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Stack Emissions Measurements 

1.0 INTRODUCTION 

In November nf loa?, New England AirQuality Testing (NEAQT) was contracted by 
to quantify Total Suspended Particulate (TSP) and metals (As, Cd, 

Cr-VI, Ni) emissions from the No. 2 Roller Mill baghouse (Stack #3) exhaust air at the 
Chester, Vermont facility. 
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Stack emissions sampling was conducted by NEAQT on December 2, 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 DESC.RIPTION 
. . . . ~- .. .. ~. ~-. .~ - - . .. I- __ 

The ' -'. . \,contains a Roller Mill which 
crushes ore int0.a fine powder. The powder is circulated from the Roller Mill through 
ductwork 'where it is separated based on particie size. The larger particles are 
recirculated to be crkhed 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 rolier mill or exhausted through a baghouse. 

3.0 SAMPLING AND ANALYTICAL METHODS 

Air sampling for TSP and metals (As, Cd, Cr-VI, Ni) were conducted in accordance with 
the provisions of EPA Method 17 - "Determination of Particulate Emissions from 
Stationary Sources: (In-Stack Filtration Method)" modified for metals sampling with the 
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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 NIOSH 
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 
€PA Methods are further described in the sections that follow. 

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

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

Facility access, production schedule condination. and operational information were 
~ 

~~ 
~~ ~~ 

= ~ --arranged-and-overseen-by-Mr:~ Tim- Hicks 

Copies of each of the aforementioned standardized methods are included in Appendix 
3, pages 1-27. 

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 (or equivalent 
diameter for rectangular ducts). Air sampling and velocity measurements were 
conducted at the same ports in the stack. The location of the sample and velocity 
traverse ports is shown in the schematic provided on page 1 of Appendix 1. 

Samples were collected from a 16" x 14" rectangular duct which exhausts air from 
the baghouse. The sample ports were located in a vertical stretch of duct at a 
location approximately 9' downstream of the nearest flow disturbance (an induced 
draft fan). 

3.2 Volumetric Flow 

Velocity traverses and sample collection were performed at identical locations as 
indicated on the schematics on page 1 of Appendix 1. In accordance with EPA 
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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, sampling ports were accessed 
to perform velocity traverses. In addition, EPA Method 1 dictates that for the duct 
sampled, a minimum of 12 velocity traverse points are required. A cross-sectional 
view of the duct and the traverse point layout for the velocity measurements is 
shown on page 2 of Appendix 1. 

The velocity traverse points were laid out in a 4 x 3 matrix in a vertical section of 
duct at a location approximately 9' (7 duct diameters) downstream, and greater 
than 30" (> 2 duct diameters) upstream of the nearest flow disturbances. 

The volumetric flow of the gas stream was measured in accordance with Method 
2. Velocity traverse data is shown on page 5 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 15. 

Samples were collected isokinetically to determine concentrations of TSP and 
metals during two test runs. Test run number 1 was 60 minutes in duration, while 
test run number 2 was 48 minutes long. 

Particulate Field Data Forms are included for the two test runs on pages 3-4 of 
Appendix 1. Information derived from a nomograph during sampling is included 
on page 6 in Appendix 1. 
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3.4 

3.3.1 Calibratlon Procedure 

Flowrates 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. 

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 acidlhydrogen 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 3$ of Appendix 1. 

Analytical Procedures 

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

1 .  

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 

NEAQT 



Data Sheets for filters and beakers used during sampling are included in 
Appendix 1, pages 7-10. 

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 NIOSH Method 7300. NIOSH 
Method 7300 involves chemical filter digestion, followed by Inductively 
Coupled Plasma (ICP) analysis. 

3.4.2 Quality Assurance 

Analytical method precision and accuracy were monitored by laboratory 
control standards which included matrix spike, duplicate, and qualify 
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 two test runs at 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 12-21 of Appendix 1, The sample 
calculations 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, 

NEAQT 
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Analyte Product Metal 
Concentrations 

(rngkg) 

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

Baghouse Fines 
Concentrations (rngkg) 

4.2 Discussion 

1-1 

1-2 

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. 

86.19 7380.10 09.05 

, 86.00 7454.00 98.08 

II As I 80.2 55.1 111 
II Cd I ND' 'I ND 111 

TABLE 2 - VELOCIN/FLOWRATE MEASUREMENTS 

I %Isokinetic Ill I Velocity (Vsec) Flowrate Ill Test Run I Iscfm.drv) 

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



Run 
Time 
(min) 

60 

60 

60 

60 

60 

The Test Run 1-1 sample results are summarized in Table 3. The sample 
collected during Test Run 1-1 was 60 minutes in duration and a total volume of 
34.68 dscf was sampled. The concentration and mass emission rate for each of 
the metals and TSP are shown in Table 3. The mass of Cadmium and Chromium- 
VI collected on the sampling media were not present in quantities above their 
respective analytical detection limits of 0.750 ug and 0.003 ug. Based on the 
volume sampled and the stack gas flowrate, these analytical detection limits 
represent emission rates of <1 .68x104 Ib/8-hr for Cadmium and <6.73xlO-' Ib/E-hr 
for Chromium-VI. 

Analyte MESS Volume Actual Emission Rate 
(us) Wf) Conc. (IbB-hr) 

(gr/dscf) 

TS P 0.0995 g 34.68 0.0443 2.803 lbhr 

As 5 94 34.68 2 64x1 Od 1.34XlO' 

Cd ND' 34.68 ND ND 
(c 1.68~10") 

(~6 .73~10" )  
Cr-VI ND 34.68 ND ND 

Ni 38.6 34.68 1.72~10 8.64X109 

Run 
Time 
(min) 

48 

48 

48 

48 

48 

NEAQT 

Analyte Mass Volume Actual Emission Rate 
(4) WCf) Conc. (IbBhr) 

(gr/dscf) 

TSP 0.0511 g 27.75 0.0284 1.816 Ibhr 

As 2.93 27.75 1.63x10* 8.24X1 O4 

Cd ND' 27.75 ND ND 

Cr-VI ND 27.75 ND ND 

(<2.14X1 04) 

(<S.sSXlU') 

Ni 20.3 27.75 1.13~1 0-5 5.76X1OU 
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The Test Run 1-2 sample results are summarized in Table 4. The sample 
collected during Test Run 1-2 was 48 minutes in duration and a total volume of 
27.75 dscf was sampled. The concentration and mass emission rate for each of 
the metals and TSP are shown in Table 4. The mass of Cadmium and Chromium- 
VI collected on the sampling media were not present in quantities above their 
respective analytical detection limits of 0.750 ug and 0.003 ug. Based on the 
volume sampled and the stack gas flowrate, these analytical detection limits 
represent emission rates of <2.14x104 Ib/8-hr for Cadmium and <8.56x107 Ib/&hr 
for Chromium-VI. 

- 

TABLE 5 - AVERAGE EMISSION RATES AND ACTION LEVELS 

~ 

Table 5 contains values for the average emission rate fcr 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/&hr, therefore each the 
average emission rate for each constituent is presented in terms of Ib/Ehr. 
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 No. 2 Roller Mill is 7.1 
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 

NEAQT 
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. . . .  
I 

. .  

may be  seen from Table 5 that emission rates of Arsenic and Nickel being 
exhausted from the No. 2 Roller Mill exceed their respective action levels. In 
addition, although Cadmium was not detected in the Test Run 1-1 or 1-2 samples, 
it is not possible to determine whether or not the cadmium emission rate is in 
exceedance of its action level. Based on the exhaust gas flowrate and the 
analytical detection limit, the lower detection limit for Cadmium represents an 
exceedance of the action level. It should also be noted that Cadmium was not 
detected in the product or baghouse fines, as indicated in Table 1. 

' 

The emission rates of TSP and Chromium-VI are below the Vermont Action Levels. 
Based on these results, NEAQT recommends that a screening model be run to 
determine the imDac:t on ambient air quality of emissions from the I facility 
in ( The results of the screening model will determine the 
necessity of subsequent modelling using more elaborate computer codes. 

\ 
1 

NE401 
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rom QA Handbook M 5 - 4 . 1  

Calibrated Orifice Pressure Differential "H,O 
A 767 

//d 

2 

Meter Temperature Average OF T m  

Moisture in Gas Stream % B w o  

Pb 3q.V Barometric Pressure "Hq 

+o .5 -5  
Stack Static Pressure "H,O P, 

Static/Barometric Pressure Ratio 

/ Stack Temperature Average OF T, 

Velocity Head Average "H,O A h  /- L 

La Velocity Head Maximum "H10 APmx 

C Factor - 
Calculated Nozzle Diameter 'I D" 
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Actual Nozzle Diameter 
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TARE WEIGHT LOG SHEET 

FILTER/ 
BEAKER 
NUMBER 

. .  .. . 7. .. 
Project: I - i 
Facility: - :: I 

DATEITIME DATEITIME DATEITIME DATEITIME DATEITIME 

mass g mass g mass g mass g mass g 
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Project: L 
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DATE/TIME 
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DATE/TIME 

m a s s  g 

DATE/TIME I DATE/TIME I DATE/TIME 
m a s s  q I mass q .  I m a s s  g 

I I 
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TARE WEIGHT LOG SHEET 

. . ~. . . . ~~ . 

{ Project : - 
Facility: ‘-.%-a . - . , . I  - I  

DATE f T I M E  D A T E j T I M E  D A T E / T I M E  

mass g mass g mass g 

I 

DATE f T I M E  

mass g 

F I L T E R  f 
BEAKER 

47-5.z r 47-03 

D A T E I T I M E  

mass g 

@K-jR 
0,0077 

9.04389 

Y 

0.0 m79 
9 

v I II 

I 1 II 

I W 

0.0881, 
II  

I I  I I I 

I I I II 
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-. 
/ ’  -- Project: 
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L’7 /l,llll i Beaker/Filter size: 
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REPORT OF LABORATORY ANALYSIS 

Laboratory Services 
32 James Brown Drive 
Williston, Vermont 05495 

FAX 879-71 03 

- 

(802) 879-4333 

CLIENT NEAQT PROJECT CODE: NEA03392 
PROJECT NAME, ' 
DAi'E REPORTED; 
DATE SAMPLED: L -. . 

REF. #: 54,880 - 54,887 
L .- .,-.,-.a 

_ _  j 

EnL,losed please find the results of the analyses performed for the samples referenced on 
the a:tached chain of custody rccord. 

Chain of custody indicated the samples were not preserved. 

All samples were prepared and analyzed by requirements outlined in the referenced methods 
an6 within the specified holding times. 

All insirurnentation was calibrated with the appropriate frequency and verified by th:. 
requirements outlined in the referenced methods. 

Blank contamination was not observed at levels affecting the analytical results. 

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

Harry B. Locker, Ph.D. 
Laboratory Director 

enclosures 

. .  
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LABORATORY REPORT 

Laboratory Services 
32 James Brown Drive 
Willlston. Vermont 05496 
(802) 879-4333 

' FAX879-7103 

CLEN NEAQT PROJECT CODE NEAQ345.Z 
PROJECT ;?AME: ' 
REPORT PATE: 1 
DATE SAMPLED. . 
DATE REEIi 'ED: SAMPLER: C. Puistu 

REF.#: 54,880 
STATION: A432 & A433 
TIME SAMPLED: Not Indicated 

parametel Concentration EPA Method &alysis Datg 

Totai Arsenic 

Total Cadmium 

5.94 6010 12/14/93 

<0.250 6010 . 12/14/93 

Total Chrom'um VI <0.001 S.M. 3500-Cr D. 12/15/93 

Total N'kkel 38.6 6010 12/14/93 



ZENDYNE, INC. Laboratow Services 
32 James Brown Drive 
Williston, Vermont 05195 
(802) 879-4333 
FAX879-7103 

- 

LABORATORY REPORT 

CLIENT NEAQ’I PROJECT CODE NEAQ3492 
PROJECT NAME 1 I. REF.#: 54,881 
REPORT DATE: 1 I STATION: A434 

1 TIME SAMPLED: Not Indicated 
! I SAMPLER: C. Puisto 

DATE SAMPLED: 
DATE RECEIVED: . .. . . __ . 

Tested parameters are reported in micrograms per sample (ughmple). Digesrion was performed 
by E.PA Method 3010/3020. 

EPA Method Analysis Date Parame:FI Concentration 

Total Arsenic c5.00 6010 

Total Cadmium c0.500 6010 12/14/93 

Total Chromiui~i VI ;0.002 S.M. 350043 D. 12/15/93 

Total Nickel c2.00 6010 12/14/93 



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

LABORATORY REPORT 

CLIEhT. NEAQT PROJECT CODE: NEAQ3492 
PROJb'CT NAME A - REF.#: 54,882 
REPORT DATE:. 

,I) 

/ '  STATION: A435 & A436 
.. . TIME SAMPLED: Not Indicated 

SAMPLER: C. Puisto DATE SAMPLED. - - I <  
DATE RELTEIVED: . 

Paramr.ter Concent ration EPA Method Analvsis Date 

Total Arsenic 2.93 6010 12/14/93 

Total Cadmium 4 . 2 5 0  6010 12/14/93 

Total Chromium VI eo.001 S.M. 3500-0 D. 12/15/93 

Total Nickel 20.3 6010 12/14/93 



Laboratoly Sewices 

LABORATORY REPORT 

CLIENT: NEAC>T ,P- - ~ ~ PROJECT CODE NEAQ3492 
PROJECT N A M i - ~ '  
REPORT DATE ~ 

DATE SiWF%J5D: 
DATE RSCEIVED: ___-yi.. ~ , , ~ L Z ~ V -  

. ,_ .; I REF.#: 54,883 
STATION: A437 1, 

\, TIME SAMPLED: Not Indicated 
SAMPLER: C. Puisto 

Tested pararrdtcrs are reported in rAcrograms per sample (udsarnple). Digestion was performed 
by EPA Methot1 3010/3020. 

Parameter 

Toth! Arsenic 

Total Caci:nium 

Total Chroniiurn VI 

Total Nickel 

Concentration 

e5.00 

c0.500 

<om2 

12.00 

EPA Method 

6010 

6010 

S.M. 3500-Cr D. 

6010 

Analvsis Date 

1211 4/93 

12/14/93 

1 2/15/93 

1211 4/93 



Laboratory Services 

32 Grnes Brown Drive 
Willlston, Vermont 05495 
(802) 879-4333 
FAX 879.71 03 

PROJECT CODE NEAQ3492 
REF.#: 54,884 

TIME SAMPLED: Not Indicated 
SAMPLER: C. Puisto 

CLIENT: NEAQT i. 

r STATION: A438 & A439 
PROJECT NAME. 

\ =PORT DATE 
DATE SAMPLED: 
DATE RECETVEC. u v - - - g t u u  r ,  a*-- 

\ 

~ ~ ~ _ ~ _  =~ ~ ~~ 
TeStEdpKEZmeters are-reported-in 'micrograms-per- sample. (udsample). ~Digestionwas_pe~or~mpo_rmed 

~~ ~~ ~ 

by NIOSH Method 7300. 

Parameter 

Total Arsenic 

Total Cadmium 

Total Chromium VI  

Total Nickel 

Concentration EPA Method knalvsis Dhte 

C1.25 6010 

c0.125 6010 

<0.0005 S.M. 3500-Cr D. 

c0.500 6010 

12/14/93 

12/14/93 

12/15/93 

12/14/93 



U 

I CLIENT. NEAQT yy-  1 

PROJECT NAME:: 

DATE SAhR'LED:, 
DATE RF,CEIVED. -_ ___.__._ 
REPORT DATE: L i -  

Laboratory Servicr:s 

32 James Brown Drive 
Williston, Vermont 05485 
(802) 879-4333 
FAX8797103 

- 

LBORATORY REPORT 

PROJECT CODE: NEAQ3492 
REF.#: 54,885 
STATION: A440 
TIME SAMPLED: Pot Indicated 
SAMPLER: C, Puisto 

-\ 
L--(. 

Tes!ed parameters tire reported in micrograms per sample (ugkample). Digestion was performed 
by EPA Method 301G/3020. I 

Parameter Concentration EPA Method Analvsis Date. 

Total Arsenic i5.00 6010 12/14/93 
\ 

Total Cadmium ~0.500 6010 12/14/93 

c0.002 S.M. 3500-Cr D. 12/15/93 Total Chrouium VI 

Total Nickcl <2.00 6010 12/14/93 



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

LABORATORY REPORT 

CLIENT: NEACT PROJECT CODE NEAQ3492 
PROJECT NAMg' REF.#: 54,886 
REPORT DATE: J 

DATE SAMPLED 
DATE RECEIVED: u 

STATION: A441 
TIME SAMPLED: Not Indicated 
SAMPLER: C. Puisto 

- 

Concentration 

Tote1 ,Arsenic 80.2 

Total Csdmium co.so0 

Total Chror.:iun: VI 1.96 

Total Nickel 522. 

EPA Method Analvsis Date 

6010 12/14/93 

6010 12ilY93 

S.M. 3500-0 D. 1211 5/93 

6010 12/14/93 



~ 

12-,5-1993 Q4: 33Pll FROM ENDYNE, INC TO 6632868 P. 10 

Labpratory Services . 
32 James Brown Drive 
Williston, Vermont 05495 
(802) 879-4333 
FAX 879-7 103 

LABORATORY RSPORT 

PRGJECT CODE: NEAQ3442 
'\ REF.#: 54,887 

CLIENTNEAQT 1'  . - .  ~ 

PROJECT N M :  -i 

DATE SAMPLED:: 

t --,- .-. STATlON: A442 . ' 

TIME SAMPLED: Not Indicated 
SAMPLER: C. Puisro 

REPORT DATE:', i 

DATE RECEIVED: I- t~ 
~ .~ 

Tested parameters are reported in milligrams per kilogram ( m o g ) ,  dry wzight. Digestion was 
performed by EPA Method 3050. 

Parameter Concentration EPA Method Analysis Da:g 

Total Arsenic 55.1 6010 12/14/93 

Total Cadmium <0.431 6010 1211 4/93 

Total Chromium VI 4.88 S.M. 3500-Cr D. 12/15/33, 
.. 

Total Nickel ' 490. 6010 12/14/93 



~&ora!ny Services 
32 James Brown D w e  
Williston, Vermont 05495 
(802) 879-4333 
FAX 8797 103 

.I *ORATORY REPOR1' 

JdATRIX SPIKE mD D: PLICATE LABORATORY CONTROL DATA 

CLIENT: NEAQT 
PROJECT NAME: 
REPORT DATE: - ' 
DATE SAMPLED: 

SPIKE Q.4'QC DATA: 

Parameter - Ref.# 

Arsecic 54,882 

Nick4 54,882 

Arsei.ic 54,883 
CadmLlrn 54,883 
Nickel 54,883 

Arsenic 54,887 
Cadmium 54,887 
Nickel 54,887 

Cadmium ~- ~= 54,882 

DUPLICATE QNQC DATA 

Zqrameter 

ArSZl l iC  54,880 
Cadmhm 54,880 
Nickel 54,880 

Arsenic 54,881 
Cadmium 54,881 
Nickel 54,881 

Arsenic ( m M  54,886 
Cadmium (m-1 54,886 
Nickel (mykg) 54,886 

Notes: 

1 None Detected 
I 

PROJECT CODE NEAQ3492 

.. 

' \  

.. - 

0.117 

<0.050 
<0.005 
c0.020 

0.639 
0.639 
5.68 

Dun I(ue/samnle) 

4.09 
~ 0 . 2 5 0  
39.4 

c5.m 

c2.00 

81.9 
~ 0 . 5 0 0  
518. 

0.504 

% Recovery 

105. 
91.2 

~~ ~ ~~ 8 9 2 - ~  = 

99.4 
94.0 
94.0 

82.2 
80.2 
92.4 

Dup 7(udsamDlr) 

7.80 
d . 2 5 0  
37.8 

<5.00 
<0.500 
<2.00 

78.4 
c0.500 

525. 

Avg % Deviatior: 

31. 
ND' 

2. 

ND 
ND 
ND 

2. 
ND 

1. 
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M E T H M  2 F.i-5E.S AND REtULATIOP(S/AUCUST 1 8 .  1 9 7 7  

M m O D  I - D ~ m ~ n o w  or Strcr  Ghs  
V- VOL-IC R o w  Pun 
(m 6 Rcn T v u l  

, I .  FnnmrJe 4nd AvvIic4bility 
1.1 Pr lnu~ le .  The a v e r u e  ru  velocity m 

. 8 iW u draermrned from the cu density 
md from mcuuremena of the w e r u e  vcloc. 
!ty head n t h  Type S (SUuvchtibe or rn 
v e n e  a m )  p l ~ o t  rube. 

ble lor meuurrmerir of the s v e n t e  velout? 
of & cy i- m d  for q w t u m  
now. 

Thl, ~meadun la not ~ ~ ~ l l u b l e  st meLI. 
urcment i l t u  vnich fall to m e n  t h e  mwna 
of Method 1. &Zion 2.1. A h .  the method 
MIIO~ be uked for dtmc meuurement m 
C y d O l l l C  0; lVUW N SUU5lS .  ' 6ecuon 2.4 
of Method 1 i h o n  how to d e L c m e  CT- 
dome or ~ U n r  nov conduo=. When UE- 

ceduru. N b j m  t o ' t h e  UID& of the, Ad. 
m n m n t o r .  US. P l b n m c n W  P r o m o n  ' 

AIency. mylf be employed to d e  8aunz.e 

~ I w m u v e  DrOCtO- ye: (11 to mull 
iw thwcnmr  Vmo: (21 to crlculuc the 
toul v ~ l ~ m e c n c  nor rate i to ichiomernd~ 
11'. or 01 to move to -mer meu-ent 
dw &a vNch t h e  flow Y YGCPUbk. 

' . ' ' 

1.1 AppllUbUlty. Th!3 method b UIPUa- 

L m D U b l c  COUdlUOCU CLYL L l t l n U U V C  D I D  

n0V detc-UOW ,S-DlU Of S u c h  

. 

'i e 
TY*f ! 

I 



TRANSVERSE 
TUBE A X I S  

- 1. I. , 

1 
a 

A U D E  PLANE 

I 
&SIDE PLANE 

Ibl 

! 

. .-- 



! '  

A standard Pltot tube may be used instead 
of a l b e  S. Provided that It  mnrS the ape-  
Uiutlons of Gectlons 2.7 and CZ: nota, how- 
ever. that the statlc and Impact p m  
holes of standard Pitot tubes am susceptible 
to Plugolng In particulnte-laden gas strcama. 
Therefore. whenever a standnrd pltot tube 
k used to ixrform a traverse. adequate 
proof must be furnished that the ope- 
of the pltot tube have not plugged up 
during the traverse perlod: thls can be done 
by taluno a V e l D e f t Y  head CAP) rrpdfnp at 

the fM traverse po&L clernlng out t h e  
impact and 6taUc holes of the standard 
pltot tube by "bsch-purghC': with preaw- 
lzed Oir. and then taktng another AP mad- 
&e. U the AP rradinos made before and 
after the air P W ~  am the same ( 2 5  per- 
cent). the traverse Is nmptablr O t h e n m ~  
relea the run. Nota that If AP at the final 
tdaverse point Is unsuitably low. another 

r e a  lotuvals k part of the procedure. 
polnt nug be selected If "b&k-pllrg&g" at 

thCn C O m W P t i V e  AP shall be 



p 

1 - 1  T= 

for elcvstlon decreua 

(0.05 md 1.0 In 8.01. 
to the nearat 1.3 mm 8D (0.05 tn 8.01 I 



.CU,RVED OR 
MITER ED J U NCTlO N I 

, 

- . STATIC 
HOLES 
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! 
c 

H EM ISPH E R 1 C'A 1 - 
TIP 

Figure 2-4. StanLxd pitot tube design specifications. 
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PLANT 
QATE RUN no. 
CJACK OIAMETER O R  OIMEMSIONS. m h . 1  
BAROMETRIC PRtSSURE. mm Hq f in.  Hr) 
moss SECTIONAL AREA,  m W )  
OPERATORS 
PITOT TUBE 1.0. NO. 

AVE.  COEFFICIENT. Cp ' 
LAST OATE CALIORATED SCHEMATIC O F  STACK 

CROSS SECTION 

~ 

I I F i  I I I I 

3.7 Ob- the mobturn mnmx rmm 
Reference Method 4 lor equ...1cnrl or from 
M U h o d  5. 



I II I 

TYPE S PITOT TUBE 

I . , I  
I 

Y.>7.62 cm 13 in;) _I I 

'. ' I '  
Figure 2.8. Minimum pitot-sample probe separation needed to prevent interference; 
Dt between 0.48 and 0.95 cm 13/16 and 3/8 in.). 



2LW 
D -  - (L+ WI 

1 

J 

A V E R A G E  O E V I A T I O N  = N IA  OR 0) - 1 

. X IEphl- t , IA OR 
-MUST BE C I  

J 

I Ep W O E  A I - F ,  I S l O E  BI I-MUST BE CO.01 1 

Figure 2.9. Pitot tube calibration data. 
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I I 

ESTIMATED 
SHEATH 
BLOCKAGE OUCT 

fXl 

[ 1'' ] x 100 

Figure 2-10. Projected-area models for typical pitot tube assemblies. 

EPA BTATIU4AQV BUJRCE SPJPLINQ CETHODS 
.Pap* 2-9 REV 3 5 1 0 1  . .  



. 
4.1.6.1 Field Uae. 
4.1.6.1.1 When a TYW S pltot tube tL.o 

hted tube or p u e m b l y ~  la wd Ln t h e  fleld. 
t h e  -pmprkW meffldent value (whether 
vdpled or obulncd by CLUbnuOnl .hrll be 

d b n t c d  Qpe S pltot tubu. t h e  A aldc CD. 
eff ldent  a W  be uaed when the A dde Of 
t h e  sube I- the flow. urd the B rlde coel- 
fldent .h.u be urcd when the  B ude 
the n m  atemsuvely. the ylthmeuc aver- 
we of the A Md B dde coefflclent d u u  
ID.). be uaed. Lrrapectlrr of whIch dde f u a  

wed to perlorn veicrity a l m ~ ~ o l u .  mr 

Anve 1-1 or 2-3. It M be yrumed that t h e  
brrellne mefflomt of t h e  pltoc tube hu not 
ehrnced. U. however. the cube hu k e n  
w e d  to the e x m t  UIU I t  DO lower  
mecu the .pedlluUonr of pt.urr 1-2 or 2- 
3. rh* w e  .h.u elther be repLVed Lo re 
store proper LUrnment of the f.rr openlnn 
or  the cube rhrll be dlscvded 

4.1.62.2 Rtot nbe Ad4unbllU N(n 
rrch fleld we. check the !ut opeenuU rim. 
ment of t h e  p l m  tube. u ID %Ion 
4.1.0 21. rL0. RrneYurc the lnlermmwn- 
en1 maelfus of the w e m b l y .  U the Inter. 
mrnwnenr s~uln8-a hare not c h w e d  vld 
the luC OWNnr LIIgnmenc U rcccpuble. I t  
can be uaumed chat the coeffluenc of the 
LUembIy hu not c h m g u t  U the fw open. 
Inr L l l m e n t  u no longer Wthm me a w l .  
flauoru of nrurn 2-2 or 2-1, either revur 
the -e or ~ p l . c r  the pitot tube (call. 
b n w  the new usernbly. U n-I. U 
t h e  Inremmwncnl apumm h a v e  c h v l g c d  
mtore the o n n d  mu~nea or r m l l b n w  
the LUembly. 

4.2 SUndud Pl to t  tube tU appllable). U 
a sundud plbc cube U wd for the velocity 
L n v e n e .  the tube sh.U be mnttructed u. 
C O p d l n I  to the crlteria Of Secclon 2.1 v l d  
shall be ulmed a bwl lne  COCfflClCnt vduc 
of 0.W. 11 the r u n d u d  Pltot cube LI lved u 
psrc of an LYcrnblY. the Cube rh.U be ln an 
LnLerlerencelm lrrrncement t tub lrn  10 
the x~vrovd  of the Admlnucn.U)rl. 

C3 Tempetature Gauge$. Nter each 
fleld uae. d l b n t e  dlrl themorncrcn. 
Uauld-luled bulb themorneten. thermowu- 
pl&wot+nUomercr snterm. and other 
uausu u a tempencure within IO veemnc 
of the a v e r ~ e  absolute N temwnture.  
For tempenturn up u) 405' C 1761' F). u.c 
M dsIM memuu-m-gllur rderenn ther- 
mometer. or mulvaenr aa a referenee: a- 
ternUIve1~.  elthcr x reference thermc-swple 
and wtenUometer t d b n v d  by NBSI or  
thermomeuic ILXed DoInU. e& !cC b.(h M d  
bolllnr mer tmmcred for buomeuic p m  
N I T )  may be uud mr t e m p e n t m  .bow 
405' C (761. P). w y1 NBScrl lbnted refer. 
enee themowuplcwtentlorneter a m m  or 
Ul reference. NbkCt  t h e  YF 
m o d  of the Admmtrnlnr. 

Lnntor. 

wed mermry buvmecer. 
4.4 -meter. C U b n t e  the brometcr 

for the rneuic rntern urd 

Equation 2- 

EauUon 2-11 

70 mnrm Q. horn 
d m l h r  Id.d/hrl to d*an/mm I d 4  
mlml dMd. Q. by eo." 

6. BtbllWlDphi 
1. MUt t 8. MechMlal h r i n l n r e r  

a v l d b w t  New Y o h  McOnw.XUl E m  
Co.. lnr 1951. 
2 Psm. J. X. Chemlal hdneen'  a y l d  

bdt New Y o h  McCtns-HlU Boot C. 
~ 4 .  iwo. 

3 ShlgehvL R. T.. W. F. Todd. 8nd W. 
8 th SlgnUIunee of Ermn ln SUct ssm 
p%g 'Meuurrmenu US.  Envvonmcnu 
R o M o n  &cncu. ~ ~ v v e h  rnmgie pu 
N.C. tRucnLed at the Annull Mlnrerlnr 
the Air Pollutlon Control hsaocl.tlon. ! 
L o u 4  Mo.. June 14-10.1970 I 

4. Sundud MethW for Sunpllng Stack 
for P u t l c u l ~ ~  M&tty. Ln: l97WPook 
ASIX Sund.rdL Rn 23. PhlldelphlC--= 
1971. MIM DedrruUon D-192s-71. 
5. Vennud. J. 2S nuoenwy Fluld M 

W c r  New Y o h  John WUey urd Son 
Inr 1M7. 

6. Fluld Metcn-Their The017 and f 
a U o n  Amenan Sonetr of M-a 
nnecn. N w  Yo* N.Y. 1959. 

107L p. 208. 
7. AS- Hvldbmt of PundrmenW 

8. Anntul Book of ASZM S U n d u d i  F 
26. 1974. D. 648. 
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VACUUM 

S Y . ? A U  VAL 

BLOW INTO T,UBlYG 
UYTlL Y A Y W E T E R  

I l t A D l S T Q  7 INCHES 
W A T L R C O L U M  

Fipurr 17.6. Lmk check of mitor box. 

m ~ 1 1 - 1  



v u  
V - + V u  

b- 

0.11 Iaootlruuevululoa 
U1.1 IXeubuon from R.r DUL 

rhm: 
mowtloa IT-T, 

' 4  6 1, ". M 

I 



ELEMENTS (ICP) 
MTW: 7300 

M.Y.: Table.1 ISSUED: -2/15/84 

./- 

OSWNIOSWACGIH:  Table 1 PROPERTIES: Table 1 
I 

ELEHENTS: aluninun ' . cobalt manganese silver tungsten 
arsenic ' . copper nulybdenun sodi un vanadiun 
beryl 1 iun i ron nickel . ' telluriun yttriun 
cadniun lead phosphorus thall iun zinc 
calciun' lithiun platinun tin zirconiun 
chmmiun magnesi un sel en i un titaniun 

SYNONYMS: vary depending upon the ccnpourid. 

SAMPLING MEASUREMENT 

W L E R :  FILTER !TEMNIQUE: INWCTIVELY ONPLED ARGON PWM, 
(0.8-pn, cellulose ester menbranel ! ATOnIC EMISSION SPECTROSCOPY 

FLW RATE: 1 to 4 L/min 
! 
!ANALYTE: elements above 
! . .  , 

!ASHING REAGENTS: conc. "03, 4 mL; 

! 

! 
!FIt,4AL SOLUTION: 4% H&, 1% HClO4, 10 mL 
! 
!UAVELENGTH: depends 'upon element; Table 2 - ! 

1. 
-I' 

! and conc."ClO4. 1 mL , : 

VOL-NIN: Table 1 
-WAX: Table 1 

. ,  
CONDITIONS: man tenperature, 30 min; 

SHIPRENT: mutine". ! 150 OC to near dryness 

, .  Y L E  STABILITY: 'stable 

i ,  BLANKS: 2 to 10 field blanks per set ,- 

i 

! 

- 
!BACKCROWID UIRFECTION: spectral wvelength shift 

!u\LIBRATION: elements i n  4% "03. 1% KlO4 
AocuRnc Y ! 

h 

& STUDIED: not studied ! 

BIAS: none identified , . .  
!M: 2.5 to loo0 pg per -le C11 

!ESTII~TEO LW: 1 pg per sarple 111 

!PRECISION (sr): Table 2 ' .  . . '  

, .  

OVERALL PRECISION (sr) : not evaluated . ' ! '  
' 

I 

APPLICABILITY: The working range'of this method is 0.005 to 2.0 mg/ma for each elemnt in a 
500-1 air saple. This is s i n u l t a h s  elemental analysis, not 'torpound ' F i f i c .  Verify that 
the types of cmwunds-in the m l e s  are soluble uith this ashino ~rocedure. 
INTERFERENCES: Spectral interferences are the primary interferences encountered i n  ICP-AES 
analysis. These are minimized by judicious wavelength selgtion. inteFl6nent correction 
factors and backomnd correction Cl.21. 
OTHER HETHXK: This method replaces P W  351 121 for trace elenents. Atanic absorption 
spectroscopy (e.g., Methods 70XX) is an alternate analytical technique for many of these 

2/15/84 7300-1 



~ 

L .  

/ ).. 
2 ELEMENTS (ICP) HETKX): 7 3 0 0  

REAGENTS : EQUIPMENT: 
1. N i t r i c  acid, conc. 1. Sapler: cellulose ester d r a n e  f i l t e r ,  
2. Perchloric acid. conc.* 
3. Ashing acid: 4 : l  (v/v) “ 0 3 : ~ C l O 4 .  

0.8- pore size, 3 7 4 7 1  dianeter; i n  cassette 
f i  1 te r  holder. 

f lex ib le  connecting tubing. 
M i x  4 volunes conc. IUQ with 2. Personal sap l i ng  p q ,  1 t o  4 L/min. with 
1 volune conc. HCl04. 

4. Calibration stock solutions. 3. Inductively coupled p l a m - a t m i c  miss ion  
loo0 yg/ml. Care rc ia l l y  available, s p e c t m t e r .  equipped as specified by the 
o r  prepared per instrunent manufacturer fo r  analysis o f  elements of interest. 
manufacturer’s r e c m n d a t i o n  (see 
step 12). 5. Beakers, Phi l l ips,  1 2 5 4 ,  or Gri f f in,  5 0 4 .  with 

5. Di lut ion acid, 4% 9. 1% HclO4. 
Add 50 mL ashing acid t o  600 m l  
water; d i l u te  t o  1 L. 

4. Regulator, tw-s tage.  for argon. 

watchglass covers.* 
6. Volunetric flasks, 10- and 100- mL.* 
7 .  Assorted volunetric pipets as needed.* 

6. Argon. 8. tlotplate, surface tenperature 150 OC. 

J .  Oistilled,deicmized water. 
*Clean a l l  glassware with conc. n i t r i c  acid and 

rinse thoroughly i n  d i s t i l l ed  water before use. Tee Special Precautions. 

c - 
SAWLING: 

1. Calibrate each personal sap l i ng  purp with a representative sap le r  i n  l ine. L 
2. Sanple a t  an accurately knwn f lw rate between 1 and 4 L/min fo r  a to ta l  swple size o f  

200 t o  2000 1 (see Table 1) for TYA masurements. Do not exceed a f i l t e r  loading o f  
approximately 2 mg total  dust. 

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

5. Heat on totp\ate*(1M OC) u n t i l  ca. 0.5 
NOTE: S t a r t  a reagent blank a t  t h i s  step. 

NOTE: Sane speci s o f  L i ,  Mn, h, Sn. W ,  and Zr w i l l  not be carpletely solubi l ized by th is  
remains. 

procedure. I A  l ternative solubi l izat ion techniques for m s t  of these elenentr can be 
fwnd elsewhere [2,3,4.5,6,7]. 

6. Add 2 ml ashing acid and repeat step 5. Repeat th is  step u n t i l  the solution i s  clear. 
7 .  R m e  watchglass and rinse i n to  the beaker with d i s t i l l e d  water. 
8. Increase the terperature t o  150 OC and take the s a p l e  t o  dryness., 
9. Dissolve the residue i n  2 t o  3 mL d i l u t i on  acid. 

10. Transfer the solutions quanti tat ively t o  lOmL volunetric flasks. 
11. Di lute t o  v o l m  with d i lu t ion  acid. 

CAlIBRATIf f l  AHD Q A L I T Y  CONTROL: 
12. Calibrate the s p e c t m t e r  according t o  the manufacturers recamendations. 

NOTE: Typically. an acid blank and 10 pg/mL mlt ielement norking standards are used. The 
f o l l w i n g  mlt ielement c d i n a t i o n s  are chemically carpatible i n  4% &/15 Hc104: 

/ a. Ag, Ca. Co. nn. Pb, V, Zn; 
b. A l ,  Be, Cd. La, L i ,  N i ,  11; 
c. As, 8. Ba. Mg, m. P. Sn; 

\ ,  ! 

! 
j 2/15/84 7300-2 



' , d. Cu. Fe, Na, 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 sanples., . 
14. Check recoveri,es with at least tk spiked mdia blanks per ten samples. 

W SUREKNT :  
15. Set spectmneter to conditions specified by ,manufacturer. 
16. Analyze standards 'and saples: 

WTE: If the v a l k  for the m l e s  are above the range of the standards, dilute the 
solutions with dilution acid, reanalyze and.apply the appropriate dilution factor in 
the calculations. , , .  

C4LCULATIONS: 
17..0btain the solution concentrations for the sarple, Cs (pg/mL). and the average media 

18. Using the +lutim volures of sample, Vs (mL), and mdia.blank. Vb (mL). Calculate the 
blank, C, ()rg/mL), f r m  the instrunent. 

concentration. C (mg/ma), of each element in the air volune s+led, V (L): 

EVALUATION OF METKX): 
Method P W  351 was evaluated in 1981 C1.23. 
at 2.5 and loo0 pg of each element per sMple on spiked filters. The precision and recovery 
data, instmental. detection limits, sensitivity; and analytical wavelengths are listed in 
Table 2. 
according to manufacturer's instructions. ' 
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ELEMENTS (XCP) 

Table 1. Pmpert ies and - l ing volunes. 

S i l ver  (As) 
Aluninun ( A l l  
Arsenic (AS) 
Beryll ium (Be) 
Calciun (Ca) 
Cadniun (Cd) 
Cobalt (CO) 
Chmniun (Cr) 
Copper (Cu) 
I r on  (Fe) 
L i t h iun  (L ib  
Nagnesiun (Mg) 
tknganese (Mn) 
mlybdenun (m) 
S o d i u n  (Na) 
Nickel ( N i l  
Phosphorus (PI 
Lead (Pb) 
Platinun (Pt) 
Seleniun (Se) 
Tin (Sn) 
Tel lur iun ( l e ) ,  
Titdniun ( T i )  
Thall iun (T1) 
Vanadium (V) 
Tungsten (w) 
Y t t r i u n  (Y) 
Zinc (Zn) 
Zirconiun (zr) 

Properties 
A t a n i  c 
W i g h t  RP, OC 

107.87 961 
26.98 660 
74.92 817* 
9.01 1278 
40.08 842 

112.40 321 
58.93 1495 
52.00 1890 
63.54 1083 
55.85 1535 
6.94 179 

24.31 651 
54.94 1244 

-95.94 -651 
22.99 98 
58.71 1453 
30.97 44 

207.19 328 
195.09 1769 
78.96 217 

118.69 232 
127.60 450 
47.90 1675 

204.37 304 
50.94 1890 

183.85 3410 
88.91 1495 
65.37 419 

1852 

- -  

(a) soluble 
(b) oxide 
(c) metal 
(dl hydride 
(e) insoluble 
(f) hydroxide 
(9) a t  the AQ;IH TLV 

Permissible Exposure Limits, 
mg/mJ Wi 

OSWNIOSWACGIH 
A i r  Volune Q OSHA. 1 

MIN wu( 

0.01/ -- / 0.1 
-- / - / 10. 
0.5K 0.002/ 0.2 
0.002/ 0.0005/ 0.002 
5 (b)/ -- / 2 (b) 
0 . 2 /  0.04/ 0.05 
0.1/ - / 0.1 
1.0 (c)/ 0.025/ 0.5 (c) 
1.0/ - / 1.0 

10 (b)/ - / 5 (b) 
0.025 (d)/ - / 0.025 (d) 

15 (b)/ - / 10 (b) 
c 5 /  - / c 5  
15 (e)/ - /-lo (e) 
2 (f)/ c 2 (f)/ c 2 (f) 
11 0.015/ 1 (c) 

0.054 0.1/ 0.15 
0.002 (a)/ - / 1 (c) 
0.2/  - / - 
2/  - / 2 (c) 
0 . v  - / 0.1 
- / - / 10 (b) 
0.1 (a)/ - / 0.1 (a) 

C 0.5/ 1 (E)/ 0.05 ('420s) 
- / 5 (e)/ 5 (e) 

. 

-- / - / 0.1 

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

250 

5 
1250 

5 
13 

5 (9) 

25 
5 
5 
5 

100 
5 
5 
5 

13 
5 

50 
1250 

13 
5 

25 
5 

25 
5 

25 (9) 

5 (9) 
5 
5 
5 
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Table 2. Ileasurement procedures and data (a). 

A9 
A1 
As 
Be 
ca 
Cd 
co 
C r  
a, 
Fe 
L i  
r(s 
Mn 
m 
Na 
N i  
P 

P t  
Se 
S l l  

l e  
T i  
TI 
V 
U 
Y 
Zn 
Zr 

d' m 

i 

Wavelength 
El-nt (nn) 

328.3 
308.2 
193. 7 
313.0 
315.9 
226.5. 
231.2 
205.6 
324.8 

I n r t runen ta l  
LOO 

(ng/mL) 

26 
14 
13 
,1.5 

10 
1.6 
7.4 
1.3 
2.1 

259.9 3.9 
670.8 2.8 
219.6 . 24 
257.6 0.4 
281.6 7.0 
589.0 10 
231.6 3.4 
214.9 22 
220.4 17 
203.1 15 
190.6 21 
190.0 64 
214.3 29 
334.9 1.2 
190.9 17 
310.2 3.2 
201.9 13 
371.0 : 0.8 

339.2 

S e n r i t i v i  t y  
( In tens i ty /  

pg/mL) 

0.65 
0.23 
0.57 
1.29 
0.49 
0.83 
0.38 
0.50 
0.72 

Recovery (%I 
0 2.5 pg/ loo0 pg/ 
f i l t e r  (b) f i l t e r  -- 

1 1 1  91 
93 IOO 
103 99 
107 90 
99 95 

107 99 
101 95 
98 106 
98 99 

0.13 94 
0.48 89 
0.22 105 
0.74 84 
0.18 94 
0.76 (C) 

0.41 I05 
0.17 (C) 
0.42 105 
0.69 106 
0.28 105 
0.49 74 
0.41 102 
0.55 % 
0.22 103 
0.88 99 
2.58 35 
2.35 99 
0.60 101 
0.88 75 

97 
95 
106 
93 
88 
101 
97 
91 
95 
91 
97 
67 
94 

108 
99 
94 
23 
loo 
94 
98 

(N = 3) 
s2.5 pg/ @ 1030 PSI 
f i 1 t e r  f i l t e r  

0.02 0.075 
0.092 ' 0.023 
0.062 0.026 
0.040 0.034 
0.036 0.014 
0.032 0.020 
0.040 0.005 
0.053 0.016 
0.036 0.022 
0.668 
0.171 
0.084 
0.w2 
0.023 

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 

id 

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.%3 
0.029 , 

0.017 
0.014 
0.60 
0.013 
0.013 
0.008 

(a) Values reported were obtained with a Jarrel l -Ash Bodel 1160 ICP; performance may vary with 
instrunent and should be independently ve r i f i ed .  

(b) 2.5 p g / f i l t e r  corresponds to  5 pg/m' f o r  a 500-L a i r  -le. 
(c) Blank l eve l s  too h igh  to  make accurate detenninations 

I 
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I 
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