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STACK EMISSIONS MEASUREMENTS 

1.0 INTRODUCTION 

In December of 1993, New England Air Quality Testing (NEAQT) was contracted by 
1 Inc. to quantify Total Suspended Particulate (TSP) and metals (As, Cd, 
Cr-VI, Ni) emissions from the Beta Mill baghouse exhaust air at the 
facility. ~ 

I, 

Stack emissions sampling was conducted by NEAQT on December 15, 1993. Two 
samples were collected from the baghouse exhaust air and analyzed for the 
aforementioned constituents at Endyne, Inc., an EPA-certified laboratory. In addition, a 
sample of the crushed ore product and baghouse fines were collected and analyzed for 
the Same constituents. The following report includes the results of the sampling event 
with detailed descriptions of the sampling and analytical methods used. 

2.0 SOURCE DESCRlPTlON 

The Luzenac America, Inc. facility in .? Contains a Roller Mill which 
crushes ore into a fine powder. The powder is circulated from the Roller Mill through 
ductwork where it is separated based on particle size. The larger particles are 
recirculated to be crushed further, while the remainder of the crushed ore passes through 
additional ductwork where it is either classified as product and.removed from the loop 
or continues on to be recirculated to the roller mill or exhausted through a baghouse. 

3.0 SAMPLING AND ANALY~CAL METHODS 

Air sampling for TSP and metals (As, Cd, Cr-VI, Ni) was conducted in accordance with 
the provisions of EPA Method 17 - "Determination of Particulate Emissions from 
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Stationary Sources: (In-Stack Filtration Method)" modified for metals sampling with the 
substitution of teflon components rather than stainless steel in the sampling train. 

The mass of TSP collected during sampling was determined as defined in EPA Method 
17, while the mass of metals was determined in accordance with the provisions of NlOSH 
Method 7300 - "Elements". Stack gas velocity and volumetric flowrates were determined 
in accordance with EPA Method 1 - "Sample and Velocity Traverses For Stationary 
Sources" and EPA Method 2 - "Determination of Stack Gas Velocity and Volumetric Flow 
Rate (Type S Pitot Tube)". The EPA and NlOSH Methods are further described in the 
sections that follow. Copies of each of the aforementioned standardized methods are 
included in Appendix 3, pages 1-27. 

Testing was conducted by the following New England Air Quality Testing personnel: 

Steve H. Clark Mechanical Engineer 
Curtis J. Puisto Senior Air Quality Technician 

Facility access, production schedule coordination, and operational information were 
arranged and overseen by Mr. Tim Hicks of Luzenac America, Inc. 

3.1 Sample Location 

The sampling locations as well as velocity traverse measurement points were 
selected according to guidelines set forth in Method 1. This method applies to 
stacks or ducts which are greater than 12 inches in diameter. Air sampling and 
velocity measurements were conducted at the same ports in the stack. 

Samples were collected from a 19" diameter duct with a circular cross-section 
which exhausts air from the baghouse. The sample ports were located in a 
horizontal stretch of duct at a location greater than 8 diameters downstream and 
greater than 2 diameters upstream of the nearest flow disturbance. 

3.2 Volumetric Flow 

Velocity traverses and sample collection were performed at identical locations. 
In accordance with EPA Method 1, velocity traverses were performed at a site 
located greater than two duct diameters downstream and greater than a half 
diameter upstream from a flow disturbance. The sample port locations met the 
upstream and downstream distance from flow disturbance criteria. Therefore, 
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sampling ports were accessed to perform velocity traverses. In addition, EPA 
Method 1 dictates that for the 19" .duct sampled, a minimum of 16 velocity traverse 
points are required (2 transects, 90" opposed x 8 traverse points/transect). A 
cross-sectional view of the duct and the traverse point layout for the velocity 
measurements is shown on page 1 of Appendix 1. The volumetric flow of the gas 
stream was measured in accordance with Method 2. Velocity traverse data is 
shown on page 4 of Appendix 1. 

Gas composition was assumed to be that of ambient air (79.1% N, ,20.9% O,, 0% 
COJ . 

3.3 Sampling Procedures 

Sampling for TSP and metals (As, Cd, Cr-VI, Ni) was conducted in accordance 
with EPA Method 17 modified to allow for metals analysis. EPA Method 17 
specifies that the sampling train be fitted with stainless steel equipment while 
collecting TSP samples. However, the use of stainless steel may bias sample 
results when analyzing for metals. Therefore, EPA Method 17 was modified 
through the use of teflon equipment to replace stainless steel in the sampling 
train. The sampling train set-up was identical to that specified in the Method, as 
illustrated in Appendix 3, page 5. 

~~ ~~ ~~~ ~ ~~ ~~ 
~~ 

~~ ~~ ~ ~ ~~~ ~ ~ ~~~ ~~ ~~~ ~~ ~~ ~~ ~~~ ~ 
~~ ~~ ~~ ~ ~ ~ ~ ~~~~ ~ ~ 

Samples were collected isokinetically to determine concentrations of TSP and 
metals during two test runs. Test runs 1-1 and 1-2 were 80 minutes in duration. 

Particulate Field Data Forms are included for the two test runs on pages 23 of 
Appendix 1. Information derived from a nomograph during sampling is included 
on page 5 in Appendix 1. 

3.3.1 Calibration Procedure 

dowrates for sampling equipment used to collect samples were calibrated 
according to requirements as indicated in EPA's - "QA Handbook for Air 
Pollution Measurement Systems: Volume 111. Stationary Sources Specific 
Methods" (EPA 600/4-77/027). The standard pitot tube used to determine 
the volumetric flow rate met all criteria outlined in EPA Method 2. 
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3.3.2 Sample Collection 

Following modified EPA Method 17, a sample was withdrawn from the 
stack isokinetically through an in-stack teflon nozzle and teflon filter holder 
containing a tare weighed 47mm glass fiber filter. Gaseous metals which 
pass through the filter were collected in a teflon impinger train containing 
a nitric acid/hydrogen peroxide absorbing solution. The volume of stack 
gas sampled was metered through an Anderson console containing a 
rotary vane pump, a calibrated dry gas meter, and an orifice manometer 
to determine the flowrate required to maintain isokinetic sampling 
conditions. 

The collected sample data are shown on the Particulate Field Data Forms 
included on pages 2-3 of Appendix 1. 

3.4 Analytical Procedures 

Total Suspended Particulate gravimetric analysis was conducted by NEAQT. Air 
sample analysis for metals was performed by Endyne, Inc., of Williston, W. All 
samples were delivered by NEAQT personnel to Endyne, Inc. 

3.4.1 Sample Analysis 

Gravimetric analysis was performed by NEAQT following specifications 
outlined in EPA Method 17 to determine the mass of Total Suspended 
Particulate collected during each of the two sample runs. A Mettler AJlOO 
Balance was used for total mass determination. Sample and Tare Weight 
Data Sheets for filters and beakers used during sampling are included in 
Appendix 1, pages 6-8. 

Sample analysis for metals (As, Cd, Cr-VI, Ni) was performed by Endyne, 
Inc. Upon completion of gravimetric analysis for TSP determination at 
NEAQT's facility, samples were delivered to Endyne, Inc. All metals 
analyses were performed in accordance with NlOSH Method 7300. NIOSH 
Method 7300 involves chemical filter digestion, followed by Inductively 
'Coupled Plasma (ICP) analysis. 

NEAQT 
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3.4.2 Quality Assurance 

Analytical method precision and accuracy were monitored by laboratory 
control standards which included matrix spike, duplicate, and quality 
control analysis. All standards were determined to be within established 
laboratory method acceptance limits. 

Laboratory analytical results and Chain of Custody are included in 
Appendix 2, pages 1-1 1. 

4.0 RESULTS 

Tables 1 - 5 included on the following pages of the text present a summary of the data 
collected and .results obtained. Table 1 contains a summary of analytical results for 
metals detected in the product and baghouse fines. Table 2 ~~~ ~ illustrates ~ ~ ~ ~ ~ the ~ ~~ velocity ~ ~~ and 
corresponding flowrate measured during each of the~&o test i n s  2 the velocity traverse 
location. Table 3 lists emissions results for Test Run 1-1, and Table 4 contains the .same 
information for Test Run 1-2. Table 5 provides a comparison between the average 
emission rates from the baghouse exhaust and the State of Vermont Action Levels for 
each constituent. 

~ ~ ~~~~~ 
~ ~~ ~~ ~~ ~ 

~~~~~ ~~~~ * ~~~ ~ 
~~ ~ ~~ ~ ~~~~ ~~~~~~ ~ ~ ~~ ~ ~ ~ 

~~~ ~ ~~~ 

4.1 Calculations 

Sample calculations are included on pages 9-18 of Appendix 1. The sample 
computations contain mass calculations for the metals and TSP for each of the 
test runs. In addition, sample volume, volume of water vapor, stack moisture 
content, TSP and metals concentrations, stack gas velocity and volumetric 

% flowrate, isokinetic calculations, and mass emission rates calculations are included 
in the sample calculations section of Appendix 1. 

4.2 Discussion 

Samples of crushed ore product as well as baghouse fines were collected and 
analyzed for As, Cd, Cr-VI, and Ni to determine concentrations of each of these 
metals in the process stream, upstream of the baghouse exhaust. 

NEAOT 
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Analyte 

As 

6 

Product Metal Baghouse Fines 
Concentrations Concentrations (mgkg) 

(mgkg) 

669 658 

TABLE 1 - PRODUCTlBAGHOUSE FINES METALS 

Ni 965 960 

I Cd I 0.964 I 0.984 II 

1-2 

I Cr-VI I N D' I ND' II 

57.33 5312.77 102.5 1 I 

TABLE 2 - VELOCITY/FLOWRATE MEASUREMENTS 

Test Run Velocity (Wsec) Flowrate % lsokinetic 

Run Analyte MESS Volume 
Time (dscf) 
(rnin) 

II 1-1 I 57.29 I 5330.83 I 101.8 II 

Actual Emission Rate 
Conc. (Ib/8-hr) 

(grldscn 

80 Cd ND 27.08 ND ND 
(Cl.56X10~) 

80 Cr-VI 2.20 27.08 1.25X1 O8 458x1 O4 - 
80 Ni 6.83 27.08 3.89~10~ 1.42~1 OJ 

The measured velocity and corresponding stack flowrate for Test Run 1-1 and 1-2 
are indicated in Table 2. The %isokinetic results are also included in Table 2. 

11 80 I TSP I 0.0025g I 27.08 I 0.00142 I 0.0849 Ibhr 11 

ll AS 1 ND' I 27.08 I ND II I 

NEAOT 
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The Test Run 1-1 sample results are summarized in Table 3. The sample 
collected during Test Run 1-1 was 80 minutes in duration and a total volume of 
27.08 dscf was sampled. The concentration and mass emission rate for each of 
the metals and TSP are shown in Table 3. The mass of Arsenic and Cadmium 
collected on the sampling media were not present in quantities above their 
respective analytical detection limits of 7.50 ug and 0.750 ug. Based on the 
volume sampled and the stack gas flowrate, these analytical detection limits 
represent emission rates of <1.56x103 Ib/8-hr for Arsenic and 1.56 x lo4 Ib/8-hr 
for Cadmium. 

TABLE 4 - TEST RUN 1-2 RESULTS 

The Test Run 1-2 sample results are summarized in Table 4. The sample 
collected during Test Run 1-2 was 80 minutes in duration and a total volume of 
27.21 dscf was sampled. The concentration and mass emission rate for each of 
the metals and TSP are shown in Table 4. The mass of Arsenic and Cadmium 
collected on the sampling media were not present in quantities above their 
respective analytical detection limits of 7.50 ug and 0.750 ug. Based on the 
volume sampled and the stack gas flowrate, these analytical detection limits 
represent emission rates of <1.54x103 Ib/8-hr for Arsenic and Cadmium. 

NEAQT 
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Analyte Emission Rate Emission Rate Average Emission Action Level 
Test Run #1 Test Run #2 Rate (Ib/8-hr) 

(Ib/8-hr) (Ib/6-hr) (Ib/B-hr) - ~ - ~ _ _ _ _  
TSP 0.0649 Ibhr 0.108 Ibhr 0.0865 Ibhr 12.50 Ibhr 

As ND' ND ND o.oooo19 

Cd ND ND ND O.ooOo47 

(<1.56X105) (< 1 54x1 04) (<1.55x105) 

(<l.s3xlO~) (<1 5 4 ~ 1 0 ~ )  ( 4  .55x10-') 

0.0000071 Cr-VI 4.58~1 O-' 1.1 0x1 04 7.8XlO4 

Ni 1.42~1 O4 1.46~1 Os 1.44X1 U5 0.00026 

Table 5 contains values for the average emission rate for the two test runs, as well 
as a list of the State of Vermont Action Levels (W - Air Pollution Control 
Regulations: August 13, 1993) for each of the analytes in question. Action levels 
for each of the metals are designated in units of Ib/8-hr, therefore each the 
average emission rate for each constituent is presented in terms of Ib/&hr. 
However, regulatory discharge levels for TSP must be reported in units of Ib/hr, 
and is determined based on the input process weight (lb/hr). Mr. Tim Hicks 
indicated that the average input process weight for the Beta Mill is 7 tons/hour. 
This corresponds to a maximum discharge weight of 12.50 Ib/hr (see Table 1 of 
the aforementioned Regulations). 

The action levels represent the total emission rate that may be emitted from the 
entire facility. Therefore, emissions from other sources of TSP and metals within 
the facility must be factored in when evaluating compliance status. However, it 
may be seen from Table 5 that emission rates of Chromium-VI and Nickel being 
exhausted from the Beta Mill exceed their respective action levels. It should be 
noted that Chromium-VI action levels were exceeded in spite of the fact that less 
than detectable quantities of Chromium-VI were reported for the product and 
baghouse fines. In addition, although Arsenic and Cadmium were not detected 
in the Test Run 1-1 or 1-2 samples, it is not possible to determine whether or not 
the emission rates for these contaminants are in exceedance of their action levels. 
Based on the exhaust gas flowrate and the analytical detection limit, the lower 
detection limits for Arsenic and Cadmium represent an exceedance of their action 
levels. 

NEAQT 
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The emission rate of TSP is below the Vermont Maximum Discharge Weight for 
TSP. 

Based on these results, NEAQT recommends that computer modelling be 
conducted to determine the impact on ambient air quality due to emissions from 
the Ludlow facility. The results of computer modelling may be used to determine 
compliance status and facilitate the air pollution control permit application process 
for the mill being installed at the ' * - . - -  -I*- 

NEAQT 



3 t a d ’  

3 t 3.7” 

. - -  

NEW ENG 
AIR QUALITY TESTING TRAV€RSC WIUT LAYOUT 
Burllngton, Vermont DATE1 I /I1 / q q I S C A L E @  N T S ~ D R W  a? IAPPIU ~9 

- 



n 
A w 
U 

W 
E 

3 u 
H 

3 

2 Pl 

............... ............... ............... ............... ............... ............... ............... ............... ............... ............... ............... ............... ............... ............... ............... ............... ............... 

............... ............... 

Zp: 
3 0  w a f i  



n 
I 4  
W 
U 
F 
W 
h 

0 
V 
3 
U 

3 PI 

............... ............... ............... ............... ............... 

............... ............... ............... ............... ............... ............... ............... 

............... 



VELOCITY TRAVERSE DATA SHEET 
" f f l l  - 

2 
! ' I  I 

PLANT 
~ 

CITY , 
SOURCE E,-<= l-- 

DATE /2//5/qF 
RUN I/- / 

PITOT ID 0('79/='' 
COEFFICIENT 0 . q G  

EAR PRESSURE 28,b5 "Ih 
OPERATORS e p F  -sc 



NOMOGRAPH DATA FORM 

Static/Barometric Pressure Ratio 

Stack Temperature Average O F  

- 
DATE - , 
SOURCE e?.&+ /ccLpv 

'om QA Handbook H 5 - 4 . 1  

Calibrated Orifice Pressure Differential "H,O AH@ 

PJPb 

T, 

I Tm 
Meter Temperature Average "F 

C Factor 

Calculated Nozzle Diameter 

Actual Nozzle Diameter 'I 

Reference Ap "HzO 

Moisture in Gas Stream % 
, _- 

D" 

D" 

I! b 

Barometric Pressure "Hg 

Stack Static Pressure "H,O 

pb 

Velocity Head Average "H20 

Velocity Head Maximum "H,O APmm 



SAMPLE WEIGHT LOG SHEET 

/ 

Project :' - 
Facility: - 

ilter size: /50 4 
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TARE WEIGHT LOG SHEET 

/ 

Project: - 
Facility : - .- e-, 

Filter size: /so r4 

FILTER/ DATE/TIME DATE/TIME DATE/TIME DATE/TIME 

VUMBER mass q mass q mass CI mass CI 
mSE3 

I I I 

I 

DATE/TIME 11 
mass g ==I 
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SAMPLE WEIGHT LOG SHEET 

BEAKER 
NUMBER 

- , -  
Projec t :  
F a c i l i t y :  .j 

. DATEITIME DATEITIME DATEITIME DATEITIME DATEITIME 

mass g mass g mass g mass g ’ mass g 

4 7 M m  GFF 
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Laboratory Sewices 
32 James Brown Drive 
Williston, Vermont 05495 
(802) 879-4333 I 

I FAX 879.71 03 

~ 

REPORT OF LABORATORY ANALYSIS 

CLIENT: 1 
PROJECT NAME: F 
DATE REPORTED 

REVISED REPORT: 
DATE SAMPLED: - 

PROJECT CODE: NEP.03625 
REF. #: 55,415 - 55,421. 

/ I  

Enclosed please find the  results of the analyses performed for the sz~mmples referenced on 
the attached chain of ciistody record. 

Chain of custody indicated the samples were not preserved. 

All samples were prepared and analyzed by requirements outlined in the rr.ferenced methods 
and within the specified holding times. 

A11 instrumentation was calibrated with the appropriate frequemy and verified hy the 
requirements outlined in the referenced methods. 

Blank Contamination was not observed at levels affecting the analytical re,sults. 

Analytical method precision and accuracy was monitored by laboratory control standards 
which included matrix spike, duplicate a ~ l d  quality control analyses. These standards were 
determined to be within established laboratory method acceptance limits. 

7Y 
Reviewed by, 

Harry B. .Locker, Ph.D. 
Laboratory Director 

enclosures 



Laboratory Services 

32 James Brown 3rive 
Williston, Vermor,! 05495 
(802) 879.4333 
FAX879-7103 

LGBORATORYREPORT 

CLTENT PROJECT' CODE NEAQ3625 
PROJECT NAME ..- REF.#: 55,415 
REPORT DATE 1 
DATE SAMPLED:, 
DATE RECEIVED: - _. .. . SAMPLER: C. PqtoB.  Clark 
REVISED REPORT .' 

STATION: A472 & A473 
TIME SAMPLED: Nc t Indicated 

a 

Tesfed parameters are reported in micrograinspcr smple  (ugisamplc). Djgcstion WRS pcrformed 
by NIOSH Method 7300. 

Parameter Concentration EPA Method halvsis Date 

Total Arsenic 

Total Cadmium 

e 2 3  6010 I 2 ~ 3 ~ 3  

< 0.250 601 0 12/23/93 

Total Chromium VI 2.20 SM 3500-CR D. 17.21/93 

Total Nickel 3.15 6010 1 U23f93 



- Laboratjjry Services - 
32 Jamf s Brown Drive 
Wiilislo'i, Vermont 05495 
(802) 619-4333 
FAX 8i  9-71 03 

@ =ENDYNE, iNc. 

LABORATORY REPORT 

CLIENT: 1 PROJECT CODE: hXAQ3625 

REPORTDATEI.  - - STATION: A475 & A476 
DATE SAMPLED:, _, ./,J TIME SPLMPLED: Not Indicated 
DATE RECEIVED. 

PROJECT NAME: ' - - ---- i REF.#: 55,417 

SAMPLER: C. Pqto/S. Clark 
REVISED REPORT , _.-- ! 

.) 

Tested parameters are reported in micrograms per sample (ug/sample). Digestion WNS performed 
by NIOSH Method 7300. 

EPA Method - Analyiis Date Parameter Concentration 

Total Arsenic 

Total Cadmium 

Total Chromium VI 

Total Nickel 

<2.50 

<O.i50 

5.31 

3.99 

6010 

6010 

S M  3500-Cr D. 

6010 

la23193 

12123193 

12/27/93 

12/23/93 



Laboratory !Services 
32 James Br1;wn Drlve 
Williston, Ve .nont 05495 
(802) 8794.533 
FAX 8797’8 03 

i 
LABORATORY REPORT i 

CLIENT: PROJECT CODE: NEAQ3625 
PROJECT NAME: REF.#: 55,416 
REPORT DATE: 1 STATION: A474 
DATE SAMPLED: 
DATE RECEIVED: UGLCIJIL~~.- 

TIME SAMPLED: Not Indicated 
SAMPLER: C. Pl/sto/S. Clerk 

REVISED REPORT - ~. _ _  , - 7 - ~ ~ .  

Tested parameters are reported in micrograms per sample (ug/sample). Digestion was ptrformed 
by EPA Method 3010/3020. 

Parameter Concentrat ion EPA Method Analysis ;_)ate 

Total Arsenic cs.00 . 6010 I :./23/93 

Total Cadmium c0.500 6010 12/23/93 

Total Chromium VI c0.500 6010 1/5/94 

Total Nickel 3.68 6010 12/23/93 



(gL1 --ENDYNE, INC. Laboratory Services 

32. ames Brown Drive 
Wil'ision, Vermont 05495 
(8C2) 879-4333 
F P X  879-7103 

LABORATORY REPORT 

i 

._ 

CLIENT. - .. - PROJECT CODE: NEAQ3625 
PROJECT NAME, REF.#: 55,418 
REPORT DATE: 1.- STATION: A47'7 
DATE SAMPLED: 
DATE RECEIVED: I 
REVISED REPORT 

TIME SAMPLED: Not Indicated 
SAMPLER: C. Pgisto/S. Clark 

r 

Tested parameters are reported in micrograms per sample (uglsample). Digestio;, was performed 
by EPA Method 3010/3020. 

Parameter Concentration EPA Method - Analvsis Date 

Total Arsenic 

Total Cadmium 

c5.00 6010 12/23/93 

e0.500 6010 12/23/93 

Total Chromium VI <0.500 6010 1/5/94 

Total Nickel 3.06 6010 12/23\93 I 

'< 



Laboratory Services 
___ 

32 James Brown Drive 
Williston. Vermont 05495 
(802) 879-4333 
FA:t.879-7103 

LABORATORYREPORT 

CLIENT:. . PROJECT CODE NEAQ3625 
PROJECT NAME: REF.#: 55,419 
REPORT D A T E  L-. - _  STATION: A418 & A479 
DATE SAMPLED: I 
DATE RECEIVED: A 
REVlSED REPORT 

TIME SAMPLED: Not Indicated 
SAMPLER: C. P 'sto/S. Clark p 

1 

Tested parameters are reported in micrograms per sample (udsample). Digtstion was performed 
by NOSH Method 7300. 

Parameter Concentration EPA Method Analysis Date 

Total Arsenic c2.50 6010 12/23/93 

Total Cadmium c0.250 6010 12/23/93 

Total Chromium VI c2.00 SM 3500-0 D. 12/21/93 

Total Nickel < 1.00 6010 12t23I93 



=ENDYNE, INC. Laboratory Services 
32 James Brown Drive 
Williston, Vermont 05495 
(802) 879-4333 
FAX 879-71 03 

LABORATORY REPORT 

CLIENT:. PROJECT CODE: NEAQ3625 
PROJECT NAME: REF.#: 55,420 
REPORT DATE 1 STATION: A480 
DATE SAMPLED: 
DATE RECEIVED. -. 
REVISED REPORT. 

TIME SAMPLED: Not Indicated 
SAMPLER: C. +.sto/s. Clark 

L. 

Tested parameters tire reported in micrograms per sample (ug/sample). Digestion was performed 
by EPA Method 3010/3020. - 

b a m e t e r  

Total Arsenic 

Total Cadmjum 

Tot81 Chromium VI 

Total Nickel 

C o n c e n m  EPA Method 

<5.w 6010 12/23/93 

c0.500 6010 12/23/93 

<0.500 6010 1/5/94 

€ 2.00 6010 12/23/93 



Laboratory Services 
32 James Brown Drive ! 
Willistort, Vermont 05485 
(802) 8744333 
FAX879-7103 

LABORATORY REPORT 

CLIENT: 1 . L - y .  PROJECT CODE: NEAQ3625 
PROJECT NAME REF.#: 55,421 
REPORT DATE: - STATION: A481 
DATE SAMPLED: 
DATE RECEIVED: 

TIME SAMPLED: Not Indicated 
SAMPLER: C. P@o/S. Clark 

REVISED REPORT -u. .uuLT If, 177+ 

? 

Tested parameters are reported in milligrams per kilogram (mgkg), d j  weight. Digestion was 
performed hy EPA Method 3050. 

. .  

P:irarneter Concentration EPA Method Anaivsis DRtG 

Total Arsenic 669. 6010 12/23/93 

Total Cadmium 0.964 6010 12/23/93 

Total Chromium VI <4.03 71Y6A 1/13/94 

Total Nickel 965. 6010 12/23/93 



Labratory Services 
32 James Brown Drive 
Whiston, Vermont 05495 
(802) 879-4333 
FAX 879-7103 

LABORATORY REPORT 

CLIENT PROJECT' CODE: NEAQ3625 
PROJECT NAME REF.#: 55,422 REPORT DATE: 
DATE SAMPLED: .r 
DATE RECEIVED: r-- - 

, STATION: A 4 2  
TIME SAMPLED: Not Indicated 
SAMPLER: C. *isto/S. Clark 

REVISED REPORT , -., L 7 Y 4  - 
Tested parameters are reported in milligrams per kilogram (mgkg), dry weight. Digestion was 
performed by EPA Method 3050. 

hncenrration EPA Method Analpsis Date Parameter 

658. 6010 12/23/93 Total Arsenic 

0.984 6010 12/23/93 Tutal Cadmium 

< 4.06 7196A 1 I1 3/94 Total Chromium VI 

Y60. 6010 12/23/93 Total Nickel 



Laboratory Servlkes 
32 James Brown Drive 
Williston, Vermont 05495 
(802) 879-4333 
FAX 87471 03 LABORATORY REPORT 

MATRIX SPIKE AND DUPLICATE LABORATORY CONTROL DATA 

CLIENT: 
PROJECT NAME: 
REPORT DATE: I 

' DATESAMPLED 

SPIKE QAIQC DATA: 
Parameter Ref.# 

Arsenic 55,417 
Cadmium 55,417 
Nickel 55,417 

Arsenic 55,418 

Nickel 55,418 

Arsenic 55,422 
Cadmium 55,422 
Chromium VI 55,422 
Nickel 55,422 

Cadmium 55,438 

DUPLICATE QNQC DATA: 
Parameter Ref.# 

Arsenic 55,415 
Cadmium 55,415 
Nickel 55,415 

Arsenic 55,416 
Cadmium 55,416 
Nickel 55,416 

Arsenic (rnflg) 55,421 
Cadmium (m*) 55,421 
Chromium VI (m&) 55,421 
Nickel (rnflg) 55,421 

Notes: 

SarnrdelrncL) 

~ 0 . 0 5 0  
<0.005 

0.080 

~< 0.050 
~ 0 . 0 0 5  

0.036 

8.36 
0.013 

eo.100 
12.2 

PROJECT CODE: NEAQ362S 

O/o Remveg  ? '  -1 

0.500 a 126.' 
107. 
107. 

0.500 
0.500 

0.500 100. 
0.500 97.6 
0.500 101. 

5.00' 
0.500 
0.500 
5.00 

115. 

106. 
112. 

95.5 

Dup I(utdsamnle) DUD 2fudsarnple) Ave % Deviation 

<2.50 
c0.250 

2.54 

<5.00 
<OS00 

3.58 ' 

665. 

€4.04 
967. 

0.967 

<2.50 
<0.250 

3.45 

€5.00 
c 0.500 

3.78 

672. 

C4.01 
963. 

0.940 

ND' 
ND 
10. 

ND 
ND 

3. 

1. 
2. 
ND 

0. 

* Spike recovery faUs outside laboratory control 3tandards due to sample matrix interferences. 
1 None Detected 

I 
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Figure 2-4.. Standard pitot tube design specifications. 

. 'e. 



AVG. COEFFICIEMT. C) a 

LAST OAT€ CALIIRATE0 KntMATIC OF STACK 
moss SLCTIOY 

i I I 
I I i 
I 1 I 

I I 
I I 

I I 
I 

I I I 

I I I 

I I 

c CalfbTula 

'. 



.I 

' I  

I "4 I j6.Y LI . l-34 
lllIUloCount I .  

IVM I PI101 I Y U  

i 
i 

Figure 2-8. Minimum p i t o t - m p l e  probe separation needed to prevent interference; 
& between 0.48 and 0.95 cm 13/16 and 3/8 in.). 
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6.11.2 CalculbUon from burancuu. 
V L I U U  

I 



/,=’ 
ELEMENTS (ICP) 

mE1HOo: 7300 
ISSUED: 2/15/84 H.U.: Table 1 

OSWNIOSWACGIH: Table 1 PROPERTIES: Table 1 

ELERENTS: a l m i n m  cobalt manganese silver tungsten 
arsenic copper mlybdenun sodiun vanadiun 
beryl 1 iun i mn nickel tel luriun yttriun 
cadnim lead phosphorus thallim zinc 
calciun lithim platinun tin z i r m i u n  
c h m n i m  mgnesiun sel en i un titaniun 

SYMONYRS: vary depending upon the conpound. 

SIVIPLER: FILTER 
( O . E p n ,  cellulose ester nmbrane) 

FLW RATE: 1 to 4 Lhin 

VOL-PIIN: Table 1 
W: Table 1 

SHIMNT: routine 

W L E  STABILITY: stable 

BLANKS: 2 to 10 field blanks per set . 
A d m A C Y  

l. 

RANGE STUDIED: not studied 

BIAS: none identified 

OVERALL PRECISION (Sr): not evaluated 
I 

! 
!TECW(IQJE: INDUCTIVELY CWPLED ARGON PLASM. 
! ATWIC ERISSION SPECTROSCOPY 
! 
!ANALYTE: elements above 
! 
!ASHING RE4GENTS: conc. +, 4 ml; 
! and conc. HClO4, 1 m l  
! 
! 

!FINAL SOLUTION: 4% “03. 1% HClO4, 10 mL 

!WRVELENGTH: depends upon element; Table 2 

!BACKGROUND CORRECTION: spectral wavelength shift 

!MLIWTIW: elements in 4% w, 1% HClO4 
! 
!RANGE: 2.5 to 

!ESTIMTED LOD: 1 pg per M p l e  [11 
! 
!PRECISION (sp): Table 2 

CONDITIONS: p o ~ n  tecrperature, 30 min; 
150 O C  to near dryness 

I 

, 
0 

I 

pg per -le [11 

I ! 
APPLICABILITY: 
500-1 air -le. 
the t m s  of caroounds in the w l e s  are soluble with this ashinq procedure. 
INTERFERENCES: Spectral interferences are the primary interferences encountered in ICP-MS 

I analysis. These are minimized by judicious wavelength selection. interelhnt correction 
factors and backqmund correction r1.21. 

2; OTHER mETIcx)S: This method replaces PdcAll 351 [2] for trace elemnts. Atanic absorption 
spectrosccpy (e.g., & t M r  70XX) is an’alternate analytical technique for many of these 

~ elements. 

The working range of this mthod is 0.005 to 2.0 m g h ’  for each element in d 
This is sirmltanews elemental analysis, not ccnpound specific. Verify that 

2/15/84 7WO-1 



/- 
,>, . -- ELERENTS (ICP) Elm: 7300 

REAGENTS : EQJIFWNT: 
1. N i t r i c  acid, conc. 1. Sarpler: cellulose ester rmbrane f i l t e r ,  
2. Perchloric acid, conc.* 
3. Ashing acid: 4 : l  (v/v) M(~:Hc~o,. 

0.8-m pore size, 374111 dianeter; i n  cassette 
f i l t e r  holder, 

M i x  4 volunes conc. "03 with 2. Personal -ling purp, 1 t o  4 L/min. with 
1 volune conc. ~ 1 0 ~ .  ' f l ex ib le  connecting tubing. 

4. Calibration stock solutions, 3. Inductively coupled plasma-atanic emission 
loo0 yglmL. CDmnercially available, spectmneter, equipped as specified by the 
o r  prepared per instrunent 
manufacturer's r e c m n d a t i o n  (see 
step 121.. 

5. Di lut ion acid, 4% H q .  1% HC1o4. 
Add 50 mC ashing acid t o  600 mL 
water; d i l u te  t o  1 L. 

manufacturer fo r  analysis of elements o f  interest. 
4. Regulator, tuc-stage. for argon. 
5. Beakers, Phi l l ips, 1 2 5 4 ,  o r  Gr i f f in ,  5 0 4 ,  u i t h  

6. volunetric flasks, 10- and 100- mL.* 
, 7 .  Assorted volunetric pipets as needed.* 
8. Hotplate, surface terrperature 150 OC. 

*Clean a l l  glassware with conc. n i t r i c  acid and 
r inse  thorwghly in  d i s t i l l e d  water before use. 

watchglass covers.* 

6. Argon. 
7. Distilled.deionized water. 

%ee Special Precautions. 

j 
; SPECIAL PRECAUTIONS: Pe r fon  a l l  perchloric acid digestions i n  a perchloric acid hood. 

~ ! r 

W L I H G :  
1. Calibrate each personal -l ing purp with a representative s a p l e r  i n  l ine.  -L 
2. Sap le  a t  an accurately known fla rate between 1 and 4 Llmin for a to ta l  -le size o f  

200 t o  ZOO0 L (see Table 1) f o r  TWA measurements. Do not exceed a f i l t e r  loading o f  
approximately 2 mg to ta l  dust. 

W L E  PREPARATION: 
3. @en the cassette f i l t e r  holders and transfer the saples and blanks t o  clean beakers. 
4. Add 5 ml ashing acid. Cover with a watchglass. Let stand 30 min a t  room tenperature. 

5. Heat on hotplatec(lZD "C) u n t i l  ca. 0.5 ml remains; 
NOTE: Start a reagent blank a t  t h i s  step. 

NOTE: Sane speci s o f  Li ,  Mn. Fb, Sn, U. and Z r  w i l l  not becmple te ly  solubi l ized by t h i s  
procedure. li l ternat ive solubi l izat ion techniques for m s t  of these elerrents can be 
found elsewhere [2,3.4,5.6.71. 

6. Add 2 ml ashing acid and repeat step 5. Repeat th is  step u n t i l  the solut ion i s  clear. 
7 .  R m e  watchglass and r inse i n t o  the beaker with d i s t i l l e d  water. 
8. Increase the tenperature to 150 OC and take the simple to'dryness. 
9. Dissolve the residue i n  2 t o  3 m l  d i l u t i on  acid. 

10. Transfer the solutions quanti tat ively to  l 0 m L  v o l m t r i c  flasks. 
11. Dilute t o  v o l m  with d i l u t i on  acid. 

CALIBRATION AN0 Q A L I T Y  aYlTROL: 
12. Calibrate the spectmneter according to the manufacturers reccmnendationr. 

1 

, 

NOTE: Typically. an acid blank and 10 pg/mL m,ltielement working standards are used.  he 
following nult ielenent cabinations are chemically corpatible i n  4% tM~.$l% K1O4:  
a. Ag, Ca. Co, Mn, Pb, V. Zn; / 

\v 
b. A l ,  Be, M, La. L i .  N i . , T l ;  
c. As, B, Ba. Mg. Fb# P. Sn; 



s 
IYTWXJ:  7300 ELEBENTS (IWL 

d 
d. Cu, Fe, Nd. Pt, Sr. le. Y; 
e. Cr. K, Sb. Se, Ti, Zr; and 
f. si, U (distilled water only) 

13. Analyze a standard for every ten sqles. 
14. Check recoveries with at least two spiked media blanks per ten SurpleS. 

MEASUREPENT: 
15. Set spectraneter to conditions specified by manufacturer. 
16. AMlyze standards and s q l e s .  

NOTE: If the values for the sanples are above the range of the standards, dilute the 
solutions with dilution acid, reanalyze and apply the appmpriate dilution factor in 
the calculations. 

CALCULATIONS: 
17. Obtain the solution concentrations for the -le, Cs (pg/mL), and the average media 

18. Using the solution volunes of surple, Vs (mL), and media blank, Vb (mL), calculate the 
blank, C, (pg/mL), f m n  the instrunent. 

concentration, C (mg/ma), of each element in the air volune sanpled, V (L): 

c = csvs - Cbvb', mg/ma. 
V 

EYALWTIOEI OF RTm: 
J kthdd P6CM 351 was evaluated in 1981 [1,2]. 

at 2.5 and loo0 pg of each element per surple on spiked filters. The precision and recovery 
data, instunental detection limits, sensitivity. and analytical wavelengths are listed in 
Table 2. 
according to manufacturer's instructions. 

REFERENCES : 
[l] Hull, R.D. 

121 NIOSH Manual of Analytical Methods, 2nd ed.. V. 7, PdcAn 351, U.S. Department of Health and 

The precision and recovery data uere determined 

The values in Table 2 were determined with a ..larrell-Ash W l  1160 ICP operated 

"Ilultielemnt Analysis of Industrial Hygiene Simples." NIMH Internal Report, 
presented at '"e, h r i c a n  Industrial Hygiene Conference. Portland, Orewn (May 1981). 

thmn Services. ubl. (N~OSH) 82-100 (1981). 
[31 Ibid, 5341 (Lea f .  ) 
141 Ibid, V. 2, S5 (Manganese), U.S. Department of Health, Education, and Uelfare, Publ. 

[SI Ibid, V. 4, P6CM 271 (Tungsten), U.S. Department of Health. Education. and Welfare, Fubl. 

[61 Ibid. V. 5 .  PdcAn 173 (ktals by Ataic Absorption). U.S. Department of Health. Education, 

[71 Ibid. V. 3. 5183 (Tin). S I 8 5  (Zirconiun). and 5376 (blybdenm). U.S. OeparWnt of Health. 

(NIOSH) '77-1.57-8 0911). 

(HIOSH) 78-175 (1978). 

and Uelfare, Publ. (NIOSH) 79-141 (1979). 

Education, and Uelfare. pub1 . (NIOSH) 77-1574 (1977). 

I Y T K X )  REVISED BY: R. DeLon Hull and Mark llillson, NIOSWWSE. 

J 
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./ ELERENTS (TU') METHOD: 7300 

Table 1. Pmperties and - l ing volunes. 

S i lver  (AQ) , 

Aluninun ( A l l  
Arsenic (As) 
Bery l l iun  (Be) 
calciun (ca) 
Cadniun (Cd) 
Cobalt (co) 
Chmniun ( C r )  
Copper (Cu) 
I r on  (Fe) 
L i th iun  ( L i )  
Magnesiun (ng) 
Manganese (Hn) 
Holybdenun (b) 
Sodiun (Ha) 
Nickel (Nil 
Phosphorus (P) 
Lead (Pb) 
Platinun (Pt)  
Seleniun (Se) 
Tin (Sn) 
Tel luriun (le) 
Titaniun ( T i )  
Thal l iun ( T 1 )  
Vanadiun ( V I  
Tungsten (U) 
Yttriun (Y)  
Zinc (Zn) 
Zirconiun ( Z r )  

(a) soluble 
(bf oxide 
(c) metal  
(d) hydride 
(e) insoluble 
(f) hydroxide 

Prwer t ies  
A t a i c  
Ueight - 
107 .87 
26.98 
14.92 
9.01 

40.08 
112.40 
58.93 
52.00 
63.54 

6.94 
24.31 
54.94 
95.94 
22.99 
58.71 
30.97 

207.19 
195.09 
78.% 

118.69 
121.60 
47.90 

204.31 
50.94 

183.85 
88.91 
65.37 

55. 85 

w ,  o c  

961 
660 
8 1 P  

1278 
842 
32 1 

1495 
1890 

1535 
179 
651 

1244 
65 1 
98 

1453 
44 

328 
1169 
217 
232 
450 

1675 
304 

1890 
3410 
1495 
419 

1852 

- 

1083 

Permissible Exposure l im i ts ,  
mJ/ma M 

OSWNIOSWACCIH 

0.01/ - / 0.1 
- / - / 10. 
0.5/C 0.002/ 0.2 
0.002/ 0.0005/ 0.002 
5 (b)/ -- / 2 (b) 
0.2/ 0.041 0.05 
0.1/ - / 0.1 
1.0 (c)/ 0.025/ 0.5 (c) 
1.01 - i 1.0 

10 (b)/ - / 5 (b) 

15 (b)/ - / 10 (b) 
c 5 / - / c 5  
15 (e)/ - / 10 (e) 
2 (f)/ c 2 (f)/ c 2 ( f )  

0.025 (d)/ -- / 0.025 (d) 

1/ 0.015/ 1 (c) 

0.05/ 0.1/ 0.15 
0.002 (a)/ - I 1 (c) 
0.2/ -- / - 
21 - / 2 (c) 
0 . v  - / 0.1 
- / - 1 10 (b) 
0.1 (a)/ - / 0.1 (a) 

C 0.51 1 (c)/ 0.05 (V&) 
-- / 5 (e)/ 5 (e) 

-- / - / 0.1 

l / - / l  
5 (b)/ 5 (b)/ 5 (b) 
5 / - - 1 5  

1300-4 

A i r  Volune 0 OSM, L 
MIN 

250 

5 
1250 

5 
13 
25 
5 
5 
5 

100 
5 
5 
5 

13 
5 

50 
1250 

13 
5 

25 
5 

25 
5 
5 (9) 
S 
5 
5 

5 (9) 

25 (9) 

Iw( 

2000 

2000 
2000 
200 

2000 
2000 
1000 
1000 
100 

2000 
61 
m 
67 

2000 
1000 

2000 
2000 
2000 
500 

2000 
100 

Zoo0 
2000 

1000 
200 
200 

100 (9) 

2000 (9) ? .  

'- 

200 (g) 



RTm: 7300 ELEMENTS (ICP) 1 

Table 2. bedsurerent procedures and data (a). 

Instrunental Sensitivity Recovery (% (N = 3 
Uavelength LOO (Intensity/ 0 2.5 pg/ 0 l& 1191 62.5 pg/ @ us/ 

Element (nn- (ng/rnL) pg/rnL) filter (b) filter filter filter -- - 
Ag 
A1 
As 
Be 
ca 
Cd 
co 
Cr 
cu 
Fe 
Li 
ns 
)In 

m 
Ha 
Ni 
P 

J pb 

Pt 
Se 
Sn 
le 
Ti 
11 
V 
W 
Y 
Zn 
ZI: 

328.3 
308.2 
193.7 
313.0 
315.9 
226.5 
231.2 
205.6 
324.8 
259.9 
670.8 
279.6 
257.6 
281.6 
589.0 
231.6 
214.9 
220.4 
203.7 
190.6 
190.0 
214.3 
334.9 
190.9 
310.2 
207.9 
371.0 
213.9 
339.2 

26 
14 
13 

10 
1 .5 

1.6 
7.4 
1.3 
2.1 
3.9 
2.8 

0.4 
7.0 

3.4 

24 

10 

22 
17 
15 
21 
64 
2¶ 

17 
1.2 

3.2 

0.8 
0.6 
1.9 

. 13 

0.65 111  
0.23 93 
0.57 103 
1.29 107 
0.49 99 
0.83 107 
0.38 101 
0.50 98 
0.72 98 
0.13 94 
0.48 89 
0.22 105 
0.74 84 
0.18 94 
0.76 (C) 
0.41 105 
0.17 (C) 
0.42 105 
0.69 106 
0.28 105 
0.49 74 
0.41 102 
0.55 96 
0.22 103 
0.88 99 
2.58 35 
2.35 . 99 
0.60 101 
0.88 75 

91 
100 
99 
90 
95 
99 
95 
106 
99 
97 
95 
106 
93 
88 
lo! 
97 
91 
95 
91 
97 
67 
94 
lo8 
99 
94 
23 
100 
94 
98 

0.02 
0.092 
0.062 
0.040 
0.036 
0.032 
0.040 
0.053 
0.0% 
0.068 
0.171 
0.080 
0.062 
0.023 
(C) 
0.027 
(C) 
0.060 
0.041 
0.068 
0.33 
0.050 
0.051 
0.043 
0.043 
0.053 
0.015 
0.013 
0.049 

0.075 
0.023 
0.026 
0.034 
0.014 
0.020 
0.005 
0.016 
0.022 
0.016 
0.043 
0.027 
0.035 
0.049 
0.045 
0.020 
0.056 
0.011 
0.075 
0.049 
0.16 
0.063 
0.029 
0.017 
0.014 
0.60 
0.013 
0.013 
0.008 

(a) Values reported uere obtained with a Jarrel14sh llodel 1160 ICP; perfomnce my vary with 
instrunent and should be independently verified. 

(b) 2.5 pgfilter corresponds to 5 pg/rna for a 500-L air sanple. 
(c) Blank levels too high to make accurate determinations 

2/15/84 7300-5 1 






