEDERAL PROGRAMS CORPORATION 
u subsidiary of Cuinp Dresser & MeKee Inc. 

24'  27' SUBSURFACE SOIL CONTAMINATION MAP 
I 

MASSACHUSETTS MILITARY RESERVATION Figure No. ' />--1 G 

LAST UKVISKI): 11-17-05 



MW-2 1/15/91 

VOCs 
TICs Nl 

SVOCs 
Building 

3424 
Building 

3414 
TICS 
INORGANICS 
Sodium 19700 

Nl 

Building Building; 
3423 3413 

Mfffffft 

Bolldlng MW-l 
3422 

VOCs 
1.1.1-Trlchloroethane
1,1-Dichloroethane
Trichloroethene
TICs

SVOCs 
TICs
INORGANICS 

Building Building 
3421 3411 

LEE	 ROAD 

LEGEND: 

MONITORING WELL LOCATION 

EXISTING MONITORING WELL 

SOIL BORING LOCATION 

APPROXIMATE SCALE IN FEET 
HM 

-<=100 200 

SOURCE: OAFB MASTER PLAN TAB NO.G-7 
AND AERIAL SURVEY PHOTO TAKEN IN APRIL, 1990, 
AND FIELD OBSERVATIONS IN APRIL, 1993. 

^	 GATE 

^ ^
 i! i i 
Building ...J 

34W a 
LOCATION OF ABANDONED AND 

REMOVED UNDERGROUND FUEL—7 
TANKS AT-2 4 THROUGH AT-2«/ 

)OAT E 

WOODS 
3/29/90 1/15/91 (ON SLOPE) 

 69 12J 
6 

 32 3J 
 Nl Nl 

 Nl Nl 
BASE OF SLOPE 

1/15/91 1/15/91 
55' 65' 

VOCs 
1,1.1-Trichloroethane 15J 5J 
Melhylene Chloride 4 J 
Trichloroethene 3J 
TICs Nl Nl 
SVOCs 
TICs Nl 
INORGANICS 
Vanadium 4.3 J 
Zinc 63.2 

NOTES: 
1. ALL SOIL AND SEDIMENT CONCENTRATIONS IN mg/kg 

UNLESS OTHERWISE NOTED, ALL AQUEOUS 
CONCENTRATIONS IN ug/L. 

2.	 DEPTH, WHERE SHOWN, INDICATES THE TOP OF THE 
SAMPLE INTERVAL. 

3.	 "-" INDICATES NO TARGETED COMPOUNDS WERE 
DETECTED. 

4.	 TIC RESULTS INDICATE NUMBER OF COMPOUNDS 
IDENTIFIED. TOTAL CONCENTRATIONS OF TIC IS 
SHOWN IN PARENTHESIS. 

5.	 ONLY INORGANIC CONCENTRATIONS ABOVE MMR 
BACKGROUND ARE SHOWN (SEE SUBSECTION 3.4). 

6.	 FOR DEFINITIONS OF QUALIFIERS, SEE TABLE 3.7. 

SUMMARY OF ANALYTES DETECTED 
IN GROUNDWATER 
STUDY AREA F5-19 

MASSACHUSETTS 
MILITARY RESERVATION FIGURE 2-17 



FORMER LOCATION 
BUILDING 3493 

FORMER LOCATION 
OF SIX 10,000-GALLON UST's 

(AT-24 THROUGH AT-29) 

NOTES:	 KEY 

ALL VOLATILE CONCENTRATIONS REPORTED IN ?g/kg. MW-2 
ALL TPH CONCENTRATIONS REPORTED IN mq/kg. 
ALL VOCs, SVOCs, PESTICIDES, PCBs AND EDB MW-3 
CONCENTRATIONS REPORTED IN ?q/l. 
VOCs - VOCs ANALYZED BY METHOD 8010/8020. ND 
TPH(8015) - ANALYZED BY MODIFIED METHOD 8015. 
TPH(418.1) - TPH ANALYZED BY METHOD 418.1. 

EXISTING MONITORING WELL 

NEW MONITORING WELL 

INDICATES COMPOUND NOT DETECTED 

METALS IN GROUNDWATER (UNFILTERED) 
SAMPLING DATE t/17/94 t/17/94 t/17/«4 1/19/94 1/19/94 1/17/94 

PARAMETERAOCATION MW-1 MW-1 A WW-Jt UW-3 MW-4 AEHA-9 

TAL METALS  UNflLTERED 
Aluminum 
Anenlc 

1.930 
_ 

15.100
4.8 J 

 85« 9.800
_

 3.300 
^ 

868 _ 

Borlum 
_ 

111 U6 -
Calcium 

_ _  10.200 -
Chromium _ 20.8 _ — -
Coball - 14.1 - -
Copper 

_ 
13.7 - -

Iron 1.060 J 19,300 J 940 J 5,830 J 3.800 J 980 J 
L*ad 

_ 
18.5 - — _ 

Magnesium 
_ 

8.100 5.530 
_ 

Monganeii 
_ 

465 J 204 J 
_ 

Nickel — 22.1 — — — 
Potassium 

_ 
4.180 29 2,040 

_ 

Sodium 
_ - 295 .  -

Vanadium - 24.4 9.2 -

METALS IN GROUNDWATER (FILTERED) 
SWUNG DATE 1/17/94 1/17/94 1/17/94 1/19/94 1/19/94 1/17/94 

PARAMETER/LOCATION MW-1 MW-1A MW-2 MW-3 MW-4 AEHA-9 

TAL METALS - UNFlLTERtQ 

Barium 117 
Calcium - - - 10,900 
Sodium 32,500 

GROUNDWATER CLP DATA 
SAMPLING DATE 1/17/94 1/17/94 1/17/94 1/19/94 1/19/94 1/17/94 
PARAMETER/LOCATION MW-1 MW-tA MW-2 MW-3 MW-4 AEHA-9 

VOCi (524.2) 
1,1,1 - Trlchloroclhan* IJ 1.8 NO ND ND ND 
Benzene 0.3 0.7 NO ND ND NO 
Toluene 4 7.6 1.3 NO ND 0.4 
Elhylbonient 1.4 2.6 0.6 NO ND NO 

M.P-Xy1on« 7.1 12 2.9 ND ND ND 

0-Xyene 2.9 5.1 1 ND ND ND 

1 ,3,5-Trlmelhylbenzene 0.9 1.2 ND ND ND NO 

1 ,2.4-Trimolhylbonzone 2.6 3.8 1.2 ND ND NO 

TlCs	 0 1J(I) 0 0 0 0 

SVOCs - Low Conconlratlon SOW 

Oil (2-ethylhexyl) phlhalate NO 13 NO ND NO ND 
TIC) 32J(I1) 42J(9) 29J(8) 0 0 32J(8) 

PetUcldej/PCBi 
Low Concentration SOW NO NO NO ND ND NO 

TPH (418.1) NO NO NO NO ND ND 

E08 (504)	 NO NO NO ND ND ND 

D.J.B	 SEE SECTION 3.6.4 FOR EXPLANATION OF 
DATA QUALIFIERS. 

j 

TICs TICs FOR VOCs AND SVOCs ARE THE 
CONCENTRATION FOLLOWED BY THE 
NUMBER OF TICs IDENTIFIED 

j 
RAILROAD TRACKS '' 

80 160 

19_GWCON.DWG 

COM FEDERAL PROGRAMS CORPORATION 
11 sub.siil i ivry of Ciunp Dresser & McKcc Inc. 

I/IOC FS-19 REMEDIAL INVESTIGATION 

GROUNDWATER CONTAMINATION MAP 
I 
WSSACHUSETTS MILITARY RESERVATION Figure No. 2 - 1  0
 



APPENDIX B 

TABLES 

FS-17 FS-19 RODFinal.doc October 1999
 
B-l 



Intentional Blank Page 

FS-17FS-19RODFinal.do c B-2 October 1999 

http:FS-17FS-19RODFinal.do


Table 2-1
 
Summary of Analytes Detected in Surface Soil
 

Study Area FS-17
 

Priority 2 and 3 Areas SI
 
MASSACHUSETTS MILITARY RESERVATION
 

:1	 . ' .':  •• . . :. , • • .• • • . : • ,. . ; : • '  : • • ..; :• : v::i • • ! i Exploration1 D: ;:-^iMW4i;i::!r::;:- ;. ;; TP-«3 • • •. TP-4: . ; :  ; :  | 
1 "y9JAmuSIH ' 91JJmi_ftQ '9fUJnu-fK) ! 

: • .MfiC7Nf)V4OV . .•  :IANALYTES •••• - . : " •  • :  : ' • • '  - ^-:::^-:-\ '•  • "":; - . sampled: !	  ,-HC Î IOV-OW  . i wO l̂ <HfvTWr. , '•, 

.JVOLATILES (ma/kg) 

JSEMIVOLATILES (mg/kg)
 
|Bis(2-ethylhexyl)phthalate 0.12J
 

IpESTlCIDES/PCBs (mg/kg)	 N/A 

IINORQANICS (mg/kg) 
[Aluminum	 ^.li.'MlSMBO- ': :; ' ! i ' i"1 . 1 - :  ; . riSBtO ' ' • ' ' ' " " :  • 11200 17	 | ;:i:: :Antimony -s ""•••'.','' • ;,;M. .•;-":L'', v/''v''...::- ; ';::::i! n 
Arsenic	 ''ii1'''' •,!ijflrtj'iil'"li>'i''!''!''''""iii'' ' ''iiiii'i'̂  ' ' • ' •  " ' • '  ' ''i!'''""iw2!!7!' ' , ' .'n 
Barium .!:!!.:;^!:!iai\i-^;^!ii:^:jM:i8;jy::; :•/::::: iej' J 

Beryllium .I..,;!!:;:,,,. . • . . . • , '  . „-.•.,:, ' • •  • 0.94 j 
' ' ' ' ' " ' ' ' '•" i >!. . . ft HJ ^' ' I1Cadmium 

'• 48iBJ '. - . 43;SJ ' - ' ii258J • ' , 
•Chromium	 ;.• • • ' ;i2iS' ; • " •  : ;;

: - ,* 4 - 13.4 
;  I ;  :  J•Cobalt	 , ; .  . • 'iifjaj; .': . ' ; ; • '^' •'  • ' • "  • ' • • '  • i' ; Q; U  •'

•Copper	 i;. • ! • ;  ' ;;E8Jil! i' '!';. i.'̂ lV.i ' ' ' ! " i ; i  . ' ! ! ' ' i ' ;1 ' :'"i:':!;?;';;:.:j:;v'; Vi.i 
•Iron	 < ,i]2lZO ' .'li''!'!'' '' • 0450''! > ' ' ' ' 'r1 ; <.' ' .i'Jl I'lDO ' '', r 
•Lead 4 1 ' ":;'';!f;1'J3 • • ' • ••• ' '  ! • '  • '1L4J V " . • „ '  ' ' ' '  ' I '  ' . I'fiiSI' ' ' • ' . " '  • 
IJMagnesium ;':r! ,;;ii:j)3«j VMi'i'.iriv^M^IBJi-i'-i1 ' ' 1150"' 

rJNickel , - ' , • . • •  • . ' 6.8j" 
•Selenium	 :• ' ' •  " - " ."• ' 'IXL1AJ.
•Silver	 - • . - R 
Sodium '. ,.;20.BJ ': . - • • • • ; • •  " "'!-'.; , ;!! 
Vanadium ;&I :55J 18.1J 
Zinc • ' . - • •  ' • : • • ' . - : . ' "  • ' . . • •  :  • • / 20.7 

TOTAL PETROLEUM HYDROCARBONS (mg/kg)	 1370 246 

Notes: 
- = Not detected 
N/A = Not Analyzed 
* = Duplicate Sample 
Shaded results are below MMR background concentrations. 

FS17TBL2-4	 2/2/99 



Table 2-2
 

Summary of Surface Soil CLP Results
 

AOC FS-17
 

MASSACHUSETTS MILITARY RESERVATION
 

SAMPLE LOCATION 

ANALYSIS SS-1A SS-1 SS-2 SS-3 SS-4 SS-5 

(Dup.olSS-1) 

TCLVOCs(ug/Kg) 
Methylene Chloride 1.00J 11.00U 10.00 U 1.00 J 1.00 J 1 200.00 UJ 

Acetone 9.00J 9.00 J 2.0 J 15.0J 11.00UJ 1. 200.00 UJ 

Carbon Bisulfide 11.00 U 11.00U 1.00J 11.00 U 11.00 U 1 200.00 U 

Chloroform 1.00J 1.00 J 1.00 J 11.00U 1.00 J 1. 200.00 U 

Toluene 11.00 U 11.00 U 1.00 J 1.00 J 3.00 J 1.800.00 

Ethvbenzene 11.00U 11.00U 10.00U 11.00U 11.00U 3.700.00 
Total Xylene 11.00 U 11.00 U 2.00 J 11.00U 5.00 J 25,000.00 

rCLSVOC«(iig/Kg) 

Naotnalene 720.00 U 720.00 U 350.00 U 350.00 u 1. 800.00 U 48.000.00 J 
2 - Methvlnaothatene 720.00 U 720.00 U 120.00 J 32.00 J 310.00 J 120.000.00 
Acenapthvtone 95.00 J 96.00 J 14.00 J 27.00 J 220.00 J 52.000.00 U 
Dbenzofuran 720.00 U 720.00 U 17.00J 350.00 U 72.00 J 52.000.00 U 
Fluorene 720.00 U 720.00 U 350.00 U 350.00 U 1. 800.00 U 1 0.000.00 J 
•henanthrene 28.0J 27. OJ 110J 32.0J 730J 1 0.000.00 J 

Anthracene 23.0J 23.0J 10.0J 11.0J 92.0J 52.000.00 U 
Fluoranthene 160J 140J 140J 62.0J 770J 52.000.00 U 
Pvrene 200J 190J 110J 55.0J 650J 2200.00J 
Benzo (A) Anthracene 160J 140J 61. OJ 35.0J 330J 52.000.00 U 
Chrvsene 170J  170J 73.0J 46.0J 410J 52.000.00 U 
Benzo (B) Fluoranthene 480J 460J 130J 140J 920J 52,000.00 U 
lenzo (K) Ruoranthene 480J 460J 130J 140J 920J 52.000.00 U 

Benzo (A) Pvrene 180J 1BOJ 36.0J 51 .OJ 300J 52.000.00 U 
lndeno(1.2.3-CD) Pvrene 160J 150J 33.0J 43.0J 330J 52,000.00 U 
Oibenzo (A.H) Anthracene B2.0J 81 .OJ 350.00 U 27.0J 120J 52,000.00 U 
Benzo (G.H.I) Pervtene 150J 1SOJ 35.0J 46.0J 280J 52,000.00 U 
Carbazote 720.00 U 720.00 U 350.00 U 350.00 U 92.00 J 52,000.00 U 
Di-n-Butytohthalate 720.00 U 14.00 J 42.00 J 10.00 J 62.00 J 52,000.00 U 

TCL Pesticide* (ug/Kg) 
4.4 - DDE 3.60 U 3.60 UJ 420 1.80J 23.00 J 3.40 UJ 
4.4 - DDD 3.60 U 3.60 UJ 2.20 J 3.50 U 20.00 J 3.40 UJ 
4.4 - DDT 4.50 4.90 J 53.00 2200 350.00 U 6.60 J 
Endrin Ketone 3.60 U 3.60 UJ 3.00 J 3.50 U 12.00J 3.40 UJ 

Alpha Chlordane 1.60 U 1.80 UJ 1.BO U 1.BO U 120 J 1.80UJ 
Gamma Chlordane 1.80 U 1.80UJ 0.76 J 1.80 U 4.60 J 1.80UJ 

TCL PCBS (ug/Kg) 
Aroclor-1260 25.00 J 36.00 UJ 43.00 35.00 U 200.00 J 34.00 UJ 

MAXIMUM MMR 

BACKGROUND 

CONC. [1] 

NA 
NA 

NA 

NA 

NA 

NA 
NA
 

NA
 
NA
 
NA
 
NA
 

NA
 

NA
 

NA
 

NA
 

NA
 

NA
 

NA
 

NA
 

NA
 

NA
 

NA
 

NA
 

NA
 

NA
 
NA
 

NA 

NA 

NA 

NA 
NA 
NA 

NA 
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Table 2-2 (cent)
 

Summary of Surface Soil CLP Results
 

AOC FS-17
 

MASSACHUSETTS MILITARY RESERVATION
 

SAMPLE LOCATION MAXIMUM MMR 

ANALYSIS SS-1A SS-1 SS-2 SS-3 SS-4 SS-5 BACKGROUND 

(Dup. of SS-1) CONC. Ml 

TAL Metal* tmgKg) 
ALUMINUM 5,170.00 5.680.00 2,410.00 3,050.00 3,000.00 2,370.00 8,930 

ANTIMONY 3.40 UJ 3.50 UJ 2.60 UJ 320 UJ 3.30 UJ 320 UJ 17.5 
ARSENIC 2.20 1.90 2.00 1.00 2.60 1.50 3.6 
BARIUM 10.50(2] 10.40 20.90 9.10 56.70 5.80 10.4 

BERYLLIUM 022 023 0.16 U 020U 023 0.20 U 0.65 
CADMIUM 0.40 U 0.56 0.75 0.40 U 1.30 0.40 1.5 
CALCIUM 214.00 306.00 300.00 426.00 525.00 251.00 969 
CHROMIUM 10.70 9.30 11.30 3.60 18.80 2.60 6.8 
COBALT 1.80 2.60 120 2.10 1.90 1.40 4.1 

COPPER 9.60 7.60 7.70 5.00 23.00 26.80 52 
CYANIDE 0.05 UJ 0.05 UJ 0.05 U 0.05 U 0.05 U 0.05 U 0.7 
IRON 6,060.00 7,200.00 5.330.00 5,400.00 8,460.00 4,500.00 12.400 
LEAD 42.50 74.50 204.00 94.40 769.00 520 12.05 
MAGNESIUM 650.00 1,040.00 541.00 832.00 630.00 566.00 794.5 
MANGANESE 56.40 J 71.80J 43.90 50.40 124.00 50.10 108 
MERCURY 0.1 1U 0.1 1U 0.10 U 0.11 U 0.11 U 0.10 U 0.06 
NICKEL 3.30 3.50 3.10 2.80 4.50 2.90 5.2 
POTASSIUM 363.00 377.00 224.00 323.00 302.00 415.00 551 

SELENIUM 0.21 UJ 020 UJ 020 UJ 0.21 UJ 0.21 UJ 020 UJ 0.33 
SILVER 0.99 U 1.00U 0.64 U 0.81 U 0.96 0.80 U 1.4 
SODIUM 91 .SOU 95.90 U 90.40 UJ 93.90 UJ 11 5.00 UJ 78.00 UJ 386 
THALLIUM 0.21 U 020 U 020U 0.21 U 021 U 0.20 U 0.25 
VANADIUM 10.40 12.70 9.60 9.60 13.10 7.70 15.2 
ZINC 27.90 29.70 36.90 20.20 155.00 9.40 16 

FPH (418.1) (ma/Kg) 460J 460J 210J 23OJ B90J 37000.OO 500(3] 

rPH (8015) as Diesel (mg/Ka) 130D 130D 17.00 85.00 190J 19.000J[4] 500 

Legend: 
111 Values referenced from the MMR Risk Asaesment Handbook. 
12] Gray shading Indicates exceedance of maximum MMR background concentration. 
|3] MMR Soil Target Cleanup Level (STCL) for TPH. 
14] TPH Analysis by Method 8015 quantified kerosene at a concentration of 22.000 mg/kg at location SS-5. 
Data Validation Qualifiers 

J - Indicates an estimated quantity 
U - Indicates compound was not detected. Concentration proceeding qualifier is the detection limit 
UJ - Indicates compound was not detected and that the detection limit is an estimated value 
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Table 2-3 
Summary of Geoprobe Sscreenlng and Confirmation Analya 

AOC FS-17 
MASSACHUSETTS MILITARY RESERVATION 

SCREENING RESULTS CONF1RMAT1ONAL RESULTS 

DEPTH DEPTH 

Simple 
Location 

GP-1 

GP-2 

0 to 1ft 
VOCt

(6010/8020)

NDM) 

NO 

 TPH
 (418.1)

621 

525 

8to« n 
 VOCt
 (8010/8020)

NO 

ND 

 TPH
 (418.1)

180 

57 

16 to 17 ft 
 VOC» TPH 
 (8010/8020) (418.1) 

ND 

ND 

42 

35131 

VOCl
(6010/8020)

NAI21 

1.8214] 

Otolf  t 
 TPH

 (418.1)

NA 

1400 

 TPH 
 (8015) 

NA 

81 

VOC«
(8010/8020)

NA 

NA 

8 to 9 ft 
 TPH

 (418.1)

NA 

NA 

 TPH 
 (8015) 

NA 

NA 

GP-3 NO 193 ND 137 ND 65 8.20151 570 3100 NA NA NA 

GP-4 NO 263 ND 206 ND 61 NA NA NA NA NA NA 

GP-S 

GP-6 

ND 

ND 

419 

2210 E 

ND 

ND 

490 

103 

ND 

ND 

91 

39 

NA 

NA 

NA 

NA 

NA 

NA 

3.816) 

NA 

110 

NA 

NO 

NA 

GP-7 ND 7070 E ND 206 NO 63 NA NA NA NA NA NA 

GP-8 NA 235 NO 37 ND 71 NA NA NA NA NA NA 

GP-9 

GP-10 

NO 

ND 

207 

206 

ND 

ND 

77 

1250 E 

NA 

AN 

63 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

GP-11 

GP-12 

GP-13 

ND 

NO 

ND 

ND 

31 B 

ND 

ND 

ND 

ND 

ND 

ND 

NO 

ND 

ND 

ND 

ND 

ND 

ND 

6.5 f7] 

NA 

NA 

130C 

NA 

NA 

22 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

LEGEND: VOCs in units of ug/kg. TPH In units of mg/kg; Refer to Sec. 4.6.4 for definition of data qualifiers. 

(1) ND: Target Volatiles (8010/B020) not detected 
[2] NA: Parameter not analyzed 
|3J Geoprobe could only be advanced to 11ft due to refusal 
(4) The confirmation Sample for GP-2 « 0-1fl contained tetrachlorethylene O 0.82 ug/kg and 1.0 ug/kg of trichforethene 
|5) The GP-3 Confirmation Sample 9 0-1ft contained 3.8 ug/kg of toluene, 2.60 ug/kg of m.p-wytenes, and 1.80 J ug/kg of o-xyfene 
|6) The GP-4 Confirmation Sample « 8-9ft contained 1.80 ug/kg of trichlorethene and 2.0 ug/kg of m,p-xylenes 
|7] The GP-11 Confirmation Sample 0 0-1 ft contained 1.30 ug/kg of tetrachtoroethytene, and 1.8 ug/kg of o-xylenes 

Exceedance of mmr STCL for TPH 

FS17'•OH -i.t 2/2/99 



-

-

-

-

Sampled: 28-NOV-89 30-Nov-89 21-N6V-89 21-Hov-*9 
ANALYTES Depth: 80 80 13 13
 
VOLATILES (mg/kg)
 
4-Methyl-2-Pentanone - - - 
Acetone - 0.099 J .
. 
Methylene Chloride - - - 0.004 J 
Styrene - - - 
retrachloreothene • • • • 

SEMIVOLATILES (mg/kg) 
2-Methylnaphtnalene - - - -
Phenanthrene . . . . 
Bls(2-ethylhexyl)phthalate • • - 

INORGANICS (mg/kg)
 
Aluminum 599 J 377 1050 , 1130
 

: . i  !Arsenic i,i +;••• • • • : 'm- ' 'ft'i'i''  • ' ' . ''L

' -jMNi 
 l ;

Barium , : i:U • y%: . ..•:'. : 4:1 J,, 
Beryllium ' ': '•?.:• I::;'. ; , ' • ' •  ' ' • •  * ' . '• :;:i:i.i:J'':' ••  1 

: ' '• '. -i'l ' .Cadmium •i/jvi-'1'"1 •i.- • u 
Calcium &J ..••' 78.0 J , 97.2 J 
Chromium	 ;:}&•,.  • ' 2.6 J : if1'., V:':."2'.i 

. Vi'.. | • : '  • 1 j • J'i!  V ',' '.•; •	 1Cobalt	 "  ' • ' . . '  • :
Copper	 :•..: L-iii: . •'  i .'i. • i i iM-1 ' :  1 ! '  - ' ! . 'l. • • 

1
Iron 2080 J W a^::;v  17JO 
Lead '  • 0.66 J 8.6J 14.6J *"  '

Magnesium ."fcwij.	 222J 
Manganese	 ' JBtfif 7J 2-9.2284'J j-,: -• aiajj 

:.Mercury	 • ' ; • i " -• 
.Nickel	 „' ' • . " - i ;  1 ! . - : '• ' ' ' ' >  '  : ' 

• . : : i  '" :  :. Potassium	 *• • -J Ij];1 ,  j

' . . .	 . ' • ! ' . . 
'  • i' Selenium	 . *1 II  !' . .  . 

Silver	 R „ •'\ '' :* 
'" '" Sodium	 »' 25.5 J ,  .
 

. .
Thallium 0.68 J '' ;'l '
 

Vanadium
 . 1.3J 3.6 J ( 3JZ J
 
Zinc
 9.4 : 2 J " • ' ' * 

TPH (mg/kg)	 21 • 12 53 

Notes: 
- = Not Detected
 
N/A = Not Analyzed
 
• = Duplicate Sample
 
TPH = Total Petroleum Hydrocarbons
 
Shaded results are below MMR background concentrations
 

Table 2-4
 
Summary of Analytes Detected In Subsurface Soil
 

Study Area FS-17
 

PRIORITY 2 AND 3 STUDY AREAS SI
 

MASSACHUSETTS MILITARY RESERVATION
 

TP! r 
?8^ov-W 

..,„; .,.,„;,. * 

0.012 
. 
- . 

0.005 J 
• 

0.083 J 
-

0.12 J 

N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

39 

2W<oV-«9 
4 

-
. 
-

-

• 

46
 
15J
 

•
 

11300 
6.2 

264 J 
1.1J 
18.5 

980 J 
63.4 
4.5 J 
324 J 
13900 
1800 
1630 
101 j 
0.32 
15.1
 
705J
 
0.57 J 
6.5 J
 
158J
 
0.1 1 J 
28.1J
 
426
 

18408 

TP* 1TP-7 
2B-Nd»-*9 lB-Nov-90 

, :. ,i:-M:i:::..4 S 

. 
-
. . 

0.01 -
• 

46 
- -

6960 5380 
4 2.4 

212 J 10.6 J 
0.79 J . • 

15 V
 

^B'lSJ--' 165J
 
98.4 J 10.9
 
3.1J 2.3J
 
198 J 8.6
 
9920 5290
 
573J 20.2
 
1180J 1240
 

'.m^j-!' 54.9
 
0.64 •
 
9.4 J 6.9 J
 
438 J 412J
 
6.24 J : > ,
 
2.6 J 1 i.
 

- . ' 25.8 j
 
• ' M  I : '. .: .
 

19.2J 10.5
 
517 30.9
 

22421 234 

rp-7 
16-NOV-90 

g 

. 

-

-


0055 J
 

-
. 
-

5550
 
2.5
 
51.2
 

-

4.5
 

267J
 
32.3
 
1.7J
 
81
 

4570
 
183
 

726 J
 
47.8
 

•
 
2.9J 
291J 

- • 
. 

53J 
. 

11.2 
190 

27400 
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TABLE 2-5
 

Phase I Sump Removal Action Program
 
MASSACHUSETTS MILITARY RESERVATION
 

Site: FS-17/CD-1 FS-17/CD-1 FS-17/CD-1 FS-17/CD-1 FS-17/CD-1 FS-17/CD-1 FS-17/CD-1 FS-17/CD-1 
Matr: SOIL SOIL SOIL SOIL SOIL SOIL SOIL SOIL 
Dpth: 8 12 18 24 8 12 18 8 
ISIS: 23TRX11XX8X1XF23TRX11X12X1XF 23TRX11X18X1XF 23TRX11X24X1XF 23TRX12XX8X1XF23TRX12X12X1XF 23TRX12X18X1XF 23TRX13XX8X1XF 

Parameter Date: 2-Oct-91 2-Oct-91 2-Oct-91 2-Oct-91 2-Oct-91 2-Oct-91 3-Oct-91 7-Oct-91
 

PI meter reading (ppm) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
 
VOCx (ug/kg)
 
Vinyl chloride ND ND ND ND 7.8 ND ND ND
 
Benzene ND ND ND ND 16 12 ND ND
 
SVOCs (mg/kg)
 
Bis (2-ethylhexyl)phthalate ND ND ND ND ND ND ND ND
 
Pest/PCBs (ug/kg)
 
Chlordane ND ND ND ND ND ND ND ND
 
Inorganics (mg/kg)
 
Lead ND ND ND ND ND ND ND ND
 
Copper ND ND ND ND ND ND ND ND
 
Zinc 200 170
 190 ND 160 170 190 230 
Arsenic ND ND ND ND ND ND ND ND 
Chromium ND ND ND ND ND ND ND ND 
TPH (mg/kg) 230 170 50 60 150 60 50 60 

FS17TBL2-5A 2/2/99 
I 



Table 2-5 (cont.) 

Phase I Sump Removal Action Program i 
MASSACHUSETTS MILITARY RESERVATION 

Site: FS-17/CD-2 FS-17/CD-2 FS-17/CD-2 FS-17/CD-2 FS-17/CD-2 FS-17/CD-2 FS-17/CD-2 FS-17/CD-2 
Matr: SOIL SOIL SOIL SOIL SOIL SOIL SOIL SOIL 
Dplh:8 12 18 18 24 8 12 18 
ISIS: 23TRX23XX8X1XF 23TRX23X12X1XF 23TRX23X18X1DF 23TRX23X18X1XF 23TRX23X24X1XF 23TRX24XX8X1XF 23TRX24X12X1XF 23TRX24X18X1XF 

Parameter Date: 9-Oct-91 9-Oct-91 9-Oct-91 9-Oct-91 9-Oct-91 11-Oct-91 11-Oct-91 11-Oct-91 

PI meter reading (ppm) 0.0 1.6 NA 0.0 0.0 0.3 0.0 0.0 
VOCx (ug/kg) 
Vinyl chloride ND ND ND NO ND NO NO ND 
Benzene 5.1 15 ND ND ND ND ND ND 
SVOCs(mg/kg) 
Bis (2-ethylhexyl)phthalate ND ND 1.8 2.1 ND ND ND ND 
Pest/PCBs (ug/kg) 
Chlordane ND ND ND ND ND ND ND ND 
Inorganics (mg/kg) 
Lead ND ND ND ND ND ND ND ND 
Copper ND ND ND ND ND ND ND ND 
Zinc 250 190 270 260 300 140 220 220 
Arsenic ND ND ND ND ND ND ND ND 
Chromium ND ND ND ND ND ND ND ND 
TPH (mg/kg) 47 58 260 250 110 41 46 59 

FS17TBL2-5B 2/2/99 



Table 2-5 (cont.)
 

Phase I Sump Removal Action Program
 
MASSACHUSETTS MILITARY RESERVATION
 

Site: FS-17/CD-2 FS-17/CD-2 FS-'17/CD-2 FS-17/CD-2 FS-17/CD-2 
Matr: SOIL SOIL SOIL SOIL SOIL 
Dpttv. 24 8 12 18 24 
ISIS: 23TRX24X24X1XF 23TRX25XX8X1XF 23TRX25X12X1XF 23TRX25X18X1XF 23TRX25X24X1XF 

Parameter Date: 11-Oct-91 9-Oct-91 9-Oct-91 9-Oct-91 9-Oct-91 

PI meter reading (ppm) 0.0 0.3 0.0 0.0 0.0 
VOCx (ug/kg) 
Vinyl chloride ND ND ND ND NO 
Benzene ND ND ND ND ND 
SVOCs (mg/kg) 
Bis (2-ethylhexyl)phthalate ND ND ND ND ND 
Pest/PCBs (ug/kg) 
Chlordane ND 610 ND ND ND 
Inorganics (mg/kg) 
Lead ND ND ND ND ND 
Copper ND ND ND ND ND 
Zinc 230 240 140 180 200 
Arsenic ND ND ND ND ND 
Chromium ND ND ND ND ND 
TPH (mg/kg) 110 110 60 150 29 

FS17TBL2-5C 2/2/99 



Table 2-6
 

Summary of Surface Soil CLP Results
 

AOC FS-17
 

MASSACHUSETTS MILITARY RESERVATION
 

AXIMUM MMR 
TB-1 MW-S MW-6 iiw-7 UBSURFACE 

PARAMETER 10-12 48-47 71-10 10-42 20-22 71-W 10-12 JO-22 7* -SO , 8-7 • ' 20:21 n-32 71-77 ACKQROUND(«] 
TCL Volatile* (ug/Kg) 
2-Butanone 10U 10U 11U 5 J 9 J 4 J 10U NA 6J NA 4J 11 U 2J N/A 
4-Methyl-2Pentanone 10 U 10U 11U 6 J 6 J 8 J 10U NA 11J « 11 U 11 U 10U N/A 
Acetone 11 J 10 UJ 19 U 41J 59 J 31J 20 J NA 32J •JA 170J 36 UJ 46 UJ N/A 
Benzene 10U 10U 11U U 10U 11U 10 U NA 11U NA 11U 11 U 10U N/A 
Chloroform 2 J 2 J 2 J 11J 10U 11U 10U NA 11U NA 11 U 11 U 10U N/A 
Elnytbenzene 10U 10U 11U U 10U 11 U 10U NA 11U NA 11 U 11 U 10U N/A 
Methylene Chloride U 10U 11U 11 UJ 10 UJ 11 UJ 10 UJ NA 11 UJ NA 11 U 11 U 10U N/A 
Tetrachloroethylene 10U 10U 11U U 10U 11U 10 U NA 11 U NA 11 U 11 U 10U N/A 
Toluene 10U U 11U 10J U 11U 10 U NA 11U NA 11U 11U 10U N/A 
Total Xylene 10U 10U 11U 8J 10U 11U 10U NA 11U NA 11U 11U 7J N/A 
TCL VOC TICS Ib] 71 J (3) 0(0) 28 J (2) 6J(1) 12J(1) 0(0) 13J(1) NA 15J(1) NA 215 J (3) 0(0) 125 J (4) N/A 

TCL SVOCs (ug/Kg) 
Phenol 340 U 340U 14J NA 340 U NA 340 U 350 U NA 340 U 340 UJ NA 340U N/A 
Bis(2-ethvlhexvDphthalale 21J 37J 23J NA 340 UJ NA 340 UJ 350 UJ NA 360 J 340 UJ NA 340 UJ N/A 
TCL SVOC TICs [b] 5876 J (IS) 2577J (12) 0(0) NA 0 (0) NA 0 (0) 0 (0) NA 70J(1) 1440 J (14) NA 0(0) N/A 

TCL Pesticides (ug/Kg) NO ND ND NA ND NA ND ND NA ND ND NA ND N/A 

TCL PCBS (ug/Kg) ND ND ND NA ND NA ND ND NA ND ND NA ND N/A 

TAL Metals (mg/Kg) 
ALUMINUM 885.00 1330.00 2640.00 [c] NA NA 835.00 1330.00 NA 1090.00 NA 707.00 924.00 122.00 1980 

ANTIMONY 3.10 U 290.U 3.30 U NA NA 3.30 UJ 310 UJ NA 3.40 UJ NA 2.50 U 2.70 U 2.70 U 21.7 

ARSENIC 0.97 1.60 1.00 MA 0.97 1.20 0.96 NA 1.40 NA 0.58 1.60 1.20 2.3 
BARIUM 3.00 5.00 3.60 NA NA 2.90 3.40 NA 4.20 NA 2.20 4.50 3.60 14.7 

BERYLLIUM 0.19 U 0.18 U 0.21 U NA NA 0.21 U 0.19 U NA 0.21 U NA 0.19 U 0.20 U 0.20 U 0.89 

CALCIUM 20.80 J 82.20 23.30 J NA NA 44.80 J 98.00 NA 118.00 NA 42.80 73.40 61.90 933 
CADMIUM .039 U 0.36 U 0.42 U NA NA 0.41 U 0.52 NA 0.43 U NA 0.38 U 0.41 U 0.41 U 0.75 

CHROMIUM 1.60 2.30 1.70 U NA NA 2.20 2.30 NA 9.90 NA 1.30 1.20 2.40 3.9 
COBALT 0.58 U 1.10 0.87 NA NA 0.64 0.98 NA 1.00 NA 0.76 U 0.82 U 1.40 2.8 
COPPER 0.89 1.70 0.73 NA NA 1.40 2.10 NA 4.30 NA 0.94 0.98 0.80 4.3 

CYANIDE 0.05 U 0.05 U 0.05 U NA NA 0.05 U 0.05 U NA 0.06 U NA 0.05 U 0.05 U 0.05 U 0.78 

IRON 1850.00 3480.00 9350.00 NA NA 2460.00 3300.00 NA 4506.00 NA 1340.00 2190.00 3360.00 2800 
LEAD 1.20 1.90 1.80 NA NA 1.80J 1.80J NA 2.40 J NA 1.80 1.40 1.40 3.7 



Table 2-8 (cont.) 

Summary of Surface Soil CLP Results 

AOC FS-17 

MASSACHUSETTS MILITARY RESERVATION 

PARAMETER 

MAGNESIUM 
MANGANESE 
MERCURY 
NICKEL 
POTASSIUM 
SELENIUM 
SILVER 
SODIUM 
THALLIUM 
VANADIUM 
ZINC 

10-12

206.00
29.90
0.10 U
1.30

157.00
0.19 UJ
0.78 U
139.00 UJ
.019 U
2.50

4.20

TB-1 

 45-4 7 Tt-M 

 391.00 258.00 
 33.40 41.80 
 0.10 U 0.10 U 

 1.90 1.20 

 254.00 96.00 
 1.00 UJ 0.20 UJ 

 0.73 U 0.83 U 
 124.00 UJ 139.00 UJ 

 0.19 U 0.20 UJ 
 4.90 R 
 6.70 15.40 

10-11

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

MW-8 

 90-22 7»-» 

 NA . 194.00 
 NA 15.30 
 NA 0.1 1U 
 NA 0.10 U 
 NA 169.00 
 NA 0.20 U 
 NA 0.82 UJ 
 NA 151.00 UJ 
 NA 0.20 UJ 
 NA 4.00 

 NA 3.60 

10-12

422.00
48.70
0.10 U
0.98

253.00
0.20 U
0.77 UJ
138.00 UJ
0.20 UJ
4.70

10.60

KW-. 
 »-M

 NA
 NA
 NA

 NA
 NA
 NA
 NA

 NA
 NA

 NA
 NA

 ; Ti'+ii 

 304.00 
 31.30 
 0.11 U 
 2.50 

 300.00 
 0.22 U 
 0.86 UJ 
 162.00 UJ 

 0.22 UJ 
 4.80 

 5.50 

5-7

NA
YA
NA
NA
NA
NA
NA
NA
NA
NA
NA

tf#-7 

i 20-22

 180.00
 31.60
 0.08 UJ
 1.10

 103.00
 0.20 U
 0.38 U
 150.00
 0.40 U
 2.10

 3.10

 M-K

 232.00
 27.70

 0.07 UJ
 1.20

 188.00
 0.22 U
 0.45

 156.00
 0.43 U

 3.80

 3.80

 75-77 

 338.00 
 40.70 
 0.08 UJ 

 1.80 

 192.00 
 0.20 U 

 0.41 U 
 187.00 

 0.39 U 
 4.80 

 5.10 

MAXIMUM MMR 

SUBSURFACE 

BACKGROUND ]̂ 

742 
587 

0.06 

3.9 
437 

0.62 

1.1 

339.5 
1.0 
5.7 
16 

TPH (mg/Kg) 14 J NA 10 J NA NA NA NA NA NA NA NA 10 UJ 10 UJ 500 Id] 

Data Validation Qualifiers 
J - Indicates and estimated quantty 
U- Indicates compound was not detected. Concentration preceedlng qualifier \a the detection limit 
UJ - Indicates compound was not detected and that the detection limit Is an estimated value 

R - Indicates analyte was rejected 
ND - Non-delect 
N/A • Not applicable 
NA - Not analyzed 

(a| - MMR Final Risk Assessment Handbook. Table E-1. Summary Statlsltlcs lor Inorganic Concentrations In Subsurface Soils. Automated Sciences Ground, Inc. September 1994. 
[b] - TICs - Represent tentatively Identified compounds. Concentrations are estimated (J) and values In parenthesis reflect the number of TICs detected less those found In blanks 
[c] - Gray shandlng Indicates exceedance of maximum MMR Background Concentrations. 
|d) • Soil Target Cleanup Level for TPH 



Table 2-7 
Summary of Analytes Detected in Groundwater 

Study Area FS-17 

PRIORITY 2 AND 3 STUDY AREAS SI 
MASSACHUSETTS MILITARY RESERVATION 

ANALYTES 
Exploration ID: 

Sampled: 
VOLATILES (ug/l) 
1.1.2.2 - Tetrachloreothene 
hloroform 

MW-1 
19-Apr-90 

1NJ 
3 J 

MW-1* 
"27-Feb-90 

MW-1 
27-Feb-91 

MW-2 
19-Apr-90 

2 J 

MW-2 
-IO-Jan-01 

ISEMIVOLATILES (ug/l) 
|Bis(2-ethylhexyl)phthalate 13 

INORGANICS (ug/l) 
[Aluminum 
{Barium 
Calcium 
Cyanide 
ron 

(Magnesium 
[Manganese 
Potassium 
Sodium 

373J* 
13.5 J 
2310 J 

" "*IR." ;
•ri! ..i-'.;"?

: ; 
^•ZOBOiJ 

,. ::r:-..v;;̂ ;̂ ;:
,.»iw--';,;; 

64^J 
:J2J 

2140 J 

'"S20103"'™" 
''«*j-.; 
l̂laBOtf;-*; 
•B310 

11̂ 4 J 
2280J 

.:. . is J 
' B36J 

6646: 

16.7.J 
16 J 

-,3940 J 

••yswsAt 
102 J. 

:̂ x;»sg6o;'[ 

•362OJ 

'6150 

Notes: 
- = Not Detected 
N/A = Not Analyzed 
' = Duplicate Sample 
Shaded results are below MMR background foneentmttons 

iri 

mil 

ill 

FS17TBL2-7 2/2/99 



Table 2-8
 
Analytical Results for Unflltered Metals In Greundwater
 

AOC FS-17
 
MASSACHUSETTS MILITARY RESERVATION
 

(DUP.OFMW-J) 

ANTIMONY 2.10J 3.10J 2.00 U 2.00 U 2.00 U 2.00 U 
ARSENIC 2.00 U 2.00 U 2.00 U 2.60 2.00 U 2.00 U 

BARIUM 19.90 28.20 38.10 34.00 3320 2520 
BERYLLIUM 1.00 U 1.00 U 1.00 U 1.00 U 1.00U 1.00U 

CADMIUM 0.20 U 0.22 0.20 U 0.20 U 0.20 U 020 U 

CALCIUM 3,050.00 3,690.00 4,840.00 3,760.00 3,420.00 3,090.00 
CHROMIUM 6.00 U 12.70 6.50 6.00 U 1520 6.00 U 

COBALT 4.00 U 4.00 U 9.30 4.00 U 4.00 U 4.00 U 

COPPER 5.00 40.60 8.60 3.00 U 7.10 3.00 

CYANIDE 1.00UJ 1.00 UJ 1.00 U 1.00 U 1.00U 1.00U 
IRON 1, 130.00 J 7,320.00 J 11,200.00 3.490.00 5430.00 3,490.00 

LEAD 1.4 40.00 5.20 2.50 3.80 2.70 
MAGNESIUM 2.510.00 2,960.00 3,770.00 3,790.00 3,910.00 3230.00 

MANGANESE 51.60J 86.60 J 311.00 73.80 120.00 84.10 

MERCURY 0.20UJ 0.20UJ 020U 020U 020U 020U 

NICKEL 4.00 U 6.00 11.10 5.40 10.40 8.30 

POTASSIUM 1.100 00 J 1, 360.00 J 1.950.00 1.550.00 1,610.00 1.400.00 

SELENIUM 1.00UJ 1.00UJ S.OOU S.OOU S.OOU S.OOU 

SILVER 2.00 UJ 2.00 UJ 2.00 U 2.00 U 2.00 U 2.00 U 

SODIUM 8,100.00 5,050.00 7.180.00 10,300.00 7,650.00 7,180.00 

THALLIUM 2.00U 2.00U 2.00U 2.00U 2.00U 2.00U 

VANADIUM 2.50 14.90 12.80 5.50 6.40 4.00 
ZINC 22.70 65.50 28.00 11.30 30,10 20.40 

Units in uo/L 

[a] Maximum MMR Background concentrations tor unlHtered metals In groundwater were obtained (mm the 

MMR Background Inorganics Study (HAZWRAP 1994. Background Inorganics Study. Massachusetts MHHary 

Reservation. Cape Cod. Massachusetts. January 1994). 

[b] MCLs for inorganics were obtained from EPA's Drinking Water Regulations. May 1995 

(US EPA 1995. Drinking Water Regulations and Health Advisories: U.S. Environmental Protection Agency, 

Office of Water, Washington. D.C.. May 1995). 

[c] Massachusetts Drinking Water MCLs (MMCLs) were obtained from MDEP's Spring 1994 Published values 

(MDEP. 1994. Massachusetts Department of Environmental Protection. Drinking Water Standards and Guidelines 

for Chemical In Massachusetts Drinking Water. Spring 1994). 

[d] Gray Shading Indicates An Exceedance Of an ARAB 

[e] The Federal Treatment Technology for copper is 1.300 mg/L 

(fj The Federal Treatment Technology for lead is 15 mg/L 

NA - ARAR does not exist 
Data Validation Qualifiers 

J - Indicates an estimated quantity 

U • Indicates compound was not detected. Concentration proceeding qualifier Is the detection limit 

UJ • Indicates compound was not detected and that the detection limit Is an estimated value 

2,760.00 

2.00 U 
2.00 U 

25.90 

1.00U 
020U 

5,150.00 

14.00 
4.00 U 
4.30 

1.00 U 
5,430.00 

4.40 
4,550.00 

88.40 

020U 

9.40 
1,710.00 

5.00U 

2.00 U 
8,020.00 

2.00U 

7.40 
40.50 

4.180.00 

2.00 U 
120 

32.90 

1.00U 
0.28 

3,640.00 

14.00 
5.10 
7.80 
1.00 U 

8,010.00 

6.30 
3.580.00 

200.00 

020U 

7.60 
2,090.00 

1.00U 
2.00 U 

6,360.00 

2.00U 

8.30 
41.50 

MAXIMUM MMR 
BACKGROUND CONC. (•] 

312 
30.00 

2.00 

95.00 

1.50 
2.50 

6.770.00 

17.00 
6.00 
12.50 
5.00 

471.00 

2.90 
4.930.00 

109.00 

0.10 
19.00 

1,975.00 

2.00 
5.00 

22,600.00 

1.50 
7.50 
66.90 

FEDERAL MCL
 

Ibl
 
NA
 
6
 
50
 

2,000
 

4
 
5
 

100
 
NA
 
NA
 

1,300 [el
 
200
 
NA
 

ism 
NA 
NA 
2 

100 
NA 
50 
NA 
NA 
2 

NA 
NA 

STATE MMCL
 
[el
 

NA
 

6
 
50
 

2.000
 

4
 
5
 

100 
NA 
NA 

1.300 
200 
NA 
15 
NA 
NA 
2 

100 
NA 
50 
NA 
NA 
2 

NA 
NA 

;ITTB|. .. 

http:22,600.00
http:1,975.00
http:4.930.00
http:6.770.00
http:6,360.00
http:2,090.00
http:3.580.00
http:8,010.00
http:3,640.00
http:4.180.00
http:8,020.00
http:1,710.00
http:4,550.00
http:5,430.00
http:5,150.00
http:2,760.00


Table 2-8 (Continued)
 
Analytical Results for Filtered Metals in Groundwater
 

AOC FS-17
 
Massachusetts Military Reservation
 

Aluminum 113.0U 113.0U 113.0U 125.0 J 113.0 U 113.0U 113.0 U 666.0[d] 259 
Antimony 6.7 U 8.9 J 5.4J 4.9 J 2.0 U 6.4 J 2.0 U 30 

Arsenic 2.0 U 2.0 U 2.0 U 2.0 U 2.0 U 2.0 U 2.0 U 1.0 U 50 50 
Barium 14.7 UJ 12.4UJ 10.7 18.8 14.4 14 10.6 10.9 100 200 200 
Beryllium 1.0 U 1.0 U L O  U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 5.1 
Cadmium 0.2 UJ 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 2.5 

Calcium 2890 4140 4260 3350 3000 2990 4660 3590 6610 100 100 
Chromium 6.0 U 6.0 U 6.0 U 6.0 U 6.0 U 6.0 U 6.0 U NA NA 
Cobalt 4.0 U 4.0 U 4.0 U 4.0 U 4.0 U 4.0 U 4.0 U 4.1 NA NA 
Copper 3.0 U 6.6 3.0 U 3.0 U 3.0 U 3.0 U 3.0 U 3.0 U 12.5 1300[e] 1300 
Iron 24.0 U 24.0 U 24.0 U 32.2 28.1 24.0 U 24.0 U 464 422 NA NA 
Lead l . O  U l . O  U 1.1 l . O  U l . O  U l . O  U l .O  U 1.4 15[f] 15 
Magnesium 2260 2590 2480 2950 2560 2510 3360 2560 4890 NA NA 
Manganese 14.8 16.1 10.4 19.5 17.6 18.4 9.3 39 103 NA NA 
Mercury 0.2 UJ 0.2 UJ 0.2 U .02 U 0.2 U 0.2 U 0.2 U 0.2 U 0.1 

Nickel 4.0 U 4.0 U 4.5J 4.5 U 4.0 U 4.0 U 4.0 U 5.7 19 100 100 
Potassium 1090 871 1020 1050 869 966 961 1370 1975 NA NA 
Selenium 1.0 UJ l.OUJ R R R R R l .O U 50 50 

Silver 2.0 U 2.0 U 2.0 U 2.0 U 2.0 U 2.0 U 2.0 U 2.0 U NA NA 
Sodium 7900 6140 6790 9110 7270 7080 7660 8590 22400 NA NA 
Thallium 2.0 UJ 2.0 UJ 2.0U 2.0U 2.0U 2.0U 2.0U 2.0U 1.5 
Vanadium 2.0 U 2.0 U 2.0 U 2.0 U 2.0 U 2.0 U 2.0 U 2.6 7.5 •N  A NA 
Zinc 5.6 UJ 21.7 7.8 UJ 5.9 UJ 6.4 UJ 11.7 4.4 UJ 13.6 73.5 NA NA 
Units in ug/L 

[a] Maximu m MMR Background concentrations for unflltered metals in groundwater were obtained from the 1994 MMR Background Inorganics Study (HAZWRAP 1994) 

[b] MCLs for inorganics were obtained from EPA's Drinking Water Regulations, May 1995 ( Drinking Water Regulations and Health Advisories; U.S. Environmental Protection Agency, Office of Water, Washington, D.C , May 1995). 

[c] Massachusetts Drinking Water MCLs (MMCLs) were obtained from MDEP's Spring 1994 Published values (MADEP, Drinking Water Standards and Guidelines for Chemical in Massachusetts Drinking Water, Spring 1994) 

[d] Gray Shading Indicates An Exceedance Of an ARAR 

|ej The Federal Treatment Technology for copper is 1,300 mg/L Data Validation Qualifiers 

[f] The Federal Treatment Technology for lead is 15 mg/L J - Indicates an estimated quantity 

NA - ARAR does not exist U - Indicates compound was not detected. Concentration preceeding qualifier is the detection limit 

UJ - Indicates compound was not detected and that the detection limit is an estimated value 



Table 2-8a
 
FS-17 Groundwater Analytical Results -1999
 

MAXIMUM 

TAL METALS MW-1 MW-3 MW-3 MW-5 MW-6 MW-7 MMR FEDERAL STATE 

DUPLICATE BACKGROUND |bl MCL |c| MMCL (d) 

Aluminu m N D N D ND ND N D ND 312.00 NA NA 

Antimony ND N D N D N D N D ND 30.00 6 6 

Arsenic ND N D ' •"Xtt;?? •; ND N D N D 2.00 50 50 

Sarium 15.4J 14.SJ 14J 11.9J 9.6J 10.2J 95.00 2,000 2,000 

Beryllium ND ND ND ND ND ND 1.50 4 4 

Cadmium N D ND N D ND ND ND 2.50 5 5 

Calcium 3250 4200 4030 2520 3490 3810 6770 100 too 
Chromium N D N D N D 13.00 ND ND 17.00 N A N A 

Cobalt N D ND ND ND 5.40 ND 6.00 N A N A 

Copper ND ND ND ND ND ND 12.50 1,300 TT 1,300 

Cyanide N A NA NA NA NA N A 5.00 200 200 

ron ND ND ND 160.00 ND N D 471.00 NA NA 

Lead N D N D N D N D ND N D 2.90 15 TT 15 

Magnesium 2,420 1,780 1,720 1,930 2,360 2,480 4,930 NA N A 

Vlanganese 6.3J 6.5J 5.9J 14.30 9.2J 4.3J 109.00 N A NA 

Mercury ND N D ND ND ND ND 0.10 2 2 

Nickel N D ND N D 18.6J N D N D 19.00 100 100 

'otassium ND 867J 722J ND ND N D 1,975.00 NA 

Selenium ND ND N D ND N D N D 2.00 50 50 

Silver N D ND N D N D ND N D 5.00 NA NA 

Sodium 9,610 8,030 7,720 6,830 10,200 6,800 22,600 NA NA 

Thallium ND 
::^<N^?- X**) . -• .:• N D ND ND 1.50 2 2 

Vanadiu m N D N D ND N D N D N D 7.50 N A N A 

Zinc N D N D N D N D ND ND 66.90 N A NA 

Unit in ug/L 

|b| Maximum MMR Background concentrations for unfiltered metals in groundwater were obtained, from the MMR Background Inorganics Study 
(HAZWRAP 1994, Background Inorganics Study, Massachusetts Military Reservation, Cape Cod, Massachusetts, January 1994). 

|c] MCLs for inorganics were obtained from EPA's Drinking Water Regulations, May 1995 (US EPA 1995, Drinking Water Regulations and 
Health Advisories; U.S. Environmental Protection Agency, Office of Water, Washington, D.C., December 1995). 

[d| Massachusetts Drinking Water MCLs (MMCLs) were obtained from MDEP's Spring 1994 Published values. 
Department of Environmental Protection, Drinking Water Standards and Guidelines for Chemical in Massachusetts Drinking Water, Springl994). 

|e) The MCL for copper is an action level set at 1,300 ug/L. 
|f| The MCL for lead is an action level set at 15 ug/L. 
() Sample resutls for the July/August Sampling Event (MW-3 sampled for Thallium only.) 

Exceedance of Maximum MMR Background Concentration 
| Exceedance of Federal Action Limit/State MMCL 

J estimated value 

Tbl 2-8a.xls 



Table 2-9
 
Summary of Analytes Detected in Surface Soil
 

Study Area FS-19
 

PRIORITY 2 AND 3 STUDY AREAS SI
 
MASSACHUSETTS MILITARY RESERVATION
 

Exploration ID: 
ANALYTES Sampled: 

Depth: 
VOLATILES (mg/kg) 

SEMIVOLATILES (mg/kg) 

INORGANICS (mg/kg) 
Aluminum 
Arsenic 
3arium 
Cadmium 
Calcium 
Chromium 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Vanadium 

TOTAL PETROLEUM HYDRCARBONS (mg/kg) 

Notes: 

- = Not Detected 
N/A = Not Analyzed 
* - Duplicate Sample 
Shaded result are below MMR background concentrations 

TB-1 * 
20-Nov-89 

0 
. 

-

1710 
0.7J 
4J5J 
1.2.J 
206 J 
3.6 

2.5J 
3150 
8.5J 
450 J 
54.BJ 
4.1 J 

64 

TB-1
 
20-NOV-89
 

0
 
-


-

1720 
0.91 J 
4.8 J 
. 

127J 
4.1 

2.8 J 
2870 
10J 

396J 
52.5 J 
3.9 J 

61 

TB-2 
3-D6C-90 

2 ' -i 
-

-

N/A
 
N/A
 
N/A
 
N/A
 
N/A
 
N/A
 
N/A
 
N/A
 
N/A
 
N/A
 
N/A
 
N/A
 

N/A 

FS19TBL2-9 2/2/99 



Table 2-10
 
Summary of Surface Soil CLP Results
 

AOC FS-19
 
MASSACHUSETTS MILITARY RESERVATION
 

AREA (AND AREA II 

CLP DATA MAXIMUM MMR 

ANALYSIS/ SURFACE SOIL SAMPLES BACKGROUND 

COMPOUND SS-1 SS-2 SS-2A SS-3 CONCENTRATION [a] 

TCL VOC« (uo/kal 

^ethylene Chloride ND U U ND N/A 
AcrtXM 5 J ND ND ND N/A 
^Morofmni ND 1J U U N/A 
Toluene __ ND 1J ND 2 J N/A 
rotal-xyfene ND 3 J ND ND N/A 
CLPVOCTlCsIa] 82(3) 73(2) 76(2) 24(3) N/A 

rCL SVOCa (uo/lm) 

Naphthalene 29 J ND ND ND N/A 
38 J ND NDnb/ ND N/AIWrt 

lAoenaphthylene MRnu tunNU unnu 99 1 
&4C J KJ/ArvM 

iPhenej itt M w le 35J 41J 35 J 110J N/A 
JAnlhracene ND , ND ND 11J N/A 
iDkHxitylphthdate 20 J 12J ND ND N/A 
JFluoranthene 38J 74 J 76 J 170J N/A 
jpyrene 35J 65 J 72J 130J N/A 
Benzo(a)anlhracene ND 46J 42 J 64J N/A 
Chrysene 36 J 51J 46J 89J N/A 
Banzo(b)ftuonnthene 46 J 92 J 88 J 160J N/A 
Benzo(k)fluonuithene 46J 92J 88 J 160 J N/A 
Banzo(a)pyrene 17 J 43 J 37 J 64J N/A 
lndeno(1.2.3-cd)pyrene 24 J 35 J 33J 49 J N/A 
Dbenzo<a.h)anthrac»ne ND ND ND 29J N/A 
Benzo(g,h.l)perytene 22J 30 J 28 J 45 J N/A 
CLPSVOCTICsfa] 7241 (23) 2,666(15) 2.117(11) 12.188(23) N/A 

FCL PeitteMe* (in/ka) 
DieUrin 70 21 IB 120 N/A 
4,4-DDE 110 44 39 11 N/A 
4.4'-DDO 19J 12 J 12 J ND N/A 
4.4--DDT 930J 280J 380J 27 J N/A 
Methoxychtor 16 J 31 34 ND N/A 
Endrin Ketone 17 30 32 ND N/A 
alpha Chlordane ND ND 1.3J ND N/A 
gamma Chlordane 1.9 J 2.6J 3 J ND N/A 

TCL PCBi (uo/ka) 
Aroclor-1260 260 420 540 ND N/A 

FS19SCT2-10 2/2/99 



Table 2-10 (cont)
 

Summary of Surface Soil CLP Results
 

AOC FS-19
 

MASSACHUSETTS MILITARY RESERVATION
 

AREA I AND AREA 0 

CLP DATA MAXIMUM mat 

ANALYSIS/ 1SURFACE BOIL SAMPLES BACKGROUND 

COMPOUND 88-1 88-2 8S-2A 88-3 CONCENTRATION 

TAL Inorganic* (ing/kg) 

13800 7.590 7.360 7.650 8.930 

Antimony 39UJ 38UJ 3.6UJ 4UJ 17.5 

Arsenic 4.8 2.9 3.2 3.1 3.6 

Barium 57.9 15.9 15.7 16.4 10.4 

Beryllium 0.39 0.29 0.28 0.24U 0.65 

Calcium 1.380 356 404 444 969 

readmit im 045 1 i 1 047U 1 5 

•hroniiuii) 11.5 7.1 6.6 7.9 6.8 

Cobalt 3.3 3 3 1.5 4.1 

Copper 5UJ 33.7UJ 34.4UJ 3.9UJ 5.2 

Cyanide 0.06UJ 0.1J 0.05UJ 0.06UJ 0.7 

Iran 13.900 9.420 9.340 9.780 12.4OO 

Lead 119 40.8 36.2 39.9 12.05 

Magnesium 1.300 1,030 1.000 633 794.5 

Manganese 73.4J 92J 81.9J 43.3J 108 

Mercury 0.13U 0.1 1U 0.11U 0.12U 0.06 

Nickel 6 5.3 4.8 4 5.2 

Potassium 717 490 495 370 551 

Selenium 0.23 UJ 0.2 1UJ 0.2 1UJ 0.2 1UJ 0.33 

Silver 1.1U 1.1U 1.1U 1.2U 1.4 

Sodium 10SU 102U 97.7U 109U 386 

rhaUlum 0.23U 0.3 1U 0.2 1U 0.2 1U 0.25 

Vanadium 32.5 14.8 13.4 18.7 15.2 

Zinc 68 38.2 41.6 21.6 16 

FPH 14 18.1) (me/kg) 93 J 50J 48J ND 5OOfb] 

ITH (8015) tmg/ke) 37 ND 14 16 500 Ibl 

|a| TICs represent tentatively Identified compounds. Concentrations are considered estimated values. 

The value In parenthesis is the number of TICs identified 

|b| MMR Soil Target Cleanup Level (STCU for TPH 

ft bgs - Feet below ground surface 

ND - Not detected 

NA - Not applicable to MMR 

N/A - Not Available 

U - Indicates analyte was not detected. Concentration proceeding the qualifier Is the detection limit 

J - Indicates an estimated concentration 

UJ - Indicates that analyte was not detected. The detection limit Is an estimated value 

Indicates that the analyte exceeded the maximum MMR background 

concentration for surflclal soils 

FS19SCT2-10B 22/99 



Table 2-11
 
Summary of Analytes Detected in Subsurface Soil
 

Study Area FS-19
 

PRIORITY 2 AND 3 STUDY AREAS SI
 
MASSACHUSETTS MILITARY RESERVATION
 

Exploration ID: TB-12 
ANALYTES Sampled: 3-Dec-GO 

Depth: 10 
VOLATILES (mg/kg) -

SEMIVOLATILES (mg/kg) N/A 

INORGANICS (mg/kg) 
Aluminum N/A 
Arsenic N/A 
Jarium N/A 
Calcium N/A 
Chromium N/A 
Copper N/A 
Iron N/A 
Lead N/A 
Magnesium N/A 
Manganese N/A 
Sodium N/A 
Vanadium N/A 
Zinc N/A 

TOTAL PETROLEUM HYDRCARBONS (mg/kg) 64 

Notes: 

- = Not Detected 
N/A = Not Analyzed 
* - Duplicate Sample 
Shaded result are below MMR background concentrations 

TB-2 
3-Dec-90 

20 

MW-1 
21-NOV-9D 

60 
- -

- -

• 
1010J 
1.4J 
42.J 
137J 
3A J 
22.J 

2290 J 
1.4J 
311J 
34.9 J 
67.8 J 
. 

5.7 J 

,
' 

505 
0.73J
2.4J 

58.1J 
. ,3.'

1620 
0.74 J 
104J 
9:U 
. 

3.4J 
-

: 

 . . ! 

N/A -

FS19TBL2-11 2/2/99
 



Table 2-12
 
CLP Results for Test Borings TB-5 AND TB-6
 

AOC FS-19
 
MASSACHUSETTS MILITARY RESERVATION
 

ANALYTE 

TCL VOCs (ug/kg) 
Acetone 
2 - Butanone 

Total Xvlenes 
TCL VOC TICs [a] 

TCL SVOGs (ug/kg) 
TCL SVOCs TICs fal 

TCL Pesticides (ug/kg) 
" 4,4' - DDT 

TCL PCBs (ug/kg) 
TAL METALS fbl (mg/kg) 

AREA! 
TEST BORING TB-6 

5-7 

ND 

4 J 

ND 
194J (2) 

ND 
0 

4.9 

ND 
NA 

Total Petroleum Hydrocarbons (mg/kg) NAfc l 

DEPTHS 
(ftbgs) 

10-12 30-32 

97 J 160 J 

ND 8 J 

11 ND 
179J (4) 250J (5)
 

ND ND
 
0 0
 

6.2 ND 

ND ND 
NA NA
 

NAfcl NAfcl
 

FS19SCT2-12 2/2/99
 



T«bto2-12(cont)
 
CLP RMults for Test Borings TB-5 AND TB-6
 

AOC FS-19
 
MASSACHUSETTS MILITARY RESERVATION
 

AREA II
 
TEST BORING TB-5
 

DEPTHS 
ANALYTE 

5-7 10-12 
(ft bos) 

15-17 30-32 

TCL VOCs (ug/kg) 
Aoatone ND ND NA 150J 

2-Butanone NO NO NA 5J 

Toluene 3 J ND NA 10U 

Total xytone 4 J ND NA 10U 
TCLVOCTICs 183J{2) 21 8J (2) NA 174J (2) 
CCLSVOCs tug/kg) NA ND ND ND 
rCLSVOCsTICs NA 0 0 176J (2) 
rci. Pesticide* fug/kg) 

Dieldrin NA ND ND 2.9J 
4,4' - DDT NA ND ND 3.4 

TALMetab (mo/kg) 
Areente NA 0.95 1.2 2.4 
Iran NA 2,350 2,220 3,030 

Total Petroleum Hydrocarbons (mg/kq) NA c) NA|c] ND NAfc ] 

Units tor VOCs. SVOCs. pesticides and PCBa are In units of ug/kg. TAL metals and cyanide in units of mg/kg 

M TICi • Rtpr mpoundf. Concentration* an MtirMad (J) and vckitf In pimnthMis 
rrt«a the nuntara of TICt dMKMd ton thorn found in blank*. 

[b] Only metals exceeding maximum MMR Background Concentrations for subsurface soils are provided in this table. 
[c] Refer to Table 5-3 for TPH results obtained as part of the screening program. 
[d] MMR Soil Target Cleanup Level (STCL) for TPH is 500 mg/kg 
ft bgs - Feet below ground surface 
ND-AnalyMnotdMKM 
NA - PwwnMer not anUynd 
N/A • AHAR or background conontntion dott not watt 
- Metal did not exceed maximum MMR Background concentration 
J - Indicates an estimated concentration 

Indicates an exceedance of maximum MMR background concentration 

MAXIMUM MMR
 
BACKGROUND
 

[b] 

N/A 

N/A 

N/A 

N/A 
N/A 

N/A 
N/A 

N/A 
N/A 

2.3 
2.800 
500 [d] 
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Table 2-13
 

Summary of Analytes Detected in Groundwater
 

Study Area FS-19
 

PRIORITY 2 AND 3 STUDY AREAS SI 

MASSACHUSETTS MILITARY RESERVATION 

Exploration ID: MW-1 MW-1 MW-2 AEHA-9 AEHA4 

ANALYTES Sampled: 29-Mar-90 15-Jan-91 15-Jan-91 15-Jan-91 

Depth: 24-Feb-OO 5-MarOO 

VOLATILES (ug/l)
 
1.1.1.-Trichk>rethane 69 12J - 15J 5 J
 
1.1 -Dichloroethane 6 - - - 
ivieuiyiene unionoe * * ™ * A4 Ji 

oo *9 M 1i ncnioreinene 32 3 J1 3 J 

SEMIVOLATILES (ug/l) - - - - 

INORGANICS (ug/l) . 

Jarium 13e6J T77J 16.7 J 10.7 J •' • " ^OJSiJ ' '•' 
Calcium 
Lead 
Magnesium 
Manganese 
Nickel 

3340J 
if . ' 

, isw'j „ -. 
'„ fOJ * l * 

1 • . H . ' * 

'4530 J ,. 
«2J 

. -1B30J , 
* 

';, ' ~f ,• ',<» 

,5390 
. 

-3180J 
4E3 

-^ • 

3550.J ; 
•-•1i1-J' ' •'•», 
2000 J 
"TJSSl'.'.: '..'i 

'•"IBJ"' ••••, • •'?>' 

"•'.• • "'3470i3.;;. '•;:.:! 
.... ' , • ; ?t̂ ."-.' ;:!,i,.»v3 

'.'.. . '"TZiioii'-1"" ••..'! 
..'".V^SEBa.-^1'.'1 'i 
/•:""V»i(^4iJ'./"'".:.^l 

Potassium ... >ut ' TO8J 1110J, '"' ' • •'905:J"r . ?  ; "'•• '"• H2303 '- '-'^ 
Sodium "8200 10500 • 19700 9B30 . 10300 : 
Vanadium — "-•. "-1 

.' •' ' ' ! I-*.' '. '-' '." • " '^; ' — ' • . . . - . 4:3 J * '"""''''' 

Zinc 

Notes: 
- = Not Detected 
N/A = Not Analyzed 
* = Duplicate Sample 
Shaded results are below MMRbackgn 

FS19TBL2-13 2/2/99 



Tabto2-13A
 
Analytical RMultsOfor Unfittarad Itotato In GroundmMr
 

AOCFS-19
 
MASSACHUSETTS MILITARY RESERVATION
 

TAL METALS MW-1

1.MOJO 

 MW-1A(a] 

15.100JO 

MW-2 MW-3 

g.tOOJO 

MW-4 

3JOOJO 

AEHA-0 MAXMUMMMR 

BACKGROUND [b] 

FEDERAL 

MCLtel 

STATE 

MMCLM1 

25.7 H6JO 42JO 

SO 

2.000 

aMu i.nojo 
OJOU ojou 

1DJOOJO 

OJOU 

3.480JOO 541OJO JOO. _JOO_ 

H.TO ijeu 
1JOU 

4.TD 12JO 

5 JO 

1JOOTT rjoo 
100 

1J30JO 4.1JOJO 

1JOUJ 5UJ 

1JOUJ 

Sodium 21 JOO JO 14JOOJO IMOOJO 

JMU 2JOU 2JOU 1JO 

2JOU	 2JXKJ 

B.6UJ 

UnlttoiuaA. 

|i] MW-1A k» • duplicate MmpM of MW-1. 
M Maximum MMR Background c • otaMrxd tram M* MMR Background Inorgai n*ai 

(HAZWMP ItM. Background I i. Cap* Cod. Mamchuanti, January ItM). 
[c]	 MCU tor morganlca «nr« oblalrnu Irom BPAt Printing Wa»«f Haguli S (US EPA 1»S, Drinking Wattr MguMkm 

HOMn AovnonM! u .̂ bivliumwntw prolKtton Aooncy( Otllov 011 an,D£,Dacambw1NS). 

Emlionmanm Pnmdkm. Drinking W««y SUnaardt and i DrkHdng WMar, BprtngltM). 
It) 'Dw MCX lor copper It an action MvWMtct 1,300 uo/L. 
Pl DwMCLtorlatdltanacMonknalailMISugA. 
HA - AMR don not ntt 
J • >nn1r»i«i in atthmad cmicaiiliaUon 
U-kidleakMcompoundwnnotdatadaiL ConcaniiaUonproondlntntuuallaii na* 

• HUMcctM compound not end ttw tfolMtton HUM • wi fl 

ExcMdwm ol Itadmum MMR Background Cane«mMon 
* of Fadaral AcOon UmWStM MMCL 
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Table 2-13A (cont.)
 
Analytical Results for Filtered Metals In Groundwater
 

AOC FS-19
 
MASSACHUSETTS MILITARY RESERVATION
 

TAL METALS MW-1 MW-1 A [a] MW-2 MW-3 MW-4 AEHA-9 

Aluminum 113 UJ 113UJ 113 UJ 155 113UJ 113UJ 
Antimony 3J 3.7J 2.3J 5J 5.5J 4.9J 
Vrsenlc 2U 2U 2U 2U 2(1 2U 
Jarium 17.1UJ 11.5UJ 24.3 117 17.0UJ 23.4 
beryllium 1U 1U 1U 1U 1U 1U 
Cadmium 0.2UJ 0.2UJ 0.2UJ 0.22 0.2U 0.2UJ 
Chromium 6U 6U 6U 6U 6U 6U 
Calcium 4,110 3,810 5,400 10,900 3,040 5410 
Cobalt 4U 4U 4U 4U 4U 4U 
Copper 3U 3U 3U 3U 3U 3U 
ron 24U 24U 24U 241) 24U 24U 
.ead 1U 1U R 1.3 1U 1U 
Magnesium 2.440 2,220 2,820 4,310 2,100 2,750 
Manganese 16.3 8.6 6.2 40.3 8.4 6.1 
Mercury 0.2UJ 0.2UJ 0.2UJ 0.2UJ 0.2UJ 0.2UJ 
Mickel 4U 4U 4U 5.2 4U 4U 
Potassium 1,330 1,090 1,180 1,870 1,410 1,260 
Selenium 1UJ 1UJ 1UJ 1UJ 1UJ 1UJ 
Silver 2U 2U 2U 2U 2U 2U 
Sodium 20,900 13,900 2,820 32,500 6,580 19.600 
Thallium 2UJ 2UJ 2UJ 2UJ 2UJ 2UJ 
Vanadium 2U 2U 2U 2U 2U 2U 
Zinc 6.9UJ 36.2 3.8UJ 11.7 8.2UJ 7UJ 

Units In ug/L 
[a]	 MW-1 A Is a duplicate sample of MW-1. 
[b]	 Maximum MMR Background concentrations for filtered metals In groundwater were obtained from the 

MMR Background Inorganics Study (HAZWRAP 1994, Background Inorganics Study, Massachusetts Military 
Reservation, Cape Cod, Massachusetts, January 1994). 

[c]	 MCLs for inorganics were obtained from EPA's Drinking Water Regulations, May 1995 
(US EPA 1995, Drinking Water Regulations and Health Advisories; U.S. Environmental Protection Agency, 
Office of Water, Washington, D.C., May 1995). 

[d]	 Massachusetts Drinking Water MCLs (MMCLs) were obtained from MDEP's Spring 1994 Published values
 
(MDEP, 1994, Massachusetts Department of Environmental Protection, Drinking Water Standards and Guidelines
 
for Chemical in Massachusetts Drinking Water, Spring 1994).
 

NA - ARA R does not exist 
TT • Treatment Technology Based 
| | Indicates exceedance of Maximum MMR (filtered) Background Concentrations 

MAXIMUM MMR
 
BACKGROUNb [b]
 

259.00
 
30.00
 
2.00
 

100.00
 
5.10
 
2.50
 

6.610.00
 
5.00
 
6.00
 
12.50
 

422.00
 
2.00
 

4.890.00
 
103.00
 
0.10
 
19.00
 

1.975.00
 
2.00
 
5.00
 

22.400.OO
 
1.50 
7.50 
73.50 

FEDERAL MCL [c] 

NA 
6 
50 

2.000 
4 
5 

100 
NA 
NA 

1,300 TT 
NA 

15 TT 
NA 
NA 
2 

100 
NA 
50 
NA ' 
NA 
2 

NA 
NA 

STATE MMCL [d] 

NA 
6 
50 

2,000 
4 
5 

100 
NA 
NA 

1,300 
NA 
15 
NA 
NA 
2 

100 
NA 
50 
NA 
NA 
2 

NA 
NA 

FS19SCT2-14(cont.) 
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Table2-13A(cont.)
 

Summary of Groundwater CLP Results (Organlcs)
 

AOC FS-19
 
MASSACHUSETTS MILITARY RESERVATION
 

FEDERAL 
PARAMETERS MW-1 MW-1 A MW-2 MW-3 MW-4 AEHA-9 MCL 

TCL VOCs 
1,1,1-Trichloroelhane 1.3 1.6 ND ND ND ND 200 
Benzene 0.3 0.7 ND ND ND ND 5 
Toluene 4 7.6 1.5 ND ND 0.4 1,000 
Ethylbenzene 1.4 2.6 0.6 ND ND ND 700 
O-Xylene 2.9 5.1 1 ND . ND ND 10,000 (a] 
M.P-Xylene 7.1 12 2.9 ND ND ND 10.000 (a) 
1 ,3,5-Trlmethylbenzene 0.9 1.2 ND ND ND ND N/A 
1 ,2,4-Trimethylbenzene 2.6 3.6 1.2 ND ND ND N/A 

TCL VCX; TICs [bl 0 Ud) 0 0 0 0 N/A 

TCL SVOCs
 
Bis(2-ethylhexyl)phttialale NO i 13 n ND ND ND ND N/A
 

rcL svoc TICS 32J(11) 42 J (9) 29 J (8) 0 0 32 J (8) N/A
 

TCL Pesticides ND ND ND ND ND ND N/A 

TCL PCBs NO ND ND ND ND ND 0.5 

TPH (418.1) ND ND ND ND ND ND N/A 

EDB ND ND ND ND ND ND 0.05 

[a] ARAR or standard Is (or total xylenes.
 
jbj TICs - Represent tentatively Identified compounds. Concentrations are estimated (J) and values In parenthesis
 

reflect the numbers of TICs detected less those found In blanks.
 
ND - Compound not detected
 
N/A • ARAR does not exist
 

L J Exceedance of State MCL 

STATE
 

MCL
 

200
 
5
 

1,000
 
700
 

10,000 [a]
 
10,000 (a)
 

N/A
 
N/A
 
N/A
 

6 
N/A 

N/A 

0.5 

N/A 

0.02 

FS19TBL2-14 2/2/99 
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Table 2-13b
 
FS-19 Groundwater Analytical Results -1999
 

TAL METALS MW-1 MW-2 MW-3 MW-4 AEHA-9 AEHA-9 MAXIMUM MMR FEDERAL STATE 

DUPLICATE BACKGROUND [t>l MCL |c] MMCL [d| 

Aluminu m ND N D N D 43.3J ND N D 312.00 N A N A 

Antimon y N D N D N D N D ND N D 30.00 6 6 

Arsenic ND N D 
[ f : -M: • N D ND N D 2.0(1 50 50 

Bariu m 13-1J 17.7J 28.20 24.50 7.9J 7.2J 95.00 2,000 2,000 

Beryllium ND N D N D N D N D N D 1.50 4 4 

Cadmiu m ND ND N D N D N D N D 2.50 5 5 

Calcium 2S30J 4,770 4,190 4,020 2,080 1,980 6,770 100 100 

Chromium N D ND N D 0.9J N D N D 17.00 N A N A 

Cobalt ND N D •-.••• .im -.:.;?: 3.0J N D N D 6.0(1 N A N A 

Copper N D :-••«! Ji •-:-'• ND ND j:; 4*f N D 12.50 1,300 TT 1,300 

Cyanide NA NA NA N A NA NA 5.00 200 200 

Iron N D N D ND ND ND ND 471.00 NA NA 

Lead N D N D ND ND ND N D 2.90 15 TT 15 

Magnesium 1,300 2,560 2,340 2,420 1,150 1,080 4,93(1 NA N A 

Manganese 3.3J 13.80 10.30 11.10 3.9J 3.6J 109.00 NA NA 

Hercury N D N D N D ND N D ND 0.10 2 2 

Nickel N D N D N D 2.0J N D N D 19.0(1 100 100 

Potassium N D 744.00 697J 1,150.00 N D N D 1,975.00 N A N A 

Selenium ND N D ND N D N D N D 2.00 50 50 

Silver ND N D ND ND N D ND 5.00 N A N A 

Sodium 17600J M.JQO ; 20,200 9,190 11,600 11,400 22,600 NA N A 

Thallium ND ND •liiSHNS) '. ND ND ND 1.50 2 2 

'anadium N D N D N D N D N D N D 7.50 NA NA 

Zinc N D N D 26.10 N D N D 14.9J 66.90 NA N A 

Unit in ug/L 

|b| Maximum MMR Background concentrations for unfiltered metals in groundwater were obtained from the MMR Background Inorganics Study 
(HAZWRAP 1994, Background Inorganics Study, Massachusetts Military Reservation, Cape Cod, Massachusetts, January 1994). 

|c| MCLs for inorganics were obtained from EPA's Drinking Water Regulations, May 1995 (US EPA 1995, Drinking Water Regulations and 
Health Advisories; U.S. Environmental Protection Agency, Office of Water, Washington, D.C., December 1995). 

|d| Massachusetts Drinking Water MCLs (MMCLs) were obtained from MDEP's Spring 1994 Published values. 
Department of Environmental Protection, Drinking Water Standards and Guidelines for Chemical in Massachusetts Drinking Water, Springl994). 

|e] The MCL for copper is an action level set at 1,300 ug/L. 
|f| The MCL for lead is an action level set at 15 ug/L. 
() Sample resutls for the July/August Sampling Event (MW-3 sampled for Thallium only.) 

Exceedance of Maximum MMR Background Concentration 
_J Exceedance of Federal Action Limit/State MMCL 

J estimated value 

Tbl2-13b.xls 



Table 2-14 Page 1 of 2 
Selection of COC« for Surface Soils - Human Health 

AOC FS-17 Rl STUDY AREA
 
MASSACHUSETTS MILITARY RESERVATION
 

DETECTED MMR SITE-SPECIFIC MMR RISK 
CONCENTRATION BACKGROUND (1) CONCENTRATION (2) 

UNITS DETECTS SAMPLES MINIMUM MAXIMUM AVERAGE MINIMUM MAXIMUM 1.0E-08 HQ=0.2 COC 
(cancer) (non-cancer) 

Volatile Organics 
Acetone mg/kg 3 5 0,002 0.015 0.13 * NA NA - 5.49E+03 
Carbon Disulfide mg/kg 1 5 0.001 0.001 0.12 * NA NA - - YES 
Chloroform mg/kg 3 5 0.001 0.001 0.12 * NA NA 4.29E-01 5.49E+02 
ithyl Benzene mg/kg 1 5 3.7 3.7 0.74 NA NA - 1.66E+03 
Methytene Chloride mg/kg 3 5 0.001 0.001 0.12 * NA NA 8.54E+01 9.32E+02 
Toluene mg/kg 4 5 0.001 1.8 0.36 NA NA - 5.93E+02 
"otal Xylenes mg/kg 3 5 0.002 25 5.00 NA NA — 1.10E+05 

Semi-Volatile Organics 
2-Methylnaphthalene mg/kg 4 5 0.032 120 24.00 NA NA - - YES 
Acenaphthylene mg/kg 4 5 0.014 0.22 5.30 NA NA — 2.20E+03 
Anthracene mg/kg 4 5 0.01 0.092 5.20 NA NA - 1.65E+04 
]enzo(a)anthracene 
Benzo(a)pyrene 
3enzo(b)f1uoranthene 

mg/kg 
mg/kg 
mg/kg 

4 
4 
4 

5 
5 
5 

0.035 
0.036 
0.13 

0.33 
0.3 

0.92 

5.30 
5.30 
5.50 

NA 
NA 
NA 

NA 
NA 
NA 

8.77E-01 
8.77E-02 
8.77E-01 

-
-
-

YES 
YES 

Benzo(g,h,i)perylene 
Benzo(k)fluoranthene 
Carbazole 

mg/kg 
mg/kg 
mg/kg 

4 
4 
1 

5 
5 
5 

0.035 
0.13 

0.092 

0.28 
0.92 

0.092 

5.30 
5.50 
5.40 

NA 
NA 
NA 

NA 
NA 
NA 

-
8.75E+00 
3.20E+01 

2.20E+03 
-
— 

Chrysene 
Dibenzo(a,h)anthracene 
Dibenzofuran 

mg/Vg 
mg/kg 
mg/kg 

4 
3 
2 

5 
5 
5 

0.046 
0.027 
0.017 

0.41 
0.12 

0.072 

5.30 
5.30 
5.30 

NA 
NA 
NA 

NA 
NA 
NA 

8.77E+01 
8.77E-02 

-

-
-

2.20E+02 
YES 

Dl-n-butylphthalate 
Fluoranthene 

mg/kg 
mg/kg 

4 
4 

5 
5 

0.01 
0.062 

0.062 
0.77 

5.20 
5.40 

NA 
NA 

NA 
NA 

-
-

5.49E+03 
2.20E+03 

Fluorene mg/kg 1 5 10 10 2.30 NA NA - 2.20E+03 
lndeno(1 ,2,3-cd)pyrene 
Naphthalene 
Phenanthrene 

mg/kg 
mg/kg 
mg/kg 

4 
4 
5 

5 
5 
5 

0.033 
0.021 
0.028 

0.33 
48 
10 

5.30 * 
9.74 
2.20 

NA 
NA 
NA 

NA 
NA 
NA 

8.77E-01 
— • 

' — 

-
2.20E+03 
2.20E+03 

Pyrene mg/kg 5 5 0.055 2.2 0.64 NA NA " 1.65E+03 

2/3/99 
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Table 2-14 Page 2 of 2 
Selection of COCs for Surface Soils - Human Health 

AOC FS-17 Rl STUDY AREA
 
MASSACHUSETTS MILfTARY RESERVATION
 

DETECTED MMR SITE-SPECIFIC MMR RISK 
CONCENTRATION BACKGROUND (1) CONCENTRATION (2) 

UNITS DETECTS SAMPLES MINIMUM MAXIMUM AVERAGE MINIMUM MAXIMUM 1.0E-06 HQ=0.2 COC 
(cancer) (non-cancer) 

Pesticides/PCBs 
4,4'-DDE mg/kg 3 5 0.0018 0.023 0.0065 NA NA 6.28E+00 1.28E+02 
4.4'-DDD mg/kg 2 5 0.0022 0.02 0.0055 NA NA 8.89E+00 5.49E+02 
4,4'-DDT mg/kg 5 5 0.0049 0.35 0.087 NA NA 6.28E+00 9.15E+01 
alpha-Chlordane mg/kg 1 5 0.0012 0.0012 0.0001 NA NA 1.64E+00 1.10E+01 
lamma-Chlordane mg/kg 2 5 0.00076 0.0046 0.0016 NA NA 1.64E+00 1.10E+01 
indrin Ketone mg/kg 2 5 0.003 0.012 0.0041 NA NA - - YES 

Aroclor-1260 mg/kg 3 5 0.025 0.2 0.061 NA NA 1.58E-01 — YES 

* 
Inorganic Analytes 
Aluminum mg/kg 5 5 2370 5680 3302 1146 8930 - 5.49E+04 
Arsenic mg/kg 5 5 1 2.6 1.9 0.15 3.6 3.66E-01 1.65E+01 YES 
Barium mg/kg 5 5 5.6 56.7 21 2 10.4 - 3.80E+03 
Beryllium mg/kg 2 5 0.23 0.23 0.15 0.1 0.65 1.49E-01 2.74E+02 YES 
Cadmium mg/kg 4 5 0.4 1.3 0.64 0.4 1.5 - 2.64E+01 
Calcium mg/kg 5 5 251 525 362 26 989 - - ** 

Chromium mg/kg 5 5 2.6 18.8 9.4 0.8 6.8 6.57E+02 2.74E+02 
Cobalt mg/kg 5 5 1.2 2.6 1.8 0.5 4.1 - - YES 
Copper mg/kg 5 5 5 26.8 14 0.47 5.2 - - YES 
Iron mg/kg 5 5 4500 8460 6178 2050 12400 - - ** 

Lead mg/kg 5 5 5.2 769 229 1.3 12.05 — 3.00E+02 YES 
Magnesium mg/kg 5 5 541 1040 722 176 794.5 —  *« 

Manganese mg/Vg 5 5 43.9 124 68 16 108 — 2.74E+02
 
Nickel mg/kg
 5 5 2.8 4.5 3.4 1.05 5.2 3.21 E+04 1.10E+03 
Potassium mg/kg 5 5 224 415 328 76 551 - - •*
 

Silver mg/kg
 1 5 0.98 0.98 0.52 0.33 1.4 - 2.74E+02
 
Vanadium mg/kg 5 5 7.7 131 11 1.13 15.2 - 3.84E+02
 
Zinc mg/kg 5 5 9 4 155 51 305 16 " 1.65E+04
 

NOTES: 

1 MMR Final Risk Assessment Handbook. Table E-1. Summary Statistics for Inorganic Concentrations Selected Background Surface Soil Samples.
 
Automated Sciences Group, Inc. September 1994.
 
2. MMR Final Risk Assessment Handbook. Table F-1. Human Health PRE, Risk/Hazard Equivalent Concentrations for Soils. Automated Sciences Group, Inc. September 1994. 
Tier 1 - Outside Flightline. 
• The average concentration exceeds the maximum concentration due to values of one-half the detection limit for nondetects exceeding the maximum concentration. 
- No risk-based concentration available for this compound. 
NA Not Applicable
 
" Calcium, iron, magnesium, and potassium are considered as essential macronutrlents for human health and are excluded as COCs.
 

2/3/99 



TABLE 2-15 Page 1 of1 
SELECTION OF COCS FOR SUBSURFACE SOILS - HUMAN HEALTH 

AOC FS-17 Rl STUDY AREA 
MASSACHUSETTS MILITARY RESERVATION 

UNITS DETECTS SAMPLES 

DETECTED
CONCENTRATION

MINIMUM MAXIMUM AVERAGE

 MMR SITE-SPECIFIC 
 BACKGROUND (1) 

 MINIMUM MAXIMUM 
CONCENTRATION (2) 
10E-06 HQ=02 

(anew) (noncancw) 
COC 

Volatile Organic! 
Methylene Chloride 
Acetone 
Carbon Dlsulflde 
Chloroform 
2-Butanone 
tenzene 
4-Methyl-2-Pentanon* 
Toluene 
Ethyl benzene 
Total Xylenes 

mo/kg 
mg/kg 
mo/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 

1 
e 
i 
3 
6 
1 
4 
3 
1 
2 

11 
11 
11 
11 
11 
11 
11 
11 
11 
11 

0001 
0011 
0001 
0002 
0002 
0001 
0008 
0001 
0001 
0007 

0001 
0.17 

0.001 
0002 
0.009 
0001 
0011 
001 

0001 
0.008 

0005" 
0.04 

0.005" 
0004" 
0005 
0005" 
0006 
0005 
0005" 
0006 

MA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

854E+01

_ 
429E-01

1.08E+00 _ 

 932E+02 
S49E+03 

 549E+02 
926E+02 

5.93E+02 
166E+03 
1 10E+05 

YES 

YES 

Seml-Volatlla Organic! 
Phenol 
Bis(2-Ethylhexyl)phthalat« 

mg/kg 
mg/kg 

1 
4 

9 
9 

0014 
0.021 

0014 
036 

0.15 " 
012 

NA 
NA 

NA 
NA 457E+01

329E+04 
1 10E+03 

Peitlcldec/PCBi 
None 

Inorganic Anatytei 
Aluminum 
Arsenic 
3arium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Nickel 
Potassium 
Silver 
Sodium 
Vanadium 
Zinc 

mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg*g 
mg/kg 
mg/kg 
mgrtcg 
mg/kg 

9 
9 
9 
1 
9 
e 
e 
9 
9 
9 
9 
9 
a 
9 
1 
3 
8 
9 

9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 

8' 
9 

707 
058 
2 2 

052 
20.8 

1.2 
084 
07 3 
1340 

1.2 
180 
15.3 
098 

98 
0.45 
150 
2.1 
3.1 

2640 
16 

5 
052 
118 
9 9 
14 
4.3 

9350 
2 8 
442 
48 7 
2.5 
300 

0.45 
187 
4 9 

154 

1200 
12 
3 6 

02 4 
63 
2 7 

0.79 
1.5 

3500 
18 

283 
33 
13 
190 

036 
100 

4 
6 4 

203.5 
0.23 
095 
021 
22.8 
095 
0 5 
0 3 
672 
012 

34 
455 
075 
965 
0 3 

10.15 
06 
19 

1980 
2 3 

147 
0.75 
933 
3 9 
2 6 
4 3 

2600 
3 7 
742 
567 
3.9 
437 
1.1 

3395 
5.7 
16 

3.66E-01

-
657E+02

-
_ 
-

-

3.21E+04
—

-

549E+04 
 1.65E+01 

380E»03 
2.64E+01 


 274E*02 

— 


300E+02 


274E+02 

 1.10E+03 


274E+02 


3ME+02 
165E+04 

YES 

*** 

YES 
YES 
• •« 

*** 

••* 

*** 

NOTES: 

1 MMR Final Risk Assessment Handbook. Table E-2. Summary Statistics for Inorganic Concentrations Selected Background Subsurface 
Soil Samples. Automated Sciences Group, Inc. September 1994. 

2 MMR Final Risk Assessment Handbook. Tabl« F-1. Human Health PRE, Risk/Hazard Equivalent Concentrations for Soils. 
Automated Sciences Group. Inc. September 1994 Tier I  Outside Fllghflln*. 

' The data for vanadium for sample 23BS0010078F was rejected. 
" The average concentration exceeds the maximum concentration due to values of one-half the detection limit exceeding the 

2/1/99 

maximum concentration. 
•" Calcium, iron, magnesium, potassium, and sodium are considered as essential macronutrients for human health and are excluded is COCs. 

NA Not Applicable 

I 



Table 2-16 Pagel of 2 
Selection of COCs for Groundwater - Human Health
 

Total and Dissolved Inorganics Concentrations
 
AOC FS-17 Rl Study Area
 

Massachusetts Military Reservation
 

DETECTED MMR SITE-SPECIFIC MMR RISK 

UNITS DETECTS SAMPLES 
CONCENTRATION

MINIMUM MAXIMUM AVERAGE
 BACKGROUND (1)

 MINIMUM MAXIMUM
 CONCENTRATION (2) 

 1.0E-06 HQ=0.2 COC 
(cancer) (non-cancer) 

Volatile Organlcs 
Acetone 
Benzene 
Chloroform 
Dichlorodifluoromethane 
Tetrachloroethene 

mg/l 
mg/l 
mg/l 
mg/l 
mg/l 

2 
1 
7 
3 
5 

7 
7 
7 
7 
7 

0.0031 
0.0002 
0.0015 
0.0007 
0.0004 

0.0038 
0.0002 
0.003 

0.0011 
0.0005 

0.0020 
0.00007 
0.0022 

0.00049 
0.00036 

NA 
NA 
NA 
NA 
NA 

NA 
NA
NA
NA 
NA 

 6.12E-04 
 2.75E-04 

7.29E-01 
-

7.03E-02 
-

6.38E-02 

YES 
YES 

SVOCs -

Bis(2-ethylhexyl)phthalat< mg/l 1 7 0.001 0.001 0.0023* NA NA 5.11E-03 1.23E-01 

Pestlcldes/PCBs 
4,4'-DDT mg/l 1 7 0.00002 0.00002 0.0000114 NA NA 2.10E-04 3.06E-03 

Inorganics (Total Concentrations) 
Aluminum 
Antimony 
Arsenic 
Barium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Nickel 
Potassium 
Sodium 
Vanadium 
Zinc 

mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 

7 
2 
2 
7 
2 
7 
6 
2 
6 
7 
7 
7 
7 
6 
7 
7 
7 
7 

7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 

0.937 
0.0021 
0.0012 
0.0199 

0.00022 
3.05 

0.0065 
0.0051 
0.0043 

1.13 
0.0014 

2.51 
0.0516 
0.0054 

1.1 
5.05 

0.0025 
0.0113 

6.87 
0.0031 
0.0026 
0.0381 

0.00028 
5.15 

0.0152 
0.0093 
0.0406 

11.2 
0.04 
4.55 

0.311 
0.0111 

2.09 
10.3 

0.0149 
0.0655 

3.5 
0.0015 
0.0013 

0.03 
0.00014 

4.0 
0.0094 
0.0035 
0.011 

6.1 
0.0091 

3.6 
0.13 

0.0074 
1.6 
7.8 

0.0085 
0.034 

0.067 
0.026 

0.0015 
0.0025 
0.0025 

1.38 
0.003 

0.0045 
0.002 
0.017 
0.001 

1.06 
0.001 

0.0055 
0.68 
2.9 

0.002 
0.0032 

0.312 
0.03 

0.002
0.095 

0.0025 
6.77 

0.017 
0.006 
0.013 
0.471 

0.0029 
4.93

0.109 
0.019 
1.975 
22.6 

0.0075 
0.0669 

 4.87E-05 

 

7.30E+00 
2.92E-03 
2.19E-03 
5.11E-01 
3.65E-03 

-
3.65E-02 

— 
— 
-

1.50E-02 
-

3.65E-02 
1.46E-01 

-
-

5.11E-02 
2.19E+00 

YES 
YES 

** 

YES 
YES 

YES (3) 
YES 
** 

YES 

** 

** 

2/1/99 



Table 2-18 Page 2 of 2 
Selection of COCs for Groundwater - Human Health
 

Total and Dissolved Inorganics Concentrations
 
AOC FS-17 Rl Study Area
 

Massachusetts Military Reservation
 

DETECTED MMR SITE-SPECIFIC MMR RISK 
CONCENTRATION BACKGROUND (1) CONCENTRATION (2) 

UNITS DETECTS SAMPLES MINIMUM MAXIMUM AVERAGE MINIMUM MAXIMUM 1.0E-06 HQ=0.2 COC 
(cancer) (non-cancer) 

norganlcs (Dissolved Concentrations) 
Aluminum mg/l 2 7 0.125 0.666 0.15 0.07 0.259 7.30E+00 
Antimony mg/l 6 7 0.003 0.0089 0.0052 0.026 0.03 2.92E-03 YES 
Barium mg/l 5 7 0.0106 0.0188 0.011 0.0015 0.1 5.11E-01 
Calcium mg/l 7 7 2.89 4.66 3.8 1.21 6.61 — ** 

Chromium mg/l 1 7 0.006 0.006 0.0034 0.003 0.005 3.65E-02 
Cobalt mg/l 1 7 0.0041 0.0041 0.0023 0.0045 0.006 — YES 
Copper mg/l 1 7 0.0066 0.0066 0.0022 0.002 0.0125 - YES 
Iron mg/l 3 7 0.0281 0.464 0.082 0.0126 0.422 - YES (3) 
Lead mg/l 2 7 0.0011 0.0014 0.00071 0.001 0.002 1.50E-02 
Magnesium mg/l 7 7 2.26 3.36 2.7 1.13 4.89 - ** 

Manganese mg/l 7 7 0.0093 0.039 0.018 0.001 0.103 3.65E-02 YES 

Nickel mg/l 2 7 0.0045 0.0057 0.0029 0.0055 0.019 1.46E-01 

Potassium mg/l 7 7 0.871 1.37 1.05 0.68 1.975 - ** 

Sodium mg/l 7 7 6.14 9.11 7.6 2.96 22.4 - ** 

Vanadium mg/l 1 7 0.0026 0.0026 0.0012 0.002 0.0075 5.11E-02 

Zinc mg/l 3 7 0.0117 0.0217 0.0084 0.0034 0.0735 2.19E+00 

Notes: 
1.	 MMR Background Inorganics Study. HAZWRAP. Final January 1994. Table 1-Unfiltered Background Inorganic Concentrations and 

Table 2-Filtered Background Inorganic Concentrations. 
2.	 MMR Final Risk Assessment Handbook. Table F-3. Human Health PRE, Risk/Hazard Equivalent Concentrations for Groundwater. 

Automated Sciences Group, Inc. September 1994. Tier 1 - Offsite. 
3. Iron was selected as a COC based on exceedance of MMR background. 
*	 The average concentration exceeds the maximum concentration due to values of one-half 

the detection limit for nondetects exceeding the maximum concentration. 
" Calcium, magnesium, potassium, and sodium are considered as essential macronutrients for human health and are excluded as COCs. 
— No risk-based concentration available for this compound. 
NA Not Applicable 

I 
2/1/99 



Table 2-17 Page 1 of 2 
Identification of COPCs for Surface Water - Human Health
 

Based on Ground water Concentrations
 
AOCFS-17R1 Study Area
 

Massachusetts Military Reservation
 

DETECTED MMR RISK 

UNITS DETECTS SAMPLES 
CONCENTRATION

MINIMUM MAXIMUM AVERAGE
 CONCENTRATION (1) 

 1.0E-06 HQ=0.2 
(cancer) (non-cancer) 

COPC 

Volatile Orgainics 
Acetone 
Benzene 
Chloroform 
Dichlorodifluoromethane 
Tetrachloroethene 

mg/l 
mg/l 
mg/l 
mg/l 
mg/l 

2 
1 
7 
3 
5 

7 
7 
7 
7 
7 

0.0031 
0.0002 
0.0015 
0.0007 
0.0004 

0.0038 
0.0002 
0.003 

0.0011 
0.0005 

0.0020 
0.00007
0.0022

0.00049 
0.00036 

 1.26E-02 
 7.44E-02 

3.20E+01 
-

1 .66E-01 
-

2.64E-02 
YES 

SVOCs 
Bis(2-ethylhexyl)phthalate mg/l 1 7 0.001 0.001 0.0023* 1.33E-02 3.20E-05 YES 

Pesticides/PCBs 
4,4'-DDT mg/l 1 7 0.00002 0.00002 0.0000114 5.38E-04 1.95E-08 YES 

Inorganics (Total Concentrations) 
Aluminum mg/l 7 7 0.937 6.87 3.5 1.72E+01 
Antimony mg/l 2 7 0.0021 0.0031 0.0015 7.43E-02 
Arsenic mg/l 2 7 0.0012 0.0026 0.0013 3.74E-02 1.85E-04 YES 
Barium mg/l 7 7 0.0199 0.0381 0.03 3.00E+00 
Cadmium mg/l 2 7 0.00022 0.00028 0.00014 1.16E-05 YES 
Calcium mg/l 7 7 3.05 5.15 4.0 — ** 

Chromium mg/l 6 7 0.0065 0.0152 0.0094 4.32E-03 YES 

Cobalt mg/l 2 7 0.0051 0.0093 0.0035 - YES 
Copper mg/l 6 7 0.0043 0.0406 0.011 — YES 
Iron mg/l 7 7 1.13 11.2 6.1 — YES (2) 
Lead mg/l 7 7 0.0014 0.04 0.0091 — YES 
Magnesium mg/l 7 7 2.51 4.55 3.6 - ** 

Manganese mg/l 7 7 0.0516 0.311 0.13 2.47E-06 YES 
Nickel mg/l 6 7 0.0054 0.0111 0.0074 3.26E-02 
Potassium mg/l 7 7 1.1 2.09 1.6 - ** 

Sodium mg/l 7 7 5.05 10.3 7.8 - ** 

Vanadium mg/l 7 7 0.0025 0.0149 0.0085 1.21E-01 
Zinc mg/l 7 7 0.0113 0.0655 0.034 5.38E-02 YES 

2/1/99 
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Table 2-17 Page 2 of 2 
Identification of COPCs for Surface Water - Human Health 

Based on Ground water Concentrations 
AOC FS-17 Rl Study Area 

Massachusetts Military Reservation 

DETECTED MMR RISK 
CONCENTRATION CONCENTRATION (1 ) 

UNITS DETECTS SAMPLES MINIMUM MAXIMUM AVERAGE 1.0E-06 HQ=0.2 COPC 
(cancer) (non-cancer) 

Inorganics (Dissolved Concentrations) 
Aluminum mg/l 2 7 0.125 0.666 0.15 1.72E+01 
Antimony mg/l 6 7 0.003 0.0089 0.0052 7.43E-02 
3arium mg/l 5 7 0.0106 0.0188 0.011 3.00E+00 
Calcium mg/l 7 7 2.89 4.66 3.8 - - ** 

Chromium mg/l 1 7 0.006 0.006 0.0034 4.32E-03 YES 
Cobalt mg/l 1 7 0.0041 0.0041 0.0023 - - YES 
Copper mg/l 1 7 0.0066 0.0066 0.0022 YES _ 

ron mg/l 3 7 0.0281 0.464 0.082 - - YES 
Lead mg/l 2 7 0.0011 0.0014 0.00071 - 
Magnesium mg/l 7 7 2.26 3.36 2.7 - - ** 

Manganese mg/l 7 7 0.0093 0.039 0.018 2.47E-06 YES 
Nickel mg/l 2 7 0.0045 0.0057 0.0029 3.26E-02 
Potassium mg/l 7 7 0.871 1.37 1.05 - - ** 

Sodium mg/l 7 7 6.14 9.11 7.6 ** 

Vanadium mg/l 1 7 0.0026 0.0026 0.0012 1.12E-01 
Zinc mg/l 3 7 0.0117 0.0217 0.0084 5.38E-02 

Notes: 
1.	 MMR Final Risk Assessment Handbook. Table F-4. Human Health and Ecological PRE, Summary for Surface Water, Risk/Hazard
 
Equivalent Concentrations. Automated Sciences Group, Inc. September 1994. Tier 1.
 

2. Iron (total concentration) was selected as a COC based on a high detected concentration 
* The average concentration exceeds the maximum concentration due to values of one-half 

the detection limit exceeding the maximum concentration.
 
** Calcium, magnesium, potassium, and sodium are considered as essentials macronutrients for human health and are excluded as COCs.
 
— No risk-based concentration available for this compound. 

2/1/99 



RltWHO. 

Paranwtara
C
ED
EF

TFo
TF1
IRsol
IRalr
ABSIng
ABSderm
VF
PEF
SA
AF
PC
CF1
CF2
IRw
BW
AT

Table 2-1 • 
Exposure Scenarios, Exposure Equations, end Exposure At.umpttont Used to Cttlmata Human Health M*k* 

AOC FS-17
 
MassachiiMtt* Mllllirv Reservation
 

Exposure Scenario* Evaluated tor AOC FS-17 

i I Exposure Scenario I 

Current Utttty Wotket So« 
ChM Trespasser Son 

Future Utmy Worker Sol 
ChM Trespasser Sol 
Adult Resident Sdl 1 Oroundwater 
Chid Resident So* a Oroundwater 

Soil DoMffilsk Equation: Inoattlon; Inhalation; Dwrnal Contact 

BW I AT M 36S d/yr 

QrouodwHar Dotaffllak Equation*: IngaaHon; Inhilrton; Dermal Contact 

BliWHQ. CI ED x ((EF x TF1 x VF I IRalrHEF* iTFexSAxPCxCFI x CH) * (TFo I EF x Iftw) 
B W x A T x 3« 5 d/yr 

Expocurv Assumptions Mod 

Currant and Future Uaa 
IMMy Child 

 OaflnMon Unte Worker Trospaseef 
 ConcentraUon (mean or maximum as appropriate) Sol * rno/k( Chemical Specific Chemical Specific 

 Exposure duration yean 1 e 
 Exposure frequency days/year 42 (Current land use) 52 (Current and future land us*) 

1 83 (Future land use) 
 Ingestton slope factor or RIO (mo/kg-d)'1 1Chemical Specific jh&tnctt Specific 
 InhalaHon slope raelor or RtD (mg*(rd>t jnwnlcttf Spoclflc Chemical SpecMc 

 Intake rale lor sol mo/d 480 100 
 InhalaHon rate m'/day 20 20 

 Ingestlonabtorptkintactor UnMess Chemical Specific ChwrrtcM SpcdAc 
 Dermal absorpHon factor UnMess CnwnJcrt Spttdflc CCWTNCV Specific 

 Volaliteatlon Factor m'/kg Chemical Specific CtwnilCtri Spocfflc 
 Paniculate Emission Factor m'/kg 4.63E-09 4S3E-09 

 Skin surface area cm' 3120 1000 
 adherence factor rnr/cm' 1 1 
 Dermal permlabllrly cnVh Chemical Specific Chemical Specific 
 Conversion lactor L/cm' na na 
 Conversion lactor h/d na na 
 Intake rate ol water Ud 
 Body weight kg 70 XS 

 Averaging Hme yean 70 70 

FutuaUM
 
(ktaldentlal
 

Child Adult
 
rftwfraCaV Specific Chemical Spedlic 

6 
350 

Chemical Specific 
Chamtcal SpacMc 

200 
20 

jwnticil Spfidflc 
Chemical Specific 
vnOITwCaV SpBCtflC 

4.63E-09
 
1000
 

1 
Chemical Specific 
na 
na 

15 
70 

24 
350 

Chemical Specific 
Chemical Specific 

too
 
20
 

^twfntcB) Specific
 
Chemical Specific
 
Chemical Specific
 

4.63E-09 
1000 

1 
Chemical Specific 

0.001 
2 4 
2 

70 
70 



TABLE 2-19 
Reference Doses (RfDs) and Cancer Slope Factors (CSFs) 

for Site Contaminants of Concern 

AOC FS-17 Rl Study Area 
Massachusetts Military Reservation 

INGESTION INHALATION 
CONTAMINANT CSF RFD CSF RFD 

(mg/kg/day)-1 (mg/kg/day) (mg/kg/day)-1 (mg/kg/day) 

Carbon Disulfide NA 1.00E-01 (1,5) NA 2.86E-03 (2,5) 
Chloroform 6.10E-03(1) 1.00E-02(1,5) 8.05E-02 (1) NA 
Dichlorodrfluoromethane NA 2.00E-01 (1,5) NA 5.71E-02(4) 
4-Methyl-2-pentanone NA 8.00E-02 (2,5) NA 2.29E-02 (4) 

Benzo(b)fluoranthene 7.30E-01 (3) NA NA NA 
Benzo(a)pyrene 7.30E+00(1) NA 3.10E+00 (3) NA 
Dibenzo(a,h)anthracene 7.30E+00 (3) NA NA NA 
2-Methylnaphthalene NA NA NA NA 

Aroclor-1260 7.70E+00(1) NA NA NA 
Endrin ketone NA NA NA NA 

Antimony NA 4.00E-04(1,5) NA NA 
Arsenic 1.50E+00(1) 3.00E-04(1,5) 1.51E+01 (1) NA 
Beryllium 4.30E+00(1) 5.00E-03(1,5) 8.40E+00(1) NA 
Cobalt NA NA NA NA 
Copper NA NA NA NA 
Iron NA NA NA NA 
Lead NA NA NA NA 
Manganese NA 5.00E-03 (water) (1,5) NA 1.43E-05(1,5) 

1.40E-01 (food) (1,5) 

NOTES: 
1 - Integrated Risk Information System, on line 1995. 
2 - Health Effects Assessment Summary Tables, U.S. Environmental Protection Agency, 

Annual Update, March 1994. 
3 - Interim RFD or CSF. EPA Environmental Criteria and Assessment Office (ECAO). 
4 - HEAST alternate. 
5 - The chronic oral/inhalation RfD was adopted as the subchronic oral/inhalation RfD. 
NA Not Available. 

Table2-I9.xls 2/1/99 



Table 2-20 
Equation for Diving RliUHaxart GuotMnl 

for Soil for Human Health 
n, Inhalation and Dermal Pathway* 

UtUtty Worfcen, Current U»* 
Maximum Soil Concentrations 

FS-17RI Study An* 

C * EO x«TF0 x 10-6 kg/mp. i IRwil i ABSng x EF) * (TF1 x IRav * EF x [1/VF + 1/PEFJ) + (TFo i 10-6 kg/mg » SAx AFx ABSdwrn x EF)> 
BW ( AT * 365 day*/yr 

coc C 
(mg/kg) 

BW 

(kg) 

AT 

(rO 
ED
(yr)

 iRsori
 (mg/d)

 EF SA
 (d/yi) (cm2) 

TFo 

 (mg/kg/dM 

cere 

TF5

(mg/kg/d)

noncarcwi

 TFi

 (mg/kp/d)-1

 care

 TFT 

 (mo/kgJ 

 ncncarc 

d) 

:in 

AF
mg/cm2)

 ABS 
 derm 

ABS
ng

 (Pair 
 (m3/d) 

VF 
<m3/kg) 

PEF 
(m3/kg) 

Cancer 
lno*stoon 

Cancer 
Inhalation 

Cancer 
Detmal 

Cancer 
Risk 

HQ 
lnge«twn 

HQ 
Inhalation 

HQ 
Dermal 

HQ 

voc« 
CARBON DISULFIDE 0001 70 70 1 480 42 3120 NA 1 OOE+01 NA 350E+02 1 0 0 1 20 NA 463E+09 OOE+00 OOE+00 OOE+00 ooe+oo 79E-09 25E-1 2 OOE+00 79E-09 

svoc« 
2-METHYLNAPHTHALENE 
BENZO(B)FLUORANTHENE 
BENZO<A)PYRENE 
DIBENZO(A.HJANTHRACENE 

120 

092 
0 3 

0 12 

70 
70 
70 
70 

70 
70 
70 
70 

1
1
1
1

 480
 480
 480
 480

 42
 42
 42
 42

 3120 NA 
 3120 7306-01 
 3120 730E+00 
 3120 730E+00 

NA
NA
NA
NA

 NA 
• NA 

3 10E+00 
 NA 

NA 
NA 
NA 
NA 

1 0
1 0
1 0
1 0

 0 
0 
0 
0 

1
1
1
1

 20 
 20 
 20 
 20 

1 49E+05 
1 OOE+10 
1 OOE+10 
1 OOE+10 

463E+09 
4G3E+09 
4 63E+09 
4636+09 

OOE+00 
76E-OB 
25E-OB 
99E-09 

OOE+00 
OOE+00 
1 4E-1 3 

OOE+00 

OOE+00 
OOE+00 
OOE+00 
DOE +00 

OOE+00 
76E-09 
2SE-08 
99E-09 

OOE+00 
OOE+00 
OOE+00 
OOE+OO 

OOE+00 
ooe+oo 
OOE+00 
OOE+00 

OOE+OO 
DOE -00 
OOE+00 
ooe+oo 

OOE+00 
OOE+OO 
OOE+00 
OOE+00 

PESTICiDES/PCBs 
AROCLOR-1260 
ENDRINKETONE 

0 2 
0012 

70 
70 

70 
70 

1
1

 480
 480

 42
 42

 3120 770E+00 
 3120 NA 

NA
NA

 NA 
 NA 

NA 
NA 

1 0
1 0

 006 
0 

03
03

 20 
 20 

1 DOE+10 
1 OOE+10 

4B3E+09 
463E+09 

52E-09 
OOE+00 

OOE+00 
OOE+00 

68E-09 
DOE -00 

1 2E-OB 
OOE+00 

OOE+00 
OOE+00 

OOE+00 
OOE+00 

DOE -00 
OOE+00 

OOE+00 
OOE+00 

INORGANICS 
ARSENIC 
BERYLLIUM 
COBALT 
COPPER 
LEAD 

2  6 
023 
2  6 

268 
769 

70 
70 
ro 
70 
70 

70 
70 
TO 

70 

70 

1
i
1
1
1

 480
 480
 480
 480
 480

 42
 42

 42
 42
 42

 3120 1 SOE+00 
 3120 4 30E+00 

 3120 NA 
 3120 NA 
 3120 NA 

333E+03
200E+02

NA
NA
NA

 1 51E+01 
 B40E+00 
 NA 
 NA 
 NA 

NA 
NA 
NA 
NA 
NA 

1 0

1 0
1 0
1 0
1 0

 0 

0 
0 
0 
0 

1
1
1
1

03

 20 
 20 
 20 
 20 
 20 

1 OOE+10 
i ooe+io 
1 OOE+10 
1 OOE + 10 
1 OOE+10 

4 63E+09 
4 63E+09 
463E+09 
463E+09 
463E+09 

44E-06 
1 1E-OC 

OOE+00 
OOE+00 
OOE+00 

58E 12 
29E 13 

OOE+00 
OOE+00 
OOE+00 

OOE+00 
OOE+00 
OOE+00 
OOE+00 
OOE+00 

44E-OB 
1 IE-OS 

OOE+00 
OOE+00 
OOE+00 

6BE-03 
36E-05 

OOE+00 
OOE+00 
OOE+00 

DOE +00 
OOE+00 
OOE+00 
OOE+00 
OOE+00 

OOE+00 
ooe+oo 
OOE+00 
DOE +00 
DOE +00 

6BE-03 
36E-O6 

OOE+OO 
OOE+OO 
OOE+00 

COC = contaminant of concern 
C * tori concentration 
6W = body weight 
AT = averaging time (for noncaronc 
ED = exposure duration - Oayt o* yt 
IRnwl = aod mgesbon rate 
EF = exposure frequency 

gens : ED) 
tar receptor is exposed 

SA = skin surface area exposed 
TF0 = mgestion slop* factor for carcinogen* or 

1 ringevtion reference doea lor noocarcinogent 
TF 1 = inhataton elope recto ft* carcinogens or 

1/nhehrhon reference oo*e for noncarcinooent 
AF : adherence factor 
ABSderm = dermal abaorpbon factor 
ABSng = mgaiBDti aCWOrpbon Ijrto

(R»ir = inhalation rate 
VF  wrt-to-eJr volaMzatnn fac 
PEF = totf-to-air partculale em 
HO = hazard quotient 
HI = hazard ind« 
NA = not applicable 

tor 
wnon factor 

Tt HalRnh Cancer 
Inge* Son 

1 OE-07 

Cancer 
Inhalation 

63E 12 

Cancer 
Dermal 

6 BE -OS 

Cancer 
Rnk 

1 IE -07 

HI 
Ingnbon 

69E-03 

HI 
Inhalation 

25E-1 2 

HI 

Dermal 

OOE+0 0 

HI 
Total 

69E-03 



Table 2-21 
Equation tor Deriving Wad/Hazard Quottenl 

for Sells for Human Hearth 
(ngesflon, Mutaton and Dermal Pathway* 

Uttpty Workers, Future U»e 

F8-17RI Study Area 

Ingeetjon Inhalation Dermal 
6hg/mgilRtaliAeSmgKEF) + {TF1 „ |R* x EF i (IrVF + 1/PEF)} + (TFo x 1O« kg/mg » SA» AF» ABSderm i EF}) 

BW x AT x 365 day*/yr 

<mgfl<B) (kg) (yr) (yr) (mg/d) (d/yr) (cm2) 

TFo 
(mg/kg/dl-l 

care 

TFo
(mgfltgM)

noncardn

 TF1
 (inotg/d)-1

 care

 TF1 
 (mgrKgrd)

 noncarcln 

 AF
(mgrcm2)

 ABS 
 derm 

ABS
Ing

 IRalr
 (ml/d)

 VF
 (m3/kg)

 PEF
 (m3/hg)

 Cancer
 IngeiTJon

 Cancer
 mlulatlon

 Cancer
 Dermal

 Cancer
 Rlife

 HQ
 Ingettlon

 HQ
 Inhatatkm

 HQ
 Dermal 

 HQ 

CARBON DISULFIDE NA 1 OOE+01 NA 350E*O2 

SVOCs 
2-METHYLNAPHTHALENE 
BENZOjBJFLUORANTHENE 
BENZO(A)PYRENE 
DIBENZO1A HANTHRACENE 

480 

400 
480 

3120 

3120 

3120 

3120 

NA 

7 30E-01 
7 JOE +00 

730E+00 

NA 

NA 

NA 

NA 

NA 

NA 

3 IDE +00 

NA 

NA 

NA 

NA 

NA 

1 0 

1 0 

1 0 

1 0 

0 

0 

0 

0 

20 
20 
20 
20 

1 49E+O5 
1 OOE+10 
1 OOE*10 
1 OOE'iO 

463E*09 
463E*09 
463E+09 
4 63E+O9 

OOE+OO 
33E-06 
1 1E-07 
43E-06 

OOE+OO 
OOE+OO 
60E-1 3 

OOE+O O 

OOE+OO 
OOE+OO 
OOE+OO 
OOE+OO 

OOE+00 
3 3E-O8 
1 1E-07 
43E-O6 

OOE+OO 
DOE +00 
OOE+OO 
OOE+OO 

OOE+OO 
OOE+OO 
OOE+OO 
OOE+OQ 

OOE+OO 
OOE+OO 
OOE+OO 
OOE+OO 

OOE+OO 
OOE+OO 
OOE+OO 
OOE+OO 

PESTICIDES'PCBs 
AROCLOR-12SO 
ENQRIN KETONE 

3120 

3120 

7 70E+00 
NA 

NA 

NA 

NA 

NA 

NA 

NA 

1 0 

1 0 

006 

0 

20 
20 

1 OOE+10 
1 OOE+10 

463E+09 
463E+09 

23E-06 
OOE+OO 

006+00 
OOE+OO 

29E-08 
OOE+OO 

52E-08 
OOE+OO 

OOE+OO 
OOE+OO 

OOE+OO 
OOE+OO 

OOE+OO 
OOE+OO 

OOE*00 
OOE+OO 

INORGANICS 
ARSENIC 
BERYLLIUM 
COBALT 
COPPER 
LEAD 

3120 

3120 

3120 

3120 

1 ME +00 

4 30F.+00 
NA 

HA 

333E+03 
200E+02 

NA 

NA 

1 51E+01 
640E+00 

NA 

NA 

NA 

NA 

NA 

NA 

1 0 

1 0 

1 0 

1 0 

0 

0 

0 

0 

20 
20 
20 
20 
20 

1 OOE+10 
1 OOE+10 
1 OOE+10 
100E+10 
1 OOE+10 

463E+09 
463EH39 

463EK)9 
463E+O9 
463E+O9 

1 9E-07 
49f-08 

OOE+OO 
OOE+OO 
OOE+M 

25E-1 1 

1 2E-12 
OOE+OO 
OOEHDO 
OOE+OO 

OOE*00 
OOE+OO 
OOE-00 
OOE-00 
OOE+OO 

1 9E-D7 
49E-08 

OOE+OO 
OOE+OO 
OOE+OO 

30E-02 
1 6E-04 

OOE+OO 
OOE+OO 
OOE+OO 

OOE+OO 
OOE+OO 
OOE+OO 
OOE+OO 
OOE+OO 

OOE+OO 
OOE+OO 
OOE*00 
OOE+OO 
OOE+00 

30E-02 
1 6E-04 

OOE+OO 
OOE+OO 
OOE+OO 

COC = co"t»mn»nt of c 
C = tot concenbalion 

BW E body uweht 
AT i averaging Time (for noncareinogent = ED) 
ED = expoturv duration • day* at year receptor is expoted 
IRsod = *ori mge»bon rate 
EF = vxpoture frequency 

SA  *km •urface i 
TFo = mgeatan clop* (actor lor carcnogeni o 

lAngMtun reference ckwe tor noncarc>nogw^ 
TF1 : nhalaoon atope fecto> for carcinogens o> 

1 rnrwlateo reference do» for noncarcmogens 

AF = adherence factor 
ABSderm = dermal abeorpton facia 
ABSmg = monbon abeofpton fectn 

IRa« - mhabtion 
VF  eoil-to-M volatriizabon factor 
PEF - wX-vt-

HQ = hazard quotient 
Hi = hazard nlei 
NA  not apphcebie 

ToM Risk Cenctr 
Ingmtun 

45E-07 

Cencet 
InhaHtKXi 

2 7E-1  1 

Cane* 
Oerm*l 

29E-06 

Cancer 
Rich 

4 BE 07 

HI 
Ingeston 

30E-02 

HI 
Inhalatnn 

1 1E-11 

Hi 
Dwrnal 

OOE+OO 

HI 
Total 

30E«2 



Equation lot Otrivlng RI»k/Haurd Quotient 

tor Soils tar Human Health 
rngeitlon, Inhalation and Dermal Pathway* 

UIHtty Worker*, CurrMri U»« 
M*an Soil ConctntraHoni 

F9-17RI Study Area 

[ 10-6 kg/mg * IRsoil » ABSing x EF) * + 1/PEF|) + (TFo x 10-6 hg/mg x SA x AF » ABSderm w EF)) 

(cm!) tmglkg/d)-1

urc

 <mgfkgM| (mg/r.gWI-1 (mq/kgJd) (mgJcm2) 

 noncarcln care noncarcln 

ABS 

d«rm 

PEF 
(mJfkg) 

Cancer 
IngeiHon 

Cancer 
Inhalation 

Cancer 
Dermal 

Cancer 
Riik Ingestlon Inhalation 

CARBON DISULFIDE NA 3 50E +02 

SVOCi 

2 METHYLNAPHTHALENE 

BEN20(B)FLUORANTHENE 

BENZO(A)PYRENE 

DiBENZ(A HIANTMRACENE 

24 

092 ' 

03 • 

012 ' 

70 

70 

70 

70 

70

70

70

70

 1

 1

 1

 i

 480

 480

 480

 480

 42

 42

 42

 42

 31 20 

 3120 

 3120 

 31 JO 

NA 

730E-01 

730E+00 

730E+OO 

NA 

NA 

NA 

NA 

NA 

NA 

3 10E+00 

NA 

NA

NA

NA

NA

 10

 10

 10

 10

 0 

0 

0 

0 

1 

1 

1 

1 

20 

20 

20 

20 

1 49E+05 

1 OOE-10 

1 OOE+10 

1 OOE-10 

463E+09 

463E+09 

4G3E+09 

463E+09 

OOE +00 

76E0 9 

25E-06 

99E-09 

OOE +00 

OOE +00 

1 4E-13 

OOE +00 

OOE +00 

OOE +00 

ODE +00 

OOE +00 

OOE +00 

76E 09 

25E-06 

99E-09 

OOE-O O 

OOC-0 0 

OOE-O O 

OOE-OO 

OOE-OO 

OOE +00 

OOE +00 

OOE +OO 

OOE +00 

OOE +00 

OOE +00 

OOE +00 

OOE +00 

OOE +00 

OOE +00 

OOE +00 

PESTICIDE S/PCBs 

AROCLOR-12SO 

ENCRIN KETONE 

OD61 

00041 

70 

70 

70

70

 1

 i

 480

 480

 42

 42

 3120 

 3120 

770E+00 

NA 

NA 

NA 

NA 

NA 

NA

NA

 10

 10

 006 

0 

0 3 

0 3 

20 

20 

1 DOE + lO 

i OOE+tO 

463E-09 

463E+09 

1 6E-09 

OOE +00 

OOE +00 

OOE +00 

21E-09 

OOE +00 

37E-0 9 

OOE-OO 

OOE-O O 

ODE -00 

OOE +00 

OOE +00 

OOE-OO 

OOE +00 

OOE +00 

OOE +00 

INORGANICS 

ARSENIC 

BERYLLIUM 

COBAL T 

COPPER 

LEA D 

1 9 

015 

1 8 

14 

229 

70 

70 

70 

70 

70 

70

70

70

70

70

 1

 1

 1

 1

 1

 480

 480

 480

 480

 480

 42

 42

 42

 42

 42*

 3120 

 3120 

 3120 

 3120 

 3120 

1 50E+00 

430E+00 

NA 

NA 

NA 

333E+0 3 

2 OOE +02 

NA 

NA 

NA 

I 51E+01 

S40E-OO 

NA 

NA 

NA 

NA

NA

NA

NA

NA

 10

 10

 10

 10

 10

 0 

0 

0 

0 

0 

1 

1 

1 

1 

0 3 

20 

20 

20 

20 

20 

1 OOE + 10 

i OOE + »0 

i OOE +10 

1 OOE + 10 

i OOE + 10 

4 63E+09 

463E+09 

463E+09 

4 63E+09 

463E+09 

32E-OB 

73E-0 9 

OOE +00 

OOE +00 

OOE +00 

43E-1 2 

1 9E-13 

OOE +00 

OOE +00 

OOE +00 

OOE +OO 

OOE +00 

OOE +00 

DOE-OO 

OOE +OO 

32E-08 

73E era 
OOE +00 

OOE +OO 

OOE +00 

5 OE -03 

24E-0 5 

OOE- 00 

OOE +00 

OOE +00 

OOE +00 

OOE +00 

OOE +00 

OOE-OO 

OOE +00 

OOE +00 

OOE*0 0 

OOE-OO 

OOE-OO 

ODE +00 

50E-03 

24E-05 

OOE+OO 

OOE +00 

OOE +00 

*  Maximum detected concentration wa 

COC  contaminant o' concern 

C = soil concentralpon 

BW  body weight 

AT  averaging lime (lot nonca<cinoger 

ED = eiposure duration days of ine yi 

IRioil = sol mgestwn rate 

is used because calculated 

™ = ED) 

car leceptcH s exposed 

meai -i preceded trie maximum 

SA •= slim surface «rea exposed 

T Fo - cgeslnn slope factor for carcinogens i 

lAngwtnn reference dose (of nonca>cinog 

T F 1 = inhalation slope factor fo> carcinogens 

1 /mhalawn reference dote for nonc*rcino{ 

AF T arjhwence factor 

fens 

or 

jens 

tRair > inflation rale 

VF = soil lo- air vol Bill II all 

PEF = particuiaieemissii 

HO  hazard quotient 

HI  hazard mdex 

NA = not applicable 

on taclor 

sn facie* 

Total Ron Cance> 

ingestion 

B3E-08 

Cancer 

Inhalation 

46E-1 2 

Cancer 

Dermal 

2 1E-09 

Cance-

Rish 

B5E 06 

HI 

ingeslion 

50E-0 3 

Hi 

Inhalation 

25E-1 2 

HI 

Dermal 

OOE +00 

HI 

Total 

50E-03 

A B Sing  moe«iion Bbsorpmn factor 



Tabte 2-23 
Equation (or Deriving Rlik/Hazard QuoNtnt 

tot SoH* (or Human HMlttt 
Ingastlon, Inhalation and Dermal Pathway! 

UIIIKy Worker*, Future UM 
Mean SoH Concentration* 

FS-17RI Study Area 

BW > AT * 365 days/yr 

TFo TFo TF1 TF1 

coc c BW AT ED IRioil EF SA (mg/kgfd).1 fmg/kgrd) (mg/kgrdM (mg/kgfd) AF ABS AB3 IRalr VF PEF Cancer Cancer Cancer Cancer HQ HO HQ HQ 
(mg/kg) (kg) <yr) (yr» (mgM) (d/yr) (cm2J 

care caic noncarcln 
|mgfcm2) derm Ing |m3/d) |m3fl<g, (ml/kg) lng»tlon Inhalation Dermal Rttk Ingcitlon Inhalation Dermal 

VOC* 
CARBON DISULFiOE 0001 • 70 TO 1 480 183 3120 NA 1 OOE +01 NA 350E-02 10 0 1 20 NA 463E+09 OOE+OO OOE+O O OOE+OO OOE+OO •J4E-08 1 IE 11 OOE+OO 34E-OB 

SVOCi 
2-METHYLNAPHTHAlENE 24 70 70 1 480 183 3120 NA NA NA NA 1 0 0 1 20 1 49E+05 463E+09 OOE+O O OOE+OO OOE+OO ooe+oo OOE+OO ooe+oo OOE+OO OOE+OO 

BENZO)B)FLUORANTHENE 092 ' 70 70 1 480 183 3120 730E-01 NA NA NA 1 0 0 1 20 100E + 10 463E+O9 33E-OB OOE+OO OOE+OO 33E0 6 OOE+OO OOE+OO OOE+OO OOE+OO 

BEN2O(A}PYRENE 03 ' 70 70 1 480 183 3120 730E+00 NA 310E+00 NA 1 0 0 1 20 100E + 10 463E+09 1 1E-07 60E-13 OOE+OO I 1E-07 OOE+OO OOE+OO OOE+OO OOE+OO 

DIBENZ(A.H)ANTHRACENE 012 ' 70 70 1 480 163 3120 730E+00 NA NA NA 10 0 1 20 1 OOE +10 463E+09 43E-06 OOE+OO OOE+OO 43E-OB OOE+OO OOE+OO OOE+OO OOE +00 

PESTICIDES/PCS* 
AROCLOR-1260 0061 70 70 1 480 183 3120 7 7QE+00 NA NA NA 10 006 03 20 I OOE '10 4E3E+09 69E09 OOE+OO 90E-09 1 6E-08 OOE+OO OOE+OO OOE+OO OOE +00 

ENDRINKETONE 00041 70 70 1 480 163 3120 NA NA NA NA 10 0 03 20 100E+10 463E+09 OOE+00 OOE'O O OOE+OO OOE+OO OOE +00 OOE+O O OOE+OO OOE+OO 

INORGANICS 
ARSENIC 1 9 70 70 1 480 163 3120 1WE-00 333E+0 3 1 51E+01 NA 1 0 0 1 20 100E + 10 463E+09 1 4E-07 19E-1 1 OOE+OO 1 4E-07 2 2E-02 OOE+OO OOE+OO 22E-0 2 

BERYLLIU M 015 70 70 1 480 163 3120 430E+00 2 OOE +02 840E+00 NA 1 0 0 1 20 1 OOE + 1 0 463E+O9 32E-06 81 E 1 3 OOE+OO 3 2E-08 • OE-04 OOE+OO OOE+OO 1 OE-04 

COBALT 1 8 70 70 1 480 183 3120 NA NA NA NA 1 0 0 1 20 100E + 10 463E+09 DOE'OO OOE+OO OOE+OO ooe+oo OOE+OO OOE+OO OOE+OO OOE+OO 

COPPER 14 70 70 1 480 163 3120 NA NA NA NA 1 0 0 1 20 100E + 10 4G3E+09 OOE+OO OOE+OO OOE+OO OOE +00 OOE+OO COE+00 OOE+OO OOE+OO 

LEA D 229 70 70 1 480 163 3120 NA NA NA NA 10 0 03 20 IOOE + 10 463E+09 OOE -00 OOE+OO OOE+OO OOE+OO OOE+OO OOE+O O OOE+OO OOE+OO 

'= Maximum delected concentration wai used because cakula led mean evci tedc >d the ma (mum 

COC * contaminant of concern SA  »kn surface aiea exposed IRair ' mhaWwn rale 
C = toil concentration TFo • ngeston ttope factor lor c arcmogent o> VF * toil-to-aw voWiluat •onlacioi Total Rick Cancer Cancer Cancer Cancer HI HI HI HI 

BW* bodyvwigN 1 AngMlion reference dote lor noncarcinogem PEF • particulala emn»i on factor ingestwn Inhalation DermaJ Rnk 'ngnlion Inhaiatun Dermal Total 

AT ' averaging time {for noocarcinogeni  ED) TF 1 ̂  inhalation Hope facloi (of i ;arcmog«*or HQ • huard quotient 

IRKMl « latl ingeslon rate NA -- noi applicable 

EF • eipo*ure frequency ABSdetm  absorption lacto> 
ASSrng • mgeilion abwyption facior 



Tabfc 2-24 
Equation tor Deriving Risk/Hazard Quotient 

for Soil* for Human Health 
Ingcstton, Inhalation, and Dermal Pathways 
CMU Trespasser, Current and Future Us* 

Maximum Concentrations 

FS-17RI Study Area 

Ingesbon Inhalation Dermal 
€ kg/mg x IRsod x ABSng * EF> * (TF1 x IRar x EF K |1/VF + 1/PEF)} * (TFo i 10-6 kg/mg x SA x AF x ABSderm x EFJJ 

BW i ATx 365 days/yr 

COC C
fmg/kgl

 BW 

 (kg) 

AT

(yr>

 ED

 <yr)

 IRsdl

 (mg/d)

 EF

 (d/yr)

 SA

 (cm2)

 TFo 

 (mg,kg/d).1 
care 

TFo 
<mgJkg/d) 
noncarcln 

TF1 
fmg/fcg/dM 

care 

TFT 
(mg'kgfd)

noncarcln 

 AF
(mg/cm2)

 ABS 
 derm 

ABS
log

 IRalr 
 (m3/d) 

VF 
(mlftg) 

PEF 
(mJ/kg) 

Cancer 
Ingesnon 

Cancer 

Inhalation 
Cancer 
Dermal 

Cancer 
Risk 

HQ 

tngeillon 
HQ 

Inhalation 
HQ 

Dermal 
HQ 

VOCs ' " ~ 
CARBON DISULFIDE 0 001 36 2 70 6 100 52 1000 NA 1 OOE+01 NA 350E+02 10 0 1 20 NA 4630000000 OOE-0 0 OOE+0 0 0 OE+00 OOE+0 0 3 9E-09 59E-1 2 OOE+0 0 3 9E-09 

SVOCs 
2-METHYLNAPHTHALENE
BENZO<B)FLUORANTHENE

BENZO<A)PYRENE

 120
 0 92

 03

 36 2 
 36 2 

 36 2 

70
70

70

 6
 6

 6

 100
 100

 100

 52
 52

 52

 1000

 1000

 1000

 NA 
7 30E-01 

 730E+00 

NA 
NA 
NA 

NA 

NA 
3 10E+00 

NA
NA

NA

 10
 10

 10

 0 
0 

0 

1

1
1

 20 

 20 
 20 

1 49E+05 

1 OOE + 10 
1 OOE + 10 

4630000000 

4630000000 
4630000000 

OOE'O O 

2 3E-08 
74E-0 8 

OOE+0 0 
0 OE+00 

20E-1 2 

0 OE+00 
0 OE+00 

OOE+0 0 

OOE+0 0 
2 3E-OB 

7 4E-08 

0 OE +00 

DOE +00 
OOE+0 0 

OOE+0 0 
OOE+0 0 
OOE+0 0 

OOE'O O 
OOE+0 0 
OOE+0 0 

OOE+0 0 
OOE+0 0 

OOE+0 0 

PESTICIDE S/PCBs 
AROCLOR-1260

ENDRINKETONE

 0 2

 001 2

 36 2 

 362 

70

70

 6

 6

 100

 100

 52

 5?

 1000

 1000

 7 70E'00 

 NA 

NA 
NA 

NA 
NA 

NA
NA

 10
 ID

 0 06 
0 

03
03

 20 
 20 

1 OOE+10 
1 OOE+1 0 

4630000000 
4630000000 

1 6E-08 
OOE+0 0 

OOE+0 0 
OOE+0 0 

3 1E-08 
OOE+0 0 

4 7E-08 
OOE'O O 

0 OE+00 
OOE+0 0 

0 OE +00 
OOE+0 0 

OOE+0 0 
OOE+0 0 

OOE+0 0 
OOE+0 0 

INORGANICS 

ARSENIC
BERYLLIUM

LEAD

 26
 0 23

 769

 36 2 
 362 

 36 2 

70
70

70

 6
 6

 6

 100
 100

 100

 52
 52

 52

 1000
 1000

 1000

 I 50E+00 
 430E+00 

 NA 

333E+0 3 

2 OOE+02 
NA 
NA 
NA 

1 51E+01 
B40E+0 0 

NA 
NA 
NA 

NA
NA
NA

NA
NA

 10
 10
 10

 10
 10

 0 
0 
0 

0 
0 

1
1

1
1

03

 20 
 20 

 20 
 20 
 20 

1 OOE+10 

1 OOE+10 
1 OOE+10 
1 OOE+10 
1 OOE+10 

4630000000 
4630000000 

4630000000 
4630000000 
4630000000 

1 3E-0 7 

33E-06 
OOE+0 0 
OOE+0 0 

OOE+0 0 

84E-1 1 
4 1E-12 
OOE+0 0 

OOE'O O 
OOE+0 0 

OOE+0 0 
OOE+0 0 
OOE+0 0 

0 OE+00 
OOE+0 0 

1 3E-07 

3 3E-OB 
OOE+0 0 

0 OE+00 
OOE+0 0 

3 4E-03 
t BE -05 

OOE+0 0 
OOE+0 0 
OOE+0 0 

OOE+0 0 
OOE+0 0 

OOE+0 0 
OOE+0 0 
OOE+0 0 

OOE+0 0 

OOE+0 0 
0 OE+00 
0 OE+00 

OOE+0 0 

34E-0 3 
1 BE -05 

ODE +00 

0 OE+00 
OOE+00 

COC = contaminant of concern 
C = sod concentration 

BW = body weight 
AT = averaging time (equal to ED for noncarcmogens) 
ED =e*posure du'arion 

TFO = mgestion slope factor for carcinogens or 
1'ingesbon reference dose lor noncarcmogens 

TF1 = nhalation elope Facto> for carcmogens or 
I/inhalation reference dose 'or noncarcmogens 

AF  so4 to skin a lence actor 

VF = soil-to-air volatkiation faclot 

PEF = partKiHate emssion factor 
HQ = hazard quotient 

HI = hazard ndex 

- no app a e 

Total Risk Cancer 
Ingestron 

Cancel 
Inhalation 

Cancer 

Dermal 

Cancer 

Risk 
HI 

Ingesbon 
HI 

inhalation 

HI 

Dermal 
HI 

Total 

EF  exposure frequency 
SA = skn surface are a available lot contact 

ABSmg = vigesbon absorption iate 

iRaff = inhalation rale 



Tabta 2-25 
Equation for Deriving RI»UHaz«rd Quotfcfil 

for Soils foi Human Health 
lnge»tk>n, InhaUtJon, end Dcrmil Pathway* 

Child TrMpasur. Current and Future Uu 
Mc*n Concentrations 
F3-17 Rl Study Area 

Ingeston Inhalation Dem 
C x ED x {(TFo x 10-6 kg/mg x IRso( x ABSng x EF) + (TF1 x lRa» x EF x [1/VF + 1/PEF]) + (TFo » 10-6 kg/mg i SA x 

ial 
AF x ABSder rnxEF)} 

BW 
(hgl 

EF

(Hfyt>

 SA

 (cm21 

TFo 
 (mg/tg/dM 

care 

TFo
(mg/kgfdl

noncarcln

 TFi 
 |mg'kgfd)-l 

 care 

TFI 
(mg'kgrd) 

noncarcln 

AF
(mgfcrnlV

 ABS 
 detm 

ABS
ing

 IRalr 
 (mild) 

VF 
(mJIkg* 

PEF 

ImSffcg) 
Cancer 

Ingestton 
Cancer 

Inhalation 
Cancer 
Dtimit 

Cancer 
Rbk 

HQ 

tngestlon 
HO 

Inhalation 
HQ 

Dermal 
HQ 

VOCs 
CARBON DISULFIDE 5? 1000 NA 1 OOE +01 NA 3 50E+02 1 0 0 1 20 NA 4630000000 OOE+0 0 OOE+0 0 OOE+0 0 OOE+0 0 39E-0 9 59E-I 2 OOE*0 0 3 9E-09 

SVOCs 
2-METHYLNAPHTHALENE 
BENZO(B)FLUORANTHENE 
9ENZOiA|PYRENE 
DIBENZ(A HiANTHRACENE 

24
0 92 8
03 '

012 •

 362 
 36 2 
 362 
 362 

52
52

52
52

 1000 NA 
 1000 7 30E 01 

 1000 730E+00 
 1000 7 30E+00 

NA

NA
NA
NA

 NA 

 NA 
 310E+00 
 NA 

NA 

NA 
NA 

NA 

1 0
1 0
1 0

1 0

 0 
0 
0 

0 

1
1

1
1

 20 
 20 

 20 
 20 

1 49E+0 5 
1 DOE- 10 
1 OOE* 10 
1 OOF+1 0 

4630000000 
4630000000 
4630000000 
4630000000 

0 OE+00 
2 3E-08 
7 4E-08 
30E-08 

OOE+0 0 
OOE+0 0 
20E-1 2 

OOE+0 0 

OOE+0 0 
OOE+0 0 
0 OE+00 
0 DE'O O 

OOE'O O 
2 3F-0 8 
7 <E 08 

30 E 0 8 

OOE+0 0 
OOE+0 0 
OOE+0 0 
OOE+0 0 

OOE'O O 
0 OE+00 
OOE+0 0 
OOE+0 0 

0 OE*00 
OOE+0 0 
OOE+0 0 
OOE+0 0 

OOE+0 0 
OOE+0 0 
OOE+0 0 
0 OE+00 

PE STI C IDE S/PCBs 
AROCLOR-126 0 
ENDRIN KETONE 

0061 
00041 

362 
362 

52
52

 1000
 1000

 7 70E-00 
 NA 

NA
NA

 NA 
 NA 

NA 

NA 
10
1 0

 006 
0 

0 3
0 3

 2 0 
 ? 0 

1 OOE+1 0 
1 OOE+1 0 

4630000000 
4630000000 

4 BE -09 

OOE+0 0 
OOE+0 0 
0 OE+00 

9 5E-09 
OOE+0 0 

1 4E 08 
0 OE-0 0 

OO E -0 0 
OOE+0 0 

0 OE+00 
0 OE+00 

OOE'O O 
OOE'O O 

OOE*0 0 
OOE*0 0 

INORGANICS 
ARSENIC 
BERYLLIUM 
COBAL T 

COPPER 
LEAD 229 

362 
362 
362 
362 
362 6 100 

52
52
52
52

52

 1000
 1000
 1000

 1000

 1000

 1 50E*00 
4 30E+00 

 NA 
 NA 

 NA 

3 33E + 03
200E+02

NA
NA

NA

 1.51E-01 
 840E-00 
 NA 
 NA 

 NA 

NA 

NA 
NA 
NA 

NA 

1 0

1 0
1 0

1 0

1 0

 0 

0 
0 

0 

0 

1
1

1
1

0 3

 20 
 20 

 20 
 20 

 2 0 

1 OOE+1 0 
1 DOE* 10 
1 OOE* 10 
1 OOE* 10 
1 OOE + 10 

4630000000 
4630000000 
4630000000 
4630000000 
4630000000 

96E 08 

22E-O B 
OOE+0 0 
OOE + 00 
0 OE+00 

6 1E 11 

27E 12 
OOE + 00 
OOE+0 0 
OOE+0 0 

OOE+0 0 
O O E ' O  O 
OOE+0 0 
OOE'O O 
OOE+0 0 

96 E 0 8 
2 2 E 0  8 

OOE'O O 
O O E ' O  O 
OOE+0 0 

25E-0 3 
1 2E 05 

OOE'O O 
OOE+0 0 
OOE+00 

OOE+0 0 
OOE+0 0 
OOE+0 0 
OOE+0 0 
OOE+0 0 

OOE+0 0 
OOE'O O 
OOE+0 0 
OOE+0 0 
OOE+0 0 

25E-0 3 
1 2E 05 

OOE'O O 
OOE+0 0 
OOE+0 0 

:entr»tion was used because 
COC = conlammanl of concern 
C = soil concentration 

BW = body weight 
AT = ave<aging time (equal lo ED for noncarciogens) 
ED =eipo&ure duration 

IRsoil =sori mgestion late 
EF ; exposure frequency 
SA = stun surface area avadable tor contact 

eeded the maximum 
TFO  ingestion slo 

1/ingestion refer 
TF1 = inhalation «J< 

t /inhalation refe 
AF  sod to skin adherence Factor 
ABSderm  dermal absorption factor 
ABSing = ingestion absorption rate 

it factor for carcinogens or 
ince dote for none arc mogent 
pe factor lor carcnogens or 
ence dote for noncarcmoger* 

VF = soil lo-an volattaation lad of 
PEF = paniculate emission factor 
HQ  hazard quotient 
HI = hazard index 
NA = not applicable 

TotaJ Risk Cancer 
IngesBon 

25 E 0 7 

Cancer 
Inhalation 

66E-11 

Cancer 
Dermal 

9 5E-09 

Cancel 
Risk 

26 E 0' 

H) 

ingestion 

2 5E-03 

HI 
Inhalation 

59E-1 2 

Hi 
Dermal 

0 OE+00 

HI 

Total 

2 5E-03 



Tabta 2-28 
Equation for Deriving Risk/Hazard Quotient 

for Soils for Hurnan Health 
Ingestton, Dermal and Inhalation Pathways 

Residential (ChlM 1-6 yean), Future UM. Onsfte (Outside Security Zone) 
Mailmum Concentration* 

FS-17RI Study Area 

Rrsk/HQ = C x E D « ( [ T F  o 

Ingestlon Inhalation 
: 10-6 kg/mg * IRsoil * ABSmg * EF) + (TF 1 x IRair x EF K J1/VF * 1/PEF)) * (TFo 106 kg/mg x SA x AF x ABSderm M 

BW x AT x : 165 days/yr 

coc c 
(mg/tg) (kg) (yr) (yt) (mg/d) (d/yr) (cm2) |mg/kgftl)-1 

care 
fmgfkg/d)
noncarcln

 (mg/kgMM 
 care 

(mg/kg/d) 
noncarcln 

(mg/cmj) derm Ing (rr il/d) (m3/hg) (m3/kg) Ingesdofi Inhalation Dermal Risk 
HQ 

IngesHon 
HQ 

Inhalation 
HQ 

Dermal 

VOC? " 
CARBON DISULFIDE 0 001 

SVOCs 
2-METHYLNAPHTHALENE
BENZO<e>FLUORANTHENE
BENZO(A)PYREN E
DiBENZ(AH,ANTHRACEN E

 120 
 0 92 

 0 3 
 0 12 

15
15

15

 70
 70

 70

 6
 6

 6

 200 
 200 

 200 

350
350

350

 1000 NA 
 1000 730E-0 1 

 1000 7 30E + 00 

NA
NA

NA

 NA 
 NA 

 NA 

NA 
NA 

NA 

10
10

10

 0
 0

 0

 1 
1 

1 

20
20

20

 1 49E+0 5 
1 OOE+1 0 

1 OOE+1 0 

463E-0 9 
463E+0 9 

t 63E+09 

O O E t O  O 
74 E 0 7 

96E-0 7 

0 OE +00 
OOE+0 0 

OOE+0 0 

OOE+0 0 
OOE+0 0 

OOE+0 0 

OOE+0 0 
74 E 0 7 

96E-0 7 

OOE+0 0 
0 OE-0 0 

OOE+0 0 

0 OE+0 0 
0 OE+0 0 

OOE+0 0 

0 DE + 00 
OOE-0 0 

OOE + 00 

OOE*0 0 
OOE+0 0 

0 OE+00 

PESTICIDES/PCBs 

ENDRIN KETONE 0 012 15 70 6 200 350 1000 NA NA NA NA 1 0 0 0 3 20 1 OOE+1 0 463E+0 9 OOE+0 0 OOE+0 0 OOE+0 0 OOE+0 0 OOE+0 0 OOE+-0 0 0 OE+00 OOE+0 0 

INORGANICS 
ARSENIC
BERYLLIUM

 26 
 02 3 

15
15

 70
 70

 6
 6

 200 
 200 

350
350

 1000 1 50E+00 
 1000 430E+0 0 

3 33E+0 3
2 OOE+02

 1 51E+0 1 
 840E+0 0 

NA 
NA 

10
10

 0
 0

 1 
1 

20
20

 1 OOE+1 0 
1 OOE+1 0 

4 63E+0 9 
463E+0 9 

4 3E-06 
1 IE -06 

1 4E-09 
6 7E-1 1 

OOE+0 0 
OOE+0 0 

4 3E-06 
1 1E-06 

1 iE-01 
59E-0 4 

OOE+0 0 
OOE+0 0 

OOE+0 0 
OOE+0 0 

1 IE 01 
5 9E-04 

COPPER
LEAD

 26 8 
 769 

15
15

 70
 70

 6
 6

 200 
 200 

350
350

 1000
 1000

 NA 
 NA 

NA
NA

 NA 
 NA 

NA 
NA 

10
10

 0
 0

 1 
 03 

20
20

 1 OOE+1 0 
1 OOE+10 

463E+0 9 
463E+0 9 

OOE+0 0 
0 OE +00 

OOE+0 0 
OOE+0 0 

OOE+0 0 
OOE+0 0 

OOE+0 0 
0 OE+00 

OOE+0 0 
OOE+0 0 

0 OE+00 
OOE-+00 

OOE+0 0 
0 OE+00 

0 OE+-00 
0 OE-00 

MANGANESE 124 15 70 6 200 350 1000 NA 2 OOE+02 NA 699E+0 4 t O 0 1 ?0 1 ODE* 10 463E+0 9 OOE+0 0 OOE+0 0 OOE+0 0 OOE+0 0 32E-0 1 3 5E-03 OOE+0 0 32E-0 1 

COC = contaminant o' concern 
C = soil concentration 

BW = body weight 
AT = averaging time (fo r noncarcinogens = ED) 
£ fi  •,rr.TJrp 4u>a»p» 

• Rsoii  iuii iriy*«,t'u'i iale 
EF = eiposure frequency 

5A = skin surface exposed ~~ 
TFo ~ mgestion slope factor for car 

1/mgestion reference dose For n< 
TF 1 = inhalation slope factor tot ca 

innhaiaiwin '*1r-rrrr dmr In. n 

Ai  adherence lacior 
ABSderm = dermal absorption fact 
ABSmg  mgestion absorption lacti 

c mog errs or 
sncarcmogens 
rcmogens or 
ontaririogens 

or 
3r 

IRan = mhaJationrate ~~ 
VF = soil to air volatilization factor 
PEF  paniculate emission factor 
HQ = hazard quotient 
Ml = hajaid mdp. 

NA = nol applicable 

Total Risk Cancer 
Ingestlon 

i riF ns 

Cancer 
Inhalation 

i <;p.n° 

Cancer 
Dermal 

4 tF (17 

Cancer 
Risk 

i nF-fTi 

HI 
Ingestlon 

4 IP 01 

HI 
Inhalation 

•> sc.ni 

HI 
Dermat 

nnc.nn 

HI 
Total 

t iF-ni 



Table 2-27 
Equation for Deriving RltUHaurd Quobtnt 

for Soil* for Human Mean* 
Irtgettton. Dermal and Inhalabon Pathways 

Residential (CMM 14 yean), Future UM. Onstte (Outside Security Zone) 
Mean Concentrations 
FS-17RI Study ATM 

IngMfen inhitaton Derrrwt 
RrsWHQ = C x ED x {(TFo x 10-6 ko/mg x IRsoU x ABSing x EF) + (TF1 x IRair x EF x (1/VF + 1/PEFJ) + (TFo x 1M kg/mg K SA x AF x ABSderm x EF)) 

BW x AT x 365 day»/)rr 

TFo 
COC C BW AT ED 1<Rsoll EF SA (mg/kg/d)-1 (mgAgJd) (mg/kgM)-1 (mgJkg/d, AF ABS ABS IRalr VF PEF Cancer Cancer Cancer HQ HQ HO HQ 

(mg'hg) (kg) (yr) (yr) (mgrd) (d/yr) (emit (mg/cm2) derm Ing (m3/d) (rrOfkg) (ml/kg) Ingcsdon Inhalabon Dermal Risk Ingcsflon Inhalation Dermal 
care noncarcln care noncarcln 

VoCs 
CARBON D1SULFIDE 0001 ' 15 70 6 200 350 1000 NA 1 ODE +O1 NA 3 SOE +O2 1 0 0 1 20 NA 463E+09 OOE-00 OOE+00 ooe+oo OOE+OO 13E-07 97E-1 1 OOE+00 1 3E-07 

SVOCe 
2-METHYLNAPHTHALENE 24 15 70 6 200 350 1000 NA NA NA NA 10 0 1 20 1 49E+O5 463E+09 OOE+00 OOE+00 OOE+00 OOE+00 OOE+00 OOE+00 OOE+OO OOE+OO 
BENZCHB)FLUOflANTHENE 092 ' 15 70 6 200 350 1000 730E-01 NA NA NA 10 0 t 20 1 OOE+10 463E+09 74E 07 OOE+00 OOE+OO 7 4E-07 OOE+00 OOE+00 OOE+00 OOE+00 

BENZO(A)PYRENE 03 ' 15 70 6 200 350 1000 730E+00 NA 3 IDE +00 NA 1 0 0 1 20 1 OOE+10 463E+09 24E-06 32E.11 OOE+00 24E-06 OOE+00 006+00 OOE+OO OOE+00 

DIBENZfA HJANTHRACENE 012 ' 15 70 6 200 350 1000 730E+00 NA NA NA 10 0 1 20 1 OOE + 10 463E+OS 96E-07 OOE+00 DOE +00 96E-07 OOE+00 ooe+oo OOE+00 OOE+OO 

PESTICIDE S/PCB« 
AROCLOR-1260 0061 15 70 6 200 350 1000 770E+00 NA NA NA 10 00 6 0 3 20 1 OOE+10 463E+09 1 5E-07 OOE+00 1 5E-07 31E-07 OOE+00 OOE+00 OOE+00 ODE +00 
ENDRIN KETONE 00041 15 70 6 200 350 1000 NA NA NA NA 10 0 03 20 1 OOE + 10 463E+O9 OOE+00 OOE+00 OOE+00 OOE+00 DOE +00 OOE'O O OOE+00 OOE+00 

INORGANICS 
ARSENIC 19 15 70 6 200 350 1000 t50E+QO 333E+O3 1 51E+01 NA 1 0 0 1 20 1 OOE+10 463E+09 3 1E-OB 99E-10 OOE+00 3 1E-06 B 1E-02 ooe+oo OOE+00 8 1E-02 
BERYLLIUM 015 15 70 6 200 350 1000 430E+00 2 WE +O2 640E+OO NA 10 0 1 20 1 OOE + 10 463E+09 7 1E 07 44E-1 1 OOE+00 7 1E-07 3 BE -04 ooe+oo OOE+00 3 BE -04 
COBALT 18 15 70 6 200 350 1000 NA NA NA NA 10 0 1 20 1 OOE+10 463E+09 OOE+OO OOE+OO OOE+00 OOE+00 OOE+00 ooe+oo OOE+00 OOE+00 

COPPER 14 15 70 6 200 350 1000 NA NA NA NA 10 0 1 20 1 OOE+10 463E+09 OOE+OO OOE+OO OOE+00 OOE+00 OOE+00 OOE+OO OOE+00 OOE+00 

LEAD 229 15 70 6 200 350 1000 NA NA NA NA 10 0 03 20 1 OOE+10 463E+09 OOE+00 OOE+OO OOE+00 OOE+00 OOE+OO ooe+oo OOE+00 OOE+OO 

* = Maximum detected concentration wa* uied because calculated mean exceeded rhe maw lum 
COC = contaminanl of concnn SA = tkm tixteca exposed IRan = inhalation rate ToUl Risk Cancer Cancer Cancer Cancer HI HI HI HI 
C = toil concentration Tf o = mgetten slope (actor for care IT opens 0> VF = soH-tc-atr voiatiiiatia n factor Ingeitlon Inhalation Dermal Risk Ingestton Inhalation Dermal ToUl 

BW = body wvighi 1/ingcatai reference dote for none arcrogens PEF = partrculate emistxy •> factor 

AT  averaging time (lor noncarctnognis = ED) T F 1 = inhalaoon slope factor for care* wgent or HQ - tvimid quotient B1E-0 6 1 IE-OS 1 5E-07 02E-06 8 1E-02 9 7E-1 1 OOE+00 81E-02 

ED = exposure duritwn 1 inhalation reference dote for nor* ̂ronogent HI = haia'd mdex 

IRtori = sod mgettion rite AF * adherence (actor NA : not apphcable 

EF = exposure frequency ABSderm = dermal absorption factor 
ABSing = montion abtorpton factor 



Tabte 2-21 
Equation for Deriving Rlik/Haurd Quotient 

for Soil* for Human Health 
Inoeitlon. Inhalation and Dermal Pathways 

RevMennal (7 yr*.- Adult), Future U*e, Oniltc (OuttUe Security Zone) 
Maximum Soil Concentration! 

FS-17R1 Study Area 

ingestion Inhalation 

o < 10-6 kgimg « IRsoil « ABS.ng x EF) + (TF1 x IRair « EF x [1/VF + 1/PEF]} + (TF e 

BW , AT* 365 day»/yr 

Dermal 
i 10-6 ha/mg . SA « AF> ABSderm « EF)) 

coc 
imgikg) (kg) <yr) (yr) (mg/d) (d/yr) (cmZ) (mg/kgfd)-1 

care 

(mg/kg/d) "T.r' 
TF1

(mgfhgfd)

noncarcln 

 AF

 (mgScm2)

 ABS 

 derm 

ABS

Ing

 IRair 

 (m3/d) 

VF 

|m3/kg| 

PEF 

(ml/kg) 

Cancer 

Ingeitlon Inhalation 

Cancer 

Dermal 

Cancer 

Rlik 

HQ 

lnge*tlon 

HQ 

Inhalation 

HQ 

Dermal 

HQ 

voc* 
CARBON DISULFIDE 0001 70 70 24 100 350 1000 NA i OOE +01 NA 350E+02 1 0 0 1 20 NA 463E-09 OOE+00 OOE*00 OOE+00 OOE +00 1 4E-DB 21E-11 OOE+00 1 4E 06 

SVOC* 

2-METHYLNAPHTHALENE 

BENZO<B)FLUORANTHENE 

BENZO<A}PYRENE 

DiBENZlA HJANTHRACENE 

120

092

03

0 12

 70

 70

 70

 70

 70

 70

 70

 70

 24

 24

 24

 24

 100

 100

 100

 100

 350

 350

 350

 350

 1000 

 1000 

 1000 

 1000 

NA 

730E-01 

730E+00 

730E+00 

NA 

NA 

NA 

NA 

NA 

NA 

3 10E+00 

NA 

NA 

NA 

NA 

NA 

1 0

1 0

1 0

1 0

 0 

0 

0 

0 

1

1

1

1

 20 

 20 

 20 

 20 

1 49E+05 

i OOE + 10 

1 OOE + 10 

1 OOE + 10 

4 63E+09 

463E+09 

463E+09 

463E+09 

ODE +00 

32E-0 7 

1 OE-06 

4 1E-07 

DOE +00 

OOE+00 

28E-1 1 

OOE+00 

OOE+0 0 

OOE + 00 

OOE -00 

ODE -00 

OOE -00 

3 2E -07 

i OE-06 

4 IE 07 

OOE+00 

ODE +00 

OOE*00 

OOE>00 

OOE+00 

OOEHDO 

OOE+00 

ODE +00 

DOE +00 

OOE+00 

OOE+00 

OOE+00 

DOE +00 

OOE+0 0 

OOE +OO 

OOE+00 

PESTICIDE S/PCBs 

AROC LOR- 1260 

ENDRIN KETONE 

02

0 012

 70

 70

 70

 70

 24

 24

 100

 100

 350

 350

 1000 

 1000 

770E+00 

NA 

NA 

NA 

NA 

NA 

NA 

HA 

1 0

1 0

 006 

0 

03

03

 20 

 20 

1 OOE-10 

1 DOE 00 

463E+09 

463E+09 

22E-0 7 

ODE +00 

OOE+00 

DOE -00 

4 3E-Oi 

DOE *00 

65E-0 7 

OOE+0 0 

OOE+00 

OOE+0 0 

OOE+00 

OOE+00 

OOE+00 

OOE+00 

OOE+0 0 

OOE+00 

INORGANICS 

ARSENIC 

BERYLLIUM 

COBALT 

COPPER 

LEAD 

26

023

26

268

769

 70

 70

 70

 70

 70

 70

 70

 70

 70

 70

 24

 24

 24

 24

 24

 100

 100

 100

 100

 tOO

 350 1000 

 350 1000 

 350 1000 

 350 1000 

 350 1000 

1 50E-00 

430E+00 

NA 

NA 

NA 

3 33E+03 

2 OOE +02 

NA 

NA 

NA 

1 51E+01 

6 40E+OO 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

I 0

1 0

1 0

1 0

1 0

 0 

0 

0 

0 

0 

1

1

1

1

03

 20 

 20 

 20 

 20 

 20 

1 OOE + 10 

1 OOE + 10 

1 OOE + 10 

1 OOE + 10 

i OOE+10 

463E+09 

463E+09 

4G3E+09 

463E+09 

463E+09 

1 BE -06 

46E-0 7 

OOE+00 

OOE+00 

OOE+00 

t 2E-09 

57E-1 1 

OOE +00 

OOE+00 

OOE +00 

OOE + 00 

OOE +00 

ODE +00 

OOE*00 

OOE-OO 

1 BE -06 

46E-0 7 

OOE -00 

OOE -00 

OOE+00 

1 2E-02 

63E-05 

OOE+00 

OOE+00 

OOE +00 

OOE +00 

OOE+00 

OOE+00 

OOE+00 

OOE+00 

OOE+00 

OOE+00 

OOE+00 

OOE' X 

OOE+00 

i 2E-0 2 

6 3E-05 

DOE +00 

DOE +00 

OOE+00 

C = *oil concentration 

BW = body weight 

AT  » vet aging time (fo> noncarcinog 

ED  expocure duration 

iflscul  soil ir̂ estion rate 

EF = eipo*ure frequency 

en* = EDI

SA  skin surface area exposed 

TFo = ingeslion stop* factor for carcinogens i 

1 /ingestion refer ence do** for noncaf&noc. 

 TF1 = nhalahon slope factor for carcinogens 

CM

r»rts 

or 

AF = adherence Factor 

ABSderm = deimal absorption factor 

AflS-ng = ingevrton mbvirftxf factor 

IRair = inhalation rate 

 VF = ftoil-to-air voiabbzaten factor 

PEF = partjcutate emi 

HQ = hazard quotient 

NA •- not apphcabk* 

ssion factor 

ToUl Risk Cancer 

Ingesnon 

Canaer 

InhotaUon 

Cancer 

Dermal 

Cancer 

Risk 

HI 

Ingestlon 

HI 

Inhalation 

HI 

Dermal 

HI 

Total 



Table 2.21 

Equation for Dtrlvlng RliUHazard Quotient 
h>f 3o)l» tor Human Health 

Ingtitlon. Inhalation and Dermal Pathway! 
Residential (7 yir Adult), Future U»t, On the (Outside Security Zone) 

Mean SoN Concentration! 
FS-1TRI Study ArM 

Rwk/HQ «
Inflexion li 

 C xED x( (TFo * 10-6kg/mg • IRsoil x ABSing x EF) + (TF1 x IRaH » EF 
ihalaiion 
<|1A/Ft 1/PEF]) + {TFo x1O6ku* 

Dermal 
^ x SAx AF i ABSderm « EF)} 

BW x AT x 365 dayVyr 

coc C
(mg/kg|

 BW
 (kg)

 AT
 (yr)

 ED
 (yi\

 IRtoU
 (mgrd)

 EF
 (dfyr)

 SA
 (cm2)

 TFo 
 (mg/kgM}.1 

TFo
(mgrHg/d)
noncarcln

 TF1
 (mgJkgfd)-l
 care

 TF1
 (mg(kg/d)

 noncafcln 

 AF
 (mg/cmZ)

 ABS
 derm

 ABS
 Ing

 IRalr 
 (m3M) 

VF
(ml/ kg)

 PEF 
 (m3rhg) 

Cancer 
lng<»tlon 

Cancer 
Inhalation 

Cancer 
Dermal 

Cancer 
Risk 

HQ 
Irtfletllon 

HQ 
IntiaUtlon 

HQ
Dermal 

 HQ 

vOCs 
CARBON DISULFIDE 0001 ' 70 70 24 100 350 1000 NA 1 ODE +01 NA 350E+02 1 D 0 1 20 NA 4 G3E*09 OOE+00 OOE+00 OOE+0 0 OOE+0 0 1 4E-OB 21E-1 1 OOE+00 i 4E-06 

SVOCs 
2-METHYLNAPHTHALENE 
BENZO(B) FLUORANTHENE 
BENZO(A)PYRENE 
OIBENZ(A.H)ANTHRACENE 

24
092 '
03'

0012 '

 70
 70

 70
 70

 70
 70
 70
 70

 24
 24
 24
 24

 100
 100
 100
 100

 350
 350
 350
 350

 1000

 1000
 1000
 1000

 NA 
 730E-01 

7 30E+00 
7 3OE+00 

NA
NA
NA
NA

 NA
 NA
 3 tOE+00
 NA

 NA 
 NA 

 NA 
 NA 

10
10
ID
10

 0
 0
 0
 0

 1 
1 
1 
1 

20 
20 
20 
20 

149E+05
1 ME + 10
t OOE+10
100E + 10

 463E+09 
 463E.09 

 463E+09 
 463E+09 

OOE+00 
32EO7 
1 OE-06 
4 1E-08 

DOE +00 
OOE+00 
2BE-1 1 

OOE+00 

OOE+00 
OOE+00 
OOE+00 
OOE+00 

OOE+00 
32E-0 7 
1 OE-06 
4 IE 00 

ODE +00 
OOE+00 
OOE+00 
OOE+00 

OOE+00 
OOE+00 
OOE+0 0 
OOE+00 

OOE+00
0 OE +00
OOE + 00
OOE+00

 OOE+00 
0 OE +00 

 OOE+00 
 OOE+00 

PESTICIDE S/PCBs 
AROCLOR 1260 
ENDRIN KETONE 

0061
0 004 1

 70
 70

 70
 70

 24
 24

 100
 1 TO

 350
 350

 1000
 1 000

 7 70E+00 
 NA 

NA
NA

 NA
 NA

 NA 
 NA 

ID
10

 006
 0

 03 
 03 

20 
20 

1 OOE + 10
i OOE + 10

 463E+09 
 463E+09 

66E-08 
OOE+00 

OOE+00 
OOE+00 

1 3E0 7 
OOE+00 

20E-0 7 
OOE+0 0 

OOE+00 
OOE-0 0 

OOE+00 
OOE+00 

OOE+00
0 OE +00

 OOE+00 
0 DE +00 

INORGANICS 
ARSENIC 
BERYLLIUM 
COBALT 
COPPER 
LEAD 

19
015

18
14

229

 70
 70
 70
 70
 70

 70
 70
 70
 70
 70

 24
 24
 24
 24
 24

 100
 100
 100
 100
 100

 350
 350
 350
 350
 350

 10OO
 1000
 1000

 1000

 1000

 t 50E+00 
4 30E+00 

 NA 
 NA 
 NA 

333E+03
200E+02

NA
NA
NA

 i 51E+01
 840E+00
 NA
 NA
 NA

 NA 
 NA 
 NA 
 NA 
 NA 

10
10
10
10
10

 0
 0
 0
 0
 0

 1 
1 
t 
1 

 03 

20 
20 
20 
20 
20 

1 OOE + 10
1 OOE'10
1 OOE + 10
1 OOE + 10
1 OOE + 10

 463E+09 
 463E+09 
 463E+09 
 463E+0 9 
 463E+09 

1 3E-06 
30E-07 

OOE+00 
OOE+00 
OOE+00 

85E-1 0 
37E 11 

OOE+00 
OOE+00 
OOE+00 

OOE+00 
OOE+00 
OOE+00 
OOE+00 
00€+00 

1 3E-06 
30E-07 

OOE-0 0 
OOE+00 
ODE '00 

B7E-0 3 
4 IE-OS 

OOE+OO 
OOE+0 0 
OOE+00 

OOE+00 
OOE+00 
OOE+00 
OOE+00 
OOE+00 

OOE+00
OOE+00
OOE+0 0
OOE+00
OOE+0 0

 B 7E-03 
 41E-05 
 OOE+00 
 OOE+00 
 OOE+OO 

' = Maximum delecled concentration i 
COC  cortaminanl o( concern 
C = (al concenlralion 
BW  body weight 
AT  averaging lime (fo> noncarcrnogi 
EO  eiposure duration 
IRioil * toil ingntnn rale 
EF  exDOtu'e frequency 

*i* Died because calculated mean exceeded the maximum 
SA > ikm turface «<ea expOMd 
TF0 - nyetlan Hope factor to cwcinogen* or 

lAnonlron reteiencc dote tw noncarcmooeni 
en*  ED) TF 1 • nhalalron *lcpe factor for carcnogent a 

1 rinhalaton reference doM for noncarcrnogen* 
AF * adherence factor 
ABSdnm - dermal abwxptnn factor 
ABSing « mge*lKXi abtorption factor 

iflaii • inhalation ' 
VF * toil lo-air vo 
PEF = paniculate 

HI > huard rndex 

rate 
lalikiation Factor 
errnmiion factor 
«nt 

NA i not applicable 

Total Rlik Cancer 
Inflection 

31E« 

Cancer 
Inhalation 

Canctr 
Dermal 

Cancer 
Risk 

HI 
Ingcitlon 

HI 

Inhalation 
HI

Dermal
 HI 

 Total 



TABLE 2-30 
Equation tor Deriving Risk/Hazard Quotient 

for Groundwater for Human health 
Ingestlon. Inhalation, and Dermal Pathway* 
Adult Resident, Future Use. Onsrte/Ofrife 

n Groundwater Concentrations • Organic* - Total Inorganic* 

FS-17RI Study Area 
Massachusetts Military Reservation 

Inhalation Dermal Ingest km 
C x ED x [(EF x TF1 x K . IR! dak) + (EFs X TFo X SA X PC x CF1 x CF2) + (TFo x EF x IRw}] 

BW x AT x 365 days/yr 

C BW AT ED IRair K IRw CF1 CF2 EF EF* SA TF1 TF1 TFo TFo PC Cancer Cancer Cancer Cancer HO HQ HQ HQ 
coc (mgr-L) (kg) (yr) (yr) m3/day (Um3) (L/d) (Ucm3) (hid} (d/yr) (d/yr) <cm2) (mgrkgrd)-l (mg/kg/d) (mgfkg/d)-1 (mg/hg/d) (cm/h) Inhalation Dermal lnge*t»n Risk Inhalation Dermal Ingestion 

care noncarcln care noncarcln 

VOCs 
Chloroform 8 2E-03 8 2E-03 
Dichlorodifluoromethane 00011 70 70 30 15 05 2 0001 24 350 29 . 1 94E*04 NA 1 75E+01 NA 5 OOE+00 NA 0 OE+00 0 OE+00 OOE+0 0 OOE'O O 20E 03 OOE + 00 1 5E-04 2 1E-03 

INORGANICS 

Antimony 0 0031 70 7  0 3  0 1  5 0  2 0001 24 350 2 9 1 94E-04 NA NA NA 2 50E+03 0 OOE+00 OOE+0 0 0 OE+00 OOE+0 0 OOE+0 0 OOE + 00 OOE + 00 2 1E-01 2 1E-01 

Arsenic 0 0026 70 70 30 15 0 2 0001 24 350 29 1 94E+04 1 51E+01 NA 1 50E+00 333E+0 3 0 OOE+00 OOE+0 0 OOE+0 0 4 6E-05 46E-0 5 OOE + 00 OOE + 00 24E-0 1 2 4E-01 

Cobalt 0 0093 70 7  0 3  0 1  5 0  2 0001 24 350 29 1 94E+04 NA NA NA NA 0 OOE+00 OOE+0 0 0 OE+00 0 OE+00 OOE+0 0 OOE + 00 0 OE+00 0 OE+00 0 OE+00 

Copper 0 0406 70 70 30 15 0 2 0001 24 350 29 1 94E+04 NA NA NA NA 0 OOE+00 OOE+00 OOE + 00 OOE+0 0 OOE+0 0 OOE + 00 OOE+0 0 0 OE+00 0 OE+00 

Iron 11 2 70 70 30 15 0 2 0001 24 350 29 1 94E + 04 NA NA NA NA 0 OOE+00 OOE+0 0 OOE + 00 OOE+0 0 0 OE+00 0 OE+00 0 OE+00 0 OE+00 OOE+0 0 

Lead 004 70 7  0 3  0 1  5 0  2 0001 24 350 2 9 194E+04 NA NA NA NA 0 OOE+00 OOE+00 OOE+0 0 0 OE+00 OOE+0 0 OOE + 00 OOE+0 0 OOE+0 0 0 OE+00 

Manganese 031 1 70 70 30 15 0 2 0001 24 350 2 9 1 94E+04 NA 6 99E+04 NA 200E+02 OOOE+0 0 DOE+00 OOE + 00 OOE+0 0 OOE+0 0 OOE + DO 0 OE+00 1 7E+00 17E+00 

Notes Total Risk Cancer Cancer Cancer Cancer HI HI HI HI 

COC = contaminant of coi icern EF = exposure frequency Inhalation Dermal Ingest ion Risk Inhalation Dermal Ingesliort Total 

C = concentration EFs^showenng frequency 

8W = body weight SA = skin surface aiea exposed 1. IE-OS S.3E-G* 4.6E-OS S.7E-OS 20E-03 2.3E-M 2.2E+00 2.2E+00 

AT = averaging time (for noncaicrnogens. equal to ED} TF1 ̂ inhalation slope 'actor for carcinogens or 

ED = exposute duration IJtnhataton refetence dose for no near cmo gens 
lRair= daily m door inhalatio n rate TFo = mgestion slope factor for carcinogens or 

K= volatilization factor Ungestion reference dose lor n on carcinogens 

!R*>  riailv w»t^i inowlior i rate PC = dermal oeimeabihtv constant 

Ur ' • ccr.versicr. racisr ?: >: wafer MU  nazaia quotient 
CF2 = conversion factor Hl= hazard index 

NA = Noi Applicable 



TABLE 2-31 
Equation tor D*riving RliUHazard Quotient 

tor Groundwatet for Human Health 
Ingttlktn. Inhalation, and Dermal Pathway* 
Mult Resident. Future Us*, OnslteJOftslle 

Maximum Gorundwater Cone ant ration* • Org ante i  Dlitolvcd inorganics 

FS-17 R| Study Area 
Maisachuietts Military Reservation 

(Ud| fUcml) (hfd) (mg/kgfd) (mg/kg/d)-1 (mg/kg(d| (cm/h) Inhalation Dermal Ingeitlon 

CMo/oform 0003 ' 0001 24 350 2 9 1 94E+04 B06E-02 NA GtO E 0 3 1 OOE+Q2 200E0 2 1 IE 05 S3E0 9 21E-0 7 1 1E-05 OOE+00 23E-O S 62E0 3 B2EO 3 
00011 > 0001 24 350 2 9 1 94E+04 NA 1 75E+01 NA 5 OOE+00 NA DOE '00 OOE-0 0 OOE+00 OOE+00 20E-03 OOE+00 1 5E-04 21E-0 3 

INORGANICS 
Antimony 00069 > 0001 24 350 2 9 1 94E+0" NA NA NA 250E+03 0 OOE+00 OOE'O O OOE+O O OOE+00 OOE+00 OOE+00 OOE+00 6 1 E -01 6 1E-01 

00041 > 0001 24 350 2 9 1 94E+O4 NA NA NA NA 0 OOE+00 OOE+0 0 OOE+0 0 00£*00 OOE+0 0 OOE+00 ooe+oo OOE+00 OOE+OO 
> 0001 24 350 2 9 1 &4E-04 NA NA NA NA OOOE+00 ODE -00 ODE +00 OOE+00 OOE+00 OOE+00 OOE+00 OOE+00 OOE+00 

0464 ! 0001 24 350 2 9 1 94E+04 NA NA NA NA 0 OOE+00 DOE -00 OOE+0 0 OOE+00 OOE+00 OOE+00 ooe+oo OOE+0 0 OOE»00 

0039 > 0001 24 350 2 9 1 94E+04 NA 699E+04 NA 200E+02 OOOE+00 ODE -00 OOE+0 0 OOE+OO OOE+00 OOE+00 OOE+OO 21E0 1 2 1EO1 

Notet Total Rlik Cancer Cancer Cancer Cancer HI HI HI 

COC  corrtaminanl of cooee'n EF • expoture frequency Inhalation Dermat Ingaitkm Risk Inhalation Dermal Ingeitton Total 
C • concert! at on £Fi • thoMering frequency 
BW •= body weight SA v Bkin curlace a»a eipoaed I3E-01 

AT • averaging linw <Ia nonca'cmog«n« equal to ED) TF1 • inhalation tlope fftclCH for carcinogen* o> 
ED ' evpo*uie durition I/Inhalation refeience do** for nonearcinogens 
IRar • oariy indoor inhalation rale e feclo <or ca>cinogens o> 
K • volatilization factor reference do«e lot noncarcinogent 

PC - dermal permeabiMy contlanl 
CF1  convervon factor fo> wete> HQ i hua'd quotient 

CF2 » carrvtmon factor HI • huaid ndev 
NA • Not Apphobte 



TABLE 2-32 
Equation for Deriving Rltk/Haurd Quotient 

foi Groundwater for Human Health 
lnge*tion, Inhalation, and Dermal Pathways 
Aadult Resident, Future Use. Onstte/Oflxtte 

Mean Groondwater Concentrations • Organic* - Total Inorganics 

FS-17 HI STUDY AREA 
MASSACHUSETTS MILITARY RESERVATION 

Inhalation Dermal Irtgesbon 
CxED* l (EFxTF 1 K x I  R dair} + (EFs x TFo * SA x PC xCFI «CF2 ) + (TFo x EF » IRw)] 

BW x AT * 365 dayVyr 

C 
coc <mg/L) (kg) (vD (yr) m3/day (Urn 3) (Ud) (L/cmJ) (IWd) <d/yr) (d/yr) <cm2) <mg/hgfd)-1 (mg/kgfd) (mg/hg(d|-1 (mg'kg/d) (cm/h) Inhalation Dermal Ingestion Risk Inhalation Dermal Ingestion 

care noncarcin care noncarcin 

vocs 
Chloiotoim 00022 70 70 30 15 05 2 0001 24 350 29 1 94E*W 805E-02 NA 6 10E-03 1 OOE+02 200E-02 78E-06 6 1E-09 1 6E-07 80E-0 6 OOE+0 0 1 7E-06 60E-03 60E-0 3 
Dichlorodrfluoromethane 0 00049 

INORGANICS 
Anlimony 00015 70 70 30 15 0 2 0001 2 350 29 1 94E*04 NA NA NA 250E+03 OOOE+0 0 0 OE+00 OOE+0 0 OOE+0 0 OOE+0 0 OOE+0 0 OOE + 00 1 OE-01 1 OE-01 

Arsenic 00013 70 70 30 15 0 2 0001 2 350 29 1 94E+04 1 51E*01 NA 1 50E*00 3 33E+03 OOO E + 00 OOE+0 0 OOE+0 0 2 3E-05 2 3E-05 OOE+0 0 OOE + 00 1 2E-01 1 2E-01 

Cobalt 00035 70 70 30 15 0 2 0001 2 350 29 1 94E+04 NA NA NA NA OOOE+0 0 0 OE+00 0 OE+00 OOE+0 0 OOE+0 0 OOE+0 0 OOE+0 0 OOE + 00 0 OE+00 
Copper 0011 70 70 30 15 0 2 0001 2 350 29 1 94E+04 NA NA NA NA 0 OOE+00 OOE + 00 OOE+00 OOE+00 OOE+00 OOE+00 OOE+00 OOE+00 OOE+00 

6 1 70 70 30 15 0 2 0001 2 350 29 1 94E+04 NA NA NA NA OOOE+0 0 DOE + 00 0 OE*00 OOE+00 OOE'O O 0 OE+00 OOE+0 0 OOE+0 0 OOE+0 0 

Lead 00091 70 70 30 15 0 2 0001 24 350 2 9 1 94E+04 NA NA NA NA OOOE+0 0 OOE+0 0 0 OE+00 OOE+0 0 OOE+0 0 0 OE+00 ODE+00 OOE+0 0 0 OE+00 
Manganese 0 13 70 70 

Notes Total Risk Cancer Cancer Cancer Cancer Ri Rl RI Hi 

COC = contaminant of con cem EF = exposure frequency Inhalation Dermal Ingeslion Risk Inhalation Dermal Ingestion Total 
C = concentration EFs  showenng frequency 
BW = body weight SA = skin surface area exposed 7.8E-06 6.1E-09 2.3E-05 3.1E-OS B.BE-04 1.7E-06 9.4E-01 9.4E-01 

AT = averaging time ('or no ncarcmoge fit. equal to ED) TF 1 - inhalation slope factor for ca anogens or 
ED = exposure duranon 1 /inhalation reference dose for no n carcinogens 
tRaif = dairy indooi inhalabo n rate TFo  mgeston slope 'a clot for car anogens 01 
* = voiaWaation lacto' irtngestion reference dose fc" no ncaicinogens 
:r;* - ,:̂ i. .-.ale. .-..^c^^.'. ate PC = derm* peimeabrirty constant 
Cf 1 = conversion lac*oi TO wate' HQ = hazard quotient 
CF2 = conversion (ador HI = hazard mde* 

NA = not applicable 



TAIL! 3-13 

IQUATIOK F01 DMIVWO I1IK/BAZABD QUOTIXMT 

701 OIOUWDWkTTl FOI BUMAN HALTl 

IMOIITIOM, TjnALATIQN, WTO DBUIAL F»T¥WXTS 

ADULT KIBIDDTT. FUTUKX U«, OH1ITI/OFHIT1 

» - OlOUtlCl - DISSOLVED IHOfOI 

x KT x 1(1 d«yt/yr 

(kg) <yr) (yr) mJ/d«y IL/dl (L/emJ) Ih/dl Id/yr) Id/yi) 

HA NA 

• lop. factor foi 

•f.r.nc. do.* foi 

HO • h*r«rd quot 

HI . h.i.rd ind, 

HA - not »ppllr.bl. 

I l l l l l f f i f i l l l l l l l  l 

http:ppllr.bl


2/3/99 Table 2-33a 
Summary of Risks and Hazard Quotients
 

AOC FS-17 STUDY AREA
 
MASSACHUSETTS MILITARY RESERVATION
 

CURRENT USE 
Maximum Mean 

Utility Worker (Soil) 

Total Cancer Risk 1.1E-07 8.5E-08 
Total HI 6.9E-03 5.0E-03 

Child Trepasser (Soil) 

Total Cancer Risk 3.4E-07 2.6E-07 
Total HI 3.4E-03 2.5E-03 

FUTURE USE 
Maximum Mean 

Utility Worker (Soil) 

Total Cancer Risk 4.8E-07 3.7E-07 
Total HI 3.0E-02 2.2E-02 

Child Resident (Soil) 

Total Cancer Risk 1.0E-05 8.2E-06 
Total HI 1.1E-01 8.1E-02 

Adult Resident (Soil and Groundwater) 

Total Cancer Risk 6.2E-05(1 .6E-05*) 3.4E-05(1 .1 E-05) 
Soil 4.7E-06 3.2E-06 
Ground water 5.7E-05 (1 .1 E-05*) 3.1 E-05(8.0E-06*) 

Total HI 
Soil 1.2E-02 8.7E-03 
Groundwater 2.2E+00(8.3E-01 ") 9.4E-01 (4.6E-01 ") 

Total Lifetime Resident Cancer Risk 7.2E-05(2.6E-05) 4.2E-05(1 .9E-05) 
(Child + Adult) 

Values in parentheses based on dissolved inorganics concentrations for groundwater. 



Unit - mg/kg 

Volatile Organic* 
Acetone 
Carbon Disulfide 
Chlorotonn 
Ethyl Benzene 
Methylene Chloride 
Toluene 
Total Xylenes 

Semi-volatile Organics 
2-Melhyl naphthalene 
Acenaphthylene 
Anthracene 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(g,h,i)peiylene 
Benzo(k)fluoranthene 
Carbazole 
Chrysene 
Dibenz(a,h)anthracene 
Dibenzoluran 
Di-n-butylphthalate 
Fluoranthene 
Fluorene 
lndeno(t ,2,3-cd)pyrene 
Naphthalene 
Phenanthrene 
Pyrene 

Table 2-34 
Selection of Contaminant* of Ecological Concern for Surface Soil* 

AOC FS-17 
MASSACHUSETTS MILITARY RESERVATION 

Max cone. * MMR Site-Specific Upland Grasshopper Northern Short-eared 
In Surface soil Background touse Vote Shrew Fox Sandpiper Sparrow Harrier Owl Cardinal 

mg/kg Maximum (mg/kg) Froffl AttBctvnont F • Hazard Equivalent Concentrations For Ecological PRE (mg/kg) 

0.015 NA 5.69E+01 9.08E+01 6.75E+01 2.04E+04 6.25E+00 1.96E+01 5.39E+02 5.36E+02 1.17E+01 
0.001 NA NA NA NA NA NA NA NA NA NA 
0.001 NA 5.53E+01 B.60E+01 200E+C2 6.37E+03 1.87E+01 5.83E+01 9.15E+01 9.I5E+01 1.15E+01 

3.7 NA 6.69E+01 1.20E+02 3.19E+01 1.61 E+03 2.95E+00 9.36E+00 1.78E+01 1.7BE+01 1.27E+01 

0.001 NA 1.23E+01 1.87E+01 4.05E+01 2.15E+03 3.75E+00 1.19E+01 2.23E+01 2.24E+01 2.60E+00 
1.8 NA 1.72E+01 2.85E+01 1.33E+01 8.16E+02 1.23E+00 3.90E+00 8.67E+00 6.67E+00 3.42E+00 

25 NA 7.94E+02 1.46E+03 3.37E+02 1.75E+04 1.17E+01 3.70E+01 7.35E+01 7.36E+01 5.61 E+01 

120 NA 1.67E+03 4.16E+03 3.40E+02 2.50E+04 3.12E+01 9.96E+01 2.83E+02 2.83E+02 2.61 E+02 
0.22 NA 4.14E+01 1.24E+02 6.80E+00 5.85E+02 6.25E-01 1.99E+00 6.81 E+00 8.82E+00 6.09E+00 

0.092 NA 5.53E403 2.52E+04 6.78E+02 7.97E+04 6.24E+01 1.98E+02 1.03E+03 1.03E+03 7.44E+02 

0.33 NA 7.67E+01 1.69E+03 6.80E+00 3.03E+03 6.25E-01 1.99E+00 8.60E+01 8.61 E+01 8.86E+00 

0.3 NA 7.13E+01 7.97E+02 6.80E+00 8.37E+02 6.25E-01 1.99E+00 8.13E+00 8.15E+00 8.52E+00 

0.92 NA 7.73E401 1.91 E+03 6.80E+00 3.83E+03 6.25E-01 1.99E+00 1.91E+02 1.91E+02 8.90E+00 

0.26 NA 7.75E+01 2.01 E+03 6.80E+OO 4.58E+03 6.25E-01 1.99E+00 7.18E+02 7.12E+02 8.91 E+00 

0.92 NA 7.73E+01 1.91 E+03 6.80E+00 3.B3E+03 6.25E-01 1.99E+00 1.91E+02 1.91E+02 8.90E+00 

0.092 NA 3.88E+02 1.02E+04 3.40E+01 2.45E+04 3.12E+00 9.96E+00 3.98E+04 3.59E+04 4.46E+01 

0.41 NA 7.67E+01 1.69E+03 6.BOE+00 3.03E+03 6.25E-01 1.99E+00 B.60E+01 8.61 E+01 B.86E+00 

0.12 NA 7.75E+01 2.01 E+03 6.BOE+00 4.57E+03 6.25E-01 1.99E+00 6.99E+02 6.93E+02 8.91 E+00 

0.072 NA 5.43E+02 1.71 E+03 B.50E+01 7.63E+03 7.B1E+00 2.49E+01 8.95E+01 6.96E+01 7.67E+01 

0.062 NA 4.62E+02 B.74E+03 4.25E+01 1.63E+04 3.90E+00 1.24E+01 8.18E+03 6.10E+03 5.43E+01 

0.77 NA B.87E+02 8.23E+03 B.50E+01 1.70E+04 7.81 E+00 2.49E+01 2.49E+02 2.49E+02 1.05E+02 

10 NA S.72E402 1.91 E+03 B.49E+01 7.9BE+03 7.81 E+00 2.49E+01 9.SOE+01 9.51 E+01 8.16E+01 

0.33 NA 7.75E+01 2.01 E+03 6.80E+00 4.58E+03 6.25E-01 1.99E+00 7.18E+02 7.12E+02 8.91 E+00 

48 NA 7.33E+01 1.55E+02 1.79E+01 1.12E+03 1.84E+00 5.24E+00 1.23E+01 1.23E+01 1.24E+01 

10 NA 5.68E+01 2.73E+02 6.80E+00 B.39E+02 825E-01 1.99E+00 1.05E+01 1.06E+01 7.47E+00 

2.2 NA 5.62E+02 9.44E+03 5.10E+01 1.64E+04 4.69E+00 1.49E+01 3.17E+02 3.17E+02 6.57E+01 

T«b!«2 34 ill 



Table 2-34
 
Selection of Contaminants of Ecological Concern lor Surface Soltt
 

AOCFS-17
 
MASSACHUSETTS MILITARY RESERVATION
 

Max cone.' MMR She-Specific Upland Grasshopper Northern Short-eared 
in Surface soil Background touse Vole Shrew Fox Sandpiper Sparrow Harrier Owl Cardinal 

Un» - mg/kg mg/kg Maximum (mg/kg) From Attachment F • Hazard Equivalent ConceiKfaUuia For Ecological PRE (moAg) 

Peslicides/PBCs 
4,4'-DDE 0.023 NA 1.28E+02 1.04E+03 1.29E+01 129E+02 3.75E-01 1.196+00 2.27E-01 227E-01 4.95E+00 
4.4'-DDD 0.02 NA 9.35E+01 2.31 E+03 8.22E+00 3.58E+03 2.41 E+00 7.69E+00 1.46E+02 1.46E+02 3.44E+01 
4,4'-DDT 0.35 NA 7.S8E+02 1.44E+04 6.BOE+00 7.10E+O2 2.50E-01 7.97E-01 438E+00 4.38E+00 3.52E+00 
alpha-Chlordane 0.0012 NA 2.55E+00 4.87E+01 2.28E-01 7.20E+01 8.75E-02 2.79E-01 1.09E+01 1 10E+01 1.23E+00 
gamma-Chlordane 0.0046 NA 2.55E+00 4.B7E+01 2.28E-01 720E+01 8.75E-02 2.79E-01 1.09E+01 1.10E+01 1.23E+00 
Endrin Ketone 0.012 NA NA NA NA NA NA NA NA NA NA 
Aroclor-1260 0.2 NA 1.7BE+01 3.16E+02 1.60E+00 2.99E+01 1.25E+00 3.98E+00 1.34E+00 1.34E+00 1.76E+01 

Inorganics 
Aluminum 5680 8930 2.64E+04 4.28E+04 4.00E+O4 3.17E+05 4.94E+08 2.706+08 4.80E+08 4.53E+08 3.35E+05 
Arsenic 2.6 3.6 2.57E+01 1.11E+03 3.12E-01 762E+02 2.37E+00 755E+OO 2.41 E+07 2.39E+07 3.37E+01 
Barium 56.7 10.4 1 39E+04 B.OOE+03 9.20E+03 7.30E+O4 9.41 E+07 5.146+07 5.85E+07 5.64E+07 1.05E+04 
Beryllium 0.23 0.65 4.14E+04 5.87E+04 1.92E+04 1.52E+05 8.17E+O4 4.47E+04 1.08E+05 1.00E+05 2.37E+05 
Cadmium 1.3 1.5 1.39E+00 1.35E+01 9.08E-02 3.97E+02 2.09E-01 6.68E-01 7.75E+05 7.58E+05 2.93E+00 

Calcium 525 NA NA NA NA NA NA NA NA NA 
Chromium 18.8 6.8 7.28E+00 7.16E+01 7.00E-01 1.85E+02 5.04E+01 1.81E+02 9.97E+07 9.87E+07 7.12E+02 

Cobalt 2.6 4.1 595E+02 7.72E+02 3.33E+02 2.64E+O3 2.17E+05 1.18E+05 1.28E+05 122E+05 8.19E+02 

Copper 26.8 5.2 7.74E+01 7.66E+01 5.B7E+02 4.61 E+03 1.13E406 6.166+05 3.85E+04 3.85E+04 1.93E+01 

Iron 8460 12400.0 NA NA NA NA NA NA NA NA NA 

Lead 769 12.05 1.73E+02 5.18E+03 3.67E+01 661E+04 1.58E+01 5.046+01 1.13E+07 1.05E+07 2.25E+02 
794.5 NA NA NA NA NA NA NA NA NA
 

Manganese 124
 
Magnesium 1040 

108 7.87E+02 3.84E+02 167E+03 132E+04 3.81 E+08 2.086+08 445E+06 4.46E+06 2.98E+02
 

Nickel 4.5
 5.2 2.72E+03 4.32E+03 1.67E+O4 1.32E+05 9.41E+07 5.14E+07 1.13E+07 1.13E+07 9.5SE+02
 

Potassium 415 551 NA
 NA NA NA NA NA NA NA NA 

Silver 0.98 1.4 6.93E+01 3.28E+01 1 20E+02 9.50E+02 NA NA 269E+04 2.70E+04 2.06E+01 

Vanadium 13.1 15.2 2.75E+01 4.53E+01 1.40E+01 1.11E+02 5.53E+07 3.02E+07 2.73E+05 2.74E+05 B.03E+01 
IB 4.02E401 1.03E+02 5.13E+00 772E+03 3.96E+00 1 .27E+01 203E+04 2.04E+04 4.50E+01 Zinc 155 

itions in surface soil were less than MMR background concentrations for soils. ' Italicized numbers Indicate that maximum concentri 

HI - Hazard Index 
ND - Not Derived 
NA - Not Available 
NE • Not Evaluated Calcium, Iron, sodium, potassium, and magnesium were not evaluated because they are nutritional requirements and have low toxidty. 

tmt 



Table 2-34 
Selection ol Contaminant* of Ecological Concern lor Surflclal Soils 

AOC FS-17 Rl STUDY AREA 
MASSACHUSETTS MILITARY RESERVATION 

Unit  mg/kg 
Mouse 

HI 
Vole 
HI 

Shrew 
HI 

Fox 
HI 

Upland
Sandpiper 

HI 

 Grasshopper 
Sparrow 

HI 

Northern
Harrier 

HI 

 Short-eared 
Owl 
HI 

Cardinal 
HI 

Contaminant 
of Ecological 

Concern 

Volatile Organic* 
Acetone 
Carbon Disulfide 
Chloroform 
Ethyt Benzene 
Methylene Chloride 
Toluene 
Total Xylenes 

0.0 
NE 
0.0 
0.1 
0.0 
0.1 
0.0 

0.0 
NE 
0.0 
0.0 
0.0 
0.1 
0.0 

0.0 
NE 
0.0 
0.1 
0.0 
0.1 
0.1 

0.0 
NE 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
NE 
0.0 
1.3 
0.0 
1.5 
2.1 

0.0 
NE 
0.0 
0.4 
0.0 
0.5 
0.7 

0.0 
NE 
0.0 
0.2 
0.0 
0.3 
0.3 

0.0 
NE 
0.0 
0.2 
0.0 
0.3 
0.3 

0.0 
NE 
0.0 
0.3 
0.0 
0.5 
0.4 

NO 
NE 
NO 
YES 
NO 
YES 
YES 

Semi-volalile Organics 
2-Metnyfnapnthafene 
Acenaphthylene 
Anthracene 
Benzo(a)anthracene 
Benzojajpyrene 
Benzo(b)fluoranthene 
Benzo(g,h,i)peryfene 
Benzo(k)fluoranthene 
Carbazole 
Chrysene 
Dibenz(a,h)anthracene 
Dibenzofuran 
Di-n-butylphlhalate 
Fluoranthene 
Fluorene 
lndeno(1,2,3-cd)pyrene 
Naphthalene 
Phenanthrene 
Pyrene 

0.1 
0.0 
0.0 
0.0 
0.0 
0 0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.7 
0.2 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.3 
0.0 
0.0 

0.4 
0.0 
0.0 
0.0 
0.0 
0.1 
0.0 
0.1 
0.0 
0.1 
0.0 
0.0 
0.0 
0.0 
0.1 
0.0 
2.7 
1.5 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

3.8 
0.4 
0.0 
0.5 
0.5 
1.5 
0.4 
1.5 • 
0.0 
0.7 
0.2 
0.0 
0.0 
0.1 
1.3 
0.5 

29.3 
16.0 
0.5 

1.2 
0.1 
0.0 
0.2 
0.2 
0.5 
O.t 
0.5 
0.0 
0.2 
0.1 
0.0 
0.0 
0.0 
0.4 
0.2 
9.2 
5.0 
0.1 

0.4 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.1 
0.0 
3.9 
1.0 
0.0 

0.4 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.1 
0.0 
3.9 
0.9 
0.0 

0.5 
0.0 
0.0 
0.0 
0.0 
0.1 
0.0 
0.1 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.1 
0.0 
3.9 
1.3 
0.0 

YES 
NO 
NO 
NO 
NO 
YES 
NO 
YES 
NO 
NO 
NO 
NO 
NO 
NO 
YES 
NO 
YES 
YES 
NO 



Table 2-34
 
SELECTION OF CONTAMINANTS OF ECOLOGICAL CONCERN FOR SURFOU. SOILS
 

AOC FS-17 Rl STUDY AREA
 
MASSACHUSETTS MILITARY RESERVATION
 

Upland Grasshopper Northern Short-eared 
Mouse Vole Shrew Fox Sandpiper Sparrow Harrier Owl 

Unit - mg/kg HI HI HI HI HI HI HI HI 

Peslicides/PBCs 
4.4'-DDE 0.0 0.0 0.0 0.0 0.1 0.0 0.1 0.1 
4,4'-DDD 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
4.4'-DDT 0.0 0.0 0.1 0.0 1.4 0.4 0.1 0.1 
alpha-Chlordane 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
gamma-Chlordane 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 
Endrin Ketone NE NE NE NE NE NE NE NE 
Arodor-1260 0.0 0.0 0.1 0.0 0.2 0.1 0.1 0.1 

Inorganics 
Aluminum 0 2 0.1 0.1 0.0 0.0 0.0 0.0 0.0 
Arsenic 0.1 0.0 8.3 0.0 1.1 0.3 0.0 0.0 
Barium 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Ben/Ilium 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Cadmium 0.9 0.1 14.3 0.0 6.2 1.9 0.0 0.0 
Calcium NE NE NE NE NE NE NE NE 
Chromium 2.6 0.3 26.9 0.1 0.4 0.1 0.0 0.0 
CobaK 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Copper 0.3 0.3 0.0 0.0 0.0 0.0 0.0 0.0 
Iron NE NE NE NE NE NE NE NE 
Lead 4.4 0.1 21.0 0.0 46.7 15.3 0.0 0.0 
Magnesium NE NE NE NE NE NE NE NE 
Manganese 0.2 0.3 0.1 0.0 0.0 0.0 0.0 0.0 
Nickel 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Potassium NE NE NE NE NE NE NE NE 
Silver 0.0 0.0 0.0 0.0 NE NE 0.0 0.0 
Vanadium 0.5 0.3 0.9 0.1 0.0 0.0 0.0 0.0 
Zinc 3 9 1.5 30.2 0 0 36.9 12.2 0.0 0.0 

Dions in surface soil were less than MMR background concentrations lor sols. 
HI - Hazard Index 
ND - Not Derived 
NA - Not Available 
NE - Not Evaluated. Calcium, iron, sodium, potassium, and magnesium were not evaluated because they are nutritional requirements and have low toxldty. 

Cardinal
 
HI
 

0.0 
0.0 
0.1 
0.0 
0.0 
NE 
0.0 

0.0 
0.1 
0.0 
0.0 
0.4 
NE 
0.0 
0.0 
1.4 
NE 
3.4 
NE 
0.4 
0.0 
NE 
0.0 
0.2 
3.4 

Contaminant 
of Ecological 

Concern 

NO
 
NO
 
YES
 
NO
 
NO
 
NE
 
NO
 

NO 
YES 
NO 
NO 
YES 
NE 
YES 
NO 
YES 
NE 

YES 
NE 
NO 
NO 
NE 
NO 
NO 
YES 

vsm 



TeMe2-3i 
Ecological Exposure DOM for Food Chain Reoepton 

Maximum CcnoenVeMofw 
Surfaces** 

WhNMooterf Mou» 

AOC FS-17 
MASSACHUSETTS MILITARY RESERVATION 

SCFa Max Mu Mu Mu Max 
COC (kgdrysoll)/

(kg dry plant)
 SC 
 (mg/g) 

PC 
(mg/g) 

BARrw 1C 
r>ng/g) 

Plnv PP PS IR(a) IT PI SI
(g/d)

 WC 
 (mg/L) 

Wl
(Uday) 

 HRF BW(a) 
(kg) 

D 

VOLATILE OROANICS 
ETHYL BENZENE 2 09E+00 3 70E-03 111E-02 0 31 (1) 1 15E-03 017 01 0.03 0664 0.147 O.M 0.026 0 00355 0.5 0022 180E-01 
TOLUENE 5 32E+00 1 80E 03 » ME-03 0.31 (1) 5 5BE-04 017 O.I 003 0664 0.147 OM 0026 0 00355 0 5 0022 153E-01 
TOTA L XYLENES 2 S4E*00 2 ME 02 6 35E-02 1 1 (2) 4 SOE-02 017 01 0.03 0664 0147 O.M 0026 0 00355 0 5 0022 I.IOE-tOO 

SEMI-VOLATILE OROANICS 
2 METHYLNAPHTHALENE 9076-01 1206-01 1.09E-01 0.2 (2) 240E-02 017 01 0.03 0164 0147 O.M 0026 0 00355 0 5 0022 1 "66*00 
BENZO(B)FLUOHANTHENE 
BENZO(K)FLUOFtANTHENE 
FLUORENE 

241E-0 3
2416-03
4 716-01

 » 206 04 
 B20E-04 

1 OOE-02 

2 22E-06 
223E-06 
4 71E-03 

0.21 (2)
021 (I)

0.2 (2)

 1 93E-04 
1 ME 04 
2 OOE-03 

017 
017 
017 

0.6 
06 
01 

003 
0.03 
0.03 

0164 
0664 
0664 

0147 
0147 
0.147 

O.M 
OM 
O.M 

0.026 
0026 
0026 

0 
0 
0 

00355 
0.0355 
00355 

0 5 
05 
0 5 

0.022 
0022 
0022 

I.22E-03 
1226-03 
666E-02 

NAPHTHALENE 1 48E«00 4 IOE-02 7.10E-02 021(2) 101E-02 0.17 01 003 0664 0147 O M 0026 0 00355 O S 0022 1.18E400 
PHENANTHRENE 2 49E-01 1 OOE-02 249E-03 0.26 (2) 2 60E-03 017 O.I 0.03 0.664 0147 O.M 0.026 0 0.0355 0 5 0022 544E-02 

PESTICIDES/ PCBl 
4.41 DDT 1 566-02 3 506-04 553E-06 3 (4) 1.0SE-03 01 7 01 0.03 0.164 0.147 O.M 0.026 0 00355 0 5 0022 3806-03 

INORGANICS 
ARSENIC 6 OOE-03 2 ME-03 156E-05 024 (I) 6.24E-04 017 0 6 003 0664 0147 O M 0.026 0 00355 O S 0022 3 I6E-03 
CADMIUM 1506-01 130E-03 105E-04 14(1) 1.62E-02 017 06 003 0664 0.147 O.M 0026 0 00355 0.5 0.022 6 46E-02 
CHROMIUM 4 506-03 1 666-02 I46E-05 0.3 (1) 5 ME-03 017 01 0.03 0164 0147 O.M 0.026 0 00355 O S 0022 3 12E-02 

COPPER 2 506 01 2 666-02 670E-03 0.515 (I) 1 36E-02 0.17 01 003 0664 0.147 OM 0.026 0 00355 0 5 0.022 1.67E-01 

LEAD 9 006-03 7 696-01 6 92E-03 0.27 (I) 2 06E-01 0.17 01 0.03 0664 0.147 O.M 0.026 0 00355 0 5 0022 1256*00 

ZINC 9 006-01 1 55E-01 1.40E-01 3.71 (t) 5.66E-01 0.17 O.I 003 0664 0147 O.M 0.026 0 00355 0.5 0022 < 246+00 

COC « contaminant of concern PI « plant rngeafen rale(dty weight) WC « water concentnlon 
SCFa - tott u-plant concentralon factor Sl»eollnge «lonr»t* Wlc water Intake nt» 
SC * tol concentration 
PC * plant concentration 

Plnv * pcrct nt rwertebreta tngeeion 
" ̂  -ih i . 

IR = Ingailon ral* ol ipadea of conc*m(dty might) PS « percent eol Ingaafon 
IT = Invartabrata iigat <on ra»(dry oalght) HRF » home range factor 
BAFlnv = b4oaccunulaflon factor for rnvartabrmtaa BW. body weight 

(1) Manila at al 1002 
(2) Bayar and Stafford 1093 
(3)SampUataMM6 
(4) MMR RAH 

(a) EPA 1993 



Table 1-M 
an Doee l«c Feed Cluei H»u«mire 

AOCFS-17 
MASSACHUSETTS MILITARY RESEKVATON 

SCF. Mean Mnn Mean Mean Mean 
coc (kg dry sol)/ 

(kg dry ptont) 
SC 

Ong'g) 
PC BAFtw 1C 

(mg/g) 
Pirn PP PS 

(g"J) 
IT PI 

(tfd) 
SI 

(Od) 
we Wl HRF BWIl) 

(kg) 
D 

(mg/kg/d) 

VOLATILE ORGANrCS 
ETHYL BENZENE 2.996*00 7.446-04 2296-03 0.31 (1) 2316-04 0.17 0.8 0.03 0.884 0.147 0.8* 0.028 0 0.0355 0.5 0.022 3826-02 
TOLUENE 5.32E«00 3.826-04 1S3E-03 OJ1 (1) 1126-04 0.17 0.8 0.03 0.884 0.147 0.88 0.028 0 0.0355 O.S 0.022 3.086-02 
TOTAL XYLENES 2.54E*00 5.006-03 1-276-02 1.8(1) t.OOE-03 0.17 0.8 0.03 0.884 0.147 0.88 0.028 0 0.0355 O.S 0.022 2.326-01 

SEMI-VOLATILE OROANIC9 
2-METHYLNAPHTHALENE 8.076-01 2.426-02 2.186-02 07(2) 4836-03 0.17 0.8 0.03 0.884 0.147 0.8* 0.028 0 0.0355 0.5 0.022 3.756-01 
BENZO(B)FLUORANTHENE 
BENZO(K)FLUORANTHENE 

2.41E-03 
2.41E-03 

4.186-04 
4.18644 

1.01E-08 
1.01E-08 

071 (*) 
071m 

8.776-05 
8.77E-05 

0.17 
0.17 

OJ 
0.8 

0.03 
0.03 

0.884 
0.884 

0.147 
0.147 

0.88 
0.88 

0.028 
0.028 

0 
0 

0.0355 
0.0355 

0.5 
O.S 

0.022 
0.022 

5.546-04 
5.54E-04 

FLUORENE 4.71E-01 228E-03 1U6E-03 07 (2) 4.526-04 0.17 0.8 0.03 0.884 0.147 0.88 0.028 0 0.0355 0.5 0.022 1.98E-02 
NAPHTHALENE 1.486*00 9.74E-O3 1.446-02 071 (2) 2.056-03 0.17 0.8 0.03 0.884 0.147 0.88 0.028 0 0.0355 O.S 0.022 2.396-01 
PHENANTHRENE 2.496-01 2.1BE-03 5.436-04 078(2) 8.10E-04 0.17 0.8 0.03 0.884 0.147 0.88 0.028 0 0.0355 O.S 0.022 1.186-02 

PESTICIDES/PCBa 
4.4- DOT 1.S8E-02 8.73E-05 1J8E-06 3(4 ) 2.82E-04 0.17 0.8 0.03 0.884 0.147 0.88 0.028 0 0.0355 O.S 0.022 9.47E-04 

INOROANtCS 
ARSENIC 8.00E-03 1.88E-03 1.12E-OS 074(3) 4.48E-04 0.17 0.8 0.03 0.884 0.147 0.88 0.028 0 0.0355 O.S 0.022 2.76E-03 

CADMIUM 1.50641 8.42E-04 9836-05 14(3) 8.996-03 0.17 0.8 0.03 0.884 0.147 0.88 0.028 0 0.0355 0.5 0.022 3196-02 

CHROMIUM 4506-03 9.40E-03 4.23E-05 OJP) 2.826-03 0.17 0.8 O.O3 0.884 0.147 0.88 0.028 0 0.0355 O.S 0.022 1.S8E-02 

COPPER 2506-01 1.446-02 3.806-03 0.515(3) 7.42E-03 0.17 0.8 0.03 0.884 0.147 0.88 0.028 0 0.0355 0.5 0.022 8.986-02 

LEAD B.006-03 2706-01 2.086-03 077(3) 8.186-02 0.17 0.8 0.03 0.884 0.147 0.88 0.028 0 0.0355 O.S O.O22 3.74E-01 

ZINC 9.00E-01 5.086-02 4.S5E-02 3.78(3) 1.91E-01 0.17 0.8 0.03 0.884 0.147 0.88 0.028 0 0.0355 0.5 0.022 1.386*00 

COC = contimlnint of concern PI. phnt Ingerton nn(dry weight) 

SCFs • sofl-lr>plant concentration factor SI »ol IngMttn rate 
SC  SOD concentration Pbw - percent kwvtabrale Ingettton 0 • nqMturt don 

PC • plant concentration PP • percent plant higestton 1C - IrmiMnt* con ntton 

IR = Ingesllon rate of species ol concern**y weight) PS - percent K* Ingerton 
IT . Invertebrate IngesBon tilefdry weight) HRF • homa range faclof 
BAFInv  bloeccumiilarjon factor for Invertebrates BW. body weight 

(l)Menzleetal. 1992 
(2) Beyer end Stafford 1993 
(3) Sample el all 998 
(4) MMR RAH 

(I) EPA 1993 



Table 2-37
 
Ecological Exposure Dot* for Food Chain Receptors
 

Maximum Concentration*
 
Surface Soil
 

Meadow Vole
 

AOC FS-17
 
MASSACHUSETTS MILITARY RESERVATION
 

SCF» Max Max Max 
coc (kg dry sod)/ SO PC PP PS IR(a) PI SI WC 

(kg dry plant) (mg/g) (mg/g) <g/<i) <9/<J) (g/d) (mg/L) 

VOLATILE ORGANICS 
ETHYL BENZENE 299E+00 3.70E-03 1 11E-02 0.97 0.03 3.60 3.49 0.108054 
TOLUENE 5.32E+00 180E-03 958E-03 0.97 0.03 3.60 3.49 0.108054 
TOTAL XYLENES 2.54E+00 2.SOE-02 6.35E-02 0.97 0.03 3.60 3.49 0.108054 

SEMI-VOLATILE ORGANICS 
2-METHYLNAPHTHALENE 9.07E-01 1.20E-01 1.09E-01 0.97 0.03 3.60 3.49 0.108054 
BENZO(B)FLUORANTHENE 2.41E-03 9.20E-04 2.22E-06 0.97 0.03 3.60 3.49 0.108054 
BENZO(K)FLUORANTHENE 2.41E-03 9.20E-04 2.22E-06 0.97 0.03 3.60 3.49 0.108054 

FLUORENE 4.71E-01 1.00E-02 4.71E-03 0.97 0.03 3.60 3.49 0.108054 
NAPHTHALENE 1.4SE+00 4.80E-02 7.10E-02 0.97 0.03 3.60 3.49 0.108054 
PHENANTHRENE 2.49E-01 1.00E-02 2.49E-03 0.97 0.03 3.60 3.49 0.108054 

PESTICIDES/PCBs 
4,4' DDT 1.58E-02 3.50E-04 5.53E-06 0.97 0.03 3.60 3.49 0.108054 

INORGANICS 
ARSENIC 4.00E-02 2.60E-03 1.04E-04 0.97 0.03 3.60 3.49 0.108054 

CADMIUM 5.50E-01 1.30E-03 7.15E-04 0.97 0.03 3.60 3.49 0.108054 

CHROMIUM 7.50E-03 1.88E-02 141E-04 0.97 0.03 3.60 3.49 0.108054 

COPPER 400E-01 2.68E-02 1.07E-02 0.97 0.03 3.60 3.49 0.108054 

LEAD 4.50E-02 7.69E-01 346E-02 0.97 0.03 3.60 3.49 0.108054 

ZINC 1.50E+00 1.55E-01 2.33E-01 0.97 0.03 3.60 3.49 0.108054 

COC = contaminant ol concern PI = plant Ingestlon rate(dry weight) WC = water concentration 
SCFs = soil-to-plant concentration tactor SI = sol) Ingestlon rate Wl = water Intake rate 

SC = sol) concentration Plnv = percent Invertebrate Ingestlon D = exposure dose 

PC = plant concentration PP = percent plant Ingestlon 1C = Invertebrate concentration 
IR = Ingestlon rate ol species ol concem(dry weight) PS = percent soil Ingestlon 
IT = Invertebrate Ingestlon rate(dry weight) HRF = home range factor 
BAFInv = bloaccumulatlon (actor lor Invertebrates BW = body weight 

(a) EPA 1993 

0 
0 
0 

0 
0 
0 
0 
0 
0 

0 

0 
0 
0 
0 
0 
0 

Wl
(L/<tay)

0.00205 
0.00205 
0.00205 

0.00205 
0.00205 
0.00205 
0.00205 
0.00205 
0.00205 

0.00205 

0.00205 
0.00205 
0.00205 
0.00205 
0.00205 
0.00205 

 HRF

0.5 
0.5 
0.5 

0.5 
O.S 
0.5 
0.5 
O.S 
0.5 

0.5 

0.5 
0.5 
0.5 
0.5 
0.5 
0.5 

 BW(a) 
 (kg) 

0.036 
0.036 
0.036 

0.036 
0.036 
0.036 
0.036 
0.036 
0.036 

0.036 

0.036 
0.036 
0.036 
0.036 
0.036 
0.036 

Max
 
D
 

(mg/kg/d)
 

5.42E-01 
4.67E-01 
3.12E+00 

5.46E+00 
1.49E-03 
149E-03 
2.44E-01 
3.52E+00 
1.36E-01 

7.94E-04 

8.95E-03 
3.66E-02 
3.51E-02 
5.60E-01 
2.83E+00 
1.15E+01 

ROD.cof INAL8 xls 

I 



Table 2-3S 
Ecological Exposure Dose for Food Chain Receptor* 

Mean Concentration* 
Surface Soil 

Meadow Vole 

AOC FS-17 
MASSACHUSETTS MILITARY RESERVATION 

SCFs Mean Mean Mean 
coc (kg dry soil)/ 

(kg dry plant) 
SC 

(mg/g) 
PC 

(mg'g) 
PP PS IR(a) 

(gVd) 
PI 

(g/d) 
SI

(g/d)
 WC 
 (mg/L) 

Wl
(L/day)

 HRF BW(a) 
 (kg) 

VOLATILE ORGANICS 
ETHYL BENZENE 2.99E+00 7.44E-04 2.23E-03 0.97 0.03 3.60 3.49 0.106054 0 0.00205 0.5 0.036 
TOLUENE 5.32E+00 3.62E-04 1.93E-03 0.97 0.03 3.60 3.49 0.108054 0 0.00205 0.5 0.036 
TOTAL XYLENES 2.54E+00 S.OOE-03 1.27E-02 0.97 0.03 3.60 3.49 0.108054 0 0.00205 0.5 0.036 

SEMI-VOLATILE ORGANICS 
2-METHYLNAPHTHALENE 9.07E-01 2.42E-02 2.19E-02 0.97 0.03 3.60 3.49 0.108054 0 0.00205 0.5 0.036 
BENZO(B)FLUORANTHENE 2.41E-03 4.18E-04 1.01E-06 0.97 0.03 3.60 3.49 0.108054 0 0.00205 0.5 0.036 
BENZO(K)FLUORANTHENE 2.41E-03 4.18E-04 1.01E-06 0.97 0.03 3.60 3.49 0.108054 0 0.00205 0.5 0.036 
FLUORENE 4.71 E-01 2.26E-03 1.06E-03 0.97 0.03 3.60 3.49 0.108054 0 0.00205 0.5 0.036 
NAPHTHALENE 1.48E+00 9.74E-03 1.44E-02 0.97 0.03 3.60 3.49 0.108054 0 0.00205 0.5 0.036 
PHENANTHRENE 2.49E-01 2.18E-03 S.43E-04 0.97 0.03 3.60 3.49 0.108054 0 0.00205 0.5 0.036 

PESTICIDES/PCBs 
4,4' DDT 1.58E-02 8.73E-05 1.38E-08 0.97 0.03 3.60 3.49 0.108054 0 0.00205 0.5 0.036 

INORGANICS 
ARSENIC 4.00E-02 1.86E-03 7.44E-05 0.97 0.03 3.60 3.49 0.108054 0 0.00205 0.5 0.036 

CADMIUM 5.50E-01 6.42E-04 3.S3E-04 0.97 0.03 3.60 3.49 0.108054 0 0.00205 0.5 0.036 

CHROMIUM 7.50E-03 9.40E-03 7.05E-05 0.97 0.03 3.60 3.49 0.108054 . 0 0.00205 O.S 0.036 

COPPER 400E-01 1.44E-02 5.76E-03 0.97 0.03 3.60 3.49 0.108054 0 0.00205 0.5 0.036 

LEAD 4.50E-02 2.29E-01 1.03E-02 0.97 0.03 3.60 3.49 0.108054 0 0.00205 0.5 0.036 

ZINC 1.50E+00 5.06E-02 7.59E-02 0.97 0.03 3.60 3.49 0.108054 0 0.00205 0.5 0.036 

COC = contaminant ot concern PI = plant ingestion rate(dry weight) WC = water concentration 

SCFs = soil-to-plant concentration (actor SI = soil ingestion rate Wl = water Intake rate 

SC = soil concentration Plnv = percent invertebrate Ingestion D = exposure dose 

PC = plant concentration PP = percent plant ingestion 1C = Invertebrate concentration 
IR = ingestion rate of species of concem(dry weight) PS = percent soil ingestion 
IT = invertebrate ingestion rate(dry weight) HRF = home range factor 
BAFinv = bioaccumulation factor for invertebrates BW = body weight 

(a) EPA 1993 

Mean
 
D
 

(mg/kg/d)
 

1.09E-01 
9.40E-02 
6.24E-01 

1.10E+00 
6.75E-04 
6.75E-04 
5.50E-02 
7.14E-01 
2.96E-02 

1.98E-04 

640E-03 
1.81E-02 
1.75E-02 
3.01E-01 
8.44E-01 
3.76E+00 

2/1/W RODMOFINAU «li 



Table 2-39 
Ecological Exposure Dose lor Food Chain Receptor* 

Maximum Concentrations 
Surface Son 

Northern Short-tailed Shrew 

AOC FS-17 
MASSACHUSETTS MILITARY RESERVATION 

coc 
Max 
SC 

(mg/g) 
BAFInv 

Max 
1C 

(ing/g) 
Plnv PS IR(a) 

(g«> 
IT 

(ff'd) 
SI

(o/d)

Max 
 WC 
 (mg/L) 

VOLATILE ORGANICS 
ETHYL BENZENE 
TOLUENE 
TOTAL XYLENE 

3.70E-03 
180E-03 
2.50E-02 

0.31 (1) 
0.31 (1) 

1.8(2) 

1.15E-03 
S.S8E-04 
4.50E-02 

0.97 
0.97 
0.97 

0.03 
0.03 
0.03 

1.27 
1.27 

1.27 

1.23 
1.23 
1.23 

0.04 
0.04 
0.04 

SEMI-VOLATILE ORGANICS 
2-METHYLNAPHTHALENE 
BENZO(B)FLUORANTHENE 
BENZO(K)FLUORANTHENE 
FLUORENE 
NAPHTHALENE 
PHENANTHRENE 

1.20E-01 
9.20E-04 
9.20E-04 
1.00E-02 
480E-02 
1.00E-02 

0.2 (2) 
0.21 (2) 
0.21 (2) 
0.2 (2) 

0.21 (2) 
0.28 (2) 

2.40E-02 
1.93E-04 
1.93E-04 
2.00E-03 
1.01E-02 
2.80E-03 

O.S7 
0.97 
0.97 
0.97 
0.97 
0.97 

0.03 
0.03 
0.03 
0.03 
0.03 
0.03 

1.27 
1.27 
1.27 
1.27 

1.27 
1.27 

1.23 

1.23 
1.23 
1.23 
1.23 
1.23 

0.04 
0.04 
0.04 
0.04 
0.04 
0.04 

PESTICIDES/PCBs 
4,4' DDT 3.50E-04 3l«) 1.0SE-03 0.97 0.03 1.27 1.23 0.04 

INORGANICS 
ARSENIC 
CADMIUM 
CHROMIUM 
COPPER 
LEAD 
ZINC 

260E-03 
130E-03 
1.88E-02 
2.68E-02 
7.69E-01 
1.55E-01 

0.24 (3) 
14(3) 

0.3 (3) 
0.51 5 (3) 

0.27 (3) 
3.78 (3) 

624E-04 
1.82E-02 
S.84E-03 
1.38E-02 
2.08E-01 
5.86E-01 

0.97 
0.97 
0.97 
0.97 
0.97 
0.97 

0.03 
0.03 
0.03 
0.03 
0.03 
0.03 

1.27 

1.27 
1.27 
1.27 
1.27 
1.27 

1.23 
1.23 
1.23 
1.23 
1.23 
1.23 

0.04 

0.04 
0.04 
0.04 
0.04 
0.04 

COC = contaminant o) concern 1C = Invertebrate concentration WC = water concentration 

SCFs = soll-lo-pfant concentration factor SI = »oH Ingestlon rate (dry weight) Wl = water Intake rate 

SC = soil concentration Ptiw = percent Invertebrate Ingestton 
IR = Ingestlon rate of species of concern (dry weight) PS = percent son Ingestlon 
IT = Invertebrate ingestion rate (dry weight) HRF = home range factor 
BAFInv = bloaccumulatlon factor for Invertebrates BW = body weight 

(l)Menzleetal. 1992 
(2) Beyer and Stafford 1993 
(3) Sample et at 1998 
(4) MMR RAH 

(a) EPA 1993 

0 
0 
0 

0 
0 
0 
0 
0 
0 

0 

0 
0 
0 
0 
0 
0 

Wl
(L/day)

0.0125 
0.012S 
0.0125 

0.0125 
0.0125 
0.0125 
0.0125 
0.0125 
0.0125 

0.012S 

0.0125 
0.0125 
0.0125 
0.0125 
0.0125 
0.0125 

 HRF

0.5 
0.5 
0.5 

0.5 
0.5 
0.5 
0.5 
0.5 
0.5 

0.5 

0.5 
0.5 
0.5 
0.5 
0.5 
0.5 

 BW(a) 
 (kg) 

0.015 
0.015 
0.015 

0.015 
0.015 
0.015 
0.015 
0.015 
0.015 

0.015 

0.015 
0.015 
0.015 
0.015 
0.015 
0.015 

Max
 
D
 

(mg/kg/d)
 

5.19E-02 
2.52E-02 
1.88E+00 

1.14E+00 
9.12E-03 
9.12E-03 
9.50E-02 
4.76E-01 
1.28E-01 

4.36E-02 

2.90E-02 
7.50E-01 
2.56E-01 
6.02E-01 
9.52E+00 
2.43E+01 

RODecoFINALl.xls 



Table 2-40 
Ecological Exposure DOM for Food Chain Receptora 

Mean Concentration* 
Surface Soil 

Noilliein Short-tailed Shrew 

AOC FS-17 
MASSACHUSETTS MILITARY RESERVATION 

coc 
Mean 

SC 
(mg/g) 

BAFInv 
Mean 

1C 
(mg/g) 

Plnv PS IR(a) 
O'd) 

IT 

(g/d) 

SI
(g/d)

Mean 
 WC 
 (mg/L) 

VOLATILE ORQANICS 
ETHYL BENZENE 
TOLUENE 
TOTAL XYLENE 

7.44E-04 
3.62E-04 
S.OOE-03 

0.31 (1) 
0.31 (1) 

1.8 (2) 

2.31 E-04 
1.12E-04 
9.00E-03 

0.97 
0.97 
0.97 

0.03 
0.03 
0.03 

1.27 
1.27 
1.27 

1.23 
1.23 
1.23 

0.04 
0.04 
0.04 

SEMI-VOLATILE ORGANICS 
2-METHYLNAPHTHALENE 
BENZO(B)FLUORANTHENE 
BENZO<K)FLUORANTHENE 
FLUORENE 
NAPHTHALENE 
PHENANTHRENE 

2.42E-02 
4.1SE-04 
4.18E-04 
2.26E-03 
9.74E-03 
2.18E-03 

0.2 (2) 
0.21 (2) 
0.21 (2) 
0.2 (2) 

0.21 (2) 
0.28 (2) 

4.83E-03 
8.77E-05 
8.77E-05 
4.S2E-04 
2.05E-03 
6.10E-04 

0.97 
0.97 
0.97 
0.97 
0.97 
0.97 

0.03 
0.03 
0.03 
0.03 
0.03 
0.03 

1.27 
1.27 
1.27 
1.27 
1.27 
1.27 

1.23 
1.23 
1.23 
1.23 
1.23 
1.23 

0.04 
0.04 
0.04 
0.04 
0.04 
0.04 

PESTICIDES/PCBl 
4.41 DDT 8.73E-05 3(4) 2.62E-04 0.97 0.03 1.27 1.23 0.04 

INORGANICS 
ARSENIC 
CADMIUM 
CHROMIUM 
COPPER 
LEAD 
ZINC 

1.86E-03 
6.42E-04 
9.40E-03 
1.44E-02 
2.29E-01 
5.06E-02 

0.24 (3) 
14(3) 

0.3 (3) 
0.515 (3) 
0.27 (3) 
3.78 (3) 

4.46E-04 
8.99E-03 
2.82E-03 
7.42E-03 
6.18E-02 
1.91E-01 

0.97 
0.97 
0.97 
0.97 
0.97 
0.97 

0.03 
0.03 
0.03 
0.03 
0.03 
0.03 

1.27 
1.27 
1.27 
1.27 
1.27 
1.27 

1.23 
1.23 
1.23 
1.23 
1.23 
1.23 

0.04 
0.04 
0.04 
0.04 
0.04 
0.04 

—.nr* . : • _« »___ 1^* _ Im •• rt^J->r»«» r***rtf*nt rmtlnn UUf* — Mia tar /*/\rw mntt ai*L>\«i 

SCFs = soll-lo-plant concentration factor SI = so* Ingestion rate (dry weight) Wl = water Intake rate 

SC = soil concentration Plnv = percent Invertebrate Ingestion D = exposure dose 

IR = Ingestton rate of species of concern (dry weight) PS = percent soil Ingestion 

IT = invertebrate ingestion rate (dry weight) HRF = home range factor 
BAFinv = bloaccumulatlon factor for Invertebrates BW = body weight 

(l)Menzieetal. 1992 
(2) Beyer and Stafford 1993 
(3) Sample et all 998 
(4) MMR RAH 

(a) EPA 1993 

Mean 
Wl HRF BW(a) D 

(L/day) (kg) (mg/kg/d) 

0 0.5 0.015 1.04E-02 
0 0.0125 0.5 0.015 5.08E-03 
0 0.0125 0.5 0.015 3.77E-01 

0 0.0125 0.5 0.015 229E-01 
0 0.0125 0.5 0.015 4.14E-03 
0 0.0125 0.5 0.015 4.14E-03 
0 0.0125 0.5 0.015 2.15E-02 
0 0.0125 0.5 0.015 9.65E-02 
0 0.0125 0.5 0.015 2.79E-02 

0 0.0125 0.5 0.015 1.09E-02 

0 0.0125 0.5 0.015 2.07E-02 
0 0.0125 0.5 0.015 3.70E-01 
0 0.0125 0.5 0015 1.28E-01 
0 0.0125 0.5 0.015 3.23E-01 
0 0.0125 0.5 0.015 2.83E+00 
0 0.0125 0.5 0.015 7.93E+00 
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coc 

VOLATILE ORGANICS 
ETHYL BENZENE 
TOLUENE 
TOTAL XYLEN E 

SEMI-VOLAT«_E ORQANIC3 
2-METHYLNAPHTHALENE 
BENZO<B)FLUORANTHENE 
BENZO(K)FLUOnANTHENE 
FLUORENE 
NAPHTHALENE 
PHENANTHRENE 

PEST1C1OES/PCBS 
4.41 DDT 

INORGANICS 
ARSENIC 
CADMIUM 
CHROMIUM 
COPPER 
LEAD 
ZINC 

COC " contaminant ol concam 
SCFs c soll-lo-plant concenballon faclw 
SC * soil concentration 
PC * plant concentration 
PS * percentage ol soil IngesDon 
PB •> percentage ol bird Ingestfon 

K55
SC

(mg/g)

3.70E-03 
1.80E-03 
2.50E-02 

1.20E-01 
9.20E-04 
9.20E-04 
1.00E-02 
4.80E-02 
1.00E-02 

3.50E-04 

2.80E-03 
1.30E-03 
1.88E-02 
2.88E-02 
769E0 1 
1.5SE-01 

BAFInv = btoaccumulatlon lactof lor rnvertebrates 
1C • Invertebrate concentration 
WC * water concentration 
Bl = bird Ingestion rare (dry weight) 

(a) Sample et at. 199S (RAH Is current lor an others) 
(b) EPA 1993 

 5CF5
 
 (kg dry Sony
 

 (kg dry plant)
 

299E+00 
5.32E*00 
2.S4E+00 

9.07E-01 
2.41E-03 
2.4IE-03 
4.71E-01 
148E+OO 
2.49E-01 

1.98E-02 

4.00E-02 
S.SOE-01 
7.50E-03 
400E-01 
4.SOE-02 
1.SOE«00 

—OS 
PC 

1.11E-02 
9.98E-03 
8.35E-02 

1.09E-01 
2-22E-00 
2.22E-08 
4.71E-03 
7.10E-02 
249E-03 

9.53E-08 

104E-04 
713E-04 
I.4IE-04 
107E-02 
346E-02 
2.33E-01 

Tlbl« 2-41 
Ecological Expotur* DOM lor Food Chain Retafitoia 

Surface Son 
Rod Fox 

AOC FS-17 
MASSACHUSETTS MIUTAHY RESERVATION 

BAF kg diet BAF kg dM 
—as — 

Co 
(mtf») 

—HE 
Cm 

(m»'g) 
IR(b) 
(g/d) 

PS PM PB SI 
(»>d) 

61 
(Vd) 

Ml 
<gft» 

HRF BW(b) 
(kg) 

—as— 
D 

(ma*?d) 

2.S4E-02 
1.72E-02 
324E-02 

9.37E-03 
S.86E-03 
I.ME-02 

3.14E-04 
3.IOE-OS 
8.10E-04 

1. 046-04 
105E-05 
265E-04 

115.90 
11390 
119.90 

0.03 
0.03 
0.03 

0.72 
0.72 
0.72 

0.29 
0.25 
0.25 

3.48 
3.48 
3.48 

28.98 
28.98 
28.98 

834 5 
83.49 
83.45 

0.0048 
0.0048 
0.0048 

52 5 
5.25 
9.25 

3.39E-03 
3.44E-O4 
8.76E-03 

«.83E-02 
asiE-oi 
8.SIE-OI 
9.7IE-02 
480E-02 
I.38E-OI 

2.07E-02 
224E-OI 
224E-OI 
2.9SE-02 
1.53E-02 
4.03E-02 

7.98E-03 
7.83E-04 
7.83E-04 
9.7IE-04 
2.30E-03 
1.38E-03 

248E-03 
2.06E-04 
2.08E-04 
295E-04 
7.34E-04 
4.03E-O4 

11990 
115.90 
115.90 
115.90 
115.90 
115.90 

0.03 
0.03 
0.03 
0.03 
003 
0.03 

0.72 
0.72 
0.72 
0.72 
0.72 
0.72 

0.25 
0.25 
0.25 
0.25 
0.29 
0.25 

3.48
3.48 
3.48 
3.48 
3.48 
3.48 

. 28.98 
28.98 
28.98 
28.98 
28.98 
28.98 

83.49 
83.45 
83.45 
83.45 
83.45 
83.45 

0.0048 
0.0048 
0.0048 
0.0048 
00048 
0.0048 

9.25 
9.25 
5.25 
5.25 
9.29 
9.25 

8.38E-02 
7.80E-03 
7.80E-03 
1.01E-02 
2.45E-02 
1.39E-02 

3.08E<00 8.I3E-OI I.08E-03 2.I5E-04 119.90 0.03 0.72 0.25 3.48 28.98 83.45 0.0048 9.25 9.36E-03 

I.IIEtOO 
3i5E-OI 
3iSE»00 
5.«OE->00 
1.77E-01 

390E*01 

2.50E-03 (l) 
333E-01 (•) 
8.48E-02 (!) 
196E-01 (!) 
I.OSE-OI (•) 
772E-01 (•) 

3.07E-03 
4J3E-04 
8.HE-02 
1.S8E-01 
I38E-OI 

9.1SE-fOO 

8.SOE-08 
4.33E-04 
1.59E-03 
8J8E-03 
8.I1E-02 
1JME-OI 

119.90 
119.90 
119.90 
119.90 
119.90 
119.90 

0.03 
0.03 
0.03 
0.03 
0.03 
0.03 

0.72 
0.72 
0.72 
0.72 
0.72 
0.72 

0.29 
0.29 
0.29 
025 
0.25 
0.25 

3.48 
3.48 
3.4« 
3.48 
3.48 
3.48 

28.98 
28.98 
28.98 
28.98 
28.98 
28.M 

834 9 
83.49 
83.45 
8345 
834 5 
83.45 

0.0048 
0.0048 
0.0048 
0.0048 
0.0048 
0.0048 

9.29 
9.29 
9.29 
9.29 
9.25 
5.25 

1.70E-02 
9.22E-03 
3.63E-01 
9.58E-01 
2.04E-»00 
5-24E.01 

SI • sol Inoeston rat* (dry weight) 
Water htgeslon rala ml available lor Vila spades 
BAF kg OeVkg Wrd. btoaccumulalon ran (dry weight) 
BAF kg o>t/kg mammal • tuoaecumulatlon rate (dry weight) 
Cto • concvntftttlon hi Wfd 
IH . Ingeston rate by spedes ol concern (dry weight) 
HflF • hofiM miQ6 Ifector 
BW > body weight 
D • exposure dosage 
NA - not avatable 

Cm • concentration In mammal 
PM  percentage mammal mgeston (dry weight) 
Ml. mammal Inoerton rate (*y weight) 
BAFIbki) or mammal]  btoMajmuMlon lector lor berbfvorom bird/mammal 

oTNAUi* 



Taw* MI 
Ecologled Eipmura DOM for Food Chain IWceptoca 

Surlac* Soil 
Red Fox 

AOCFH7 
MASSACHUSETTS MILITARY RESERVATION 

coc 

-Hear!
SC

(mg/g(

 5CF$ 
 (mg/g dry sod) 

 (mg/g dry plant) 

•nans 
PC BAF kg diet

hQ bfrd
 BAF kg diet 

 h«j fnflnwnsl 

-TOSS 
0) 

(mg'g) 

~OSK 
Cm 

(mtfol 
«(b) 
(g/d) 

PS PM PB SI 
WO) 

Bl 
(B/d) 

Ml 
(gft) 

HRF BW(b) 
(kg) 

M«an 
D 

(mg/kg/d) 

VOLATILE ORGANICS 
ETHY L BENZENE 
TOLUENE 
TOTA L XYLENE 

744E-0 4 
3.82E-04 
SOOE-03 

299E+00 
5.32E.OO 
2.54E+00 

2.23E-03 
1936-03 
1576-02 

2.84E-02 
1.72E-02 
3-24E-O2 

9.37E-03 
5.86E-03 
1.06E-02 

6.32E-OS 
3.316-05 
4.116-04 

2096-05 
1 136-05 
1356-04 

115.90 
11590 
11590 

0.03 
0.03 
0.03 

0.72 
0.72 
0.72 

0.25 
055 
OX 

3486+00 
3486+00 
3.486+00 

2906+01 
8906+01 
2506.01 

8.35E.01 
835E.01 
8356+01 

00048 
00048 
0.0048 

52 5 
5.25 
5.25 

6B3E-04 
3.B3E-04 
4.436-03 

SEMI-VOLATILE ORQANICS 
2 M6THYLNAPHTHALENE 
BENZO(B)FLUORANTHENE 
BENZO(K)FLUORANTHENE 
FLUOFIENE 
NAPHTHALENE 
PHENANTHRENE 

2.42E-02 
418E-Q4 
4.1BE-04 
256E-03 
974E-03 
2.I8E-03 

t.OTE-01 
2.41E-03 
2.41E-03 
4.71E-01 
1.48E+00 
2496-01 

219E-02 
I.01E-08 
1.0IE-M 
1.ME-03 
1.44E-02 
5.43E-04 

e.ME-02 
• 51E-01 
8.S1E-01 
9.71E-02 
480E-02 
1. 366-01 

2.07E-02 
JZ4E-01 
274E-01 
2.9SE-02 
I.S3E-02 
4.03E-02 

1 .456-03 
85SE-07 
8.58E-07 
1036-04 
6826-04 
7.386-05 

4546-04 
225E-07 
2J56-07 
3146-05 
2516-04 
2.19E-05 

11590 
11590 
11590 
115.90 
115.90 
115.90 

0.03 
0.03 
0.03 
0.03 
0.03 
0.03 

0.72 
0.72 
0.72 
0.72 
0.72 
0.72 

0.2S 
0.29 
OSS 
079 
0.29 
OSS 

S486+OO 
3.486*00 
3486+00 
3486+00 
3.48E+00 
3.48E+00 

2.90E+01 
2906.01 
29OE+01 
290E+01 
290E+01 
2.90E+01 

8356.01 
8356+01 
B.35E+01 
8.356+01 
B 356 +01 
835E+01 

0.0048 
00048 
00048 
00048 
0.0048 
0.0048 

52 5 
S.2S 
5.2S 
575 
5.25 
5.25 

153E-02 
»«4E-08 
9.64E-08 
1.06E-03 
7.38E-03 
7.82E-04 

PESTICIDES/PCBt 
4.4' DDT 8736-05 1.5BE-02 1386-08 3.08E«OO 8.13E-01 4556-08 8.46E-07 115.90 0.03 0.72 055 3.48E+00 2.90E+01 8.356+01 00048 5.25 3.72E-05 

INORGANICS 
ARSENIC 
CADMIUM 
CHROMIUM 
COPPER 
LEAD 
ZINC 

166E-03 
6.42E-04 
9.40E-03 
I.44E-02 
2.29E-01 
S.OSE-02 

4006-02 
5506-01 
7506-03 
4006-01 
4506-02 
1SOE+00 

7446-05 
3536-04 
7056-05 
5766-03 
1036-02 
7.596-02 

1.186+00 
3^56-01 
32SE+00 
5 WE +00 
1.77E-01 
590E+01 

250E-03 (a) 
333E-01 (a) 
8.4eE-02 (a) 
1.ME-01 (a) 
10SE-01 (a) 
7.72E-OI (a) 

8.7BE-OS 
1.1SE-04 
229E-O4 
340E-02 
182E-O3 

4486+00 

166E-07 
1.18E-04 
S.WE-08 
113E-03 
1.096-03 
5.88E-02 

115.90 
115.90 
115.90 
115.90 
115.90 
115.90 

0.03 
0.03 
0.03 
0.03 
0.03 
0.03 

0.72 
0.72 
0.72 
0.72 
0.72 
0.72 

079 
079 
079 
075 
075 
075 

348E+00 
348E+00 
348E+00 
348E+00 
348E+00 
3.48E+00 

290E+01 
2.90E+01 
2.«OE«O1 
290E+O1 
290E+01 
2906+01 

8.35E+01 
I.35E+01 
8.356+01 
835E+01 
B.3SE+01 
8.35E+01 

00048 
0.0048 
0.0048 
0.0048 
0.0048 
0.0048 

575 
525 
555 
5.25 
5.25 
5.25 

4.93E-04 
251E-03 
1.39E-03 
2.066-01 
2.B1E-02 
2.S8E+01 

COC = contaminant ol concern 
SCFs •= soil-to plan! concentration laclor 
SC  son concentration 
PC  plant concentration 
PS * percentage of soil IngesVon 
PB = percentage ol bird Ingeslon 
BAFInv = bloaccumulalkm lactor lor InveneDrales 
1C = Invertebrate concentration 
WC * wate r concentration 
Bl = bird Ingesllon rale (dry weight) 

SI. Ml Ingeston rale (dry weight) 
Water IngesHon rale not avatabto tor tils species. 
BAF kg dtetftg Mrd* btoacainwlalon rate (dry weight) 
BAF kg diet/kg mammal  btoaccumulatton rate (dry wdght) 
Cb • concentriflon In Mrd 
IR  Ingeston rate by species ol concern (dry weight) 
HRF • honw rtnQ6 toclor 
BW. body weight 
0 - exposure dosage 
MA  not avalabk* 

Cm » concwitriltoo In mvnml 
PM . pmctntagi nwntnal kigeslon (dry tnkjM) 
Ml  nwmmal Inggstton rat* (dry wdgM) 
BAF[Mfd Of RMnvral) • MoKCUfnuMlon toctof lor hQfMvorom 

(a) Sample el al. 1998 (RAH Is current tor all others) 
(b) EPA 1993 



Table 2-43 
Ecological Exposure Dose for Food Chain Receptors 

Maximum Concentrations 
Surface Soil 

Upland Sandpiper 

AOC FS-17 
MASSACHUSETTS MILITARY RESERVATION 

Max Max 
coc SC BAFinv 1C IT(a) HRF ED BW 

(mg/g) (mg/g) (9/d) (d/d) (kg) 

VOLATILE ORGANICS 
ETHYL BENZENE 3.70E-03 0.31 (1) 1.15E-03 2.87 0.5 0.25 0.164 
TOLUENE 1.80E-03 0.31 (1) 5.5BE-04 2.87 0.5 0.25 0.164 
TOTAL XYLENE 2.50E-02 1.8 (2), 4.50E-02 2.87 0.5 0.25 0.164 

SEMI-VOLATILE ORGANICS 
2-METHYLNAPHTHALENE 1.20E-01 0.2 (2) 2.40E-02 2.87 0.5 0.25 0.164 
BENZO(B)FLUORANTHENE 9.20E-04 0.21 (2) 1.93E-04 2.87 0.5 0.25 0.164 
BENZO(K)FLUORANTHENE 9.20E-04 0.21 (2) 1.93E-04 2.87 0.5 0.25 0.164 
FLUORENE 1.00E-02 0.2 (2) 2.00E-03 2.87 0.5 0.25 0.164 
NAPHTHALENE 4.80E-02 0.21 (2) 1.01E-02 2.87 0.5 0.25 0.164 
PHENANTHRENE 1.00E-02 0.28 (2) 2.80E-03 2.87 0.5 0.25 0.164 

PESTICIDES/PCBs 
4,4' DDT 3.50E-04 3(4 ) 1.05E-03 2.87 0.5 0.25 0.164 

INORGANICS 
ARSENIC 2.60E-03 0.24 (3) 6.24E-04 2.87 0.5 0.25 0.164 
CADMIUM 1.30E-03 14(3) 1.82E-02 2.87 0.5 0.25 0.164 
CHROMIUM 1.88E-02 0.3 (3) 5.64E-03 2.87 0.5 0.25 0.164 
COPPER 2.6BE-02 0.515 (3) 1.38E-02 2.87 0.5 0.25 0.164 
LEAD 7.69E-01 0.27 (3) 2.08E-01 2.87 0.5 0.25 0.164 
ZINC 1.55E-01 3.78 (3) 5.86E-01 2.87 0.5 0.25 0.164 

COC = contaminant of concern IT «Invertebrate ingestion rate (dry weight) 
SC = soil concentration HRF = home range (actor 
BAFinv = bioaccumulation factor lor invertebrates BW = body weight 
1C = invertebrate concentration rate (dry weight) D e exposure dose 
Water Ingestion rate not available for this species. ED « exposure duration (ingestion)« 180 days/ 365 days 

(l)Menzieetal. 1992 
(2) Beyer and Stafford 1993 
(3) Sample et at 1998 
(4) MMR RAH 

(a) EPA 1993 

Max
 
D
 

(mg/kg/d)
 

2.51 E-03 
1.22E-03 
9.83E-02 

5.24E-02 
4.22E-04 
4.22E-04 
4.37E-03 
2.20E-02 
6.12E-03 

2.29E-03 

1.36E-03 
3.98E-02 
1.23E-02 
3.02E-02 
4.54E-01 
1.28E+00 

1"t, xts r 2/1/99 



Table 2-44 
Ecological Exposure DOM for Food Chain Receptors 

Mean Concentrations 
Surface Soil 

Upland Sandpiper 

AOC FS-17 
MASSACHUSETTS MILITARY RESERVATION 

Mean Mean 
coc SC BAFinv 1C IT(a) HRF ED BW 

(mg/g) (mg/g) (9/d) (d/d) N) 

VOLATILE ORGANICS 
ETHYL BENZENE 7.44E-04 0.31 (1) 2.31 E-04 2.87 O.S 0.25 0.164 
TOLUENE 3.62E-04 0.31 (1) 1.12E-04 2.87 0.5 0.25 0.164 
TOTAL XYLENE 5.00E-03 1.8(2) 9.00E-03 2.87 0.5 0.25 0.164 

SEMI-VOLATILE ORGANICS 
2-METHYLNAPHTHALENE 2.42E-02 0.2 (2) 4.83E-03 2.87 0.5 0.25 0.164 
BENZO(B)FLUORANTHENE 4.18E-04 0.21 (2) 8.77E-05 2.87 0.5 0.25 0.164 
BENZO(K)FLUORANTHENE 4.18E-04 0.21 (2) 8.77E-05 2.87 0.5~ 0.25 0.164 
FLUORENE 2.26E-03 0.2 (2) 4.S2E-04 2.87 0.5 0.25 0.164 
NAPHTHALENE 9.74E-03 0.21 (2) 2.05E-03 2.87 0.5 0.25 0.164 
PHENANTHRENE 2.18E-03 0.28 (2) 8.10E-04 2.87 0.5 0.25 0.164 

PESTICIDES/PCBs 
4,4' DDT 8.73E-05 3  W 2.62E-04 2.87 0.5 0.25 0.184 

INORGANICS 
ARSENIC 1.86E-03 0.24 (3) 4.46E-04 2.87 0.5 0.25 0.164 
CADMIUM 6.42E-04 14(3) 8.99E-03 2.87 0.5 0.25 0.164 
CHROMIUM 9.40E-03 0.3 (3) 2.82E-03 2.87 0.5 0.25 0.164 
COPPER 1.44E-02 0.515 (3) 7.42E-03 2.87 0.5 0.25 0.164 
LEAD 2.29E-01 0.27 (3) 6.18E-02 2.87 0.5 0.25 0.164 
ZINC 5.06E-02 3.78 (3) 1.91E-01 2.87 0.5 0.25 0.164 

COC = contaminant of concern IT = invertebrate ingestton rate (dry weight) 
SC = soil concentration HRF = home range factor 
BAFinv = bioaocumulation factor for invertebrates BW = body weight 
1C = invertebrate concentration rate (dry weight) D = exposure dose 
Water Ingestion rate not available for this species. ED = exposure duration (ingestion) = 180 days/ 365 days 

(l)Menzieetal. 1992 
(2) Beyer and Stafford 1993 
(3) Sample et aM 998 
(4) MMR RAH 

(a) EPA 1993 

Mean
 
D
 

(mg/kg/d)
 

5.04E-04 
2.45E-04 
1.97E-02 

1.06E-02 
1.92E-04 
1.92E-04 
9.88E-04 
4.47E-03 
1.33E-03 

5.72E-04 

9.76E-04 
1.96E-02 
6.16E-03 
1.62E-02 
1.35E-01 
4.18E-01 

RODecoFINALb.xls 2/1/99 



Table 2-45 
Ecological Exposure DOM tor Food Chain Receptors 

Maximum Concentration* 
Surface Soil 

Grasshopper Sparrow 

AOC FS-17 
MASSACHUSETTS MILITARY RESERVATION 

Max Max 
coc SC 

(mg/g) 
BAFinv 1C 

(mg/g) 
IT(a) 
(g/d) 

HRF ED 
(d/d) 

BW 
(kg) 

VOLATILE ORGANICS 
ETHYL BENZENE 3.70E-03 0.31 (1) 1.15E-03 0.0064 0.5 0.5 0.0139 
TOLUENE 1.80E-03 0.31 (1) 5.58E-04 0.0064 0.5 0.5 0.0139 
TOTAL XYLENES 2.50E-02 1.8(2) 4.50E-02 0.0064 0.5 0.5 0.0139 

SEMI-VOLATILE ORGANICS 
2-METHYNAPHTHALENE 1.20E-01 0.2 (2) 2.40E-02 0.0064 0.5 0.5 0.0139 
BENZO(B)FLUORANTHENE 9.20E-04 0.21 (2) 1.93E-04 0.0064 0.5 0.5 0.0139 
BENZO(K)FLUORANTHENE 9.20E-04 0.21 (2) 1.93E-04 0.0064 0.5 0.5 0.0139 
FLUORENE 1.00E-02 0.2 (2) 2.00E-03 0.0064 0.5 0.5 0.0139 
NAPHTHALENE 4.BOE-02 0.21 (2) 1.01E-02 0.0064 0.5 0.5 0.0139 
PHENANTHRENE 1.00E-02 0.28 (2) 2.80E-03 0.0064 0.5 0.5 0.0139 

PESTICIDES/PCBs 
4.41 DDT 3.50E-04 3(4 ) 1.05E-03 0.0064 0.5 0.5 0.0139 

INORGANICS 
ARSENIC 2.60E-03 0.24 (3) 6.24E-04 0.0064 0.5 0.5 0.0139 
CADMIUM 1.30E-03 14(3) 1.82E-02 0.0064 0.5 0.5 0.0139 
CHROMIUM 1.B8E-02 0.3 (3) 5.64E-03 0.0064 0.5 0.5 0.0139 
COPPER 2.68E-02 0.515 (3) 1.38E-02 0.0064 0.5 0.5 0.0139 
LEAD 7.69E-01 0.27 (3) 2.08E-01 0.0064 0.5 0.5 0.0139 
ZINC 1.55E-01 3.78 (3) 5.86E-01 0.0064 0.5 0.5 0.0139 

COC = contaminant of concern IT •= Invertebrate ingestion rate (dry weight) 
SC = soil concentration HRF = home range (actor 
BAFinv = bioaccumulation factor for invertebrates BW = body weight 
1C = invertebrate concentration (dry weight) D •= exposure dose 
Water Ingestion rate not available lor this species. ED = exposure duration (ingestion)  180 days/ 365 days 

(l)Menzieetal. 1992 
(2) Beyer and Stafford 1993 
(3) Sample et all 998 
(4) MMR RAH 

(a) EPA 1993 

Max
 
D
 

(mg/kg/d)
 

1.32E-04 
6.42E-05 
5.18E-03 

2.76E-03 
2.22E-05 
2.22E-05 
2.30E-04 
1.16E-03 
3.22E-04 

1.21E-04 

7.18E-05 
2.09E-03 
6.49E-04 
1.59E-03 
2.39E-02 
6.74E-02 

2/1/99 RODecoFINAlb xls 
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Table 2-46 
Ecological Exposure Dose for Food Chain Receptors 

Mean Concentrations 
Surface Soil 

Grasshopper Sparrow 

AOC FS-17 
MASSACHUSETTS MILITARY RESERVATION 

coc 
Mean 
SC 

(mg/g) 
BAFinv 

Mean 
1C 

(mg/g) 
IT(a)
(g/d) 

HRF ED 
(d/d) 

BW 
(kg) 

VOLATILE ORGANICS 
ETHYL BENZENE 
TOLUENE 
TOTAL XYLENES 

7.44E-04 
3.62E-04 
5.00E-03 

0.31 (1) 
0.31 (1) 

1.8(2) 

2.31 E-04 
1.12E-04 
9.00E-03 

0.0064 
0.0084 
0.0064 

0.5 
0.5 
0.5 

0.5 
0.5 
0.5 

0.0139 
0.0139 
0.0139 

SEMI-VOLATILE ORGANICS 
2-METHYNAPHTHALENE 
BENZO(B)FLUORANTHENE 
BENZO(K)FLUORANTHENE 
FLUORENE 
NAPHTHALENE 
PHENANTHRENE 

2.42E-02 
4.18E-04 
4.18E-04 
2.26E-03 
9.74E-03 
2.18E-03 

0.2 (2) 
0.21 (2) 
0.21 (2) 
0.2 (2) 

0.21 (2) 
0.28 (2) 

4.83E-03 
8.77E-05 
8.77E-05 
4.52E-04 
2.05E-03 
6.10E-04 

0.0084 
0.0064 
0.0064 
0.0064 
0.0064 
0.0064 

0.5 
0.5 
0.5 
0.5 
0.5 
0.5 

0.5 
0.5 
0.5 
0.5 
0.5 
0.5 

0.0139 
0.0139 
0.0139 
0.0139 
0.0139 
0.0139 

PESTICIDES/PCBs 
4,4' DDT 8.73E-05 3(4) 2.62E-04 0.0064 0.5 0.5 0.0139 

INORGANICS 
ARSENIC 
CADMIUM 
CHROMIUM 
COPPER 
LEAD 
ZINC 

1.86E-03 
6.42E-04 
9.40E-03 
1.44E-02 
2.29E-01 
5.06E-02 

0.24 (3) 
14(3) 

0.3 (3) 
0.515 (3) 
0.27 (3) 
3.78 (3) 

4.46E-04 
8.99E-03 
2.B2E-03 
7.42E-03 
6.18E-02 
1.91E-01 

0.0064 
0.0064 
0.0064 
0.0064 
0.0064 
0.0064 

0.5 
0.5 
0.5 
0.5 
0.5 
0.5 

0.5 
0.5 
0.5 
0.5 
0.5 
0.5 

0.0139 
0.0139 
0.0139 
0.0139 
0.0139 
0.0139 

COC = contaminant ol concern IT = invertebrate ingestion rate (dry weight) 
SC = soil concentration HRF = home range factor 
BAFinv = bioaccumulation factor for invertebrates BW = body weight 
1C = invertebrate concentration (dry weight) D = exposure dose 
Water Ingestion rate not available for this species. ED = exposure duration (ingestion) * 180 days/ 365 days 

(l)Menzieetal. 1992 
(2) Beyer and Stafford 1993 
(3) Sample et al 1998 
(4) MMR RAH 

(a) EPA 1993 

Mean
 
D
 

(mg/kg/d)
 

2.66E-05 
1.29E-05 
1.04E-03 

5.66E-04 
1.01E-05 
1.01E-05 
5.20E-05 
2.35E-04 
7.03E-05 

3.01 E-05 

5.14E-05 
1.03E-03 
3.25E-04 
8.54E-04 
7.12E-03 
2.20E-02 

RODecoFINALb.xls 2/1/99 



Table 2-47 
Ecological Exposure DOM lor Food Chain Receptors 

Maximum Concentrations 
Surface Soil 

Northern Harrier 

AOC FS-17 
MASSACHUSETTS MILITARY RESERVATION 

SCFs Max Max Max 
coc (mg/g dry soil) SC PC BAF kg diet Cb IR PS PB SI Bl HRF 

(mg/g dry plant) (nog/o) (fng/B) kg rodent (mg/g) (9/d) (9/d) (g/d) 

VOLATILE ORGANICS 
ETHYL BENZENE 2.99E+00 3.70E-03 1.11E-02 9.37E-03 1.04E-04 160 0.00 1.00 O.OOE+00 1.60E+02 0.0027 
TOLUENE 5.32E+00 1.80E-03 9.S8E-03 5.86E-03 5.61 E-OS 160 0.00 1.00 O.OOE+00 1.60E+02 0.0027 
TOTAL XYLENE 2.54E+00 2.50E-02 6.35E-02 1.06E-02 6.73E-04 160 0.00 1.00 O.OOE+00 1.60E+02 0.0027 

SEMI-VOLATILE ORGANICS 
2-METHYLNAPHTHALENE 9.07E-01 1.20E-01 1.09E-01 2.07E-02 2.25E-03 160 0.00 .00 O.OOE+00 1.60E+02 0.0027 
BENZO(B)FLUORANTHENE 2.41E-03 920E-04 2.22E-06 2.24E-01 4.97E-07 160 0.00 .00 O.OOE+00 1.60E+02 0.0027 
BENZO(K)FLUORANTHENE 2.41E-03 9.20E-04 2.22E-06 2.24E-01 4.97E-07 160 0.00 .00 O.OOE+00 1.60E+02 0.0027 
FLUORENE 4.71E-01 100E-02 4.71E-03 2.95E-02 1.39E-04 160 0.00 .00 O.OOE+00 1.60E+02 0.0027 
NAPHTHALENE 1.4BE+00 4.80E-02 7.10E-02 1.53E-02 1.09E-03 160 0.00 .00 O.OOE+00 1.60E+02 0.0027 

PHENANTHRENE 2.49E-01 1.00E-02 2.49E-03 4.03E-02 1.00E-04 160 0.00 .00 O.OOE+00 1.60E+02 0.0027 

PESTICIDES/PCBs 
4,4' DDT 1.58E-02 3.50E-04 5.53E-06 6.13E-01 3.39E-06 160 0.00 1.00 O.OOE+00 1.60E+02 0.0027 

INORGANICS 
ARSENIC 4.00E-02 2.60E-03 1.04E-04 2.SOE-03 (a) 2.80E-07 160 0.00 1.00 O.OOE+00 1.60E+02 0.0027 

CADMIUM 5.50E-01 1 .30E-03 7.15E-04 3.33E-01 (a) 2.38E-04 160 0.00 .00 O.OOE+00 1.60E+02 0.0027 

CHROMIUM 7.50E-03 1.88E-02 1.41E-04 8.46E-02 (a) 1.19E-05 160 0.00 .00 O.OOE+00 1.60E+02 0.0027 

COPPER 4.00E-01 2.68E-02 1.07E-02 1.96E-01 (a) 2.10E-03 160 0.00 .00 O.OOE+00 1.BOE+02 0.0027 

LEAD 4.50E-02 7.69E-01 3.46E-02 1.0SE-01 (a) 3.65E-03 160 0.00 .00 O.OOE+00 1.60E+02 0.0027 

ZINC 1.50E+00 1.55E-01 2.33E-01 7.72E-01 (a) 1.79E-01 160 0.00 .00 O.OOE+00 1.60E+02 0.0027 

COC = contaminant o( concern SI * soil Ingestlon rate (dry weight) BAF|blrd or mammal]  bioaccumulatlon factor lor herbivorous bird/mammal 
SCFs = soil-to-plant concentration factor Water Ingestlon rate not available lor this species. 
SC  soil concentration BAF kg diet/kg rodent = bioaccumulatlon rate 
PC = plant concentration Cb = concentration In bird/mammal 
PS = percentage ot soil Ingestlon IR = Ingestlon rate by species ol concern (dry weight) 
PB = percentage ol bird/mammal Ingestlon HRF « home range factor 
BAFInv = bioaccumulatlon factor for Invertebrates BW = body weight 
1C = Invertebrate concentration D = exposure dosage 
Bl = rodent Ingestlon rate (dry weight) NA = not available 

(a) Sample et at. 1998 (RAH Is current tor an others) 

BW 
(kg) 

0.530 
0.530 
0.530 

0.530 
0.530 
0.530 
0.530 
0.530 
0.530 

0.530 

0.530 
0.530 
0.530 
0.530 
0.530 
0.530 

Max
 
D
 

(mg/kg/d)
 

8.45E-05 
4.57E-05 
5.49E-04 

1.84E-03 
4.05E-Q7 
4.05E-07 
1.13E-04 
886E-04 
8.18E-05 

2.76E-06 

2.12E-07 
1.94E-04 
9.72E-06 
1.72E-03 
2.97E-03 
1.46E-01 

RODecoFIINAlDlb r 



Table 2-48 
Ecological Exposure DOM for Food Chain Receptor* 

Mean Concentrations 
Surface Soil 

Northern Harrier 

AOC FS-17 
MASSACHUSETTS MILITARY RESERVATION 

5CT5 — MelS Mean Mean 
coc (mg/g dry soil) 

(mg/g dry plant) 
SC 

(mg/g) 
PC

(mg/g)
 BAF kg diet 

 kg rodent 
Cb 

(mg/g) 
IR 

(9/d) 
PS PB SI 

(g/d) 
Bl 

(g/d) 
HRF 

VOLATILE OR6ANICS 
ETHYL BENZENE 2.99E+00 7.44E-04 2.23E-03 937E-03 2.09E-05 160 0.00 1.00 O.OOE+00 1.60E+02 0.0027 
TOLUENE 5.32E+00 3.62E-04 1.93E-03 5.86E-03 1.13E-05 160 0.00 1.00 O.OOE+00 1.60E+02 0.0027 
TOTAL XYLENE 2.54E+00 5.00E-03 1.27E-02 1.06E-02 1.35E-04 160 0.00 1.00 O.OOE+00 1.60E+02 0.0027 

SEMI-VOLATILE ORGANICS 
2-METHYLNAPHTHALENE 9.07E-01 2.42E-02 2.19E-02 2.07E-02 4.S4E-04 160 0.00 1.00 O.OOE+OO 1.60E+02 0.0027 
BENZO(B)FLUORANTHENE 241E-03 4.18E-O4 1.01E-06 2.24E-01 2.25E-07 160 0.00 1.00 O.OOE+00 1.60E+02 0.0027 
BENZO(K)FLUORANTHENE 241E-03 4.18E-04 1.01E-06 2.24E-01 2.25E-07 160 0.00 1.00 O.OOE+00 1.60E+02 0.0027 
FLUORENE 4.71 E-01 2.26E-03 1.06E-03 2.95E-02 3.14E-05 160 0.00 1.00 O.OOE+00 1.60E+02 0.0027 
NAPHTHALENE 1.48E+00 9.74E-03 1.44E-02 1.53E-02 2.21 E-04 160 0.00 1.00 O.OOE+00 1.60E+02 0.0027 
PHENANTHRENE 2.49E-01 2.18E-03 5.43E-04 4.03E-02 2.19E-05 160 0.00 1.00 O.OOE+00 1.60E+02 0.0027 

PESTICIDES/PCBa 
4.41 DDT 1.58E-02 8.73E-05 1.38E-06 6.13E-01 8.46E-07 160 0.00 1.00 O.OOE+00 1.60E+02 0.0027 

INORGANICS 
ARSENIC 4.00E-02 1.86E-03 7.44E-05 2.50E-03 (a 1.86E-07 160 0.00 1.00 O.OOE+00 1.60E+02 0.0027 
CADMIUM 550E-01 6.42E-04 3.53E-04 3.33E-01 (a 1.18E-04 160 0.00 1.00 O.OOE+00 1.60E+02 0.0027 
CHROMIUM 7.50E-03 9.40E-03 7.05E-05 8.46E-02 (a 5.96E-06 160 0.00 1.00 O.OOE+00 1.60E+02 0.0027 
COPPER 4.00E-01 1.44E-02 5.76E-03 1.96E-01 (a 1.13E-03 160 0.00 1.00 O.OOE+00 1.60E+02 0.0027 
LEAD 4.50E-02 2.29E-01 1.03E-02 1.0SE-01 (a 1.09E-03 160 0.00 1.00 O.OOE+00 1.60E+02 0.0027 
ZINC 1.50E+00 S.06E-02 7.59E-02 7.72E-01 (a S.86E-02 160 0.00 1.00 O.OOE+00 1.60E+02 0.0027 

COC = contaminant of concern SI = soil Ingestlon rate (dry weight) BAF[blrd or mammal]  bioaccumulation factor for herbivorous bird/mammal 
SCFs = soil-to-plant concentration factor Water Ingestlon rate not available lor this species. 
SC = soil concentration BAF kg diet/kg rodent * bioaccumulation rate 
PC = plant concentration Cb = concentration In bird/mammal 
PS = percentage of soil ingestlon IR = Ingestlon rate by species of concern (dry weight) 
PB = percentage of bird/mammal Ingestion HRF « home range factor 
BAFinv = bioaccumulation factor for Invertebrates BW = body weight 
1C = Invertebrate concentration D = exposure dosage 
Bl = rodent Ingestlon rate (dry weight) NA = not available 

(a) Sample et al. 1998 (RAH Is current for all others) 

BW 
(kg) 

0.530 
0.530 
0.530 

0.530 
0.530 
0.530 
0.530 
0.530 
0.530 

0.530 

0.530 
0.530 
0.530 
0.530 
0.530 
0.530 

Mean
 
D
 

(mg/kg/d)
 

1.70E-05 
9.20E-06 
1.10E-O4 

3.70E-04 
1.84E-07 
1.84E-07 
2.56E-05 
1.80E-04 
1.78E-05 

6.89E-07 

1.52E-07 
9.59E-05 
4.86E-06 
9.22E-04 
885E-04 
4.77E-02 

RODecoFINALb «S 



Table 2-49
 
Ecological Exposure Dose tor Food Chain Receptor*
 

Maximum Concentration*
 
Surface Soil
 

Short-eared Owl
 

AOC FS-17
 
MASSACHUSETTS MILITARY RESERVATION
 

SCn ^5Gi — Mali ~~ldi5i 
coc (mg/g dry soli) SC PC BAR kg diet/ Cb IR PS PB SI Bl HRF 

(mg/g dry plant) (mg/g) (mg/g) kQ rodent (mg/g) ((yd) (SAD (g/d) 

VOLATILE ORAGINCS 
ETHYL BENZENE 2.99E+00 3.70E-03 1.11E-02 9.37E-03 1.04E-04 113.92 0.00 1.00 O.OOE+00 1.14E+02 0.02 
TOLUENE 5.32E+00 1.80E-03 958E-03 5.86E-03 S.61E-05 113.92 0.00 1.00 O.OOE+00 1.14E+02 0.02 
TOTAL XYLENES 2.54E+00 2.SOE-02 6.35E-02 1.06E-02 6.73E-04 113.92 0.00 1.00 O.OOE+00 1.14E+02 0.02 

SEMI-VOLATILE ORGANICS 
2-METHYLNAPHTHALENE 9.07E-01 1.20E-01 1.09E-01 2.07E-02 2.25E-03 113.92 0.00 1.00 O.OOE+00 1.14E+02 0.02 
BENZO(B)FLUORANTHENE 2.41E-03 9.20E-04 2.22E-06 2.24E-01 4.97E-07 113.92 0.00 1.00 O.OOE+00 1.14E+02 0.02 
BENZO(K)FLUORANTHENE 2.41E-03 9.20E-04 2.22E-06 2.24E-01 4.97E-07 113.92 0.00 1.00 O.OOE+00 1.14E+02 0.02 
FLUOHENE 4.71E-01 1.00E-02 4.71E-03 2.95E-02 1.39E-O4 113.92 0.00 1.00 O.OOE+OO 1.14E+02 0.02 
NAPHTHALENE 1.48E+00 4.80E-02 7.10E-02 1.53E-02 1.09E-03 113.92 0.00 1.00 O.OOE+00 1.14E+02 0.02 
PHENANTHRENE 2.49E-01 1.00E-02 2.49E-03 4.03E-02 1.00E-04 113.92 0.00 1.00 O.OOE+00 1.14E+02 0.02 

PESTICIDES/PCBe 
4, 4' DDT 1.58E-02 3.50E-04 S.53E-06 6.13E-01 3.39E-06 113.92 0.00 1.00 O.OOE+00 1.14E+02 0.02 

INORGANICS 
ARSENIC 4.00E-02 2.60E-03 1.04E-04 2.50EXJ3 (a) 2.60E-07 113.92 0.00 1.00 O.OOE+00 1.14E+02 0.02 
CADMIUM S.50E-01 1.30E-03 7.15E-04 3.33E-01 (a) 2.38E-04 113.92 0.00 1.00 O.OOE+00 .14E+02 0.02 
CHROMIUM 7.50E-03 1.88E-02 1.41E-04 8.46E-02 (a) 1.19E-05 113.92 0.00 1.00 O.OOE+00 .14E+02 0.02 
COPPER 4.00E-01 2.68E-02 1.07E-02 1.96E-01 (a) 2.10E-03 113.92 0.00 1.00 O.OOE+00 .14E+02 0.02 
LEAD 4.50E-02 7.69E-01 3.46E-02 1.05E-01 (a) 3.85E-03 113.92 0.00 1.00 O.OOE+00 .14E+02 0.02 
ZINC 1.50E+00 1.55E-01 2.33E-01 7.72E-01 (a) 1.79E-01 113.92 0.00 1.00 O.OOE+00 .14E+02 0.02 

COC = contaminant of concern SI * soD Ingestion rate (dry weight) BAF[blrd or mammal]  bloaccumulation factor for herbivorous bird/mammal 
SCFs = soil-to plant concentration (actor Water Ingestion rate not available for this species. 
SC = soil concentration BAF kg diet/kg rodent = bloaccumulation rate 
PC = plant concentration Cb B concentration In bird/mammal 
PS = percentage of soil Ingestion IR = Ingestion rate by species of concern 
PB = percentage of bird/mammal Ingestion HRF * home range (actor 
BAFrnv = bloaccumulation factor for Invertebrates BW» body weight 
1C = Invertebrate concentration D = exposure dosage 
Bl = rodent Ingestion rate (dry weight) NA = not available 

(a) Sample et al. 1998 (RAH is current for all others) 

BW 
(kg) 

0.378 
0.378 
0.37B 

0.378 
0.378 
0.378 
0.378 
0.378 
0.378 

0.378 

0.378 
0.378 
0.378 
0.378 
0.378 
0.378 

Max
 
D
 

(mg/kg/d)
 

6.25E-04 
3.38E-04 
4.06E-03 

1.36E-02 
299E-06 
299E-06 
8.37E-04 
6.55E-03 
6.05E-04 

2.04E-05 

1.57E-06 
1.44E-03 
7.19E-05 
1.27E-02 
2.20E-02 
1.0BE+00 

RODec:oTjlNAL_h.«1s 2/1/99 



Table 2-50
 
Ecological Exposure DOM for Food Chain Receptor*
 

Mean Concentration!
 
Surface Soil
 

Short-eared Owl
 

AOC FS-17 
MASSACHUSETTS MILfTARY RESERVATION 

SCFs Mean Mean Mean 
COG (mg/g dry soil) SC PC BAFkgdlet/ Cb IR PS PB SI Bl HRF 

(mg/g dry plant) (mg/g) (mg/g) kg rodent (mg'g) (g/d) (g/d) (g/d) 

VOLATILE ORAGINCS 
ETHYL BENZENE 2.99E+00 7.44E-04 2.23E-03 9.37E-03 2.09E-05 113.92 0.00 1.00 O.OOE+00 1.14E+02 0.02 
TOLUENE 5.32E+00 3.62E-04 1.93E-03 5.86E-03 1.13E-05 113.92 , 0.00 1.00 O.OOE+00 1.14E+02 0.02 
TOTAL XYLENES 2.54E+00 S.OOE-03 1.27E-02 1.06E-02 1.35E-04 113.92 0.00 1.00 O.OOE+00 1.14E+02 0.02 

SEMI-VOLATILE ORGANICS 
2-METHYLNAPHTHALENE 9.07E-01 2.42E-02 2.19E-02 2.07E-02 4.54E-04 113.92 0.00 1.00 O.OOE+00 1.14E+02 0.02 
BENZO(B)FLUORANTHENE 2.41 E-03 4.18E-04 101E-06 2.24E-01 2.25E-07 113.92 0.00 1.00 O.OOE+00 1.14E+02 0.02 
BENZO(K)FLUORANTHENE 2.41E-03 4.18E-04 1.01E-08 2.24E-01 2.25E-07 113.92 0.00 1.00 O.OOE+00 1.14E+02 0.02 
FLUORENE 4.71E-01 2.26E-03 1.06E-03 2.95E-02 3.14E-05 113.92 0.00 1.00 O.OOE+00 1.14E+02 0.02 
NAPHTHALENE 1.48E+00 B.74E-03 1.44E-02 1.53E-02 2.21 E-04 113.92 0.00 1.00 O.OOE+00 1.14E+02 0.02 
PHENANTHRENE 2.49E-01 2.18E-03 5.43E-04 4.03E-02 2.19E-05 113.92 0.00 1.00 O.OOE+00 1.14E+02 0.02 

PESTICIOES/PCB* 
4, 4' DDT 1.58E-O2 8.73E-05 1.38E-06 6.13E-01 846E-07 113.92 0.00 1.00 O.OOE+00 1.14E+02 0.02 

INORGANICS 
ARSENIC 4.00E-O2 1.86E-03 7.44E-05 2.SOE-03 (a) V86E-07 113.92 0.00 1.00 O.OOE+00 1.14E+02 0.02 
CADMIUM 5.50E-01 6.42E-04 353E-04 3.33E-01 (a) 1.18E-04 113.92 0.00 1.00 O.OOE+00 1.14E+02 0.02 
CHROMIUM 7.50E-03 9.40E-03 7.05E-05 8.46E-02 (a) 5.96E-06 113.92 0.00 1.00 O.OOE+00 1.14E+02 0.02 

COPPER 4.00E-01 1.44E-02 5.76E-03 1.96E-01 (a) 1.13E-03 113.92 0.00 1.00 O.OOE+00 1.14E+02 0.02 
. 450E-02 2.29E-01 103E-02 1.05E-01 (a) 1.09E-03 113.92 0.00 1.00 O.OOE+00 1.14E+02 0.02 LEAD 

1.50E+00 5.06E-02 7.59E-02 7.72E-01 (a) 5.86E-02 113.92 0.00 1.00 O.OOE+00 1.14E+02 0.02 ZINC 

COC = contaminant ol concern SI = sofl ingestlon rate (dry weight) BAF|blrd or mammal) - bloaccumulation factor for herbivorous bird/mammal 
SCFs = soil to-plant concentration (actor Water Ingestlon rate not available for this species. 

SC = soil concentration BAF kg diet/kg rodent = bloaccumulation rate 

PC - plant concentration Cb = concentration In bird/mammal 

PS = percentage of soil ingestion IR = Ingestlon rate by species of concern 

PB = percentage of bird/mammal ingestlon HRF = home range (actor 
BAFinv = bloaccumulation factor for Invertebrates BW = body weight 

1C = Invertebrate concentration 0 = exposure dosage 
Bl = rodent ingestlon rate (dry weight) NA = not available 

(a) Sample el a\. 1998 (RAH Is current for all others) 

BW 
(kg) 

0.37B 
0.378 
0.378 

0.378 
0.378 
0.378 
0.378 
0.378 
0.378 

0.378 

0.378 
0.378 
0.378 
0.378 
0.378 
0.378 

Mean
 
D
 

(mg/kg/d)
 

1.26E-04 
6.80E-05 
B.11E-04 

2.73E-03 
1.36E-06 
1.36E-06 
1.89E-04 
1.33E-03 
1.32E-04 

5.10E-06 

1.12E-06 
7.09E-04 
3.S9E-05 
682E-03 
6.55E-03 
3.53E-01 

BOD»coFINALb.«1» 



Table 2-51
 
Ecological Exposure DOM (or Food Chain Receptors
 

Maximum Concentrations
 
Surface Soil
 

Northern Cardinal
 

AOCFS-17
 
MASSACHUSETTS MILITARY RESERVATION
 

5CR — 1555 KH5 MM 
coc (mg/g dry soil) 

(rng/g dry plant) 
SC 

(mg/g) 
PC 

(mg/g) 
BAFlnv 1C 

(mg/Q) 
Plnv PP IR 

(9/d) 

VOLATILE ORQANICS 
ETHYL BENZENE 299E+00 3.70E-03 1.11E-02 0.31 (1) 1.15E-03 0.3 0.70 0.985 
TOLUENE 5.32E+00 1.SOE-03 9.58E-03 0.31 (1) 5.58E-04 0.3 0.70 0.985 
TOTAL XYLENES 2.54E+00 2.50E-02 6.35E-02 1.8(2) 4.50E-02 0.3 0.70 0.985 

SEMI-VOLATILE ORGANICS 
2-METHYLNAPHTHALENE 9.07E-01 1.20E-01 1.09E-01 0.2(2) 2.40E-02 0.3 0.70 0.985 
BENZO(B)FLUORANTHENE 2.41 E-03 9.20E-04 2.22E-06 0.21 (2) 1.93E-04 0.3 0.70 0.985 
BENZO(K)FLUORANTHENE 2.41 E-03 9.20E-04 2.22E-06 0.21 (2) 1.93E-04 0.3 0.70 0.985 
FLUORENE 4.71E-01 1.00E-02 4.71 E-03 0.2 (2) 2.00E-03 0.3 0.70 0.985 
NAPHTHALENE 1.48E-fOO 4.80E-02 7.10E-02 0.21 (2) 1.01E-02 0.3 0.70 0.985 
PHENANTHRENE 2.49E-01 1.00E-02 2.49E-03 0.28 (2) 2.80E-03 0.3 0.70 0.985 

PESTICIDES/PCBs 
4.41 DDT 1.58E-02 3.SOE-04 5.53E-06 3(4 ) 1.05E-03 0.3 0.70 0.985 

INORGANICS 
ARSENIC 6.00E-03 2.60E-03 1.58E-05 0.24 (3) 6.24E-04 0.3 0.70 0.985 
CADMIUM 1.SOE-01 1.30E-03 1.9SE-04 M (3) 1.82E-02 0.3 0.70 0.985 
CHROMIUM 4.SOE-03 1.88E-02 8.46E-05 0.3 (3) 5.64E-03 0.3 0.70 0.985 
COPPER 2.50E-01 2.68E-02 6.70E-03 0.5 IS (3) 1.38E-02 0.3 0.70 0.985 
LEAD 900E-03 7.69E-01 6.92E-03 0.27 (3) 2.08E-01 0.3 0.70 0.985 
ZINC 9.00E-01 1.S5E-01 1.40E-01 3.78 (3) 5.86E-01 0.3 0.70 0.985 

COC = contaminant ol concern PI  plant Ingestlon rate (dry weight) D = exposure dose 
SCFs = soil-to-plant concentration factor Plnv » percent Invertebrate Ingestlon 1C «= Invertebrate concentration 
SC = soil concentration PP « percent plant Ingestlon 
PC = plant concentration HRF - home range factor 
IR = Ingestlon rate ol species ol concern (dry weight) BW * body weight 
IT = Invertebrate Ingestlon rate (dry weight) WC = water concentration 
BAFinv = bloaccumulatlon (actor for Invertebrates Water Ingestlon rate not available (or this species. 

(l)Menzleetal. 1992 
(2) Beyer and Stafford 1993 
(3) Sample et aM 998 
(4) MMR RAH 

IT
 
(9/d)
 

2.95E-01 
2.95E-01 
2.95E-01 

2.95E-01 
2.95E-01 
2.95E-01 
2.95E-01 
2.95E-01 
2.95E-01 

2.95E-01 

2.95E-01 
2.95E-01 
2.95E-01 
2.95E-01 
2.95E-01 
2.95E-01 

PI
 
(9/d)
 

6.89E-01 
6.89E-01 
6.89E-01 

6.89E-01 
6.89E-01 
8.89E-01 
8.89E-01 
6.89E-01 
6.89E-01 

6.89E-01 

6.89E-01 
6.89E-01 
6.89E-01 
6.89E-01 
6.89E-01 
6.89E-01 

HRF 

0.5 
0.5 
0.5 

0.5 
0.5 
0.5 
0.5 
0.5 
0.5 

0.5 

0.5 
0.5 
0.5 
0.5 
0.5 
0.5 

BW 
(kg) 

4.40E-02 
4.40E-02 
4.40E-02 

4.40E-02 
4.40E-02 
4.40E-02 
4.40E-02 
4.40E-02 
4.40E-02 

4.40E-02 

4.40E-02 
4.40E-02 
4.40E-02 
4.40E-02 
4.40E-02 
4.40E-02 

Max
 
D
 

(mg/kg/d)
 

9.05E-02 
7.69E-02 
6.48E-01 

9.33E-01 
6.66E-04 
6.66E-04 
4.36E-02 
5.90E-01 
2.89E-02 

3.57E-03 

2.22E-03 
626E-02 
1.96E-02 
9.88E-02 
7.51 E-01 
3.06E+00 
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Table 2-52
 
Ecological Exposure Dose for Food Chain Receptor*
 

Mean Concentrations
 
Surface Soil
 

Northern Cardinal
 

AOC FS-17
 
MASSACHUSETTS MILITARY RESERVATION
 

gCTi Mean Mean Mean 
coc (mg/g dry soli) 

(mg/g dry plan!) 
SC 

(mg/g) 
PC 

(mg/g) 
BAFlnv 1C 

(mg/g) 
Plnv PP IR 

(g/d) 

VOLATILE ORGANICS 
ETHYL BENZENE 2.99E+00 7.44E-04 2.23E-03 0.31 (1) 2.31 E-04 0.3 0.70 0.985 
TOLUENE 5.32E+00 3.62E-04 1.93E-03 0.31 (1) 1.12E-04 0.3 0.70 0.985 
TOTAL XYLENES 2.54E+00 5.00E-03 1.27E-02 1.8(2) 9.00E-03 0.3 0.70 0.985 

SEMI-VOLATILE ORQANICS 
2-METHYLNAPHTHALENE 9.07E-01 2.42E-02 2.19E-02 0.2 (2) 4.83E-03 0.3 0.70 0.985 
BENZO(B)FUUORANTHENE 2.41 E-03 4.18E-04 1.01E-06 0.21 (2) 8.77E-OS 0.3 0.70 0.985 
BENZO(K)FLUORANTHENE 2.41 E-03 4.18E-04 1.01E-06 0.21 (2) B.77E-05 0.3 0.70 0.985 
FLUORENE 4.71 E-01 2.26E-03 1.06E-03 0.2 (2) 4.S2E-04 0.3 0.70 0.985 
NAPHTHALENE 1.48E+00 9.74E-03 1.44E-02 0.21 (2) 2.0SE-03 0.3 0.70 0.985 
PHENANTHRENE 2.49E-01 2.18E-03 5.43E-04 0.28 (2) 6.10E-04 0.3 0.70 0.985 

PESTICIDES/PCBs 
4,4' DDT 1.58E-02 8.73E-05 1.38E-06 3(4 ) 2.62E-04 0.3 0.70 0.985 

INORGANICS 
ARSENIC 6.00E-03 1.86E-03 1.12E-05 0.24 (3) 4.46E-04 0.3 0.70 0.985 
CADMIUM 1.50E-01 6.42E-04 9.63E-05 14(3) 899E-03 0.3 0.70 0.985 
CHROMIUM 4.50E-03 9.40E-03 4.23E-05 0.3 (3) 2.82E-03 0.3 0.70 0.985 

COPPER 2.50E-01 1.44E-02 3.80E-03 O.S1S (3) 7.42E-03 0.3 0.70 0.985 

LEAD 9.00E-03 2.29E-01 2.06E-03 0.27 (3) 6.18E-02 0.3 0.70 0.985 

ZINC 9.00E-01 5.06E-02 4.55E-02 3.78 (3) 1.91 E-01 0.3 0.70 0.985 

f*r~if* » !_.._• _« -.-_—»__ Dl _ nlant UtMAvtfstn rata frlru wtalnhtX fl ^ avrvMnra rinea 

IT 
(0/0) 

2.95E-01 
2.95E-01 
2.95E-01 

2.95E-01 
2.95E-01 
2.95E-01 
2.95E-01 
2.95E-01 
2.95E-01 

• 2.95E-01 

2.95E-01 
2.95E-01 
2.95E-01 
2.95E-01 
2.95E-01 
2.95E-01 

PI 
(g/d) 

6.89E-01 
6.89E-01 
6.B9E-01 

6.89E-01 
6.89E-01 
8.89E-01 
6.89E-01 
689E-01 
6.89E-01 

8.89E-01 

6.89E-01 
8.89E-01 
6.89E-01 
8.89E-01 
6.89E-01 
6.89E-01 

HRF 

0.5 
0.5 
0 5 

0.5 
0.5 
0.5 
0.5 
0.5 
0.5 

0.5 

0.5 
0.5 
0.5 
0.5 
0.5 
0.5 

BW 
(kg) 

4.40E-02 
4.40E-02 
4.40E-02 

4.40E-02 
4.40E-02 
4.40E-02 
4.40E-02 
4.40E-02 
4.40E-02 

1.39E-02 

4.40E-02 
4.40E-02 
4.40E-02 
4.40E-02 
4.40E-02 
4.40E-02 

Mean
 
D
 

(mg/kg/d)
 

1 82E-02 
1.55E-02 
1.30E-01 

1.88E-01 
3.02E-04 
3.02E-04 
9.85E-03 
1.20E-01 
6.30E-03 

2.82E-03 

1.59E-03 
3.09E-02 
9.80E-03 
5.31 E-02 
2.24E-01 
9.99E-01 

SCFs = soil to-plant concentration (actor 
SC = soil concentration 
PC = plant concentration 
IR = ingestlon rate of species of concern (dry weight) 
IT = Invertebrate Ingestlon rate (dry weight) 
BAFlnv = bloaccumulatlon factor for Invertebrates 

(l)Menzleetal. 1992 
(2) Beyer and Stafford 1993 
(3) Sample et all 998 
(4) MMR RAH 

Plnv = percent Invertebrate Ingestlon 
PP «= percent plant Ingestlon 
HRF » home range factor 
BW = body weight 
WC = water concentration 
Water Ingestlon rate not available for this species. 

ROOecoFINAlb its 



Tabto 2-93
 
Termtrial Vegetation Risk Characterization
 

Maximum Surface Soil Concentration*
 

AOC FS-17
 
MASSACHUSETTS MILITARY RESERVATION
 

Maximum 
Delected 

coc C wicwiti flbofi 
(mgftg) 

Volatile Organtea 
Acetone 0.015 
Carbon Dtoumde 0.001 

îatorofoiiii 0.001 
:ttiyt>*nz*fw 3.7 

ft noiU.Wl 

Tokwna 1.8 
Total Xytanas 25 

VOCHI 

Semi-Volatile Organla 
!̂ A0ttiytTwphtti9ton0 120 

ft 99U.aU 

AnthnoMw 0.092 
icnzo(fl)fnthrBo>n0 0.33 
«nzo(a)pyrene 0.3 
•aWizo(b)fluorinth<Hw 0.82 
enzo<Q,h.l)pery»ene 028 
wizo(k)AuofaVittwn0 0.92 
#eaVtMZOt> 0.092 
fetyeMfM 0.41 
RMnZ(e*̂ tl)iWlttireOM»6 0.12 
to>nzoftji»i 0.072 

>Mv«urft>MrMM* 0.062 
kuorvnttMTM 0.77 

Fkiorana 10 
lndeno(1.2.3-cd)pyrane 0.33 

•phthstono 48 
10 

Pyrana 2.2 

SVOCHI 

PMtJck»MJPCBa 
4,4'-ODE 0.023 
4.4'-ODD 0.02 
4.4--ODT 0.35 

0.0012 
•flirra-CFitotttaitt 0.0046 

End* Ketone 0.012 
AiDdor-1280 0.2 

Pal UcMa/PCD HI 

Inorganic Ana tytM 
Aluminum 5880 
Arsenic* 2.6 

ahum 56.7 
Beiytwm 0.23 
Cadmium* 1.3 
Calcium 525 
Chromium* 18.6 
Cobalt* 2.6 
Copper- 26.8 
Iron 8460 
Laad* 768 

agnesium 1040 
Manganaae* 124 
Nicker 4.5 
>ouwaium 415 
S*v«r 0.88 

najdiurn 13.1 
Zinc* 155 

Inorganic HI 

HI - Hazard Index 
HO - Hazard Quotient 
NA > Not Available 
NE - Not Evaluated 

BWKtUTUVK 

PV 
PV 
PV 
PV 
DWrV 

PV 
PV 

1.4E+M 

PV 
DUrv 

PV 

PV 
PV 
PV 
PV 
PV 
PV 
PV 
PV 
PV 
PV 
PV 
PV 
PV 
PV 
PV 
PV 

2.4E+01 

PV 
PV 
PV 
PV 
PV 
PV 
PV 

2JE-02 

PV
 
PV
 
PV
 
PV
 
PV
 
PV
 
PV
 
PV
 
PV
 
PV
 
PV
 
PV
 
PV
 
PV
 
PV
 
PV
 
PV
 
PV
 

3.4E+01 

Critical
 
Soil
 

ConCaSfiU flbon
 
(mg/kg)
 

318.35 
NA 

73.43 
10.2 

11* Al«JO.*» 

33.6 
1.68 

8.6 
H TT9.1 1 

6.59 
7.82 
8.48 
8.46 
8.96 
8.46 
NA 
7.82 

9 
8.21 
38.7 
726 
6.26 
8.98 

10 
4.16 
7.08 

50 
50 
50 

NA 
38.95 

NA 
10 

NA 
5.0 
NA 
NA 
5.0 
NA 
5.0 

15.0 
20.0 

NA 
30.0 

NA 
300.0 

10.0 
NA 
NA 
NA 

100.0 

Total HI • 

HO 

4.7E-05 
NE 

1.4E-05 
3.6E-01 
7 9C_ftf tt.£.C~UO 
3.0E-05 
1.1E+00 

1.4E+01 
i Bc_n*^J.QbHJ£ 

1.4E-02 
42E-02 
3.5E-02 
1.1E-01 
3.1E-02 
1.1E-01 

NE 
5.2E-02 
1.3E-02 
1.2E-02 
1.6E-03 
1.1E-01 
1.6E+00 
3.7E-02 
4.8E+00 
2.4E+00 
3.1E-01 

4.6E-04 
4.0E-04 
7.0E-03 

NE 
12E-04 

NE 
2.0E-02 

NE 
5.2E-01
 

NE
 
NE
 

2.6E-01
 
NE
 

3.8E+00
 
1.7E-01
 
1.3E-KW
 

NE
 
2.6E+01
 

NE
 
4.1E-01
 
4.5E-01
 

NE
 
NE
 
NE
 

1.6E+00 

5.9E+01 

PV - Phytotoxraty Value. MMR Risk Auestment Handbook. Volume I 
Table O-3 and Table O-4. 

* Phytotoxxaty value given as a range: HQ calculated using lowest value 



Tlbl* 2-64 
Terreetrtal Vegetation Risk Characterization
 

Mean Surface Soil Concentrations
 

AOC FS-17
 
MASSACHUSETTS MILITARY RESERVATION
 

L 
Voletile Organic* 
Acetone 
^•ftxxi Dttuffide 
^MOtUflNIII 
zthylbenzene 

rokjene 
Total Xytenes 

Semi-Volatile Organic* 

Benchmark

PV 
PV 
PV 
DV/rV 
nw
~V 

PV
 
PV
 

2JE-01 

PV 
PV/rV 

PV 
PV 
PV 
PV 
PV 
PV 
PV 
PV 
PV 
PV 
PV 
PV 
PV 
PV 
PV 
PV 
PV 

6.0E+00 

PV
 
PV
 
PV
 
PV
 
PV
 
PV
 
PV
 

I.1E-03 

PV
 
PV
 
PV
 
PV
 
PV
 
PV
 
PV
 
PV
 
PV
 
PV
 
PV
 
PV
 
PV
 
PV
 
PV
 
PV
 
PV
 
PV
 

1.2E+01 

Critical
 
Soil
 

 Concentration
 
(mg/kg)
 

318.35 
NA 

73.43 
in 9lU.at 

138 4 
33.6 
1.68 

8.6 
je 77 a. 1 1 
6.59 
7.82 
6.46 
6.46 
8.98 
8.46 
NA 

7.82 
9 

6.21 
38.7 
7.26 
6.26 
8.98 

10 
4.16 
7.08 

50 
50 
50 

NA 
38.95 

NA 
10 

NA 
5.0 
NA 
NA 
5.0 
NA 
5.0 

15.0 
20.0 

NA 
30.0 

NA 
300.0 
10.0 
NA 
NA 
NA 

100.0 

Total HI •• 

HQ 

2.5E-05 
NE 

2.9E-05 
7 *tc_n*>/.ot-Uc 
1 4P./M 1 . ivC*>U9 

6.0E-05 
27E-01 

2.8E*00 
d fejvsI.3C-02 

5.2E-03 
1.9E-02 
1.7E-02 
5.0E-02 
1.4E-02 
4.9E-02 

NE 
2I3E-02 
1.1E-02 
2.6E-02 
8.3E-04 
3.9E-02 
3.6E-01 
1.6E-02 
9.7E-01 
5.2E-01 
9.1E-02 

1.3E-04
 
1.1E-04
 
1.7E-03
 

NE
 
4.1E-05
 

NE
 
6.1E-03
 

NE
 
3.7E-01
 

• NE 
NE 

1.3E-01 
NE 

1.BE+00 
1.2E-01 
7.2E-01 

NE 
7.6E+00 

NE 
2.3E-01 
3.4E-01 

NE 
NE 
NE 

5.1E-01 

1.7E+01 

l-Methyfraphttaiene 

Anthracene 
Benzo<a>anthracene 
Banzo(a)pyrane 
Benzo(b)nuorBnthene 
3enzo(g.h.l)perytene 
3enzo(k)fluoranihene 
*ertMzoto 
^hfysene 
*beoz(a.h>anfhracene 
3toenzofurni 
DHt-butylpnmaWe 
Fluoranthene 
Fluorene 
lndeno(1.2,3-cd)pyrane 
Naphthalene 
fllVlttlttWM 

Pyrene 

PMtteMea/PCBs
 
4.41-ODE
 
4.4'-DDD
 
4.4--ODT
 
riphe-CMondene 
fMinw-Chlofdine
 
EndrinKetone
 
Anxtor-1260
 

Inoryinlc AnilylM 
Aluminum 
Anmic* 
Barium 
Jerydium 
Cadmium* 
Caldum 
Chromium* 
Cuban-
Copper 
Iron 
LNd* 
Magneilum 
Mangaiwia* 
Nickel* 
'otaukim 

Silver 
Vanadium 
Zinc-

HI • Hazard Index 
HQ < Hazard Quotient 
NA * Not Available 
NE « Not Evaluated 

Mean 
Detected 

Concen trfluoD 
(mg/kg) 

0.0079 
0.0044 
0.0071 

n IAU./4 

n nn9U.IAM 

0.36 
5 

VOCHI 

24 
n moU.UDV 

0.034 
0.15 
0.14 

0.42 
0.13 
0.42 
0.20 
0.18 

0.10 
0.18 
0.032 
0.28 
2.3 
0.14 
8.7 
2.2 

0.64 

SVOCHI 

0.0065 
0.0055 
0.087 

0.00096 
0.0016 
0.0041 

0.061 

PMttchMPCBHI 

3302 
1.9 
21 

0.15 
0.64 
362 

9.4 
1.8 
14 

6178 
229 
722 
68 

3 4 
328 

0.52 
11 
51 

Inorganic HI 

PV « Priytotonaty Value. MMR Risk Assessment Handbook, Volume I 
Table O-3 and Table CM 

* Phytotoxkaty value given as a range: HQ calculated using lowest value 



Table 2-55 
Aquatic Risk Characterization - Maximum Concentrations 

AOC FS-17 
MASSACHUSETTS MILITARY RESERVATION 

Maximum 
Detected Aquatic 

Concentrations Benchmark 
coc Total Dissolved Value (a) HQ HQ 

(ug/L) (ug/L) (ug/L) Total Dissolved 

PESTICIDES/PCBs 
4,4'-DDT 0.02 ND 0.001 2.0E+01 NE 

r Pestlclde/PCB HI= 2.0E+01 NE 
INORGANICS 
Aluminum 6870 666 87 7.9E+01 7.7E+00 
Cadmium 0.28 ND 0.24 1.2E+00 NE 
Chromium 15.2 6 11 1.4E+00 5.5E-01 
Copper 40.6 6.6 2.2 1.8E+01 3.0E+00 
Iron 11200 464 1000 1.1E+01 4.6E-01 
Lead 40 1.4 0.26 1.5E+02 5.4E+00 
Zinc 65.5 21.7 47.00 1.4E+00 4.6E-01 

r Inorganic HI= 2.7E+02 1.8E+01 

Total Hl= 2.9E+02 1.8E+01 

Notes: 

(a)	 All values obtained from MMR Ecological Assessment Guidence.Table O-2, with the exception of aluminum. 
Values for aluminum are from federal Ambient Water Quality Criteria (AWQC) and Guidelines (USEPA, 1992). 
Aluminum is pH dependant criterion, a pH of 7.8 was assumed. Cadmium, copper, lead, nickel, and zinc 
assumed water hardness value of 14 mg CaCO3/L and used AWQC hardness equation to derive the 
benchmark value. Value for iron is based on esthetics in surface water. Value for chromium VI was used. 

COC = contaminant of concern
 
HI = Hazard Index
 
HQ = Hazard Quotient
 
ND = Not Detected/Not Determined
 
NE = Not Evaluated
 

ROI 'c.xls 



Table 2-56
 
Aquatic Risk Characterization - Mean Concentrations
 

AOC FS-17 
MASSACHUSETTS MILITARY RESERVATION 

Mean
 
Detected Aquatic
 

Concentrations Benchmark
 
coc	 Total Dissolved Value (a) HQ HQ 

(ug/L) (ug/L) (ug/L) Total Dissolved 

PESTICIDES/PCBs 
4,4'-DDT 0.0114 ND 0.001 1.1E+01 NE 

|Pestlclde/PCB HI 1.1E+01 NE 

INORGANICS 
Aluminum 3500 0.15 87 4.0E+01 1.7E-03 
Cadmium 0.14 ND 0.24 5.8E-01 NE 
Chromium 9.386 3.429 11 8.5E-01 3.1E-01 
Copper 10.7 2.229 2.2 4.9E+00 1.0E+00 
Iron 6073 81.757 1000 6.1E+00 8.2E-02 
Lead 9.1 0.7143 0.26 3.5E+01 2.7E+00 
Zinc 34 8.4 47.00 7.2E-01 1.8E-01 

(Inorganic HI 8.8E+01 4.3E+00 

Total Hl= 1.0E+02 4.3E+00 

Notes: 

(a)	 All values obtained from MMR Ecological Assessment Guktence.Table O-2, with the exception of aluminum. 
Values for aluminum are from federal Ambient Water Quality Criteria (AWQC) and Guidelines (USEPA, 1992). 
Aluminum is pH dependant criterion, a pH of 7.8 was assumed. Cadmium, copper, lead, nickel, and zinc 
assumed water hardness value of 14 mg CaCO3/L and used AWQC hardness equation to derive the 
benchmark value. Value for iron Is based on asthetics in surface water. Value for chromium VI was used. 

COC = contaminant of concern
 
HI = Hazard Index
 
HQ = Hazard Quotient
 
ND = Not Detected/Not Determined
 
NE = Not Evaluated
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coc 

VOLATILE ORGANIC* 
ETHYL BENZENE 
TOLUENE 
TOTAL XYLENES 

SEMI-VOLATILE OROANICS 
2 METHYLNAPHTHALENE 
BENZO<B)FIUORANTHENE 
BENZO(K|FIUOHANTHENE 
FLUORENE 
NAPHTHALENE 
PHENANTHRENE 

PESTICIDES/PCB« 
4. 4' DOT 

INORGANICS 
ARSENIC 
CADMIUM 
CHROMIUM 
COPPER 
LEAD 
ZINC 

'Only.LOAEL«v«labl. 

Taat 
SpKtot 

rat 
mouM 
mouaa 

rat 
M 

na 
mouaa 
mouM 

na 

rat 

moiaa 
rat 
rat 
mil* 
rat 
nl 

TaMSpadM 
NOAEL 

iMA/baMlima/Hom) 

47300' 
26 
2 1 

5000' 
na 

na 
125 

DOS' 
na 

0 8 

0126 
1.0 

326 
11 7 

6 
160 

Tabiai-fr 

AocFt-tr 
MASSACHUSETTS MILITARY RESERVATION 

TaatSpadaa Efl̂ polnt IMmnoa IW 
•ody«MaM(k|) Al < study N-ldarl

tallad Htadow 
Mm* Vote 

na McfttDr Wotatal. IIS* na na 
003 Ripraducttm Mann*** «7». 0015 0.044 
0.03 Reproduction Martaatd. 1f62. 0.015 0.044 

m MorMIr Sac. N 1. 1(64. 0015 0.044 
m m na na na 
m na na na na 
Ml Syalmlc ERKU USEPA 196*. na na 
m RaprodudlM E»«d« Plutararalal. IMS. na m 
m m na na na 

0.35 Rvradudkw Flzhugh.O.0. 1*41. 0015 0.044 

0.03 Rapradudfon Schraadar and Mtcrnr 1fT1 0015 0044 
OJ03 RapfoducDon SUouMH IMOb 0.015 0044 

0.35 Body W*lghl/Food Conaunfillon MacKantlaalaLIIH 0015 0044 
1 HajiiiMlii Ihin AuMjrlchalal. IOB2 0015 0044 

035 Rapraducaon Azaratal. 1»73 0015 0.044 
93S Rapradudofl ScMckatmlCoiltM 0.015 0.044 

Ipadaa 

P*WMta
footad 
MOUM 

m 
0022 
0.022 

0022 
na 
na 
na 
na 
na 

0.022 

0.022 
0.022 
0.022 
0022 
0022 
0.022 

f*Ml 

Fw 

Bcndn^kTfc 
(nnfllM) 

N. Shan-lallad Shraw 

Adjudad Oral 

(mf/ka-d) 
MMdow Vote 

Adjuctod Oral 
Bwehmarti 
(mg/krd) 

na 
4.5 
4.5 

47 3 
301 
2.5 

236 
1906 

26.1 
2269 

na 
na 
na 
na 
na 

4! SO 
1 
1 

125 
3 
1 

SO 
1 
1 

12.5 

1 

50 
1 
1 

125 

4.5 176 134 16 

4.5 
4.S 
4 5 
4.5 
4.5 
4.S 

015 
2.12 

7*1 
33.4 

17.56 
351.7 

0.114 
162 
55 1 
25.5 

13.44 
266.7 

0136 
1.926 
6.55 
30.4 

159 
319 

AdKntedOnri 

(mafta-d) 
ftad Fox 

it 
01 

so 
1 
1 

125 

04 2 

OOK 
050! 

173 
603 
42 2 
Mi 

nOOwcFINM.1 lit 



coc 

VOLATILE ORGANICS 
ETHYL BENZENE 
TOLUENE 
TOTAL XYLENES 

SEMI-VOLATILE ORGANICS 
2-METHYLNAPHTHALENE 
BENZO(B)FLUORANTHENE 
BENZO(K)FLUORANTHENE 
FLUORENE 
NAPHTHALENE 
PHENANTHRENE 

PESTICIDES/PCBs 
4. 4' DDT 

INORGANICS 
ARSENIC 
CADMIUM 
CHROMIUM 
COPPER 
LEAD 
ZINC 

Table 2-58
 
Adjusted Benchmarks
 

Terrestlal Model Receptors
 
Birds
 

AOC FS-17 
MASSACHUSETTS MILITARY RESERVATION 

Test Endpolnt Reference 
Species Assessed Basis Study 

Rat Mortality LD50 Smyth etal. 1962 
Mouse Neurological NOAEL Kostas and Hotchln. 1981 
Quail Mortality LD50 Hill and Camardese. 1986 

Rat Mortality LOAEL Sax 1984 
na na na No toxicological data available 
na na na No toxicological data available 

Mouse Systemic NOAEL USEPA 1989 
Dog Systemic LOAEL Zoulzar and Apt 1949 

na na na No toxicological data available 

Brown Pelican Reproduction NOAEL Anderson et al 1985 

Brown-headed Cowbird Mortality NOAEL USFWS 1969 
Mallard Duck Reproduction NOAEL White and Finley 1978 
Black Duck Reproduction NOAEL Haseltine et al unpublished data 
1 -day old chicks Mortality NOAEL Mehringetal 1960 
Japanese Quail Reproduction NOAEL Edensetal 1976 
White Leghorn Hens Reproduction NOAEL Stahletal 1990 

Adjusted Oral 
Avian Benchmark 

(mg/kg-d) 
All Species 

0.47 
0.2 

1.87 

5 

0.1 
0.1 

1.25 
0.26 
0.1 

0.003 

2.5 
1.45 

47 
1.13 
14.5 



Table 2-59
 
Calculation of Hazard Index for Food Chain Receptors
 

Maximum Concentrations
 
Surface Soil
 

White-footed Mouse
 

AOC FS-17
 
MASSACHUSETTS MILITARY RESERVATION
 

Max Adjusted Oral 
Oral Benchmark 
Dose Value Hazard 

coc mg/kg/day mg/kg/day Quotient 

VOLATILE ORGANICS 
ETHYL BENZENE 1.80E-01 4.728 (b) 3.80E-02 
TOLUENE 1.53E-01 28.1 (a) 5.46E-03 
TOTAL XYLENES 1.16E+00 2.269 (a) 5.12E-01 

SEMI-VOLATILE ORGANICS 
2-METHYLNAPHTHALENE 1.86E+00 50 (b) 3.72E-02 
BENZO(B)FLUORANTHENE 1.22E-03 1 (b) 1.22E-03 
BENZO(K)FLUORANTHENE 1.22E-03 1 (b) 1.22E-03 
FLUORENE 8.66E-02 12.5 (b) 6.92E-03 
NAPHTHALENE 1.18E+00 3 (b) 3.93E-01 
PHENANTHRENE 5.44E-02 1 (b) 5.44E-02 

PESTICIDES/PCBs 
4, 4' DDT 3.80E-03 1.6 (a) 2.37E-03 

INORGANICS 
ARSENIC 3.86E-03 0.136 (a) 2.84E-02 
CADMIUM 6.46E-02 1.926 (a) 3.35E-02 
CHROMIUM 3.12E-02 6.55 (a) 4.77E-03 
COPPER 1.67E-01 30.4 (a) 5.50E-03 
LEAD 1.25E+00 15.98 (a) 7.85E-02 
ZINC 4.24E+00 319.5 (a) 1.33E-02 

Hl = 1.2 

(a) values obtained from Suter et al. 1996 
(b) values obtained from Table 0-1A of the RAH. 

ROOecoFINALa.xls 2/1/99 



Table 2-60
 
Calculation of Hazard Index for Food Chain Receptors
 

Mean Concentrations
 
Surface Soil
 

White-footed Mouse
 

AOC FS-17
 
MASSACHUSETTS MIUTARY RESERVATION
 

Mean Adjusted Oral 
Oral Benchmark 
Dose Value 

coc mg/kg/dav mg/kg/day 

VOLATILE ORGANICS 
ETHYL BENZENE 3.62E-02 4.728 (b) 
TOLUENE 3.08E-02 28.1 (a) 
TOTAL XYLENES 2.32E-01 2.269 (a) 

SEMI-VOLATILE ORGANICS 
2-METHYLNAPHTHALENE 3.75E-01 50 (b) 
BENZO(B)FLUORANTHENE 5.54E-04 1 (b) 
BENZO(K)FLUORANTHENE 5.54E-04 1 (b) 
FLUORENE 1.96E-02 12.5 (b) 
NAPHTHALENE 2.39E-01 3 (b) 
PHENANTHRENE 1.18E-02 1 (b) 

PESTICIDES/PCBs 
4, 4' DDT 9.47E-04 1.6 (a) 

INORGANICS 
ARSENIC 2.76E-03 0.136 (a) 
CADMIUM 3.19E-02 1.926 (a) 
CHROMIUM 1.56E-02 6.55 (a) 
COPPER 8.98E-02 30.4 (a) 
LEAD 3.74E-01 15.98 (a) 
ZINC 1.38E+00 319.5 (a) 

Hl = 

(a) values obtained from Suter et al. 1996 
(b) values obtained from Table 0-1A of the RAH. 

Hazard
 
Quotient
 

7.65E-03 
1.10E-03 
1.02E-01 

7.49E-03 
5.54E-04 
5.54E-04 
1.56E-03 
7.97E-02 
1.18E-02 

5.92E-04 

2.03E-02 
1.66E-02 
2.38E-03 
2.95E-03 
2.34E-02 
4.33E-03 

0.3 
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Table 2-61
 
Calculation of Hazard Index for Food Chain Receptors
 

Maximum Concentrations
 
Surface Soil
 
Meadow Vole
 

AOC FS-17
 
MASSACHUSETTS MIUTARY RESERVATION
 

coc 

VOLATILE ORGANICS 
ETHYL BENZENE 
TOLUENE 
TOTAL XYLENES 

SEMI-VOLATILE ORGANICS 
2-METHYLNAPHTHALENE 
BEN20(B)FLUORANTHENE 
BENZO{K)FLUORANTHENE 
FLUORENE 
NAPHTHALENE 
PHENANTHRENE 

PESTICIDES/PCBs 
4, 4' DDT 

INORGANICS 
ARSENIC 
CADMIUM 
CHROMIUM 
COPPER 
LEAD 
ZINC 

Max

Oral

Dose


mg/kg/day


5.42E-01 
4.67E-01 
3.12E+00 

5.46E+00 
1.49E-03 
1.49E-03 
2.44E-01 
3.52E+00 
1.36E-01 

7.94E-04 

8.95E-03 
3.66E-02 
3.51 E-02 
5.60E-01 
2.83E+00 
1.15E+01 

 Adjusted Oral 
 Benchmark 
 Value 

 mg/kg/day 

4.728 (b) 
23.6 (a) 

1.908 (a) 

50 (b) 
1 (b) 
1 (b) 

12.5	 (b) 
3(b ) 
1 (b) 

1.34 (a) 

0.114 (a) 
1.62 (a) 
5.51 (a) 
25.5 (a) 

13.44 (a) 
268.7 (a) 

Hl = 

Hazard
 
Quotient
 

1.15E-01 
1.98E-02 
1.63E+00 

1.09E-01 
1.49E-03 
1.49E-03 
1.95E-02 
1.17E+00 
1.36E-01 

5.92E-04 

7.85E-02 
2.26E-02 
6.36E-03 
2.20E-02 
2.11E-01 
4.29E-02 

3.6 

(a) values obtained from Suter et al. 1996 
(b) values obtained from Table 0-1A of the RAH. 
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Table 2-62
 
Calculation of Hazard Index for Food Chain Receptors
 

Mean Concentrations
 
Surface Soil
 
Meadow Vole
 

AOC FS-17
 
MASSACHUSETTS MILITARY RESERVATION
 

coc 

VOLATILE ORGANICS 
ETHYL BENZENE 
TOLUENE 
TOTAL XYLENES 

SEMI-VOLATILE ORGANICS 
2-METHYLNAPHTHALENE 
BENZO(B)FLUORANTH ENE 
BENZO(K)FLUORANTHENE 
FLUORENE 
NAPHTHALENE 
PHENANTHRENE 

PESTICIDES/PCBs 
4, 4' DDT 

INORGANICS 
ARSENIC 
CADMIUM 
CHROMIUM 
COPPER 
LEAD 
ZINC 

Mean

Oral

Dose


mg/kg/day


1.09E-01 
9.40E-02 
6.24E-01 

1.10E+00 
6.75E-04 
6.75E-04 
5.50E-02 
7.14E-01 
2.96E-02 

1.98E-04 

6.40E-03 
1.81E-02 
1.75E-02 
3.01 E-01 
8.44E-01 
3.76E+00 

 Adjusted Oral 
 Benchmark 
 Value 

 ma/kg/day 

4.728 (b) 
23.6 (a) 

1.908 (a) 

50 (b) 
1 (b) 
1 (b) 

12.5	 (b) 
3(b ) 
1 (b) 

1.34 (a) 

0.114 (a) 
1.62 (a) 
5.51 (a) 
25.5 (a) 

13.44 (a) 
268.7 (a) 

Hl = 

Hazard
 
Quotient
 

2.31 E-02 
3.98E-03 
3.27E-01 

2.20E-02 
6.75E-04 
6.75E-04 
4.40E-03 
2.38E-01 
2.96E-02 

1.48E-04 

5.62E-02 
1.12E-02 
3.18E-03 
1.18E-02 
6.28E-02 
1 .40E-02 

0.8 
(a) values obtained from Suter et al. 1996 
(b) values obtained from Table 0-1A of the RAH. 
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Table 2-63
 
Calculation of Hazard Index for Food Chain Receptors
 

Maximum Concentrations
 
Surface Soil
 

Northern Short-tailed Shrew
 

AOC FS-17
 
MASSACHUSETTS MILFTARY RESERVATION
 

Max Adjusted Oral 
Oral Benchmark 
Dose Value Hazard 

coc mg/kg/day mg/kg/dav Quotient 

VOLATILE ORGANICS 
ETHYL BENZENE 5.19E-02 4.728 (b) 1.10E-02 
TOLUENE 2.52E-02 30.9 (a) 8.17E-04 
TOTAL XYLENES 1.88E+00 2.497 (a) 7.54E-01 

SEMI-VOLATILE ORGANICS 
2-METHYLNAPHTHALENE 1.14E+00 50 (b) 2.28E-02 
BENZO(B)FLUORANTHENE 9.12E-03 1 (b) 9.12E-03 
BENZO(K)FLUORANTHENE 9.12E-03 1 (b) 9.12E-03 
FLUORENE 9.50E-02 12.5 (b) 7.60E-03 
NAPHTHALENE 4.76E-01 2.63 (b) 1.81E-01 
PHENANTHRENE 1.28E-01 1 (b) 1.28E-01 

PESTICIDES/PCBs 
4, 4' DDT 4.36E-02 1.76 (a) 2.48E-02 

INORGANICS 
ARSENIC 2.90E-02 0.15 (a) 1.93E-01 
CADMIUM 7.50E-01 2.12 (a) 3.54E-01 
CHROMIUM 2.56E-01 7.21 (a) 3.55E-02 
COPPER 6.02E-01 33.4 (a) 1.80E-02 
LEAD 9.52E+00 17.58 (a) 5.41 E-01 
ZINC 2.43E+01 351.7 (a) 6.91 E-02 

HI 2.4 
(a) values obtained from Suter et al. 1996 
(b) values obtained from Table 0-1A of the RAH. 
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Table 2-64 
Calculation of Hazard Index for Food Chain Receptors
 

Mean Concentrations
 
Surface Soil
 

Northern Short-tailed Shrew
 

AOC FS-17
 
MASSACHUSETTS MILITARY RESERVATION
 

Mean Adjusted Oral 
Oral Benchmark 
Dose Value 

coc mg/kq/dav mg/kg/day 

VOLATILE ORGANICS 
ETHYL BENZENE 1.04E-02 4.728 (b) 
TOLUENE 5.08E-03 30.9 (a) 
TOTAL XYLENES 3.77E-01 2.497 (a) 

SEMI-VOLATILE ORGANICS 
2-METHYLNAPHTHALENE 2.29E-01 50 (b) 
BENZO(B)FLUORANTHENE 4.14E-03 1 (b) 
BENZO(K)FLUORANTHENE 4.14E-03 1 (b) 
FLUORENE 2.15E-02 12.5 (b) 
NAPHTHALENE 9.65E-02 2.63 (b) 
PHENANTHRENE 2.79E-02 1 (b) 

PESTICIDES/PCBs 
4, 4' DDT 1.09E-02 1.76 (a) 

INORGANICS 
ARSENIC 2.07E-02 0.15 (a) 
CADMIUM 3.70E-01 2.12 (a) 
CHROMIUM 1.28E-01 7.21 (a) 
COPPER 3.23E-01 33.4 (a) 
LEAD 
ZINC 

2.83E+00 
7.93E+00 

17.58
351.7

 (a) 
 (a) 

HI; 

(a) values obtained from Suter et al. 1996 
(b) values obtained from Table 0-1A of the RAH. 

Hazard
 
Quotient
 

2.21 E-03 
1.64E-04 
1.51E-01 

4.59E-03 
4.14E-03 
4.14E-03 
1.72E-03 
3.67E-02 
2.79E-02 

6.18E-03 

1.38E-01 
1.75E-01 
1.77E-02 
9.68E-03 
1.61E-01 
2.25E-02 

0.8 
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Table 2-65
 
Calculation of Hazard Index for Food Chain Receptors
 

Maximum Concentrations
 
Surface Soil
 

Red Fox
 

AOC FS-17
 
MASSACHUSETTS MILITARY RESERVATION
 

Adjusted Oral 
Mean Oral Benchmark 

Dose Value 
coc mg/kg/day mq/kq/day 

VOLATILE ORGANICS 
ETHYL BENZENE 3.39E-03 4.728 (b) 
TOLUENE 3.44E-04 7.4 (a) 
TOTAL XYLENES 8.76E-03 0.6 (a) 

SEMI-VOLATILE ORGANICS 
2-METHYLNAPHTHALENE 8.38E-02 50 (b) 
BENZO(B)FLUORANTHENE 7.60E-03 1 (b) 
BENZO(K)FLUORANTHENE 7.60E-03 1 (b) 
FLUORENE 1.01E-02 12.5 (b) 
NAPHTHALENE 2.45E-02 2.63 (b) 
PHENANTHRENE 1.39E-02 1 (b) 

PESTICIDES/PCBs 
4, 4' DDT 9.36E-03 0.42 (a) 

INORGANICS 
ARSENIC 1.70E-02 0.036 (a) 
CADMIUM 9.22E-03 0.509 (a) 
CHROMIUM 3.63E-01 1.73 (a) 
COPPER 9.56E-01 8 (a) 
LEAD 2.04E+00 4.22 (a) 
ZINC 5.24E+01 84.5 (a) 

Hl = 
Note: 
(a) Values obtained from Suter et al. 1996 
(b) values obtained from Table 0-1B of the RAH. 

Hazard
 
Quotient
 

7.18E-04 
4.65E-05 
1.46E-02 

1.68E-03 
7.60E-03 
7.60E-03 
8.06E-04 
9.33E-03 
1.39E-02 

2.23E-02 

4.73E-01 
1.81E-02 
2.10E-01 
1.20E-01 
4.84E-01 
6.20E-01 

2.0 
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Table 2-66
 
Calculation of Hazard Index for Food Chain Receptors
 

Mean Concentrations
 
Surface Soil
 

Red Fox
 

AOC FS-17
 
MASSACHUSETTS MILITARY RESERVATION
 

Adjusted Oral 
Mean Oral Benchmark 

Dose Value (a) Hazard 
coc mg/kg/day mg/kg/day Quotient 

VOLATILE ORGANICS 
ETHYL BENZENE 6.83E-04 4.728 (b) 1.44E-04 
TOLUENE 3.63E-04 7.4 (a) 4.91 E-05 
TOTAL XYLENES 4.43E-03 0.6 (a) 7.38E-03 

SEMI-VOLATILE ORGANICS 
2-METHYLNAPHTHALENE 1.53E-02 50 (b) 3.06E-04 
BENZO(B)FLUORANTHENE 9.64E-06 1 (b) 9.64E-06 
BENZO(K)FLUORANTHENE 
FLUORENE 

9.64E-06 
1.08E-03 

1 (b) 
12.5 (b) 

9.64E-06 
8.61 E-05 

NAPHTHALENE 7.36E-03 2.63 (b) 2.80E-03 
PHENANTHRENE 7.62E-04 1 (b) 7.62E-04 

PESTICIDES/PCBs 
4. 4' DDT 3.72E-05 0.42 (a) 8.85E-05 

INORGANICS 
ARSENIC 4.93E-04 0.036 (a) 1.37E-02 
CADMIUM 2.51 E-03 0.509 (a) 4.92E-03 
CHROMIUM 1.39E-03 1.73 (a) 6.03E-04 
COPPER 2.06E-01 8 (a) 2.57E-02 
LEAD 2.81 E-02 4.22 (a) 6.65E-03 
ZINC 2.56E+01 84.5 (a) 3.04E-01 

Hl = 0.4 
Note: 
(a) Values obtained from Suter et al. 1996 
(b) values obtained from Table 0-1B of the RAH. 
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Table 2-67 
Calculation of Hazard Index for Food Chain Receptors
 

Maximum Concentrations
 
Surface Soil
 

Upland Sandpiper
 

AOC FS-17
 
MASSACHUSETTS MILITARY RESERVATION
 

Adjusted Oral 
Max Oral Benchmark 

coc Dose Value Hazard 
mg/kg/day mo/kq/dav Quotient 

VOLATILE ORGANICS 
ETHYL BENZENE 2.51 E-03 0.47 (a) 5.30E-03 
TOLUENE 1.22E-03 0.2 (a) 6.19E-03 
TOTAL XYLENES 9.83E-02 1.87 (a) 5.26E-02 

O.OOE+00 
SEMI-VOLATILE ORGANICS O.OOE+00 
2-METHYLNAPHTHALENE 5.24E-02 5 (a) 1.05E-02 
BEN2O(B)FLUORANTHENE 4.22E-04 0.1 (a) 4.22E-03 
BEN2O(K)FLUORANTHENE 4.22E-04 0.1 (a) 4.22E-03 
FLUORENE 4.37E-03 1.25 (a) 3.50E-03 
NAPHTHALENE 2.20E-02 0.26 (a) 8.38E-02 
PHENANTHRENE 6.12E-03 0.1 (a) 6.12E-02 

PESTICIDES/PCBs 
4, 4' DDT 2.29E-03 0.003 (b) 7.65E-01 

INORGANICS 
ARSENIC 1.36E-03 2.5 (b) 5.45E-04 
CADMIUM 3.98E-02 1.45 (b) 2.74E-02 
CHROMIUM 1.23E-02 1 (b) 1.23E-02 
COPPER 3.02E-02 47 (b) 6.42E-04 
LEAD 4.54E-01 1.13 (b) 4.02E-01 
ZINC 1.28E+00 14.5 (b) 8.83E-02 

HI 1.5 
(a) values obtained from Table 0-1D of the RAH. 
(b) values obtained from Suter et al. 1996 

RODecoFINALb.xls 2/1/99 



Table 2-68
 
Calculation of Hazard Index for Food Chain Receptors
 

Mean Concentrations
 
Surface Soil
 

Upland Sandpiper
 

AOC FS-17
 
MASSACHUSETTS MILITARY RESERVATION
 

Adjusted Oral
 
Mean Oral Benchmark
 

Dose Value Hazard
 
coc mg/kg/day mq/kq/dav Quotient
 

(VOLATILE ORGANICS 
ETHYL BENZENE 5.04E-04 0.47 (a) 1.07E-03 

[TOLUENE 2.45E-04 0.2 (a) 1.24E-03 
frOTAL XYLENES 1.97E-02 1.87 (a) 1 .05E-02 

SEMI-VOLATILE ORGANICS 
E-METHYLNAPHTHALENE 1.06E-02 5 (a) 2.11E-03 
BENZO(B)FLUORANTHENE 1.92E-04 0.1 (a) 1.92E-03 
BENZO(K)FLUORANTHENE 1.92E-04 0.1 (a) 1.92E-03 
IFLUORENE 9.88E-04 1.25 (a) 7.90E-04 
NAPHTHALENE 4.47E-03 0.26 (a) 1.70E-02 
PHENANTHRENE 1.33E-03 0.1 (a) 1 .33E-02 

PESTICIDES/PCBs 
W, 4' DDT 5.72E-04 0.003 (b) 1.91E-01 

INORGANICS 
ARSENIC 9.76E-04 2.5 (b) 3.90E-04 
CADMIUM 1.96E-02 1.45 (b) 1.35E-02 
CHROMIUM 6.16E-03 1 (b) 6.16E-03 
COPPER 1.62E-02 47 (b) 3.45E-04 
LEAD 1.35E-01 1.13 (b) 1 .20E-01 
ZINC 4.18E-01 14.5 (b) 2.88E-02 

Hl = 0.4 
(a) values obtained from Table 0-1D of the RAH. 
(b) values obtained from Suter et al. 1996 
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Table 2-69 
Calculation of Hazard Index for Food Chain Receptors
 

Maximum Concentrations
 
Surface Soil
 

Grasshopper Sparrow
 

AOC FS-17
 
MASSACHUSETTS MILITARY RESERVATION
 

Adjusted Oral 
Max Oral Benchmark 

Dose Value Hazard 
coc mg/kg/day mg/kg/dav Quotient 

VOLATILE ORGANICS 
ETHYL BENZENE 1.32E-04 0.47 (a) 2.79E-04 
TOLUENE 6.42E-05 0.2 (a) 3.26E-04 
TOTAL XYLENES 5.18E-03 1.87 (a) 2.77E-03 

SEMI-VOLATILE ORGANICS 
2-METHYLNAPHTHALENE 2.76E-03 5 (a) 5.53E-04 
BENZO(B)FLUORANTHENE 2.22E-05 0.1 (a) 2.22E-04 
BENZO(K)FLUORANTHENE 2.22E-05 0.1 (a) 2.22E-04 
FLUORENE 2.30E-04 1.25 (a) 1.84E-04 
NAPHTHALENE 1.16E-03 0.26 (a) 4.41 E-03 
PHENANTHRENE 3.22E-04 0.1 (a) 3.22E-03 

PESTICIDES/PCBs 
4, 4' DDT 1.21E-04 0.003 (b) 4.03E-02 

INORGANICS 
ARSENIC 7.18E-05 2.5 (b) 2.87E-05 
CADMIUM 2.09E-03 1.45 (b) 1.44E-03 
CHROMIUM 6.49E-04 1 (b) 6.49E-04 
COPPER 1.59E-03 47 (b) 3.38E-05 
LEAD 2.39E-02 1.13 (b) 2.12E-02 
ZINC 6.74E-02 14.5 (b) 4.65E-03 

0.1 
(a) values obtained from Table 0-1D of the RAH. 
(b) values obtained from Suter et al. 1996 
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Table 2-70
 
Calculation of Hazard Index for Food Chain Receptors
 

for Food Chain Receptors
 
Mean Concentrations
 

Surface Soil
 
Grasshopper Sparrow
 

AOC FS-17
 
MASSACHUSETTS MILITARY RESERVATION
 

Adjusted Oral 
Mean Oral Benchmark 

Dose Value Hazard 
coc mg/kg/day mg/kg/dav Quotient 

VOLATILE ORGANICS 
ETHYL BENZENE 2.66E-05 0.47 (a) 5.62E-05 
TOLUENE 1.29E-05 0.2 (a) 6.56E-05 
TOTAL XYLENES 1.04E-03 1.87 (a) 5.54E-04 

SEMI-VOLATILE ORGANICS 
2-METHYLNAPHTHALENE 5.56E-04 5 (a) 1.11E-04 
BENZO(B)FLUORANTHENE 1.01E-05 0.1 (a) 1.01E-04 
BENZO(K)FLUORANTHENE 1.01E-05 0.1 (a) 1.01E-04 
FLUORENE 5.20E-05 1.25 (a) 4.16E-05 
NAPHTHALENE 2.35E-04 0.26 (a) 8.95E-04 
PHENANTHRENE 7.03E-05 0.1 (a) 7.03E-04 

PESTICIDES/PCBs 
4, 4' DDT 3.01 E-05 0.003 (b) 1.00E-02 

INORGANICS 
ARSENIC 5.14E-05 2-5 (b) 2.06E-05 
CADMIUM 1.03E-03 1.45 (b) 7.14E-04 
CHROMIUM 3.25E-04 1 (b) 3.25E-04 
COPPER 8.54E-04 47 (b) 1.82E-05 
LEAD 7.12E-03 1.13 (b) 6.30E-03 
ZINC 2.20E-02 14.5 (b) 1.52E-03 

Hl = 0.02 
(a) values obtained from Table 0-1D of the RAH. 
(b) values obtained from Suter et al. 1996 
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Table 2-71
 
Calculation of Hazard Index for Food Chain Receptors
 

Maximum Concentrations
 
Surface Soil
 

Northern Harrier
 

AOC FS-17
 
MASSACHUSETTS MILITARY RESERVATION
 

Adjusted Oral 
Max Oral Benchmark 

Dose Value Hazard 
coc mg/kg/day mq/kg/day Quotient 

VOLATILE ORGANICS 
ETHYL BENZENE 8.45E-05 0.473 (a) 1.79E-04 
TOLUENE 4.57E-05 0.197 (a) 2.32E-04 
TOTAL XYLENES 5.49E-04 1.87 (a) 2.93E-04 

SEMI-VOLATILE ORGANICS 
2-METHYLNAPHTHALENE 1.84E-03 5 (a) 3.67E-04 
BENZO(B)FLUORANTHENE 4.05E-07 0.1 (a) 4.05E-06 
BENZO(K)FLUORANTHENE 4.05E-07 0.1 (a) 4.05E-06 
FLUORENE 1.13E-04 1.25 (a) 9.06E-05 
NAPHTHALENE 8.86E-04 0.263 (a) 3.37E-03 
PHENANTHRENE 8.18E-05 0.1 (a) 8.18E-04 

PESTICIDES/PCBs 
4,4' DDT 2.76E-06 0.003 (b) 9.21 E-04 

INORGANICS 
ARSENIC 2.12E-07 2.5 (b) 8.48E-08 
CADMIUM 1.94E-04 1.45 (b) 1.34E-04 
CHROMIUM 9.72E-06 1 (b) 9.72E-06 
COPPER 1.72E-03 47 (b) 3.65E-05 
LEAD 2.97E-03 1.13 (b) 2.63E-03 
ZINC 1.46E-01 14.5 (b) 1.01E-02 

HI 0.02 
(a) values obtained from Table 0-1D of the RAH. 
(b) values obtained from Suter et al. 1996 
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Table 2-72
 
Calculation of Hazard Index for Food Chain Receptors
 

Mean Concentrations
 
Surface Soil
 

Northern Harrier
 

AOC FS-17
 
MASSACHUSETTS MILITARY RESERVATION
 

Adjusted Oral 
Mean Oral Benchmark 

Dose Value Hazard 
coc mg/kg/day mg/kg/day Quotient 

VOLATILE ORGANICS 
ETHYL BENZENE 1.70E-05 0.473 (a) 3.59E-05 
TOLUENE 9.20E-06 0.197 (a) 4.67E-05 
TOTAL XYLENES 1.10E-04 1.87 (a) 5.87E-05 

SEMI-VOLATILE ORGANICS 
2-METHYLNAPHTHALENE 3.70E-04 5 (a) 7.39E-05 
BENZO(B)FLUORANTHENE 1.84E-07 0.1 (a) 1.84E-06 
BENZO(K)FLUORANTHENE 1.84E-07 0.1 (a) 1.84E-06 
FLUORENE 2.56E-05 1.25 (a) 2.05E-05 
NAPHTHALENE 1.80E-04 0.263 (a) 6.84E-04 
PHENANTHRENE 1.78E-05 0.1 (a) 1.78E-04 

PESTICIDES/PCBs 
4,4' DDT 6.89E-07 0.003 (b) 2.30E-04 

INORGANICS 
ARSENIC 1.52E-07 2.5 (b) 6.06E-08 
CADMIUM 9.59E-05 1.45 (b) 6.62E-05 
CHROMIUM 4.86E-06 1 (b) 4.86E-06 
COPPER 9.22E-04 47 (b) 1.96E-05 
LEAD 8.85E-04 1.13 (b) 7.83E-04 
ZINC 4.77E-02 14.5 (b) 3.29E-03 

Hl = 0.01 
(a) values obtained from Table 0-1D of the RAH. 
(b) values obtained from Suter et al. 1996 
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Table 2-73
 
Calculation of Hazard Index for Food Chain Receptors
 

Maximum Concentrations
 
Surface Soil
 

Short-eared Owl
 

AOC FS-17
 
MASSACHUSETTS MILfTARY RESERVATION
 

Adjusted Oral 
Max Oral Benchmark 

Dose Value Hazard 
coc mg/kg/day mg/kg/day Quotient 

VOLATILE ORGANICS 
ETHYL BENZENE 6.25E-04 0.473 (a) 1.32E-03 
TOLUENE 3.38E-04 0.197 (a) 1.72E-03 
TOTAL XYLENES 4.06E-03 1.87 (a) 2.17E-03 

SEMI-VOLATILE ORGANICS 
2-METHYLNAPHTHALENE 1.36E-02 5 (a) 2.72E-03 
BENZO(B)FLUORANTHENE 2.99E-06 0.1 (a) 2.99E-05 
BENZO(K)FLUORANTHENE 2.99E-06 0.1 (a) 2.99E-05 
FLUORENE 8.37E-04 1.25 (a) 6.70E-04 
NAPHTHALENE 6.55E-03 0.263 (a) 2.49E-02 
PHENANTHRENE 6.05E-04 0.1 (a) 6.05E-03 

PESTICIDES/PCBs 
4, 4' DDT 2.04E-05 0.003 (b) 6.81 E-03 

INORGANICS 
ARSENIC 1.57E-06 2.5 (b) 6.27E-07 
CADMIUM 1.44E-03 1.45 (b) 9.91 E-04 
CHROMIUM 7.19E-05 1 (b) 7.19E-05 
COPPER 1.27E-02 47 (b) 2.70E-04 
LEAD 2.20E-02 1.13 (b) 1.95E-02 
ZINC 1.08E+00 14.5 (b) 7.46E-02 

Hl = 0.1 
(a) values obtained from Table 0-1D of the RAH. 
(b) values obtained from Suter et at. 1996 
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Table 2-74
 
Calculation of Hazard Index for Food Chain Receptors
 

Mean Concentrations
 
Surface Soil
 

Short-eared Owl
 

AOC FS-17 
MASSACHUSETTS MILITARY RESERVATION 

Adjusted Oral
 
Mean Oral Benchmark
 

Dose Value
 
coc mg/kg/day mg/kg/day
 

VOLATILE ORGANICS 
ETHYL BENZENE 1.26E-04 0.473 (a) 
[TOLUENE 6.80E-05 0.197 (a) 
rrOTAL XYLENES 8.11E-04 1.87 (a) 

SEMI-VOLATILE ORGANICS 
|2-METHYLNAPHTHALENE 2.73E-03 5 (a) 
BENZO(B)FLUORANTHENE 1.36E-06 0.1 (a) 
BENZO(K)FLUORANTHENE 1.36E-06 0.1 (a) 
FLUORENE 1.89E-04 1.25 (a) 
NAPHTHALENE 1.33E-03 0.263 (a) 
PHENANTHRENE 1.32E-04 0.1 (a) 

PESTICIDES/PCBs
 
4, 4' DDT 5.10E-06 0.003 (b)
 

INORGANICS
 
ARSENIC 1.12E-06 2.5 (b)
 
CADMIUM 7.09E-04 1.45 (b)
 
CHROMIUM 3.59E-05 1 (b)
 
COPPER 6.82E-03 47 (b)
 
LEAD 6.55E-03 1.13 (b)
 
ZINC 3.53E-01 14.5 (b)
 

Hl = 
(a) values obtained from Table 0-1D of the RAH. 
(b) values obtained from Suter et al. 1996 

Hazard
 
Quotient
 

2.66E-04 
3.45E-04 
4.34E-04 

5.47E-04 
1.36E-05 
1.36E-05 
1.51E-04 
5.05E-03 
1.32E-03 

1.70E-03 

4.48E-07 
4.89E-04 
3.59E-05 
1.45E-04 
5.79E-03 
2.43E-02 

0.04 
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Table 2-75
 
Calculation of Hazard Index for Food Chain Receptors
 

Maximum Concentrations
 
Surface Soil
 

Northern Cardinal
 

AOC FS-17
 
MASSACHUSETTS MILITARY RESERVATION
 

Adjusted Oral 
Max Benchmark 
Dose Value Hazard 

coc mg/kg/day mg/kg/day Quotient 

VOLATILE ORGANICS 
ETHYL BENZENE 9.05E-02 0.473 (a) 1.91 E-01 
TOLUENE 7.69E-02 0.197 (a) 3.90E-01 
TOTAL XYLENES 6.48E-01 1.87 (a) 3.47E-01 

SEMI-VOLATILE ORGANICS 
2-METHYLNAPHTHALENE 9.33E-01 5 (a) 1.87E-01 
BENZO(B)FLUORANTHENE 6.66E-04 0.1 (a) 6.66E-03 
BENZO(K)FLUORANTHENE 6.66E-04 0.1 (a) 6.66E-03 
FLUORENE 4.36E-02 1.25 (a) 3.49E-02 
NAPHTHALENE 5.90E-01 0.3 (a) 1.97E+00 
PHENANTHRENE 2.89E-02 0-1 (a) 2.89E-01 

PESTICIDES/PCBs 
4, 4' DDT 3.57E-03 0.003 (b) 1.19E+00 

INORGANICS 
ARSENIC 2.22E-03 2.5 (b) 8.87E-04 
CADMIUM 6.26E-02 1.45 (b) 4.32E-02 
CHROMIUM 1.96E-02 1 (b) 1.96E-02 
COPPER 9.88E-02 47 (b) 2.10E-03 
LEAD 7.51 E-01 1.13 (b) 6.65E-01 
ZINC 3.06E+00 14.5 (b) 2.11 E-01 

HI: 5.6 
(a) values obtained from Table 0-1D of the RAH. 
(b) values obtained from Suter et al. 1996 
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Table 2-76
 
Calculation of Hazard Index for Food Chain Receptors
 

Mean Concentrations
 
Surface Soil
 

Northern Cardinal
 

AOC FS-17
 
MASSACHUSETTS MILFTARY RESERVATION
 

Adjusted Oral 
coc Mean Benchmark 

Dose Value 
mg/kg/day ma/kg/day 

VOLATILE ORGANICS 
ETHYL BENZENE 1.82E-02 0.473 (a) 
TOLUENE 1.55E-02 0.197 (a) 
TOTAL XYLENES 1.30E-01 1.87 (a) 

SEMI-VOLATILE ORGANICS 
2-METHYLNAPHTHALENE 1.88E-01 5 (a) 
BENZO(B)FLUORANTHENE 3.02E-04 0.1 (a) 
BENZO(K)FLUORANTHENE 3.02E-04 0.1 (a) 
FLUORENE 9.85E-03 1.25 (a) 
NAPHTHALENE 1.20E-01 0.3 (a) 
PHENANTHRENE 6.30E-03 0.1 (a) 

PESTICIDES/PCBs 
4. 4' DDT 2.82E-03 0.003 (b) 

INORGANICS 
ARSENIC 1.59E-03 2.5 (b) 
CADMIUM 3.09E-02 1.45 (b) 
CHROMIUM 9.80E-03 1 (b) 
COPPER 5.31 E-02 47 (b) 
LEAD 2.24E-01 1.13 (b) 
ZINC 9.99E-Q1 14.5 (b) 

Hl = 
(a) values obtained from Table 0-1D of the RAH. 
(b) values obtained from Suter et al. 1996 

Hazard
 
Quotient
 

3.85E-02 
7.85E-02 
6.93E-02 

3.76E-02 
3.02E-03 
3.02E-03 
7.88E-03 
3.99E-01 
6.30E-02 

9.39E-01 

6.34E-04 
2.13E-02 
9.80E-03 
1.13E-03 
1.98E-01 
6.89E-02 

1.9 

RODecoFINALb.xls 2/1/99 



Table 2-77
 
Terrestrial Vegetation Risk Characterization
 

MMR Maximum Background Soil Concentrations
 

AOC FS-17
 
M chusetts Military Reservation
 

MMR Site-Specific Critical 
Background Soil 
Maximum** Concentration 

coc (mg/kg) Benchmark (mg/kg) HQ 
INORGANICS 
ARSENIC* 3.6 PV 5 7.20E-01 
CADMIUM* 1.5 PV 5 3.00E-01 
CHROMIUM* 6.8 PV 5 1.36E+00 
COPPER* 5.2 PV 20 2.60E-01 
LEAD* 12.05 PV 30 4.02E-01 
MANGANESE* 124 PV 300 4.02E-01 
ZINC* 16 PV 100 1.60E-01 

COC = contaminant of concern 
HQ = hazard quotient 
HI = hazard index 
PV = Phytotoxicity Value. MMR Risk Assessment Handbook 

Table O-3 or Table O-4. 
*Phytotoxicity value given as a range. Risk was calculated using lowest value 
"MMR Risk Assessment Handbook, Table E-1. Summary statistics for inorganic 
concentrations from selected background surface soil samples. 
Automated Sciences Group, Inc. 1994. 
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Table 2-78
 
Aquatic Risk Characterization
 

MMR Maximum Background Groundwater Concentrations
 

AOC FS-17
 
Massachusetts Military Reservation
 

Maximum Detected Aquatic 
Concentration Benchmark 

Total Dissolved Value(a) HQ HQ 
coc (ug/L) (ug/L) (ug/L) Total Dissolved 
INORGANICS 
ALUMINUM 312 259 87 3.6E+00 3.0E-I-00 
CADMIUM 2.5(b) 2.5(b) 0.24 1.0E+01 1.0E+01 
CHROMIUM 17 5(b) 11 1.5E+00 4.5E-01 
COPPER 12.5(b) 12.5(b) 2.2 5.7E+00 5.7E+00 
IRON 471 422 1000 4.7E-01 4.2E-01 
LEAD 2.9 2 0.26 1.1E+01 7.7E+00 
ZINC 66.9 73.5 47 1.4E+00 1.6E+00 

Notes: 
(a)AII values obtained from MMR Risk Assessment Handbook Table O-2 
with the exception of aluminum. Values for aluminum are from federal 
Ambient Water Quality Criteria (AWQC) and Guidelines (USEPA, 1992) 
Aluminum is pH dependent criterion, a pH of 7.8 was assumed. 
Cadmium, copper, lead, nickel, and zinc water hardness value of 
14 mg CaCO3/L was assumed, and AWQC hardness equation was 
used to derive benchmark values. Value for iron is based on aesthetics 
in surface water. Value for chromium VI was used. 
(b) A value of 1/2 the SQL was substituted for nondetect values. 
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Tab)* 2-7* 
ScltcUon of COCa for Surfac* Sollt - Human Health 

AOC FS-1» Rl STUDY AREA 
MASSACHUSETTS MILITARY RESERVATION 

MMR RISK 
CONCENTRATION MMR SITE-SPECIFIC CONCENTRATION (2) 

UNITS DETECTS SAMPLES MINIMUM MAXIMUM AVERAGE BACKGROUND (1) 0.000001 HO=0.2 COC 
MINIMUM MAXIMUM (cancer) (non-cancer) 

Volatile Organlca 
Methylene Chloride mg/kg 1 3 0.001 0.001 0.0027' NA NA 8.54E+01 9.32E+02 
Acetone mg/kg 1 3 0.005 0.005 0.0055' NA NA - 5.49E+03 
Chloroform mg*g 2 3 0.001 0.001 0.001 NA NA 4.29E-01 5.49E+02 
Toluene mg/kg 2 3 0.001 0.002 0.003' NA NA - 5.93E+02 
Total Xylenes mg*g 1 3 0.003 0.003 0.005' NA NA "" 1.10E+05 

Seml-Volatlla Organlca 
Naphthalene mg/Kg 1 3 0.029 0.029 0.14' NA NA - 2.20E+03 
2-methylnaphthalene mg/kg 1 3 0.038 0.038 0.14' NA NA - YES 
Acenaphthylene mg/kg 1 3 0.022 0.022 0.13' NA NA - 220E+03 
Phenanthrene mg/kg 3 3 0.035 0.11 0.062 NA NA - 2.20E+03 
Anthracene mg/kg 1 3 0.011 0.011 0.13' NA NA - 1.65E+04 
Di-n-burylphlhalate mg/kg 2 3 0.012 0.02 0.079' NA NA - 5.49E+03 
Fluoranthene mg/kg 3 3 0.038 0.17 0.11 NA NA - 2.20E+03 
Pyrene mg/kg 3 3 0.035 0.13 0.089 NA NA ~ 1.65E+03 
Benzo(a)anthracene mg/kg 2 3 0.042 0.064 0.051 NA NA 8.77E-01 -
Chrysene mg/kg 3 3 0.038 0.089 0.062 NA NA 8.77E+01 -
Benzo(b)fluoranthene mg/kg 3 3 0.046 0.16 0.11 NA NA 8.77E-01 -
Benzo(k)fluoranthene mg/kg 3 3 0.046 0.16 0.11 NA NA 8.75E+00 -• 
Benzo(a)pyrene mg/kg 3 3 0.017 0.065 0.048 NA NA 8.77E-02 -
Indenof 1 ,2,3-cd)pyrene mg/kg 3 3 0.024 0.049 0.039 NA NA 8.77E-01 -
Dibenz(a,h)anthracene mg/kg 1 3 0.029 0.029 0.14' NA NA 8.77E-02 -
Benzo(g,h,l)perylene mg/kg 3 3 0.022 0.045 0.034 NA NA " 2.20E+03 



Table 2-7* (cont.)
 
Selection of COC» for Surface Sold • Human Health
 

AOC FS-U Rl STUDY AREA
 
MASSACHUSETTS MILITARY RESERVATION
 

MMR RISK 
CONCENTRATION MMR SITE-SPECIFIC CONCENTRATION (2) 

UNITS DETECTS SAMPLES MINIMUM MAXIMUM AVERAGE BACKGROUND (1) 0.000001 HO=0.2 COG 
MINIMUM MAXIMUM (cancer) (non-cancer) 

PestlcldesfPCBs 
Dteldrln mg/kg 3 3 0.018 0.12 0.07 NA NA 1.33E-01 9.15E+00 
4.4'-DDE mg/kg 3 3 0.011 0.11 0.055 NA NA 6.28E+00 1.2BE+02 
4.4'-DDD mg/kg 2 3 0.012 0.019 0.011 NA NA 8.89E+00 5.49E+02 
4,4'-DDT mg/Kg 3 3 0.027 0.93 0.41 NA NA 6.28E+00 9.15E+01 
Methoxychtor mg/kg 2 3 0.016 0.034 0.025 NA NA - 9.15E+02 
Endrln Ketone mg/kg 2 3 0.017 0.032 0.021 NA NA - - YES 
Alpha-chtordane mg/kg 1 3 0.0013 0.0013 0.0012 . NA NA 1.64E+00 1.10E+01 
Gamma-chtordane mg/kg 2 3 0.0019 0.003 0.0022 NA NA 1.64E+00 1.10E+01 
Aroctor-1260 mg/kg 2 3 0.26 0.54 0.27 NA NA 1.58E-01 — YES 

Inorganic Analytee 
Aluminum mg/kg 3 3 7590 13600 9680 1146 8930 - 5.49E+04 

Arsenic mg/kg 3 3 2.9 4.8 3.6 0.15 3.6 3.66E-01 1.65E+01 YES 
3arium mg/kg 3 3 15.7 57.9 30 2 10.4 - 380E+03 

Beryllium mg/kg 2 3 0.28 0.39 0.27 0.1 0.6S 1.49E-01 2.74E+02 YES 

Cadmium mg/kg 2 3 0.45 1.1 0.78 0.4 1.5 - 2.64E+01 

Calcium mg/kg 3 3 356 1280 693 26 • 969 - • • 

Chromium mg/kg 3 3 6.6 11.5 8.8 0.8 6.8 6.57E+02 2.74E+02 

Cobalt mg/kg 3 3 1.5 3.2 2.6 0.5 4.1 - ~ YES 

Iron mg/kg 3 3 9340 13900 11033 2050 12400 - - ** 

Lead mg/kg 3 3 29.9 119 63 1.3 12.05 - 3.00E+02 YES 

Magnesium mg/kg 3 3 633 1300 988 178 794.5 - - •* 

Manganese 
Nickel 

mg/kg 
mg/kg 

3 
3 

3 
3 

43.3 
4 

92 
6 

72 
5.1 

16 
1.05 

108 
5.2 

-
3.21E+04 

2.74E+02 
1.10E+03 

Potassium mg/kg 3 3 370 717 526 76 551 - - • • 

Vanadium mg/kg 3 3 13.4 22.5 19 1.13 15.2 • 3.84E+02 

Zinc mg/kg 3 3 21.6 68 43 3.05 16 - 1 65E+04 

Cyanide mg/kg 1 3 0.1 0.1 0.053 0.185 0.7 — 1.10E+03 

NOTES: 

1. MMR Final Risk Assessment Handbook. Table E-1. Summary Statistics (or Inorganic Concentrations Selected Background Surface Sod Samples. 
Automated Sciences Group. Inc. September 1994. 
2. MMR Final Risk Assessment Handbook. Table F-1. Human Health PRE, Rlsk/Hazard-Equlvalent Concentrations for Soils. Automated Sciences Group. Inc. September 1994. 

Tier 1 - Outside Flight Line. 
* The average concentration exceeds the maximum concentration due to values of one-half the detection limit exceeding the maximum concentration. 
- No risk-based concentration available for this compound. 
NA Not Applicable. 
" - Calcium, iron, magnesium, potassium, and sodium are considered as essential macronutrierrts for human health and are excluded as COCs. 



• • 

• • 

• • 

• • 

• • 

TABLE 2-80 
SELECTION OF COCs FOR TEST BORING SUBSURFACE SOILS • HUMAN HEALTH 

AOC FS-19 Rl STUDY AREA 
MASSACHUSETTS MILITARY RESERVATION 

CONCENTRATION MMR SITE-SPECIFIC 
UNITS DETECTS SAMPLES MINIMUM MAXIMUM AVERAGE BACKGROUND (1) 

MINIMUM MAXIMUM 

Volatile Organic! 
Acetone mg/kg 3 6 0.095 0.16 0.099 NA NA 
2-Butanone mg/kg 3 6 0.004 0.008 0.0053 NA NA 

Toluane mg/kg 1 6 0.003 0.003 0.0048* NA NA 

Total Xylenes mg/kg 2 6 0.004 0.011 0.006 NA NA 

Semi-Volatile Organlcs 

Not Detected 

Petroleum Products 
Not Detected 

Pestlcldes/PCBs 
4.4--DDT mg/kg 3 6 0.0034 0.0062 0.0033 NA NA 

Inorganic Analytes 
Aluminum mg/kg 3 3 982 1170 1094 203.5 1980 

Antimony 
Arsenic 

mg/kg 
mg/kg 

1 
3 

3 
3 

2.7 
0.95 

2.7 
2.4 

1.7 
1.5 

2.25 
0.23 

21.7 
2.3 

Barium mg/kg 3 3 2.6 4.9 3.8 0.95 14.7 

Calcium mg/kg 3 3 60.8 119 96 22.8 933 

Chromium mg/kg 3 3 1.6 3.2 2.1 0.95 3.9 

Cobalt mg/kg 2 3 0.92 1.1 0.81 0.5 2.6 

Copper 
Iron 
Lead 

mg/kg 
mg/kg 
mg/kg 

3 
3 
3 

3 
3 
3 

0.65 
220 
1.4 

1.2 
3030 
2.3 

0.9 
1870 
1.9 

0.3 
672 
0.12 

4.3 
2600 
3.7 

Magnesium 
Manganese 
Nickel 

mg/kg 
mg/kg 
mg/kg 

3 
3 
3 

3 
3 
3 

301 
23 
1.4 

412 
58.1 
2.1 

340 
39 
1.6 

34 
4.55 
0.75 

742 
587 
3.9 

Potassium mg/kg 3 3 137 238 192 95.5 437 

Silver mg/kg 1 3 0.37 0.37 0.26 0.3 1.1 

Sodium mg/kg 3 3 135 169 156 10.15 339.5 

Vanadium mg/kg 3 3 3.9 4.8 4.3 0.6 5.7 

Zinc mg/kg 3 3 4.1 5.6 5.1 19 16 

NOTES: 

1.	 MMR Final Risk Assessment Handbook. Table E-2, Summary Statistic! for Inorganic Concentration* Selected Background 
Subsurface Soil Samplaa. Automated Sciences Group. Inc. September 1994. 

2.	 MMR Final Risk Assessment Handbook. Table F-1. Human Health PRE Risk/Hazard Equivalent Concentration* for Soil*. 
Automated Sciences Group, Inc. September 1994. Tier I - QuUida Flight Line 

' The average concentration exceed* the maximum concentration due to value* of one-half the detection limit exceeding the 

maximum concentration. 
NA Not Applicable 
•- No risk-based concentration available for the compound. 
* * - Calcium, iron, magnesium, potassium, and sodium are considered as essential macronutrient* for human health and are excluded •* COC*. 

MMR RISK 
CONCENTRATION (2) COC 

1.0E-08 HO = 0.2 
(Cancer) (Noncancer) 

5.49E + 03 
928 E + 02 
593 E + 02 
1.10E + 05 

8.28E + 00 9.15E + 01 

5.49E + 04
 
2.20E+01
 

3.66E-01 1.85E+01
 
380E+0 3
 

6.57E+0 2 274 E + 02 
YES 
YES 

3.00E + 02 

2.74E + 02 
3.21E+04 1.10E+03 

2.74E + 02 

384 E + 02 
1.65E+04 



Table 2-81 
Selection of COCi for Oroundwater  Human Health 

AOCF3-1 SRI Study Area 
Masachusetts Military Reservation 

MMR SITE-SPECIFIC MMR RISK 

Unit. DatacU Samplaa 
CONCENTRATION 

Minimum Maximum Avaraga 
BACKGROUND

Minimum Maximum
 CONCENTRATION (1 1 

1 .OE-O6 HQ = 0 2 COPC 
(cancer) (non-cancar) 

Volatile Organlcs 
1.1.1 -Trichloroethana 
Banzena 
Toluena 
Ethylbanzane 
M/P-Xylane 
O-Xylorm 
1 ,3,5-Trimethylbanzena 
1 ,2.4-Trimathylbenzana 

mg/l 
mg/1 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 

1 
1 
3 
2 
2 
2 
1 
2 

5 
5 
5 
5 
5 
5 
5 
5 

0.0018 
0.0007 
0.0004 
0.0008 
0.0029 

0.001 
0.0012 
0.0012 

0.0018 
0.0007 
0.0078 
0.0028 

0.012 
0.0051 
0.0012 
0.0038 

0.0004 
0.0002 
0.0002 
0.0007 
0.0003 
OOO1 ? 

0.00036 
0.001 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA .
NA " 
NA 
NA 
NA 
NA 
NA 

 6.12E-04 
5 57E-01 

.. 

1.91E-01 
2.99E-01 

1.29E + 01 
1.29E + 01 

-

-

YES 

YES 
YES 

SVOCs 
Bi«(2-ethylhaxYl)phthalate mg/1 1 5 0.013 0.013 0.0046 NA NA 5.1 IE 03 1.23E-01 YES 

Pestlcldes/PCBs 
Nona Datactad 

Petroleum Products 
TPH mg/t 5 5 0.001 12 0.78 NA NA --

Inorganics (Total Concentrations) 
Aluminum 
Arsenic 
Barium 
Baryllium 
Calcium 
Chromium 
Cobalt 
Coppar 
Iron 
Lead 
Magnaaium 
Manganeaa 
Nickal 
Potasaium 
Sodium 
Vanadium 
Zinc 

mg/1 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/1 
mg/l 
mg/1 

5 
1 
5 
1 
S 
2 
1 
3 
5 
2 
5 
5 
5 
5 
5 
3 
3 

5 
5 
5 
5 
5 
5 
5 
5 
5 
S 
5 
5 
S 
5 
5 
5 
5 

O.BS8 
0.0048 
0.029 

0.0012 
3.45 

0.0091 
0.014 

0.0047 
0.94 

0002 4 
2.98 

0.031 
0.0091 

1.29 
7.04 

0.0092 
0.017 

15.1 
0.0048 

0.136 
0.0012 

10.2 
0.021 
0.014 

0.0137 
19.3 

0018 5 
6.1 

0.465 
0.022 

4.18 
29.5 

0.0244 
0.0589 

5.2 
0.0018 

0.07 
0.00064 

5.8 
0.0077 
0.0044 
0.0054 

6.2 
0 0045 

4.2 
0.016 
0.008 

2.4 
19 

0.008 
0.022 

0.0674 
0.0015 
0.0025 
0.005 

1.38 
0.003 

0.0045 
0.002 
0.017 
0001 

1.06 
0.001 

00055 
0.68 

2.9 
000 2 

0.0032 

0.312 
0.002

0.0948 
0.0015

6.77 
0.0174 

0.006 
0.0125 

0.471 
0 0029 

49 3 
0.109 
0.019 
1.975 

22.6 
0.0075 
0.0669 

 4.87E-05 

 1.98E-05 

730 E + 00 
2.19E-03 
5.1E01 

3.65E-02 
-

3.65E-02 
-
-
-

1 50E 02 

3.65E-02 
1.48E-01 

-
-

5 11E-02 
2.19E + 00 

YES 
YES 

YES 
• • 

YES 
YES 

YES (3) 
YES 
• • 

YES 

* • 

1 « 



Table 2-81 (cont)
 
Selection of COCs for Groundwater - Human Health
 

AOC FS-19 Rl Study Area
 
Massachusetts Military Reservation
 

MMR RISK 
CONCENTRATION MMR SITE-SPECIFIC CONCENTRATION (2) 

UNITS DETECTS SAMPLES MINIMUM MAXIMUM AVERAGE BACKGROUND (1) 1.0E-06 HQ=0.2 COC 
MINIMUM MAXIMUM (cancer) (non-cancer) 

Inorganics (Dissolved Concentrations) 
Aluminum mg/l 1 5 0.155 0.155 0.076 0.07 0.259 7.30E+00 
Antimony mg/l 5 5 0.0023 0.0055 0.0043 0.026 0.03 2.92E-03 YES 
Barium mg/l 3 5 0.023 0.117 0.036 0.0015 0.1 5.11E-01 
Cadmium mg/l 1 5 0.00022 0.00022 0.00012 0.0025 0.0025 3.65E-03 
Calcium mg/l 5 5 3.04 10.9 5.8 1.21 6.61 *• .. 

Lead mg/l 1 5 0.0013 0.0013 0.00066 0.001 0.002 1.50E-02 
Magnesium mg/l 5 5 2.1 4.31 2.9 1.13 4.89 -- ** 

Manganese mg/l 5 5 0.0061 0.0403 0.015 0.001 0.103 3.65E-02 YES 
Nickel mg/l 1 5 0.0052 0.0052 0.0026 0.0055 0.019 1.46E-01 
Potassium mg/l 5 5 1.18 1.87 1.4 0.68 1.975 -- •* 

Sodium mg/l 5 5 6.58 32.5 20 2.96 22.4 - ** 

Zinc mg/l 2 5 0.012 0.0362 0.011 0.0034 0.0735 2.19E+00 

Notes: 
1. MMR Background Inorganics Study. HAZWRAP. January 1994.
 
Tasks 2-3A, 2-3B, 2-4 and 2-5. Automated Sciences Group, Inc. September 1994.
 
2.	 MMR Final Risk Assessment Handbook. Table F-3. Human Health PRE Risk/Hazard-Equivalent Concentrations for Groundwater. 

Automated Sciences Group, Inc. September 1994. Tier 1 - Outside Flightline. 
3. Iron was selected as a COC based on exceedance of MMR background.
 
- No risk-based concentration available for this compound.
 
NA Not Applicable
 
** - Calcium, Iron, magnesium, potassium, and sodium are considered as essential macronutrients for human health and are excluded as COCs.
 

HHCOC|«l 



Table 2-82 
Identification of COPCs for Surface Water - Human Health 

Based on Qroundwater Concentrations 
Total Inorganics Concentrations 

AOCFS-1 SRI Study Area 
Masachusetts Military Reservation 

MMR RISK 

Units Detects Samples 
CONCENTRATION 

Minimum Maximum Average
CONCENTRATION (1) 

 1.0E-06 HO = 0.2 
(cancer) (non-cancer) 

COPC 

Volatile Organics 
1,1,1 -Trichloroethane 
Senzene 
Toluene 
Ethylbenzene 
M/P-Xylene 
O-Xylene 
1 ,3,5-Trimethylbenzene 
1 ,2,4-Trimethylbenzene 

mg/1 

mg/l 

mg/l 

mg/l 

mg/l 

mg/1 

mg/l 

mg/l 

1 
1 
3 
2 
2 
2 
1 

2 

5 
5 
5 
5 
5 
5 
5 
5 

0.0016 
0.0007 
0.0004 
0.0006 
0.0029 

0.001 
0.0012 
0.0012 

0.0016 
0.0007 
0.0078 
0.0026 

0.012 
0.0051 
0.0012 
0.0038 

0.0004 
0.0002
0.0002 
0.0007 
0.0003 
0.0013 

0.00036 
0.001 

 1.26E-02 -

3.69E-01 
1.08E-01 

1.80E+00 
1.80E+00 

-

-

YES 

YES 
YES 

SVOCs 
Bis(2-ethylhexyl)phthalate mg/l 1 5 0.013 0.013 0.0046 V33E-02 3.20E-05 YES 

Pesticides/PCBs 
Mone Detected 

Petroleum Products 
TPH mg/l 5 5 0.001 12 0.78 NA NA 

Inorganics (Total Concentrations) 
Aluminum 
Arsenic 
Barium 
Beryllium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Nickel 
Potassium 
Sodium 
Vanadium 
Zinc 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mgrt 
mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

5 
1 
5 
1 
5 
2 
1 
3 
5 
2 
5 
5 
5 
5 
5 
3 
3 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

0.856 
0.0048 

0.029 
0.0012 

3.45 

0.0091 
0.014 

O 0047 
0.94 

0.0024 
2.98 

0.031 
0.0091 

1.29 

7.04 

0.0092 
0.017 

15.1 

0.0048 
0.136 

0.0012 
10.2 

0.021 
0.014 

0.0137 
19.3 

0.0185 
6.1 

0.465 
0.022 

4.18 

29.5 

0.0244. 
0.0589 

5.2 
0.0018 3.74E-02 

0.07 

0.00064 1.52E-02 
5.8 

0.0077 
0.0044 
0.0054 

6.2 
0.0045 

4.2 
0.016 
0.008 

2.4 

19 
0.008 
0.022 

1.72E+01 
1.85E-04 
3.0E + 00 
4.55E-02 

-
4.32E03 

-

-
-
-

2.47E-06 
3.26E-02 

-
-

1.21E-01 
5.38E-02 

YES 

* • 

YES 
YES 
YE S 
• • 

YES 
• • 

YES 

• • 
• • 

YES 



Table 2-82 (cent)
 
Identification of COPCs for Surface Water - Human Health
 

Based on Groundwater Concentrations
 
AOCFS-19 Rl Study Area
 

Massachusetts Military Reservation
 

MMR RISK 
CONCENTRATION CONCENTRATION (1) 

UNITS DETECTS SAMPLES MINIMUM MAXIMUM AVERAGE 1.0E-06 HO = 0.2 COPC 
(cancer) (non-cancer) 

Inorganics (Dissolved Concentrations) 
Aluminum	 mg/l 1 6 0.165 0.155 0.076 1.72E + 01 
Antimony	 mg/l 5 6 0.0023 0.0055 0.0043 7.43E-02 
Barium	 mg/l 3 6 0.023 0.117 0.036 3.00E + 00 
Cadimum	 mg/1 1 5 0.00022 0.00022 0.00012 1.16E-05 YES 

Calcium mg/l 5 5 3.04 10.9 5.8	 » *.. 
..Lead mg/l 1 6 0.0013 0.0013 0.00066	 YES 

•»Magnesium	 mg/l 6 5 2.1 4.31 2.9 .. 

Manganese mg/l 5 5 0.0061 0.0403 0.015	 2.47E-06 YES 

Nickel	 mg/l 1 5 0.0052 0.0052 0.0026 3.26E-02 

Potassium mg/l 5 5 1.18 1.87 1.4 -	 « * 

Sodium	 mg/l 5 5 6.58 32.5 20 -
* * 

Zinc	 mg/l 2 6 0.012 0.0362 0.011 5.38E-02 

Notes: 
1.	 MMR Final Risk Assessment Handbook. Table F-4. Human Health and Ecological RRE, Summary for Surface Water Risk Hazard-Equivalent Concentrations. 

Automated Sciences Group, Inc. September 1994. Tier 1 - Human Health Evaluation. 
- No risk-based concentration available for this compound.
 
** - Calcium, iron, magnesium, potassium, and sodium are considered as essential macronutrients for human health and are excluded as COCs.
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Table 2-tl
 
Exposure Scenario!, Expoaure Equatlona, and Expoaure Aaaumpllona Uaed to Eatlmate Human Health Rleka
 

AOC FS-11 
Maeaachueerle Military Reaervetion 

Expoeure Scanarioa Evaluated for AOC FS-17 

Land Ua i 1 E»poaura Scanarlo 1 Madia Evaluated 

Currant	 Ullty Worker Sol 
Child Trespasser Sol 

Future	 UtltyWortnr Sol 
ChM Trespasser Sol 
AdJt Redder* Sol i Groundwater 
Cr* Resident Sol t Greundweter 

Soil Doaa/Rlak Equation: Ingeetlon; Inhalation; Dermal Contact 

Risk/HQ i C i EO »(ITFo 11E-0»kgrmo; » IRaoll « ABSIna « EFHTF1 «IRalr « CF «(1/VF « 1/PEF|HTFe 11E-0«»g/mo. « 8A « AF « ABSdarm « EF1I 
BWxATxMSdry r 

Groundweter Ooae/Rlak Equatlona: Ingotlon; Inhalation; Darmal Contact 

RlakrMQ* C « EO «(|EF i TF1. VF «IRalrWEFa « TFo i SA « PC « CF1« CF1I * (TFo nf.fi I 
BW > AT > MS d/vr 

Expoaure Aaaumptlona and Paramatara 

Current and Future Uae 
Utility Child 

ParanMtara D«llnltlon Unite Worker Traapaaa«r 
C Concentrator (mean or maximum as appropriate) Soil = moAg Chemical Specific Chemical Specific 
ED Exposure duralon yeeri t t 
EF Exposure frequency days/year « (Current lend use) 52 (Current and future kind use) 

183 (Future land use) 
TFo IngesSon slope factor or RfO (mg*g-d)' Chemical Specific Chemical Specific 
TF1 WieiaHon slope factor or RfD ("x/<»-d)-1 Chenicel Spedtlc Chemical Specific 
IRsoH Intake rate for to* mgftl 480 100 
IRalr Inhalaion rate m ! «ay 20 20 
ABSing Inoeston absorption factor unless Chemical Specific Chemical Specific 
ABSderm Oermsl absorplon factor unless Chemical Specific Chemical Specific 
VF Volatilzation Factor m'*g Chemical Specific Ctwnicvl Specific 
PEF Partculate Emission Factor m'*g 4 63E-09 463E-09 
SA SWn surface area cm' 3120 1000 

AF adherence factor mg/cm' 1 1 
PC Dermal perrrtabllty err* Chemical Specific Chemical Speonc 
CF1 Conversion factor Ltan1 na ne 
CF2 Conversion factor hAJ na na 
IRw Intake rate of water Ud 
BW Body weight kg 70 367 
AT Averaging time years 70 70 

Futua Uaa
 
Realdentlal
 

Child 
Chemical Specific 

6 
350 

Chemical Specific 
Chemical Specific 

200 
20 

Chemical Specific 
Chemical Specific 
Chemical Specific 
463E-09 

1000 

1 
Chemical Specific 
na 
na 

15 
70 

AduH 
Chemical Specific 

24 
350 

Chemical Specific
 
Chemical Specific
 

100
 
20
 

Chemical Specific
 
Chemical Specific
 
Chemical Specific
 
4E3E-09
 

1000
 

1 
Chemical Specific 

0001 
24 

2 
70 
70 



Table 2-84
 
Reference Doses (RFDs) and Cancer Slope Factors (CSFs)
 

For Site Contaminants of Concern
 

AOC FS-19 Rl STUDY AREA
 
MASSACHUSETTS MILITARY RESERVATION
 

INGESTION INHALATION 
CONTAMINANT CSF RFD CSF RFD 

(mg/kg/day)-1 (mg/kg/day) (mg/kg/day)-1 (mg/kg/day) 

Benzene 2.90E-02 NA 2.9E-02 1.71E-03(3) 
1 ,1 ,1 -Trichloroethane NA NA NA NA 
1 ,2,4-Trimethylbenzene NA 5.0E-04 (3) NA NA 
1 ,3,5-Trimethylbenzene NA 4.0E-04 (3) NA NA 

Bis(2-ethylhexyl)phthalate 1.40E-02(1) 2.0E-02(1) NA NA 
2-Methylnaphthalene NA NA NA NA 

Aroclor-1260 7.70E+00(1) NA NA NA 
Endrin Ketone NA NA NA NA 

Aluminum NA 1.00E+00(3) NA NA 
Antimony NA 4.0E-04(1,4) NA NA 
Arsenic 1.75E+00(1) 3.0E-04 (1 ,4) 1.51E+01 (1) NA 
Beryllium 4.30E+00(1) 5.0E-03(1,4) 8.4E+00(1) NA 
Chromium NA 1.0E+00(+III) (1,4) 4.2E+01 (+VI) (2) NA 
Cobalt NA NA NA NA 
Copper NA NA NA NA 
Iron NA NA NA NA 
Lead NA NA NA NA 
Manganese NA 5.0E-03 (water) (1,4) NA 1.43E-05(1,4) 

1.4E-01 (food) (1,4) 
Zinc NA 3.00E-01 (1) NA NA 

NOTES: 
1 - Integrated Risk Information System, on line April 1995. 
2 - Health Effects Assessment Summary Tables, U.S. Environmental Protection Agency, 

Annual Update, March 1994. 
3 - Interim RFD. EPA Environmental Criteria and Assessment Office (ECAO). 
4 - The chronic oral/inhalation RFD was adopted as the subchronic oral/inhalation RFD. 

Tab2-B4.xls 2/3/99 



Table 2-tS 
Equation for Deriving Risk/Hazard Quotient 

for Soils (or Human Health 
Ingestlon, Inhalation and Dermal Pathways 

Utility Workers, Current and Future Use 
Maximum Soil Concentrations 

FS-19 Rl Study Area 

Ingestlon Inhalation Dermal 
RIlk/HQ = C x ED « tITFo x 10-6 kg/mo X IRsoll » ABSing x EFI + ITF1 x IRalr x EF » MWF + 1/PEF1I * ITFo x 10-6 kg/mg « SA x AF » ABSderm » EFI> 

BW x AT x 365 days/yr 

TFo TFo TF1 TF1 
coc C BW AT ED IRsoil EF SA {mg/kg/d)- 1 (mg/kg/d) (mg/kg/d). 1 (mg/kg/d) AF ABS ABS IRair VF PEF Cancer Cancer Cancer Cancer HQ HQ HQ HQ 

(mg/kg) (kg) (yr) (yr) (mg/d) (d/yr) (cm2) (T g/cm2) derm ing (m3/d) (m3/kg) (m3/kg) Ingeslion Inhalation Dermal Risk Ingestton Inhalation Dermal 
care noncarcm care noncarcm 

SVOCs 
2-METHYLNAPHTHALENE 0038 70 70 1 480 42 3120 NA NA NA NA 1 0 0 1 20 1 49E+05 4 63E+09 O.OOE+00 0 OOE+00 0 OOE»00 O.OOE»00 O.OOE«00 O.OOE»00 0 OOE»00 0. OOE+00 
PESTICIDES/PCBs 
AROCLOR-1260 05 4 70 70 480 42 3120 7 70E+00 NA NA NA 10 006 0 3 20 1 OOE-HO 4 63E+09 1 41 E.OB 0 OOE+00 1 83E-08 3.23E-08 0 OOE*00 0 OOE*00 O.OOE*00 0 OOE+00 
ENDRIN KETONE 0032 70 70 480 42 3120 NA NA NA NA 1 0 0 0 3 20 1 OOE+10 4 63E+09 0 OOE+00 0 OOE+00 0 OOE*00 OOOE*00 0 OOE*00 0 OOE*00 0 OOE»00 0. OOE+00 
INORGANICS 
ARSENIC 4  8 70 70 480 42 3120 1.75E+00 3.33E+03 1 51E+01 NA 1 0 0 1 20 1 OOE+10 4 63E+09 9 47E-08 1.08E-11 0 OOE*00 9.47E-08 1 26E-02 0 OOE*00 0 OOE+00 1.26E-02 
BERYLLIUM 03 9 70 70 480 42 3120 4.30E+00 2.00E+02 8 40E+00 NA 1.0 0 1 20 1 OOE+10 4 63E+09 1 89E-08 486E-13 0 OOE»00 1.89EX18 6 15E-05 0 OOE*00 0 OOE+00 6.15EJ15 

COBALT 3.2 70 70 480 42 3120 NA NA NA NA 1 0 0 1 20 1 OOE+10 4 63E+09 O.OOE+00 0 OOE+00 0 OOEtOO OOOE»00 0 OOE+00 0 OOE*00 0 OOE+00 0. OOE+00 

LEAD 119 70 70 480 42 3120 NA NA NA NA 1.0 0 0.3 20 1 OOE+10 4 63E+09 O.OOE+00 0 OOE*00 0 OOE+-00 OOOE+00 0 OOE+00 0 OOE'OO 0 OOE+00 O.OOE+00 

COC = contaminant of concern SA = skin surface area exposed IRair = inhalation rate 

C  soil concentration TFo = ingestion slope factor for carcinogens or VF = soil-to-air volatilization factor Cancer Cancer Cancer Cancer HI HI HI HI 
BW = body weight l/ingestion reference dose for noncarcinogens PEF  soil-to-air particulate emission factor Ingestion Inhalation Dermal Risk Ingestlon Inhalation Dermal Total 
AT = averaging time (for noncarcinogens = ED) TF1 = inhalation slope factor for carcinogens or HQ = hazard quotient 
ED = exposure duration - days of year receptor is exposed I/inhalation reference dose for noncarcinogens HI = hazard index 1.28E-07 1.12E-11 1.83E-08 1.46E-07 1.27E-02 O.OOE+00 O.OOE+00 1.27E-02 
IRsoil = soil ingestion rale AF = adherence factor NA = not applicable 
EF = exposure frequency ABSderm = dermal absorption factor 

ABSing = ingestion absorption factor 



Table 246 
Equation for Deriving Risk/Hazard Quotient 

for Soils for Human Hearth 
Ingestion. Inhalation and Dermal Pathways 

Utility Workers, Current and Future Use 
Mean Soil Cortcentrattorts 

FS-1 SRI Study Area 

Ingestion Inhalation Dermal 
x ED x ffTFo x 10-6 ho/mo x IRsoll x ABS.ng x EF| * (TF1 x IRair x EF K f1/VF + 1/PEni * fTFo x 10-6 hg/mg x SA x AF x ABSderm x EFB 

BW x AT x 365 days/yr 

TFo TFo TF1 TF1 
COC C BW AT ED IRsoil EF SA (mg/kg/d)- 1 (mg/kg/d) (mg/Hg/d)-1 (mg/kg/d) AF ABS ABS IRair VF PEF Cancer Cancer Cancer Cancer HO HQ HQ HQ 

mg/kg) (kg) (yr) (yr) (mg/d) (d/yr) (cm2) (mg/cm2) derm ing (m3/d) (m3/kg) (m3/kg) Ingestion Inhalation Dermal Risk Ingestion Inhalation Dermal 
care noncarcin care noncarcin 

SVOCs 
2-METHYLNAPHTHALENE 003 8 70 70 1 480 42 3120 NA NA NA NA 1 0 0 1 20 1 49E»05 4 63E»09 0 OOE'OO 0 OOE*00 OOOE«00 0 OOE«00 0 OOEtOO 0 OOE'OO 0 OOE«00 O.OOE»00 

PESTICIDES/PCBs 
AROCLOR-1260 0.27 70 70 480 42 3120 7 70E»00 NA NA NA 1 0 006 0 3 20 1 OOEHO 4 63E+09 7 03E-09 0 OOE*00 9 14E-09 1 62E-08 OOOE'OO 0 OOE»00 0 OOE»00 OOOE+00 

ENDRIN KETONE 0 021 70 70 480 42 3120 NA NA NA NA 1 0 0 0  3 20 1 OOE»10 4.63E*09 0 OOE*00 0 OOE»00 0 OOE'OO O.OOE*00 0 OOE»00 0 OOE*00 0 OOE«00 O.OOE*00 

INORGANICS 
ARSENIC 36 70 70 480 42 3120 1 75E+00 333E»03 1 51E»01 NA 10 0 1 20 1 OOEHO 4 63E*09 7 10E-08 807E-12 0 OOE-fOO 710E-08 947E-03 0 OOE»00 0 OOE*00 9.47E-03 

BERYLLIUM 027 70 70 480 42 3120 4 30E»00 200E»02 840E<00 NA 1 0 0 1 20 1 OOE»10 4.63E»09 1 31E-08 3.37E-13 O.OOE»00 1.31E-08 4.26E-05 0 OOE*00 0 OOE*00 4.26E-05 

COBALT 26 70 70 480 42 3120 NA NA NA NA 1 0 0 1 20 100E*10 4 63E*09 0 OOE+00 0 OOE*00 0 OOE»00 OOOEtO O OOOE»00 0 OOE»00 O.OOE»00 O.OOE»00 

LEAD 63 70 70 480 42 3120 NA NA NA NA 1.0 0 0 3 20 1.00E»10 4 63E»09 O.OOE»00 OOOE»00 OOOE«00 O.OOE*00 0 OOE*00 0 OOE»00 0 OOE*00 OOOE»00 

COC = contaminant of concern SA = skin surface area exposed IRair = inhalation rate 
C = soil concentration TFo = ingestion slope factor for carcinogens or VF = soil-to-air volatilization factor Total Risk Cancer Cancer Cancer Cancer HI HI HI HI 

BW = body weight 1/mgestion reference dose for noncarcmogens PEF = soil-to-air paniculate emission factor Ingestion Inhalation Dermal Risk Ingestion Inhalation Dermal Total 

AT = averaging time (for nonca crnoqens = ED) 
ED = exposure duration - days of year receptor is exposed

TF1 = inhalation slope factor for carcinogens or 
 1/inhalation reference dose for noncarcmogens 

HQ = hazard quotient 
HI = hazard index 9.11E-08 B.40E-12 914E-09 1.00E-07 9.51E-03 OOOE*00 O.OOEtOO 9.51E-03 

IRsoil = soil ingestion rate AF = adherence factor NA = not applicable 
EF = exposure frequency ABSderm = dermal absorption factor 

ABSing = ingestion absorption factor 



Table 2-87 
Equation for Deriving Risk/Hazard Quotient 

for Soils for Human Health 
Ingestion. Inhalation, and Dermal Pathway* 
Child Trespasser. Current and Future Use 

Maximum Concentrations 
FS-19RI Study Area 

Ingestion Inhalation Dermal 
x ED x f(TFo * 10-6 kg/ma K IRsoil I ABSIna x EF1 * iTF1 * IRalr * EF » fl/VF + 1/PEF11* (TFo a 10-6 kp/mq x SA x AF x ABSderm x EFH 

BW x AT I 365 days/yr 

TF o TFo TF1 TF1 

coc c BW AT ED IRsoil EF SA (mg/kg>d)-1 (mg/kg/d) (mg/Kg/d)-1 (mg/kg/d) AF ABS ABS IRair VF PEF Cancer Cancer Cancer Cancer HQ HQ HQ HQ 
(mg/kg) (kg) (y O (yr ) (mg/d) (d/yr) (cm2) (n>g/cm2) Oerm mg (m3/d) (m3/kg) (m3/kg) Ingestion Inhalation Dermal Risk Ingestion Inhalation Dermal 

care noncarcm care noncarcm 

SVOCs 
2-METHYLNAPHTHALENE 20 1 49E+05 A 63E+09 0 OOE+00 0 OOE+00 0 OOE+00 O.OOE+00 
PESTICIOES/PCBs 
AROC LOR-1260 0 54 36 2 70 6 100 52 1000 7 70E+00 NA NA NA 20 OOE+ 0 63E+09 4 21 E -08 OOOE+0 0 842E-0 8 1.26E-07 0 OOE+00 OOOE+0 0 OOOE+0 0 OOOE+00 
ENDRIN KETONE 0 032 36 2 70 6 100 52 1000 NA NA NA NA 20 OOE+ 0 63E+09 OOOE+0 0 OOO E + 00 OOOE*00 OOOE+00 OOOE+0 0 OOOE+0 0 OOOE+0 0 O.OOE+00 
INORGANICS 
ARSENIC 48 36 2 70 6 100 52 1000 1 75E+00 3 33E+0 3 1 51E+01 NA 20 OOE+ 0 63E+09 2 83E-07 1 55E-10 OOOE+0 0 2.84E-07 6 30E-03 OOOE+0 0 OOOE+00 630E-03 
BERYLLIUM 0 39 36 2 70 6 100 52 1000 4 30E+00 2 OOE+02 8 40E+00 NA 20 OOE+ o 63E+09 5 66E-08 6 96E-12 OOOE+0 0 5.66E-08 307E-05 0 OOE +00 0 OOE+00 3.07E-05 
COBALT 3  2 36 2 70 6 100 52 1000 NA NA NA NA 20 OOE+ 0 63E+09 OOOE+00 OOOE+0 0 OOOE+00 O.OOE+00 OOOE+00 0 OOE+00 OOOE+00 O.OOE+00 
LEAD 119 362 70 6 100 52 100O NA NA NA NA 20 OOE+ 0 63E+-09 0 OOE+00 OOOE+0 0 OOOE+0 0 O.OOE+00 0 OOE+00 0 OOE +00 0 OOE+00 O.OOE+00 

COC = contaminant of concern Tf 0 = ingestion slope (actor for carcinogens or VF = soil-to-ait voiatihzatio 
C = soil concentration 1/ingestion reference dose for noncarcmogens PEF = paniculate emissior Total Risk Cancer Cancer Cancer Cancer HI HI HI HI 
BW = body weight TF1  inhalation slope (actor for carcinogens or HQ = hazard quotient Ingestion Inhalation Dermal Risk Ingestion Inhalation Dermal Total 
AT = averaging time (equal to ED lot n 1/inhalation reference dose for noncarcmogens HI = hazard index 

ED =exposure duration AF  soil to skin adherence factor NA = not applicable 
iRsoil -soil ingestion rale ABSderm = dermal absorption factor 3.82E-07 1.61 E-10 8.42E-08 4.66E-07 6.33E-03 O.OOE+00 O.OOE+00 6 33E-03 
EF = exposure frequency ABSmg = ingestion absorption rate 
SA  skin surface area available for co IRair = inhalation rate 



Table 2-M 
Equation for Deriving Risk/Hazard Quotient 

for Soils for Human Health 
Ingestion, Inhalation, and Dermal Pathways 
Child Trespasser, Current and Future Use 

Mean Concentrations 
FS-1 SRI Study Area 

BW x AT X 365 days/yr 

TFo TFo TF1 TF1 
C BW AT ED IRsoil EF SA (mg/Vg/d}-1 (mg/kg/d) (mg/kg/d)-1 (mg/kg/d) AF ABS ABS IRair VF PEF Cancer Cancer Cancer Cancer HQ MQ HO HQ 

(mg/kg) («g| (yr) (yr) (mg/d) (drVI (cm2) (mg/cm2) derm ing (m3/d) (m3/kg) (m3/Vg) Ingestion Inhalation Dermal Risk Ingestjon Inhalation Dermal 
care noncarcm care noncarcn 

SVOCs 
2-METHYLNAPHTHALENE 0.030 36 2 70 6 100 52 1000 NA NA NA NA 10 0 1 20 1 49E+05 463E+09 OOOE'O O OOOE+00 OOOE+0 0 O.OOE+00 O.OOE+00 O.OOE+00 OOOE+0 0 O.OOE+00 
PESTICIDES/PCBs 
AROCLOR-1260 02 7 362 70 6 100 52 1000 7 70E+00 NA NA NA 0 0.06 0 20 1.00E+10 4.63E+09 2.10E-06 OOOE+0 0 421E-00 6.31E-OB OOOE+00 O.OOE+00 OOOE+0 0 O.OOE+00 

ENDRIN KETONE 002 1 36 2 70 6 100 52 1000 NA NA NA NA 0 0 0 20 1 OOE + 10 463E+09 O.OOE+00 O.OOE+00 OOOE+00 O.OOE+00 O.OOE+00 OOOE+0 0 OOOE+0 0 O.OOE+00 
INORGANICS 
ARSENIC 3 6 36 2 70 6 100 52 1000 1 75E+00 3 33E+03 1.51E+01 NA 0 0 2 0 1 OO E + 1 0 463E+09 2 13E-07 1.16E-10 OOOE+0 0 2.13E-07 4 72 E 0 3 O.OOE+00 OOOE+00 4.72E-03 

BERYLLIUM 0.27 36 2 70 6 100 52 1000 4 30E<00 2 OOE+02 0 40E+00 NA .0 0 20 IOOE'10 4.63E+09 3.92E-00 4.03E-12 OOOE+0 0 3.92E-00 2.13E-05 OOOE+0 0 OOOE+0 0 2.13E-05 
COBALT 2  6 36 2 70 6 100 52 1000 NA NA NA NA 0  0 2  0 1.00E+IO 4.63E+09 OOOE+00 OOOE+0 0 OOOE+0 0 O.OOE+00 O.OOE+00 O.OOE+00 OOOE+00 O.OOE+00 

LEAD 63 36 2 70 6 100 52 1000 NA NA NA N A 1. 0 0 0 2 0 1 OO E + 1 0 4.63E+09 OOOE+0 0 OOOE+0 0 O.OOE+00 O.OOE+00 O.OOE+00 OOOE+00 OOOE+0 0 O.OOE+00 

COC = contaminant or concern TFO * ingestion slope factor lor caronogens or VF * soil-to-air volatilization factor 
C r soil concentration 1/ingestion reference dot* for noncarcmogens PEF « paniculate emission factor Total Risk Cancer Cancer Cancer Cancer HI HI HI HI 

BW = body weight TF1 • inhalation slope factor for carcinogens or HQ • hazard quotient Ingestion Inhalation Dermal Risk Ingestion Inhalation Dermal Total 
AT  averaging time (equal to ED for noncatcinogerre) 1/inhalation reference dose for rtoncarcinogens HI-hazard index 
ED ^exposure duration AF * soil to skin adherence factor NA » not appfcabte 
IRsoil «soil ingestion rate ABSderm » dermal absorption factor 2.73E-07 1.21E-10 4.2 IE-OS 3.15E-07 4.74E-03 O.OOE+00 O.OOE+00 4.74E-03 

EF = exposure frequency 
SA E skin surface area available for contact 

ABSing • ingestion absorption rate 
IRair • inhalation rate 



Table 2-89 
Equation for Deriving Risk/Hazard Quotient 

for Soils for Human Heatth 
Ingest km, Dermal and Inhalation Pathway* 

Reifdentul {Child 1-6 years), Future Use, OnsMe (Outside Security Zone) 
Maximum Concentrations 

FS-19 R1 Study Area 

Ingestion Inhalation Dermal 
C x ED x (fTFo x 10-6 fca/mq * IRsoil x ABSrna x EFI * (TF1 x IRair x EF x fl/VF * 1/PER1 * ITFo x 10-6 kqfrng x SA x AF x ABSderm x EF» 

BW x AT x 365 daysJyr 

TFo TFo TF1 TF1 

coc c BW AT ED IRsoil EF SA (mg/kg/d)-1 (mg/kg/d) ( mg/kg/d}-1 {mg/kg/d) AF ABS ABS IRair VF PEF Cancel Cancer Cancel Cancer HQ HQ HQ HQ 
(mg/kg) (kg| (yl (y) (mg/d) (d/yr) (cm2) 

care noncarcin care 
(mg/cm2) 

noncarcin 
derm mg (m3/d) (m3/kg) (m3/kg) Ingestion Inhalation Dermal Risk Ingestion Inhalation Dermal 

SVOCs 
2-METHYLNAPHTHALENE 20 1 49E+05 4 63E+09 0 OOE+00 0 OOE+00 0 OOE+00 O.OOE+00 0 OOE+00 0 OOE*00 0 OOE+00 O.OOE+00 
PESTICIDES/PCBs 
AROCLOR 1260 0.54 15 200 350 1000 7 70E+00 NA NA NA 1 0 006 0  3 20 OOE * 1 0 463E+09 1 37E 06 OOOE'O O 1 37E-06 2.73E-06 0 OOE'OO 0 OOE+00 0 OOE+00 O.OOE+00 
ENDRIN KETONE 003 2 15 200 350 1000 NA NA NA NA 1 0 0 0  3 20 OOE+10 4 63E+09 OOOE'O O 0 OOE+00 0 OOE+00 O.OOE+00 0 OOE+00 O.OOE+00 0 OOE + 00 O.OOE+00 
INORGANICS 
ARSENIC 4.e 15 6 200 350 1000 1 75E«00 3 33E-03 1 5IE+01 NA 1 0 0 1 20 OOE+1 0 463E+09 921E 06 251 E 09 0 OOE'OO 921E-06 205E0 1 0 OOE+00 0 OOE+00 2.0SE-01 
BERYLLIUM 03 9 15 6 200 350 1000 4 30E+00 200E+02 840 E + 00 NA 1.0 0 1 20 OOE+10 4 63E+09 I.94E06 1 13E 10 OOOE'O O 1.B4E-OC 997E0 4 0 OOE+00 0 OOE+00 9.97E-04 
COBALT 3  2 15 6 200 350 1000 NA NA NA NA 1.0 0 1 20 OOE+10 4 63E+09 0 OOE+00 0 OOE>00 0 OOE'OO OOOE.OO 0 OOE+00 0 OOE+00 0 OOE+00 O.OOE+00 
LEAD 119 15 6 200 350 1000 NA NA NA NA 1.0 0 0  3 20 OOE+10 4 63E+09 OOOE+0 0 OOOE»0 0 0 OOE-00 O.OOE'OO 0 OOE+00 0 OOE+00 0 OOE+00 0 OOE+00 

COC = contaminant of concern SA = skin surface exposed IRair = inhalation rate 
C = soil concentration TFo = ingestion slope lactor for carcinogens of VF = soil-lo-air volatilization factor 

BW = body weight 
AT = averaging time (for noncai 

1/ingestion reference dose for none a rci no gens 
TF1 = inhalation slope factor fw carcinogens o, 

PEF = partculate emission factor 
HQ * hazard quotient 

Total Risk Cancer
Ingestion

 Cancer
 Inhalation

 Cancer
 Dermal

 Cancer 
 Risk 

HI
Ingestion

 HI
 Inhalation

 HI 
 Dermal 

HI 
ToUl 

ED = exposure duration 1/inhalation reference dose toi noncarcmogens HI = hazard index 
IRsoit = soil ingestion rate AF = adherence factor NA = not applicable V24E-OS 2.62E-09 1.37E-06 USE-OS 2.06E-01 O.OOE+00 O.OOE+00 2.06E-01 
EF = exposure frequency ABSderm « dermal absorption factor 

ABSmg = ingestion absorption (actor 



Table 2-90 
Equation for Deriving Risk/Hazard Quotient 

tor Soil! lor Human Health 
kigeition. Dermal and Inhalation Pathways 

Residential (Child 1-« yean). Future Use, Oniite (Outside Security Zone) 
Mean Concentrations 
FS-19 Rl Study Area 

digestion Inhalation Dermal 
Risk™= C « ED « (fTFo » 10-t kglmo » IRsoil « ABSino « EFI 'ITF1» IRair « EF « 11/VF « 1IPEF1I * ITFo « 10-C kg/mg » SA « AF « ABSderm » EFI1 

BW X AT x 365 dayslyr 

TFo TFo TF1 TF1 

C BW ED IRso* EF SA (mo/kg/d)-1 (mg/ko;d) (mg/koyd)- 1 (ms/kB'd) AF ABS ABS IRair VF PEF Cancer Cancer Cancer Cancer HQ HQ HQ HQ 

(mg/kg) (kg) (yl| (mgid) (d/yi) (em2) ;mg/cm2} derm mg (m3/d) (m3/kg) (m3/kg) Ingestion Inhalation Dermal Risk Ingestion Inhalation Dermal 
noncarcin care noncarcin 

SVOCs 
2-METHYLNAPHTHALENE 20 1 49E+05 4 63E+09 0 OOE-00 0 OOE-00 0 OOE'OO O.OOE+00 O.OOE'OO 0 OOE*00 0 OOE+00 

PESTICIDES/PCBi 
AROC LOR-1260 02 7 15 70 6 200 350 1000 770E«00 NA NA NA 0 0 06 0.3 20 OOE»10 463E»0 9 684E-0 7 OOOE«00 6 64E-07 1.37E-OS OOOE'O O OOOE'O O O.OOE«00 O.OOEtOO 

ENDRIN KETONE 002 1 15 70 6 200 350 1000 NA NA NA NA 0 0 03 20 OOE+10 4 63E+09 OOOE'O O OOOE'O O OOOE'O O O.OOE'OO OOOE+0 0 0 OOE+00 0 OOE+00 O.OOE+00 

INORGANICS 
ARSENIC 3  6 15 70 6 200 350 1000 1 75E'00 3 33E«03 1 51E+01 NA 0 0 1 20 .OOE'10 4.63E-09 6 90E 06 1 86E 09 OOOE'O O 6.91E-06 1 53E-01 OOOE'O O OOOE'O O 1.53E-01 

BERYLLIUM 0.27 15 70 6 200 350 1000 430E'00 200E+02 8 40E'00 NA 0 0 1 20 OOE+10 4 63E+09 1 27E-06 7.85E-I1 O.OOE'OO 1.27E-06 6 90E-04 OOOE'O O OOOE'O O 6.HE-04 

COBALT 2  6 15 70 6 200 350 1000 NA NA NA NA 0 0 1 20 OOE'10 4.63E'09 OOOE'O O OOOE'O O OOOE'OO O.OOE'OO OOOE'O O OOOE'O O OOOE'O O O.OOE'OO 

LEAD 63 15 70 6 200 350 1000 NA NA NA NA 0 0 03 20 OOE'tO 4.63E'09 OOOE'O O OOOE'O O OOOE'O O O.OOE'OO OOOE'O O OOOE'O O OOOE'O O O.OOE'OO 

COC = contaminant of concern SA = shin surface exposed IRair = inhalation.ate 

C * soil concentration TFo = ingestion slope factor for carcinogens or VF = soil to air volatilization factor 

BW = body weight 
AT « averaging time (for nonc3rc.nogens = ED) 

1/rngestion reference dose lor noncarcinogens 
TF1 = inhalation slope factor for carcinogens or 

PEF = particulate emission factoi 
HQ = hazard quotient 

Cancer 
Ingestion 

Cancer 
Inhalation 

Cancer 
Dermal 

Cancer 
Risk 

HI
Ingestion

 HI
 Inhalation

 HI
 Dermal

 HI 
 Total 

ED - exposure duration 
IRsoil c soil ingestion rate 

1/inhalation reference dose for noncarcmogens 
AF •= adherence (actor 

HI = hazard index 
NA = not applicable B.86E-06 1.96E-09 6. ME-07 9.55E-06 1.S4E-01 0.OOE+00 OOOE+00 

EF = exposure frequency ABSderm » dermal absorption factor 
ABSing = ingestion absorption (actor 



Table 2-91 
Equation for Deriving Risk/Hazard Quotient 

for Soils for Human Health 
Ingestion. Inhalation and Dermal Pathways 

Residential (7 yrs.- Adutt). Future Use. Onsrte (Outside Security Zone) 
Maximum Soil Concentrations 

Ingestion Inhalation Dermal 
C » ED « KTFo » 10-6 kg/mg. IRsoil « ABSing > EF1. (TF1 «IRait « EF »ll/VF » 1/PEF 11* fTFo « 10-6 kg/mil » SA » AF . ABSderm » EF1) 

BW I ATx 365 days/yr 

TFo TFo TF1 TF1 
coc C 

(mg/kg) 
BW 
(kg) 

AT 

(y) 
ED 
(y) 

IRtoil 
(mg/d) 

EF 
(d/yo 

SA 
(cm2) 

(mg/kg/dH 

care 

(mg/kg/d) 

noncarcin 

(mg/kg/d). 1 

care 

(mg/kg/d) 
(mg/c 

noncarcm 

AF 
1̂ 1 

ABS 
detm 

ABS
ng

 IRa-r 
 (m3/d) 

VF 
(m3/kg) 

PEF 
(m3/Kg) 

Cancer 
(ngestion 

Cancer 
Inhalation 

Cancer 
Dermal 

HQ 
Ingestion 

HQ 
Inhalation 

HQ 
Dermal 

SVOCs 
2-METHYLNAPHTHALENE ami 70 70 24 100 350 1000 NA NA NA NA .0 20 1.49E+05 4 63E+09 0 OOE^OO 0 OOE+00 0 OOE+00 O.OOE+00 0 OOE+00 0 OOE+00 0 OOE*00 O.OOE+00 
PESTICIDES/PC Bs 
AROCLOR-1260 0.54 70 70 24 too 350 1000 7.70E+00 NA NA NA 0 006 0 3 20 1.00E»10 4.63E+09 5.86E-07 0 OOE+00 1 17E-06 1.76E-04 0 OOE+00 0 OOE+00 0 OOE+00 0 OOE+00 
ENDRIN KETONE 003 2 70 70 24 100 350 1000 NA NA NA NA 0 0 0.3 20 1.00E*10 463E*09 0 OOE+00 0 OOE+00 0 OOE+00 OWE. 00 0 OOE+00 0 OOE+00 0 OOE+00 O.OOE+00 
INORGANICS 
ARSENIC 4  8 70 70 24 too 350 1000 1.75E+00 3 33E+03 1.51E+01 NA 0 0 1 20 1 OOEHO 4 63E>09 3.95E-06 2I5E-09 0 OOE+00 3.9SE-OC 219E-02 0 OOE+00 0 OOE+00 2.19E-02 
BERYLLIUM 03 9 70 70 24 too 350 1000 4 30E+00 2 OOE+02 B.40E+00 NA 0 0 1 20 1.00E+10 463E.09 7 88E-07 972E 11 0 OOE+00 7.88E-07 1 .07E-04 0 OOE+00 0 OOE+00 1.07E-04 
COBALT 3  2 70 70 24 too 350 1000 NA NA NA NA 0 0 1 20 1.00E+10 463E>09 OOOE-0 0 0 OOE+00 0 OOE+00 O.OOE+00 0 OOE+00 0 OOE+00 OOOE'O O O.OOE+00 
LEAD 119 70 70 24 too 350 1000 NA NA NA NA 0 0 0.3 20 1.00E-MO 463E.09 0 OOE+00 0 OOE+00 O.OOE+00 O.OOE+00 0 OOE+00 0 OOE+00 OOOE'O O O.OOE+00 

COC = contaminant of concern SA = skin surface area exposed IRair = inhalation rate Total Rilk Cancer Cancer Cancer Cancer HI HI HI HI 
C = soil concentration TFo = ingestion slope factor lor carcinogens or VF * sol-to-air volatrtzation factor ictor Ingestion Inhalation Dermal Risk Ingestion Inhalation Dermal Total 
BW = body weight 1/ingestion reference dose lot noncarcinogens PEF = particulate emission factor 
AT = averaging time (lor noncarcinogens e ED) TF1 « inhalation slope factor for caranogens or HQ * hazard quotient 5.32E-M 22SE-09 1.17E-06 6.49E« 2-20E-02 O.OOE+00 0 OOE+00 2.20E-02 
ED = exposure duration 1 /inhalation reference dose for noncaictnogene HI * hazard index 
IRsoil •= soil ingestion rate AF « adherence factor NA • not applicable 
EF = exposure frequency ABSderm  dermal absorption factor 

ABSing = ingestion absorption factor 



T.M.J-M 

Equation lor OorMnf RlaMfaanl Ouoflant 
far araundwalar for Human HaaMi 

kigaatton, Mtatafen, and Darmal Pathway* 
AduH RaaManl. Future Uaa, OnanWOtlana 

FS-lt Rl STUDY AREA 
MASSACHUSETTS MUTARY RESERVATION 

CiED.(cFf itTI »K»IP«a.k.l«IEfa.TE«.»AaPC.Cf1.eFH.flTa. EF.«»)| 
BW»ATi»Mday«yr 

coc 

VOCa 
tanzene 
1 .3.5-Trimethyfcenzene 
1 ,2.4-Trimelhylbenzene 

C 
(mpl) 

0.0007 
00012 
00031 

BW 

P>e) 

70 
70 
70 

A T 

1X0 

70 
70 
70 

ED 

(yr) 

30 
30 
30 

IRak 
ml/day 

IS 

IS 
IS 

K 
(UrnS) 

O.S 
O.S 
O.S 

IRw CF1 
(L/d) (l/cm3) 

t 0.001 
t 0.001 
t 0.001 

CF2 
fhfd) 

24 
24 
24 

EF 

(*y) 

350 
350 
350 

TF1 

EF. 8A(me<kgttM 

(dfyr) l«i*> 
eaic 

2.9 1.946*04 2.90E-02 
2.9 1 WE.04 NA 
2.9 1.94E«O4 NA 

TF1 TFo TFo 

(mo/kgrd)(m«Vd|-1 (mo/kt/d) PC

(cnVh)
nonccidn cwc noncsfdn 

S.8SE«02 2.90E-02 NA 2.4IE-02
NA NA Z50E.03 OOOE.OO
NA NA 2.00E«03 OOOE.OO

 Cancer

 mneMon

 9.94E-07
 OOOE.OO
 O.OOE400

 Canoar

 Dermal

 1.14E-M
 O.OOEtOO
 O.OOEtOO

 Cancer

 mgealton

 2386-07
 OOOEtOO
 OOOE.OO

 C*tw*r HQ HQ

 Rhk hhataton Dermal

 1.14E-OI 4216-02 0006.00
 O.OOE.OO 0006*00 O.OOE.OO
 9.00E4«0 O.OOE.OO OOOE.OO

 HQ

 Ingmfon 

 O.OOE.OO
 8226-02
 2.086-01

 HQ 

 4J1E-OJ 
 8JJE-OJ 
 l.OtE-01 

SVOC9 
Bs(2-elhyme»yl)phlhalaia 0.013 70 70 30 IS O.S t 0.001 24 350 2.9 1XE.O4 NA NA 1.40E-02 S.OOE«01 »»3E-03 O.OOE«OO 405E-07 2 HE-OS LE4E-09 O.OOE.OO 3386-03 1786-05 2.12E-02 

INOROANIC3 
Aluminum 
Arsenic 
Jeryllium 
Cobalt 
Capper 

Iron 
Lead 
Manganese 

15.1 
00041 
0.0012 

0.014 
0.0137 

19.3 
0.01SS 
04« S 

70 
70 
70 
70 

70 
70 
70 
70 

70 
70 

70 
70 
70 
70 
70 
70 

30 
30 
30 

30 
30 
30 
30 
30 

IS 
IS 

IS 
15 

IS 
IS 
IS 
IS 

0 

0 
0 
0 
0 
0 
0 
0 

0.001 
0.001 
0.001 
0001 
0.001 
0.001 
0001 
0.001 

24 
24 
24 
24 
24 
24 
24 
24 

350 

350 
350 
350 
350 
350 
350 
350 

2.9 1.94E.O4
2.9 1ME.04
2.9 1.94E<04
2.9 1.94E.04
29 1.94E*04
29 1.94E»04
2.9 VME.04
2.9 1 WE.04

 NA 
 VS1E.01 
 I.40E«00 
 NA 
 NA 
 NA 
 NA 
 NA 

NA NA
MA 17SE.OO
NA 4.WE*00
NA NA
NA NA
NA NA
NA NA
NA NA

 NA
 J33E.03
 200EJ32
 NA
 NA
 NA
 NA
 2.00E«02

 OOOE.OO
 O.OOEtOO
 OOOE.OO
 OOOE.OO
 OOOE.OO
 OOOE.OO
 OOOE.OO
 O.OOE«00

 OOOE«OO
 O.OOEtOO
 OOOE.OO
 O.OOttOO
 O.OOEtOO
 O.OOEtOO
 OOOE*OO
 O.OOEtOO

 O.OOEfOO
 O.OOEtOO
 OOOE.OO
 O.OOE«00
 OOOE.OO
 OOOE.OO
 O.OOEtOO
 O.OOE«00

 OOOE.OO
 »S»E-05
 eODE-OS
 OOOE.OO
 OOOE»OO
 O.OOE«00
 OOOE.OO
 O.OOEiOO

 OOOErtO
 *.ME-OS
 IOIE-06
 O.OOE^O
 O.OOE««0
 O.OOEtOO
 O.OOE«00
 O.OOE400

 O.OOE.OO OOOE.OO
 OOOE.OO OOOE.OO
 OOOE.OO O.OOE.OO
 OOOE.OO OOOE.OO
 OOOE.OO O.OOE.OO
 O.OOEtOO OOOE.OO
 O.OOE.OO 0006.00
 OOOE.OO O.OOE.OO

 OOOE.OO
 4386-01
 « 586-03
 OOOE.OO
 OOOE.OO
 0006.00
 OOOE.OO
 2.556.00

 OOOErfO 
 4.3K-01 
 IME-03 
 OOOE.OO 
 OOOE.OO 
 O.OOE«OT 
 O.OOE4W 
 J 166 .00 

Mole. 
COC •= contaminent of concern 
C » concantration 

BW * body might 
AT * averaging Kma (tor noncardnogana. aqual to ED) 
ED = axposura duration 
m.indaly Moor inhalation rata 

IRw e daily watar ingaslion rata 
CFt  convaraion (actor tor walar 
CF2 « convaraion lactor 

EF * expo lure frequency 
EFa^ahomrlng kaquancy 
SA 3 aUn .urlaoa araa aqioaad 
TF1 =inh«tol)on ibpa ractor tor eardnoDana or 

l̂ nhalation rafaranca doaa tor noncardnogana 
TFo » ingaitkxi abpa lactor tor carckngana or 

l/inoa.tion ralaranca doaa for noncardnogana 
PC « darmal pannaabMy comtant 
HQ. hanrdquoHart 
HU hazard Ma> 

Total RM Cenoar
mhalaOon

t.ME-07

 Cancer
 Dermal

 4.17E-OT

 Cancer
 mg..<on

 t.tTE-04 

 Cancer M
 RM Inhalation

1.0E-04 4.J1E-OJ

 M
 Dermal

 S.ME-03

 HI
 moaatlon

 3.30E400

 HI 
 Total 

 3.3SE<00 

T*)MM 



Table 2-93 
Equation for Deriving Risk/Hazard Quotient 

for Groundwaterfor Human Health 
Ingestion, Inhalation, and Dermal Pathways 
Adult Resident, Future Use, OnsltefOffslte 

Maximum Groundwater Concentrations - Dissolved Inorganics 

FS-19 Rl STUDY AREA 
MASSACHUSETTS MILITARY RESERVATION 

RIEKJHQ =
Inhalation Dermal Ingestion 

 C » ED x IIEF x TF1 x K x IRdalrl * lEFs x TFo x SA « PC x CF1 x CF2I * ITFo x EF x IRwIl 
BW X AT x 365 days/yr 

coc 

VOCs 
Benzene 
1 .3.5-Trimethylbenzene 
1 .2.4-Tnmelhylbenzene 

C 
(mg/L) 

00007 
00012 
00038 

BW 

(kg) 

70 
70 
70 

AT 

<y> 

70 
70 
70 

ED 

<y> 

30 
30 
30 

IRair 
mS/day 

15 
15 
15 

K 
(L/m3) 

0.5 
0.5 
0  5 

IRw CF1 
(L/d) (L/cm3) 

2 
2 
2 

0001 

0001 

000 1 

CF2 
(h/d) 

24 
24 
24 

EF 
(d/yr) 

350 
350 
350 

EFs 
(d/yr) 

2  9 
2  9 
2  9 

SA 
(cm2) 

1 94E*04 
1 94E»04 
1.94E»04 

TF1 
mg/kg/d)-1 

care 

2 90E-02 
NA 
NA 

TF1 
(mg/kg/d} 

noncarcin 

585E»02 
NA 
NA 

TFo 
mg/kg/d)-1 

care 

2 90E-02 
NA 
NA 

TFo 
(mg/kg/d) 

noncarcin 

NA 
2 50E*03 
2 OOE«03 

PC 
(cm/h) 

2 48E-02 
0 OOE+00 
0 OOE'OO 

Cancer 
Inhalation 

8 94E-07 
OOOE»00 
0 OOE»00 

Cancer 
Dermal 

1 14E-08 
OOOE-00 
OOOE.OO 

Cancer 
Ingestion 

2 38E-07 
0 OOE»00 
0 OOE*00 

Cancer
Risk

1.14E-06
0 OOE*00
O.OOE»00

 HQ
 Inhalation

 421E-0 2
 0 OOE»00
 0 OOE»00

 HQ 
 Dermal 

0 OOE»00 
0 OOE*00 
0 OOE'OO 

HQ 
Ingestion 

0 OOE»00 
8 22E-02 
2 08E-01 

HQ 

4.21E-02 
8.22E-02 
2.08E-01 

SVOCS 
Bis(2-elhylhexyl)phlhalale 0.013 70 70 30 15 0  5 2 000 1 24 350 2 9 1 94E»04 NA NA 1.40E-02 5.00E»01 9 83E-02 0 OOE»00 405E-0 7 2 14E-06 2.54E-06 0 OOE»00 3.38E-03 1 78E-02 2.12E-02 

INORGANICS 
Anlimony 
Manganese 

00055 
00 4 

70 
70 

70 
70 

30 
30 

15 
15 

0 
0 

2 
2 

000 1 

0001 

24 
24 

350 
350 

2 9 
2  9 

1 94E+04 
1 94E»04 

NA 
NA 

NA 
6 99E*04 

NA 
NA 

2 50E*03 
2.00E*02 

0 OOEtOO 
0 OOE'OO 

0 OOE*00 
0 OOE»00 

0 OOE'OO 
O.OOE»00 

0 OOE'OO 
0 OOE»00 

O.OOE*00
O.OOE+00

 OOOE»00
 OOOE*00

 OOOE«00 
0 OOE»00 

3.77E-01 
2 19E-01 

3.77E-01 
2.19E-01 

Noles 
COC = contaminant of concern 
C = concentration 
BW = body weight 
AT = averaging time (for noncarcmogens. equal to ED) 
ED = exposure duration 
!Rair=daily indoor inhalation rate 
K=volatilization factor 
IRw = daily water ingestion rate 
CF1 ~ ccrv. e.'Sicn iacrsr fcr water 
CF2 = conversion factor 

EF = expos jre frequency 
EFs=showenng frequency 
SA = skm surface area exposed 
TF1=<nhalation slope factor for carcinogens or 

1/inhalation reference dose for noncarcmogens 
TFo = ingestion slope factor for carcinogens or 

1/mgestion reference dose for noncarcinogens 
PC = dermal permeability constant 
HQ = hazard quotient 
Hl= hazard index 

Total Risk Cancer 
Inhalation 

8.94 E-07

Cancer 
Dermal 

 4.17E-07

Cancer 
Ingestion 

 2.38E-06

Cancer
Risk

 3.69E-06

 HI
 Inhalation

 4.21E-02

 HI 
 Dermal 

 3.38E-03

HI 
Ingestion 

 9.04E-01

HI 
Total 

 9.50E-01 



Table 2-94 
Equation for Deriving Risk/Hazard Quotient 

(or Sods for Human Health 
Ingestion. Inhalation and Dermal Pathways 

Residential (7 yrs - Adult}. Future Use. Onsite (Outside Security Zone) 
Mean Soil Concentrations 

Ingestion Inhalation Dermal 
C x ED x »TFo » 106 kg/mo * IRsorl » ABSinq x EF1 * fTFI i IRair t EF • [1/VF * 1/PEFH + iTFo i 10-6 kq/mg * SA» AF » ABSdermx EF)} 

BW x ATi 365 davs/yr 

TFo TFo TF1 TF1 

coc C BW AT ED IRsoil EF SA (mg/kg/d)-1 (mg/kg/d) (mg/kg/d)-1 (mg/kg/d) AF ABS ABS IRan VF PEF Cancer Cancer Cancel Cancer HO HQ HQ HO 
(mg/kgl (kg) (yr) (y) (mo/d] <d/yr> (cm2) (mg/cm2) deim ing (m3/d) (m3/kg) (m3/kg) Ingestion Inhalation Deimal Risk Ingestion Inhalation Dermal 

care 
SVOCs 
2-METHYLNAPHTHALENE 0031 70 70 24 100 350 1000 NA NA NA NA 10 0 1 20 1 49E+05 4 63E+09 0 OOE+00 0 OOE+00 0 OOE+00 O.OOE+00 0 OOE'O O 0 OOE.OO 0 OOE.OO O.OOE+00 
PESTICIDE S/PCBs 
AROCLOR-1260 027 70 70 24 100 350 1000 7 70E+00 NA NA NA 0 006 0 3 20 1 OOE.10 4 63E>09 2 93E 07 0 OOE'OO 5.86E-07 e.79E4)7 O.OOE.OO 0 OOE'OO OOOEtO O O.OOE.OO 

ENDRIN KETONE 002 1 70 70 24 100 350 1000 NA NA NA NA 0 0 0 3 20 1 OOE.10 463E-09 0 OOE.OO 0 OOE*00 0 OOE'OO 0 OOE.OO 0 OOE.OO 0 OOE+00 0 OOE.OO O.OOE.OO 

INORGANICS 
ARSENIC 3  6 70 70 24 100 350 1000 1 75E*00 3 33E-03 1 51E.01 NA 0 0 1 20 1 OOE.10 4 63E+09 2 96E-OG 1.61E-09 0. OOE+00 2.96E-06 1 64E 02 0 OOE.OO 0 OOE.OO 1.64E-02 

BERYLLIUM 02 7 70 70 24 100 350 1000 4 JOE -00 2 OOE+02 8.40E+00 NA 0 0 1 20 1 OOE.10 463E»09 5 45E 07 6 73E-11 OOOEiO O 5.45E-07 7 40E-05 0 OOE.OO 0 OOE'OO 7.40E-05 
COBALT 2  6 70 70 24 100 350 1000 NA NA NA NA 0 0 1 20 1 OOE»IO 4 63E<09 0 OOE'OO 0 OOE.OO 0 OOE.OO 0 OOE.OO 0 OOE.OO 0 OOE'OO 0 OOE+00 0. OOE+00 

LEAD 63 70 70 24 100 350 1000 NA NA NA NA 0 0 0 3 20 1 OOE*10 463E-09 0 OOE.OO 0 OOE'OO 0 OOE+00 0. OOE.OO 0 OOE.OO 0 OOE*00 0 OOE.OO O.OOE.OO 

COC = contaminant of concern SA = skin surface area exposed IRair = inhalation tale 
C * soil concentration TFo = ingestion slope factor foi caicinogens or VF = soil-to-air volatilization factor Total Risk Cancer Cancer Cancer Cancer HI HI HI HI 
BW  body weight Umgestion lefeience dose for noncarcinogens PEF = particulate emission factor Ingestion Inhalation Dermal Risk Ingestion Inhalation Dermal Total 

AT  averaging lime (for noncarcinogens 
ED = exposuie duiation 

•ED) TF1 = inhalation slope factor lor carcinogens or 
I/inhalation reference dose for noncaronogens 

MO = hazard quotient 
HI = hazard ndex 380E-OS 1.C8E-09 s.eee-07 4.3IE-06 1.E5E-02 0 OOE.OO 0 OOE.OO 165E-02 

IRsoil * soil ingestion rate AF E adheience factor NA - not applicable 
EF * exposure frequency ABSderm » deimal absoiptjon factor 

ABSing * mgestion absorption factor 



Table 2-95 
Equation for Deriving Risk/Hazard Quotient 

for Groundwater for Human Health 
Ingestfon, Inhalation, and Dermal Pathways 
Adult Resident, Future Use, Onslte/Offsrte 

Mean Groundwater Concentrations - Total Inorganic* 

FS-19RI STUDY AREA 
MASSACHUSETTS MILITARY RESERVATION 

Inhalation Dermal Ingestion 

C x ED x KEF x TF1 x K « IRdairl * lEFs X Tf o » SA « PC « CF1 « CF2I + ITFo x EF x IRwIl 
BW X AT X 365 days/yr 

coc C 
(mg/U 

BW 

(kg) 
AT 

(yo 
ED 

(yO 
IRair 

m3/day 
K 

(L/m3) 
IRw CF1 

(Ud) (Ucm3) 
CF2 
<h/d) 

EF 
(d/yr) 

EFs 
(d/yr) 

SA
(cm2) 

TF1 
 mg/kg/d)-1 

care 

TFt 
(mg/kg/d) 

noncarcin 

TFo 
mg/kg/d)- 1 

care 

TFo 
(mg/kg/d) 

noncarcin 

PC 
(cm/h) 

Cancer 
Inhalation 

Cancer 
Dermal 

Cancer 
Ingestion 

Cancer 
Risk 

HQ 
Inhalation 

HQ 
Dermal 

HQ 
Ingestion 

HQ 

VOCs 
Benzene 
1 .3.5-Tnmelhylbenzene 
1 .2.4-Tnmelhylbenzene 

00002 
0.00036 

0001 

70 
70 
70 

70 
70 
70 

30 
30 
30 

15 
15 
15 

0  5 
0  5 
0  5 

2 
2 
2 

0001 

0001 

0001 

24 
24 
24 

350 
350 
350 

2  9 
2  9 
2  9 

1 94E*04 
1 94E*04 
1 94E*04 

2.90E-02 
NA 
NA 

5.85E»02 
NA 
NA 

2 90E-02 
NA 
NA 

NA 
250E<-03 
2 OOE*03 

2 48E-02 
0 OOE'OO 
0 OOE»00 

2.55E-07 
0 OOE*00 
0 OOE»00 

3 26E-09 
0 OOE»00 
0 OOE«00 

681E-08 
0 OOE»00 
0 OOE*00 

327E-07 
OOOE»00 
O.OOE-fOO 

1 20E-02 
0 OOE'OO 
0 OOE'OO 

0 OOE»00 
0 OOE«00 
0 OOE»00 

8.20E-05 
2 47E-02 
5 48E-02 

1.21E-02 
2.47E-02 
5.48E-02 

SVOCS 
Bis(2-ethylhexyt)phthalate 00046 70 70 30 15 0  5 2 0001 24 350 2.9 1 94E*04 NA NA 1.40E-02 5 OOE-01 9 83E-02 0 OOE»00 1 43E-07 7 56E-07 9.00E-07 0 OOE»00 1 19E-03 6 30E-03 7.50E-03 

INORGANICS 
Aluminum 
Arsenic 
Beryllium 
Cobalt 
Copper 
Iron 
Lead 
Manganese 

5 2 
00018 

0.00064 
00044 
00054 

6 2 
0.0045 

0.016 

70 
70 
70 
70 
70 
70 
70 
70 

70 
70 
70 
70 
70 
70 
70 
70 

30 
30 
30 
30 
30 
30 
30 
30 

15 
15 
15 
15 
15 
15 
15 
15 

0 
0 
0 
0 
0 
0 
0 
0 

2 
2 
2 
2 
2 
2 
2 
2 

0.001 
000 1 

0001 

0001 

0.001 
0001 

0001 

0.001 

24 
24 
24 
24 
24 
24 
24 
24 

350 
350 
350 
350 
350 
350 
350 
350 

2  9 
2  9 
2  9 
2  9 
2  9 
2 9 
2 9 
2  9 

1 94E*04 
1 94E<-04 
1 94E*04 
1 94E»04 
1 94E>04 
1 94E+04 
1 94E»04 
1 94E*04 

NA 
1 51E»01 
8 40E»00 

NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.99E«04 

NA 
1 75E+00 
4 30E+00 

NA 
NA 
NA 
NA 
NA 

1 OOE'OO 
3 33E*03 
200E*02 

NA 
NA 
NA 
NA 

2 OOE+02 

0 OOE*00 
0 OOE«00 
OOOE»00 
0 OOE*00 
0 OOE»00 
0 OOE'OO 
0 OOE»00 
0 OOE'OO 

0 OOE*00 
OOOE»00 
0 OOE«00 
0 OOE+00 
OOOE»00 
0 OOE»00 
0 OOE»00 
OOOE»00 

0 OOE*00 
0 OOE*00 
0 OOE»00 
0 OOE*00 
0 OOE»00 
0 OOE»00 
OOOEtOO 
0 OOE*00 

0 OOE»00 
3 70E-05 
3.23E-05 

0 OOE-tOO 
0 OOE»00 
0 OOE»00 
0 OOE»00 
0 OOE»00 

O.OOE*00 
3.70E-05 
3.23E-05 

OOOE»00 
OOOE»00 
O.OOE+00 
O.OOE*00 
OOOE«00 

0 OOE>00 
0 OOE»00 
0 OOE*00 
0 OOE'OO 
0 OOE»00 
0 OOE»00 
0 OOE«00 
0 OOE'OO 

0 OOE»00 
0 OOE+00 
0 OOE«00 
O.OOE*00 
O.OOE*00 
0 OOE*00 
0 OOE'OO 
0 OOE*00 

1 42E-01 
1 64E-01 
3 51E-03 

0 OOE+00 
O.OOE«00 
O.OOE*00 
0 OOE»00 
8 77E-02 

1.42E-01 
1.64E-01 
3.51E-03 

O.OOEtOO 
O.OOEtOO 
O.OOE+00 
O.OOE*00 
8.77E-02 

Notes 
COC = contaminant of concern 
C = concentration 
BW = body weight 
AT = averaging time (for noncarcmogens. equal to ED) 
ED = exposure duration 
iRa:rrdai!y »!d'jor -nriala!".'" rale 
K=volatilization factor 
IRw = daily water ingestion rate 
CF1 ' conversion factor for water 
CF2 = conversion factor 

EF = exposure frequency 
EFs=showering frequency 
SA = skin surface area exposed 
TF1=mhalation slope factor for carcinogens or 

1/inhalation reference dose for noncarcmogens 
TFo = ingesl'O" slupe facie- fof carc^ogei s or 

1/mgestton reference dose for noncarcmogens 
PC = dermal permeability constant 
HQ = hazard quotient 
Hl= hazard index 

Total Risk Cancer
Inhalation

2.55E-07

 Cancer
 Dermal

 1.47E-07

 Cancer
 Ingestion

 7.01E-05

 Cancer
 Risk

 7.05E-05

 HI
 Inhalation

 1.20E-02

 HI
 Dermal

 1.19E-03

 HI
 Ingestion

 4.84E-01

 HI 
 Total 

 4.97E-01 



Table 2-tt 
Equation for Deriving Risk/Hazard Quotient 

for Groundwater for Human Health 
Ingestion, Inhalation, and Deirnal Pathways 
Adult Resident, Future Use, Onslwoffsrte 

Mean Groundwater Concentrations - Dissolved Inorganics 

FS-U Rl STUDY AREA 
MASSACHUSETTS MILITARY RESERVATION 

Inhalation Dermal Ingestion 

C . ED « KEF « TF1 « K « IRdairl • (EFs « TFo « SA « PC « CFt x CF21* ITFo « EF x IRwIl 
BW > AT > 365 daysfyr 

coc C 
(mg/U 

BvV 
(kg) 

AT 

,(yr) 
ED 
(yr) 

IRair 
m3/day 

K 
(L/m3) 

IRw CF1 
(L/d) (L/cm3) 

CF2 
(h/d) 

EF 
(d/yr) 

EFs 
(d/yr) 

TF1 
SA mg/kg/d)-1 

(cm2) 
care 

TF1 
(mg/Vg/d) 

noncarcin 

TFo 
mg/kg/d)-1 

care 

TFo 
{mg/kg/d) 

noncarcin 

PC 
(cm/h) 

Cancer 
Inhalation 

Cancer 
Dermal 

Cancer 
Ingestion 

Cancer 
Risk 

HQ 
Inhalation 

HQ 
Dermal 

HQ 
Ingeslion 

HQ 

VOCs 
Benzene 
1.3.5-Trimethytbenzene 
1 ,2.4-Trimethylbenzene 

00002 
0 00036 

0001 

70 
70 
70 

70 
70 
70 

30 
30 
30 

15 
15 
15 

0.5 
0.5 
0  5 

2 
2 
2 

0.001 
0001 

0001 

24 
24 
24 

350 
350 
350 

2  9 
2.9 
2  9 

1 94E«04 
1.94E»04 
1 94E»04 

2 90E-02 
NA 
NA 

NA 
NA 
MA 

290E-02 
NA 
NA 

NA 
2 50E«03 
2 OOE*03 

2 48E-02 
O.OOE»00 
0 OOE»00 

2 55E-07 
O.OOE+00 
OOOE*00 

3.26E-09 
O.OOE'OO 
O.OOE'OO 

6 91E-06 
0 OOE»00 
OOOE'OO 

3.27E-07 
O.OOEtOO 
O.OOE+00 

O.OOE'OO 
0 OOE*00 
OOOE+00 

OOO E 
OOO E 
OOOE 

tOO 
«00 
»00 

0 OOE*00 
2.47E-02 
5 48E-02 

O.OOE*00 
2.47E-02 
5.49E-02 

svocs 
Bis(2-elhylhexyl)phlhalate 00046 70 70 30 15 0.5 2 0001 24 350 2  9 1.94E»04 NA NA 1.40E-02 S.OOE*01 883E-02 OOOE»00 1 .43E-07 7.56E-07 9.00E-07 0 OOE*00 1 19E-03 6 30E-03 7.50E-03 

INORGANICS 
Antimony 
Manganese 

0.0043 
0.015 

70 
70 

70 
70 

30 
30 

15 
15 

0 
0 

2 
2 

0001 

0001 

24 
24 

350 
350 

2  9 
2 9 

1 94E+04 
1 94E«04 

NA 
NA 

NA 
699E»04 

NA 
NA 

2 50E«03 
2.00E»02 

O.OOE*00 
O.OOE*00 

0 OOE*00 
0 OOE»00 

0 OOE'OO 
0 OOE*00 

O.OOE*00 
OOOE+00 

O.OOE»00 
O.OOE-fOO 

0 OOE->00 
0 OOE+00 

OOO E 
OOOE 

400 

.00 
2.95E-01 
8.22E-02 

2.95E-01 
S.22E-02 

Notes: 
COC = conlaminanl ol concern 
C = concentration 
BW = body weight 
AT = averaging lime (for noncarcinogens, equal to ED) 
ED = exposure duration 
IRair=daily mdoor inhalation rate 
K-volatilizalion factor 
IRw = daily water ingest ion rate 
CF1 = conversion factor for water 
CF2  conversion factor 

EF = exposure frequency 
EFs=showering frequency 
SA = skin surface area exposed 
TF1 inhalation slope factor for carcinogens or 

1/inhalation reference dose for noncarcinogens 
TFo = ingestion slope factor for carcinogens or 

1/ingestion reference dose for noncarcinogens 
PC = dermal permeability constant 
HQ = hazard quotient 
Hl= hazard index 

Total Risk Cancer
Inhalation

2.55E-07

 Cancer
 Dermal

 1.47E-07

 Cancer
 Ingestion

 8.24E-07

 Cancer
 Risk

 1.23E-06

 HI
 Inhalation

 O.OOE+00

 HI
 Dermal

 1.19E-03

 HI
 Ingestion

 4.62E-01

 HI 
 Total 

 4.64 E-01 



TABLE 2-96a
 
SUMMARY OF RISKS AND HAZARD QUOTIENTS
 

AOC FS-19 STUDY AREA
 
MASSACHUSETTS MILITARY RESERVATION
 

Total Cancer Risk 
Total HI 

Total Cancer Risk 
Total HI 

Total Cancer Risk 
Total HI 

Total Cancer Risk Soil 
Total Cancer Risk Groundwater 
Total HI Soil 
Total HI Groundwater 

Total Lifetime Cancer Risk 
(Child + Adult) 
(Soil +Groundwater) 

CURRENT USE 
Maximum Mean 

Utility Worker (Soil) 

1 .46E-07 1 .OOE-07 
1 .27E-02 9.51 E-03 

Child Trespasser (Soil) 

4.66E-07 3.15E-07 
6.33E-03 4.74E-03 

FUTURE USE
 
Maximum Mean
 

Child Resident (Soil)
 

1.38E-05 9.55E-06
 
2.06E-01 1.54E-01
 

Adult Resident (Soil and Groundwater)
 

6.49E-06 4.38E-06
 
1 .63E-04 (3.69E-06*) 7.05E-05(1.23E-06*)
 

2.20E-02 1.65E-02
 
3.35E+00 (9.50E-OT) 4.97E-01 (4.64E-01*)
 

1 .83E-04 (2.40E-05*) 8.44E-05(1.52E-05*)
 

* Values in parentheses based on dissolved inorganics concentrations for groundwater. 

Tab2-96a.xls 6/10/99 



Table 2-97
 
Terrestrial Vegetation Risk Characterization
 

MMR Maximum Background Soil Concentrations
 

AOC FS-19
 
Massachusetts Military Reservation
 

Maximum 
Concentration Critical Soil 
in Surface Soil Concentration(a) 

COC (mg/kg) (mg/kg) HQ 
INORGANICS 
ALUMINUM 8930 NA NE 
ARSENIC 3.6 20 0.18 
BARIUM 10.4 NA NE 
BERYLIUM 0.65 NA NE 
CADMIUM 1.5 3 0.5 
CHROMIUM 6.8 75 0.09 
COBALT 4.1 25 0.164 
CYANIDE 0.7 NA NE 
LEAD 12.05 100 0.1205 
MANGANESE 108 1500 0.07 
NICKEL 5.2 100 0.052 
VANADIUM 15.2 NA NE 
ZINC 16 70 0.23 

HI 1.41 

(a)Values obtained from Tables O-3 and O-4 of the RAH 

Tab2-77&78.xls 2/3/99 



Table 2-97 (cent)
 
Aquatic Risk Characterization
 

MMR Maximum Background Groundwater Concentrations
 

AOC FS-19
 
Massachusetts Military Reservation
 

MMR Site-Specific Aquatic 
Background Benchmark 
Maximum Value 

COC 
(ug/L)

Total Dissolved 
(ug/L) 
(a,b) 

HQ 
Total 

HQ 
Dissolved 

INORGANICS 
CHROMIUM (c) 17.4 5 11 1.58 0.45 
COPPER (d) 12.5 12.5 2.2 5.68 5.68 
LEAD (d) 2.9 2 0.26 11.15 7.69 
NICKEL (d) 19 19 21.45 0.88 0.88 
ZINC (d) 67 73.5 47 1.42 1.56 

Hl = 19 15 

(a) Values from MMR RAH Table O-2 
(b) Italicized values represent CCC values in Ambient Water Quality 
Criteria (AWQC) (U.S. EPA, May 1991) 
(c) Assumed Chromium IV 
(d) For hardness-dependent metals Ni, Cu, Pb, and Zn assumed water 
hardness value of 14 mg CACO2/L and used the AWQC hardness equation 
for the metal to derive the CCC value. 
(e) MMR background concentrations for groundwater from MMR Background 
Inorganics Study 

Tab2-77&78.xls 2/3/99 



TABLE 2-M
 
Contaminants of Ecological Concern In Surface Sold for Food Chain Mtetptore
 

AOC FS-1S Rl STUDY AREA
 
MASSACHUSETTS MILITARY RESERVATION
 

Unit - mgftcg 
Inorganics 
Aluminum 
Araenicj 
Barium 
Beryllium 
Cadmium 
Chromium 
Cobalt 
CvinioV : 

Manger)*** 
Nickel 

Semlvolatlle Organlcs 
2-Methylnaphthalene 
Acenaphthylene 
Anthracene 
Benzo(a|anthracene 
Benzolalpyrene 
Benzo(b)f!uoranthene 
Benzolghilperylene 
Benzo(k)fkjoranthene 
Chryione 
Dibenzo(ah)anthracene 
Di-n butyl phthalate 
Fluoranthane 
Indenol 1 23-cd|pyrene 
Naphthalene 
Phenanthrene 
Pyrene 
Volatile Organlcs 
Acetone 
Chloroform 
Methyleno Chloride 
Toluene 
Total Xylenea 
Pestlcldes/PCBs 
4,4' ODD 
4.4--DD E 

alpha-Chlordane 
Aroolor I26O 
DwHrin 
Endrin ketone 
gamma- Chlordane 
Methoxychlor 

Max Cone. (•) MMR Site-Specific 
In Surface soil Background 

(mgfkg) Maximum (mglkg) 

13800 8930 
... • .: :'4.i ' -.;;:: ••> ? '"•?•?*:? ''. jjj.jjj/; 

B7.9 1O.4 

0.39 0.65 

Mouse 

2.646 + 04 
'•^SJ'fe'f OT '"• 

1.39E + 04 
4.14E + 04 

l.i. :- iiiSG+ito". '." ' ' *>' / 
ii.6 •- " : 8.B 7,Z8E40CI 
3.2 4.1 5.9SE + 02 

'.. "^ •"••'•' -' '"••''• iM" '•iHW-1
' " »a :';\ .": :--- ^ ,-:: joe '•• 7-jH-*rM 

6 6.2 

• "• :-'^S« • - - - . --'V !,:;<• "-Mo"*: 

O.O38 
0.022 
0.011 
0.064 
0.065 

0.16 

0.045 
0.16 

0.089 
0.029 

O.02 

O.17 

0.049 
O.O29 

0.11 

O.13 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0.005 
0.001 
O.O01 
0.002 
O.O03 

NA 
NA 
NA 
NA 
NA 

0.019 
0.11 

NA 
NA 

O.OO13 
0.54 

. ati 
0.032 
0.003 
0.034 

' '

NA 
NA 

 '.• :' •!:•'• fti 
NA 
NA 
NA 

2.72E + P3 

:;-M«*dt.*: 

1 67E + 03 
4.14E + 01 
663E + 03 
7.67E + OI 
7.13E + 01 
7.73E + 01 
7.75E + 01 
7.73E + 01 
7.87E + O1 
7.75E + O1 
4 82E + 02 
8.67E + 02 
7.76E + 01 
7.33E + 01 
B.8BE + 01 
6.62E + O2 

6.69E + 01 
S.63E + 01 
1.23E + 01 
1.72E + O1 
7.94E + 02 

9.35E + 01 
1.28E + O2 

2.65E + 00 
.1.796 + 01 

:;*î 4cii&-6i . : . 
NO 

2. BSE + OO 
2.04E + O2 

Vole 

4 28E+ O4 

6.00E + O3 
B.87E + 04 

7.72E + 02 

4.32E + 03 

4.16E + O3 
1.24E + 02 
2.B2E + 04 
1.89E + 03 
7.97E + 02 
1.91E + 03 
2.01E + 03 
1.91E + 03 
1.69E + 03 
2.01E + 03 
8.74E + 03 
8.23E + 03 
2.01E + 03 
1.65E + 02 
2.73E + 02 
9.44E + 03 

9.08E + 01 
8.60E + 01 
1.87E + O1 
2.BSE + 01 
1.46E + 03 

2.31E + O3 
1.04E + 03 

4.87E + 01 
3.16E + 02 

NO 
4.87E + 01 
1.73E + 03 

Upland Oratthoppcr Northern 
Shrew Fox Sandpiper Sparrow Harrier 

From Attachment F • Hazard Equivalent CoocXiaHuiM For Scoteoteal PME (mglkg) 

4.00E + O4 3.17E + 06 4.94E+08 2.70E + 08 4.80E + 08 

9.20E+03 B.8SE + 07 
1.92E + O4 1.08E + OS 

3.33E + 02 1 26E + 05 

1.67E + O4 1.13E + 07 

3.4OE + O2 2.60E + 04 3.12E + 01 9.96E + 01 2.B3E + 02 
6.BOE + OO 5.8EE + 02 8.25E-01 1.99E + OO 6.81E + 00 
6.78E + O2 7.97E + 04 8.24E + 01 1.98E + 02 1.03E + 03 
6.80E + OO 3.O3E + 03 8.2BE-01 1.99E + 00 B.60E + 01 
6.80E + OO 6.37E + O2 626E0 1 1.99E + 00 8.13E + OO 
6.80E+00 3.B3E + O3 8.26E01 1.99E + 00 1.91E + 02 
6.BOE + 00 4.6BE + 03 6.25E-01 1.99E + 00 7.1BE + 02 
6.BOE + OO 383E + 03 6.2BE-01 1.99E + OO 1.91E + 02 
6.8OE + 00 3.O3E + 03 8.25E-O1 1.99E + 00 8.60E + 01 
6.BOE + OO 4.S7E + 03 8.2BE-01 1.99E + 00 6.99E + 02 
4.25E+01 1.63E + 04 3.906 + 00 1.24E + 01 6.1BE + 03 

8.50E + 01 1.70E + 04 7.81 E +00 2.49E + 01 2.49E + 02 
6.BOE + OO 4.5BE + 03 8.26E-01 1.99E + OO 7.1BE + 02 
1.79E + 01 1.12E + 03 1.64E + 00 B.24E + 00 1.23E + 01 

6.BOE + OO B.39E + 02 8.2BE-01 1.99E + OO 1.05E + 01 
5.10E + 01 1.64E + 04 4.69E + 00 1.49E + 01 3.17E + 02 

6.7BE + 01 2.04E + 04 6.26E+ 00 1.98E + 01 6.39E + 02 
2.00E + 02 837E + 03 1.B7E + 01 6 83E + 01 9.15E + 01 
4.06E + 01 2.16E + 03 3.76E + OO 1.T9E + O1 2.23E + 01 
1.33E + O1 6.16E + 02 1.23E + 00 3.90E + 00 6.67E + 00 
3.37E + O2 1.75E + 04 1.17E + 01 3.70E + 01 7.35E + 01 

B.22E + OO 368 E + 03 2.41E + 00 7.69E + OO 1.46E + 02 
1.29E + 01 J.29E + 02 3.7BEO) 1.19E + OO 2.27E-01 

2.28E-01 7.20E + 01 8.7BE-O2 2.79E-01 1.O9E + O1 
1.6OE + 00 2.99E + 01 1.26E + 00 3.9BE + OO 1.34E + 00 

' i.40%*^' 
ND ND ND ND ND 

2.28E-01 7.20E4-01 876E-02 2.79E01 1 09E + 01 
2.O4E + 01 3.76E + 03 1.2BE + 01 3.98E+ 01 3.S7E + 02 

Short-eared 
Owl Cardinal 

4.S3E + 08 336E + 05 

5 64E + 07 1.05E + 04 
1.00E + 05 2.37E + 05 
7.BBE + D6 2.*3B-KJb ''..: 
9.87E+07 7.1IEtO!i! 
1.22E + 05 8.19E + P2 
2.49E01 • 4.8eii>62 

1D6E + D7 i.iB5+d7 ' 
4.46E+06 J.»S£40i 
1.13E + 07 9.BBE + 02 
t.74E+05" . '• *.056+OT- •' 
2.D4E404 <-«*fe*^* .". 

2.B3E + 02 2.61E + 02 
8.82E + 00 6.09E + 00 
1.03E + 03 7.44E + 02 
B.61E + 01 B.B6E + 00 
8 1SE + 00 8.S2E + 00 
1.91E + 02 8.9OE + 00 
7.12E + 02 8.91E + OO 
1.91E + 02 8.9OE + 00 
8.61E+01 8.B6E + 00 
6.93E + 02 B.91E + 00 
6 10E + 03 B.43E + 01 
2.49E + 02 LOSE + 02 
7.12E + 02 6.91E + OO 
1.23E + 01 1.24E + 01 
1 06E + 01 7.47E + 00 
3 17E + 02 657 E + 01 

5.36E + 02 1.17E + 01
 
9.1SE + 01 1.15E + 01
 
2.24E + 01 2.60E + 00
 
6.87E + 00 342 E + 00
 
7.38E + 01 B.61E + 01
 

1.48E + 02 3.44E + 01 
2.27E01 4.9SE + 00 

4.3BE+00 ' • i}.8iE+6o •' 
1.10E + 01 1.23E + OO 
1.34E + 00 1.76E + 01 
S.S7E.(H i.63iE*Crt 

ND ND 
1.10E + 01 1.23E + 00 
3.B7E + 02 1.68E + 02 

* Italicized numbers indicate that maximum concentrations were less than MMR background concentrations for soils 

HI Hazard Indox 
ND Not Dnrivod 
NA Not Available 
NE - Not Evaluated 



TABLE SM(cont) 
Contaminant* of Ecological Conctm In Surface Soils for Food Chain Receptors 

AOC FS-1S Rl STUDY AREA 
MASSACHUSETTS MILITARY RESERVATION 

Unit  mg/kg 
Mouse 

HI 
Vole 
HI 

Shrew 
HI 

Fox 
HI 

Upland 
Sandpiper 

HI 

Grasshopper 
Sparrow 

HI 

Not then
Harrier 

HI 

 Shorts it to 
Owl 
HI 

Cardinal 
HI 

Contaminant 
of Ecological 

Concern 
Inorganics 
Aluminum 
Arsenic 
Barium 

0  5 
6.2 
O.O 

0.3 
6.6 
0.0 

'-: •'

0.3 
 $S.4 ''-I:

0.0 
':' '' ." • 

0.0 
0.6 
o.o 

. •••••.:• V; ' f
0.0 

 ••'-. '•: / .;' ££ S; -f: "5:

o.o 

0.0 
. : '-.•: ":i''i:'jj.S: '• '''•' '• ''• 

0.0 

0.0 
:- ' • ' . • ' : ' 'i"':-. •'"•;:'• 9'.9^"f '̂'̂ :''̂ \'

0.0 
v: 

: 0.0 
ajo ::'.'~ 
o.o 

0.0 
6.1 
0.0 

N 
Y 
N 

Beryllium 

Cadmium 
Chfoniiuni 

0.0 
0.9 
•i* 

0.0 

0.1

0.2 
. 

0.0 
. • . ' • - : /  • ;*tV-::;:-:\: -; ' •  . 
• •':i -'

:.::i:$Mi:;*.:-y '"•- •:"'"•" 

0.0
6':6 •.;. . 
0,?':' :: 

0.0 
y. :j -. : 

:-iVS:: v?f i; '••'•:•;. S 3ji'-^ W î 

V ;.;:' f'ti:;:;': ' •;::<:; : 'tyft̂ z-.P?.. 

0.0 
:.;;.:::::•-.-;•• : •£.£ j :•.-:;:;: • . ,..V. 

••:-:i': .::i;V'::': •6.:ty:i?'' ;':''• 

o.o 
!:'. :-:-;-;:0;?: :i-:i:i-fr<>'':;:'; -••:\:f;-ss:: >?.; ; . ! 
'V'" >; H'b '. ''v&iifS?'?*%*%!&•''' ?*••'" 

o.o 
'. 6,6 :':

''''.<&'&"•
 '.-.. :

 •:• "' 
. ' 

0.0 

6.0 • "' •

N 

. Y 

. . Y  ' 
Cobalt 
Cyanide . -'-'.:

•• ,

0.0 
 6.4 '• .' 

 at -.-. ••: 
6,t '

:

 •' :

0.0 
 6.3 : 

0.0 
 6.3 .:•• .;:.

0.0 

 "l.Vft.t'-y-Vftf^?: 

0.0 
"OXJ • • • • • - . 
1 6vtj" •"' • ;:-

• ^),0'- -:-•• 

o.o 
:yyil:f:;l̂ ii!?^̂ :; 

o.o p.p' 
'':-$iJ$%t?ty'$$&j& ĵjffi33;: 

; :'<?;:•; j;£ ;? -ĵ i; . 'frffi? %%?%•§$$$%?.. '. 

0.0 

!::S0^^.:!-^/? 
;::V.S.»;:;;';::v;::'-;:- . " • •  : 

0.0 

•' •: •

N 
• Y

 Y : 

 ' , 

Nickel 
Vansdiutn
Zinc;

 . i
 . ! 

 ' " • ' . .  
o.o 0.0 o.o 

• • : . :•:•.•.• :•:•£ i ••••:-••.•.-" :•:•:• :•• • -:•• : .-: 

' ".•:':'.''.'.-:'-• ̂ j,j :-•-'•''••"•'•:"-. •'• '•"•- ':•.• 

o.o .'. 'o.o......'. .. 0.0

iiiPBiii' ...'. 6.6" 0.0 

••••.ft :&£>••••:&::* fy$&:'$fx^£f(fi;&-'i-x-'.''o'&;f'x,'f, ;;; . • • •  >

0.0 

: 1.j \ ;  - 
'''•' '-/: '

•:'• "

N 
V - - ' 
Y •' 

Semi-volatile Organlcs 
2 Methyhaphthalena o.o 0.0 o.o o.o 0.0 0.0 0.0 o.o 0.0 N 
Acenaphthylene 
Anthracene 

o.o 
o.o 

0.0 
0.0 

0.0 
o.o 

o.o 
o.o 

0.0 
0.0 

o.o 
o.o 

0.0 
o.o 

0.0 
0.0 

0.0 
0.0 

N 
N 

Benzofatanthracene 0.0 0.0 0.0 o.o 0.1 o.o 0.0 0.0 0.0 N 
Benzotalpyrene o.o 0.0 o.o o.o 0.1 0.0 o.o 0.0 0.0 N 
Benzo(b)fluoranthene 0.0 0.0 0.0 o.o 0.3 0.1 0.0 0.0 0.0 N 
Benzo(ghi)perylena 0.0 0.0 0.0 o.o 0.1 0.0 o.o 0.0 0.0 N 
BenzofMfluoranthen* 0.0 0.0 0.0 o.o 0.3 0.1 o.o 0.0 0.0 N 
Chrytene 0.0 0.0 0.0 o.o 0.1 0.0 0.0 o.o o.o N 
Oibenzo(ahlanthfacene o.o o.o 0.0 o.o 0.0 o.o o.o o.o 0.0 N 

Di-n- butyl phthalate 
Fluoranthene 

o.o 
0.0 

0.0 
0.0 

o.o 
0.0 

o.o 
o.o 

o.o 
0.0 

0.0 
0 0 

o.o . 
0.0 

0.0 
o.o 

0.0 
0.0 

N 
N 

rndeno(123-cd)pyrene 0.0 0.0 o.o 0.0 O.1 o.o o.o 0.0 0.0 N 

Naphthalene 
Phenanthrene 

0.0 
0.0 

0.0 
0.0 

0.0 
0.0 

0.0 
o.o 

0.0 
o.z 

0.0 
0.1 

0.0 
o.o 

o.o 
0.0 

0.0 
0.0 

N 
N 

Pyrene o.o 0.0 0.0 0.0 0.0 0.0 0.0 o.o 0.0 N 

Volatile Organlcs 
Acetone 0.0 0.0 0.0 o.o 0.0 0.0 o.o o.o 0.0 N 

Chloroform 0.0 0.0 0.0 0.0 o.o 0.0 0.0 o.o 0.0 N 

Methylene Chloride 
Toluene 

0.0 

0.0 

0.0 
0.0 

0.0 
0.0 

0.0 
0.0 

0.0 
0.0 

0.0 
0.0 

0.0 
0.0 

0.0 
0.0 

0.0 
0 0 

N 
N 

Total Xylenei 0.0 0.0 0.0 0.0 o o o o o o 0.0 0.0 N 

Pestlcldes/PBCs 
4,4' DDD 0.0 0.0 0.0 0.0 o.o 0.0 0.0 0.0 0.0 N 

4, 4'- DDE 
4,4:-6dt ' :v '"': '•  • • 

0.0 

6,0 
0.0 
6.6 •

0.0 
- . • : •  • o.l >. • • • ' - • " • •  . 

0.0 
••b.6":'':-

0.3 
~ •'•:•?•• ':- jv:*'.;.':^ i.i ••':£ 'J1.'. • ' "  •

0.1 
•:: -1 

: ' . • ' '  • la/s:-;:?-;.1:: ;:.:;.;::;..,.;,::;..:.••
0.6 

 £ j . : ...::..,•:;: j;:;-:-::- :::::,:. ... 
0.5 

:'.:;'&j-::" i:::;v • ••' 
0.0 
tt.3>:" • • : '

N 
V' • •' 

alpha-Chlordane 
Aroclor 126O 
DroWm ':• '': :•''"''••'•• 

0.0 
0.0 
0.3 

0.0 
0.0 
0.6 

0.0 
0.3 

:• : •  • j>.iv • ' . • • • •  • • '  

0.0 
0.0 
0.6. 

o.o 
0.4 

: .•..,:.•.-.:.:•:.:;•;:•.•.,:.::.••. .Jĵ :' .-; -.V 

0.0 
0.1 

:::  : ' - ' 'is?'".. %&£'%•*? 'Si 

0.0 
0.4 

•:•;' :":.'::'' '•'•''' "i.:; •tjtf'^f' y.:-̂ f;&.J-:.>. 

0.0 
0.4 

• "•:; M ^Vf •' ••' :- :-

0 0 
0.0 

• ' '• • 6,?.

N 
N 
Y 

Endrin ketohe NE NE NE NE NE NE NE NE NE NE 

gamma Chlordane 
Methoxychlor 

0.0 

0.0 
0.0 
0.0 

0.0 
0.0 

0.0 
0.0 

0.0 
o.o 

0 0 
0.0 

O.O 
0.0 

0.0 
0 0 

0.0 
0.0 

N 
N 

HI • Hazard Index 
NE - Not Evaluated 
N No 
Y Yet 



TABLE 2-99
 
Selection of Contaminants of Ecological Concern For Groundwater
 

AOC FS-19 Rl STUDY AREA
 
MASSACHUSETTS MILITARY RESERVATION
 

MMR Site-Specific MMR Site-Specific Aquatic 
F-19 Site Data F-19 Site Data Background Background Benchmark Contaminant 

Maximum Maximum Maximum Maximum Value HQ HQ of Ecological 
(ug/L) (ug/L) (ug/L) (ug/L) (ug/L) Total Dissolved Concern 
Total Dissolved (f) Total < Dissolved (e) (a.b) 

VOCs 
1,1,1-Trichloroethane 1.6 18000 0.0001 N 
Benzene 07 5300 00001 N 
"oluene 7.6 17500 0.0004 N 
ithylbenzene 2.6 32000 0.0001 N 

M/P-Xylene 12 13500 0.0009 N 
O-Xylene 5.1 13500 0.0004 N 
1 ,3,5-Trimethylbenzene 1.2 NA NE NE 
1 ,2,4-Trimethylbenzene 3.8 NA NE NE 
SVOCs NA NE NE 
Bis(2-ethylhexyl)phthalate 13 NA NE NE 
Inorganics 
Aluminum 15100 155 312 259 NA NE NE NE 
Antimony 
Arsenic 

ND 
4.8 

5.5 
ND 

30 
2 

30 
2 

30 
2962 

ND 
0.0016 

0.183 
ND 

N 
N 

Barium 136 117 94.8 100 NA NE NE NE 
Beryllium 
Cadmium (d) 
Chromium (c) 
Cobalt 
Copper (d) 
Iron 
Lead (d) 
Manganese 
Nickel (d) 
Vanadium 
Zinc (d) , .

1.2 
ND 
21 
14 

137 
19300 
ilsj 
465 

1 2z< 
24.4 

• ..„,...,, -.819 ,:.,. ,,.„,,. ,. ,

ND 
0.22 
ND 
ND 
ND 
Nb 
is 
1.5 
5.2 
ND 

 3«.2 ,., 

1.5 
2.5 
17.4 
6 

' 115 ;'.
.:••' 4tt.J'  /

. ia1 ,' '• ,!

109 
.' :̂ '£ 

7.5 
• • i . j i . l . l . j  ; : i,OO.9i.| < : • !;r I. Ih. , - i - . 

• 
 " •

" 
• 

5.1 
2.5 

6 

.:.MvV 
• !H:'fi '-V.I ' 

103 
: 'fl9'' 

7.5 
...'.'.u;i'i;73»Si'> i 

5.3 
0.24 

NA 

§w 
ill-

NA 
• : • h ! • ' • : ' • '  ' ;:''S0.:?I!I;N;K 

NA 
, •.iinliM.iiili.ii, i .!i: i;ii;.:47lJi!,i4:i. 

0.23 
ND 

1:91 
NE 

: 6.23 

: • ' - , | ji,j J§. 

NE 
i •' ' ! : '1 t'd3 

NE 
:':,..;, .n.l.lK,,'. 

ND 
0.92 
ND 
ND 
ND 

• •s.tib-.'-il; 
NE 

• (J.IZ4 '• 
NE 

: :,: 0.77 ; ,.., -•'' •

NE 
N 
Y 

NE 
Y 
Y 
Y 

NE 
Y 
N 

 • • * • •  • 

NOTES:
 
a) Values from MMR Handbook Table O-2.
 
b) Italicized values represent CCC values in Ambient Water Quality Criteria (U.S. EPA, May 1991. Water Quality Criteria. [Fresh Chronic Criteria]).
 

c) Assumed chromium VI.
 
d) For hardness-dependent metals, Ni, Zn, Pb, Cu. and Cd. assumed water hardness value of 14 mg CaCO3/L and used AWQC hardness equation for the metal to derive the CCC value.
 
e) MMR maximum groundwater concentrations from Table 1 in MMR Background Inorganics Study. HAZWRAP. January 1994
 
f) Bold values are less than MMR site-specific background dissolved concentrations
 
NA = AWQC are not available for the compound and no value is presented in Table O-2 of MMR Handbook.
 
NE = Compound detected in groundwater. but could not be evaluated in terms of potential adverse impacts to aquatic receptors because of lack of aquatic toxicity information in MMR Handbook.
 

ND = Not detected
 
N = No 
Y = Yes 
HQ = Hazard Quotient 

I I I I I 
Z/1/99 



TABLE 2-100
 
Summary of Data for Surface Soils
 

AOC FS-19 Rl STUDY AREA
 
MASSACHUSETTS MILITARY RESERVATION
 

CONCENTRATION MMR SITE-SPECIFIC 
UNITS DETECTS SAMPLES MINIMUM MAXIMUM AVERAGE BACKGROUND (1) 

MINIMUM MAXIMUM 

Volatile Organlcs 
Methylene Chloride mg/kg 1 3 0.001 0.001 0.0027' NA NA 
Acetone mg/kg 1 3 0.005 0.005 0.0055* NA NA 
Chloroform mg/kg 2 3 0.001 0.001 0.001 NA NA 
Toluene mg/kg 2 3 0.001 0.002 0.003* NA NA 
Total Xylenes mg/kg 1 3 0.003 0.003 0.005* NA NA 

Semi-Volatile Organics 
Naphthalene mg/kg 1 3 0.029 0.029 0.14* NA NA 
2-methylnaphthalene mg/kg 1 3 0.038 0.038 0.14* NA NA 
Acenaphthylene mg/kg 1 3 0.022 0.022 0.13* NA NA 
Phenanthrene mg/kg 3 3 0.035 0.11 0.062 NA NA 
Anthracene mg/kg 1 3 0.011 0.011 0.13* NA NA 
Di-n-butylphthalate mg/kg 2 3 0.012 0.02 0.079* NA NA 
Fluoranthene mg/kg 3 3 0.038 0.17 0.11 NA NA 
Pyrene mg/kg 3 3 0.035 0.13 0.089 NA NA 
Benzo(a)anthracene mg/kg 2 3 0.042 0.064 0.051 NA NA 

Chrysene mg/kg 3 3 0.036 0.089 0.062 NA NA 
Benzo(b)(luoranthene mg/kg 3 3 0.046 0.16 0.11 NA NA 
Benzo(k)fluoranthene mg/kg 3 3 0.046 0.16 0.11 NA NA 

Benzo(a)pyrene mg/kg 3 3 0.017 0.065 0.048 NA NA 
lndeno(1 ,2,3-cd)pyrene mg/kg 3 3 0.024 0.049 0.039 NA NA 
Dibenz(a,h)anthracene mg/kg 1 3 0.029 0.029 0.14* NA NA 
Benzo(g,h,l)perylene mg/kg 3 3 0.022 0.045 0.034 NA NA 

PETROLEUM PRODUCTS 
Total Petroleum Hydrocarbons mg/kg 2 3 48 100 52 NA NA 
Diesel Range mg/kg 3 3 14 39 23 NA NA 

Tab2- 100x15 



TABLE 2-100 (cont.)
 
Summary of Data for Surface Soils
 

AOC FS-19 Rl STUDY AREA
 
MASSACHUSETTS MILITARY RESERVATION
 

CONCENTRATION MMR SITE-SPECIFIC 
UNITS DETECTS SAMPLES MINIMUM MAXIMUM AVERAGE BACKGROUND (1) 

MINIMUM MAXIMUM 

Pesticldes/PCBs 
Dieldrin mg/kg 3 3 0.018 0.12 0.07 NA NA 
4,4'-DDE mg/kg 3 3 0.011 0.11 0.055 NA NA 
4,4'-DDD mg/kg 2 3 0.012 0.019 0.011 NA NA 
4,4'-DDT mg/kg 3 3 0.027 0.93 0.41 NA NA 
Methoxychlor mg/kg 2 3 0.016 0.034 0.025 NA NA 
Endrin Ketone mg/kg 2 3 0.017 0.032 0.021 NA NA 
Alpha-chlordane mg/kg 1 3 0.0013 0.0013 0.0012 NA NA 
Gamma-chlordane mg/kg 2 3 0.0019 0.003 0.0022 NA NA 
Aroclor-1260 mg/kg 2 3 0.26 0.54 0.27 NA NA 

Inorganic Analytes 
Aluminum mg/kg 3 3 7590 13800 9680 1146 8930 
Arsenic mg/kg 3 3 2.9 4.8 3.6 0.15 3.6 
Barium mg/kg 3 3 15.7 57.9 30 2 10.4 
Beryllium mg/kg 2 3 0.28 0.39 0.27 0.1 0.65 
Cadmium mg/kg 2 3 0.45 1.1 0.78 0.4 1.5 
Calcium mg/kg 3 3 356 1280 693 26 969 
Chromium mg/kg 3 3 6.6 11.5 8.8 0.8 6.8 
Cobalt mg/kg 3 3 1.5 3.2 2.6 0.5 4.1 
Iron mg/kg 3 3 9340 13900 11033 2050 12400 
Lead mg/kg 3 3 29.9 119 63 1.3 12.05 
Magnesium mg/kg 3 3 633 1300 988 176 794.5 
Manganese mg/kg 3 3 43.3 92 72 16 108 
Nickel mg/kg 3 3 4 6 5.1 1.05 5.2 
Potassium mg/kg 3 3 370 717 526 76 551 
Vanadium mg/kg 3 3 13.4 22.5 19 1.13 15.2 
Zinc mg/kg 3 3 21.6 68 43 3.05 16 
Cyanide mg/kg 3 3 0.1 0.1 0.053 0.185 0.7 

NOTES: 

1. MMR Final Risk Assessment Handbook. Table E-1. Summary Statistics for Inorganic Concentrations Selected Background Surface 
Soil Samples. Automated Sciences Group, Inc. September 1994. 
* The average concentration exceeds the maximum concentration due to values of one-half the detection limit exceeding the 
maximum concentration. 
NA Not Applicable 

I I 



Table 2-101 
Ecological Exposure Do** for Food Chain Receptor* 

Maximum Concentration* 
Surface Soil 

Meadow Vole 

AOC FS-19 
MASSACHUSETTS MILITARY RESERVATION 

coc 
SCFs 

(kg dry sol)/ 
(kg dry plant) 

Max 
SC 

(fng/g) 

Max 
PC 

(mg/g) 
PP PS IR(a) 

<g/d) 
PI 

(fl'd) 
SI

(g/d)

Max 
 WC 
 <mg/L) 

Wl
(LAJay)

 HRF BW(a) 
 (kg) 

Max 
D 

(mg/kg/d) 

PESTICIDES/PCB* 
DIELDREN 
4.41 DDT 

1.00E-01 
1.58E-02 

1.20E-04 
9.30E-04 

1.20E-OS 
1.47E-OS 

0.97 
0.97 

0.03 
0.03 

3.60 
3.60 

3.49 
3.49 

0.106054 
0.108054 

0 
0 

0.00205 
0.00205 

0.5 
0.5 

0.036 
0.036 

7.62E-04 
2.11E-03 

INORGANICS 
ARSENIC 
CADMIUM 
CHROMIUM 
CYANIDE 
LEAD 
MANGANESE 
VANADIUM 
ZINC 

4.00E-02 
550E-01 
7.50E-03 . 
1.75E+01 
4.50E-02 
2.50E-01 
5.SOE-03 
1.50E+00 

4.80E-03 
1.10E-03 
1.15E-02 
1.00E-04 
1.19E-01 
8.20E-02 
2.25E-02 
6.80E-02 

1.92E-04 
6.05E-04 
8.63E-OS 
1.75E-03 
5.36E-03 
2.30E-02 
1.24E-04 
1.02E-01 

0.97 
0.97 
0.97 
0.97 
0.97 
0.97 
0.97 
0.97 

0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 

3.60 
3.60 
3.60 
3.60 
3.60 
3.60 
3.60 
3.60 

3.49 
3.49 
3.49 
3.49 
3.49 
3.49 
3.49 
3.49 

o:iosos4 
0.108054 
0.108054 
0.108054 
0.108054 
0.108054 
0.108054 
0.108054 

0 
0 
0 
0 
0 
0 
0 
0 

0.00205 
0.00205 
0.00205 
0.00205 
0.00205 
0.00205 
0.00205 
0.00205 

0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 

0.036 
0.036 
0.036 
0.036 
0.036 
0.036 
0.036 
0.036 

1.65E-02 
3.10E-02 
2.14E-02 
8.51E-02 
4.38E-01 
1.25E+00 
3.98E-02 
5.0SE+00 

COC = contaminant of concern 
SCFs = son-to-plant concentration factor 
SC = soil concentration 
PC = plant concentration 
IR = Ingestlon rate of species of concem(dry weight) 
IT = Invertebrate Ingestlon rate(dry weight) 
BAFInv = bloaccumutallon factor lor Invertebrates 

PI = plant Ingestlon rate(dry weight) 
SI = »ol Ingestlon rate 
Plnv = percent Invertebrate Ingestlon 
PP = percent plant Ingestlon 
PS = percent sol Ingestlon 
HRF = home range factor 
BW= body Wright 

WC = water concentration 
Wl = water Intake rale 
D = exposure dose 
1C = Invertebrate concentration 

(a) EPA 1993 

2/1/W FS1G*coFINALlxk 



Table 2-102
 
Ecological Exposure Dose for Food Chain Receplort
 

Mean Concentrations
 
Surface Soil
 

Meadow Vole
 

AOCFS-19 
MASSACHUSETTS MILITARY RESERVATION 

SCFs Mean Mean Mean 
coc (kg dry soil)/ SC PC PP PS IR(a) PI SI WC 

(kg dry plant) (mrt) (mg/g) (g« (g/d). (g/d) (mg/L) 

PESTICIDES/PCBs 
DIELDRIN 1.00E-01 7.00E-05 7.00E-O6 0.97 0.03 3.60 3.49 0.108054 

4,4' DDT 1.58E-02 4.10E-04 6.48E-06 0.97 0.03 3.60 3.49 0.108054 

INORGANICS 
ARSENIC 4.00E-02 3.60E-03 1.44E-04 0.97 0.03 3.60 3.49 0.108054 

CADMIUM 5.50E-01 7.80E-04 4.29E-04 0.97 0.03 3.60 3.49 0.108054 

CHROMIUM 7.50E-03 8.80E-03 6.60E-05 0.97 0.03 3.60 3.49 0.108054 

CYANIDE 1.75E+01 5.30E-05 928E-04 0.97 0.03 3.60 3.49 0.108054 

LEAD 4.50E-02 6.30E-02 2.84E-03 0.97 0.03 3.60 3.49 0.108054 

MANGANESE 2.SOE-01 7.20E-02 1.80E-02 0.97 0.03 3.60 3.49 0.108054 

VANADIUM 5.50E-03 1.90E-02 1.05E-04 0.97 0.03 3.60 3.49 0.108054 

ZINC 1.50E+00 4.30E-02 6.45E-02 0.97 0.03 3.60 3.49 0.108054 

COC = contaminant of concern PI = plant Ingestion rate(dry weight) WC = water concentration 
SCFs = soil-to-plant concentration (actor SI = soil ingestion rate Wl = water Intake rate 
SC = soil concentration Plnv = percent Invertebrate Ingestion D = exposure dose 
PC = plant concentration PP = percent plant Ingestion 1C = Invertebrate concentration 
IR = ingestion rate ol species of concem(dry weight) PS = percent soil Ingestion 
IT = invertebrate ingestion rate(dry weight) HRF = home range (actor 
BAFinv = bioaccumulatlon (actor (or invertebrates BW = body weight 

(a) EPA 1993 

0 
0 

0 
0 
0 
0 
0 
0 
0 
0 

Wl
(LAtay)

0.00205 
0.00205 

0.00205 
0.00205 
0.00205 
0.00205 
0.00205 
0.00205 
0.00205 
0.00205 

 HRF

0.5 
0.5 

0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 

 BW(a) 
 (kg) 

0.036 
0.036 

0.036 
0.036 
0.036 
0.036 
0.036 
0.036 
0.036 
0.036 

Mean
 
D
 

(rng/kg/d)
 

4.45E-04 
9.30E-04 

1.24E-02 
2.20E-02 
1.64E-02 
4.51E-02 
2.32E-01 
981E-01 
3.36E-02 
3.19E+00 

FS19 
I*"" I 



Table 2-103 
Ecological Exposure DOM for Food Chain Recaptore 

Maximum concentrations 
Surface Soil 

White-looted Mousa 

AOCFS-19 Study Area 
Massachusetts Military Reservation 

SCFI MB Un Ita UK 
coc ac PC BAFIW c Ph. PP p» IBM n PI we Wl HW BWIi) D 

Itgdryptal) Into lift) KM) ft*) (»*>• 
^ „ 

•el) MM Ml («•*•«) 

PESTICIDES/PCBa 
DIELDFHN 1.00E-01 1.20E-04 1.20E-05 3 (4) 3.60E-04 0.17 0.8 0.03 0664 1.47E-01 S.66E-08 2.5BE-02 0 0.0355 0.50 0.022 127E-03 
4.4--ODT 1.58E-02 9.30E-04 1.47E-05 3 (4) 2.79E-03 0.17 0.8 0.03 0.864 I.47E-01 6.B4E-08 2.S9E-02 0 0.0355 050 0.022 9.86E-03 

INORGANICS 
ARSENIC 600E-03 4.80E-03 2.88E-05 0.24 (3) 1.1SE-03 0.17 08 0.03 0864 1.47E-01 1.36E-06 2.5BE-02 0 0.0355 0.50 0.022 6.67E-03 
CADMIUM 1.50E-01 1.10E-03 1.65E-04 14 (3) 1.54E-02 0.17 0.8 0.03 0.864 1.47E-01 7.7BE-05 2.59E-02 0 . 0.0355 0.50 0.022 521E02 

CHROMIUM 4.50E-03 1.1SE-02 S.18E-05 0.3 (3) 3.45E-03 0.17 0.8 0.03 0.864 1.47E-01 4.07E-OS 2.SBE-02 0 0.0355 0.50 0.022 1.83E-02 

CYANIDE 1.75E*OI 1.00E-04 1.75E-03 0.31 (1) 3.10E-05 0.17 0.8 0.03 0.864 1.47E-01 B.26E-04 2.59E-02 0 0.0355 050 0.022 1.9SE-04 

LEAD 9.00E-03 1.19E-01 1.07E-03 0.27 (3) 3.21E-02 0.17 0.8 0.03 0.864 1.47E-01 5.06E-04 2.S9E-02 0 0.0355 0.50 0.022 I.77E-01 

MANGANESE 5.00E-02 9.20E-02 B28E-02 0.054 (3) 4.97E-03 0.17 0.8 0.03 0864 1.47E-01 2.17E-03 2.S9E-02 0 0.0355 0.50 0.022 7.49E-02 
VANADIUM 300E-03 2.25E-02 6.75E-05 0.042 (3) 1.45E-04 0.17 0.8 0.03 0.664 1.47E-01 3.19E-OS 2596-02 0 0.0355 0.50 0.022 1.64E-02 
ZINC 9.00E-01 6.80E-02 6.12E-02 3.78 (3) 2.57E-01 0.17 0.8 0.03 0.864 1.47E-01 2.89E-02 2.S9E-02 0 0.0355 0.50 0.022 9.38E-01 

COC = contaminant o' concern PI * plant Ingeston rale (dry weight) VtfF* HiMlar Iwo • waier (•Oncenuaooo 

SCFs - soil-to-plant concentration lactor S * ton tngestten rata (dry weight) vm » watM Make tart 

SC  soil concentration plnv • percent Invertebrate Mgestlon D » exposure dose 

PC = plant concentration PP • percent plant Ingestlon 1C • Invertebrate concentration 

IR = Ingestlon rate ol species ot concern (dry weight) PS • percent ion Ingealton 

IT = Invertebrate Ingestlon rate (dry weight) HRF . home range lactor 

BAFirrv = bloaccumulatlon lactor lor Invertebrates BW> body weight 

(l)Menzleetal. 1992 

(2) Beyer and Staltord 1993 

(3) Sample el at 1998 

(4) MMR RAH 

(a) EPA 1993 
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Table 2-104 
Ecological Exposure Dose for Food Chain Receptors 

Mean Concentrations 
White-footed Mouse 

. AOC FS-19 Study Area 
Massachusetts Military Reservation 

coe 
«CF. MOT 

SC 

MOT 

re lAFtv
MOT 
c

frne'ei
 rim rr n not

 (§*<.
 rr 

 (e^ 
n SI 

If* 

MOT 

WC Wl HRf 

M 

MOT 
0 

PESTICIDES/PCBt 
DIELDRIN 
4,4'-DDT 

1.00E-01 
1.58E-02 

7.00E-05 

4.10E-04 

7.00E-06 
6.48E-08 

3
3
 (4)
 (4)

 2.10E-04
 1.23E-03

 0.17
 0.17

 0.8 0.03 0.864
 0.8 0.03 0.864

 1.47E-01 
 1.47E-01 

8.91E-01 
6.91E-01 

2.5BE-02 
2.5BE-02 

0 

0 

0.0355 
0.0355 

0.50 

0.50 

0.022 
0.022 

8.52E-04 
4.45E-03 

•MORGAMCS 
ARSENIC 
CADMIUM 
CHROMIUM 
CYANIDE 
LEAD 
MANGANESE 
VANADIUM 
ZINC 

6.00E-03 
1.50E-01 
4.50E-03 
1.75E+01 
9.00E-03 
5.00E-02 
3.00E-03 
9.00E-01 

3.60E-03 

7.80E-04 

8.80E-03 

5.30E-05 

6.30E-02 

7.20E-02 

1.90E-02 

4.30E-02 

2.16E-OS 
1.17E-04 
3.Q6E-05 
9.28E-04 
5.67E-04 
3.60E-03 
5.70E-05 
3.87E-02 

0.24 (3)
14 (3)
0.3 (3)

0.31 (1)
0.27 (3)
0.054 (3)
0.042 (3)
3.78 (3)

 8.84E-04
 1.09E-02
 2.64E-03
 1.64E-05
 1.706-02
 3.89E-03
 7.96E-04
 1.63E-01

 0.17 0.8 0.03 0.864
 0.17 0.8 0.03 0.864
 0.17 0.8 0.03 0.864
 0.17 0.8 0.03 0.864
 0.17 0.8 0.03 0.864
 0.17 0.8 0.03 0.864
 0.17 0.8 0.03 0.864
 0.17 0.8 0.03 0.864

 1.47E-01 
 1.47E-01 
 1.47E-01 
 1.47E-01 
 1.47E-01 
 1.47E-01 
 1.47E-01 
 1.47E-01 

6.91E-01 
8.91E-01 
8.91E-01 
8.B1E-01 
6.91E-01 
6.91E-01 
6.91E-01 
8.91E-01 

2.S9E-02 
2.59E-02 
2.59E-02 
2.59E-02 
2.59E-02 
2.59E-02 
2.S9E-02 
2.S0E-02 

0 

0 

0 

0 

0 

0 

0 

0 

0.0355 
0.0355 
0.0355 
0.0355 
0.0355 
0.0355 
0.0355 
0.0355 

0.50 

0.50 

0.50 

0.50 

0.50 

0.50 

0.50 

0.50 

0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 

5.34E-03 
3.8BE-02 
1.46E-02 
1.47E-02 
1.03E-01 
1.12E-01 
1.4BE-02 
1.18E+00 

COC = contaminant of concern 
SCFs = soil-to-plant concentration factor 

PI . plant ingestion rate (dry weight)
SI - toll ingestion rate (dry weight)

 WC - water concentration 
 Wl water Wake rate 

PC « plant concentration 

IR * ingestion rate of ipeciet ol concern (dry weight) 

IT o invertebrate ingestion rate (dry weight) 

BAFkiv = bioaccumulation lactor for invertebrates 

PP » percent plant ingestion 

PS » percent 

HRF - home range lactor 

BW . body weight 

(l)Menzieetal. 1992 

(2) Beyer and Stafford 1993 

(3) Sample et all 998 

(4) MMR RAH 
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Table 2-105 
Ecological Exposure dose for food Chain Receptors 

Maximum Concentrations 
Surface Soil 

Northern Short-tailed Shrew 

AOC FS-19 Study Area 
Massachusetts Military Reservation 

coc
MM 

 sc 
(mg/g) 

BAFlnv 

Mu 

1C 

(mo/g) 

Plov PS IR(a) 

<c/d) 

IT 

(9/1) 

SI 

(0/d) 

Max 

, we 
(mg/L) 

Wl 

(LWay) 

HRF BW(a) 

(kg) 

Mai 

D 

(mg/kg/d) 

PESHCIDES/PCBt 

DIELDRIN

4.4'-DDT

 1.20E-04 

 9.30E-04 
3
3

 (4) 
 (4) 

3.80E-04 

2.79E-03 

0.97 

0.97 

0.03

0.03

 1.272 

 1.272 

1.23E+00 

1.23E+00 

3.B2E-02 

3.82E-02 

0 

0 

0.0125 

0.012S 

0.5 

0.5 

0.015 

0.015 

1.50E-02 

1.16E-01 

INORGANICS 

ARSENIC

CADMIUM

CHROMIUM

CYANIDE

LEAD

MANGANESE

VANADIUM

ZINC

 4.80E-03 

 1.10E-03 

 1.15E-02 

 I.OOE-04 

 I.I9E-OI 

 9.20E-02 

 2.25E-02 

 6.80E-02 

0.24 (3) 

14 (3) 

0.3 (3) 

0.31 (3) 

0.27 (3) 

0.054- (3) 

0.042 (3) 

3.78 (3) 

1.15E-03 
1.S4E-02 

3.4SE-03 

3.10E-05 

3.21E-02 

4.97E-03 

•.4SE-04 

2.57E-01 

0.97 

0.97 

0.97 

0.97 

0.97 

0.97 

097 

097 

0.03

0.03

0.03

0.03

0.03

0.03

0.03

0.03

 1.272 

 1.272 

 1.272 

 1.272 

 1272 

 1272 

 1272 

 1.272 

I23E+00 

1.23E+00 

1.23E+00 

1.23E+00 

1.23E+00 

123E+00 

1.23E+00 

1.23E»00 

3.82E-02 

3.82E-02 

3.82E-02 

3.82E-02 

3.B2E-02 

3.82E-02 

3.82E-02 

382E-02 

0 

0 

0 

0 

0 

0 

0 

0 

0.012S 

0.012S 

0.012S 

0.0125 

0.0125 

0.0125 

0.012S 

0.0125 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.015 

0.015 

0.015 

0.015 

0.015 

0.015 

0.015 

0.015 

5.35E-02 

6.35E-01 

V57E-01 

1.40E-03 

1.47E*00 

3.21 E-01 

e.7SE-02 

1.07E+01 

COC » contaminant of concern 

SCFs . soil-to-planl concentration factor 

SC • soil concentration 

m = ingestlon rate of species of concern (dry weight) 

IT * Invertebrate Ingestlon rate (dry weight) 

BAFInv > blotccumulatlon factor lor Invertebrates 

1C • Invertebrate concentration (dry wulylu) 

SI  son Ingestlon rate (dry weight) 

Plnv - percent Invertebrate Ingestlon 

PS • percent son mges 

HRF « home range factor 

BW » body weight 

WC * wBtc' conctmtntton 

Wl « water Intake rale 

D • exposure dose 

(l)Menzleetal. 1992 

(2) Beyer and Stafford 1993 

(3) Sample at al 1998 

(4) MMR RAH 

(a) EPA 1993 

FSISecoFINALaxIs 2/1/99 



Table 2-106 
Ecological Exposure Dose for Food Chain Receptors 

Mean concentrations 
Surface Soil 

Northern Short-tailed Shrew 

AOC FS-19 Study Area 
Massachusetts Military Reservation 

Mean Mean Mean Mean 

COC SC BAFkw 1C Plnv PS IR(a) IT SI WC Wl HRF BW(a) D 
(mg/g) (mo/fl) <o/d) (tfd) (O/d) (mot) (LMay) (kg) (mg/kg/d) 

PESTICIDES/PCBe 

DIELDRIN 700E-05 3 (4) 2.tOE-04 0.07 0.03 1.272 1.23E+00 3.S2E-02 0 0.012S 0.5 0.015 8.73E-03 

4.4'.DDT 4.10E-04 3 (4) 1.23E-03 O.t7 0.03 1.272 123E+00 3.82E-02 0 0.0125 0.5 0.015 S.11E-02 

INORGANICS 

ARSENIC 3 60E-03 0.24 (3) 8.64E-04 0.17 0.03 1272 123E+00 3.B2E-Q2 0 0.0125 0.5 0.01 5 401E-02 

CADMIUM 780E-04 14 (3) 1.09E-02 0.97 0.03 1272 123E+00 382E-02 0 0.0125 0.5 0.015 4.SOE-OI 

CHROMIUM 880E-03 0.3 (3) 284E-03 097 0.03 1.272 123E+OO 3.82E-02 0 0.0125 0.5 0.015 1.20E-01 

CYANIDE S.30E-OS 0.31 (3) 1.64E-05 0.97 0.03 1.272 123E+00 3.82E-02 0 0.0125 0.5 0.015 7.43E-04 

LEAD 630E-02 0.27 (3) 1.70E-02 0.97 0.03 1.272 1.23E+00 3.B2E-02 0 0.0125 O S 0.015 7.BOE-01 

MANGANESE 7 20E-02 O.OS4 (3) 3.89E-03 0.97 0.03 1.272 123E+00 3.82E-02 0 0.0125 0.5 0.016 2.51E-01 

VANADIUM 1906-02 0042 (3) 7.98E-04 097 0.03 1.272 123E+00 3B2E-02 0 0.0125 0.5 0.015 S.70E-02 

ZINC 4.30E-02 3.78 (3) 1.63E-01 0.97 0.03 1.272 123E*00 3.82E-02 0 00125 0.5 0.015 8.74E+00 

COC - contaminant ol concern 1C - Invertebrate concentration (dry weight) WC - water concentration 

SCFs  soil-lo-planl coocenlrallon (actor SI - soil Ingestlon rate (dry weight) Wl . water Intake rale 

SC * soil concentration Plnv - percent Invertebrate Ingestlon D • exposure dose 

IR  Ingestlon rate ol species ot concern (dry weight) PS -percent 

IT * Invertebrate Ingestlon rate (dry weight) HRF - home range factor 

BAFlnv  Uoaccumulatlon laclor lor Invertebrates BW . body weight 

(l)Menzleelal 1992 

(2) Beyer and Stafford 1993 

(3) Sample et al 199B 

(4) MMR RAH 

(a) EPA 1993 
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Table 2-107 
Ecological Exposure Dose for Food Chain Receptors 

Maximum Concentrations 
Surface Soil 

Upland Sandpiper 

AOCFS-19 Study Area 
Massachusetts Military Reservation 

coc 
Max 
SC 

(mg/g) 
BAFinv 

Max 
1C 

(mg/g) 
IT(a) 

(g/d) 

HRF ED BW 
(kg) 

PESTICIDES/PCBs 
DIELDRIN 
4,4'-DDT 

1 .20E-04 
9.30E-04 

3 
3 

(4) 

(4) 

3.60E-04 
2.79E-03 

2.867 
2.867 

0.5 
0.5 

0.5 
0.5 

0.164 
0.164 

INORGANICS 
ARSENIC 
CADMIUM 
CHROMIUM 
CYANIDE 
LEAD 
MANGANESE 
VANADIUM 
ZINC 

4.80E-03 
1.10E-03 
1.15E-02 
1 .OOE-04 
1.19E-01 
9.20E-02 
2.25E-02 
6.80E-02 

0.24 
14 
0.3 
0.31 
0.27 
0.054 
0.042 
3.78 

(3) 

(3) 

(3) 

(D 
(3) 

(3) 

(3) 

(3) 

1.15E-03 
1.54E-02 
3.45E-03 
3.10E-05 
3.21 E-02 
4.97E-03 
9.45E-04 
2.57E-01 

2.867 
2.867 
2.867 
2.867 
2.867 
2.867 
2.867 
2.867 

0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 

0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 

0.164 
0.164 
0.164 
0.164 
0.164 
0.164 
0.164 
0.164 

BAFinv = bioaccumulation factor for invertebrates
 
BW = body weight (kg)
 
D = exposure dose (mg/kg/d)
 
ED = exposure duration (migration) (year)
 

(1) Menzieetal. 1992 

(2) Beyer and Stafford 1993 

(3) Sample et al 1998 

(4) MMR RAH 

(a) EPA 1993 

HRF = home range factor 
1C «invertebrate concentration (dry weight) (mg/g) 
IT = COC intake via invertebrate ingestion (dry weight) (g/d) 
SC = soil concentration (dry weight) (mg/g) 

Max
 
D
 

(mg/kg/d)
 

1.57E-03 
1.22E-02 

5.04E-03 
6.73E-02 
1.51 E-02 
1.35E-04 
1.40E-01 
2.17E-02 
4.13E-03 
1.12E+00 
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Table 2-108
 
Ecological Exposure Dose for Food Chain Receptors
 

Mean Concentrations
 
Surface Soil
 

Upland Sandpiper
 

AOC FS-19 Study Area
 
Massachusetts Military Reservation
 

Mean Mean 
coc SC 

(mg/g) 
BAFinv 1C 

(mg/g) 
IT(a) 
(9/d) 

HRF ED BW 

(kg) 

PESTICIDES/PCBs 
DIELDRIN 
4,4'-DDT 

7.00E-05 
4.10E-04 

3 
3 

(4) 

(4) 

2.10E-04 
1.23E-03 

2.867 
2.867 

0:5 
0.5 

0.5 
0.5 

0.164 
0.164 

INORGANICS 
ARSENIC 
CADMIUM 
CHROMIUM 
CYANIDE 
LEAD 
MANGANESE 
VANADIUM 
ZINC 

3.60E-03 
7.80E-04 
8.80E-03 
5.30E-05 
6.30E-02 
7.20E-02 
1.90E-02 
4.30E-02 

0.24 
14 
0.3 
0.31 
0.27 

0.054 
0.042 
3.78 

(3) 

(3) 

(3) 

(D 

(3) 

(3) 

(3) 

(3) 

8.64E-04 
1.09E-02 
2.64E-03 
1.64E-05 
1.70E-02 
3.89E-03 
7.98E-04 
1.63E-01 

2.867 
2.867 
2.867 
2.867 
2.867 
2.867 
2.867 
2.867 

0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 

0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 

0.164 
0.164 
0.164 
0.164 
0.164 
0.164 
0.164 
0.164 

BAFinv = bioaccumulation factor for invertebrates HRF = home range factor
 
BW = body weight (kg) 1C = invertebrate concentration (dry weight) (mg/g)
 
D = exposure dose (mg/kg/d) IT = COC intake via invertebrate ingestion (dry weight) (g/d)
 
ED = exposure duration (migration) (year) SC = soil concentration (dry weight) (mg/g)
 

(l)Menzieetal 1992 
(2) Beyer and Stafford 1993 
(3) Sample et al 1998 
(4) MMR RAH 

(a) EPA 1993 

FS19ecoFINALb.xls 

Mean
 
D
 

(mg/kg/d)
 

9.18E-04 
5.38E-03 

3.78E-03 
4.77E-02 
1.15E-02 
7.18E-05 
7.43E-02 
1.70E-02 
3.49E-03 
7.10E-01 
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TaMt MM 
Ecobgkal Eipovurt D«« l«r Food Chain Mtctplon 

Mailmum Conetntrxtont 
Iwlact Sol 

Northern Cardhal 

AOC FI-11 Study Vta 
MaitachintHt MHafy ftnorrallon 

COC Imc/i 
SCF 
a dry loi) 

(mg/,drypl.rt)

Mai 
SC 

 <mg/g)

Max 
re 

 (mcy,)
BAFInv

Max 
 1C

 (mg/g)
 PlK PP PS IK 
 (»/d) 

IT 
«"•<« 

PI 

*** 

SI 
(mg/d) 

Max 
WC

(mg/L)
 Wl
 (Uday) 

 HRF BW
(kg)

HIM 
D 

 (mgrkgld) 

PESTICDES/PCBf 
DIELDRIN 
4A-BO T 

1 OOE-01 
\ WE-M 

1 20E-04 
«WE-M 

1206-05 
VtTE-OS 

3 (4)
1W

 3 ME-04
 ITK-ro

 0 )
 DS

 0 70 
 010 

00) 
001 

O N 
0«t 

I.06E-04 
l.UE-M 

B27E-OB 
v<nt-» 

3S4E-OB 
57SS-W 

0
0
 NA
 HA

 OS 
 OS 

0044
0 044

 1J4E-0) 
1 7IE-0) 

INORGANICS 
ARSENIC 
CADMIUM 
CHROMIUM 
CYANIDE 
LEAD 
MANGANESE 
VANADIUM 
ZINC 

< OOE-03 
1 SOE-OI 
4 SOE-0) 
1 79E»OI 
I OOE-0) 
9 OOE-02 
) OOE-0) 
t OOE-01 

4NE-0) 
1 IOE-0) 
< I9E-02 
IOOE-04 
1 OE-OI 
t 20E-02 
2 29E-02 
B BOE-02 

2SSE-OS 
1 BSE-04 
SHE-OS 
1 7SE-0) 
1 07E-0) 
4BOE-0) 
1 79E-09 
8 I2E-02 

0 24 ())
14 ())

0 3 O)
0)1(1)
0.27(3)

0 OS4 (3)
0.042 (3)
) 71 O)

 1 ISE-0)
 1 94E-02
 3 49E-0)
 3IOE-09
 32IE-02
 4 17E-0)
 1 49E-04
 2 97E-OI

 03
 03
 03
 0 3
 0 )
 0 )
 0.)
 03

 0 70 
 0 70 
 0 70 
 07 0 
 07 0 
 0 70 
 0 70 
 0 70 

00) 
00) 
00) 
00) 
00) 
00) 
00) 
0.0) 

O N 
O N 
O N 
O N 
ON 
O N 
ON 
O N 

J40E-04 
4.9SE-03 
102E-03 
OIBE-OB 
I4IE-0) 
I47E-03 
27IE-04 
7S9E-02 

1NE-OS 
1.I4E-04 
) 97E-09 
12IE-03 
73IE-04 
JI7E-0) 
4BSE-OS 
4 22E-02 

I42E-04 
32SE-09 
340E-04 
2I9E-OB 
).92E-03 
272E-0) 
f (9E-04 
20IE-0) 

0
0
0
0
0
0
0
0

 NA
 NA
 NA
 NA
 NA
 NA
 NA
 NA

 OS 
 09 
 OS 
 OS 
 OS 
 OS 
 OS 
 09 

0 044
0 044
0 044
0044
0 044
0 044
0044
0 044

 9 70E-03 
 9 ME 02 

1 5«E 02 
 IME-02 
 1 ME 01 

1 ME-02 
1 13E-02 
1 ME>00 

BW • body weighl (kg) 
BAFrrv • bioaccumulalion factor for Invertebrate! 
D • tiftmtft dote (mo/kg/d) 
HRF • home range factor 
1C • irvertebrate concentration (dry weight) (mg/g) 
IR  Ingestion ritt of tpecies of concern (dry weight) (g/d) 
IT • COC rtake vii mverlebrate ngeitton (mg/d) 
PC • plan) concentration (dry weight) (mg/g) 

PI • COC Hake -ta pM hgettkn (m>d) 
Ptw • pereantage of dhri from hvtrtcbratet 
PP • pffrecttage of dM from planti 
PS • percentage of tfet from tol 
SC • tol concentration (*y weight) (mg/g) 
SCF  toMe-plart concentration factor (mgfg dry loMo-mg/g dry plant) 
SI  COC Mike >ta id hgettton (mg/d) 
WC • water coneertratktn (mg/l) 
Wl - water Make rate (Hit 



TaHeMW 
Eoototfed Mmirt DDM for Food Chdn 

Northern Cajc»nel 

ADC n-H Study «m 
^*~mm*A~l* t̂m IMfc«w ••••vt̂ fttllH 

COC 

SCF 
(ma/a dry lotfl 
(mg/g dry ptari) 

Mean 
SC 

(mg/g) 

Mean 
PC 

(mgrg) 
BAFaw 

Mean 
1C 

(mg/g) 
Ptrv PP PS IR 

'** 

ft 
(mg/d) 

PI 
(m«/d) 

SI 
<m»/d) 

Mean 
we 

(-9".) 1 
Wl 

|LM> 

HRF BW 
(kg) 

Mean 
0 

(mgrkg/d) 

DIELDRIN 
4.4--DD T 

1 OOE-01 
1 SiE-02 

700E-OS 
4 10E-04 

7.0OE-06 
949E-09 

3 (4) 
3 (4) 

210E-04 
1.23E-03 

0 3 
0 3 

07 0 
0.70 

00 3 
0.03 

O M 
091 

9 TOE-OS 
3 93E-04 

4.I2E-06 
449E-OS 

207E-M 
1.21E-05 

0 
0 

NA 
NA 

0 5 
0 5 

004 4 
004 4 

7 >3E 04 
4 32E-03 

MORO*MCS 
ARSENIC 
CADMIUM 
CHROMIUM 
CYANIDE 
LEAD 
MANOANESE 
VANADIUM 
ZINC 

6 OOE-03 
1 50E-01 
4 SOE-03 
1 75E.01 
• OOE-03 
5 OOE-02 
3 OOE-03 
• OOE-01 

360E-03 
7IOE-04 
1 IOE-03 
5 30E-OS 
6 30E-02 
7 20E-02 
100E-02 
4 30E-02 

2.10E-OS 
1.17E-04 
3.ME-OS 
• 21E-04 
S.87E-04 
3WE-03 
970E-OS 
3.I7E-02 

024(3 ) 
14(3) 

0.3(3) 
031 (1) 
0.27 (3) 

0 054 (3) 
0 042 (3) 

3 79 (3) 

IS4E-04 
1 OOE-02 
2R4E-03 
1ME-OS 
1 70E-02 
389E-03 
7.ME-04 
1 93E-01 

0 3 
0.3 
0 3 
0 3 
0 3 
0 3 
0 3 
0 3 

07 0 
0.70 
07 0 
07 0 
07 0 
07 0 
070 
07 0 

00 3 
00 3 
00 3 
003 
0.03 
00 3 
003 
0.03 

O M 
091 
091 
O M 
091 
091 
091 

" 091 

255E-04 
323E-03 
7IOE-O4 
4.1SE-M 
502E-03 
1 I3E-03 
2ME-04 
410E-02 

1.49E-05 
I.ME-O5 
2.73E-O5 
a39E-O4 
391E-04 
241E-03 
3.93E-05 
2 97E-02 

1.ME-04 
230E-O5 
290E-O4 
157E-08 
1ME-03 
213E-03 
591E-04 
1.27E-03 

0 
0 
0 
0 
0 
0 
0 
0 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0 5 
0 5 
O S 
0 5 
0  5 
0 5 
0 5 
0 5 

004 4 
P04 4 
004 4 
004 4 
004 4 
004 4 
004 4 
004 4 

4 HE 03 
3 78E-02 
1 21E-02 
7 34E 03 
1 27E 02 
9 54E 02 
t SOE-03 
1 93E-01 

BW = body welgN (kg) 
BAFiiw = Moiecumdiflon fidor for (nv*fttbnl«t 
D = enpoture do*• (mgftp/d) 
HRF = horn* nng« fidor 
1C ' InverlebrHl conconlnKon (*y wXghl) (moyg) 
IR = Ingjeitjon rato of spedos of cone*m (oVy walghl) (gyd) 
IT = COC intiko v(i Invwtcfanfc tng««tlon (mg/d) 
PC = plant concentration (dry weight) (mgyg) 

PI « COC Hake ̂ 1 pbntlnfaiilon(nigM) 
Pbw ' percentage of da) from InvvlabralM 
PP ' percentage of dial torn p«Jott 
PS > percentage of dial from aol 
SC ' aoD concarcralton (dry <n)|ht) ("*») 
SCF • aolHô lant concentradon factor (mgVg dry eoHo-mo/l dry phrt) 
SI ' COC Make via .oH Ingaaaon (mg/d) 
WC  water concertraBon (mgA) 
Wl • water Make rale (l/d) 



Table 2-111
 
Ecological Exposure Dose for Food Chain Receptors
 

Maximum Concentrations
 
Surface Soil
 

Grasshopper Sparrow
 

AOC FS-19 Study Area
 
Massachusetts Military Reservation
 

Max Max 
coc SC BAFinv 1C IT(a) HRF ED BW 

(mg/g) (mg/g) (g/d) (kg) 

PESTICIDES/PCBs 
DIELDRIN 1.20E-04 3(4 ) 3.60E-04 0.01 0.5 0.5 0.0139 
4,4'-DDT 9.30E-04 3(4 ) 2.79E-03 0.01 0.5 0.5 0.0139 

INORGANICS 
ARSENIC 4.80E-03 0.24 (3) 1.15E-03 0.01 0.5 0.5 0.0139 
CADMIUM 1.10E-03 14(3) 1 .54E-02 0.01 0.5 0.5 0.0139 
CHROMIUM 1.15E-02 0.3 (3) 3.45E-03 0.01 0.5 0.5 0.0139 
CYANIDE 1.00E-04 0.31 (1) 3.10E-05 0.01 0.5 0.5 0.0139 
LEAD 1.19E-01 0.27 (3) 3.21 E-02 0.01 0.5 0.5 0.0139 
MANGANESE 9.20E-02 0.054 (3) 4.97E-03 0.01 0.5 0.5 0.0139 
VANADIUM 
ZINC 

2.25E-02 
6.80E-02 

0.042 (3) 
3.78 (3) 

9.45E-04 
2.57E-01 

0.01 
o.oi 

0.5 
0.5 

0.5 
0.5 

0.0139 
0.0139 

BAFinv = bioaccumulation factor for invertebrates HRF = home range factor
 
BW = body weight (kg) 1C = invertebrate concentration (dry weight) (mg/g)
 
D = exposure dose (mg/kg/d) IT = COC intake via invertebrate ingestion (dry weight) (g/d)
 
ED = exposure duration (migration) (year) SC = soil concentration (dry weight) (mg/g)
 

(1) Menzieetal. 1992 

(2) Beyer and Stafford 1993 

(3) Sample et al 1998 

(4) MMR RAH 

(a) EPA 1993 

Max
 
D
 

(mg/kg/d)
 

4.14E-05 
3.21E-04 

1 .33E-04 
1 J7E-03 
3.97E-04 
3.57E-06 
3.70E-03 
5.72E-04 
1 .09E-04 
2.96E-02 

FS19ecoFINALbxls 2/1/99 



Table 2-112 
Ecological Exposure Dose for Food Chain Receptors 

Mean Concentrations 
Surface Soil 

Grasshopper Sparrow 

AOC FS-19 Study Area 
Massachusetts Military Reservation 

COG 
Mean 

SC 
(mg/g) 

BAFinv 
Mean 

. 1C 
(mg/g) 

IT(a) 
(9/d) 

HRF ED BW 
(kg) 

Mean 
D 

(mg/kg/d) 

PESTICIDES/PCBs 
DIELDRIN 
4,4'-DDT 

7.00E-05 
4.10E-04 

3(4 ) 
3(4 ) 

2.10E-04 
1 .23E-03 

0.01 
0.01 

0.5 
0.5 

0.5 
0.5 

0.0139 
0.0139 

2.42E-05 
1 .42E-04 

INORGANICS 
ARSENIC 
CADMIUM 
CHROMIUM 
CYANIDE 
LEAD 
MANGANESE 
VANADIUM 
ZINC 

3.60E-03 
7.80E-04 
8.80E-03 
5.30E-05 
6.30E-02 
7.20E-02 
1 .90E-02 
4.30E-02 

0.24 (3) 
14 (3) 

0.3 (3) 
0.31 (1) 
0.27 (3) 

0.054 (3) 
0.042 (3) 
3.78 (3) 

8.64E-04 
1 .09E-02 
2.64E-03 
1 .64E-05 
1 .70E-02 
3.89E-03 
7.98E-04 
1.63E-01 

0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.04 

0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 

0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 

0.0139 
0.0139 
0.0139 
0.0139 
0.0139 
0.0139 
0.0139 
0.0139 

9.95E-05 
1.26E-03 
3.04E-04 
1 .89E-06 
1 .96E-03 
4.48E-04 
9.19E-05 
1.17E-01 

BAFinv = bioaccumulation factor for invertebrates
 
BW = body weight (kg)
 
D = exposure dose (mg/kg/d)
 
ED = exposure duration (migration) (year)
 

(1) Menzieetal. 1992 

(2) Beyer and Stafford 1993 

(3) Sample et al 1998 

(4) MMR RAH 

(a) EPA 1993 

HRF = home range factor
 
1C = invertebrate concentration (dry weight) (mg/g)
 
IT = COC intake via invertebrate ingestion (dry weight) (g/d)
 
SC = soil concentration (dry weight) (mg/g)
 

FS19ecoFINALb.xls 2/1/99 
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Table 1-113 
Ecological Exposure Doit lor Food Chiln Receptor* 

Maximum Concentrations 
Surface Soil 

Northern Harrier 

AOC FS-11 Study Araa 
Maaaaehuaatti Mllttary Reservation 

SCF Max Max Max 
coc (mg/g dry soil) sc PC BAF kg diet Cm IR PS 

(mg/g dry plant) (mg/g) (mg/g) kg mammal (mg/g) (g/d) 

PESTICtDESIPCBs 
DIELDRIN t OOE-01 1 20E-04 120E-OS 1 076*00 1 28E-OS 160 000 
44--DD T 1 58E-02 930E-04 147E-05 6 13E-01 9 01E-08 160 0.00 

INORGANICS 
ARSENIC 4 OOE-02 4 SOE-03 1926-04 2 SOE-03 (a) 4 80E-07 160 000 
CADMIUM 5 50E-01 1 10E-03 COSE-04 333E-01 (a) 2 02E-04 160 000 
CHROMIUM 7 50E-03 1 15E-02 8 63E-OS 846E-0 2 (a) 7.30E-06 160 000 
CYANIDE 1 75E+01 2 44E-02 427E-01 1 95E-03 833E-04 160 000 
LEAD 4 50E-02 1 19E-01 536E-03 105E-01 (a) 5 64E-04 160 000 
MANGANESE 2 50E-01 920E-02 2306-02 205E-02 (a) 472E-04 160 000 
VANADIUM 5 50E-03 22SE-02 1 24E-04 1 23E-02 (a) 1 S2E-08 160 000 
ZINC 150E+00 680E-02 1 02E-01 7 72E-01 (a) 7.87E-02 160 000 

BW  body weight (kg) PM ' percentage of diet from small mammals 
BAF kg diet/kg mammal = bloaccumulalton rate PS • percentage of diet from soil 
D = exposure dosage (mg/kg/d) SC * soH concentration (dry weight) (mg/g) 
Cm  concentration In mammal (dry weight) (mg/g) SCF • Ml-to-plint concentration factor (mg/g dry soil-to mg/g dry plant) 
HRF * home range (actor SI -COC Intake via son Ingestion (mg/d) 
IR = ingestion rate of species of concern (dry weight) (g/d) WC * water concentration (mg/L) 
Ml = COC intake via mammal fngestfon (mg/d) Wl * water Intake rate (L/d) 
NA = not available 
PC = plant concentration (dry weight) (mg/g) 

(a) Sample et al 1998 (RAH Is current for all others) 

PM 

100 
100 

SI 
(mg/d) 

0006+00 
0006+00 

Ml
(mg/d)

20SE-03 
144E-03 

Max 
 WC

 (mg/L)

0 
0 

 Wl 
 (L/day) 

NA 
NA 

HRF 

000013 
000013 

BW 
(kg) 

0530 
0530 

Max 
D 

(mg/kg/d) 

5 ME 07 
353E-07 

100 
100 
100 
100 
1.00 
100 
100 
100 

OOOE+00 
oooe+oo 
OOOE*00 
OOOE*00 
OOOE+OO 
OOOE*00 
OOOE*OO 
OOOE-KX) 

768E-OS 
J23E-02 
1 17E-03 
1.33E-01 
9 03E-02 
754E-02 
244E-04 
1 26E+01 

0 
0 
0 
0 
0 
0 
0 
0 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

000013 
000013 
000013 
000013 
000013 
000013 
000013 
000013 

053 0 
0530 
0530 
0530 
053 0 
0530 
0530 
053 0 

1 88E-08 
7 91E-06 
286E-07 
3 27E-05 
2226-05 
1 85E-05 
5 97E-08 
309E-03 

FS19»coFINALbKtt 



SCF 
coc (mg/g dry soil) 

(mg/g dry plant) 

PESTICIDES/PCB4 
DIELDRIN 1 OOE-01 
4.4'-ODT 1 58E-02 

INORGANICS 
ARSENIC 4 OOE-02 
CADMIUM 5 50E-01 
CHROMIUM 750E-03 
CYANIDE 175E+01 
LEAD 4 50E-02 
MANGANESE 2 50E-01 
VANADIUM 550E-03 
ZINC 1 50E+00 

BW = body weight (kg) 
BAF kg diet/kg mammal - bioaccumulation rate 
D = exposure dosage (mg/kg/d) 
Cm = concentration in mammal (dry weight) (mg/g) 
HRF = home range factor 
IR = Ingestlon rate of species of concern (dry weight) (g/d) 
Ml * COC Intake via mammal Ingestion (mg/d) 
NA = not available 
PC « plant concentration (dry weight) (mg/g) 

(a) Sample et al 1998 (RAH Is current for all others) 

Mean 
SC 

(mg/g) 

700E-05 
4 10E-04 

3 60E-03 
780E-04 
B80E-03 
1 70E-02 
6 30E-02 
720E-02 
1 90E-02 
4 30E-02 

Mean 
PC 

(mg/g) 

700E-06 
6 48E-06 

144E-04 
4296-04 
6 60E-05 
2 98E-01 
2 84E-03 
t 806-02 
105E-04 
6 45E-02 

Tlbl«M14 
Ecological Expature Dott for Food Chiln Receptors 

M««n Concentrations 
Surface Soil 

Norttitrn Harrier 

AOC FS-11 Study Art. 
Mnuehuutt* Military Reservation 

BAF kg diet 
kg mammal 

Mean 
Cm 

(mg/g) 
IR 

(g/d) 
PS PM SI 

(mg/d) 
Ml

(mg/d)

Mean 
 WC

 <mg/l)
 Wl 
 (Uday) 

HRF BW 
(kg) 

Mean 
D 

(mg/kg/d) 

1076*00 
6 136-01 

7.49E-08 
3976-08 

160 
160 

000 
000 

100 
100 

0006*00 
0006*00 

1 20E-03 
6 35E-04 

0 
0 

NA 
NA 

000013 
000013 

0530 
0530 

2 946-07 
1 566-07 

2506-03 (a) 
333E-01 (a) 
846E-02 (a) 
1 956-03 
105E-01 (a) 
205E-02 (a) 
1 23E-02 (a) 
7.72E-01 (a) 

360E-07 
1.43E-04 
5586-08 
5806-04 
299E-04 
3 69E-04 
1.296-06 
498E-02 

160 
160 
160 
160 
160 
160 
160 
160 

000 
000 
000 
000 
000 
000 
000 
000 

100 
100 
100 
1 00 
100 
100 
100 
1.00 

0006*00 
0006*00 
0006*00 
0006*00 
0006*00 
OOOE*00 
oooetoo 
0006*00 

5 76E-OS 
2296-02 
S 93E-04 
9 28E-02 
4 78E-02 
S 90E-02 
206E-04 
7 96E*00 

0 
0 
0 
0 
0 
0 
0 
0 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

000013 
000013 
000013 
000013 
000013 
000013 
000013 
000013 

053 0 
0530 
0530 
053 0 
0530 
0530 
093 0 
093 0 

1 41E-08 
961E-06 
2 19E-07 
2 286-05 
1 176-09 
1 456-09 
5 046-08 
1 956-03 

PM • percentage of diet from tmall mammals 
PS ' percentage of diet from son 
SC ' toH concentration (dry weight) (mg/g) 
SCF * soU-to-plant concentration factor (mg/g dry soH-to mg/g dry plant) 
SI -COC Intake via toll Ingestlon (mg/d) 
WC • water concentration (mg/L) 
Wl  water Intake rate (L/d) 

FS19«coFINALbxh 



Table 2-113 
Ecological Expoeura Doae for Food Chain Receptor* 

Maximum Concentration* 
Surface Soil 

Shorl-aarad Owl 

AOCFS-11 Study Area 
Maaaachua«tta MMHary Reeervatlon 

coc 
SCF 

(mg/g dry soil) 
(mg/g *y plant) 

Max 
SC 

<"<gW 

Max 
PC 

Cneyg) 
BAFkgdeV 
kg mammal 

Max 
Cm IR PS PM SI 

(mgM) 
Ml

(mgM)

Max 
 WC

 (mgrt.)
 Wl 
 (Udsy) 

HRF BW 
(kg) 

Mai 
0 

(mgfcgM) 

PESTKIOESfPCB* 
DIELDRIN 
4 4'- DDT 

1 OOE-01 
1 5BE-02 

120E-M 
930E-04 

120E-OS 
147E-05 

107E*00 
6 13E-01 

1 28E-05 
901E-06 

11392
11392 

. 000 
0.00 

100 
100 

OOOE-XM 
OOOE-tOO 

1.46E-03 
1.03E-03 

0 
0 

NA 
NA 

0001 
0001 

037 8 
037 8 

3 87E-06 
271E-06 

INORGANICS 
ARSENIC 
CADMIUM 

HROMIUM 
CYANIDE 
LEAD 
MANGANESE 
VANADIUM 
ZINC 

4 OOE-02 
5 50E-01 
7 50E-03 
1 75E«01 
450E-02 
250E-01 
550E-03 
150E*00 

4 80E-03 
1 10E-03 
1.15E-02 
100E-04 
1 19E-01 
920E-02 
225E-02 
680E-02 

192E-04 
805E-04 
8 63E-05 
1 7SE-03 
5 36E-03 
230E-02 
124E-04 
102E-01 

290E-03 (l) 
333E-01 (a) 
846E-02 (a) 
195E-03 
105E-01 (a) 
205E-02 (1) 
1 23E-02 (a) 
772E-01 (1) 

4 80E-07 
2 02E-04 
730E-06 
341E-06 
S64E-04 
4 72E-04 
1 52E-08 
787E-02 

11392 
11392 
11392 
11392 
11392 
11392 
11392 
11392 

000 
000 
000 
000 
000 
000 
000 
000 

1.00 
100 
100 
1.00 
to o 
100 
100 
1.00 

OOOE«00 
OOOE-KX) 
O.OOE-KX) 
OOOE+00 
OOOE-tOO 
OOOE-KX) 
OOOE-KW 
OOOE«00 

S47E-05 
230E-02 
8 31E-04 
389E-04 
C43E-02 
S37E-02 
1.73E-M 
897E«00 

0 
0 
0 
0 
0 
0 
0 
0 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 

037 8 
037 8 
037 8 

'037 8 
037 8 
037 8 
037 8 
037 8 

1 45E-07 
608E-OS 
220E-OS 
1 03E-06 
1 70E-04 
1 42E-04 
4 59E-07 
2 37E-02 

BW = body weight (kg) 
BAF kg detltg mammal = bioaccumutollon rate 
D = exposue dosage (mgAg/d) 
Cm = concentration in mammal (dry weight) (mg*g) 
HRF = home range lactor 
IR = ingeslion rate of species of concern (dry weight) (gM) 
Ml = COC intake via mammal ingestJon (rno/d) 
NA = not available 
Pr - p"r" .-nnrfnrah,-ir !*> weight) (mg/gl 

PM * percentage ol del from smal mammalj 
PS « percentage of diet from soil 
SC • soil concentration (dry weight) (mg/g) 
SCF  soi-ro-prant concentralon factor (mg/g dry sot-to mo/g dry plant) 
SI =COC Intake via soil tngeslon (mg/d) 
WC * water concentralon |mg/L) 
Wl > water Intake rate (Ud) 

(a) Sample el el 1998 (RA H Is current for Blotters) 



Tlblt2-11l 
Ecological Exposure DOM (or Food Chain Rtcepto 

Mean Concentrations 
Surface Soil 

Short-eared Owt 

AOC FS-11 Study Area 
Massachusetts MIIHary Reservation 

coc 
SCF 

(mg/g dry soil) 
(mg/g dry plant) 

Mean 
sc 

(mg/g) 

Mean 
PC 

(mg/g) 
BAF kg diet/ 
kg mammal 

Mean 
Cm 

(mg/g) 
IR 

(g/d) 
PS PM SI 

(mg/d) (mg/d)

Mean 

 (mg/L) (L/day) 
HRF BW 

(kg) 

Mean 
D 

(mg/kg/d) 

PESTICIOES/PCBs 
OIELDRIN 
4. 4' -DDT 

t OOE-01 
1ME-02 

7 OOE-OS 
4 10E-04 

700E-06 
6 48E-OS 

107E+00 
6 13E-01 

7 49E-08 
J 97E-06 

11392 
11392 

000 
000 

100 
100 

OOOE«00 
0 DOE »00 

853E-04 
4S2E-04 

0 
0 

NA 
NA 

0001 
0001 

037 8 
037 8 

226E-06 
120E-06 

INORGANICS 
ARSENIC 
CADMIUM 
CHROMIUM 
CYANIDE 
LEAD 
MANGANESE 
VANADIUM 
ZINC 

4 OOE-02 
5 50E-01 
7 50E-03 
1 75E+01 
450E-02 
2SOE-01 
S50E-03 
150E*00 

360E-03 
7 80E-04 
8 SOE-03 
5 30E-OS 
6 30E-02 
720E-02 
1 90E-02 
4 30E-02 

144E-04 
429E-M 
6 60E-05 
9 28E-04 
2 84E-03 
t 80E-02 
1 05E-04 
6 45E-02 

2 SOE-03 (a) 
333E-01 (a) 
846E-02 (a) 
1 95E-03 
10SE-01 (a) 
205E-02 (a) 
123E-02 (a) 
772E-01 (a) 

360E-07 
1 43E-04 
558E-08 
1 BIE-06 
299E-04 
3 69E-04 
129E-06 
4 98E-02 

11392 
11392 
11392 
11392 
11392 
11392 
11392 
11392 

000 
000 
000 
000 
000 
000 
000 
000 

100 
100 
100 
100 
.100 
100 
100 
100 

OOOE+00 
OOOE+00 
OOOE+00 
OOOE-MX) 
OOOE+00 
OOOE+00 
OOOE+00 
OOOE+00 

410E-OS 
1 63E-02 
636E-04 
206E-04 
3 40E-02 
4 20E-02 
1 46E-04 

567E»00 

0 
0 
0 
0 
0 
0 
0 
0 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 

037 8 
037 8 
037 8 
037 8 
037 8 
037 8 
037 8 
037 8 

108E-07 
4 31E-05 
168E-06 
5 45E-07 
901E-09 
1 11E-04 
3 87E-07 
150E-02 

BW •= body weight (kg) 
BAF kg diet/kg mammal = bloaccumulatlon rate 
D = exposure dosage (mg/kg/d) 
Cm = concentration In mammal (dry weight) (mg/g) 
HRF  home range factor 
IR » ingestran rate ol species ol concern (dry weight) (g/d) 
Ml  COC intake via mammal Ingestlon (mg/d) 
NA * not available 
PC * plant concentration (dry weight) (mg/g) 

PM * percentage of diet from amall mammal] 
PS ° percentage of diet from «o« 
SC « soil concentration (dry weight) (mg/g) 
SCF * soil-to-plant concentration factor (mg/g dry toll-to mg/g dry plant) 
SI 'COC Intake via toll Ingestlon (mg/d) 
WC > water concentration (mg/L) 
Wl  water Intake rate (L/d) 

(a) Sample et al 1990 (RAH is current for all others) 



Takk 1-117 
Ecowgkal Eipoiure D«< lor Food Cluki fteceerton 

Ma.bw. CwteMrMtom 
turtKO Mi 

RodFoi 

DOCFt-ltttu Îno 
Maoichueetlt MtVify Hoiorwllen 

COC 
SCF 

(mgyg dry tot) 
(mgyg dry plant) 

Uu 
sc 

(mgyg) 

— B5 
PC 

(mg/g) 
lAFkgoW 

kgbrd 
IAFk|dM 

Ma> 
Cb Cm s PS PI PM SI 

(mfd) 
II Ml

Ma, 
 WC Wl 

(I/day) 
HRF swim 

Ma.
D 

(mg*g(d) 

* 

PESTICIOEJ/PCBj 
DIEIDRIN 
4.4'- DDT 

1 OOE-01 
1 SIE-02 

120E-04 
B10E-04 

I20E-OS 
1 47E-03 

2ME*00 
3ME*00 

107E*DO 
0 13E-01 

3 22E-05 
4 53E-05 

12IE-09 
901E-06 

115(0 
11590 

001 
00) 

029 
0.29 

07 2 
07 2 

4 17E-04 
323E-01 

I32E-04 
1 31E-03 

I07E-03
752E-04

 ( 
( 

05M( 
05M( 

00002 
00002 

52 5 
52 5 

B 22E-OB 
202E-07 

INORGANICS 
ARSENIC 
CADMIUM 
CHROMIUM 
CYANIDE 
LEAD 
MANGANESE 
VANADIUM 
ZINC 

4 OOE-02 
550E-01 
750E-03 
1 7SE»OI 
4506-02 
250E-01 
5SOE-03 
1ME»00 

4 ME 03 
1 10E-01 
1 15E-02 
100E-04 
1 I9E-01 
(206-02 
2 25E-02 
< BOE-01 

K2E-04 
OOSE-04 
IUE-09 
1 75E-01 
5ME-03 
2 ME-02 
1 24E-04 
1 02E-01 

1.I«E»00 
125E-01 
3.2SE*00 
529E-03 
177E-01 
2 ME-01 
I40E.OO 
»«0€«01 

250E-01 (i) 
S3JE-OI (I) 
I4CE-02 (D 
1HE-01 
tOSE-01 (I) 
205E-02 (I) 
1 23E-02 (a) 
77JE-0< (.»! 

227E-04 
1ME-04 
2(06-04 
I2(E-OI 
1 4IE-04 
5 43E-03 
1(3(04 

«OJE«00 

4 IOE-07 
2 02E-04 
730E-M 
341E0 6 
5(460 4 
4 72E-04 
1 92E-01 
7 «7C-02 

119 BO 
115(0 
11590 
115 BO 
11590 
115 BO 
11590 
(1540 

001 
001 
001 
003 
0.01 
003 
003 
«« 

0.2S 
0.29 
029 
025 
029 
029 
0.29 
«» 

07 2 
D7 2 
07 2 
07 2 
071 
071 
0.71 
Ml 

t (7E-02 
1I2E-01 
4 OOE-02 
1 4IE-04 
4 14E-01 
320E-OI 
7I2E-02 
1ME-W 

(ME 03 
5 ((E-01 
I11E-03 
2ME-04 
2 75E-02 
1 57E-01 
52IE-03 

"4EMI1 

401E-09
1 ME-02 
(OBE-04 
2B5E-04 
4 71E-02 
3B3E-02 
127E-04 
«47E»00 

( 05HB 
05((9 
OSM9 
05M1 
05«( 
05M9 
058M 
OMOt 
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00002 
00002 
00002 
0 0002 
0 0002 
00002 
00002 

52 5 
52 5 
52 5 
52 5 
32 5 
52 5 
92 5 
52 5 

( B7E-07 
100E-OI 
1ME-IM 
343E-0( 
IME-05 
19760 5 
3 19E-09 
(90E-01 

SAP kg din/kg bird > biolecumjIMIon r*« 
BW . body wtigM (kg) 
Bl -COC H»kt vH> bird IngKInn 
Cb • »Aok body burden 11 bird (dry wdgMI (mflVgl 
Cm • concentrilion in mimrniHdry weigM) (mg/g) 
D • cxpoture dote (mgftg/d) 
HRF • home nnge factor 
IR « mgtftion rate by tpecie* of concern (dry weight) (g/d) 
Ml • COC ntake via mammal ingeHion (mg/d) 
NA • not available 

PI • percentage of oM Irern bMf 
PC  ptarf eoncMrMtoii (dry witgH) (n>>g) 
PM • pemnt>0B of olot from BTral fnafivnilt 
PS • percMtiQt of dM from Ml 
SI -COC Wrtn «• tot igofHon (mgfd) 
SC - Mi mutoKiKliiii (dry wdght) (m^B) 
SCF > toUo-ptant umieHitlloii fadot 
WC - tntir toneentrnkm (mgA) 
Wl - voter Hike nlo <L/d) 

(a) Sample el al 1998 (BAH It current for il ottiert) 
IblEP A 1993 



iOII MUfy rUunMIn 

scr UOMI Utdn UMfl I*WI Moan 
COC (noy, dry lol) JC •WkfdM O Cm OV>) PO P* • PU u we w HNF MV<b| 0 

(n«/|drypltr4) ^HfAT) kfkM ("Ml |k|) ("tff^t'dt 

^ ^ PIOTKIOet/PCBt 
DCLDRH 
44' DDT 

1 OOE 01 
1 9IE 01 

7 OOE 09 
410E-04 

7 OOE-OI
I4IE-M

 1 UCXO 
3 OOE 400 

I.Ofl.00 
9 lie 01 

IKE 00 
100E-M 

7 4IC-00
1ITE-M

 19 90 
 1990 

001 
001 

on
o n

 o 71 
 O7 i 

1.41E-04
141C-01

 044C-04 
 9.IOE-M 

I Me 04
I11E-04

 OMM 
 OMM 

i owi
0 0001

 9 is
 9 19

 9 mm 
I WC 00 

MOIUANKi 
ARSEMC 
CADMIUM 

400E-01 
990E-01 

1ME-01 
700E-04 

144E-04
4 lie 04

 1.10E4M 
i ue 01 

1901-01 (0) 
i lie 01 ID 

170E-04 
11IE04 

1 MC-07
1 4K-04

 19 90 
 19 M 

001 
001 

on
on

 07i 
 071 

1 19E-01
1 Til 01

 4 1X41 
4 OlE-01 

1 WE 09
i lie 01

 0 Hit 
t mi 

0 0001
00001

 9 19
 919

 1 ME 01 
 tie 07 

CHtOMUM 
CVAMOE 
LEAD 
UANOAMESE 
VANADIUM 
ZfK 

790C0 1 
1 T3E+01 
490E.Q1 
190E01 
9.90E-01 
190E400 

• ME 01 
9 ME 09 
1 ME-01 
7 ME 01 
190E01 
4 ME-01 

9 OOC-09
t ME-04
1 04E-OI
1 OOE-01
1 09C-W
9 49C-02

 1.19C400 
9 ltE-01 
1 77E-01 
1 ME-01 
1 40EWO 
0 ME«01 

04IE-07 (i) 
199C-01 
1 05E-01 (!) 
109E-01 {•) 
I IJC-Ol <•) 
77IE-01 <•) 

114E04 
4I1E-M 
10X04 
4J9E01 
1.84E-04 
101E400 

9 94C-OI
101E-M
1 HE 04
1 09E-04
ine-M
4 MC-01

 19 00 
 1900 
 19 M 
 19 00 
 19 to 
 19 to 

001 
001 
001 
001 
001 
001 

0 »
o n
o n
on
on
o n

 0 71 
o 71 
o 71 

 071 
 0.71 
 07 1 

1 09E-01
1 04C-04
1 l»t 01
190E-01
1 11EH
1 90E-01

 9 11E-01 
 1.4X-04 
 I.49E-01 

 I11E-OI 
 4.4IE-01 
 1.10E401 

4 IIE 04
1 91E-04
141E01
100C-01
1.07E-04

419E400

 t MM 
 0 9IM 
 05441 
 09Ht 
 IMM 
 OHM 

ooooi
o oooi
1 0001
0000?
0 0001
0 0001

 > »
 9 n

 5 »
 919
 9 19
 9 19

 4ieo < 
 lie M 

 IXX 
 94E09 
 IK 01 
 1H 01 

BAF kf 4M*| U 

X -COC H*« « 
Cb • wtiete »»«> burtfwi In b»4 ( PS • pKCMIAft 4f 4W OWN t40 
Cm • c*nc4fllriMon kt fnMwnri(dfy tMkjN) (moyg) « -COC Mote v(4 Ml hillMn <mf«) 
D • «IP4IW4 doit (mfAflM) SC • l«4 c«K«* 

ICf • 141U pUrt Cllltli*4 
Pt • lnf«sHon rfl4 by lp«clt t «f C4fK»m (dfy MkjM) |g/d) WC • »4ltt C>ltC4*«4l1 (m 

M • COC HKll fm n»mi4l mg«in«n tmfHi Wl • «Mlw H4t« rri* (IAD 

(t) SMV<4 44 4 1«l (RAH It current KM •! ottwnl 
It) EPA 1M1 



Table 2-119
 
Terrestrial Vegetation Risk Characterization
 

Maximum Soil Concentrations
 
FS19
 

Max cone. Critical Soil
in Surface soil Concentration (a) 

Unit - mg/kg mg/kg mg/kg 
Inorganics 
Aluminum 13800 NA 
Arsenic 4.8 20 
Barium 57.9 NA 
Beryllium 0.39 NA 
Cadmium 1.1 3 
Chromium 11.5 75 
Cobalt 3.2 25 
Cyanide 0.1 NA 
Lead 119 100 
Manganese 92 1500 
Nickel 6 100 
Vanadium 22.5 NA 
Zinc 68 70 

Inorganic HI « 3.17 

Semi-volatile Organics 
2-Methylnaphthalene 0.038 8.6 
Acenaphthytene 0.022 5.77 
Anthracene 0.011 6.59 
ienzo(a)anthracene 0.064 7.82 

Benzo(a)pyrene 0.065 8.48 
)enzo(b)fluoranthene 0.16 8.46 
tonzo(ghi)perylene 0.045 8.98 

Benzo(k)fluoranthene 0.16 8.46 
Chrysene 0.089 7.82 
Dibenzo(ah)anthracene 0.029 9 
Oi-n-butyl phthatote 0.02 38.7 
luoranthene 0.17 7.26 

lndeno(1 23-cd)pyrene 0.049 8.98 
Naphthalene 0.029 10 
Phenanthrene 0.11 4.16 
Pyrene 0.13 7.08 

SVOC HI = 0.16 

Volatile Organics 
Acetone 0.005 318.25 
Chloroform 0.001 73.43 
Methylene Chloride 0.001 138.4 

oluene 0.002 33.6 
Total Xylenes 0.003 1.68 

VOCHI* 0.002 

Pesticides/PBCs 
4.4'-DDD 0.019 50 
4,4'-DDE 0.11 50 
4,4'-DDT 0.93 50 
alpha -Chlordane 0.0013 NA 
Aroclor-1260 0.54 10 
Oieldrin 0.12 1.39 
indnn ketone 0.032 29.42 

gamma-Chlordane 0.003 NA 
Methoxychlor 0.034 12.5 

Pesticide/PCB HI * 0.17 

obtained from Tables O-3 and CM 

HI - Hazard Index 
NA - Not Available 
NE - Not Evaluated 

 HQ 

NE 
2.40E-01 

NE 
NE 

3.67E-01 
1.53E-01 
1.28E-01 

NE 
1.19E+00 
6.13E-02 
6.00E-02 

NE 
9.71 E-01 

4.42E-03 
3.81 E-03 
1.67E-03 
8.18E-03 
7.67E-03 
1.89E-02 
5.01 E-03 
1.89E-02 
1.14E-02 
3.22E-03 
5.17E-04 
2.34E-02 
5.46E-03 
2.90E-03 
2.64E-02 
1.84E-02 

1.57E-05 
1.36E-05 
7.23E-06 
5.95E-OS 
1.79E-03 

3.80E-04 
2.20E-03 
1.86E-02 

NE 
5.40E-02 
8.63E-02 
1.09E-03 

NE 
2.72E-03 

3.5 

2/2/99 



Table 2-120
 
Terrestrial Vegetation Risk Characterization
 

Mean Soil Concentrations
 
FS19
 

Mean cone.
in Surface soil

Unit - mg/kg mg/kg
Inorganics 
Aluminum 9680 
Arsenic 3.6 
Barium 30 
Beryllium 0.27 
Cadmium 0.78 
Chromium 8.8 
Cobalt 2.6 
Cyanide 0.053 
Lead 63 
Manganese 72 
Nickel 5.1 
Vanadium 19 
Zinc 43 

Inorganic HI * 

Semi-volatile Organic* 
2-Methylnaphthalene 0.14 
Acenaphthylene 0.14 
Anthracene 0.13 
Benzo(a)anthracene 0.051 
tonzo(a)pyrene 0.048 
Benzo(b)nuoranthen« 0.11 
Benzo(ghi)perylene 0.034 
Benzo(k)fluoranthene 0.11 
Chrysene 0.062 
Dibenzo(ah)anthracene 0.14 
Di-n-butyl phthalate 0.079 
Fluoranthene 0.11 
lndeno(1 23-cd)pyrene 0.039 
Naphthalene 0.14 
Phenanthrene 0.062 
Pyrene 0.089 

SVOC HI * 

Volatile Organics 
Acetone 0.0055 
Chloroform 0.001 
Methytene Chloride 0.0027 
Toluene 0.003 
Total Xylenes 0.005 

VOCHI

Pesticides/PBCs 
4,4'-DDD 0.011 
4.4--DDE 0.055 
4,4'-DDT 0.41 
alpha-Chlordane 0.0012 
Aroclor-1260 0.27 
lieldrin 0.07 
•ndrin ketone 0.21 

gamma-Chlordane 0.0022 
Methoxychlor 0.025 

Pesticide/PCB HI = 

obtained from Tables O-3 and O-4 

HI - Hazard Index 
NA - Not Available 
NE - Not Evaluated 

 Critical Soil HQ 
 Concentration Ia) 

 mg/kg 

NA NE 
20 0.180 
NA NE 
NA NE 
3 0.260 
75 0 
25 0.104 
NA NE 
100 0.630 
1500 0.048 
100 0.051 
NA NE 
70 0.6143 

2.0 

8.6 0.016 
5.77 0.024 
6.59 0.020 
7.82 0.007 
8.48 0.006 
8.46 0.013 
8.98 0.004 
8.46 0.013 
7.82 0.008 

9 0.016 
38.7 0.002 
7.26 0.015 
8.98 0.004 
10 0.014 

4.16 0.015 
7.08 0.013 

0.2 

318.25 1.7282E-05 
73.43 1.3618E-05 
138.4 1.9509E-05 
33.6 8.929E-05 
1.68 0.003 

0.003 

50 2.200E-04 
50 0.001 
50 0.008 
NA NE 
10 0.027 

1.39 0.050 
29.42 0.007 

NA NE 
12.5 0.002 

0.096 

2.3 

2/2/99 



Table 2-121
 
Calculation of Hazard Index for Food Chain Receptors
 

Maximum Concentrations
 
Surface Soil
 

Meadow Vole
 

AOC FS-19
 
MASSACHUSETTS MILITARY RESERVATION
 

Adjusted Oral 
Max Oral Benchmark 

Dose Value (a) Hazard 
coc mg/kg/day mg/kg/day Quotient 

PESTICIDES/PCBs 
DIELDRIN 7.62E-04 0.034 2.24E-02 
4, 4' DDT 2.11E-03 1.34 1.57E-03 

INORGANICS 
ARSENIC 1.65E-02 0.114 1.45E-01 
CADMIUM 3.10E-02 1.62 1.91E-02 
CHROMIUM 2.14E-02 5.51 3.89E-03 
CYANIDE 8.51E-02 108.4 7.85E-04 
LEAD 4.38E-01 13.44 3.26E-02 
MANGANESE 1.25E+00 148 8.47E-03 
VANADIUM 3.98E-02 0.327 1.22E-01 
ZINC 5.05E+00 268.7 1.88E-02 

HI: 0.4 
(a) values obtained from Suter et al. 1996 

FS19ecoFINALa.xls 2/1/99 



Table 2-122
 
Calculation of Hazard Index for Food Chain Receptors
 

Mean Concentrations
 
Surface Soil
 
Meadow Vole
 

AOC FS-19
 
MASSACHUSETTS MILITARY RESERVATION
 

Adjusted Oral 
Mean Oral Benchmark 

Dose Value (a) Hazard 
coc mg/kg/day mg/kg/day Quotient 

PESTICIDES/PCBs 
DIELDREN 4.45E-04 0.034 1.31 E-02 
4, 4' DDT 9.30E-04 1.34 6.94E-04 

INORGANICS 
ARSENIC 1.24E-02 0.114 1.09E-01 
CADMIUM 2.20E-Q2 1.62 1.36E-02 
CHROMIUM 1.64E-02 5.51 2.98E-03 
CYANIDE 4.51 E-02 108.4 4.16E-04 
LEAD 2.32E-01 13.44 1.73E-02 
MANGANESE 9.81 E-01 148 6.63E-03 
VANADIUM 3.36E-02 0.327 1.03E-01 
ZINC 3.19E+00 268.7 1.19E-02 

Hl = 0.3 

(a) values obtained from Suter et al. 1996 

FS19ecoFINALa.xls 2/1/99 
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Table 2-123
 
Calculation of Hazard Index for Food Chain Receptors
 

Maximum Concentrations
 
Surface Soil
 

White-footed Mouse
 

AOC FS-19
 
MASSACHUSETTS MILITARY RESERVATION
 

Adjusted Oral 
Max Oral Benchmark 

Dose Value (a) Hazard 
coc mg/kg/day mg/kg/day Quotient 

PESTICIDES/PCBs 
DIELDRIN 1.27E-03 0.04 3.18E-02 
4.4--DDT 9.S6E-03 1.6 6.16E-03 

INORGANICS 
ARSENIC 6.67E-03 0.136 4.91 E-02 
CADMIUM 5.21 E-02 1.926 2.70E-02 
CHROMIUM 1.83E-02 6.55 2.79E-03 
CYANIDE 1.95E-04 128.9 1.51E-06 
LEAD 1.77E-01 15.98 1.11 E-02 
MANGANESE 7.49E-02 176 4.25E-04 
VANADIUM 1.64E-02 0.389 4.22E-02 
ZINC 9.38E-01 319.5 2.94E-03 

0.2 

(a) values obtained from Suter et al. 1996 

FS19ecoFINALa.xls 2/1/99 



Table 2-124
 
Calculation of Hazard Index for Food Chain Receptors
 

Mean Concentrations
 
Surface Soil
 

White-footed Mouse
 

AOC FS-19
 
MASSACHUSETTS MILITARY RESERVATION
 

Adjusted Oral 
Mean Oral Benchmark 

Dose Value (a) 
coc mg/kg/day mg/kg/day 

PESTICIDES/PCBs 
DIELDREN 8.52E-04 0.04 
4, 4' DDT 4.45E-03 1.60 

INORGANICS 
ARSENIC 5.34E-03 0.136 
CADMIUM 3.88E-02 1.926 
CHROMIUM 1.46E-02 6.55 
CYANIDE 1.47E-02 128.9 
LEAD 1.03E-01 15.98 
MANGANESE 1.12E-01 176 
VANADIUM 1.48E-02 0.389 
ZINC 1.18E+00 319.5 

Hl = 
(a) values obtained from Suter et al. 1996 

Hazard
 
Quotient
 

2.13E-02
 
2.78E-03
 

3.93E-02 
2.01 E-02 
2.23E-03 
1.14E-04 
6.43E-03 
6.36E-04 
3.79E-02 
3.68E-03 

0.1 

FS19ecoFINALa.xls 2/1/99 



Table 2-125
 
Calculation of Hazard Index for Food Chain Receptors
 

Maximum Concentrations
 
Surface Soil
 

Northern Short-tailed Shrew
 

AOC FS-19
 
MASSACHUSETTS MILITARY RESERVATION
 

Adjusted Oral 
Max Oral Benchmark 

Dose Value (a) Hazard 
coc mg/kg/day mg/kg/day Quotient 

PESTICIDES/PCBs 
DIELDRIN 1.50E-02 0.044 (a) 3.40E-01 
4,4'-DDT 1.16E-01 1.76 (a) 6.59E-02 

INORGANICS 
ARSENIC 5.35E-02 0.15 (a) 3.57E-01 
CADMIUM 6.35E-01 2.12 (a) 2.99E-01 
CHROMIUM 1.57E-01 7.21 (a) 2.17E-02 
CYANIDE 1.40E-03 141.9 (a) 9.88E-06 
LEAD 1.47E+00 17.58 (a) 8.38E-02 
MANGANESE 3.21 E-01 193 (a) 1.67E-03 
VANADIUM 6.75E-02 0.428 (a) 1.58E-01 
ZINC 1 .07E+01 351.7 (a) 3.03E-02 

HI 1.4 
(a) values obtained from Suter et al. 1996 

FS19ecoFINALa.xls 2/1/99 



Table 2-126
 
Calculation of Hazard Index for Food Chain Receptors
 

Mean Concentrations
 
Surface Soil
 

Northern Short-tailed Shrew
 

AOC FS-19
 
MASSACHUSETTS MILITARY RESERVATION
 

Adjusted Oral 
Mean Oral Benchmark 

Dose Value (a) Hazard 
coc mg/kg/day mg/kg/day Quotient 

PESTICIDES/PCBs 
DIELDRIN 8.73E-03 0.044 1.98E-01 
4,4'-DDT 5.11E-02 1.76 2.90E-02 

INORGANICS 
ARSENIC 4.01 E-02 0.15 2.67E-01 
CADMIUM 4.50E-01 2.12 2.12E-01 
CHROMIUM 1.20E-01 7.21 1.66E-02 
CYANIDE 7.43E-04 141.9 5.24E-06 
LEAD 7.80E-01 17.58 4.44E-02 
MANGANESE 2.51 E-01 193 1.30E-03 
VANADIUM 5.70E-02 0.428 1.33E-01 
ZINC 6.74E+00 351.7 1.92E-02 

H\ 0.9 
(a) values obtained from Suter et al. 1996 

FSl9ecoFINAU.xls FS19ecoFINALa.xls 



Table 2-127
 
Calculation of Hazard Index
 
for Food Chain Receptors
 
Maximum Concentrations
 

Surface Soil
 
Upland Sandpiper
 

AOC FS-19 Study Area
 
Massachusetts Military Reservation
 

Adjusted Oral 
Max Oral Benchmark 

Dose Value 
coc mg/kg/day mg/kg/day 

PESTICIDES/PCBs 
DIELDRIN 1.57E-03 0.077 (a) 
4, 4' DDT 1.22E-02 0.003 (a) 

INORGANICS 
ARSENIC 5.04E-03 2.5 (a) 
CADMIUM 6.73E-02 1.45 (a) 
CHROMIUM 1.51E-02 1 (a) 
CYANIDE 1.35E-04 0.008 (b) 
LEAD 1.40E-01 1.13 (a) 
MANGANESE 2.17E-02 997 (a) 
VANADIUM 4.13E-03 11.4 (a) 
ZINC 1.12E+00 14.5 (a) 

Hl = 
(a) values obtained from Suter et al. 1996 
(b) value obtained from MMR RAH 

Hazard
 
Quotient
 

2.04E-02 
4.06E+00 

2.01 E-03 
4.64E-02 
1.51E-02 
1.69E-02 
1.24E-01 
2.18E-05 
3.62E-04 
7.75E-02 

4.4 

FS19ecoFINALb.xls 2/1/99 



Table 2-128
 
Calculation of Hazard Index
 
for Food Chain Receptors
 

Mean Concentrations
 
Surface Soil
 

Upland Sandpiper
 

AOCFS-19 Study Area
 
Massachusetts Military Reservation
 

Adjusted Oral 
Mean Oral Benchmark 

Dose Value 
coc mg/kg/day mg/kg/day 

PESTICIDES/PCBs 
DIELDRIN 
4, 41 DDT 

9.18E-04 
5.38E-03 

0.077 
0.003 

(a) 
(a) 

INORGANICS 
ARSENIC 3.78E-03 2.5 (a) 
CADMIUM 4.77E-02 1.45 (a) 
CHROMIUM 1.15E-02 1 (a) 
CYANIDE 7.18E-05 0.008 (b) 
LEAD 7.43E-02 1.13 (a) 
MANGANESE 1.70E-02 997 (a) 
VANADIUM 3.49E-03 11.4 (a) 
ZINC 7.10E-01 14.5 (a) 

Hl = 

(a) values obtained from Suter et al. 1996 
(b) value obtained from MMR RAH 

Hazard | 
Quotient 

1.19E-02 
1.79E+00 

1.51E-03 
3.29E-02 
1.15E-02 
8.98E-03 
6.58E-02 
1 .70E-05 
3.06E-04 
4.90E-02 

2.0 

FS19ecoFINALb.xls 2/1/99 



Table 2-129 
Calculation of Hazard Index 
for Food Chain Receptors 
Maximum Concentrations 

Surface Soil 
Northern Cardinal 

AOCFS-19 Study Area 
Massachusetts Military Reservation 

Adjusted Oral 
Max Oral Benchmark 

coc Dose Value 
mg/kg/day mg/kg/day 

PESTICIDES/PCBs
 
DIELDRIN 1.34E-03 0.077 (a)
 
4, 4' DDT 9.79E-03 0.003 (a)
 

INORGANICS
 
ARSENIC	 5.70E-03 2.5 (a)
 
CADMIUM	 5.34E-02 1.45 (a) 
CHROMIUM	 1.58E-02 1 (a) 

IIHI	 CYANIDE 1.38E-02 0.008 (b) 
LEAD 1.56E-01 1.13 (a) 
MANGANESE 8.36E-02 997 (a) 
VANADIUM 1.13E-02 11.4 (a) 
ZINC 1.36E+00 14.5 (a) 

HI 
(a) values obtained from Suter et al. 1996 
(b) value obtained from MMR RAH 

Hazard 
Quotient 

1.74E-02 
3.26E+DO 

2.28E-03 
3.68E-02 
1.58E-02 
1 .73E+00 
1.38E-01 
8.38E-05 
9.87E-04 
9.41 E-02 

5.3 

FS19ecoFINALb.xls	 2/1/99 



Table 2-130
 
Calculation of Hazard Index
 
for Food Chain Receptors
 

Surface Soil
 
Mean Concentrations
 

Northern Cardinal
 

AOC FS-19 Study Area
 
Massachusetts Military Reservation
 

Adjusted Oral 
Mean Oral Benchmark 

Dose Value 
coc mg/kg/day mg/kg/day 

PESTICIDES/PCBs 
DIELDRIN 7.83E-04 0.077 (a) 
4, 4' DDT 4.32E-03 0.003 (a) 

INORGANICS 
ARSENIC 4.28E-03 2.5 (a) 
CADMIUM 3.78E-02 1.45 (a) 
CHROMIUM 1.21E-02 1 (a) 
CYANIDE 7.34E-03 0.008 (b) 
LEAD 8.27E-02 1.13 (a) 
MANGANESE 6.54E-02 997 (a) 
VANADIUM 9.50E-03 11.4 (a) 
ZINC 8.63E-01 14.5 (a) 

Hl = 
(a) values obtained from Suter et al. 1996 
(b) value obtained from MMR RAH 

Hazard 
Quotient 

1.02E-02 
1 .44E+00 

1.71E-03 
2.61 E-02 
1.21E-02 
9.17E-01 
7.32E-02 
6.56E-05 
8.34E-04 
5.95E-02 

2.5 
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Table 2-131
 
Calculation of Hazard Index
 
for Food Chain Receptors
 
Maximum Concentrations
 

Surface Soil
 
Grasshopper Sparrow
 

AOC FS-19 Study Area
 
Massachusetts Military Reservation
 

Adjusted Oral 
Max Oral Benchmark 

Dose Value 
coc mg/kg/day mg/kg/day 
PESTICIDES/PCBs 
DIELDRIN 4.14E-05 0.077 (a) 
4, 4' DDT 3.21 E-04 0.003 (a) 

INORGANICS 
ARSENIC 
CADMIUM 

1.33E-04 
1.77E-03 

2.5 
1.45 

(a) 
(a) 

CHROMIUM 3.97E-04 1 (a) 
CYANIDE 3.57E-06 0.008 (b) 
LEAD 3.70E-03 1.13 (a) 
MANGANESE 5.72E-04 997 (a) 
VANADIUM 1.09E-04 11.4 (a) 
ZINC 2.96E-02 14.5 (a) 

HI 

(a) values obtained from Suteret al. 1996 
(b) value obtained from MMR RAH 

Hazard 
Quotient 

5.38E-04 
1 .07E-01 

5.30E-05 
1 .22E-03 
3.97E-04 
4.46E-04 
3.27E-03 
5.74E-07 
9.54E-06 
2.04E-03 

0.1 
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Table 2-132
 
Calculation of Hazard Index
 
for Food Chain Receptors
 

Mean Concentrations
 
Surface Soil
 

Grasshopper Sparrow
 

AOCFS-19 Study Area
 
Massachusetts Military Reservation
 

Adjusted Oral 
Mean Oral Benchmark 

Dose Value 
coc mg/kg/day mg/kg/day 
PESTICIDES/PCBs 
DIELDRIN 
4. 41 DDT 

2.42E-05 
1 .42E-04 

0.077 
0.003 

(a) 
(a) 

INORGANICS 
ARSENIC 9.95E-05 2.5 (a) 
CADMIUM 1.26E-03 1.45 (a) 
CHROMIUM 3.04E-04 1 (a) 
CYANIDE 1.89E-06 0.008 (b) 
LEAD 1.96E-03 1.13 (a) 
MANGANESE 4.48E-04 997 (a) 
VANADIUM 9.19E-05 11.4 (a) 
ZINC 1.17E-01 14.5 (a) 

Hl = 
(a) values obtained from Suter et al. 1996 
(b) value obtained from MMR RAH 

Hazard
 
Quotient
 

3.14E-04 
4.72E-02 

3.98E-05 
8.67E-04 
3.04E-04 
2.36E-04 
1.73E-03 
4.49E-07 
8.06E-06 
8.06E-03 

0.1 
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Table 2-133 
Calculation of Hazard Index 
for Food Chain Receptors 
Maximum Concentrations 

Surface Soil 
Northern Harrier 

AOCFS-19 Study Area 
Massachusetts Military Reservation 

Adjusted Oral 
Max Oral Benchmark 

Dose Value Hazard 
coc mg/kg/da mg/kg/day Quotient 
PESTICIDES/PCBs iiM 
DIELDRIN 5.04E-07 0.077 (a) 6.54E-06 
4,4' DDT 3.53E-07 0.003 (a) 1.18E-04 

Hill	 
INORGANICS (c) 
ARSENIC 1 .88E-08 2.5 (a) 7.54E-09 
CADMIUM 7.91 E-06 1.45 (a) 5.46E-06 
CHROMIUM 2.86E-07 1 (a) 2.86E-07 
CYANIDE 3.27E-05 0.008 (b) 4.08E-03 
LEAD 2.22E-05 1.13 (a) 1 .96E-05 
MANGANESE 1.85E-05 997 (a) 1.86E-08 
VANADIUM 5.97E-08 11.4 (a) 5.24E-09 
ZINC 3.09E-03 14.5 (a) 2.13E-04 

HI = 0.004 
Note: IN 
(a) values obtained from Suter et al. 1996 
(b) value obtained from MMR RAH 
(c)	 Exposure to inorganic COCs through the food chain pathway not 

only incidental soil ingestion. 
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Table 2-134
 
Calculation of Hazard Index
 
for Food Chain Receptors
 

Mean Concentrations
 
Surface Soil
 

Northern Harrier
 

AOC FS-19 Study Area
 
Massachusetts Military Reservation
 

Adjusted Oral 
Mean Oral Benchmark 

Dose Value Hazard • 
coc mg/kg/day mg/kg/day Quotient 
PESTICIDES/PCBs 
DIELDRIN 2.94E-07 0.077 (a) 3.82E-06 
4,4' DDT 1.56E-07 0.003 (a) 5.19E-05 

INORGANICS (c) 
ARSENIC 1.41E-08 2.5 (a) 5.65E-09 
CADMIUM 5.61 E-06 1.45 (a) 3.87E-06 
CHROMIUM 2.19E-07 1 (a) 2.19E-07 
CYANIDE 2.28E-05 0.008 (b) 2.85E-03 
LEAD 1.17E-05 1.13 (a) 1 .04E-05 
MANGANESE 1.45E-05 997 (a) 1.45E-08 
VANADIUM 5.04E-08 11.4 (a) 4.42E-09 
ZINC 1.95E-03 14.5 (a) 1.35E-04 

HI = 0.003 
Note: 
(a) values obtained from Suter et al. 1996 
(b) value obtained from MMR RAH 
(c)	 Exposure to inorganic COCs through the food chain pathway not evaluat 

only incidental soil ingestion. 
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II 

Table 2-135 
Calculation of Hazard Index 
for Food Chain Receptors 
Maximum Concentrations 

Surface Soil 
Short-eared Owl 

AOCFS-19 Study Area 
Massachusetts Military Reservation 

Adjusted Oral 
Max Oral Benchmark Hazard 

coc Dose Value Quotient 
mg/kg/da mg/kg/day 

PESTICIDES/PCBs 
DIELDRIN 3.87E-06 0.077 (a) 5.03E-05 nil 
4, 4' DDT 2.71 E-06 0.003 (a) 9.05E-04 

INORGANICS (c) 
ARSENIC 1.45E-07 2.5 (a) 5.79E-08 
CADMIUM 6.08E-05 1.45 (a) 4.19E-05 
CHROMIUM 2.20E-06 1 (a) 2.20E-06 
CYANIDE 1.03E-06 0.008 (b) 1.29E-04 
LEAD 1.70E-04 1.13 (a) 1.51E-04 
MANGANESE 1.42E-04 997 (a) 1.43E-07 

IM	 VANADIUM 4.59E-07 11.4 (a) 4.02E-08 
ZINC 2.37E-02 14.5 (a) 1 .64E-03 

HI = 0.003 
Note: 
(a) values obtained from Suter et al. 1996 
(b) value obtained from MMR RAH 
(c)	 Exposure to inorganic COCs through the food chain pathway no 

only incidental soil ingestion. 
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Table 2-136
 
Calculation of Hazard Index
 
for Food Chain Receptors
 

Mean Concentrations
 
Surface Soil
 

Short-eared Owl
 

AOCFS-19 Study Area
 
Massachusetts Military Reservation
 

Mean Ora Adjusted Oral 
coc Dose Benchmark Hazard 

mg/kg/da Value Quotient 

PESTICIDES/PCBs 
DIELDRIN 2.26E-06 0.077 (a) 2.93E-05 
4, 4' DDT 1.20E-06 0.003 (a) 3.99E-04 

INORGANICS (c) 
ARSENIC 1.08E-07 2.5 (a) 4.34E-08 
CADMIUM 4.31 E-05 1.45 (a) 2.97E-05 
CHROMIUM 1.68E-06 1 (a) 1 .68E-06 
CYANIDE 5.45E-07 0.008 (b) 6.81 E-05 
LEAD 9.01 E-05 1.13 (a) 7.97E-05 
MANGANESE 1.11E-04 997 (a) 1.12E-07 
VANADIUM 3.87E-07 11.4 (a) 3.40E-08 
ZINC 1.50E-02 14.5 (a) 1.03E-03 

HI = 0.002 
Note: 
(a) values obtained from Suter et al. 1996 
(b) value obtained from MMR RAH 
(c)	 Exposure to inorganic COCs through the food chain pathway 

only incidental soil ingestion. 
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Table 2-137
 
Calculation of Hazard Index
 
for Food Chain Receptors
 
Maximum Concentrations
 

Surface Soil
 
Red Fox
 

AOCFS-19 Study Area
 
Massachusetts Military Reservation
 

coc 
PESTICIDES/PCBs 
DIELDRIN 
4, 4' DDT 

••I INORGANICS (a) 
ARSENIC 
CADMIUM 
CHROMIUM 
CYANIDE 
LEAD 
MANGANESE 
VANADIUM 
ZINC 

Note: 

Max Oral Adjusted Oral 
Dose Benchmark Hazard 

mg/kg/day Value (b) Quotient 

9.22E-08 0.011 8.38E-06 
2.02E-07 0.42 4.80E-07 

8.87E-07 0.036 2.47E-05 
1.00E-06 0.509 1 .97E-06 
1 .86E-06 1.73 1.07E-06 
3.43E-08 34.1 1.01E-09 
1.86E-05 4.22 4.41 E-06 
1.97E-05 46 4.28E-07 
3.19E-06 0.103 3.09E-05 
6.90E-03 84.5 8.17E-05 

HI = 0.0002 

(a)	 Exposure to inorganic COCs through the food chain pathway not evalua 
only incidental soil ingestion. 

(b) Values obtained from Suter et al. 1996 
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coc 
PESTICIDES/PCBs 
DIELDRIN 
4, 4' DDT 

INORGANICS (a) 
ARSENIC 
CADMIUM 
CHROMIUM 
CYANIDE 
LEAD 
MANGANESE 
VANADIUM 
ZINC 

Note: 

Table 2-138
 
Calculation of Hazard Index
 
for Food Chain Receptors
 

Mean Concentrations
 
Surface Soil
 

Red Fox
 

AOCFS-19 Study Area
 
Massachusetts Military Reservation
 

Mean Oral
Dose

mg/kg/day

5.38E-08 
8.90E-08 

6.66E-07 
7.12E-07 
1.42E-06 
1.82E-08 
9.85E-06 
1.54E-05 
2.69E-06 
4.36E-03 

 Adjusted Oral
 
 Benchmark
 

 Value (b)
 

0.011 
0.42 

0.036 
0.509 

1.73 
34.1 
4.22 

46 
0.103 
84.5 

HI =

Hazard
 
Quotient
 

4.89E-06
 
2.12E-07
 

1.85E-05
 
1 .40E-06
 
8.21 E-07 
5.33E-10 
2.33E-06 
3.35E-07 
2.61 E-05 
5.17E-05 

 0.0001 

(a)	 Exposure to inorganic COCs through the food chain pathway not evaluated; 
only incidental soil ingest ion. 

(b) Values obtained from Suter et at. 1996 
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Table 2-139 
Aquatic Risk Characterization - Maximum Concentrations 

AOC FS-19 Rl STUDY AREA 
MASSACHUSETTS MILITARY RESERVATION 

COCs 
C 

(ug/L) 
Total 

C 
(ug/L) 

Dissolved 

Aquatic 
Benchmark 

Value 
(ug/L) 

HQ 
Total 

HQ 
Dissolved 

INORGANICS 
Chromium (1) 
Copper 
Lead 
Nickel 
Zinc 

21 
13.7 
18.5 

22 
58.9 

ND 
NO 
1.3 
5.2 

36.2 

11 
2.2 

0.26 
21.45 

47 

1.91 
6.23 

71.15 
1.03 
1.25 

NE 
NE 

5.00 
0.24 
0.77 

Inoganlc HI = 81.6 6.0 

Total Hl= 81.6 6.0 

Notes: 
All values obtained from MMR Ecological Assessment Guidance, Table O-2. 
COC = contaminant of concern 
HQ = hazard quotient 
ND = Not Detected 
NE = Not Evaluated 

—u1~ Value for chromium VI used. 
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Table 2-140 
Aquatic Risk Characterization - Mean Concentrations 

AOC FS-19 Rl STUDY AREA 
MASSACHUSETTS MILITARY RESERVATION 

COCs 

INORGANICS 
Chromium (1) 
Copper 
Lead 
Nickel 
Zinc 

C 
(ug/L) 
Total 

7.7 
5.4 
4.5 

8 
22 

C 
(ug/L) 

Dissolved 

ND 
ND 

0.66 
2.6 
11 

Aquatic 
Benchmark 

Value 
(ug/L) 

11 
2.2 

0.26 
21.45 

47 

HQ 
Total 

0.70 
2.45 

17.31 
0.37 
0.47 

HQ 
Dissolved! 

I 

NE 
NE 

2.54 
0.12 
0.23 

Inorganic HI= 21.3 2.9 

Total HI = 21.3 2.9 

Notes: 
All values obtained from MMR Ecological Assessment Guidance, Table O-2. 
COC = contaminant of concern 
HQ = hazard quotient 
HI = hazard index 
ND = Not Detected 
NE = Not Evaluated 

—u1~ Value for chromium VI used. 
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RESPONSE TO COMMENTS
 
TO
 

PROPOSED PLAN FOR NO FURTHER ACTION FOR SOILS AND GROUNDWATER
 
AT THE FS-17 AND FS-19 SITES
 

MASSACHUSETTS MILITARY RESERVATION
 
November 1998
 

No comments were received by AFCEE during the public comment period for the Proposed Plan 
for No Further Action at the FS-17 and FS-19 Sites. Because no comments were received, no 
responses are necessary. This statement constitutes the Response to Comments for the Record of 
Decision for AOC FS-17 and AOC FS-19. 
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Henry Cu
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1 P R O C E E D I N G S  . 

2 MR. KARSON: The official record is now 

3 open. My name is Douglas Karaon. And I will be the 

4 hearing officer for tonight. The purpose of the 

5 hearing is to accept oral comments, testimony and 

6 written comments on The Proposed Plan for Fuel Spill 

7 17 and 19 sites. 

8 All comments and testimony that are given 

9 tonight will be transcribed verbatim and become part 

10 of the official record on this project. 

11 Each and every comment will be responded to 

12 in the form of a Responsiveness Summary that will be 

13 issued after the close of the public comment period. 

14 This will be attached to The Record of Decision/ 

15 which will be the final decision on the two sites. 

16 Everyone wanting to comment must speak into 

17 the microphone. Please state your name and town of 

18 residence. 

19 The floor is now open to comment on The 

20 Proposed Plan for the Fuel Spill 17 and 19 sites. 

21 Are there any comments to be offered 

22 tonight? 

23 (No response.) 

24 MR. KARSON: I will ask one more time. Are 

25 there any comments to be offered tonight? 



1 (No response.)
 

2 MR. KARSON: If there are no comments to be
 

3 made, then I shall now close the official record for
 

4 oral testimony. The record is now closed. Please
 

5 note that you can still provide written comments
 

6 through January 8th. I thank you all for coming and
 

7 have a good evening.
 

8 (Whereupon the hearing adjourned
 

9 at 7:05 p.m.)
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13
 

14
 

15
 

16
 

17
 

18
 

19
 

20
 

21
 

22
 

23
 

24
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1 C E R T I F I C A T E
 

2
 

3 I, MARY E. PHILLIPS, Registered Professional
 

4 Reporter, do hereby certify that the foregoing transcript,
 

5 pages 2 through 5 inclusive, was taken by me
 

6 stenographically and thereafter under my direction was
 

7 reduced to typewriting and is a true record of the testimony
 

8 of the proceedings to the best of my ability.
 

9
 

10
 

11 Dated at Bourne, Massachusetts, this 15th
 

12 day of January, 1999.
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15
 

16
 

17
 

18
 

19
 

20
 

21 MARY E. PHILLIPS, RPR
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23
 

24
 

25
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Massachusetts Department of Environmental Protection 
Concurrence Letter 

This page is inserted pending receipt of a letter of concurrence to the AOC FS-17 and 
AOC-19 Record of Decision. 



APPENDIXF
 

CLOSURE REPORTS
 

FS-17 FS-19 RODFinal.doc October 1999
 

F-l 



Intentional Blank Page 

FS-17FS-19RODFinal.do c F-2 October 1999 

http:FS-17FS-19RODFinal.do


DEC-05-1995 16:22 FROM
 
TO COM BOSTON P.01 

SMetcalf&Eddy
 
An Air4 Water TechuotooiM Company- — 

Po*t-ttvbrd?id fox traAsrninaJ 
October 17, 1994 

00 

n»M« 
Mr. Christopher Faux F»I # 

FTprjnyyrw r»«»i MaBiigw^n* Officer 
^>c*K v«50~-yWrfy»<*yG»^» ?

Otis Environmental Ivtanagetneoi Office 
Otis Air Natioaal Ouatd Base 02542 

RE: Weekly Report, Week Endhtg 3/12/94 

Removal of 2-5,000 gallon Underground Storage Tanks' i 

Dear Mr. Faux, | ' : 

On Angus. 9.1994. Metcatf A Eddy (M&E) personnel met Mr. John Grand, Mr. Bob Blair, 
and Mr. Joe Graaar of Otia Air National Goaid (ANG) Bate., oorate to- provide environmental 
monitoriug servfct* daring die removal of two steel, 3,OOOJfaHos underground storage tasks 
(USTs) at Balding 3693. As per the Scope of Wok, the eu»uuaaejEkal iDoatocing services 
included open air soil scrceoiag for the proencs of total volatile organic compoonds (VOCs) 
T«tng a Fbotovac Microt%> phototooizatioii detector (MD)^ aadisoil bradtparc icreemag in 
accordance wili Hie Jar Eeadspace Screening Frocedore wbfch is outlined in the DeparoncDt of 
BovironmexKal Protection's Policy WSC-9-WOO, "loteriml Remediatipn Waatc Management 
Policy for Parokmn Cootamiaated Soft". ! , 

i 

According ID Otis ANG Base personnel, the UST« were zppjxuainifity 50 years old, aad bad 
been base until ABg«t4,19W. One of the UST* hdd diecei niel and the other held gasoline. 
On Aupm S, 1994, prior to MAE'a ate visa, ATEC Envnoaineiifal Coosnltanls CATEC) 
removed the Building 3693, and the pump islands, asphalt, ud conbeta located above the USTs. 
In addition, ATEG nanowod soil to expose (he USTs. jibe aoil covering die USTs was 
stockpiled on site jP**>ylTiTff field t*'"•*ning TtcEet to ATTT^*^w|yf* I ftyr an f^nitra*K?B of the 
excavauofi axea* ~imo loQowfiifl ^p*^^i IK T^*^ v^f aco^nciea &ctv9rtn0& at Bnudmc 3S91 widi Ad&£ 
personoal pirt^ui, I 

^OHwtMdMa SUM WaWUl MA tTBBO 
M*anBAd*w»ro>xs' 4043. Wctum, MA m 
eî afessoo w« 

DEC-65-1995 13:58 
P. 07
 



DEC-05-1995 16:23 FROM
 
TO
 CDM BOSTON P.02
 

Mr. Christopher Faw 
October 17. 1994 

Attima P. 

On August 9, 1994, ATEC cleaned both USTs, generating two SSrsaUoki drums of dudge and 
' 

- j 

On August 8, 1994, AIBC excavated approximately 100 cubic yards of soil to expose the 
surface of the USTs. Pending field scrcaring by M&Epcrsonnd. ATEC stockpiled »fl on site. 

itiE p-rfotmedhy MAEpergomid on Augost9. 1994. Ttefakd recuto of 0 ppm total 
volatile organic compounds (VOCs). The field screening results <j>f al]| other soil excavated to 
remove the USTs were 0 ppna total VOCs. A test pit was excavated in the area of the former 
pump island to a depth of 4 feet. No petroleum odor, staining, or1 PTDj readings were detected 
in the area of the former pomp island. • ; 

; . i 
Results of Jar Headspace Screening performed on in-ofti vA of the final excavation base at 12 
feet below gxade, aadoffte final excavatkwisidewalb waciabo^ppoi total VOC». The final 
excavatkoi wa* approximately 15 feet wkfc by 35 fleet long;by 13 feet deep. No groundwaarr 
was i itocd in the excavation. 

Please do not hesitate to call me if you have any WUUBCUL3;. I may be reached tt 
(617) 246-8482, extension 4124. 

Sincerely,
 
METCAU1 & EDDY
 

Rebecca J.
 
Engineer n
 

cc:	 Mr. Bob Blair, OTIS ANG Base
 
Michael McGratfa, Metealf & Eddy
 

13:51
 
P.08 
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DeC-05-1995 .16=2 3 FROM CDM BOSTON P.04 

FORMER 
WflLDtKC 3693 2 

/• OF 
REMOVED 

FORMER
 
PUttP ISLAND
 0  : 

VST niis 

V IX
 
a.ooo
 SJOM GAL \ i
UNLEADED
 
OCOUNE
 J i 

s. ' / 

C 

• UST* WBtt 7* PUkOER. 1T-T l!oN9 A» 5- BBLMT GWDC. 

APPRCMOUUTE LJUIT OT 

ANG BAS£ 
UST REMOVALS 
BUILDING 3593 Metcalf&Eddy 

onssjwc III/J/M 

DEC-BS-1995 13=52 
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Closure Report 
Drainage Structure 23CDXX1 

CLOSURE REPORT
 

1. i INTRODUCTION 

:j.f DRAINAGE STRUCTURE REMOVAL PROGRAM 
• : • i • ; .	 • 
qfessachusetts Military Reservation (MMrR) is toted on the U.S. Environmental Protection Agency 
HUSEPA) National Priority List Remedial studies and activities are currently being conducted at 
ttWR rn accordance with giKteines and procedures of the USEPA Superfund program and the 
ftajtional Contingency Plan (NCP). Two types of action can be initiated under the NCP: remedial 
acfions aad removal actions. Remedial actions are long-term, permanent remediation of 
hazardous waste stes. Removal actions are short-term actions to abate or eliminate the release 
ef contamination. The drainage structure removal program is a removal action program. 

Thje Nafonsl Guard Bureau (NGB) evaluated the drainage structures in a separate Sasewide 
program because of the siniflaiity in operations and contaminants. The drainage structure 
wipovaJ'program is based on the Phase I Sump investigation Program conducted by' ABB 
EnMronmental Services Inc. (ABB) and the Phase II Sump investigation Program conducted by 
Metcatf and Eddy for the NGB. AB8 characterized approximately 100 drainage structures. This 
Characterization included sampling to identify potential contaminant sources. Also during this 
phase an additional'151 drainage structures were identified. Fifteen of these structures were 
Characterized by Meteaif and Eddy as a high priority. 

A total of 185 drainage structures are included in the program. -One hundred sixty-five 
of these structures are funded for removal Currently. Jacobs Engineering Group is 
under contract through the Air Force Center for Environmental Exceience for the 
following work under the drainage structure removal program. The scope of work 
includes; The removal or abandonment in place of approximately 165 existing 
drainage structures on the Massachusetts Mifitary Reservation end the associated 
Squid and sediment contents. 

•	 Demotion of 12 existing vehicle mainte t slabs and foundations. 

<•	 Testing soil, fiquid. sludge end sediment for contamination. 

•	 : Stockpiling and treatment or disposal of excavated drainage structure debris and 
surrounding soil. 

•	 Backfilling and restoring excavations as specified. 

• _• Preparing closure reports. 

work iJacobe ts performing on the drainage structure removal program is governed by the 
Drainage Structure Removal Program SpecfficatKXis', Juiy 1995. prepared for 

Ijtassachusetts Military Reservation by Meteaif and Eddy; and the approved Jacobs' Plans 
{Drainage Structure Removal Program Volume I - Quality Project Pian and Volume U - Remedial 
Action Work Pian. January 1996. prepared tor Massachusetts Military Reservation). These 
documents detail the procedures uJfced by Jacobs during the removal of drainage structures. 

. QfeAMGS 
Oramage Sfrucft/re Remova; Program 
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1,2 CLEAN-UP LEVELS 

ctean-up levels for the drainage structure removal program (DSRP) are determined by the MMR 
specific soU target clean-up levels <STCLs) in accordance with the HAZWRAP Sc4 Target Ctean Up 
Lp<ete dated January 30, 1998. The STCLs are risk -based standards. The <tepm utilized for the 
DRSP is the 2 to 15 foot depth. Additionally. the STCLs are divided tritb several sub-categories: 
fejsite the ftghfline, outside the fljghfline. and«tean flu. The inside and outside the flightTme STCLs are 
tested upon ferture use as wefl as risk. These standards appty to the bottom, inlet and outlet samples 
arx j are used to determine that the drainage structure «r̂  

The1 dean fill STCLs apply to the paylimltsampte. This -data determines If the payHmlt can -be used for 
dean fill or requires treatment The soil wttl oe treated in the OABF If any of the contaminants tested 
arel-above the STCLs for dean fill. Additionally, if the soil fails the 'twenty times' rule as defined in 
sbejeffication 01410. the payiimit sample will be analyzed for TCLP. If the soil passes the TCLP, it will 
be treated in the OABF. Any soil failing TCLP limits wif be disposed off-site at a ftCRA-regulated 
facility. ; 

fai DRAINAGE STRUCTURE DESCRIPTION AND LOCATION 

Qrajnage structure 23CDXX1 was tocated off the southwest end of former building 3694, west of 
Frank Perkins Road' in the FS-17 Study Area. This structure is located outside the ffightiine area. The 
djaitage structure wasa Leaching Well Type III {See figure 1). The drainage structure was visible at 
the {ground surface and had a depth of 1O feet The survey coordinates are 24&,652.7 North and 
856i285.4 East 

,.„! drainage structure had a round metal manhole type cover. The structure waff s were constructed 
oj:approximately one foot of brick and inner and outer corrugated metal wads. The; structure bottom 
was not visible due to the presence of Squids. A single inlet pipe. 2-inch steel, was observed Centering 
the structure. No outlet pipes were present 

! PREVIOUS INVESTIGATION HISTORY 

1J4.J1 FUEL SPILL 17 (FS-17) STUDY AREA 

area FS-17 is a former World War II motor pool. The study area is located west of Frank 
Perions Road. Two type III teaching wed structures and a french drain were identified during the 
Pnabe I Investigation. Drainage structures 23CDXX1 and 23COXX2 were sampled during the Phase I 
SuT9p Investigation Program conducted by ABB. At that time, eight soil borings were drilled in the FS
17 area to assess contamination. 

PHASE I INVESTIGATION SUMMARY 

H  I 
At fie time of ABB investigation {Sump Removal Action Program, Phase I Sump Investigation 
Program Work Completion Report. October 1992). drainage structure 23COXX1 was charactenzed. 

soil borings were drilled at this site. Results from the soil sampling had TPH. benzene, and 
zinc- detections. 

OtKANGB 
Drainage Structure Removal Program 

I 



t^^ ' .*. • ^.A.ii'w *_*4_ ' 

MANHOLE {MAY BE FLUSH) 

GROUND SURFACE 

ii 

!
 
1

1\

1
 
•1 

f*\
. \ 

:
;

i; .. . : . . . • E k /
: APPROX. 2'0,LA 

^SRICK OR CEMENT. COLLAR' 

1 :--;r>s^ / 
a 
u ;:•-': S\ ^ t' GRAVEL BACKFILL ' 

eo
 
X5RRUGATED METAL —'"'* ""• _
« (1 

r O ' _il._ INLFT PIPE 1" TO fi" iSIDEWALLS . •••' . U 
;.->_"..>.• D«A. /" 

V o V\ 
<;"•..•; /I f ,. ,T ... 

23COXX1SCXNOF1 J| 

I 

LEACHING HOLE • 
-(RANDOMLY PLACED) 

STANDING 
OR 

CATCH/BUCKET BOTTOM 

23COXX1SOBTOF1 NOT TO SCALE 

Figure 1 
Otis Air National Guard -Bcrse 

23COXX 1 
Leachin g Wel l

A SAMPLE POINT Orown fty:S. LEWIS 

09/23/95 10K79701 

JACOBS ENGINEERING
t300 N. 17Ui SL. Suite 6O2. 

 Type III 
Fila Name: 

23COXX1.OWG 

 GROUP INC. 
22209 



Closure Report 
Drainage Structure 23CDXX1 

2. LIQUID REMOVAL AND DISPOSAL 
I 

On February 1. 1996, 50-gaHons of liquid were removed from drainage structure 23CDXX1. This 
fijquid was t̂ransported to the Central Storage Area and transferred to the frac tank. The frac tank 
feoeived -similar liquid waste from other drainage structure as well as *he water generated during 
deGonamioation of equipment and debris. The contents of Iftis frac tank has been sampied and 
tjased on the analytical results, wiB be properly disposed. The disposal records and manifests will be 
mciuded inithe Disposal Report which will be submitted at the completion of the project 

jj. :SEOIMENT/SLUDG£ REMOVAL AND DISPOSAL 

On February 7.1996, a backhoe was used to remove one 55-gallon drum of sediment/sludge from 
Onts structure. The sediment/sludge was black and oily in appearance. It was transported to the drum 
s forage ar̂ a in the Central Storage Area (CSA). The initial PID reading, taken when the structure was 
Opened, was 7.8 ppm. The PID was used for field screening throughout the removal process. The 
el rum has been sampled and the sample composited with drums from similar drainage structures. The 
fifra'l disposition of the sediment/sludge will be determined when the analytical results are received. 
Tihe disposal records and manifests win be included in the Disposal Report 

. 1 

4J. DRAINAGE STRUCTURE REMOVAL AND DISPOSAL 

4.1 • PROCEDURES USED TO REMOVE PAYUMtT 

EXCAVATION 

On February 7, 1995, a backhoe was used to excavate and remove the drainage structure and 
pJayBmit sots. The soil was removed and directly loaded into dumptrucks. Approximately 20 cubic 
yinrds of soil and debris were excavated. The final excavation size was 10 feet long by 10 feet wide 
by 13 feet deep. The excavated soil was stored by structure in the CSA. During the removal of the 
payiimJt approximately 10 linear feet of steel pipe was removed. The pipe ends were plugged with 
concrete. Structure closure was observed by ABB Environmental, the Title II subcontractor to IRP. 
Photos are located in the photo tog of the master copy of this document in the IRP office, 

•] : 

FIELD SCREENING 

Field screening for volatie organic compounds and dust was conducted throughout the excavation 
attWrbes. PID results were non-detect in the breathing zone. Mint-RAM results weoe also non-detect 
irt the breathing zone. Headspace PID readings were also taken at the inlet, outlet, and bottom 
sample location. The headspace readings were used as an initial determination of contamination. 
Trie headspace readings were 0.2 ppm at the bottom. 0.3 ppm at the intet, and 3.9 ppm at the outlet 

4ilJ3 BACKFILL 

Tf»e bacMBI used for this excavation came from an on-base source, either the former Landfill 1 
bortimon borrow pit located on Turpentine Road or a drainage structure paylimtt soil with analytical 
results below the dean fill STCLs. Approximately 28 cubic yards of backfril soil were used to backfill 
the excavation. 

Otis AMGB 
Drainage Structure Removal Program 
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Drainage Structure 23COXX1 

4.1 A RNAL RESTORATION 

A former parking tot was impacted during the excavation and the area will be regraded in the Spring, 
tjoirepaving is required. 

4J2J ANALYTICAL RESULTS "• 

! • 
TJhi on-site and off-site laboratories analyzed the samples according to the Quality Assurance Plan 
arid the laboratory specification (Section 01410 of the Specifications}. AM data was validated in 
apcbrtiance with HAZWRAP/DOE and EPA guidelines. The samples were analyzed for the volatile 
compounds including EDB by EPA method 8010/8020. the semivotatite organic compounds by EPA 
nWhod 8270. pesticides and PCBs by EPA method 8080, metals by EPA method series 6000 and 
7CHJQ. and TPH by EPA method 8015 modified as diesel or gasoline. The off-ste laboratory has 
established anaJyte detection levels which are below the method required quantitation levels. The 
corfcentratbns reported for those analytes detected below the method quantitation levels are 
estinated and are noted as such in the foiowing tables. 

A sample was collected from the bottom, inlet, and outlet The outlet sample was collected from the 
ujatt opposite the inlet because no outlet pipe was present. These samples were analyzed in the on
sjfc* laboratory as part of our field screening program. When the on-site laboratory results 
Demonstrated the excavation was dean, additional samples were sent to the off-site laboratory for 
cjbrtfirmafon. The off-site analytical detection results are summarized in Tables 4-1 through 4-3, 
respectively. The complete on-site and off-she analytical data are in Appendix A and 6, respectively. 
Nofjte of the analytes detected in the bottom, inlet, and outlet samples exceeded the STCLs; therefore. 
structure 23COXX1 is a dean closure. 

\ : 

- Bottom Sample - 23COXX1SOBTOF1 

fy4lyte Result Estimated Exceeds Limits STGL Outside1 

i Quantitation 

TPlH as Diesel 15mg/kg 500 mg/kg 
Aluminum 1 120 mg/kg 54900 mg/kg 
Barium 4.3mg/kg 3800 mg/kg 
BjeryBium 0.06 mg/kg 1 mg/kg 
CJalcium 119 mg/kg 
^tfVfCTTMUm 1.9 mg/kg 274 mg/kg 
CJobatt. 1.6 mg/kg 
Copper 1.8 mg/kg 
Iron 2200 mg/kg 

15.3 mg/kg 300: mg/kg 
Magnesium 281 mg/kg 
KJiarjiganese 34.5 mg/kg 274:mg/kg 
Nickel 2.1 mg/kg 1100 mg/kg 
Pbtassium 188 mg/kg 
V/ariadium 3.3 mg/kg 384 mg/kg 
Zinc 34.0 mg/kg 10000 mg/kg 
bb(2-Ethymexyl} phthalate 68ug/kg YES 45700 ug/kg 

ST£L outside is used when the structure was located outside the ffightline. 

QttsANGB 
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TA6LE 4-2 - Jntet Sample -

Analyte 

TPH as Diesel 
• i 

Aturninum 
Xrserwc 
EJarlum 
Sferyflium 
Ciacimium 
dateium 
!jhipmium 
qolfatt ; 
Chopper«' • i
rAn 
Lî ad 
Njagnesiurn 
Manganese 
Kfcdtel 
P t̂issium , 
Viartadium 
Zin<? 
bisfiZ-Etnyinexyf) phtriatate 
i-n-butyl phthatete 

 23CDXX1SCHNOF1 

Result Estimated 
Quantitation 

55 mg/kg 
3320 mg/kg 
1.9 mg/kg 
8.9 mg/kg 
0.1 5 mg/kg 
0.32 mg/kg
 
274 mg/kg
 
3.8 mg/kg 
2.3 mg/kg 
3.1 mg/kg
 
4030 mg/kg
 
106 mg/kg
 
562 mg/kg
 
48.8 mg/kg
 
3.5 mg/kg
 
2S3mgj*g .
 
5.7 mg/kg
 
125 mg/kg
 
56 mg/kg YES
 
S3ug/kg YES
 

Exceeds Limits 

. 

STCL Outside 

500 mg/kg 
54900 mg/kg 
3.6;mg/kg . 
3800 mg/kg' 
1 mg/kg 

274 mg/kg 

300 mg/kg 

274 mg/kg 
1TOO mg/kg 

-
384 mg/kg 
10000 mg/kg 
45700 mg/kg 
5490000 ug/kg 

STpL outside is used when the structure was located outside the flightkne. 

Otis ANGB 
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TABLE 4-3 - Outlet Sample - 23COXX1SOOUOM 

Anafyte Result Estimated 
Quantitation 

Exceeds Limits 

TiPH as Diesel 
t i 

Aluminum 
ZQmg/fcg 
2000 mg/kg 5490Q mg/kg 

Arajanic 
EJacium 

1.2 mg/kg 
4.6 mg/kg 

3.6. mg/kg 
3800 mg/kg 

Efetyflium 0.07 mg/kg 1 mg/kg 

Cafcium 113 mg/kg 
Chromium 1.5 mg/kg 274 mg/kg 

Cobalt 1.1 mc/Kg 

Gjopper 2,0 mgfag 
I,U 2030 mg/kg 
LjMd 7.3 mg/kg 300 mg/kg 

Kfagnesium 356 mg/kg 
Manganese 44.0 mg/kg ; 274 mg/kg 

Nickel 2.0 mg/kg 1100 mg/kg. 
Potassium 223 mg/kg 
v^arjadium ,« 3.1 mg/kg . 384 mg/kg 

3"? 26.6 mg/kg 10000 mg/kg 
bis$2-Ethyihexyl} pfrthatete 53ug/kg YES ; 45700 ug/kg 

'STCL outside is used when the structure was located outside the ffightline. 

4.3 ANALYTICAL QA 

The analytical data was validated in accordance with DOE/HWP - 65/R1: "Requirements for Quality 
Control of Analytical Data.' The validation was a Level C OQO validation and found the data to be 
usable. Samples were collected from the sidewalk and bottom of (he excavation for analysis by the 
oh-srte laboratory. This laboratory used gas chrornatography and immunoassay techniques for the 
organic analyses and x-ray fluorescence (XRF) for inorganic analysis. There is good agreement 
between the on-site and off-site analytical data, with the exception of the PAH and barium results. 
The on-site laboratory measures PAHs as a total concentration while the off-site laboratory measures 
trie concentration of individual PAHS. No PAHs were detected by the off-site laboratory. The total 
PAJH concentrations found by the on-site laboratory were tow and could result from summing the 
concentrations of several PAHs which are each present at below the off-she detection limit or which 
are;not target compounds for off-site analysis. The barium concentrations reported by the on-site 
laboratory are approximately 30 to 75 times the corresponding off-site data. It is possible that the 
sanhple digestion process used by the off-site laboratory is not efficient for barium and this is 
cpnjpounded by a matrix effect Due to the high STCL value for barium, ft is unlikely that barium is 
present in any sample from this structure at levels approaching the STCLs. 

Low levels erf contaminants were found in blanks associated with the off-site metals and SVOC 
analyses and the data were appropriately qualified by the laboratory. Due to blank contamination, the 
barium detection in the payiimit sample and the df-n-butyl phthalate detect in the inlet sample are 
considered to be laboratory artifacts. The off-site laboratory analyzed the payiimit sample for metals 
on an instalment which had a detection limit of 2.4 mg/kg (accounting for percent moisture} for 
thafcum. The dean fill limit for thallium is 2 mg/kg, which is slightly lower than the instruments 
detection limit Thallium was not detected in the payiimit sample. As thallium is hot an expected 
contaminant, the impact on data usabflrty is assessed to be minimal. A similar issue arose with 

Otts ANGB 
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arsenic. Since arsenic ts an analyte of concern, arsenic detections in the irrtet and outlet samples 
were reanalyzed. The reanalysis results are used in this report 

•M SOIL FINAL DISPOSITION i 
i 
Tr̂  analytical results for the 'paytimit from this drainage structure were reviewed and summarized in 
Table 4-A.| AJI analytes were below the STCLs for dean fill. Based upon these results, the paylimit 

used as dean fiU 

T4BLE 4-4 - PayHmtt Sample - 23CDXX1SOPLOF1 

Artalyte • Result Estimated Exceeds STCL Clean TCLP 20XRute 
i Quantitation Limits Limits 

p*H as Diesel 5.8mg/kg 500 mg/kg 
l̂iminum 1370mg/kg 26400 mg/kg 

BaVium 3.3 mg/kg 3800 mg/kg 100 mg/L 2000 mg/kg 
beryllium 0.10 mg/kg 1 mg/kg 
bakaum • 64.7mgflcg 
I i 

pnrornium 1.4 mg/kg 6.8 mg/kg 5mg/L 100 mg/kg 
kjbalt 1.3 mg/kg 333 mg/kg 
kjpper /' 1.4 mg/kg ' 19.3 mg/kg 
roh 2030 mg/kg 
.ead 7.6 mg/kg 15.8 mg/kg 5rrig/L 100 mg/kg 
ftagnesium 282 mg/kg 
Manganese 30.9 mg/kg • 274 mg/kg 
lickel 2.8 mg/kg 955 mg/kg i
 
'ofasaium 171 mg/kg
 
'anadium . 3.1 mg/kg 15.2 mg/kg
 
HC : 5.7 mg/kg 16 mg/kg
 
jsj[2-£thylnexyl) prrthaterte 48 ug/kg YES 812 ug/kg
 

<i.*j DEBFVS FINAL DISPOSITION 

"The debris: from this structure was decontaminated. It will be sorted into suitable and non-suitable 
debris. The suitable debris will be used for aggregate in the OABF. The unsuitable debris wtl be sent 
K> a construction debris landfill 

5J. JAPPENDICES 

A t>N-SITE ANALYTICAL DATA 
EJ. OFF-SITE ANALYTICAL DATA 

OteANGB 
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4.4 SOIL FtNAL DISPOSITION 

The analytical results for payiimit from this drainage structure were reviewed. Based upon the
 
fesufts summarized in Taote 4-5, none of the STCLs for dean fill were exceeded. Therefore, the
 
fiaylimit was used as dean fill.
 

TABLE 4-5 - Payfimit Sample - 23CDXX2SOPLOF1 

Estimated Exceeds STCL Cte&n Analyte Result
 
Quantitation Limits Limits
 

500 mg/kg TPH as Diesel 9.5 mg/kg 

Toluene 0.97 ug/kg 1000 ug/kg 

Muminum . 3210 mg/kg 26400 mg/kg 

Arsenic 1.4mgfltg 3.6 mg/kg 5mg/L 100 mg/kg 
Barium 5.2 mg/kg 3800 mg/kg 100mg/L 2000 mg/kg 
Berylfium ; 0.15 mg/kg 1 mg/kg 
Calcium 62.1 mg/kg 
Chromium; 4.0 mg/kg 6.8 mg/kg 5mg/L 100 mg/kg 
Cobalt 1.3 mg/kg 333 mg/kg 
Copper 3.4 mg/kg 19.3 mg/kg 
ton 3780 mg/kg 
Lead 7.4 mg/kg 15.8 mg/kg 5mg/L 100 mg/kg 
Magnesium 540 mg/kg 
Manganese 47.4 mg/kg 274 mg/kg 
'otassiurn 199 mg/kg 
fenadiunv 5.4 mg/kg 15.2 mg/kg 

Zinc 11 .4 mg/kg 16 mg/kg
 
Benzo(b)fluoranthene 47 ug/kg YES 5000 ug/kg
 
i<5(2-Ethyihexyi) phthalate 41 ug/kg YES 812ug/Kg
 
Pyrene 35 ug/kg YES 4690 ug/kg
 

4.5 DEBRIS FINAL DISPOSITION 

TOe debrisjlrom this structure was decontaminated. It will be sorted into suitable and non-suitable 
debris. The suitable debris will be used tor aggregate in the OABF. The unsuitable debris will be 
sent to a construction debris landfill. 

5. APPENDICES 

4- ON-SITE ANALYTICAL DATA 
B. OFF-SltE ANALYTICAL DATA 

Ofrs ANGB 
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CLOSURE REPORT 

1. INTRODUCTION 
I 

£l DRAINAGE STRUCTURE REMOVAL PROGRAM 
'I. ! . 

Massachusetts Military Reservation (MMR) is fisted on the U.S. Environmental Protection Agency 
(JCJSEPA) National Priority List Remedial studies and activities are currently toeing conducted at MMR 
if Accordance with guidelines and procedures of the USEPA Superfund program and the National 
Gontingency Plan (NCP). Two types of action can be initiated under the NCR: remedial actions and 
removal actions. Remedial actions are long-term, permanent remediation of hazardous waste sites. 
Removal actions are short-term actions to abate or eliminate the release of contamination. The 
drainage structure removal program is a removal action program. 
i . 

The National Guard Bureau (NGB) evaluated the drainage structures in a separate basewide program 
Because of the similarity in operations and contaminants. The drainage structure removal program is 
baited on the Phase I Sump Investigation Program conducted by ABB Environmental Services Inc. 
(j\BB) and: the Phase II Sump Investigation Program conducted by Metcalf and Eddy for the N6B. 
ABB characterized approximately 100 drainage structures.. This characterization included samping to 
identify potential contaminant sources. Also during this phase an additional 161 drainage structures 
4ere identified. Fifteen of these structures were characterized by Metcatf and Eddy as a high priority. 
i 

4 total of -185 drainage structures are nduded in the program. One hundred sixty-five of these 
structures are funded for removal Currently, Jacobs Engineering Group ts under contract through the 
Xir Force Center for Environmental Excellence for the following work under the drainage structure 
removal program. The scope of work includes: 

ill ; . • The removal or abandonment in place of approximately 165 existing drainage structures 
I • on the Massachusetts Miitary Reservation and the associated liquid and sediment 
I . contents. 

i : • Demolition of 12 existing vehicle maintenance slabs and foundations. 

! • . Testing soil, liquid, sludge and sediment for contamination. 

ill	 j • Stockpiling and treatment or disposal of excavated drainage structure debris and 
j surrounding soil. 

| • Backfilling and restoring excavations as specified. 
< 

! • • Preparing closure reports. 

"T t̂e work Jacobs is performing on the drainage structure removal program is governed by ttte 'Final 
Drainage Structure Removal Program Specifications*. July 1995. prepared for Massachusetts Military 
Reservation by Metcatf and Eddy; and the approved Jacobs' Plans (Drainage Structure Removal 
Program Volume I - Quality Project Plan and Volume II - Remedial Action Work Plan, January 1996. 
pjepared for Massachusetts Military Reservation). These documents detail the procedures utilized by 
Jacobs during the removal of drainage structures. 

Drainage Structure Removal Program 
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1.2 CLEAN-UP LEVELS 

the dean-up levels for the drainage structure removal program (DSRP) are determined by the MMR 
specific so/1 target dean-up levels (STCLs) as developed by HAZWRAP and presented in their letter; 
SoS! Target Clean Up Levete dated January 30. 1996. The STCLs are risk based standards. The 
$ebtn utilized for the DRSP is the 2 to 15 foot depth. Additionally, the STCLs are divided into several 
sub-categories: inside the fiightiine, outside the flightfine, and dean fill. The inside and outside the 
•Sghtfine STCLs are based upon teure use as well as risk. These standards apply to the bottom, intet. 
artff outlet samples and are used to determine that the -drainage structure removal is a dean closure. 

thb dean till STCLs apply to the paylimft sample. This data determines if the payfimit can be used for 
clean ffil or requires treatment. The soil will be treated in the OABF if any of the contaminants tested 
are above-the STCLs for dean fill. Additionally, if the soil fails the "twenty times" rule as defined in 
specification 01410. a paylimit sample will be analyzed for TCLP. If the soil passes the TCLP. it will 
be,treated in the OABF. Any soil failing TCLP limits will be disposed off-site at a RCRA-reguteted 
facility. 

•j.3 DRAINAGE STRUCTURE DESCRIPTION AND LOCATION 

Drainage structure 23CDXX3 is located north of former building 3693 west of Frank Perkins Road in 
thcj FS-17 Study Arqa. This structure is located outside the. fiightiine area. The drainage structure was 
4,tjeaching Well III (See Figure 1). The drainage structure was visible at the ground surface and had 
a' depth of 11 feet. The survey coordinates are 246,740 North and 656.220.3 East 
i • 

The drainage structure was visible and had a round steel manhole cover. The structure wafis were 
constructed of approximately one foot of brick and inner and outer corrugated metal walls. The 
stricture bottom was not visible. A single inlet pipe, 4-inch steel, was observed entering the structure. 
Anioutiet pipe was present 

i* PREVIOUS INVESTIGATION HISTORY 

lj.1 FUEL SPILL 17 (FS-171) STUDY AREA 
• i
i 

Shjdy area FS-17 is a former World War II motor pod. The study area is located off Frank Perkins 
Road. Two type HI leaching well structures and a frencn drain were identified during the previous 
investigations. Drainage structures 23CDXX1 and 23COXX2 were sampled during the Phase I Sump 
lovestigatkjn Program conducted by ABB. At that time, eight soil borings were drflled in the FS-17 
aVes to assess contamination. 

i • 

114:2 PHASE I INVESTIGATION SUMMARY 

At jthe time of ABB investigation (Sump Removal Action Program, Phase I Sump Investigation 
ffjrcjgram Work Completion Report, October 1992), drainage structure 23CDXX3 was not sampled. 
Results from the sampling at'other sumps in the FS-17 area had TPH, benzene, copper, zinc, and 
pesitidde detections. 

Otis A/VGfl 
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2. LIQUID REMOVAL AND DISPOSAL 

No:liquid was removed from this drainage structure. 

3. SEDIMENT/SLUDGE REMOVAL AND DISPOSAL 

ljto;sediment/studge was removed from thisdrainage structure. 

4. -DRAINAGE STRUCTURE REMOVALAND DISPOSAL 

4.f	 PROCEDURES USED TOREMOVE PAYLJMIT
 
1 '
 

4Jil EXCAVATION 

On February 7.1996, a backhoe was used to excavate and remove the drainage structure (Leaching 
Well HI) and paylimft soils. The soil was removed and directly loaded onto dumptrucks. 
Approximately 20 cubic yards of soil and debris were excavated. The final excavation size was 10 
feet long by 10 feet wide by 14 feet deep. The excavated soil was stored by structure in the Central 
Storage Area. During the removal of the.paylimit approximately 15 inear feet of steel pipe was 
rbrjioved. Pipe remaining in the ground were plugged with concrete. Structure closure was observed 
by iABB Environmental, the Title II subcontractor to IRP. Photos are located in the photo tog of the 
master copy of this document in the IRP office. 

4.i2 FIELD SCREENING 

i	 • 
Field screening for volatSe organic compounds and dust was conducted throughout the excavation 
acfivites. PID results were non-detect in the breathing zone. Mini-RAM results were also non-detect 
in fie breathing zone. Headspace PIDreadings were also taken at the inlet, outlet, and bottom. The 
rjeadspabe readings were used as an initial determination of contamination. The headspace readings 
at the bottom, inlet, and outlet sample locations were all 0.0 pprrt 

4.-L3 BACKFILL 

The backfill Used for this excavation came from an on-base source, either the former Landfill 1 
coinmon borrow pit located off Turpentine Road or paySmft soils from drainage structures with 
analytical results below the clean fill STCLs. Approximately 28 cubic yards of soil were used to 
backfill th* excavation. 

4.-L4 FINAL RESTORATION 
'( ' •
i 

A former parking lot was impacted during the removal and the area win be regraded in the Spring. No 
ijepaving is required. 

4..2 ANALYTICAL RESULTS 
•\ • • ' 

The on*site and off-site laboratories analyzed the samples according to the Quality Assurance Plan 
and the laboratory specification (Section 01410 of the Specifications) All data was validated in 
accordance with HAZWRAP/DOE and EPA guidelines. The samples were analyzed for the volatile 

:	 OfeArVGe 
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compounds by EPA method 8010/8020 and EDB. the semivolatile organic compounds by EPA 
method 8270, pesticides and PCBs by EPA method 808O, metals by EPA method series 6000 and 
7003. and TPH by EPA method 8015 modified as diesel or sasolme. The off-site laboratory has 
established analyte detection levels which are below the method required quantitaticn levels. The 
concentrations reported tor those analytes detected -below the laboratory quantitation limits are 
estimated and are noted as such in the following tables. 

A sample was collected 1mm the bottom, inlet and outlet These samples were analyzed in the on
sfte; laboratory as part of our fieW screening program. When the on-stte laboratory results 
demonstrated the excavation was dean, additional samples were sent to the off-site laboratory for 
confirmation. The off-site analytical detection results are summarized in Tables 4-1 through 4-3. 
respectively. The complete on-srte and off-site analytical data are in Appendix A and B, respectively. 
C^one of the compounds detected in the bottom, intet. and outlet samples exceeded the STCLs; 
therefore, structure 23CDXX3 is a dean closure. 

i 

TABLE 4-1 - Bottom Sample - 23CDXX3SOBTOF1 

Apalyte Result Estimated Exceeds Limits
 
Quantitation
 

TptH as Diesel 35 mg/kg
 
Aluminum , 1960 mg/kg 54900 mg/kg
 

i • • 
Barium 6.0 mg/kg 3800 mg/kg 
BJeryium 0.17 mg/kg 1 mg/kg 
Oalbium 121 mg/kg 
Jhflomium 3.3 mg/kg 274 mg/kg 
Qobait 1.5 mg/kg 
dopper 2.5 mg/kg 
Iron 2930 mg/kg 
Lead 4.7 mg/kg 300 mg/kg 
Magnesium 453 mg/kg 
Ivia îganese 40.3 mg/kg 274 mg/kg 
Nickel Z9 mg/kg 1100 mg/kg 
Pptassium 210 mg/kg 
Vanadium 5.1 mg/kg 384 mg/kg 
Zinc 51 .9 mg/kg 10000 mg/kg 
bjs(2-EthyihexyJ) phthalate 54 ug/kg YES 45700 ug/kg 
Bfrtyl benzyl phthalate 40 ug/kg YES 11000000 ug/kg 
Cjhiysene 50 ug/kg YES 87700 ug/kg 
'STCL outside is used when the structure was located outside the ftghtiine. 

OtisANGB 
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TABLE 4-2 - Inlet Sample - 23COXX3SOINOF1 

Result Estimated Exceeds Limits AriaJ/te
 
Quantisation
 

•TPH as Diesel 70mg/kg
 
3250 mg*g 54900 mg/kg
 Mtmtnum.
 

Barium 5.9mg/kg 3800 mg/kg
 

Eterynium 0.12mg/kg 1 mg/kg
 

Calcium 11B mg/kg
 
Chromium 4.4mg/J^ 274 mg/kg
 

:obatt 2.4mg/kg
 
Copper 2.3mg/kg
 
ran 3370 mg/kg
 
triad . 10.8mg/kg 300 mg/kg 

Magnesium 578 mg/kg 
Manganese 52.6 mg/kg 274 mg/kg
 

^Jfcfcel 4.4 mg/kg 1100 mg/kg
 
^otassium 228 mg/kg
 
Selenium 7.0 mg/kg 274 mg/kg 
Vanadium , 4.7 mg/kg - 384 mg/kg 
3nc 39.8 mg/kg 10000 mgfcg 
>«s(2-&hylhexyl) phthatate 75ug/kg YES 45700 ug/kg 

. STCL outside was located used when the structure is outside the ftghtiine. 

Ofe ANG8 
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TABLE 4-3 - Oottet Sample - 23CDXX3SOOUOF1 

Anallyte Result Estimated Exceeds Limits STCL Outside1 

i Quantitation 

TPHf as Diesel 27 mg/kg 500 mg/kg 
Aluminum 1670 mg/kg 54900 mg/kg 
Barium 4.4 mg/kg 3600 mg/kg 
BJsrylfium 0.06 mg/Kg 1 mg/kg 
Cakaum 139 mg/kg 
Chrpmium 0.63 mg/kg 274 mg/kg 
Cjo&alt 1.2 mg/kg 
Cjopper 1.3 mg/Kg 
Irbn 1930 mg/kg 

i 
7.4 mg/kg 300 mg/kg 

Magnesium 307 mg/kg 
Manganese 32,0 mg/kg 274 mg/kg 
Pptasstum 202 mg/kg 
Vjanadium 2.9 mg/kg 384 mg/kg 
Zjnc 22.9 mg/kg 10000 mg/kg 
bfap-Ethythexyl) phthaiate 93ug/kfl YES 45700 ug/kg 
DS-n'-butyl phthaiate ' 9 ug/kg YES 54 90000 ug/kg 
STCL outside is used when the structure was located outside the fltghtline. 

4.3 ANALYTICAL QA 
• j 

The analytical data was validated in accordance with DOE/HWP - 6S/R1: "Requirements for Quality 
Cjoritrol of Analytical Data." The validation was a Level C DQO validation and found the data to be 
usabte. Samples were collected from the sidewalls and bottom of the excavation for analysis by an 
on-site laboratory. This laboratory used gas chromatDgraphy and immunoassay techniques for the 
organic analyses and x-ray fluorescence (XRF) for inorganic analysis. There is good agreement 
bfetween the on-site and ofl-ste analytical data, with the exception of the PAH and barium results. 
The on-stt& laboratory measures PAHs as a total concentration while the off-site laboratory measures 
ttie ̂ concentration of individual PAHS. No PAHs were detected by the off-site laboratory. The total 
h*H concentrations found by the en-site laboratory were tow and could result from summing the 
concentrations of several PAHs which are each present at below the off-site detection limit or which 
are not target compounds for off-site analysis. The barium concentrations reported by the on-site 
laboratory ̂ re approximately 30 to 75 times the conesponding off-site data. It is possible That me 
sample digestion process used by the off-site laboratory is not efficient tor barium and this is 
compounded by a matrix effect Due to the high STCL value for barium, it is unlikely barium is present 
in any sample from this structure at levete approaching the STCLs. 

j • 

Low levels of contaminants were found in blanks associated with the SVOC analysis and the data 
w*re appropriately qualified by the laboratory. Due to blank contamination, the di-n-butyl phthatete 
detect in the intet sample is considered to be a laboratory artifact The off-site laboratory analyzed the 
p̂ ylimit sample for metals on an instrument which had a detection limit of 2.4 mg/kg (accounting for 
percent moisture) for thallium. The dean fill limit for thallium is 2 mg/kg. which is slightly lower than 
the-instruments detection limit Thallium was not detected in the paylimit sample. As thallium is not 
an expected contaminant and the payJimit was found unsuitable for clean fiO because of the presence 
of other contaminants, the impact on data usability is assessed to be minimal. The off-site laboratory 
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analyzed the paytimit and bottom samples for pesttcides/PCBs at a 10-fold dilution because of matrix 
effects. This increased the detection limits for heptachlor (2.2 jig/kg) and PCB-1221 (190 ng/kg) to 
above the STCLs of 1.7 and 158 jig/kg, respectively. As no other pesticides or PCBs were detected 
in these or any other sample from this structure, it is unlikely that these contaminants would be 
present and the impact of these etevaled detection limits is assessed to be minimal. 

4.4 SOU-FiHAL DISPOSITION 

the analytical resuKs for the paylimrt from this drainage structure were reviewed and are summarized 
in Table t-4. Based on these results, the paylimrt was stockpiled to be treated in the OABF. STCLs 
were exceeded for cadmium and zinc. 

TABLE 4-4 - Paylimrt Sample - 23COXX3SOPLOF1 

)<Vriatyte Results Estimated Exceeds STCL Clean TCLP Limits 20X Rule 
Quarrtrtation Limits 

fPH as Diesel 64 mg/kg 500 mg/kg 
Aluminum 2710 mg/kg 26400 mg/kg 
Barium 6.8 mg/kg 3800 mg/kg 100mg/L 2000mg>kg 
Btiryllium / rj.l3rng/kg - 1 mg/kg 
badmium 2.3mg/kg YES 1.5 mg/kg 1 mg/L 20 mg/kg 
Jatctum : 144mg/Kg 
>ftjTomium 3.7mg/Kg 6.8 mg/kg 5mg/L 100 mg/kg 
Cobalt ; . 1.6mg/kg 333 mg/kg 
Jcipper 6.5 mg/kg 19.3 mg/kg 
ran 3300mg/kg 
Lead 11.0 mg/kg 15.8 mg/kg 5mg/L 100 mg/kg 
Magnesium 379 mg/kg 
tonganese 3S.1 mg/kg 274 mg/kg 
dickel 3.7 mg/kg 955 mg/kg 
'otassium 249 mg/kg 
Selenium 7.2 mg/kg 7.8 mg/kg 1 mg/L 20 mg/kg 
Vanadium 5.2 mg/kg 15.2 mg/kg 
Zinc 239 mg/kg YES 16 mg/kg 
»isff2-Ethyfrexyr} phthatate 39ug/kg YES 812ug/kg 

4.5 DEBRIS FINAL DISPOSITION 

The debris from this structure was decontaminated. It wS| be sorted into suitable and non-suitable 
cjebris. The suitable debris win be used for aggregate in the On-site Asphalt Batching Facility. The 
unsuitable debris will be sent to a construction landfill. 

5. APPENDICES 

A. ON-SITE ANALYTICAL DATA 
6. OFF-SITE ANALYTICAL DATA 

OtisANGB 
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i Drainage Structure 23CDXX4 

• ! " CLOSURE REPORT 

i.:	 INTRODUCTION 
H*	 I : 

f.t	 DRAINAGE STRUCTURE REMOVAL PROGRAM 
i . 

** Massachusetts Military Reservation (MMR) is listed on the U.S. Environmental Protection Agency
 
$U$EPA) National Priority List Remedial studies and activities are currently being conducted at
 
MMR in accordance with guidelines and procedures of the USEPA Superfund program and the
 

4 National Contingency Plan (NCP). Two types of action can be initiated under the NCP: remedial 
actions and removal actions. Remedial actions are long-term, permanent remediation of 
feazardous waste sites. Removal actions are short-term actions to abate or eliminate the release 
of contamhation. The drainage structure removal program is a removal action program. 

m	 i
The National Guard Bureau (N3B) evaluated the drainage structures in a separate basewide 
program because of the similarity in operations and contaminants. The drainage structure 

—	 «ernoval program is based on the Phase J Sump Investigation Program conducted by ABB 
Environmental Services Inc. (ABB) and the Phase II Sump Investigation Program conducted by 
ileicalf and Eddy for the NGB. ABB characterized approximately 100 drainage structures. This 
characterization included samping to identify potential contaminant sources. Also during this 

41	 phase an additional* 161 drainage structures were identified. Fifteen of these structures were 
characterized by Metcalf and Eddy as a high priority. 

( 

ill i • . A total of 185 drainage structures are included in the program. One hundred sixty-five 
| of these structures are funded for removal. Currently. Jacobs Engineering Group is 

„ - I under contract through the Air Force Center for Environmental Excellence tor the 
j following work under the drainage structure removal program. The scope of work 
! includes: The removal or abandonment in place of approximately 165 existing 
| drainage structures on the Massachusetts MStary Reservation and the associated 
[ ; liquid and sediment contents. 

"*	 11 • Demolition of 12 existing vehicle maintenance slabs and foundations. 
t 

•	 Testing soil, liquid, sludge and sediment for contamination. 

•	 Stockpiling and treatment or disposal of excavated drainage structure debris and 
surrounding soil. 

•	 Backfilling and restoring excavations as specified. 

•	 Preparing closure reports. 

thfe work Jacobs is performing on the drainage structure removal program is governed by the 
TFihal Drainage Structure Removal Program Specifications". July 1995. prepared for 
Massachusetts Military Reservation by Metcalf and Eddy; and the approved Jacobs' Plans 
(Drainage 'Structure Removal Program Volume I - Quality Project Plan and Volume II - Remedial 
Action Work Plan. January 1996. prepared for Massachusetts Mittary Reservation). These 
documents detail the procedures utilized by Jacobs during the removal of drainage structures. 

. OtisANGB 
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1.2 CLEAN-UP LEVELS 

"the clearwip levels for the drainage structure removal program (DSRP) are determined by the 
fthfcJR specific soil target ctean-up levels (STCLs) as developed by HAZWRAP and presented in 
th«r tetter; -Soil Target Clean Up Levels,' elated January 30. 1996. The STCLs are risk based 
sjfapdards.: The depth uttized for the DSRP is the 2 to 15 foot depth. Additionally, the STCLs are 
divided into several sub-categories: inside the ftjgrttirne. outside the fiightfine, and clean fill.. The 
inside anrf outside the ffightline STCLs are based upon future use as well as risk. These 
standards apply to the bottom, intet, and outlet samples and are used to determine that the 

nage structure removal is a dean closure. 

Tfhe dean 'fill STCLs apply to the payfimft sample. This data determines if the paySmft can be 
used for dean fill or requires treatment The soil will be treated in the OABF if any of the 
contaminants tested are above the STCLs for dean fiO. Additionally, if the soil fads the "twenty 
dmfef rule as defined in specification 01410. a paylimit sample will be analyzed for TCLP. If the 
doii passes the TCLP. it will be treated in the OABF. Any soil faffing TCLP limits wilt be disposed 
cjffcsfte at a RCRA-regulated facffity. 
i .' 

1.3 DRAINAGE STRUCTURE DESCRIPTION AND LOCATION 

Drainage structure 23CDXX4 is located outside the ffightline area in former Building 3694, west of 
Prank Perkins Road, in the FS-1 7 Study Area. The drainage structure was a Vehicle Maintenance 
P^tJSee Figure 1). It was visible at ground surface and had a depth of 5 feet in the manway and a 
depth of 8 -feet ki the drainage ph. This structure was immediately adjacent to and located within 
thtf same building foundation as Verricte Maintenance Pit 23CDXX5. The survey coordinates, 
taken at the center point of the structure, are 246,555.2 North and 856,301.3 East 
i • 

Tfhe drainage pit area was located at the northern end of the structure. The structure bottom and 
\*a|te were constructed of poured concrete with reinforcement bars. No piping was observed 
exiting the pit area. However, a single 4-inch steel outlet pipe was observed exiting the 
foundation. The outlet pipe from the foundation discharged to Leaching WeD 23CDXX1 . 

lU PREVIOUS INVESTIGATION HISTORY 

FUEL SPILL 17 (FS-17) STUDY AREA
 

Study area FS-17 is a former World War II Motor Pool. The study area is located off Frank 
Pectins Road. Two type III Leaching Wei! structures and a French Drain were identified during 
the previous investigations. Drainage structures 23CDXX1 and 23CDXX2 were sampled during 
t̂ tei Phase J Sump Investigation Program conducted by ABB. At that time, eight soil borings were 
drilled in the FS-17 area to assess contamination. 
• j ; 

fUf2 PHASE I INVESTIGATION SUMMARY 

At the time of ABB investigation (Sump Removal Action Program. Phase 1 Sump Investigation 
Program Work Completion Report. October 1 992). drainage structure 23CDXX4 was not sampled. 
Results from the sampling at other drainage structures in the FS-17 area had TPH. benzene. 
copper, zinc, and pesticide detections. 

Otis ANGB 
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2. LIQUID REMOVAL AND DISPOSAL 

ttq liquid was removed from this structure. 

3.; SEDIMENT/SLUDGE REMOVAL AND DISPOSAL 

*!Q sedimentfeludge was removed from this structure. The structure was filled with soil, and 
^obstruction debris which was removed as part of the paySmtt 

4. DRAINAGE STRUCTURE REMOVAL AND DISPOSAL 

4.i PROCEDURES USED TO REMOVE PAYUMJT 

4.1.1 EXCAVATION 

Or? Aprs 4;1996, an excavator was used to excavate and remove the drainage structure (Vehicle 
Maintenance Pit) and paytimit sois. A hoe-ram was used throughout the removal process for 
demoffon of the structure. The soil was removed and "directly loaded onto dump trucks. 
Approximately 210 cube yards of son and debris were excavated from former BuBding 3694. 
wrfch included the foundation as well as structures 23COXX4 and 23CDXX5. The final 
excavation size was 36-feet long by 21-feet wide by 11-feet deep. During removal of the paylimit, 
approximately 7 feet of 4nnch steel pipe were removed from the foundation. Pipe remaining in the 
ground was capped with concrete. 

Structure 23CDXX4 was overexcavated on May 23,1995. Detections of PC8-1260 were found at 
tevjete above the STCLs at the outlet sample location. An additional 41 cubic yards of material 
was removed. No additional foundation or piping was removed with this second excavation. 

Excavatetf soil was stored by structure in the CSA. Structure closure was observed by ABB 
Environmental, the Trite II subcontractor to IRP. Photos are located in the photo log of the master 
copy of this document in the IRP office. 

4.1.2 FIELD SCREENING 

Field screening for volatile organic compounds and dust was conducted throughout the 
notion activities. PID results were non-detect in the breathing zone. Mini-RAM results were 

aisb non-detect In the breathing zone. Headspace PID readings were also taken at the inlet 
outlet, and bottom. The headspaoe readings were used as an initial determination of 
cootaminatjoa The headspace levels were 16.1 ppm for the bottom. 0.4 ppm for the inlet and 0.1 
pptn for the outlet sample locations. The headspace level at the outlet location for the 
overexcavation was 0.6 ppm. 

4.t3 BACKFILL 

The backfill used for this excavation came from an on-base source, either the former Landfill 1 
common borrow pit located on Turpentine Road or paylimit sote from drainage structures with 
analytical results below the dean fill STCLs. Approximately 394 cubic yards of soil were used to 
backfill 23GOXX4 and 23CDXX5. 

Ofts AfVGB 
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4.1.4 FINAL RESTORATION 

The building foundation was removed during the excavation impacting the surrounding vegetation. 
The area was regraded. 

ANALYTICAL RESULTS 

on-site and off-sfte laboratories analyzed the samples according to the Quality Assurance 
Plan and the laboratory specification (Section 01410 of the Specifications). All data was validated 
in Accordance with HAZWRAP and DOE guidelines. The samples were analyzed for the volatile 
compounds utilizing EPA method 8010/B020 and EDB. the semrvotetile compounds utilized EPA 
method 8270, pesticides and PCBs by EPA method 8080, metals by EPA method series 6000 
and 7000, and TPH by EPA method 801 5 modified as diesel and gasoline. The off-site laboratory 
has established analyte detection levels which are below the method required quantitation levels. 
the concentrations reported for those analytes detected below the laboratory quantitation limits 
are estimated and are noted as such in the (blowing tables. 

A Cample was coftected from the bottom, inlet, and outlet sample locations. The outlet sample 
wajs collected from a point in the skiewall closest to where the outJet pipe exited the building 
foundation. The inlet sample was collected from the sidewafl opposite the outlet sample since 
ttajre was no inlet pipe present These samples were analyzed in the on-ste laboratory as part of 
our field screening program. Ad samples were sent to the off-site laboratory for confirmation. The 
off-site analytical detection results for the excavation are summarized in Tables 4-1 through 4-3. 

itf 
respectively. Detections of PCB-1260 were reported above the STCLs for the outlet sample 
location. The offsite analytical results for the overexcavated outlet sample are summarized in 
Table 4-4. The complete on-site and off-site analytical data are in Appendix A and B, 
respectively. None of the compounds detected in the bottom and inlet for the rntial excavation and 
outlet samples for the overexcavation exceeded the STCLs therefore, structure 23CDXX4 is a 
ctejan closure. 

Otis ANGB 
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Table 4-1 - Bottom Sample 23CDXX4SOBTOF1 

Result w 
TPH as Diesel 92 mg/kg 
PGB-1260 0.026 mg/kg 
Alpminum. 1550 mg/kg 
Arsenic : 1.6 mg/kg 
Barium ; 6.6 mg/kg 
Bejyilium 0.17 mg/kg 
Sabmium 0.62 mg/kg 
Calcium 871 mg/kg 
(ptromium 3.6 mg/kg 
Gobaft 2.2 mg/kg 
dopper 2.1 mg/kg 
jwi 3400 mg/kg 
Lead ; 17.4 mg/kg 
l»lBkjnesium 320 mg/kg 
|rt9nQdft£S(£ 42.3 mg/kg 
tekel 2.0 mg/kg 
'otassium. 143 mg/kg 
I |

'anadium >.0 mg/kg 
15.4 mg/kg 

i*is|7-artyltexyl) phthalate 270ug/kg 
Pyi«ne . 100 tig/kg 

Estimated Exceeds Limits 
Quantrtatton 

0.158 mg/kg 
54900 mg/kg 
3.6 mg/kg 
3800 mg/kg 
1 mg/kg 
26.4 mg/kg 

274 mg/kg 

300 mg/kg 

274 mg/kg 
1100 mg/kg 

384mg/kg 
10000 mg/kg 

YES 45700 ug/Kg 
YES 1650000 ug/kg 

is used when the drainage structure was located outside the ftgrrtfine. 
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Tabte 4-2 - mtet Sampte 23CDXX4SOWOF1 

Analyte Resutt 

TPH as Diesel 75 mg/kg 
Aluminum 2950mg/kg 

Arsenic 2.6 mg/kg 
Barium 17.Q mg/kg 
Beryllium 0.24 mg/kg 
Cadmium 0.41 mg/kg 
Calcium 1710 mg/kg 
Chromium 8.4 mg/kg 
Cobalt 3.0 mg/kg 
Copper 4.3 mg/kg 

Irori 6020 mg/kg 
Lead 22.9 mg/kg 
Magnesium 774 ma/kg 
Majnganese 111 mg/kg 
Nickel 3.5 mg/kg 
Potassium 360 mg/kg 
Vanadium 11.1 mg/kg 
a* 24.1 mg/kg 
bisb-Ethyfrexyl) phthalate 270ugrVg 
D»-n-buty1 phthalate 37ug/kg 
Pyrene 110ug/kg 

====== 
Estimated Exceeds Limits 
Quantitation 
^ ™^̂ ^ ^^^^^^^^^^^ •̂î ^^BS^^ESS ;=*==«=— = 

STCL Outside' 

500 mg/kg 
54900 mg/kg 
3.6 mg/kg 
3800 mg/kg 
1 mg/kg 
26.4 mg/kg 

274 mg/kg 

300 mg/kg 

274 mg/kg 
1 100 mg/kg 

384 mg/kg 
10000 mg/kg 

YES 45700 ug/kg 
YES 5490000 ug/kg 
YES 1650000 ug/kg 

is used when the drainage structure was located outside the flighdine. 
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Table4-3-OutletSample 23COXX4SOOUOF1 

r̂elyte 

TPH as Diesel 
PCB-1260
Aluminum ; 
Arsenic • 
Barium ; 
BeryBium 
Cadmium 
CaJciurri 
i/l'A'oiiuiim 
Ccfcaft 
"popper . 
Iron 
l).eael 
Magnesium 
rtzinganese 
^»te( 
*otassium 
ranadium 
iric 
isb-Ethylhexyf) prrthalate 
•yrene 

Result Estimated 
Quantitaton 

41 mg/kg 
0.23 mg/kg YES 

3410mg/Kg 
1.8mg*g 
13.6 mg/kg 
0.19 mg/kg 
0.76 mg/kg 
820 mg/kg 
11.0 mg/kg 
2.1 mg/kg 
8.8 mg/kg 
4700 mg/kg 
153 mg/kg 
S47mg/kg 
64.8 mg/kg 
3.5 mg/kg 
299 mg/kg 
8.0 mg/kg 
83.7 mg/kg 
160ug/kg YES 
100ug/kg YES 

0.158 mg/kg 
54900 mg/kg 
3.6 mg/kg
 
3800 mg/kg
 
1 mg/kg
 
26.4 mg/kg 

274 mg/kg 

300 mg/kg 

274 mg/kg
 
1100 mg/kg
 

384 mg/kg 
•	 10000 mg/kg 
45700 ug/kg 
1660000 ug/kg 

'iSTCL is used when the drainage structure was located outside the flightine. 

Table 4-4 - Ovetexcavation Outlet Sample 23COXX4SOOUOF2 

^nalyte Result Estimated Exceeds Limits STCL Outside1 

t ^ : Quantitation 
ĥjminum 1690 mg/kg 54900 mg/kg 

4rienic 1.1 mg/kg 3.6 mg/kg 
Barium 4.0 mg/kg 3800 mg/kg 
^eryfltum 0.12 mg/kg 1 mg/kg 
Calcium 115 mg/kg 
Jhromium 1.6 mg/kg 274 mg/kg 
Cobalt 1.6mg/K0 
fjopper 1.6 mg/kg 
Ipxi 2810 mg/kg 
L-ead 1.6 mg/kg 300 mg/kg 
Kjlagnesiurr 440 mg/kg 
Manganese 54.7 mg/kg 274 mg/kg 
Nioke! 2.4 mg/kg 1100 mg/kg 
FJoiasseum 257 mg/fcg 
vadadium 3.4 mg/kg 384 mg/kg 
Zhic 9.4 mg/kg 10000 mg/kg 
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4.3 ANALYTICAL QA 

The analytical data were validated in accordance with DOE/HWP - 65/R1: -Requirements for 
Qujalrty Control of Analytical Data.* The validation was a Level C DQO validation and found the 
data to be <usabte. Samples were collected from the stdewaHs and bottom of the excavation for 
analysts by an on-ste laboratory. This laboratory used gas chromatography and immunoassay 
techniques for the organic analyses and x-ray fluorescence (XRF) for inorganic analysis. There is 
good agreement between the on-site and off-site analytical data, with the exception of PAH. TPH. 
4.4J-DDT. PCB, and barium results. The on-ste laboratory detected tow levels of PAH in the 
bottom and inlet samples that were much greater than those detected in the corresponding 
samples by the off-site laboratory. TPH as diesel was detected in the inlet sample at much lower 
levete by the on-site laboratory. TPH as gasoline and 4.4-DDT were detected rn the bottom and 
inlet samples, respectively, by the on-site laboratory, but were not detected in the corresponding 
dff-isite samples. A tow level of PCB was detected in the bottom sample only by the off-site 
laboratory. The impact of these disagreements between the on-site and off-site data is assessed 
tp be minimal as ail affected results were below applicable STCLs. The barium concentrations 
reported by the on-site laboratory are approximately 15 to 30 times the corresponding off-site 
data. The sample digestion process in the analytical method specified for the off-site laboratory is 
designed to extract the contaminants from soil matrix samples, not to enable a total soil 
composition analysis. The XRF technique, however. Is non-selective and win detect all barium in 
a sample, both from contamination and soil composition. 

\ 
Se^ause of the dark color of the final pesticide extract, the inlet and outlet samples were analyzed for 
pttrticide/PCBsat a 20-fold dilution. This resulted in minimum detection limits that were greater than 
tltei corresponding dean-Si STCL for heptachtor. toxaphene. PCB1016. PCB1221. PCB-1232, and 
P, CB-1254. The bottom sample was also analyzed at a secondary diutioa It had no impact on data 
Usability because the dilution did not raise the MDLs above the correspondingSTCLs. 

Low levels of organic and metallic anaiytes were detected h the rinse, method, and preparation 
blanks associated with the samples from this structure. This resulted in the qualification of some 
date as laboratory or sampling artifact For this reason, the beryllium and bis(2-ethylhexyl) 
phthalate detects in alt of the samples are considered to be artifacts. Each detection qualified as 
ah artifact is below the applicable STCL and has no impact on the overall usability of the data. All 
other anaiytes detected in blanks have no effect on the data. 

4.4. SOIL FINAL DISPOSITION 

The analytical results for the payimtt from mis drainage structure were reviewed and are 
surjimarized in Tabte 4-5. STCLs were not exceeded for dean fill. Based on these results tne 
ppyhmrt sol from this structure was used as clean fill. 

Otis ANGB 
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Table 4-5 - Paylimit Sample 23CDXX4SOPLOF1 

Result Estimated Exceeds Analyte
 
Quantitation Limits Limit
 

AlMminum 1060 mg/kg 
Arsenic 1.3 mg/kg 3.6 mg/kg 5 mg/L 100 mg/kg 

Barium 3.1 rag/Kg 3800 mg/kg 100mg/L 2000 mg/kg 

SeryHium ; 0.15 mg/kg 1 mg/kg 
0.60 mg/kg 1.5 mg/kg 1 mg/L 20 mg/kg Cadmium
 

QateJum I85mg/Kg
 
6.8 mg/kg 5 mg/L 100 mg/kg irirorTuum 2.2 mg/kg
 

Cobalt 1.2 mg/kg 333 mg/kg
 

Copper 2.4 mg/kg 19.3 mg/kg
 

boa 2610 mg/kg 
Ledd 1.6 mg/kg 15.8 mg/kg 5mg/L 100 mg/kg 
Magnesium 268 mg/kg 
Manganese 40.0 mg/kg 274 mg/kg • 
ftecd 16.4 mg/kg 955 mg/kg 
Potassium 150 mg/kg
 

t/aaadium . 4.1 mg/kg 15.2 mg/kg
 
Zinc 7.9 mg/kg • 16 mg/kg
 
bfctf-Qhylhexyl) prrthalate 310 tig/kg YES 812ug/kg
 
tyijene 94u0/kg YES 4690ug/kg 

4.5 DEBfUSF/NALDtSPOSmcW 

The debris torn this structure was decontaminated. It will be sorted into suitable and non-suitable 
debris. The suitable debris win be used for aggregate in the OABF. The unsuitable debris will be 
setlt to a construction debris landfill 

& APPENDICES 

A. ON-SPTE ANALYTICAL DATA 
B. OFF-SITE ANALYTICAL DATA 

OtisANGB 
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CLOSURE REPORT 

1.; INTRODUCTION 

i 
f. >-t DRAINAGE STRUCTURE REMOVAL PROGRAM 

' ': • I ! .	 ' 

IHassachusetts Military Reservation (MMR) is listed on the U.S. EnvironmentalProtection Agency 
JUSEPA) National Priority List Remedial studies and activities are currently being conducted at 
MWR »n accordance with guidelines and procedures of the USEPA Supertund program and the 
National Contingency Plan (NCP). Twotypes of action can be initiated under the NCP: remedial 
acfions and removal actions. Remedial actions are long-term, permanent remediation of 
hazardous waste sites. Removalactions are short-term actions to abate or eliminate the release 
of contamination. The drainage structure removal program is a removal action program. 
i IThe National Guard Bureau (NGB) evaluated the drainage structures in a separate basewide 
program because of the arnterrty in operations and contaminants. The drainage structure 
Wipova! program is based on the Phase I Sump investigation Program conducted by ABB 
Ertvironmental Services Inc. (ABB) and the Phase II Sump Investigation Program conducted by 
ijlf-tcnrf and Eddy for the NGB. ABBcharacterized approximately 100 drainage structures. This 
Characterization included sampling to identify potential contaminant sources. Also during this 
phase an additional!161 drainage structures were identified. Fifteen of these structures were 
dftaracterized by Metcalf and Eddy as a high priority. 

•	 A total of 185 drainage structures are included in the program. One hundred sixty-five 
| 'of these structures are funded for removal Currently.Jacobs Engineering Group is 

under contract through the Air Force Center for Environmental Excelenoe for the 
following work under the drainage structure removal program. The scope of work 
includes: The removal or abandonment in place of approximately 165 existing 
drainage structures on the Massachusetts Military Reservation and (he associated 
Oquid and sediment contents. 

•	 Demoition of 12existing vehicle maintenance slabs andfoundations. 
•	 Testing soil, liquid, sludge and sediment forcontaminetion. 

•	 Stockpiling and treatment or disposal of excavated drainage structure debris and 
surrounding soil. 

•	 Backfilling and restoring excavations as specified. 
• ;	 Preparing closure reports. 

The work Jacobs is performing on the drainage structure removal program is governed by the 
iFwal Drainage Structure Removal Program Specifications". Jury 1995. prepared for 
H/tessachusetts Mirtary Reservation by Metcalf and Eddy; and the approved Jacobs' Plans 
(Pfainage Structure Removal Program Volume I - Quality Project Plan and Volume II- Remedial 
Action Work Plan, January 1996. . prepared for Massachusetts Military Reservation).. These 
documents detail the procedures utifized by Jacobs during the removal of drainage structures. 

. OtisANGB 
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CLEAN-UP LEVELS 

dean-up levels for the drainage structure removal program (DSRPJ are determined by the 
MMR specific soil target dean-up levels (STCLs) as developed by HAZWRAP and presented in 
thtfr tetter, "Soil Target Ctean Up Levels.' dated January 30. 1996. The STCLs are risk based 
itandaids. The depth utilized for the DSRP is the 2 to 15 foot depth. Additionally, the STCLs are 
divided into several sub-categories: inside the fljgntiine, outside the Aighttne, and dean filL The 
inside and outside the fltghtline STCLs are based upon future use as well as risk. These 
standards apply to the bottom, inlet and outlet samples and are used to determine that the 
drainage structure removal is a dean closure. 

Trie dean fifl STCLs apply to the paylimit sample. This data determines if the paylimit can be 
«sed for dean fll or requires treatment The soil will be treated in the OABF if any of the 
contaminants tested are above the STCLs for dean fin. Additionally, if the soil fails the "twenty 
times' rule as defined in specification 01410. a paylimit sample win be analyzed for TCLP. If the 
soil passes the TCLP, it will be treated in the OABF. Any soil failing TCLP limits win be disposed 
off-site at 9 RCRA-regubted facility. 
j ! 
f J DRAINAGE STRUCTURE DESCRIPTION AND LOCATION 
i 

Drainage structure 25CDXX5 is located outside the flighoine area in former BuBding 3694. west of 
Fr̂ nk Perkins Road, in the FS-17 Study Area. The drainage structure was a Vehicle Maintenance 
Pit; (See Figure 1). rtwas visible at ground surface arid had a depth of 5 feet in the rnanway and a 
^eJTth of 8 feet in the drainage pit This structure was immediately adjacent to and located within 
the came buSding foundation as Vehicle Maintenance Pft 23COXX4. The survey coordinates are 
240.665.2 North and 856.317.0 East 

This drainage prt area was located at the northern end of the structure. The structure bottom and 
.wails were constructed of poured concrete with reinforcement bars. No piping was observed 
exiting the pit area itserf. however, a single 4-inch steel outlet pipe was observed exiting the 
foundation of the structure. The outlet pipe from the foundation discharged to Leaching Well 
23CDXX1.
• I . • 

f.4 PREVIOUS INVESTIGATION HISTORY i : 

4.4.1 FUEL SPILL 17 (FS-17) STUDY AREA 

Study area FS-17 is a former World War II Motor Pool The study area is located off Frank 
Perkins Road. Two type III Leaching Wefl.structures and a French Drain were identified during 
9*4 previous investigations. Drainage structures 23COXX1 and 23CDXX2 were sampled during 
the Phase I Sump Investigation Program conducted by ABB. At that time, eight soil borings were 
iiritted in the FS-17 area to assess contamination. 

•U-2 PHASE I INVESTIGATION SUMMARY 

At jthe time of ABB investigation (Sump Removal Acton Program, Phase I Sump Investigation 
Program Work Completion Report, October 1992). drainage structure 23CDXX5 was not sampled. 
Rejsutts from the sampling at other drainage structures in the FS-17 area had TPH. benzene, 
copper, zinc, and pesticide detections. 

QfeAfVGB 
Dnmage Structure Remove/ Program 



SLOE.. VIEW.
 
•FL-OOR-LINE

RECESSED AREA 
FOR TOOLS CO 

DRAINAGE 
PIT 

CONCRETE 
FLOOR 

TOP VIEW INSET 

STAIRS 
23DXX5SOOUOF1 BLDG. 3694 

FOUNDATION 

SAMPLE POINT 

NOT TO SCALE VEHICLE 
MAINTENANCE 
PITS 

Figure • 1 
Otis Air National Guard Base 

LEACH WELL 
-23COXX5S01NOF1 

23CDXX1 23CDXX5 
Vehicle Maintenance Pit 

4".STEEL By:S. LEWIS fill Nome 

PIPE Oolt; 10/24/8 S 23COXX5.DWC 10K79701 

JACOBS ENGINEERING GROUP INC. 
1300 N. 17lh S».. Sui«» 60J. JMinnlnn V<rn\t>\a 7>?09 



Closure Report 
Drainage Structure 23CDXX5 

2.	 LIQUID REMOVAL AND DISPOSAL
 
i
 

Nq' liquid was removed fromthis structure. 

3.: SEDIMENT/SLUDGE REMOVALAND DISPOSAL 

Iid sediment/sludge was removed from this structure. The structure was fitted with soil, and 
construction debris which were removed as part of the paylimit. 

4.! DRAINAGE STRUCTURE REMOVALAND DISPOSAL
II : 

Lf PROCEDURES USED TO REMOVE PAYUMIT 
• : : 

4.1-1 EXCAVATION 

Ori April 4: 1996. an excavator was used to excavate and remove the drainage structure (Vehicle 
Mamtenanjoe Pit) and payfcmK soils, A hoe-ram was used throughout the removal process for 
demolition' of the structure. The soil was removed and directly loaded onto dump trucks. 
jjVpbroximately 251 cubic yards of soil and debris were excavated from former Building 3694. 
which included the foundation as well as structures 23COXX5 and 23CDXX4. The final 
excavation size was 36 feet long by 21 feetwide by 11 feet deep. During removal of the paylimit. 
approximate^ 7 feet of 4-inch steel pipe were removed from the foundation. Pipe remaining in the 
ground was capped with concrete. 

Expavaied sofl was stored by structure in the CSA. Structure closure was observed by ABB 
Environmental, the Title II subcontractor to IRP. Photos are located in the photo log of the master 
copy of this document in the IRP office. 

.1.2 FIELD SCREENING 
i 

: FieW screening for volatile organic compounds and dust was conducted throughout the 
1 excavation activities. PID results were non-detect in the breathing zone. -Mini-RAM results were 
1 also non-detect in the breathing zone. Headspace PID readings were also taken at the .inlet, 

and Bottom sample locations. The headspace readings were used as an initial 
determination of contamination. The headspace levels were 0.1 pom for 1he bottom, 0.4 pom for 
me rteL and 0.0 pprn for the outlet sample locations. 

BACKFILL 

Thje backfjU used for this excavation came from an on-base source, either the former Landfill 1 
common borrow pit located on Turpentine Road or paylimit soils from drainage structures with. 
analytical results below the dean fill STCLs. Approximately 394 cubic yards of sodwere used to 
backfill 23CDXX5 and 23COXX4. 

- OfsAMGB 
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4.1.4 FINAL RESTORATION 
i 
JHe area affected by the excavation included the former foundation and surrounding vegetation. 
Trts area was regraded. 
i ; 

ANALYTICAL RESULTS 

•M
.The on-site and off-ste laboratories analyzed the samples according to the Quality Assurance 
iPlin and the laboratory specification (Section 01410 of the Specifications). All data was validated 
jrn (accordance with HAZWRAP and DOE guidelines. The samples were analyzed -lor the volatile 
Compounds utilizing EPA method 8010/8020 and EDB, the semivoJatite compounds utilized EPA 
:method 8270, pesticides and PCBs by EPA method 8080, metals by EPA method series 6000 
arp 7000, and TPH by EPA method 8015 modified as diesel and gasoline. The off-site laboratory 
hap established anafyte detection levels which are below the method required quantisation levels. 
]Rte concentrations reported for those analytes detected below the laboratory quantftation limits 
.are estimated and are noted as such in the following tables. 

A sample was coUected from the bottom, inlet and outlet sample locations. The inlet sample was 
collected from the sidewaB opposite the outlet sample since there was no inlet pipe present The 
^ujbet sample was collected from the sidewall closest to the outlet pipe These samples were 
analyzed in the on-site laboratory as part of our field screening program. Afl samples were sent to 
•the off-efte laboratory for confirmation. The off-she analytical detection results for the excavation 
ire summarized in Tables 4-1 through 4-3. respectively. The complete on-site and off-site 
analytical data are in Appendix A and B. respectively. None of the compounds detected in the 
bottom, inlet or outlet sample exceeded the STCLs therefore, structure 23CDXX5 is a clean 
closure. 

Otis ANGB 
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tafoto 4-1 - Bottom Sample 23CDXX5SOBTOF1 

Anatyte 

TPH as Diesel 
WOrnmum 
fftsentc : 
BaHum 
Befylum 
^Sfdmtum 
Cateium 
wlromium 
Cojbaft 
toper 
Iron 
Lead 
Iftagnesium 
Aanganese 
Jkjfcel 
>o*assium 
'apadium 

Zinc 
«(2-EthythexyI) phthaiate 

Pyf<ene 

Results Estimated Exceeds Lrmrts 
Quantitafon 

6.2 mg/kg 500 mg/kg 

1220mg/kg 54900 mg/kg 

3.3 mg/kg 3.6 mg/kg 

3.5 mg/kg 3800 mg/kg 
0.22 mg/kg 1 mg/kg 
0.73 mg/kg 26.4 mg/kg 

142 mg/kg 
3.3 mg/kg 274 mg/kg 
1.4 mg/kg 
2.8 mg/kg 
8520 mg/kg 
2.5 mg/kg 300 mg/kg 
460 mg/kg 
31.3 mg/kg 274 mg/kg 
2.5 mg/kg 1100 mg/kg 
164 mg/kg 
12.3 mg/kg 384 mg/kg 
10 mg/kg 10000 mg/kg 
310ug/kg YES 45700 ug/kg 
93ug/kg YES 1650000 ug/kg 

:STCL is used when the drainage structure was located outside the fljgfitlfne. 

OtisANGB 
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Table 4-2-Inlet Sample 23CDXX5SOINOM 

4natyte Results 

TPH as Diesel 59 mg/kg 
F^CB-1260 • 0.018 mg/kg 
Aluminum- 1530 mg/kg r ) _ : 

3.2 mg/kg 
Sofium 10.2 mg/kg 
Bfejylftim 0.15 mg/kg 
Cadmium 0.56 mg/kg 
Jala'um 2870 mg/kg 
Cphfomium 3.8 mg/kg 
Cobalt 1.7 mg/kg 
Copper 6.7 mg/kg 
fOO 3530 mg/kg 
t"ead 16.7 mg/kg 
/iinesiuTTi 504 mg/kg 
ifcahganese 57.0 mg/kg 
rteikel 2.2 mg/kg 
[otassium 206 mg/kg 
'anadium 5.9 mg/kg 
irt 23.3 mg/kg 
ts{2-Ettiyfiexyl) phthalate 530 ug/kg 

99 ug/kg 

Estimated 
Quantitafon 

YES 0,1 58 mg/kg 
54900 mg/kg 
3.6 mg/kg 
3800 mg/kg 
1 mg/kg 
26.4 mg/kg 

274 mg/kg 

300 mg/kg 

• 274 mg/kg 
1100 mg/kg 

384. mg/kg 
10000 mg/kg 
45700 ug/kg 

YES 1650000 ug/kg 

STCL is used when the drainage structure was located outside the flightfine. 
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fable4-3-OutletSample Z3CDXX5SOOUOF1 

Results Estimated Anjalyte 
Quantitation 

rFJH as Diesel	 31 mg/kg
 
0.0048 mg/kg YES 0.133 mg/kg
 Dfeldrin
 

(•'CJ&-1260 0.01 3 mg/kg YES 0.158 mg/Kg
 
1780 mg/kg 54900 mg/kg
 Aluminum 
2.4 mg/kg	 3.6 mg/kg Arsenic
 

Barium 16.6 mg/kg 3800 mg/kg
 

3ejryHium 0.19 mg/kg 1 mg/kg
 

3aklrnium 0.70 mg/kg 26.4 mg/kg
 

hajcium 1490 mg/kg
 
Chromium 3.2 mg/kg 274 mg/kg
 

Cobalt 1.9 mg/kg 
Copper 2.3 mg/kg 
Iron 4940 mg/kg 
lead •	 6.1 mg/kg 300 mg/kg 
Magnesium , 461 mg/kg
 
Wnganese 51 .7 mg/kg 274 mg/kg
 
Jicfcel 2.7 mg/kg 1100 mg/kg
 
^otassium 274 mg/kg
 
'apadium. 9.2 mg/kg 384 mg/kg 

2Sric ; 13.8 mg/kg 10000 mg/kg 
feb-Ethyhexyl) phthalate 160 ug/kg YES 45700 ug/kg 

f|>yj«ne : 97 ug/kg YES 1650000 ug/kg 
"ISJTCL is used when the drainage structure was located outside the flignUine, 

4J3. ANALYTICAL QA 
I ; • : 

"the analytical data were validated in accordance with DOE/HWP - 65/R1: 'Requirements for 
QUaJity Control of Analytical Data.* The validation was a Level C DQO validation and found the 
daia to be: usable. Samples were ootected from the sidewafls and bottom of the excavation for 
analysis by an on-she laboratory. This laboratory used gas chrornatography and hnmunoassay 
techniques' for the organic analyses and x-ray fluorescence (XRF) for inorganic analysis. There is 
po^d agreement between the on-sfe and off-site analytical data, with the exception of total PAHs. 
TPH as diesel, and barium results. The on-site laboratory detected total PAHs and TPH as diesel 
in the bottom, inlet, and outlet samples with corresponding detections at much lower levels by the 
o&sfte laboratory. The level of total PAHs detected by the on-site laboratory could be the result of 
matrix interferences or the presence of non-target PAH compounds. The on-site laboratory 
calculates TPH as diesel from the total PAHs result, so any inaccuracies in the former results are 
carried over in the calculation of the latter. The barium concentrations reported by the on-s'te 
laboratory are approximately 25 to 50 times the corresponding off-site data. This is caused by 
differences in analytical methodology. The sample digestion process in the analytical method 
specified for the off-site laboratory is designed to extract the contaminants from soil matrix 
samples, not to enable a total soil composition analysis. The XRF technique, however, is non
seJective and will delect all barium in a sample, both from contamination and soil composition. 

OtisANGB 
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The inlet sample from this structure was analyzed at a tenfold dilution for pesticides/PCBs. This 
caused the method detection limits (MDLs) for heptachlor and PCB-1221 to be raised above the 
applicable STCLs. The impact on the data is considered minimal as these are not expected 
contaminants. The paylimit and outlet samples were also analyzed at secondary dilutions. There 
is bo impact on data usability for these samples as no compound MDLs were raised above the 
applicable STCLs. 

Low levels of organic and metallic analytes were detected in the method and preparation blanks 
associated with the samples from this structure. For this reason, bis(2-ethylhexyl) phthalate is 
considered an artifact in all samples and beryllium is considered an artifact in the bottom, inlet, 
ami outlet samples. Each detection qualified as an artifact is below the applicable STCL and has 
nonimpact on the overall usability of the data. All other analytes detected in blanks have no effect 
ontthe data. 

the preparation blank had a negative value reported for selenium. This negative value indicates 
a downward baseline drift for this element for all samples from this structure. Review of the data 
indicates that although there is a possibility of false negatives, it is highly unlikely that selenium is 
present above applicable STCLs in any sample from this structure. 

4.4 SOiLflNAL DtSPOSmON 

The analytical results Cor the paylimit from this drainage structure were reviewed and are 
summarized in Table 4-4. The STCLs was exceeded for zinc in structure 23CDXX5. Chi a case 
by lease basis, if zinc is the only exceedenoe. a waiver wffl be given to the dean fill standard. This 
deiasion is based on discussions between the NGB IRP and the regulatory agencies. A Request 
For Information was made when the analytical results were received. Jacobs was directed to use 
the paylimit as clean fill. 

OtisANGB 
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Tajble 4-4 - Pay limit Sample 23CDXX5SOPLOF1 

An l̂yte Results Estimated 
Quantitation 

Exceeds 
Limits Limit 

IflH as Diesel 14 mg/kg 
khjiminum 
r̂ienfc 

1710 mg/kg 
4.2 mg/kg YES 

26400 mg/kg 
3.6 mg/kg 5mg/L 100 mg/kg 

SaYium 7.9 mg/kg 3800 mg/kg 100mg/L 2000 mg/kg 

Beryllium
" ' j_

0.29 mg/kg 
1.0 mg/kg 

1 mg/kg 
1.5 mg/kg 1 mg/L 20 mg/kg 

Calcium 
; 

3 romkjm 

274 mg/kg 
4.4 mg/kg 6.8 mg/kg 5mg/L 100 mg/kg 

^ 
2t 

rc 

bait 
pper 
n 

1.9 mg/kg 
2.6 mg/kg 
8840 mg/kg 

333 mg/kg 
19.3 mg/kg 

-C ad 5.8 mg/kg 15.8 mg/kg 5mg/L 100 mg/kg 
Magnesium 546 mg/kg 
ytenganeae 63.6 mg/kg 274 mg/kg 

2.6 mg/kg 955 mg/kg 
•chassium 
'4radium 

Jape 

203 mg/kg 
14.5 mg/kg 
15.2 mg/kg 

15.2 mg/kg 
16 mg/kg 

>ts;(2-EmyIhexyl) phthalate 530 ug/kg 812 ug/kg 
'yfrene 97 ug/kg YES 4690 ug/kg 

[.£ DEBRIS HNAL DISPOSITION 

J\i/e debris from this structure was decontaminated, tt wffl be sorted into suitable and non-suitabte 
Debris. The suitable debris will be used for aggregate in the OABF. The unsuitable debris will be 
seht to a construction debris landfill 

5. APPENDICES 

A. ON-SfTE ANALYTICAL DATA 
B. OFF-SITE ANALYTICAL DATA 

Otis ANGB 
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SUMP NO.
ABB ENVIRONMENTAL SERVICES, INC 

MMR; DRAINAGE STRUCTURE REMOVAL PROGRAM 
FIELD EXCAVATION DATA SHEET 

ABB-ES PROJECT NO. 8742-03 Date: 7/17/96 

ABB-ES Field Rep: JEN 

Structure number and location: 08CDXX1. CORNER OF LEEE AND WEAVER RDS. FS-19 

Type of Structure: VALVE AND PUMP PIT ADJACENT TO FORMER BLDG. 

 08CDXX1 

<tf

i4

Depth to bottom of structure: _8J Structure dimension: 12' X6' X4" 

Inlet location, depth, and diameter. STRUCTURE HAD BEEN PREVIOUSLY DISTURBED AND 

Outlet location, depth, and diameter: PIPING REMOVED COULD NOT BE CERTAIN WHERE 

PIPES ORIGINALLY ENTERED.OR EXITED 

 Excavation Dimensions: 12'X12' X 15' Length of pipe removed: N/A 

Sample locations and head space results: 

Pay Limit: FROM EXCAVATED SOILS Head space: N/A PPM 

Inlet: W, 10'BGS Head space: 0.0 PPM 

Outlet: E, 10' BGS Head space: 0.0 PPM 

 Bottom: 15' Head space: 0.0 PPM 

m 
Sump contents and action taken: STAINED SOILS WERE MIXED WITH EXCAVATED SOILS. 

Non associated utilities encountered: 

Notes: 

On-site lab: 

Off-site lab: 

(See laboratory data sheets by JEG in project file) 



Sample ID Analyte \Results Unit EX LIMIT stcl inside stcl outside stcl clean ed_reg OXrule 
08CDXX1SOBTOF1 TPH as Diesel 5.6 MG/KG 200 500 
08CDXX1SOBTOF1 4,4'-DDT 0.023 MG/KG 90 6.28 
08CDXX1SOBTOF1 Dieldrin 0.013 MG/KG 2 133 
08CDXX1SOBTOF1 Aluminum 1470 MG/KG 58200 54900 
08CDXX1SOBTOF1 Arsenic 1.6 MG/KG 11.6 3.6 
08CDXX1SOBTOF1 Barium 5.2 MG/KG 4070 3800 
08CDXX1SOBTOF1 Beryllium 0.10 MG/KG 4.73 1 
08CDXX1SOBTOF1 Calcium 206 MG/KG 
08CDXX1SOBTOF1 Chromium 1.9 MG/KG 1160 274 
08CDXX1SOBTOF1 Cobalt 1.2 MG/KG 
08CDXX1SOBTOF1 Copper 2.7 MG/KG 
08CDXX1SOBTOF1 Iron 2590 MG/KG 
08CDXX1SOBTOF1 Lead 21.3 MG/KG 1000 300 
08CDXX1SOBTOF1 Magnesium 341 MG/KG 
08CDXX1SOBTOF1 Manganese 50.9 MG/KG 8140 274 
08CDXX1SOBTOF1 Nickel 2.3 MG/KG 1160 1100 
08CDXX1SOBTOF1 Potassium 94.9 MG/KG 
08CDXX1SOBTOF1 Vanadium 3.7 MG/KG 407 384 
08CDXX1SOBTOF1 Zinc 26.6 MG/KG 10000 10000 
08CDXX1SOINOF1 TPH as Diesel 250 MG/KG 1200 500 
08CDXX1SOINOF1 4,4'-DDT 0.021 MG/KG 90 6.28 
08CDXX1SOINOF1 Dieldrin 0.014 MG/KG 2 .133 
08CDXX1SOINOF1 Aluminum 2630 MG/KG 58200 54900 
08CDXX1SOINOF1 Arsenic 2.3 MG/KG 11.6 3.6 
08CDXX1SOINOF1 Barium 7.7 MG/KG 4070 3800 
08CDXX1SOINOF1 Beryllium 0.13 MG/KG 4.73 1 
08CDXX1SOINOF1 Cadmium 1.3 MG/KG 27.3 26.4 
08CDXX1SOINOF1 Calcium 442 MG/KG 
08CDXX1SOINOF1 Chromium 4.0 MG/KG 1160 274 
08CDXX1SOINOF1 Cobalt 1.8 MG/KG 
08CDXX1SOINOF1 Copper 5.6 MG/KG 
08CDXX1SOINOF1 Iron 4480 MG/KG 
08CDXX1SOINOF1 Lead 36.5 MG/KG 1000 300 
08CDXX1SOINOF1 Magnesium 479 MG/KG 
08CDXX1SOINOF1 Manganese 59.3 MG/KG 8140 274 
08CDXX1SOINOF1 Nickel 2.9 MG/KG 1160 1100 
08CDXX1SOINOF1 Potassium 93.3 MG/KG 
08CDXX1SOINOF1 Vanadium 6.5 MG/KG 407 384 
08CDXX1SOINOF1 Zinc 113 MG/KG 10000 10000 
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Sample ID Analyte Results Unit EX LIMIT stcljnside |stcl outside stcl clean ed reg 20Xrule 
08CDXX1SOINOF1 
08CDXX1SOINOF1 
08CDXX1SOINOF1 
08CDXX1SOINOF1 
08CDXX1SOINOF1 
08CDXX1SOINOF1 
08CDXX1SOINOF1 
08CDXX1SOINOF1 
08CDXX1SOINOF1 
08CDXX1SOINOF1 RE 
08CDXX1SOINOF1 RE 
08CDXX1SOINOF1 RE 
08CDXX1SOINOF1 RE 
08CDXX1SOINOF1 RE 
08CDXX1SOINOF1 RE 
08CDXX1SOOUOF1 
08CDXX1SOOUOF1 
08CDXX1SOOUOF1 
08CDXX1SOOUOF1 
08CDXX1SOOUOF1 
08CDXX1SOOUOF1 
08CDXX1SOOUOF1 
08CDXX1SOOUOF1 
08CDXX1SOOUOF1 
08CDXX1SOOUOF1 
08CDXX1SOOUOF1 
08CDXX1SOOUOF1 
08CDXX1SOOUOF1 
08CDXX1SOOUOF1 
08CDXX1SOOUOF1 
08CDXX1SOOUOF1 
08CDXX1SOOUOF1
 
08CDXX1SOOUOF1
 
08CDXX1SOOUOF1
 

Benzo(a)Anthracene 
Benzo(b)Fluoranthene 
Benzo(g,h,i)Perylene 
bis(2-Ethylhexyl)PIUhala 
Chrysene 
rluoranthene 
ndeno(1 ,2,3-cd)Pyrene 
Phenanlhrene 
Pyrene 
Anthracene 
Benzo(a)Anthracene 
Carbazole 
Chrysene 
Phenanlhrene 
Pyrene 
TPH as Diesel-
4,4'-DDE
4,4'-DDT-
Aluminum 
Arsenic 
Barium 
Beryllium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Nickel 
Potassium 
Vanadium 
Zinc 

78 
130 
77 
200 
83 
91 
57 
92 
220 
110 
410 
140 
410 
430 
1700 
72 
0.0031 
0.24 
853 
1.8 
2.6 
0.12 
79.3 
1.5 
0.62 
1.9
 
3140
 
9.0
 
167
 
31.8 
1.3 
58.2 
5.4 
33.0 

UG/KG 
UG/KG 
UG/KG . 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
MG/KG 
MG/KG 
MG/KG 
WIG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 

27900 
27900 
2330000 
1160000 
400000 
10000000 
27900 
2330000 
10000000 
10000000 
27900 
1020000 
400000 
2330000 
10000000 
1200 
90 
90 
58200 
11.6
 
4070
 
4.73 

1160 

1000 

8140
 
1160
 

407
 
10000
 

5000 
5000 
5000 
45700 
87700 
2200000 
5000 
2200000 
1650000 
10000000 
5000 
32000 
87700 
2200000 
1650000 
500 
6.28 
6.28 
54900 
3.6 
3800 
1 

274 

300 

274
 
1100
 

384
 
10000
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Sample ID 

08CDXX1SOPLOF1 
08CDXX1SOPLOF1 
08CDXX1SOPLOF1 
08CDXX1SOPLOF1 
08CDXX1SOPLOF1 
08CDXX1SOPLOF1 
08CDXX1SOPLOF1 
08CDXX1SOPLOF1 
08CDXX1SOPLOF1 
08CDXX1SOPLOF1 
08CDXX1SOPLOF1 
08CDXX1SOPLOF1 
08CDXX1SOPLOF1 
08CDXX1SOPLOF1 
08CDXX1SOPLOF1 
08CDXX1SOPLOF1 
08CDXX1SOPLOF1 
08CDXX1SOPLOF1 
08CDXX1SOPLOF1 
08CDXX1SOPLOFD 
08CDXX1SOPLOFD 
08CDXX1SOPLOFD 
08CDXX1SOPLOFD 
08CDXX1SOPLOFD 
08CDXX1SOPLOFD 
08CDXX1SOPLOFD 
08CDXX1SOPLOFD 
08CDXX1SOPLOFD 
08CDXX1SOPLOFD 
08CDXX1SOPLOFD 
08CDXX1SOPLOFD 
08CDXX1SOPLOFD 
08CDXX1SOPLOFD 
08CDXX1SOPLOFD 
08CDXX1SOPLOFD 
08CDXX1SOPLOFD 
08CDXX1SOPLOFD 
08CDXX1SOPLOFD 

Analyle 
TPH as Diesel-
4,4'-DDD
4,4'-DDT-
Aluminum 
Arsenic 
Barium 
Beryllium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Nickel 
Potassium 
Vanadium 
Zinc 
TPH as Diesel-
4,4'-DDD
4,4'-DDT-
Aluminum 
Arsenic 
Barium 
Beryllium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Nickel 
Potassium 
Vanadium 
Zinc 

Results 
13 
0.0054 
0.9f| 
1790 
1.8 
6.0 
0.12 
288 

[2-2 

1.4 
3.1 
3130 
20.1 
533 
90.9 
2.2 
112 
4.1 
33.2 
11 
0.0091 
0.74
 
1450
 
1.4 
15.5 
0.12
 
240
 
2.1 
1.8 
3.9
 
2470
 
17.9
 
374
 
59.9 
1.6
 
124
 
3.2 
36.3 

Unit IEX LIMIT stcl inside stcl_oulside stcl clean ed reg 20Xrule 
MG/KG 500 
MG/KG 2.41 
MG/KG . YES 25 
MG/KG 26400 
MG/KG 3.6 5 100 
MG/KG 3800 100 2000 
MG/KG 1 
MG/KG 
MG/KG 6.8 5 100 
MG/KG 333 
MG/KG 19.3 
MG/KG 
MG/KG YES 15.8 5 100 
MG/KG 
MG/KG 274 
MG/KG 955 
[MG/KG 
MG/KG 15.2 
MG/KG YES 16 
MG/KG 500 
MG/KG 2.41 
MG/KG YES .25 
MG/KG 26400 
MG/KG 3.6 5 100 
MG/KG 3800 100 2000 
MG/KG 1 
MG/KG 
MG/KG 6.8 5 100 
MG/KG 333 
MG/KG 19.3 
MG/KG 
MG/KG YES 15.8 5 100 
MG/KG 
MG/KG 274 
MG/KG 955 
MG/KG 
MG/KG 15.2 
MG/KG YES 16 
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TEST CODE :SPH_OC1 JOB NUMBER : 9601.536 
ELAP ID : 10486 

Ecology and Environment, Inc. 
Analytical Services Center
 

CLIENT : JG-4000 OTIS AIR FORCE BASE
 
RESULTS IN DRY WEIGHT
 
TEST NAME : 8010 VOA +EDB (JE)
 
SAMPLE ID LAB : EE-96-48224
 
SAMPLE ID CLIENT: 08CDXX1SOBTOF1
 
SDG # : 48222
 

SAMPLE VOLUME: 5.0 g
 

PARAMETER
 

Dichlorodif luoromethane
 
Chio r ome thane
 
Vinyl chloride
 
Bromome thane
 
Chloroe thane
 
Trichlorof luoromethane
 
1 , 1 -Dichloroethene
 
Methylene chloride
 
trans -1,2 -Dichloroethene
 
1, 1-Dichloroethane
 
cis-1, 2 -Dichloroethene
 
Chloroform
 
1,1, 1-Trichloroethane
 
Carbon tetrachloride
 
1 , 2 -Dichloroethane
 
Trichloroethene
 
1 , 2 -Dichloropropane
 
Bromodichlorome thane
 
2- Chloroe thyl vinylether
 
cis-1, 3-Dichloropropene
 
trans -1,3 -Dichloropropene
 
1,1,2 -Trichloroe thane
 
Tetrachloroethene
 
Dibromochloromethane
 
Chlorobenzene
 
Bromoform
 
1,1,2,2 -Tetrachloroethane
 
1 , 3 -Dichlorobenzene
 
1 , 4 -Dichlorobenzene
 
1 , 2 -Dichlorobenzene
 
Ethylene dibromide
 

3UALIFIERS : C = COMMENT
 
J = ESTIMATED VALUE
 
X = EXCEEDS CALIBRATION LIMIT
 

%SOLIDS : 96 %
 
UNITS : UG/KG
 
MATRIX : SOLID
 
DATE RECEIVED : 07/24/96
 
DATE ANALYZED : 07/25/96
 
DILUTION FACTOR : 1.0
 

RESULTS QNT. LIMIT
 

ND 5.2
 
ND 5.2
 

ND 1.0
 
ND 0.52
 
ND 0.83
 
ND 0.62
 
ND 0.52
 
ND 2.6
 
ND 0.52
 
ND 0.52
 
ND 0.52
 
ND 5.2
 
ND 0.52
 
ND 0.52
 
ND 0.52
 
ND 1.0
 
ND 3.1
 
ND 2.1
 

ND 2.1
 

ND 0.73
 
ND 1.6
 
ND 0.52
 
ND 2.1
 

ND 0.52
 

ND 0.83
 
ND 0.52
 
ND 5.2
 
ND. 0.83
 

ND 0.83
 
ND O.'Bl
 

ND 1.0
 

ND = NOT DETECTED
 
B = ALSO PRESENT IN BLANK
 

N = ANALYTE WAS NOT CONFIRMED BY ALTERNATE PROCEDURE
 
A = PHENOMENON OF METHODOLOGY WITH ACID PRESERVATION
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TEST CODE :SPA_OC1 JOB NUMBER :9601. 536 
ELAP ID : 10486 

Ecology and Environment, Inc. 
Analytical Services Center
 

CLIENT : JG-4000 OTIS AIR FORCE BASE
 
RESULTS IN DRY WEIGHT
 
TEST NAME : 8020 VOA (JE)
 
SAMPLE ID LAB : EE-96-48224
 
SAMPLE ID CLIENT: 08CDXX1SOBTOF1
 
SDG # : 48222
 

SAMPLE VOLUME: 5.0 g
 

PARAMETER
 

MTBE
 
Benzene
 
Toluene
 
Ethylbenzene
 
Chlorobenzene
 
1 , 3 -Dichlorobenzene
 
1 , 4 -Dichlorobenzene
 
1 , 2 -Dichlorobenzene
 
Total Xylenes
 

QUALIFIERS: C = COMMENT
 
J = ESTIMATED VALUE
 
X = EXCEEDS CALIBRATION LIMIT
 

%SOLIDS : 96 %
 
UNITS : UG/KG
 
MATRIX : SOLID
 
DATE RECEIVED : 07/24/96
 
DATE ANALYZED : 07/25/96
 
DILUTION FACTOR : 1.0
 

RESULTS QNT. LIMIT
 

ND 1.6
 
ND 0.62
 
ND 10
 
ND 10
 
ND 1.4
 
ND 1.4
 
ND 1.2
 
ND 1.2
 
ND 10
 

ND = NOT DETECTED
 
B = ALSO PRESENT IN BLANK
 

N = ANALYTE WAS NOT CONFIRMED BY ALTERNATE PROCEDURE
 
A = PHENOMENON OF METHODOLOGY WITH ACID PRESERVATION
 

ill
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IB EPA SAMPLE NO.
 
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET
 

081BTOF1
 
Lab Name: E & E INC. Contract:
 

Lab Code: EANDE Case No.: 536 SAS No.: SDG No.: 48222
 

Matrix: (soil/water) SOIL Lab Sample ID: 48224
 

Sample wt/vol: 30.0 (g/mL) G Lab File ID: B0508
 

Level: (low/med) LOW Date Received: 07/24/96
 

% Moisture: 4 decanted: (Y/N) N Date Extracted: 07/24/96
 

Concentrated Extract Volume: 1000 (uL) Date Analyzed: 07/26/96
 

Injection Volume: 2.0(uL) Dilution Factor: 1.0
 

GPC Cleanup: (Y/N) N pH:
 
CONCENTRATION UNITS:
 

CAS NO. COMPOUND (ug/L or ug/Kg) UG/KG
 

108-95-2 Phenol ,___
 
111-44-4 bis (2-Chloroethyl)Ether ~
 
95-57-8 2-Chlorophenol
 
541-73-1 1, 3-Dichlorobenzene
 
106-46-7 1,4- Dichlorobenzene
 
95-50-1 1, 2-Dichlorobenzene
 
95-48-7 2 -Methylphenol
 
108-60-1 2,2' -oxybis (1 -Chloropropane)
 
106-44-5 4-Methylphenol '
 
621-64-7 N-Nitroso-Di-n-Propylamine ~
 
67-72-1 Hexachloroethane
 
98-95-3 Nitrobenzene
 
78-59-1 Isophorone
 
88-75-5 2 -Nitrophenol
 
105-67-9 2,4 -Dimethylphenol
 
111-91-1 bis (2-Chloroethoxy) Methane
 
120-83-2 2, 4-Dichlorophenol
 
120-82-1 1,2, 4 -Trichlorobenzene
 
91-20-3 Naphthalene
 
106-47-8 4-Chloroaniline
 
87-68-3 Hexachlorobutadiene
 
59-50-7 4-Chloro-3-Methylphenol
 
91-57-6 2-Methylnaphthalene
 
77-47-4 Hexachlorocyclopentadiene ~
 
88-06-2 2,4,6 -Trichlorophenol
 
95-95-4-. 2,4,5-Trichlorophenol_.
 
91-58-7 2- Chloronaphthalene
 
88-74-4 2 -Nit roanil ine
 
131-11-3 Dimethylphthalate
 
208-96-8 Acenaphthylene
 
606-20-2 2, 6 -Dini trotoluene
 
99-09-2 3-Nit roanil ine
 
83-32-9 Acenaphthene
 
51-28-5 2,4-Dinitrophenol ~
 
100-02-7 4 -Nitrophenol
 

340 U 
340 u 
340 U 
340 u 
340 u 
340 u 
340 u 
340 u 
340 u 
340 u 
340 u 
340 u 
340 u 
340 u 
340 u 
340 u 
340 u 
340 u 
340 u 
340 u 
340 u 
340 u 
340 u 
340 u 
340 u 
1700 u 
340 u 
1700 u 
340 u 
340 u 
340 . u 
1700.. u 
340 u 

1700 u 
1700 u 

FORM I SV-1 3/90
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EPA SAMPLE NO.
 1C
 
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET
 

081BTOF1
 
"" Lab Name : E & E INC. Contract:
 

Lab Code: EANDE Case No.: 536 SAS No.:
 SDG No.: 48222
 

Matrix: (soil/water) SOIL Lab Sample ID: 48224
 

Sample wt/vol: 30.0 (g/mL) G Lab File ID: B0508
 

^ Level: (low/med) LOW Date Received: 07/24/96
 

% Moisture: 4 decanted: (Y/N)N Date Extracted: 07/24/96
 
MM
 

Concentrated Extract Volume: 1000 (uL) Date Analyzed: 07/26/96
 

(jj Inject ion Volume: 2.0(uL) Dilution Factor: 1.0
 

GPC Cleanup: , (Y/N)N pH:
 
CONCENTRATION UNITS:
 

,* CAS NO. COMPOUND (ug/L or ug/Kg) UG/KG
 

1 T 9 _£A _ Q 
O A T"\ ^ *^ T ^ ^~ ̂ ^ ̂  ^P^^^"<-v •»> f^ £ / 1 LJlii J. Ui OU OX LiSnG
 

P/L —£ £ - 9 - _ — — — —H n io t"Vr \ , r~ lTiVi^Via  n rai~ o
 

PC 71 7Ot3- 1 j— 1 r x uQjrene 

C 2 4 — 5 9 - 1 A /" T\ -i -n -i -t— -it— j— i. ^ TTir-i 1~ tni r T T-T. V» j=ui-t j— T 

86-30-6 — iNiuiO5oa.ipnenyxa.Tuj.ne \ x ; 
i ni _c; t ;_i 
n T P _ 74 —1 ne^tacnxoi ojjenzene 
R7 _ PC _ =; 
PC 01 _ p 
19 0 19-7
 
PC_ 74 _ P
 

P.A - 74 - 9 

r xuOi snunene 
Q 9 R 7 ~ ^
 
? oq nn n
iz y u u u ±ryi ene
 
85-68-7 Butylbenzylphthalate
 
Q-I Q4 _ T 

cr cc -a
 
91 R-m -Q
 
1 1 *7 Q 1 - *7
 ois \^ nuny xnexyx / xrnuna.xa.ue 
1 1 *7 - R A H xjx n-vjcuy x fnuna.Xa.ue 

n 0-7 _ r\a _ q oenzo \ Jv / r* x uujx 0,11 unene 
e n - a o _ Q _ ' 

— * - xnaeno ^ x , ̂  , j - cu.; fyrene 
C-D 7f\ -a ̂  

i Q T ̂ ' O A - O 
cc QC q 

(1)- Cannot be separated from Diphenylamine
 

340 
340 
340 
340 
340 

1700 
1700 

340 
340 
340 

1700 
340 
340 
340 
340 
340 

1700 
340 
340 
690 
340 
340 
340 
340 
340 
340 
340 
••340 
340 
340 

1700 
340 

U 
U 
U 
U 
U 
U 
U . 
U 
U 
U 
U 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

FORM I SV-2
 

http:fnuna.Xa.ue
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TEST CODE :SP&PCB1 JOB NUMBER : 9601.536 
ELAP ID : 10486 

Ecology and Environment, Inc. 
Analytical Services Center
 

CLIENT : JG-4000 OTIS AIR FORCE BASE
 
RESULTS IN DRY WEIGHT
 
TEST NAME : PESTICIDE-PCS
 
SAMPLE ID LAB : EE-96-48224
 
SAMPLE ID CLIENT: 08CDXX1SOBTOF1
 
SDG # : 48222
 

SAMPLE VOLUME: 30 g
 
FINAL VOLUME: 10 mL
 

PARAMETER
 

Aldrin
 
alpha -BHC
 
beta-BHC
 
gamma -BHC (Lindane)
 
delta-BHC
 
Chlordane
 
4,4' -DDD
 
4,4' -DDE
 
4,4' -DDT
 
Dieldrin
 
Endosulfan I
 
Endosulfan II
 
Endosulfan sulfate
 
Endrin
 
Endrin aldehyde
 
Heptachlor
 
Heptachlor epoxide
 
Toxaphene
 
Methoxychlor
 
PCB-1016
 
PCB-1221
 
PCB-1232
 
PCB-1242
 
PCB-1248
 
PCB-1254
 
PCB-1260
 

QUALIFIERS: C = COMMENT
 
J = ESTIMATED VALUE
 
X = EXCEEDS CALIBRATION LIMIT
 

%SOLIDS : 96 %
 
UNITS : MG/KG
 
MATRIX : SOLID
 
DATE RECEIVED : 07/24/96
 
DATE ANALYZED : 07/26/96
 
DILUTION FACTOR : 2.0
 
DATE EXTRACTED: 07/24/96
 
INJECTION VOLUME: 2.0 uL
 

RESULTS
 

ND
 
ND
 
ND
 
ND
 
ND
 
ND
 
ND
 
ND
 

ND
 
ND
 
ND
 
ND
 
ND
 
ND
 
ND
 
ND
 
ND
 
ND
 
ND
 
ND
 
ND
 
ND
 
ND
 
ND
 

ND =
 
B =
 

QNT. LIMIT
 

0.002
 
0.002
 
0.002
 
0.002
 
0.002
 
0.017
 
0.004
 
0.004
 

0.023 0.010
 
0.013 0.004
 

0.004
 
0.004
 
0.010
 
0.004
 
0.010
 
0.002
 
0.002
 
0.10
 
0.033
 
0.042
 
0.042
 
0.042
 
0.042
 
0.042
 
0.042
 
0.042
 

NOT DETECTED
 
ALSO PRESENT IN BLANK
 

N = ANALYTE WAS NOT CONFIRMED BY ALTERNATE PROCEDURE
 
A = PHENOMENON OF METHODOLOGY WITH ACID PRESERVATION
 



M

TEST CODE .-SCTPH 1

 Ecology and Environment, Inc. 
Analytical Services Center 

 JOB NUMBER : 9601.536 
ELAP ID : 10486 

i—

"—

II

 CLIENT : JG-4000 OTIS AIR FORCE BASE 
RESULTS IN DRY WEIGHT %SOLIDS : 96 % 
TEST NAME : TPH AS DIESEL UNITS : MG/KG 
SAMPLE ID LAB : EE-96-48224 MATRIX : SOLID 

 SAMPLE ID CLIENT: 08CDXX1SOBTOF1 DATE RECEIVED : 07/24/96 
SDG # : 48222 DATE ANALYZED : 07/26/96 

DILUTION FACTOR : 1.0 
 SAMPLE VOLUME: 25 g DATE EXTRACTED: 07/24/96 

FINAL VOLUME: 1. 0 mL INJECTION VOLUME: 2. 0 uL 

— PARAMETER RESULTS Q QNT. LIMIT 

TPH as Diesel 5.6 5.2 

Ilil 

M|

QUALIFIERS: C = COMMENT ND = NOT DETECTED 
J = ESTIMATED VALUE B = ALSO PRESENT IN BLANK 
X = EXCEEDS CALIBRATION LIMIT 
N = ANALYTE WAS NOT CONFIRMED BY ALTERNATE PROCEDURE 
A = PHENOMENON OF METHODOLOGY WITH ACID PRESERVATION 

II I • 



TEST CODE :SPPH 1 JOB NUMBER :9601.536
 
ELAP ID : 10486
 

Ecology and Environment, Inc.
 
Analytical Services Center
 

CLIENT : JG-4000 OTIS AIR FORCE BASE
 
RESULTS IN DRY WEIGHT %SOLIDS : 96 % 
TEST NAME : TPH AS GASOLINE UNITS : MG/KG 
SAMPLE ID LAB : EE-96-48224 MATRIX : SOLID 
SAMPLE ID CLIENT: 08CDXX1SOBTOF1 DATE RECEIVED : 07/24/96 
SDG # : 48222 DATE ANALYZED : 07/25/96 

DILUTION FACTOR : 1.0 
SAMPLE VOLUME: 7.0 g 
FINAL VOLUME: 10 mL INJECTION VOLUME: 100 uL 

PARAMETER RESULTS Q QNT. LIMIT
 

TPH as Gasoline ND 5.2
 

QUALIFIERS: C = COMMENT ND = NOT DETECTED
 
J = ESTIMATED VALUE B = ALSO PRESENT IN BLANK
 
X = EXCEEDS CALIBRATION LIMIT
 
N = ANALYTE WAS NOT CONFIRMED BY ALTERNATE PROCEDURE
 
A = PHENOMENON OF METHODOLOGY WITH ACID PRESERVATION
 



U.S. EPA - CLP
 

1 EPA SAMPLE NO.
 
INORGANIC ANALYSES DATA SHEET
 

48224
 
Lab Name: ECOLOGY_AND_ENVIRONMENT Contract:
 

Lab Code: EANDE Case No.: 9601.536 SAS No.: SDG No.: 48222
 

Matrix (soil/water): SOIL_ Lab Sample ID: 48224
 

Level (low/med): LOW Date Received: 07/24/96
 

% Solids: _96.0
 

Concentration Units (ug/L or mg/kg dry weight): MG/KG
 

CAS No. Analyte Concent rat ion C Q M 

7429-90-5 Aluminum 1470 P 
7440-36-0 
7440-38-2 

Antimony 
Arsenic 

6.1 
1.6 

U P 
P 

7440-39-3 Barium 5.2 B P 
7440-41-7 Beryllium 0.10 B P 
7440-43-9 Cadmium 0.27 U P 
7440-70-2 Calcium 206 B P 
7440-47-3 Chromium 1.9 P 
7440-48-4 Cobalt 1.2 B P 
7440-50-8 
7439-89-6 

Copper 
Iron 

2.7 
2590 

P 
P 

7439-92-1 Lead 21.3 P 
7439-95-4 
7439-96-5 
7439-97-6 
7440-02-0 

Magnesium 
Manganese 
Mercury 
Nickel 

341 
50.9 
0.02 
2.3 

B 

U 
B 

P 
P 
CV 
P 

7440-09-7 Potassium 94.9 B P 
7782-49-2 Selenium 0.43 U P 
7440-22-4 Silver 0.22 U P 
7440-23-5 Sodium 73.4 U P 
7440-28-0 Thallium 0.31 U P 
7440-62-2 Vanadium 3.7 B P 
7440-66-6 Zinc 26.6 P 

Cyanide NR 

Color Before: Clarity Before: Texture: SD_ 

'color After: Clarity After: C Artifacts: YES 

Comments: 
CLIENT SAMPLE ID: 08CDXX1SOBTOF1 

FORM I - IN ILM03.0
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APPENDIX G 

1999 LABORATORY DATA SHEETS 

FS-17FS-19RODFinal .do c G-l October 1999 

http:FS-17FS-19RODFinal.do


Intentional Blank Page 

FS-17FS-19RODFinal.do c G-2 October 1999 
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ATTACHMENT B 

Table 3
 
FS-17/19 Groundwater Sampling Results
 

'•4 

"Location 
23MW0001 
23MW0001 
23MW0001 
23MW0001 
23MW0001 
23MW0001 
23MW0001 
23MW0001 
23MW0001 
23MW0001 
23MW0001 
23MW0001 
23MW0001 
23MW0001 
23MW0001 
23MW0001 
23MW0001 
23MW0001 
23MW0001 
23MW0001 
23MW0001 
23MW0001 
23MW0001 
23MW0003 
23MW0003 
23MW0003 
?7?..V..V"":77 

23MW0003 
23MW0003 
23MW0003 
23MW0003 
23MW0003 
23MW0003 
23MW0003 
23MW0003 

f 

• Sample ID 
23MW0001-01 
23MW0001-01 
23MW0001-01 
23MW0001-01 
23MW0001-01 
23MW0001-01 
23MW0001-01 
23MW0001-01 
23MW0001-01 
23MW0001-01 
23MW0001-01 
23MW0001-01 
23MW0001-01 
23MW0001-01 
23MW0001-01 
23MW0001-01 
23MW0001-01 
23MW0001-01 
23MW0001-01 
23MW0001-01 
23MW0001-01 
23MW0001-01 
23MW0001-01 
23MW0003-01 
23MW0003-01 
23MW0003-01 
7 7". V..*.'7:777_7 '. 

23MW0003-01 
23MW0003-01 
23MW0003-01 
23MW0003-01 
23MW0003-01 
23MW0003-01 
23MW0003-01 
23MW0003-01 

t)ate 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
M2" "}••:• 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 

1 *« *h ' 
*s #, * * "^ ,4 <, j*s ,V -"'•• x: . \" 

Depth «. ^ ' - * , ',;*' • ^<S Detection
(feet) "Test -%t Analyte f\* '", Result £»*«m:r 
80.39 C200.7 ALUMINUM (TOTAL) ND 192 
80.39 C200.7 ANTIMONY (TOTAL) ND 1.9 
80.39 C200.7 ARSENIC (TOTAL) ND 1.9 
80.39 C200.7 BARIUM (TOTAL) 15.4 0.3 
80.39 C200.7 BERYLLIUM (TOTAL) ND 0.66 
80.39 C200.7 CADMIUM (TOTAL) ND 0.4 
80.39 C200.7 CALCIUM (TOTAL) 3250 28.1 
80.39 C200.7 CHROMIUM (TOTAL) ND 3.6 
80.39 C200.7 COBALT (TOTAL) ND 3.4 
80.39 C200.7 COPPER (TOTAL) ND 23.6 
80.39 C200.7 IRON (TOTAL) ND 113 
80.39 C200.7 LEAD (TOTAL) ND 1.1 
80.39 C200.7 MAGNESIUM (TOTAL) 2420 21.8 
80.39 C200.7 MANGANESE (TOTAL) 6.3 0.3 
80.39 C200.7 NICKEL (TOTAL) ND 0.89 
80.39 C200.7 POTASSIUM (TOTAL) ND 46.3 
80.39 C200.7 SELENIUM (TOTAL) ND 2.7 
80.39 C200.7 SILVER (TOTAL) ND 0.8 
80.39 C200.7 SODIUM (TOTAL) 9610 98.8 
80.39 C200.7 THALLIUM (TOTAL) ND 2.5 
80.39 C200.7 VANADIUM (TOTAL) ND 1 
80.39 C200.7 ZINC (TOTAL) ND 6.7 
80.39 C245.2 MERCURY (TOTAL) ND 0.047 
84.93 C200.7 ALUMINUM (TOTAL) ND 22 
84.93 C200.7 ANTIMONY (TOTAL) ND 1.9 
84.93 C200.7 ARSENIC (TOTAL) ND 1.9 
•_• — -' _• 

f " 7 7 7 7 cr jv pr '_ \ \ f- . f i •' T" .*"*. Til ': :-! P. ; .". "

84.93 C200.7 BERYLLIUM (TOTAL) ND 0.51 
84.93 C200.7 CADMIUM (TOTAL) ND 0.4 
84.93 C200.7 CALCIUM (TOTAL) 4200 28.1 
84.93 C200.7 CHROMIUM (TOTAL) ND 3.3 
84.93 C200.7 COBALT (TOTAL) ND 0.6 
84.93 C200.7 COPPER (TOTAL) ND 7 
84.93 C200.7 IRON (TOTAL) ND 10.5 
84.93 C200.7 LEAD (TOTAL) ND 1.1 

^> ' 
t V 

Reporting 
;- limit 

317 
5 
5 

20 
6.5 

1 
500 
8.5 

5 
42 

145 
2 

500 
10 
20 

1500 
5 

10 
500 

10 
10 
20 

0.29 
100 

5 
5 

^ ':.: 

6.5 
1 

500 
8.5 

5 
42 

145 
2 

"*? " 

H, 

Unite* 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
:_:'._-..•':_ 

UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 

i 

Qua! 
U 
U 
U 
J 
U 
U 

U 
U 
UJ 
U 
U 

J 
U 
U 
UJ 
UJ 

U 
U 
U 
U 
U 
U 
U 
•-• 

U 
U 

U 
U 
UJ 
U 
U 
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ATTACHMENT B 

Table 3
 
FS-17/19 Groundwater Sampling Results
 

Location 
23MW0003 
23MW0003 
23MW0003 
23MW0003 
23MW0003 
23MW0003 
23MW0003 
23MW0003 
23MW0003 
23MW0003 
23MW0003 
23MW0003 
23MW0003 
23MW0003 
23MW0003 
23MW0003 
23MW0003 
23MW0003 
23MW0003 
23MW0003 
23MW0003 
23MW0003 
23MW0003 
23MW0003 
23MW0003 
23MW0003 
2^MW0003 
23MW0003 
23MW0003 
23MW0003 
23MW0003 
23MW0003 
23MW0003 
23MW0003 
23MW0005 

j <f 

" Sample ID 
23MW0003-01 
23MW0003-01 
23MW0003-01 
23MW0003-01 
23MW0003-01 
23MW0003-01 
23MW0003-01 
23MW0003-01 
23MW0003-01 
23MW0003-01 
23MW0003-01 
23MW0003-01F 
23MW0003-01F 
23MW0003-01F 
23MW0003-01F 
23MW0003-01F 
23MW0003-01F 
23MW0003-01F 
23MW0003-01F 
23MW0003-01F 
23MW0003-01F 
23MW0003-01F 
23MW0003-01F 
23MW0003-01F 
23MW0003-01F 
23MW0003-01F 
9TMwnnm.ni F 

23MW0003 01 F 
23MW0003-01F 
23MW0003-01F 
23MW0003-01F 
23MW0003-01F 
23MW0003-01F 
23MW0003-01F 
23MW0005-01 

Date 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1 ,"71. 'QQ 

1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 

Depth 
(feet) 
84.93 
84.93 
84.93 
84.93 
84.93 
84.93 
84.93 
84.93 
84.93 
84.93 
84.93 
84.93 
84.93 
84.93 
84.93 
84.93 
84.93 
84.93 
84.93 
84.93 
84.93 
84.93 
84.93 
84.93 
849 3 
84.93 
PM QT 

84.93 
84.93 
84.93 
84.93 
84.93 
84.93 
84.93 

84.8 

-" 

Test 
C200.7 
C200.7 
C200.7 
C200.7 
C200.7 
C200.7 
C200.7 
C200.7 
C200.7 
C200.7 
C245.2 
C200.7 
C200.7 
C200.7 
C200.7 
C200.7 
C200.7 
C200.7 
C200.7 
C200.7 
C200.7 
C200.7 
C200.7 
C200.7 
C200.7 
C200.7 
ronn 7 

C200.7 
C200.7 
C200.7 
C200.7 
C200.7 
C200.7 
C245.2 
C200.7 

!	 >'-" "/' - * i 
•vi? Analyte -1-", & 
MAGNESIUM (TOTAL) 
MANGANESE (TOTAL) 
NICKEL (TOTAL) 
POTASSIUM (TOTAL) 
SELENIUM (TOTAL) 
SILVER (TOTAL) 
SODIUM (TOTAL) 
THALLIUM (TOTAL) 
VANADIUM (TOTAL) 
ZINC (TOTAL) 
MERCURY (TOTAL) 
ALUMINUM (TOTAL) 
ANTIMONY (TOTAL) 
ARSENIC (TOTAL) 
BARIUM (TOTAL) 
BERYLLIUM (TOTAL) 
CADMIUM (TOTAL) 
CALCIUM (TOTAL) 
CHROMIUM (TOTAL) 
COBALT (TOTAL) 
COPPER (TOTAL) 
IRON (TOTAL) 
LEAD (TOTAL) 
MAGNESIUM (TOTAL) 
MANGANESE (TOTAL) 
NICKEL (TOTAL) 
DPlTiQQII IM CTPlTfll 1 

SELENIUM (TOTAL ) 
SILVER (TOTAL) 
SODIUM (TOTAL) 
THALLIUM (TOTAL) 
VANADIUM (TOTAL) 
ZINC (TOTAL) 
MERCURY (TOTAL) 
ALUMINUM (TOTAL) 

"Ik 1 
Result 

1780 
6.5 

ND 
867 

ND 
ND 

8030 
7 

ND 
ND 
ND 
ND 
ND 

3.4 
14 

ND 
ND 

4030 
ND 
ND 
ND 
ND 
ND 

1720 
5.9 

ND 
700 

ND 

ND 
7720 

7.9 

ND 
ND 
ND 
ND 

-f '. 
- \

^\ *"' 
Detection Reporting 

* Limit , Units Qual 
21.8 500 UG/L 

0.3 10 UG/L J 
3.7 20 UG/L U 

46.3 1500 UG/L J 
2.7 5 UG/L UJ 
0.8 10 UG/L UJ 

98.8 500 UG/L 
2.5	 10 UG/L J 

1 10 UG/L U 
4.8 20 UG/L U 

0.081 0.29 UG/L U 
58.7 317 UG/L U 
6.2 15.5 UG/L U 
1.9 5 UG/L J 
0.3 20 UG/L J 

0.58 6.5 UG/L U 
0.4 1 UG/L U 

28.1 500 UG/L 
3.4 8.5 UG/L U 
2.2 5 UG/L U 
3.2 42 UG/L UJ 

77.1 145 UG/L U 
1.1 2 UG/L U 

21.8 500 UG/L 
0.3 10 UG/L J 
2.2 20 UG/L U 

AK -3 1 cnn i ir: /i 1 

2.7 5 UG/L UJ 
0.62 10 UG/L UJ 
98.8 500 UG/L 
2.5 10 UG/L J 
1.7 10 UG/L U 
4.7 20 UG/L U 

0.099 0.29 UG/L U 
61.4 317 UG/L U 
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ATTACHMENT B 

Table 3 
FS-17/19 Groundwater Sampling Results 

f *

J. > 

Location^ 

5 *

^ i 
Sample ID 

f 

Date 
Depth 
(feet) -Test 

1

-
>
 , ; ^f

" * . * „ •  * X *>*• 
W *"" ** 

'- $£*;*
Analyte' ff*-v. 

" *.: 
*. :-&• * * ?*** 
Result 

23MW0005 23MW0005-01 1/21/99 84.8 C200.7 ANTIMONY (TOTAL) ND 
23MW0005 23MW0005-01 1/21/99 84.8 C200.7 ARSENIC (TOTAL) ND 
23MW0005 23MW0005-01 1/21/99 84.8 C200.7 BARIUM (TOTAL) 11.9 
23MW0005 23MW0005-01 1/21/99 84.8 C200.7 BERYLLIUM (TOTAL) ND 
23MW0005 23MW0005-01 1/21/99 84.8 C200.7 CADMIUM (TOTAL) ND 
23MW0005 23MW0005-01 1/21/99 84.8 C200.7 CALCIUM (TOTAL) 2520 
23MW0005 23MW0005-01 1/21/99 84.8 C200.7 CHROMIUM (TOTAL) 13 
23MW0005 23MW0005-01 1/21/99 84.8 C200.7 COBALT (TOTAL) ND 
23MW0005 23MW0005-01 1/21/99 84.8 C200.7 COPPER (TOTAL) ND 
23MW0005 23MW0005-01 1/21/99 84.8 C200.7 IRON (TOTAL) 160 
23MW0005 23MW0005-01 1/21/99 84.8 C200.7 LEAD (TOTAL) ND 
23MW0005 23MW0005-01 1/21/99 84.8 C200.7 MAGNESIUM (TOTAL) 1930 
23MW0005 23MW0005-01 1/21/99 84.8 C200.7 MANGANESE (TOTAL) 14.3 
23MW0005 23MW0005-01 1/21/99 84.8 C200.7 NICKEL (TOTAL) 18.6 
23MW0005 23MW0005-01 1/21/99 84.8 C200.7 POTASSIUM (TOTAL) ND 
23MW0005 23MW0005-01 1/21/99 84.8 C200.7 SELENIUM (TOTAL) ND 
23MW0005 23MW0005-01 1/21/99 84.8 C200.7 SILVER (TOTAL) ND 
23MW0005 23MW0005-01 1/21/99 84.8 C200.7 SODIUM (TOTAL) 6830 
23MW0005 23MW0005-01 1/21/99 84.8 C200.7 THALLIUM (TOTAL) ND 
23MW0005 23MW0005-01 1/21/99 84.8 C200.7 VANADIUM (TOTAL) ND 
23MW0005 23MW0005-01 1/21/99 84.8 C200.7 ZINC (TOTAL) ND 
23MW0005 23MW0005-01 1/21/99 84.8 C245.2 MERCURY (TOTAL) ND 
23MW0006 23MW0006-01 1/21/99 85.1 C200.7 ALUMINUM (TOTAL) ND 
23MW0006 23MW0006-01 1/21/99 85.1 C200.7 ANTIMONY (TOTAL) ND 
23MW0006 23MW0006-01 1/21/99 85.1 C200.7 ARSENIC (TOTAL) ND 
23MW0006 23MW0006-01 1/21/99 85.1 C200.7 BARIUM (TOTAL) 9.6 

: ,r. «•..-..-.••..••..•
_ v~ . V. VV v u 

 If ; .'fc A: A::'::'::-;^ :': -• •\ n •• .00 •-•r. -. „•:: ;  : . ^C^ . . . :: :•.-. ,T,-,T /. : . 

> ' 

:•. :,-, 

23MW0006 23MW0006-01 1/21/99 85.1 C200.7 CADMIUM (TOTAL) ND 
23MW0006 23MW0006-01 1/21/99 85.1 C200.7 CALCIUM (TOTAL) 3490 
23MW0006 23MW0006-01 1/21/99 85.1 C200.7 CHROMIUM (TOTAL) ND 
23MW0006 23MW0006-01 1/21/99 85.1 C200.7 COBALT (TOTAL) 5.4 
23MW0006 23MW0006-01 1/21/99 85.1 C200.7 COPPER (TOTAL) ND 
23MW0006 23MW0006-01 1/21/99 85.1 C200.7 IRON (TOTAL) ND 
23MW0006 23MW0006-01 1/21/99 85.1 C200.7 LEAD (TOTAL) ND 
23MW0006 23MW0006-01 1/21/99 85.1 C200.7 MAGNESIUM (TOTAL) 2360 

t ' * 
* 
Detection 

Limit 

1.9 
1.9 
0.3 

0.37 
0.4 

28.1 
0.6 
2.6 
0.8 

15.6 
1.1 

21.8 
0.3 
1.4 

46.3 
2.7 

0.91 
98.8 

2.5 
0.56 
4.4 

0.082 
22 
1.9 
1.9 
0.3 

"" 

0.4 
28.1 

6.2 
0.6 
4.5 

41.8 
1.1 

21.8 

Reporting 
'Limit 

5 
5 

20 
6.5 

1 
500 

5 
5 
5 

100 
2 

500 
10 
20 

1500 
5 

10 
500 

10 
10 
93 

0.29 
100 

5 
5 

20 
- :
_ . — 

1 

500 
8.5 

5 
42 

145 
2 

500 

* ' *, 

* <" 

Units 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 

~" 

UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 

i 
* 4* , 

Qua! 
U 
U 
J 
U 
U 

U 
UJ 

U 

J 
U 
UJ 
UJ 

U 
U 
U 
U 
U 
U 
U 
J 

J 

U 

UJ
 
U
 
U
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ATTACHMENT B 

Table 3
 
FS-17/19 Groundwater Sampling Results
 

Location 
23MW0006 
23MW0006 
23MW0006 
23MW0006 
23MW0006 
23MW0006 
23MW0006 
23MW0006 
23MW0006 
23MW0006 
23MW0007 
23MW0007 
23MW0007 
23MW0007 
23MW0007 
23MW0007 
23MW0007 
23MW0007 
23MW0007 
23MW0007 
23MW0007 
23MW0007 
23MW0007 
23MW0007 
23MW0007 
23MW0007 
OTM\A;nnn7 

23MW0007 

23MW0007 
23MW0007 
23MW0007 
23MW0007 
23MW0007 
08AE0009 
08AE0009 

,>- Sample ID 
23MW0006-01 
23MW0006-01 
23MW0006-01 
23MW0006-01 
23MW0006-01 
23MW0006-01 
23MW0006-01 
23MW0006-01 
23MW0006-01 
23MW0006-01 
23MW0007-01 
23MW0007-01 
23MW0007-01 
23MW0007-01 
23MW0007-01 
23MW0007-01 
23MW0007-01 
23MW0007-01 
23MW0007-01 
23MW0007-01 
23MW0007-01 
23MW0007-01 
23MW0007-01 
23MW0007-01 
23MW0007-01 
23MW0007-01 
T3M\A/nnnv n-t 

23MW0007-01 
23MW0007-01 
23MW0007-01 
23MW0007-01 
23MW0007-01 
23MW0007-01 
08AE0009-01 
08AE0009-01 

Date 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/21/99 
1 /TI ;QQ 

1/21/99 

1/21/99 

1/21/99 
1/21/99 
1/21/99 
1/21/99 
1/22/99 
1/22/99 

Depth 
(feet) 

85.1 
85.1 
85.1 
85.1 
85.1 
85.1 
85.1 
85.1 
85.1 
85.1 
82.2 
82.2 
82.2 
82.2 
82.2 
82.2 
82.2 
82.2 
82.2 
82.2 
82.2 
82.2 
82.2 
82.2 
82.2 
82.2 
en "i 

82.2 

82.2 
82.2 
82.2 
82.2 
82.2 
65.4 
65.4 

Test
 
C200.7
 
C200.7
 
C200.7
 
C200.7
 
C200.7
 
C200.7
 
C200.7
 
C200.7
 
C200.7
 
C245.2
 
C200.7
 
C200.7
 
C200.7
 
C200.7
 
C200.7
 
C200.7
 
C200.7
 
C200.7
 
C200.7
 
C200.7
 
C200.7
 
C200.7
 
C200.7
 
C200.7
 
C200.7
 
C200.7
 
r-inn ~! 

C200.7 

C200.7 

C200.7 
C200.7 
C200.7 
C245.2 
C200.7 
C200.7 

Analyte 
MANGANESE (TOTAL) 
NICKEL (TOTAL) 
POTASSIUM (TOTAL) 
SELENIUM (TOTAL) 
SILVER (TOTAL) 
SODIUM (TOTAL) 
THALLIUM (TOTAL) 
VANADIUM (TOTAL) 
ZINC (TOTAL) 
MERCURY (TOTAL) 
ALUMINUM (TOTAL) 
ANTIMONY (TOTAL) 
ARSENIC (TOTAL) 
BARIUM (TOTAL) 
BERYLLIUM (TOTAL) 
CADMIUM (TOTAL) 
CALCIUM (TOTAL) 
CHROMIUM (TOTAL) 
COBALT (TOTAL) 
COPPER (TOTAL) 
IRON (TOTAL) 
LEAD (TOTAL) 
MAGNESIUM (TOTAL) 
MANGANESE (TOTAL) 
NICKEL (TOTAL) 
POTASSIUM (TOTAL) 
Cpl CM11 (M fTr\T/U \ 

SILVER (TOTAL) 
SODIUM (TOTAL) 
THALLIUM (TOTAL) 
VANADIUM (TOTAL) 
ZINC (TOTAL) 
MERCURY (TOTAL) 
ALUMINUM (TOTAL) 
ANTIMONY (TOTAL) 

Result 
9.2 

ND 
ND 
ND 
ND 
10200 

ND 
ND 
ND 
ND 
ND 
ND 
ND 

10.2 
ND 
ND 

3810 
ND 
ND 
ND 
ND 
ND 

2480 
4.3 

ND 
ND 
K \r\ 

ND 
6800 

ND 
ND 
ND 
ND 
ND 
ND 

Detection
 
Umtt
 

0.3 
4.5 

46.3 
2.7 
0.8 

98.8 
2.5 

1 
6.5 

0.078 
44 
1.9 
1.9 
0.3 

0.57 
0.4 

28.1 
4.5 
0.6 

16.4 
16.5 
1.1 

21.8 
0.3 
2.2 

46.3 
•"i -1 

0.8 
98.8 

2.5 
1 

6.3 
0.074 

55.7 
7.7 

Reporting 
Limit 

10 
20 

1500 
5 

10 
500 

10 
10 
20 

0.29 
317 

5 
5 

20 
6.5 

1 
500 
8.5 

5 
42 

145 
2 

500 
10 
20 

1500 
c 

10 
500 

10 
10 
20 

0.29 
317 
15.5 

Units 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
\ !/—• l\ 

UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 

"*• H 

j 

Qual 
J 
U 
U 
UJ 
UJ 

U 
U 
U 
U 
U 
U 
U 
J 
U 
U 

U 
U 
UJ 
U 
U 

J 
U 
U 
! ! ! 

UJ 

U 
U 
U 
U 
U 
U 
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ATTACHMENT B 

Table 3
 
FS-17/19 Groundwater Sampling Results
 

Location 

-=>i » 

- Sample ID Date 
Depth 
(feet) 

V 

H 

Test 

\-. 4" i ';* ' ;  i 'A',^
-" " *&• «  , ^ > ^ , ,1*,-̂  f 

s J Analyte *^ 

H? 
-V 

Result 

*3- < * 
% 

Detection , 
Limit. 

*• rt 
t~ 

'r 

Reporting 
limit 

' ;.H 

*T """ * 

Units 

-.'-J 

Qua! 
08AE0009 08AE0009-01 1/22/99 65.4 C200.7 ARSENIC (TOTAL) ND 1.9 5 UG/L U 
08AE0009 08AE0009-01 1/22/99 65.4 C200.7 BARIUM (TOTAL) 7.9 0.3 20 UG/L J 
08AE0009 08AE0009-01 1/22/99 65.4 C200.7 BERYLLIUM (TOTAL) ND 0.26 6.5 UG/L U 
08AE0009 08AE0009-01 1/22/99 65.4 C200.7 CADMIUM (TOTAL) ND 0.4 1 UG/L U 
08AE0009 08AE0009-01 1/22/99 65.4 C200.7 CALCIUM (TOTAL) 2080 28.1 500 UG/L 
08AE0009 08AE0009-01 1/22/99 65.4 C200.7 CHROMIUM (TOTAL) ND 1.7 8.5 UG/L U 
08AE0009 08AE0009-01 1/22/99 65.4 C200.7 COBALT (TOTAL) ND 0.82 5 UG/L U 
08AE0009 08AE0009-01 1/22/99 65.4 C200.7 COPPER (TOTAL) 96 0.8 5 UG/L J 
08AE0009 08AE0009-01 1/22/99 65.4 C200.7 IRON (TOTAL) ND 48.4 145 UG/L U 
08AE0009 08AE0009-01 1/22/99 65.4 C200.7 LEAD (TOTAL) ND 1.1 2 UG/L U 
08AE0009 08AE0009-01 1/22/99 65.4 C200.7 MAGNESIUM (TOTAL) 1150 21.8 500 UG/L 
08AE0009 08AE0009-01 1/22/99 65.4 C200.7 MANGANESE (TOTAL) 3.9 0.3 10 UG/L J 
08AE0009 08AE0009-01 1/22/99 65.4 C200.7 NICKEL (TOTAL) ND 1.4 20 UG/L U 
08AE0009 08AE0009-01 1/22/99 65.4 C200.7 POTASSIUM (TOTAL) ND 46.3 1500 UG/L U 
08AE0009 08AE0009-01 1/22/99 65.4 C200.7 SELENIUM (TOTAL) ND 2.7 5 UG/L UJ 
08AE0009 08AE0009-01 1/22/99 65.4 C200.7 SILVER (TOTAL) ND 0.8 10 UG/L UJ 
08AE0009 08AE0009-01 1/22/99 65.4 C200.7 SODIUM (TOTAL) 11600 98.8 500 UG/L 
08AE0009 08AE0009-01 1/22/99 65.4 C200.7 THALLIUM (TOTAL) ND 2.5 10 UG/L U 
08AE0009 08AE0009-01 1/22/99 65.4 C200.7 VANADIUM (TOTAL) ND 1 10 UG/L U 
08AE0009 08AE0009-01 1/22/99 65.4 C200.7 ZINC (TOTAL) ND 6.6 20 UG/L U 
08AE0009 08AE0009-01 1/22/99 65.4 C245.2 MERCURY (TOTAL) ND 0.14 0.8 UG/L U 
08AE0009 08AE0009-01FD 1/22/99 65.4 C200.7 ALUMINUM (TOTAL) ND 22 100 UG/L U 
08AE0009 08AE0009-01FD 1/22/99 65.4 C200.7 ANTIMONY (TOTAL) ND 1.9 5 UG/L U 
08AE0009 08AE0009-01FD 1/22/99 65.4 C200.7 ARSENIC (TOTAL) ND 1.9 5 UG/L U 
08AE0009 08AE0009-01FD 1/22/99 65.4 C200.7 BARIUM (TOTAL) 7.2 0.3 20 UG/L J 
08AE0009 08AE0009-01FD 1/22/99 65.4 C200.7 BERYLLIUM (TOTAL) ND 0.21 6.5 UG/L U 
r\o A pnnna MU n L ; ••( w u i ; ;t C ( \ 1 /'! : .: :: ; . . 

• . . 
. A . -,. . .p ^ . -. T  . . 

•-•/•.:_-:v::-_-:v : ; ; •_• :.--,:_,• • "*-* 
: . ,-. 

- ' • — •"••— — 

08AE0009 08AE0009-01FD 1/22/99 65.4 C200.7 CALCIUM (TOTAL) 1980 28.1 500 UG/L 
08AE0009 08AE0009-01FD 1/22/99 65.4 C200.7 CHROMIUM (TOTAL) ND 2 8.5 UG/L U 
08AE0009 08AE0009-01FD 1/22/99 65.4 C200.7 COBALT (TOTAL) ND 0.6 5 UG/L U 
08AE0009 08AE0009-01FD 1/22/99 65.4 C200.7 COPPER (TOTAL) ND 0.8 5 UG/L UJ 
08AE0009 08AE0009-01FD 1/22/99 65.4 C200.7 IRON (TOTAL) ND 17 145 UG/L U 
08AE0009 08AE0009-01FD 1/22/99 65.4 C200.7 LEAD (TOTAL) ND 1.1 2 UG/L U 
08AE0009 08AE0009-01FD 1/22/99 65.4 C200.7 MAGNESIUM (TOTAL) 1080 21.8 500 UG/L 
08AE0009 08AE0009-01FD 1/22/99 65.4 C200.7 MANGANESE (TOTAL) 3.6 0.3 10 UG/L J 
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ATTACHMENT B 

Table 3
 
FS-17/19 Groundwater Sampling Results
 

. ' * ,. * . ' • ; " ; ' 

' ',"'.-:';;;' 1;-'f:
1 

•. , '. .. '•-'. '- >-,i . ,'"';"• 

Location'; 
08AE0009 
08AE0009 
08AE0009 
08AE0009 
08AE0009 
08AE0009 
08AE0009 
08AE0009 
08AE0009 
08MW0001 
08MW0001 
08MW0001 
08MW0001 
08MW0001 
08MW0001 
08MW0001 
08MW0001 
08MW0001 
08MW0001 
08MW0001 
08MW0001 
08MW0001 
08MW0001 
08MW0001 
08MW0001 
08MW0001 
noM\A/nnni 

08MW0001 
08MW0001 
08MW0001 
08MW0001 
08MW0001 
08MW0002 
08MW0002 
08MW0002 

,-• Sample ID 
08AE0009-01FD 
08AE0009-01FD 
08AE0009-01FD 
08AE0009-01FD 
08AE0009-01FD 
08AE0009-01FD 
08AE0009-01FD 
08AE0009-01FD 
08AE0009-01FD 
08MW0001-01 
08MW0001-01 
08MW0001-01 
08MW0001-01 
08MW0001-01 
08MW0001-01 
08MW0001-01 
08MW0001-01 
08MW0001-01 
08MW0001-01 
08MW0001-01 
08M WOOD 1-01 
08MW0001-01 
08MW0001-01 
08MW0001-01 
08MW0001-01 
08MW0001-01 
nHM\A/nnm ni 

"OSMWOOOI-OI 
08MW0001-01 
08MW0001-01 
08MW0001-01 
08MW0001-01 
08MW0002-01 
08MW0002-01 
08MW0002-01 

Date 
1/22/99 
1/22/99 
1/22/99 
1/22/99 
1/22/99 
1/22/99 
1/22/99 
1/22/99 
1/22/99 
1/22/99 
1/22/99 
1/22/99 
1/22/99 
1/22/99 
1/22/99 
1/22/99 
1/22/99 
1/22/99 
1/22/99 
1/22/99 
1/22/99 
1/22/99 
1/22/99 
1/22/99 
1/22/99 
1/22/99 
1 m.'nn 

1 /22/99 

1/22/99 
1/22/99 
1/22/99 
1/22/99 
1/22/99 
1/22/99 
1/22/99 

Depth 
(feet) 

65.4 
65.4 
65.4 
65.4 
65.4 
65.4 
65.4 
65.4 
65.4 

63.15 
63.15 
63.15 
63.15 
63.15 
63.15 
63.15 
63.15 
63.15 
63.15 
63.15 
63.15 
63.15 
63.15 
63.15 
63.15 
63.15 
CO 1C 

63.15 
63.15 
63.15 
63.15 
63.15 
67.56 
67.56 
67.56 

Test 
C200.7 
C200.7 
C200.7 
C200.7 
C200.7 
C200.7 
C200.7 
fC200.7 
[C245.2 
C200.7 
C200.7 
C200.7 
C200.7 
C200.7 
C200.7 
C200.7 
C200.7 
C200.7 
C200.7 
C200.7 
C200.7 
C200.7 
C200.7 
C200.7 
C200.7 
C200.7 
r"inn -7 

C200.7 
C200.7 
C200.7 
C200.7 
C245.2 
C200.7 
C200.7 
C200.7 

t-

Analyte N, 
NICKEL (TOTAL) 
POTASSIUM (TOTAL) 
SELENIUM (TOTAL) 
SILVER (TOTAL) 
SODIUM (TOTAL) 
THALLIUM (TOTAL) 
VANADIUM (TOTAL) 
ZINC (TOTAL) 
MERCURY (TOTAL) 
ALUMINUM (TOTAL) 
ANTIMONY (TOTAL) 
ARSENIC (TOTAL) 
BARIUM (TOTAL) 
BERYLLIUM (TOTAL) 
CADMIUM (TOTAL) 
CALCIUM (TOTAL) 
CHROMIUM (TOTAL) 
COBALT (TOTAL) 
COPPER (TOTAL) 
IRON (TOTAL) 
LEAD (TOTAL) 
MAGNESIUM (TOTAL) 
MANGANESE (TOTAL) 
NICKEL (TOTAL) 
POTASSIUM (TOTAL) 
SELENIUM (TOTAL) 
CM \ /rrn rrr-\-rAi ^ 

SODIUM (TOTAL) 
THALLIUM (TOTAL) 
VANADIUM (TOTAL) 
ZINC (TOTAL) 
MERCURY (TOTAL) 
ALUMINUM (TOTAL) 
ANTIMONY (TOTAL) 
ARSENIC (TOTAL) 

Result 
ND 
ND 
ND 
ND 
11400 

ND 
ND 

14.9 
ND 
ND 
ND 
ND 

13.1 
ND 
ND 

2830 
ND 
ND 
ND 
ND 
ND 

1300 
3.3 

ND 
ND 
ND 
k i r-\ 
; 4 ; ; 

17600 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

Detection
 
Limit
 

1.4 
46.3 

2.7 
0.8 

98.8 
2.5 

1 
1.9 

0.19 
45.5 

7.8 
1.9 
0.3 

0.28 
0.4 

28.1 
3.2 

2 
2 

41.8 
1.1 

21.8 
0.3 

0.97 
46.3 

2.7 
n P. 

98.8 
2.5 
1.3 
8.2 

0.12 
113 
1.9 
1.9 

Reporting 
Limit 

20 
1500 

5 
10 

500 
10 
10 
20 
0.8 

317 
15.5 

5 
20 

6.5 
1 

500 
8.5 

5 
42 

145 
2 

500 
10 
20 

1500 
5 
'" 

500 
10 
10 
20 
0.8 

317 
5 
5 

Units 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
I !/"•'! 

UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 

Qual 
U 
U 
UJ 
UJ 

U 
U 
J 
U 
U 
U 
U 
J 
U 
U 
J 
U 
U 
UJ 
U 
U 

J 
U 
U 
UJ 
UJ 

J 
U 
U 
U 
U 
U 
U 
U 
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Location 
08MW0002 
08MW0002 
08MW0002 
08MW0002 
08MW0002 
08MW0002 
08MW0002 
08MW0002 
08MW0002 
08MW0002 
08MW0002 
08MW0002 
08MW0002 
08MW0002 
08MW0002 
08MW0002 
08MW0002 
08MW0002 
08MW0002 
08MW0002 
08MW0003 
08MW0003 
08MW0003 
08MW0003 
08MW0003 
08MW0003 
•JO •„:.•„•!_• ••_•:-•-;. 

08MW0003 
08MW0003 
08MW0003 
08MW0003 
08MW0003 
08MW0003 
08MW0003 
08MW0003 

Sample ID 
08MW0002-01 
08MW0002-01 
08MW0002-01 
08MW0002-01 
08MW0002-01 
08MW0002-01 
08MW0002-01 
08MW0002-01 
08MW0002-01 
08MW0002-01 
08MW0002-01 
08MW0002-01 
08MW0002-01 
08MW0002-01 
08MW0002-01 
08MW0002-01 
08MW0002-01 
08MW0002-01 
08MW0002-01 
08MW0002-01 
08MW0003-01 
08MW0003-01 
08MW0003-01 
08MW0003-01 
08MW0003-01 
08MW0003-01 

08MW0003-01 
08MW0003-01 
08MW0003-01 
08MW0003-01 
08MW0003-01 
08MW0003-01 
08MW0003-01 
08MW0003-01 

Date 
1/22/99 
1/22/99 
1/22/99 
1/22/99 
1/22/99 
1/22/99 
1/22/99 
1/22/99 
1/22/99 
1/22/99 
1/22/99 
1/22/99 
1/22/99 
1/22/99 
1/22/99 
1/22/99 
1/22/99 
1/22/99 
1/22/99 
1/22/99 
1/22/99 
1/22/99 
1/22/99 
1/22/99 
1/22/99 
1/22/99 

1/22/99 
1/22/99 
1/22/99 
1/22/99 
1/22/99 
1/22/99 
1/22/99 
1/22/99 

ATTACHMENT B
 

Table 3
 
FS-17/19 Groundwater Sampling Results
 

-. "S

" > 

f t , 

Result 
17.7 

ND 
ND 

4770 
ND 
ND 

62.3 
ND 
ND 

2560 
13.8 

ND 
744 

ND 
ND 
31100 

ND 
ND 
ND 
ND 
ND 
ND 

2.6 
28.2 

ND 
ND 

•; : •-_::_: 

ND 
7.2 

ND 
ND 
ND 

2340 
10.3 

ND 

Depth 
(feet) 
67.56 
67.56 
67.56 
67.56 
67.56 
67.56 
67.56 
67.56 
67.56 
67.56 
67.56 
67.56 
67.56 
67.56 
67.56 
67.56 
67.56 
67.56 
67.56 
67.56 

65.4 
65.4 
65.4 
65.4 
65.4 
65.4 

65.4 
65.4 
65.4 
65.4 
65.4 
65.4 
65.4 
65.4 

i 

Test 
C200.7 
C200.7 
C200.7 
C200.7 
C200.7 
C200.7 
C200.7 
C200.7 
C200.7 
C200.7 
C200.7 
C200:7 
C200.7 
C200.7 
C200.7 
C200.7 
C200.7 
C200.7 
C200.7 
C245.2 
C200.7 
C200.7 
C200.7 
C200.7 
C200.7 
C200.7 

C200.7 
C200.7 
C200.7 
C200.7 
C200.7 
C200.7 
C200.7 
C200.7 

'-L ,* 

Analyte 
BARIUM (TOTAL) 
BERYLLIUM (TOTAL) 
CADMIUM (TOTAL) 
CALCIUM (TOTAL) 
CHROMIUM (TOTAL) 
COBALT (TOTAL) 
COPPER (TOTAL) 
IRON (TOTAL) 
LEAD (TOTAL) 
MAGNESIUM (TOTAL) 
MANGANESE (TOTAL) 
NICKEL (TOTAL) 
POTASSIUM (TOTAL) 
SELENIUM (TOTAL) 
SILVER (TOTAL) 
SODIUM (TOTAL) 
THALLIUM (TOTAL) 
VANADIUM (TOTAL) 
ZINC (TOTAL) 
MERCURY (TOTAL) 
ALUMINUM (TOTAL) 
ANTIMONY (TOTAL) 
ARSENIC (TOTAL) 
BARIUM (TOTAL) 
BERYLLIUM (TOTAL) 
CADMIUM (TOTAL) 

CHROMIUM (TOTAL)
 
COBALT (TOTAL)
 
COPPER (TOTAL)
 
IRON (TOTAL)
 
LEAD (TOTAL)
 
MAGNESIUM (TOTAL)
 
MANGANESE (TOTAL)
 
NICKEL (TOTAL)
 

Detection
 
Limit,'"
 

0.3 
0.45 

0.4 
28.1 
2.6 
0.6 
0.8 

21.8 
1.1 

21.8 
0.3 
1.4 

46.3 
2.7 
0.8 

98.8 
2.5 

1 
6.4 
0.1 

75.5 
12.9 
1.9 
0.3 

0.44 
0.4 

2.4 
0.6 
7.4 

83.9 
1.1 

21.8 
0.3 
1.8 

Reporting 
Limit

20 
6.5 

1 
500 
8.5 

5 
5 

145 
2 

500 
10 
20 

1500 
5 

10 
500 

10 
10 
20 
0.8 

317 
15.5 

5 
20 

6.5 
1 

•_••_••-• 
8.5 

5 
42 

145 
2 

500 
10 
20 

t 

Units 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
•_.'O.L 

UG/L 

UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 

Qual 
J 
U 
U 

U 
U 
J 
U 
U 

U 
J 
UJ 
UJ 

U 
U 
U 
U 
U 
U 
J 

U 
U 

U 

UJ 
U 
U 

U 
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ATTACHMENT B
 

Table 3
 
FS-17/19 Groundwater Sampling Results
 

Location,* 
08MW0003 
08MW0003 
08MW0003 
08MW0003 
08MW0003 
08MW0003 
08MW0003 
08MW0003 
08MW0004 
08MW0004 
08MW0004 
08MW0004 
08MW0004 
08MW0004 
08MW0004 
08MW0004 
08MW0004 
08MW0004 
08MW0004 
08MW0004 
08MW0004 
08MW0004 
08MW0004 
08MW0004 
08MW0004 
08MW0004 
ORMwnorw 

' f 

* '*„ 
Sample ID 

08MW0003-01 
08MW0003-01 
08MW0003-01 
08MW0003-01 
08MW0003-01 
08MW0003-01 
08MW0003-01 
08MW0003-01 
08MW0004-02 
08MW0004-02 
08MW0004-02 
08MW0004-02 
08MW0004-02 
08MW0004-02 
08MW0004-02 
08MW0004-02 
08MW0004-02 
08MW0004-02 
08MW0004-02 
08MW0004-02 
08MW0004-02 
08MW0004-02 
08MW0004-02 
08MW0004-02 
08MW0004-02 
08MW0004-02 
npMMwnnn4 n~> 

Date 
1/22/99 
1/22/99 
1/22/99 
1/22/99 
1/22/99 
1/22/99 
1/22/99 
1/22/99 
3/1/99 
3/1/99 
3/1/99 
3/1/99 
3/1/99 
3/1/99 
3/1/99 
3/1/99 
3/1/99 
3/1/99 
3/1/99 
3/1/99 
3/1/99 
3/1/99 
3/1/99 
3/1/99 
3/1/99 
3/1/99 
TM /on 

TV " ^ 

^ "^ ^ , nr
1 - 5i * Depth Detection Reporting " -- A

(feet) Test :.\ Analyte ' Result u Limit . Umlt 

65.4 C200.7 POTASSIUM (TOTAL) 697 46.3 1500 
65.4 C200.7 SELENIUM (TOTAL) ND 2.7 5 
65.4 C200.7 SILVER (TOTAL) ND 0.8 10 
65 4 C200.7 SODIUM (TOTAL) 20200 98.8 500 
65.4 C200.7 THALLIUM (TOTAL) 13.3 2.5 10 
65.4 C200.7 VANADIUM (TOTAL) ND 3 10 
65.4 C200.7 ZINC (TOTAL) 26.1 1.9 20 
65.4 C245.2 MERCURY (TOTAL) ND 0.15 0.8 

67.65 C200.7 ALUMINUM (TOTAL) 43.3 22 100 
67.65 C200.7 ANTIMONY (TOTAL) ND 1.9 5 
67.65 C200.7 ARSENIC (TOTAL) ND 1.9 5 
67.65 C200.7 BARIUM (TOTAL) 24.5 0.3 20 
67.65 C200.7 BERYLLIUM (TOTAL) ND 0.4 1 
67.65 C200.7 CADMIUM (TOTAL) ND 0.4 1 
67.65 C200.7 CALCIUM (TOTAL) 4020 28.1 500 
67.65 C200.7 CHROMIUM (TOTAL) 0.9 0.6 5 
67.65 C200.7 COBALT (TOTAL) 3 0.6 5 
67.65 C200.7 COPPER (TOTAL) ND 0.8 5 
67.65 C200.7 IRON (TOTAL) ND 15.6 100 
67.65 C200.7 LEAD (TOTAL) ND 1.1 2 
67.65 C200.7 MAGNESIUM (TOTAL) 2420 21.8 500 
67.65 C200.7 MANGANESE (TOTAL) 11.1 0.3 10 
67.65 C200.7 NICKEL (TOTAL) 2 1.4 20 
67.65 C200.7 POTASSIUM (TOTAL) 1150 46.3 1500 
67.65 C200.7 SELENIUM (TOTAL) ND _j 2.7 5 
67.65 C200.7 SILVER (TOTAL) ND 0.8 10 
R~7 CC r*onn T Cr^Pvll MA fT^TA I \ riH rin r,p rt r /~\r\ 

Units 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
! '.n". 

^ *• 

Qua! 
J 
UJ 
UJ 

u 

u 
J 
UJ 
u 

J 
UJ 

J 
J 
UJ 
u
 
u
 

J 
J 
u 
u 

J = estimated data point 
U = nondetect 
UJ = estimated nondetect 
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ACRONYMS AND ABBREVIATIONS
 

AFCEE U.S. Air Force Center for Environmental Excellence 

CLP Contract Laboratory Program 

DQO data quality objective 

EB equipment blank
 

EDB ethylene dibromide
 

EPA Environmental Protection Agency
 

FD field duplicates
 

ID identification number
 

IS internal standard
 

LCS laboratory control spike
 

LCSD laboratory control spike duplicates
 

MMR Massachusetts Military Reservation
 

MS matrix spike 

MSD matrix spike duplicate 

PARCC precision, accuracy, representativeness, comparability, and completeness 

QC Quality Control
 

QPP Quality Program Plan
 

RPD relative percent difference
 

TB trip blank
 

VOC volatile organic compound
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(intentionally blank) 
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1.0 SAMPLE COLLECTION
 

Jacobs Engineering Group Inc. collected and evaluated data from a total of 36 

monitoring well locations to obtain sufficient data to meet the objectives of several 

sampling tasks associated with Delivery Order 11, Mod 1. Samples were collected on 

January 21 and 22, 1999, February 2, 3, 4, 5, 8, 10, 11, 16 and 24, 1999 and March 1, 

8 and 10, 1999 and were submitted to Quanterra Environmental Services in Tampa, 

Florida and/or Quanterra Environmental Services in Knoxville, Tennessee for 

analysis. Field quality control (QC) samples were also collected and submitted for 

analysis at the frequency indicated in the MMR QPP (AFCEE, 1998) and included 

field duplicate (FD) samples, equipment blanks (EBs), trip blanks (TBs) and matrix 

spike/matrix spike duplicate (MS/MSD) samples. The actual analyses performed on 

each sample are listed in Table 2-1 of this appendix. All data was reviewed in 

accordance with MMR project-specific data review guidelines, which are defined in 

the technical procedure MMR TECH-055 Analytical Chemistry Data Review 

(AFCEE 1998). 

Samples were validated either at Level D (i.e., EPA Level IV) after a review of 

summary forms and raw data, or Level C (i.e., EPA Level III) after a review of the 

summary form information only. Field and laboratory QC sample results were 

evaluated as part of both the Level C and Level D reviews. The results of the QC 

samples and the data review are summarized in Section 4.0 of this appendix. 

2.0 SAMPLE IDENTIFICATION 

Table 2-1 lists the native and field duplicate samples and associated field quality 

control samples which were collected and analyzed as part of this sampling event. 

Each Jacobs chain-of-custody control number is cross-referenced with location 

identification (Loc ID), sample number, date sampled, and the analyses performed on 

each sample. Data completeness (location IDs and requested analyses) was verified 

against the chain-of-custody forms during the data review process. All chain-of
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custody forms are maintained in project files by the data management group at Jacobs 

MMR.
 

TABLE 2-1
 
Sample Identification Cross-Reference and Analyses
 

Site Location ID Sample Number Type Date voc EDB svoc Metals Control Number 
FIELDQC 012199-EB2-501 EB 01/21/99 X MM-J014701 

FS-17/FS-19 23MW0001 23MW0001-01 N1 01/21/99 X MM-J014501 
FS-17/FS-19 23MW0003 23MW0003-01 N1 01/21/99 X MM-J014503 
FS-17/FS-19 23MW0003 23MW0003-01 FD FD1 01/21/99 X MM-J014504 
FS-17/FS-19 23MW0005 23MW0005-01 N1 01/21/99 X MM-J014601 
FS-17/FS-19 23MW0006 23MW0006-01 N1 01/21/99 X MM-J014603 
FS-17/FS-19 23MW0007 23MW0007-01 N1 01/21/99 X MM-J014604 
FS-17/FS-19 08AE0009 08AE0009-01 N1 01/22/99 X MM-J014902 
FS-17/FS-19 08AE0009 08AE0009-01FD FD1 01/22/99 X MM-J014903 
FS-17/FS-19 08MW0001 08MW0001-01 N1 01/22/99 X MM-J014801 
FS-17/FS-19 08MW0001 08MW0001-01 LR 01/22/99 X MM-J014801 
FS-17/FS-19 08MW0002 08MW0002-01 N1 01/22/99 X MM-J014802 
FS-17/FS-19 08MW0003 08MW0003-01 N1 01/22/99 X MM-J014803 

FIELDQC 020299-TB2-501 TB 02/02/99 X MM-J015001 
CS-1 07MW0001 07MW0001-01 N1 02/02/99 X MM-J015002 
CS-1 07MW0001 07MW0001-01 N1 02/02/99 X MM-J015003 
CS-1 07MW0002 07MW0002-01 N1 02/02/99 X MM-J015004 
CS-1 07MW0002 07MW0002-01 N1 02/02/99 X MM-J015005 

FIELDQC 020399-EB1-501 EB 02/03/99 X MM-J015301 
FIELDQC 020399-EB1-501 EB 02/03/99 X MM-J015302 
FIELDQC 020399-TB1-501 TB 02/03/99 X MM-J015101 

CS-1 07MW0003 07MW0003-01 N1 02/03/99 X MM-J015102 
CS-1 07MW0003 07MW0003-01 N1 02/03/99 X MM-J015103 
CS-1 07MW0004 07MW0004-01 N1 02/03/99 X MM-J015104 
CS-1 07MW0004 07MW0004-01 N1 02/03/99 X MM-J015105 
CS-1 07MW0004 07MW0004-01FD FD1 02/03/99 X MM-J015106 
CS-1 07MW0004 07MW0004-01FD FD1 02/03/99 X MM-J015107 
CS-1 07MW0005 07MW0005-01 N1 02/03/99 X MM-J015201 
CS-1 07MW0005 07MW0005-01 N1 02/03/99 X MM-J015202 
CS-1 07MW0007 07MW0007-01 N1 02/03/99 X MM-J015203 
CS-1 07MW0007 07MW0007-01 N1 02/03/99 X MM-J015204 

FIELDQC 020499-TB1-501 TB 02/04/99 X MM-J015401 
CS-2 05MW0001 05MW0001-01 N1 02/04/99 X MM-J015601 
CS-2 05MW0001 05MW0001-01 N1 02/04/99 X MM-J015501 
CS-2 05MW0001 05MW0001-01 N1 02/04/99 X MM-J015502 

CS-2 05MW0002 05MW0002-01 N1 02/04/99 X MM-J015602 

CS-2 05MW0002 05MW0002-01 N1 02/04/99 X MM-J015503 

CS-2 05MW0002 05MW0002-01 N1 02/04/99 X MM-J015504 
CS-2 05MW0003 05MW0003-01 N1 02/04/99 X MM-J015603 
CS-2 05MW0003 05MW0003-01 N1 02/04/99 X MM-J015505 
CS-2 05MW0003 05MW0003-01 N1 02/04/99 X MM-J015506 
CS-1 07MW0008 07MW0008-01 N1 02/04/99 X MM-J015402 
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TABLE 2-1 
Sample Identification Cross-Reference and Analyses 

Site Location ID Sample Number Type Date voc EDB svoc Metals Control Number 
CS-1 07MW0008 07MW0008-01 N1 02/04/99 X MM-J015403 
CS-1 07MW0014 07MW0014-01 N1 02/04/99 X MM-J015404 
CS-1 07MW0014 07MW0014-01 N1 02/04/99 X MM-J015405 

FIELDQC 020599-TB1-501 TB 02/05/99 X MM-J015701 
CS-6 26MW0001 26MW0001-01 N1 02/05/99 X MM-J015702 
CS-6 26MW0001 26MW0001-01 N1 02/05/99 X MM-J015801 
CS-6 26MW0001 26MW0001-01 N1 02/05/99 X MM-J015802 
CS-6 26MW0001 26MW0001-01FD FD1 02/05/99 X MM-J015703 
CS-6 26MW0001 26MW0001-01FD FD1 02/05/99 X MM-J015803 
CS-6 26MW0001 26MW0001-01FD FD1 02/05/99 X MM-J015804 
CS-6 26MW0002 26MW0002-01 N1 02/05/99 X MM-J015704 
CS-6 26MW0002 26MW0002-01 N1 02/05/99 X MM-J0 15805 
CS-6 26MW0002 26MW0002-01 N1 02/05/99 X MM-J015806 

FIELDQC 020899-EB1-501 EB 02/08/99 X MM-J016301 
FIELDQC 020899-EB1-501 EB 02/08/99 X MM-J016302 
FIELDQC 020899-EB1-501 EB 02/08/99 X MM- J0 16401 
FIELDQC 020899-TB1-501 TB 02/08/99 X MM-J015901 

CS-3 22MW0002 22MW0002-01 N1 02/08/99 X MM-J015902 
CS-3 22MW0002 22MW0002-01 N1 02/08/99 X MM-J015903 
CS-3 22MW0002 22MW0002-01 N1 02/08/99 X MM-J016001 
CS-3 22MW0002 22MW0002-01 N1 02/08/99 X MM-J016002 
CS-3 22MW0002 22MW0002-01 LR 02/08/99 X MM-J016002 
CS-3 22MW0003 22MW0003-01 N1 02/08/99 X MM-J015904 
CS-14 98MW0001 98MW0001-10 N1 02/08/99 X MM-J016101 
CS-14 98MW0001 98MW0001-10 N1 02/08/99 X MM-J016102 
CS-14 98MW0001 98MW0001-10 N1 02/08/99 X MM-J016201 
CS-3 22MW0004 22MW0004-01 N1 02/10/99 X MM-J016501 
CS-3 SDW031 5-0082 SDW031 5-0082-01 N1 02/10/99 X MM-J016502 
CS-2 (USCG) 46MW0004 46MW0004-01 N1 02/11/99 X MM- J0 16603 
CS-2 (USCG) 46MW0005 46MW0005-01 N1 02/11/99 X MM-J016604 

FIELDQC 021699-TB1-501 TB 02/16/99 X MM-J016901 
CS-14 98MW0002 98MW0002-01 N1 02/16/99 X MM-J016902 
CS-14 98MW0002 98MW0002-01 N1 02/16/99 X • MM-J016903 
CS-14 98MW0002 98MW0002-01 N1 02/16/99 X MM-J017001 

FIELDQC 022499-TB1-501 TB 02/24/99 X MM-J017101 
CS-1 07MW0006 07MW0006-01 N1 02/24/99 X MM-J017102 
CS-1 07MW0006 07MW0006-01 N1 02/24/99 X MM-J017103 
CS-2 (USCG) 46MW0001 46MW0001-01 N1 02/24/99 X MM-J017106 
FS-17/FS-19 08MW0004 08MW0004-02 N1 03/01/99 X MM-J017201 

FIELDQC 030898-EB2-501 EB 03/08/99 X MM-J017701 
FIELDQC 030898-EB2-501 EB 03/08/99 X MM-J017601 
FIELDQC 030898-EB2-501 EB 03/08/99 X MM-J017602 
FIELDQC 030899-TB3-501 TB 03/08/99 X MM-J017301 

CS-14 98MW0003 98MW0003-02 N1 03/08/99 X MM-J017501 
CS-14 98MW0003 98MW0003-02 N1 03/08/99 X MM-J017401 
CS-14 98MW0003 98MW0003-02 N1 03/08/99 X MM-J017402 

FIELDQC 031099-TB1-501 TB 03/10/99 X MM-J017801 

J:\FS-I7 FS-19 ROD\FS-I7 FS-19 Final\FS-17-19 1999 Data Val Sum Apndx G .doc 

06/09/99 C-3 Recycled 



TABLE 2-1
 
Sample Identification Cross-Reference and Analyses
 

Site Location ID Sample Number Type Date voc EDB svoc Metals Control Number 
CS-8 04MW0001 04MW0001-02 N1 03/10/99 X MM-J017901 
CS-8 04MW0001 04MW0001-02 N1 03/10/99 X MM-J017802 
CS-8 04MW0001 04MW0001-02 N1 03/10/99 X MM-J017803 
CS-8 04MW0002 04MW0002-03 N1 03/10/99 X MM-J017902 
CS-8 04MW0002 04MW0002-03 N1 03/10/99 X MM- J0 17804 
CS-8 04MW0002 04MW0002-03 N1 03/10/99 X MM-J017805 
CS-8 04MW0002 04MW0002-03FD FD1 03/10/99 X MM-J017903 
CS-8 04MW0002 04MW0002-03FD FD1 03/10/99 X MM-J017806 
CS-8 04MW0002 04MW0002-03FD FD1 03/10/99 X MM-J017807 

VOC = Volatile Organic Compounds 
EDB = Ethylene dibromide 
SVOC = Semi volatile Organic Compounds 
Metal = metals (total) 
N1 = native samples 
FD1 = field duplicate sample 
LR = Lab Replicate 
EB = equipment blank 
TB = trip blank 

3.0 ANALYTICAL PARAMETERS 

All samples were analyzed according to established EPA methods specified in the 

MMR QPP by analytical laboratories under subcontract to perform work for the 

plume response program at MMR. 

Data quality was measured by five parameters: precision, accuracy, 

representativeness, completeness, and comparability (PARCC). The goals set for 

each of these parameters are referred to as the Data Quality Objectives (DQOs). 

Actual sample and quality control results are compared to the project DQOs to 

determine whether quality objectives were met for the sampling event. 

Precision is defined as the degree of agreement between measurements. Sampling 

precision was evaluated by comparing the results of field duplicate sample pairs. 

Analytical precision was evaluated by comparing the results between laboratory 

duplicates, such as Laboratory Control Sample (LCS) and Laboratory Control Sample 

Duplicate (LCSD), and MS/MSD samples. 
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Accuracy is defined as the degree to which the calculated value represents the true 

value. Sampling accuracy was evaluated using matrix spike results. Analytical 

accuracy was evaluated using laboratory control sample results. 

Representativeness reflects the ability to collect a sample that, when analyzed or 

measured, reflects the in situ conditions of the sample. Representativeness is 

measured by how well the sample collection event followed the proposed 

investigation so as to pfovide results that accurately depict the media and 

environmental conditions being evaluated. Documentation of field events, by 

collecting samples in appropriate sample containers, ensuring proper sample 

preservation techniques and following established chain-of-custody procedures, 

confirms that suitable protocols were followed and the analytical data collected will 

be representative of the contaminant levels at the site. 

Completeness is a measure of the amount of valid, usable data obtained from the 

sampling event compared to the amount of data that was expected under normal 

conditions. Results that are rejected (coded R) by the data review process may be 

disqualified from application to the intended use of the data. Qualified data will be 

used to the extent possible. 

Comparability is a measure of how well the subject data set parallels related data sets. 

Samples collected and analyzed during this sampling event are comparable because 

standardized sampling and analytical protocols were used. In addition, the results are 

reported in units consistent with CLP and other EPA methods. 

4.0 DATA ASSESSMENT 

This section discusses data that was found to be noncompliant with established 

quality control (QC) requirements. Qualification of results was based on review of 

laboratory and field QC data and is discussed below. 

The following qualifiers were applied to the data during the review process: 
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U.	 - The analyte was analyzed but was not detected. The associated 
numerical value is a quantitation limit. 

J - The analyte was detected, and the reported concentration is an 
estimated value. 

UJ - The analyte is not detected and the reporting limit is an estimated 
value. 

R -	 The analyte value is rejected; result is unusable. 

CLP method-specific qualifiers used by the laboratory to designate noncompliant 

values have been either accepted or replaced with one of the above data qualifiers. 

4.1 LABORATORY QUALITY CONTROL 

Laboratory QC was achieved by using established EPA analytical methods for 

analyzing field samples. A review of the results of method-specific laboratory QC 

established the quality of the data. Laboratory QC data which is reviewed in this 

process includes: sample holding times and preservation, instrument calibration data, 

laboratory blank contamination, MS/MSD analyses, laboratory replicate samples, 

LCS/LCSD results, surrogate recoveries, and internal standard area counts. 

4.1.1 Holding Times and Preservation 

When samples are analyzed beyond their respective holding times, positive results are 

suspected to be biased low, and non-detected results are suspected to be false 

negatives. Similarly, when samples are received by the laboratory with insufficient 

preservation or with a cooler temperature greater than six degrees Celsius, positive 

results are suspected to be biased low, and non-detected results are suspected to be 

false negatives. These results are generally rejected. 

All samples collected as part of these sampling tasks met holding time and 

preservation requirements. 
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4.1.2 Instrument Calibration 

Several samples were analyzed in batches that did not meet either initial or continuing 

calibration criteria for some volatile organic compounds (VOCs). The samples, 

affected compounds, and data review qualifiers are listed in Table 4-1. 

TABLE 4-1
 
Calibration Noncompliance Summary
 

Location Sample ID Sample Date Analyte Qualifier 

04MW0001 04MW0001-02 03/10/99 1 ,2-DIBROMO-3-CHLOROPROPANE R 

04MW0001 04M WOOD 1-02 03/10/99 ACETONE R 

04MW0001 04MW0001-02 03/10/99 METHYL ETHYL KETONE (2-BUTANONE) R 

04MW0002 04MW0002-03 03/10/99 1 ,2-DIBROMO-3-CHLOROPROPANE R 

04MW0002 04MW0002-03FD 03/10/99 1 ,2-DIBROMO-3-CHLOROPROPANE R 

04MW0002 04MW0002-03 03/10/99 ACETONE R 

04MW0002 04MW0002-03FD 03/10/99 ACETONE R 

04MW0002 04MW0002-03 03/10/99 METHYL ETHYL KETONE (2-BUTANONE) R 

04MW0002 04MW0002-03FD 03/10/99 METHYL ETHYL KETONE (2-BUTANONE) R 

05MW0001 05MW0001-01 02/04/99 1 ,2-DIBROMO-3-CHLOROPROPANE R 

05MWOOOI 05MW0001-01 02/04/99 ACETONE R 

05MW0002 05MW0002-01 02/04/99 1 .2-DIBROMO-3-CHLOROPROPANE R 

05MW0002 05MW0002-01 02/04/99 ACETONE R 

05MW0003 05MW0003-01 02/04/99 1 ,2-DIBROMO-3-CHLOROPROPANE R 

05MW0003 05MW0003-01 02/04/99 ACETONE R 

07MW0001 07M WOOD 1-01 02/02/99 1 ,2-DIBROMO-3-CHLOROPROPANE R 

07MW0001 07M WOOD 1-01 02/02/99 ACETONE R 

07MW0002 07MW0002-01 02/02/99 1 ,2-DIBROMO-3-CHLOROPROPANE R 

07MW0002 07MW0002-01 02/02/99 ACETONE R 

07MW0003 07MW0003-01 02/03/99 1 ,2-DlBROMO-3-CHLOROPROPANE R 

07MW0003 07MW0003-01 02/03/99 ACETONE R 

07MW0004 07MW0004-01 02/03/99 1 ,2-DIBROMO-3-CHLOROPROPANE R 

07MW0004 07MW0004-01FD 02/03/99 1 ,2-DIBROMO-3-CHLOROPROPANE R 

07MW0004 07MW0004-01 02/03/99 ACETONE R 

07MW0004 07MW0004-01FD 02/03/99 ACETONE R 

07MW0005 07MW0005-01 02/03/99 1 ,2-DIBROMO-3-CHLOROPROPANE R 

07MW0005 07MW0005-01 02/03/99 ACETONE R 
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TABLE 4-1
 
Calibration Noncompliance Summary
 

Location Sample ID Sample Date Analyte Qualifier 

07MW0006 07MW0006-01 02/24/99 1 ,2-DIBROMO-3-CHLOROPROPANE R 

07MW0006 07MW0006-01 02/24/99 ACETONE R 

07MW0006 07MW0006-01 02/24/99 METHYL ETHYL KETONE (2-BUTANONE) R 

07MW0007 07MW0007-01 02/03/99 l,2-DIBROMO-3-CHLOROPROPANE R 

07MW0007 07MW0007-01 02/03/99 ACETONE R 

07MW0008 07MW0008-01 02/04/99 1 ,2-DIBROMO-3-CHLOROPROPANE R 

07MW0008 07MW0008-01 02/04/99 ACETONE R 

07MW0014 07MW0014-01 02/04/99 1 ,2-DIBROMO-3-CHLOROPROPANE R 

07MW0014 07MW0014-01 02/04/99 ACETONE R 

22MW0002 22MW0002-01 02/08/99 1 .2-DIBROMO-3-CHLOROPROPANE R 

22MW0002 22MW0002-01 02/08/99 ACETONE R 

22MW0002 22MW0002-0) 02/08/99 METHYL ETHYL KETONE (2-BUTANONE) R 

26MW0001 26MW0001-OI 02/05/99 1 ,2-DIBROMO-3-CHLOROPROPANE R 

26MW0001 26MW0001-01FD 02/05/99 1 ,2-DIBROMO-3-CHLOROPROPANE R 

26MW0001 26MW0001-01 02/05/99 ACETONE R 

26MW0001 26MW0001-01FD 02/05/99 ACETONE R 

26MW0001 26MW0001-01 02/05/99 METHYL ETHYL KETONE (2-BUTANONE) R 

26MW0001 26MW0001-01FD 02/05/99 METHYL ETHYL KETONE (2-BUTANONE) R 

26MW0002 26MW0002-01 02/05/99 1 ,2-DIBROMO-3-CHLOROPROPANE R 

26MW0002 26MW0002-01 02/05/99 ACETONE R 

26MW0002 26MW0002-01 02/05/99 METHYL ETHYL KETONE (2-BUTANONE) R 

98MW0001 98MW0001-10 02/08/99 1 ,2-DIBROMO-3-CHLOROPROPANE R 

98MW0001 98MWOOOMO 02/08/99 ACETONE R 

98MW0001 98MW0001-10 02/08/99 METHYL ETHYL KETONE (2-BUTANONE) R 

98MW0002 98MW0002-01 02/16/99 1 ,2-DIBROMO-3-CHLOROPROPANE R 

98MW0002 98MW0002-01 02/16/99 ACETONE R 

98MW0002 98MW0002-01 02/16/99 METHYL ETHYL KETONE (2-BUTANONE) R 

98MW0003 98MW0003-02 03/08/99 1 ,2-DIBROMO-3-CHLOROPROPANE R 

98MW0003 98MW0003-02 03/08/99 ACETONE R 

98MW0003 98MW0003-02 03/08/99 METHYL ETHYL KETONE (2-BUTANONE) R 

R = Rejected data point 
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The analytical results for three volatile compounds in associated samples were 

rejected as a result of noncompliant calibrations. Acetone, methyl-ethyl-ketone, and 

l,2-dibromo-3-chloropropane have poor purge efficiencies and, therefore, commonly 

have initial or continuing calibration response factors (RFs) of less than the 

acceptance criterion of 0.05. Method OLC02.1 has not set the minimum RF criterion 

for these compounds. However, data validation guidelines require qualification for 

all compounds with initial or continuing calibration RFs of less than 0.05. Based on 

this criterion, nondetected results for acetone, methyl-ethyl-ketone and 1,2-dibromo

3-chloropropane in associated samples, were rejected (coded R). 

Initial and continuing calibration criteria were acceptable for all of the ethylene 

dibromide (EDB), SVOCs, and total metals analyses. 

4.1.3 Laboratory Blanks 

Laboratory blanks are prepared and analyzed along with each batch of field samples. 

Laboratory blanks exhibiting contamination are evaluated against their associated 

(same analytical batch) field samples to determine if a laboratory condition attributed 

to positive detects in the field samples. Usually, positive results in the field samples 

that are less than five times the highest associated laboratory blank level are 

considered nondetect and qualified with the "U" flag. For common laboratory 

contaminants—acetone, 2-butanone and methylene chloride—the action level is ten 

times the highest associated laboratory blank level. 

Table 4-2 lists the field samples that were qualified based on laboratory blank 

contamination. Only metals results were qualified. 

TABLE 4-2
 
Laboratory Blank Sample Qualification Summary
 

Location Sample ID Sample Date Analyte Qualifier 

04MW0001 04M WOOD 1-02 03/10/99 CHROMIUM (TOTAL) U 
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TABLE 4-2
 
Laboratory Blank Sample Qualification Summary
 

Location 

04MW0001 

04MW0001 

04MW0001 

04MW0002 

04MW0002 

04MW0002 

04MW0002 

04MW0002 

04MW0002 

04MW0002 

04MW0002 

04MW0002 

04MW0002 

04MW0002 

04MW0002 

04MW0002 

05MW0001 

05MW0001 

05MW0001 

05MW0001 

05MW0001 

05MW0002 

05MW0002 

05MW0002 

05MW0002 

05MW0002 

05MW0003 

05MW0003 

05MW0003 

05MW0003 

08AE0009 

08AE0009 

08AE0009 

Sample ID 

04MW0001-02 

04M WOOD1-02 

04M WOOD 1-02 

04MW0002-03 

04MW0002-03FD 

04MW0002-03 

04MW0002-03FD 

04MW0002-03 

04MW0002-03FD 

04MW0002-03 

04MW0002-03FD 

04MW0002-03 

04MW0002-03FD 

04MW0002-03 

04MW0002-03FD 

04MW0002-03 

05MW0001-01 

05MW0001-01 

05MW0001-01 

05MW0001-01 

05M WOOD 1-01 

05MW0002-01 

05MW0002-01 

05MW0002-01 

05MW0002-01 

05MW0002-01 

05MW0003-01 

05MW0003-01 

05MW0003-01 

05MW0003-01 

08AE0009-01 

08AE0009-01 

08AE0009-01 

Sample Date 

03/10/99 

03/10/99 

03/10/99 

03/10/99 

03/10/99 

03/10/99 

03/10/99 

03/10/99 

03/10/99 

03/10/99 

03/10/99 

03/10/99 

03/10/99 

03/10/99 

03/10/99 

03/10/99 

02/04/99 

02/04/99 

02/04/99 

02/04/99 

02/04/99 

02/04/99 

02/04/99 

02/04/99 

02/04/99 

02/04/99 

02/04/99 

02/04/99 

02/04/99 

02/04/99 

01/22/99 

01/22/99 

01/22/99 

Analyte 

COBALT (TOTAL) 

NICKEL (TOTAL) 

SILVER (TOTAL) 

ALUMINU M (TOTAL) 

ALUMINUM (TOTAL) 

CHROMIUM (TOTAL) 

CHROMIUM (TOTAL) 

IRON (TOTAL) 

IRON (TOTAL) 

MERCURY (TOTAL) 

MERCURY (TOTAL) 

NICKEL (TOTAL) 

NICKE L (TOTAL) 

SILVER (TOTAL) 

SILVER (TOTAL) 

ZINC (TOTAL) 

ALUMINUM (TOTAL) 

COPPER (TOTAL) 

MERCURY (TOTAL) 

POTASSIUM (TOTAL) 

ZINC (TOTAL) 

ALUMINU M (TOTAL) 

MANGANESE (TOTAL) 

MERCURY (TOTAL) 

POTASSIUM (TOTAL) 

ZINC (TOTAL) 

BERYLLIU M (TOTAL) 

MERCURY (TOTAL) 

SILVER (TOTAL) 

ZINC (TOTAL) 

ALUMINU M (TOTAL) 

ANTIMONY (TOTAL) 

BERYLLIUM (TOTAL) 

Qualifier 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

UJ 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 
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TABLE 4-2
 
Laboratory Blank Sample Qualification Summary
 

Location 

08AE0009 

08AE0009 

08AE0009 

08AE0009 

08AE0009 

08AE0009 

08AE0009 

08AE0009 

08AE0009 

08MW0001 

08MW0001 

08MW0001 

08MW0001 

08MW0001 

08MW0001 

08MW0001 

08MW0001 

08MW0001 

08MW0001 

08MWOOOI 

08MW0002 

08MW0002 

08MW0002 

08MW0002 

08MW0002 

08MW0002 

08MW0002 

08MW0003 

08MW0003 

08MW0003 

08MW0003 

08MW0003 

08MW0003 

Sample ID 

08AE0009-01FD 

08AE0009-01 

08AE0009-01FD 

08AE0009-01 

08AE0009-01 

08AE0009-01FD 

08AE0009-01 

08AE0009-01FD 

08AE0009-01 

08MW0001-01 

08M WOOD 1-01 

08MW0001-OI 

08MW0001-01 

08MW0001-01 

08MW0001-01 

08MW0001-01 

08MW0001-01 

08MW0001-01 

08M WOOD 1-01 

08M WOOD 1-01 

08MW0002-01 

08MW0002-01 

08MW0002-01 

08MW0002-01 

08MW0002-01 

08MW0002-01 

08MW0002-01 

08MW0003-01 

08MW0003-01 

08MW0003-01 

08MW0003-01 

08MW0003-01 

08MW0003-01 

Sample Date 

01/22/99 

01/22/99 

01/22/99 

01/22/99 

01/22/99 

01/22/99 

01/22/99 

01/22/99 

01/22/99 

01/22/99 

01/22/99 

01/22/99 

01/22/99 

01/22/99 

01/22/99 

01/22/99 

01/22/99 

01/22/99 

01/22/99 

01/22/99 

01/22/99 

01/22/99 

01/22/99 

01/22/99 

01/22/99 

01/22/99 

01/22/99 

01/22/99 

01/22/99 

01/22/99 

01/22/99 

01/22/99 

01/22/99 

Analyte 

BERYLLIUM (TOTAL) 

CHROMIUM (TOTAL) 

CHROMIU M (TOTAL) 

COBALT (TOTAL) 

IRON (TOTAL) 

IRON (TOTAL) 

MERCURY (TOTAL) 

MERCUR Y (TOTAL) 

ZINC (TOTAL) 

ALUMINU M (TOTAL) 

ANTIMONY (TOTAL) 

BERYLLIU M (TOTAL) 

CHROMIUM (TOTAL) 

COBALT (TOTAL) 

COPPER (TOTAL) 

IRON (TOTAL) 

MERCURY (TOTAL) 

NICKEL (TOTAL) 

VANADIU M (TOTAL) 

ZINC (TOTAL) 

ALUMINU M (TOTAL) 

BERYLLIUM (TOTAL) 

CHROMIUM (TOTAL) 

IRON (TOTAL) 

MERCURY (TOTAL) 

NICKEL (TOTAL) 

ZINC (TOTAL) 

ALUMINU M (TOTAL) 

ANTIMONY (TOTAL) 

BERYLLIUM (TOTAL) 

CHROMIUM (TOTAL) 

COPPER (TOTAL) 

IRON (TOTAL) 

Qualifier
 

U
 

U
 

U
 

U
 

U
 

U
 

U
 

U
 

U
 

U
 

U
 

U
 

U
 

U
 

UJ
 

U
 

U
 

U
 

U
 

U
 

U
 

U
 

U
 

U
 

U
 

U
 

U
 

U
 

U
 

U
 

U
 

UJ
 

U
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TABLE 4-2
 
Laboratory Blank Sample Qualification Summary
 

Location 

08MW0003 

08MW0003 

08MW0003 

22MW0002 

23MW0001 

23MW0001 

23MW0001 

23MW0001 

23MW0001 

23MW0001 

23MW0001 

23MW0001 

23MW0001 

23MW0003 

23MW0003 

23MW0003 

23MW0003 

23MW0003 

23MW0003 

23MW0003 

23MW0003 

23MW0003 

23MW0003 

23MW0003 

23MW0003 

23MW0003 

23MW0003 

23MW0003 

23MW0003 

23MW0003 

23MW0003 

23MW0003 

23MW0005 

Sample ID 

08MW0003-01 

08MW0003-01 

08MW0003-01 

22MW0002-01 

23MW0001-01 

23MW0001-01 

23M WOOD 1-01 

23MW0001-01 

23MW0001-01 

23MW0001-01 

23MW0001-01 

23MW0001-01 

23M WOOD 1-01 

23MW0003-01FD 

23MW0003-01FD 

23MW0003-01 

23MW0003-01FD 

23MW0003-01 

23MW0003-01FD 

23MW0003-01FD 

23MW0003-01 

23MW0003-01FD 

23MW0003-OI 

23MW0003-01FD 

23MW0003-01 

23MW0003-01FD 

23MW0003-01

23MW0003-01FD 

23MW0003-01FD 

23MW0003-01FD 

23MW0003-01 

23MW0003-01FD 

23MW0005-01 

Sample Date 

01/22/99 

01/22/99 

01/22/99 

02/08/99 

01/21/99 

01/21/99 

01/21/99 

01/21/99 

01/21/99 

01/21/99 

01/21/99 

01/21/99 

01/21/99 

01/21/99 

01/21/99 

01/21/99 

01/21/99 

01/21/99 

01/21/99 

01/21/99 

01/21/99 

01/21/99 

01/21/99 

01/21/99 

01/21/99 

01/21/99 

 01/21/99 

01/21/99 

01/21/99 

01/21/99 

01/21/99 

01/21/99 

01/21/99 

Analyte 

MERCURY (TOTAL) 

NICKEL (TOTAL) 

VANADIUM (TOTAL) 

POTASSIUM (TOTAL) 

ALUMINUM (TOTAL) 

BERYLLIUM (TOTAL) 

CHROMIUM (TOTAL) 

COBALT (TOTAL) 

COPPER (TOTAL) 

IRON (TOTAL) 

MERCURY (TOTAL) 

NICKEL (TOTAL) 

ZINC (TOTAL) 

ALUMINUM (TOTAL) 

ANTIMONY (TOTAL) 

BERYLLIUM (TOTAL) 

BERYLLIUM (TOTAL) 

CHROMIUM (TOTAL) 

CHROMIUM (TOTAL) 

COBALT (TOTAL) 

COPPER (TOTAL) 

COPPER (TOTAL) 

IRON (TOTAL) 

IRON (TOTAL) 

MERCURY (TOTAL) 

MERCURY (TOTAL) 

NICKEL (TOTAL) 

NICKEL (TOTAL) 

SILVER (TOTAL) 

VANADIUM (TOTAL) 

ZINC (TOTAL) 

ZINC (TOTAL) 

ALUMINUM (TOTAL) 

Qualifier
 

U
 

U
 

U
 

U
 

U
 

U
 

U
 

U
 

UJ
 

U
 

U
 

U
 

U
 

U
 

U
 

U
 

U
 

U
 

U
 

U
 

UJ
 

UJ
 

U
 

U
 

U
 

U
 

U
 

U
 

UJ
 

U
 

U
 

U
 

U
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TABLE 4-2
 
Laboratory Blank Sample Qualification Summary
 

Location 

23MW0005 

23MW0005 

23MW0005 

23MW0005 

23MW0005 

23MW0005 

23MW0006 

23MW0006 

23MW0006 

23MW0006 

23MW0006 

23MW0006 

23MW0006 

23MW0007 

23MW0007 

23MW0007 

23MW0007 

23MW0007 

23MW0007 

23MW0007 

23MW0007 

26MW0001 

26MW0001 

26MW0001 

26MW0001 

26MW0001 

26MW0001 

26MW0001 

26MW0001 

26MW0001 

26MW0001 

26MW0001 

26MW0001 

Sample ID 

23MW0005-01 

23MW0005-01 

23MW0005-01 

23MW0005-01 

23MW0005-01 

23MW0005-01 

23MW0006-01 

23MW0006-0! 

23MW0006-01 

23MW0006-01 

23MW0006-01 

23MW0006-01 

23MW0006-01 

23MW0007-01 

23MW0007-01 

23MW0007-01 

23MW0007-01 

23MW0007-01 

23MW0007-01 

23MW0007-01 

23MW0007-01 

26M WOOD 1-01 

26MW0001-01FD 

26MW0001-01 

26M WOOD 1-01 

26MW0001-01FD 

26M WOOD 1-01 

26MW0001-01FD 

26MW0001-01 

26MW0001-01FD 

26MW0001-01 

26MW0001-01FD 

26MW0001-01FD 

Sample Date 

01/21/99 

01/21/99 

01/21/99 

01/21/99 

01/21/99 

01/21/99 

01/21/99 

01/21/99 

01/21/99 

01/21/99 

01/21/99 

01/21/99 

01/21/99 

01/21/99 

01/21/99 

01/21/99 

01/21/99 

01/21/99 

01/21/99 

01/21/99 

01/21/99 

02/05/99 

02/05/99 

02/05/99 

02/05/99 

02/05/99 

02/05/99 

02/05/99 

02/05/99 

02/05/99 

02/05/99 

02/05/99 

02/05/99 

Analyte 

BERYLLIUM (TOTAL) 

COBALT (TOTAL) 

MERCURY (TOTAL) 

SILVER (TOTAL) 

VANADIUM (TOTAL) 

ZINC (TOTAL) 

BERYLLIU M (TOTAL) 

CHROMIU M (TOTAL) 

COPPER (TOTAL) 

IRON (TOTAL) 

MERCURY (TOTAL) 

NICKEL (TOTAL) 

ZINC (TOTAL) 

ALUMINUM (TOTAL) 

BERYLLIUM (TOTAL) 

CHROMIUM (TOTAL) 

COPPER (TOTAL) 

IRON (TOTAL) 

MERCURY (TOTAL) 

NICKEL (TOTAL) 

ZINC (TOTAL) 

ALUMINU M (TOTAL) 

ALUMINU M (TOTAL) 

ANTIMONY (TOTAL) 

BERYLLIUM (TOTAL) 

BERYLLIUM (TOTAL) 

COPPER (TOTAL) 

COPPER (TOTAL) 

IRON (TOTAL) 

IRON (TOTAL) 

MANGANESE (TOTAL) 

MANGANESE (TOTAL) 

MERCURY (TOTAL) 

Qualifier
 

U
 

U
 

U
 

UJ
 

U
 

U
 

U
 

U
 

UJ
 

U
 

U
 

U
 

U
 

U
 

U
 

U
 

UJ
 

U
 

U
 

U
 

U
 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 
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TABLE 4-2
 
Laboratory Blank Sample Qualification Summary
 

Location Sample ID Sample Date Analyte Qualifier 

26MW0001 26MW0001-01 02/05/99 POTASSIUM (TOTAL) U 

26MW0001 26MW0001-01FD 02/05/99 POTASSIUM (TOTAL) U 

26MWOOOI 26MW0001-01FD 02/05/99 SILVER (TOTAL) U 

26MW0002 26MW0002-01 02/05/99 ALUMINU M (TOTAL) U 

26MW0002 26MW0002-01 02/05/99 MANGANESE (TOTAL) U 

26MW0002 26MW0002-01 02/05/99 MERCURY (TOTAL) U 

26MW0002 26MW0002-01 02/05/99 POTASSIUM (TOTAL) U 

98MW0002 98MW0002-01 02/16/99 ALUMINU M (TOTAL) U 

98MW0002 98MW0002-01 02/16/99 ZINC (TOTAL) U 

98MW0003 98MW0003-02 03/08/99 CHROMIUM (TOTAL) U 

98MW0003 98MW0003-02 03/08/99 MERCURY (TOTAL) U 

98MW0003 98MW0003-02 03/08/99 ZINC (TOTAL) U 

U = Undetected result
 
UJ = Estimated non-detect
 

The following metals were detected in one or more laboratory blanks: aluminum, 

beryllium, chromium, cobalt, copper, iron, manganese, mercury, nickel, potassium, 

silver, antimony, vanadium and zinc. Aluminum, beryllium, chromium, copper, iron, 

mercury and zinc were the most prevalent contaminants. The reporting limits (RL) 

listed in the methodology are often much greater than the actual instrument detection 

limits (IDL) for an analyte. The lab is required to report all results to the IDL. Thus, 

the blanks frequently contain low levels of analytes that fall between the IDL and the 

RL. Associated sample data has been evaluated based on these blank levels. Positive 

results less than five times the blank levels should be considered false positives and 

have been qualified as nondetected (U). 

All laboratory blanks accompanying the analyses for EDB, SVOC, and VOC were 

free of contamination. 

Results for several metals were qualified as estimated (coded J or UJ) due to negative 

laboratory blank values. The qualified samples and affected metals results are 
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summarized in Table 4-3; these positive and nondetected results are potentially biased 

low. 

Location 

04MW0001 

04MW0001 

05MW0001 

05MW0002 

05MW0002 

05MW0003 

05MW0003 

08AE0009 

08AE0009 

08MW0001 

08MW0002 

08MW0003 

08MW0004 

08MW0004 

08MW0004 

22MW0002 

22MW0002 

23MW0001 

23MW0003 

23MW0006 

23MW0007 

26MW0001 

26MW0001 

26MW0002 

26MW0002 

98MW0001 

98MW0001 

98MW0003 

J = Estimated value 

TABLE 4-3
 
Negative Blank Summary
 

Sample ID 

04MW0001-02 

04MW0001-02 

05M WOOD 1-01 

05MW0002-01 

05MW0002-01 

05MW0003-01 

05MW0003-01 

08AE0009-OI 

08AE0009-01FD 

08MWOOOI-01 

08MW0002-01 

08MW0003-01 

08MW0004-02 

08MW0004-02 

08MW0004-02 

22MW0002-01 

22MW0002-01 

23MW0001-01 

23MW0003-01 

23MW0006-01 

23MW0007-01 

26M WOOD 1-01 

26MW0001-01FD 

26MW0002-01 

26MW0002-01 

98MW0001-10 

98MW0001-10 

98MW0003-02 

Sample Date 

03/10/99 

03/10/99 

02/04/99 

02/04/99 

02/04/99 

02/04/99 

02/04/99 

01/22/99 

01/22/99 

01/22/99 

01/22/99 

01/22/99 

03/01/99 

03/01/99 

03/01/99 

02/08/99 

02/08/99 

01/21/99 

01/21/99 

01/21/99 

01/21/99 

02/05/99 

02/05/99 

02/05/99 

02/05/99 

02/08/99 

02/08/99 

03/08/99 

Analyte 

COPPER (TOTAL) 

IRON (TOTAL) 

LEAD (TOTAL) 

COPPER (TOTAL) 

LEAD (TOTAL) 

COPPER (TOTAL) 

LEAD (TOTAL) 

SILVER (TOTAL) 

SILVER (TOTAL) 

SILVER (TOTAL) 

SILVER (TOTAL) 

SILVER (TOTAL) 

ANTIMONY (TOTAL) 

COBALT (TOTAL) 

COPPER (TOTAL) 

COPPER (TOTAL) 

LEAD (TOTAL) 

SILVER (TOTAL) 

SILVER (TOTAL) 

SILVER (TOTAL) 

SILVER (TOTAL) 

LEAD (TOTAL) 

LEA D (TOTAL) 

COPPER (TOTAL) 

LEAD (TOTAL) 

COPPER (TOTAL) 

LEAD (TOTAL) 

COPPER (TOTAL) 

Qualifier
 

UJ
 

UJ
 

UJ
 

UJ
 

UJ
 

UJ
 

UJ
 

UJ
 

UJ
 

UJ
 

UJ
 

UJ
 

UJ
 

J
 
UJ
 

J
 
J
 

UJ
 

UJ
 

UJ
 

UJ
 

UJ
 

J
 
UJ
 

UJ
 

J
 
UJ
 

UJ
 

UJ = Estimated non detect 
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4.1.4 Matrix Spikes 

Matrix spike (MS) analyses are required for all methods. Matrix spike duplicate 

(MSD) analyses are required for organic methods. The results from these QC tests 

are evaluated in the review process. Spiked analytes must have recoveries in the 

MS/MSD samples that meet established percent recovery criteria. The MS/MSD 

percent recoveries must be comparable and must meet established RPD criteria. If 

any spiked analyte falls outside the recovery or RPD criteria, the results for that 

analyte in the parent sample is qualified as estimated (UJ or J). In cases where 

recoveries of spiked analytes are extremely low (<10%), the result in the parent 

sample is rejected. 

MS/MSD percent recoveries and RPD were within acceptance criteria for all samples 

in this data set. 

4.1.5 Laboratory Replicates 

Laboratory replicates, which are analyzed with inorganic samples, are used to 

evaluate analytical precision. Analytical precision is evaluated by comparing the 

difference between the results when either one or both of the sample and sample 

replicate results are greater than or equal to five times the RL. When an analyte from 

a laboratory replicate did not meet acceptance criteria, the result in the parent sample 

was qualified as estimated (J) for that analyte. 

The result for copper in the sample collected from location 22MW0002 was qualified 

as estimated (coded J) due to laboratory replicate differences. All other laboratory 

replicate RPDs were within pre-established criteria, exhibiting good laboratory 

precision. 
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4.1.6 Laboratory Control Samples 

LCS and LCSD samples were required for all analyses under the laboratory 

subcontract. A review of the calculated percent recoveries of the spiked analytes and 

the calculated RPD between the LCS and the LCSD results provides information on 

the analytical accuracy and precision, respectively. Table 4-4 summarizes the results 

that were qualified based on LCS/LCSD criteria. 

TABLE 4-4
 
LCS/LCSD Noncompliant Samples
 

Location Sample ID Sample Date Analyte Qualifier 

08AE0009 08AE0009-01 01/22/99 COPPER (TOTAL) J 

08AE0009 08AE0009-01FD 01/22/99 COPPER (TOTAL) . UJ 

08AE0009 08AE0009-01 01/22/99 SELENIUM (TOTAL) UJ 

08AE0009 08AE0009-01FD 01/22/99 SELENIUM (TOTAL) UJ 

08MW0001 08MW0001-01 01/22/99 SELENIUM (TOTAL) UJ 

08MW0001 08MW0001-01 01/22/99 SELENIUM (TOTAL) UJ 

08MW0002 08MW0002-01 01/22/99 COPPER (TOTAL) J 
08MW0002 08MW0002-01 01/22/99 SELENIUM (TOTAL) UJ 

08MW0003 08MW0003-01 01/22/99 SELENIUM (TOTAL) UJ 

23MW0001 23MW0001-01 01/21/99 SELENIUM (TOTAL) UJ 

23MW0003 23MW0003-01 01/21/99 SELENIUM (TOTAL) UJ 

23MW0003 23MW0003-01FD 01/21/99 SELENIUM (TOTAL) UJ 

23MW0005 23MW0005-01 01/21/99 COPPER (TOTAL) UJ 

23MW0005 23MW0005-01 01/21/99 SELENIUM (TOTAL) UJ 

23MW0006 23MW0006-01 01/21/99 SELENIUM (TOTAL) UJ 

23MW0007 23MW0007-01 01/21/99 SELENIUM (TOTAL) UJ 

UJ = Estimated nondetect 
J = Estimated result 

The results for copper and selenium in nine samples were qualified as estimated 

(coded J or UJ) due to noncompliant RPD values. 
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4.1.7 Surrogates 

Surrogate spike compounds were added to each sample undergoing organic analyses 

to provide information for evaluating accuracy and to assess method performance and 

extraction efficiency. If surrogate recoveries did not meet pre-established criteria, the 

sample results should be considered estimated, indicating probable bias in the results. 

Surrogate recoveries were acceptable for all VOC and EDB analyses in this sample 

set. Qualifications were not required. 

4.1.8 Internal Standards 

Internal standard area counts for the VOC analyses were within method acceptance 

criteria. Qualifications were not required. 

4.2 FIELD QUALITY CONTROL 

Field QC samples were collected to help assess analytical data quality. Field QC 

samples consisted of EBs, TBs and field duplicate (FD) samples. 

4.2.1 Field Blanks 

Field blanks consisted of trip blanks (TBs), analyzed for VOC only, and equipment 

blanks (EBs). Nine TBs were shipped and analyzed with these samples. Three EBs 

were collected on January 21, 1999 and February 3 and February 8, 1999 and 

submitted for total metals, EDB and VOC analyses. During data review, sample data 

may be qualified based on TB and EB results when the analyte result in the associated 

sample is less than five times (10 times for common laboratory contaminants) the 

results in the TB or EB. Samples which were qualified based on either TB or EB 

levels are summarized in Table 4-5. 

TABLE 4-5
 
Qualified Due to EB or TB Samples
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Location Sample ID Sample Date Analyte Qualifier 

04MW0001 04MW0001-02 03/10/99 TETRACHLOROETHYLENE(PCE) U 

98MW0001 98MW0001-10 02/08/99 BERYLLIU M (TOTAL) U 

98MW0001 98MW0001-10 02/08/99 IRON (TOTAL) U 

98MW0001 98MW0001-10 02/08/99 MANGANESE (TOTAL) U 

98MW0001 98MW0001-10 02/08/99 MERCURY (TOTAL) U 

98MW0001 98MW0001-10 02/08/99 ZINC (TOTAL) U 

U = Undetected result 

The results for PCE in one groundwater sample and five analytes in another sample 

were qualified as nondetected due to levels in associated EBs. In general, the field 

blanks show minimum contamination, which reflected good sampling procedures. 

4.2.2 Field Duplicates 

A total of five field duplicates (FD) samples were collected with the native samples. 

Four FD samples were submitted for total metals analysis; three FD for VOC 

analysis; two FD for EDB analysis; and one FD for SVOC analysis with the samples 

in this data set. FD results were evaluated during the data review process by 

comparing the native sample results to the duplicate sample results and calculating a 

Relative Percent Difference (RPD). If the RPD is greater than 30 percent for aqueous 

samples, the positive sample results above the reporting limits, in both the native 

sample and the field duplicate, are qualified as estimated (coded J). 

The metals results in all native and FD sample pairs were comparable, reflecting good 

sampling and analytical techniques. Target analytes were not detected in any of the 

other FD sample pairs. Qualifications were not required. 

5.0 CORRECTIVE ACTION AND RESOLUTION 
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If necessary, corrective actions affecting analytical data for this sampling event were 

performed by the laboratory. When required by the methodology or the MMR QPP, 

the laboratory may have reanalyzed samples that did not meet QC criteria. 

Corrective actions or resampling were not required for any of the field samples 

collected under this investigation. 

6.0 CONCLUSIONS 

PARCC goals were met for the samples collected for these sampling tasks. Eight 

separate sampling tasks are included in this Data Summary Report. Four out of 41 

planned groundwater samples were not collected because the wells could not be 

located and one well was not sampled because it was damaged. The remaining field 

samples and field QC samples were collected in accordance with the MMR QPP and 

were submitted and reported for the requested analyses. Completeness goals were 

met for all analyses. The percent completeness for these analyses are presented in 

Table 6-1. 

TABLE 6-1
 
Percent Completeness Summary
 

VOCs ' 95% 
T D B • f o o % " 
Total Metals 100% 

A total of 46 VOC data points were rejected, based on calibration noncompliance, 

resulting in a completeness goal of 95 percent for the analysis of all Target 

Compound List VOCs by method OLC02.1. The 46 rejected data points were for 

acetone, methyl ethyl ketone, and l,2-dibromo-3-chloropropane; these compounds are 

not considered contaminants of concern in this investigation. 

J:\FS-I7 FS-19 ROD\FS-17 FS-19 Final\FS-17-19 1999 Data Val Sum Apndx G .doc 

06/09/99 C-20 Recycled 



In summary, project goals for precision, accuracy, representativeness, completeness 

and comparability were met for all groundwater samples that were collected. 
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