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STACK EMISSIONS MEASUREMENTS

1.0 INTRODUCTION

In December of 1993, New England Air Quality Testing (NEAQT) was contracted by
L Inc. to quantify Total Suspended Particulate (TSP) and metals (As Cd,
Cr-V1, Ni} emissions from the Beta Mill baghouse exhaust air_at the

facility. -

Stack emissions sampling was conducted by NEAQT on December 15, 1993. Two
samples were collected from the baghouse exhaust air and amalyzed 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 DESCRIPTION

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 ANALYTICAL METHODS

Air sampling for TSP and metals (As, Cd, Cr-V1, Ni) was 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
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 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 EPA and NIOSH Methods aré 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 Qdaiity 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,

NEAQT




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%
CO,).

3.3 Sampling Procedures

Sampling for TSP and metals (As, Cd, Cr-Vl, Ni) was conducted in accordénce
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 2-3 of
Appendix 1. Information derived from a nomograph during sampling is included
on page 5 in Appendix 1.

3.3.1 Calibration Procedure

Flowrates for sampling equipment used to collect samples were calibrated
according to requirements as indicated in EPA’s - "QA Handbook for Air
Peliution Measurement Systems: Volume |Il. 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, VT. All
samples were delivered by NEAQT personnel to Endyne, Inc. -

3.4.1 Sam p'le 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 AJ100
Balance was used for total mass determination. Sample and Tare Weight
Data Shests for filters and beakers used during sampling are included in
Appendix 1, pages 6-8.

Sample analysis for metals (As, Cd, Cr-Vl, Ni) was performed by Endyne,
Inc. Upon completion of gravimetric analysis for TSP determination at
NEAQT's facility, samples were delivered to Endyne, Inc. Ali metals
analyses were performed in accordance with NIOSH Method 7300. NIOSH
Method 7300 involves chemical filter digestion, followed by Inductively
‘Coupled Plasma (ICP) analysis.
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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 1-11.

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 atthe 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-Vl, and Ni to determine concentrations of each of these
metals in the process stream, upstream of the baghouse exhaust.

NEAQT
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TABLE 1 - PRODUCT/BAGHOUSE FINES METALS

Analyte

Product Metal
Concentrations

(mg/kg)

Baghouse-Fines

Concentrations {mg/kg)

As 669 658

cd 0.964 0.984
Cr-VI ND' ND!
Ni 965 960

' . none detected

Table 1 illustrates that the product and the baghouse fines each contain Ni, As,
and Cd. Chromium-VI was not present at concentrations above the analytical
detection limit of 4.03 mg/kg and 4.06 mg/kg for the product and baghouse fines,

respectively.

TABLE 2 - VELOCITY/FLOWRATE MEASUREMENTS

Test Run Velocity (ft/sec) Flowrate % Isokinetic
(sctm,dry) : l'
1-1 57.29 5330.83 101.8
1-2  57.33 5312.77 102.5

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

TABLE 3 - TEST RUN 1-1 RESULTS

Run Analyte Mass Volume Actuel Emission Rate
Time - (ug) (dscf) Cone. (Ib/8-hr)
{min) {gr/dsct)
80 TSP 0.0025 g 27.08 0.00142 0.0649 Ib/hr
80 As ND' 27.08 ND ND
{<1.56x10%)
80 Cd ND 27.08 ND ND
(<1.56x10™)
80 Cr-Vi 2.20 27.08 1.25x10°® 4.58x10™
80 Ni | 6.83 - 27.08 3.89x10° 1.42x10°

' - none detecled

A
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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 <1.56x10° Ib/8-hr for Arsenic and 1.56 x 10* ib/8-hr
for Cadmium.

TABLE 4 - TEST RUN 1-2 RESULTS

Run Analyte Mass Volume Actual Emission Rate
Time {ug) {dscf) Conc. (b/8-hr)
(gr/dscf)
80 TSP © 0.0042 g 27.21 0.00238 0.108 Ib/hr
. e - “ .80 fe o As ) NDL. o o2720.0) - ND - oo o o NDe— o o
: (<1.54x109)
80 ~Cd ND 27.21 ND ND
{<1.54x10
80 Crvi 531 | 2721 3.01x10° 1.10x10°
80 Ni 7.05 27.21 4.00x10° 1.46x10°

" - none detected

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 <1.54x10° |b/8-hr for Arsenic and Cadmium.

NEAQT



TABLE 5 - AVERAGE EMISSION RATES AND ACTION LEVELS

Analyte Emission Rate Emission Rate Average Emission Action Level
Test Run #1 Test Run #2 Rate {Ib/8-hr)
{Ib/8-hr} (Ib/8-hr) (Ib/8-hr)
TSP 0.0648 Ib/hr 0.108 Ib/hr 0.0865 Ib/hr 12.50 Ib/hr
As ND! ND . ND 0.000019
(<1.56x10?) (<1.54x10%) (<1.55x10%)
Cd ND ND ND 0.000047
(<1.56x10™) (<1.54x10%) (<1.55x10™)
Cr-vi 4.58x10™ 1.10x10° 7.8x10™ 0.0000071 I’
Ni 1.42x10% 1.46x10° 1.44x10° 0.000286 n

- hone detected

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 (VT - Air Pollution Control
Regulations: August 13, 1893) 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/8-hr.
However, regulatory discharge levels for TSP must be reported in units of Ib/hr,
and is determined based on the input process weight (Ib/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. 1t should be
noted that Chromium-V1 action levels were exceeded in spite of the fact that less
than detectable quantities of Chromium-Vl 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 fiowrate and the analytical detection limit, the lower
detection limits for Arsenic and Cadmium represent an exceedance of their action
levels.

NEAQT




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 poliution control permit application process
for the mill being installed atthe ™ "~ =™~

[RPT-LUCLOW/DA 1-1-84]

NEAQT
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VELOCITY TRAVERSE DATA SHEET

PLANT 2 %.02 20.7
CITY B | $C02__ o SCHEMATcm
SOURCE s Tz%%i ;‘;H’;ﬁiﬁiz‘l o
PITO'I‘RIin; 0‘/, ?é /K 5\\3&
COEFFICIENT ORI
BAR PRESSURE 28,65 "“Be
OPERATORS CBF SC 7 o
Traverse | Velocity Staék ‘ Cyclonic Static
Point # Head "H,0 | Temp °F Flow Pressure JAP
AP Angle ° "H,0
Gor_/ 0.55 | 1643 NA 0.45 0.742
2 | 66 1¢2.0 0375
7 062 | 70.9 0. 387
5 0.5 172.2 0.300
2 0.7 | 173.7 0-§19
7. 0.5 | 1172.7 0806
g 0,59 1724 0. 768
Sine__/ 0,53, 160,35 A
Z .58 (6. 0.3
3 0.L5” | 70.2 0.80(
7 0.LS 172.% 0.80(
5 OO 17.2,7 6318
b 0.5 2.7 4368
% O 5‘7 172,72 0 .385
0.53 {78.0 0131 |
AVG 060 /70 203 0,115
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NOMOGRAPH DATA FORM

PLANT

CITY

DATE

SOURCE 'Bekey K1 2]

from QA Handbook M5-4.1

ma?

Calibrated or'ific':e Pressure Differential "H,0 AH@ /“ 7
Met;.er_‘ Temperature Average °F T /00
Hoisture. in Gas f‘fream % Buo _‘f:Z. S
Barometric Préjssure "Hg Py 28.(S
Stack Static Pressure "H;0 P.' +0 ‘7’5_
Static/Barometric Pressuré RaFio P,/P, —_—
Stack Temperature Average °F T, / 70
Velocity Head .Average ""H,0 APuv aéé
Velocity Head Maximum "Hy0 A'an i é'7
C Factor

.99
CalculatJed N?zzle biame'ter " D': ta alg
Actual Nozzle Diameter " Ds 0./50

Reference Ap "H,0

*

0.b
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SAMPLE WEIGHT LOG SHEET

Project: e
Facility: : _
ilter size: /50 A
FILTER/ DATE/TIME | DATE/TIME { DATE/TIME.| DATE/TIME | DATE/TIME
C:ﬂg? mass g mass g mass g  mass g mass g
£ rne iZler 1500
'S0 47324, | bb. 7370,
. T e ”
/52 | 47.566bs| 67.9685;
tare. i
/53 | 47, 30804 473684
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TARE WEIGHT LOG SHEET

Project:
Facility: g
Filter size: /S0 mL
FILTER/ DATE/TIME | DATE/TIME { DATE/TIME | DATE/TIME | DATE/TIME
NUMBER mass g mass g mass ¢ mass g mass g
12]20
s/ feo_ /4o
Cb 73244
V74
[$-2Z 67 5646
. 44
/5 -
> > 67380,
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SAMPLE WEIGHT LOG SHEET

Project: _
Facility: | i
Beakerkfgzggi/size: 4%7'44”1 (EF
T, ‘ DATE/TIME | DATE/TIME | DATE/TIME | DATE/TIME | DATE/TIME

BEAKER .
NUMBER mass g mass g mass g mass g | mass g
47’04 Fate Z/&'{)/‘?')' 760D

0.0880 |p.0864 |C.086%4

| Ae |

47-05 15 o875 10.0904 0-070%%

\m.
47-06 0 088 |0.9680 |0 0884 4

r Py of GFF }?ézov@/ pn  acting weals
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&J-J il :—EEND YNE, INC. Laboratory Services

32 James Brown Drive
Williston, Vermont 054985
(B02) 879-4333

FAX 879-7103

REPORT OF L ABORATORY ANALYSIS

CLIENT: 1 PROJECT CODE: NEAQ3625

PROJECT NAME: } REF. #: 55,415 - 55,427,
DATE REPORTED |

DATE SAMPLED: | |

REVISED REPORT: ©~ i

']
H

Enclosed please find the results of the analyses performed for the sa?nples referenced on
“the attached chain of custody record. : '

Chain of custody indicated the samples were not preserved.

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

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

Blank contamination was not observed at Jevels affecting the analytical results.
Analytical method precision and accuracy was monitored by laboratory control standards

" which inciuded matrix spike, duplicate and quality control analyses. These standards were
determined to be within established laboratory method acceptance Junits.

- Reviewed by, 7%

Harry B. Locker, Ph.D.
Laboratory Director

enclosures




gy@g :END YNE, INC. Laboratory Services

32 James Brown Drive
Williston, Vermort 05485
{802) B73-4333

FAX 879-7103

LABORATORY REPORT

CLIENT: . PROJECT CODE: NEAQ3625

PROJECT NAME, "™~ REF.#: 55,415
REPORT DATE: | , , STATION: A472 & A«73

- DATE SAMPLED: . TIME SAMPLED: N¢t Indicated
DATE RECEIVED: _  ___ . _ __ SAMPLER: C. Pu_isto/S. Clark

REVISED REPORT: .

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

Parameter Concentration EPA Method Analysis Date
Total Arsenic <250 6010 12/23/33
Total Cadmium <(.250 . 6010 12/23/93
Total Chromium VI 2.20 SM 3500-CR D. 17.27/93
Total Nickel - 315 6010 12/23/93

7 :




_ E N D YN E, INC. Laboratory Services

32 Jame s Brown Drive
Williston, Vermont 05495
(B02) £/9-4333

FAX 879-7103

LABORATORY REPORT

CLIENT: 1 o PROJECT CODE: NEAQ3625

PROJECT NAME: * = ----~~ N REF.#: 55,417
REPORT DATE: L. _. _ STATION: A475 & A476
DATE SAMPLED: , NPV TIME SAMPLED: Not Indicated
DATE RECEIVED;. ~~ ' SAMPLER: C. Pusto/S. Clark
H

'REVISED REPORT s e

-

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

Parameter " Concentration EPA Method Analvsis Date
Total Arsenic <2.50 6010 12/23/93 °
Total Cadmium <0.250 6010 12/23/93
Tota] Chromivm VI 531 SM 3500-Cr D. 12/27/93
Total Nickel 3,99 6010 12/23/93

7,

-
ﬂ Ut f‘_J/ .
/




i :E N D YN E; INC. Laboratory ‘Jervices

32 James Brr;‘wn Drive
Williston, Ve- mont 05495

(802) 879-4333
FAX 879-7403
LABORATORY REPORT

CLIENT: PROJECT CODE: NEAQ3625
PROJECT NAME: REF.#: 55,416
REPORT DATE: 1. STATION: A474
DATE SAMPLED: ' TIME SAMPLED: Not Indicated
DATE RECEIVEDQ LSLeLuT : . SAMPLER: C. P'-‘StO/S. C]dl'k
REVISED REPORT: . . __, _, .... . : ‘

-~

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

Parameter Concentration EPA Method Analysis Date
Total Arsenic <5.00 6010 . 17./23/93
Total Cadmium <0.500 6010 12/23/93
Total Chromium VI <0.500 6010 1/5/94

Total Nickel 3.68 6010 12/23/93



I :E N D YN 5 INC. Laboratory Services

32 .ames Brown Drive
Wiliston, Vermont 05485
{8C2) 879-4333
FAXB79-7103

LABORATORY REPORT

CLIENT: .. : PROJECT CODE: NEAQ3625

PROJECT NAME, ' ‘ REF.#: 55,418
REPORT DATE: _._ STATION: A477

- DATE SAMPLED: TIME SAMPLED: Not Indicated
DATE RECEIVED: . SAMPLER: C. P\‘isto/S. Clark

REVISED REPORT:

-

Tested parameters are reported in micrograms per sample (ug/sample). Digestio: was performed
by EPA Method 3(110/3020.

Parameter Concentration EPA Method Analysis Date
Total Arsenic <5.00 6010 12/23/93
Total Cadmium <0.500 6010 12/23/93
Total Chromium VI <0.500 6010 1/5/94

Total Nickel 3.06 6010 | 12/23/93




CLIENT:. .
PROJECT NAME:
REPORT DATE: L..
- DATE SAMPLED: |
DATE RECEIVED: .
REVISED REPORT:

] —ENDYNE, inc

LABORATORY REPORT

Laboratory Setvices

32 James Brown Drive
Williston, Vermont 05495
(802) 879-4333
FAY879-7103

PROJECT CODE: NEAQ3625

REF.#: 55,419
- STATION: A478 & A479

TIME SAMPLED: Not Indicated

- SAMPLER: C. Pg.isto/S. Clark

Tested parameters are reported in micrograms per sample (ug/sample). Digestion was performed

by NIOSH Method 7300.

Parameter

Total Arsenic
Total Cadmium
Total Chromium VI

Total Nickel

Concentration

<2.50

<0.250

<2.00

<1.00

EPA Method

6010

6010

SM 3500-Cr D.

6010

Analysis Date

12/23/93
12/23/93
12/27/93

12/23/93 |



CLIENT: .
PROJECT NAME: "~~~
REPORT DATE: ]

Al —ENDYNE, inc.

LABORATORY REPORT

DATE SAMPLED:
DATE RECEIVED. _.
REVISED REPORT: .

Tested parameters are reported in micrograms per sample (ug/sample). Digestion was performed

by EPA Method 3010/3020.

Egugmgtcr :

Total Arsenic
Total Cadmjum
Total Chromium VI

Total Nickel

Concentration

- <5.00

<0.500

<0.500

<200

Laboratory Services

32 James Brown Drive
Williston, Vermont 05495
(802) 879-4333
FAX879-7103

PROJECT CODE: NEAQ3625

REF.#: 55,420
- STATION: A480

TIME SAMPLED: Not Indicated
SAMPLER: C. I‘.r.sto/S. Clark

EPA Methpg

6010

6010

6010

6010

-

Anglvsis Date

12/23/93
12/23/93
1/5/94

12/23/93




g L "_'E N D YN E, INC, - Laboratory Services

32 James Brown Drive t
Willistor, Vermont 05485
{802) 879-4333
FAX879-7103

LABORATORY REPORT

CLIENT: ivionvw . PROJECT CODE: NEAQ3625

PROJECT NAME ‘ REF.#: 55421

REPORT DATE: . - 'STATION: A481

DATE SAMPLED: : TIME SAMPLED: Not Indicated
DATE RECEIVED: SAMPLER: C. Pjisto/S. Clark

REVISED REPORT wusruniy 1, 1774

e

Tested parameters are reported in milligrams per kilogram (mg/kg), dry weight. Digestion was
performed by EPA Method 3050.

* Parameter Concentration EPA Method Analysis Date
Total Arsenic 669. 6010 12/23/93
Total Cadmium ‘ 0.964 6010 12/23/93
Total Chromium V1 <4.03 7196A 1/13/94

Total Nickel 965. 6010 12/23/93




@—_QLJ_ 5 E N D YN E, INC. ‘ L.aboratory Sérvices

32 james Brown Drive
Wiliiston, Vermont 05435
{802} 879-4333

FAX 879-7103

LABORATORY REPORT

CLIENT: | PROJECT CODE: NEAQ3625
PROJECT NAME ~ REF.#: 55,422 -
REPORT DATE: . STATION: A432

DATE SAMPLED: - TIME SAMPLED: Not Indicated
DATE RECEIVED: ~--— SAMPLER: C. Phisto/S. Clark
REVISED REPORT: ey sy - :

-

Tested parameters are reported in milligrams per kilogram (mg/kg), dry. weight. Digestion was
performed by EPA Method 3050.

Paramcterl Concentration EPA Method Analysis :Qate
Total Arsenic 658. 6010 12/23/93
Total Cadmium : 0.984 6010 12/23/93
Total Chromium VI <4.06 ' 7196 A 1/13/94
Total Nickel 960, 6010 12/23/93




R :ENDYNE, INC.

Laboratory Services

32 James Brown Drive
Williston, Vermont 05495
(FBO)?) 8;9-4333
AX879-7103
LABORATORY REPORT

MATRIX SPIKE AND DUPLICATE LABORATORY CONTROL DATA

CLIENT:

PROJECT NAME:

REPORT DATE: ]

DATE SAMPLED

SPIKE QA/QC DATA:

Parameter

Arsenic .
Cadmium
Nickel

~ Arsenic
Cadmium
Nickel

Arsenic
Cadmivm
Chromium VI
Nickel

Ref.#

55,417
55,417
35,417

55418

55,418
55,418

55,422
55,422
55,422
55,422

DUPLICATE QA/QC DATA:

Parameter

Arsenic
Cadmium
Nickel

Arsenic
Cadmium
Nickel

Arsenic (mgxg)
Cadmium  (mgig)

Ref.#

55,415
55,415
55,415

55,416
55,416
55,416

55,421
55,421

Chromium VI (mgag) 55,421

Nickel (mgrg)

Notes:

55,421

PROJECT CODE: NEAQ3625

Sample{mg/L) Spike{mg/1.) ‘ _ % Recovery
<0.050 0500 . 1267
<0.005 0.500 107,
0.080 0500 - 107,
<0.050 ; ©0.500 100,
<0.005 0.500 97.
0.036 0.500 101,
8.36 5.00 115,
0.013 0.500 95.5
<0.100 0.500 106,
122 5.00 112,

Dup 1{ugfsample) Dup 2(uvg/fsample)  Avg % Deviation

<2.50 <2.50 ND!
<0.250 <0.250 ND
2.84 3.45 10.
<5.00 <5.00 ND
<0.500 <0.500 ND
3.58 3718 3.
665. 672. 1
0.987 0.940 2,
<4.,04 <4.01 ND
967. 963, ) 0

* -Spike recovery falls outside laboratory control $tandards due to sample matrix interferences.
1 None Detected '
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METRED 1 —~SAMFLL AXD YEOCITT TRAYEREES
POR SBTATIONARY SoUREs

1. Pancipis snd Applcsdiinly

1.} Principle. To wd i the Fepresants-
Live measuremesnt of polivtant smimuons
sndzor total volumetne flow rats from &
SLALONATY sOUrTE, A Meafuremati alls whare
the affiuant stream 4 flowing Lo & known &l
recuion 15 sMisciad. and thy crosssection of
the stk U divided (nto & pumber of rqual
aress. A traverss point u then looniad
wiLthun asch of thess equal areas.

1.2 Applcabllty. This method is applica-
bis to flowing FAd sireamns in CSucts, stacks,
and fluss. The method cannot be used
when' (1) flow » cyclonis or rwrling (e
Sectyon 1.4), {2) & stack (s amalier than
apoyt 0.30 mewer (12 In) In dmetar, or
0.0T1 m?(113 in " cross-sectional area, or (1)
the messurement sits 5 Jaas Lhan two stack
or dyct diameters gownsirears or lem than a
hadl distoeter upstream from a Now disturb-
ance

The requirementa of this mathod must be
conmgdared Defore construction of & new Ia-
cility {from which emussions will be mens-
ured: {allure o do M DAY Fequure JUubse

quent altarstions Lo Lhe stack of oeviauon -~

from the stanaard procedure. Ceaes LNYoIY-
thg VAMANLA are IURI#CL WO approvel DY the
Admunutreiar, U8, Invuonmenial Prowsce
uoN Agency.

L Procedure

2.1 Selection of Messurement Site. Sam.
pling of veioeily messurement ¥ perfoMMmed
sl & site located &L Jeast eight sLack or duct
diameters downsiream ANd WO diamelers
upsiream [rom any flow disturbance such as
& bend. eXpansion, or contrasucn n the
stack. oF from & visidle flame. 1! necessary,
an alternative jocation tmay De ssiecied. at a
position Al lesst two stack or duct diameters
gownhstreamn and & hal! diametsr upstream
from any few disturbance. For & rectangu-
iar cross MCLION. an equivalenl diametsr
(De) shall be caiculsted from the [ollowing
equanon. Lo cetermine Lhe upstream and
GOWTISLIeAM dUBLANCES:

LW
Bie =————— .
iLew) -

where Lelength and We width,

An aliernavve procedure s availably for
delermanung the sccapiabulity of 8
measurembent locaLon noi meeung the
cnena above. Thas precedure. deteTunation
of gas Now angias &t the sampling pousts and .
companng the results with acorpiability
cnians i descnbed io Setuon 14

2.2 Detsrmuning the Number of Traverse
Polnws,

221 Purticuata Traversss. When the
«1ghy and two-diametar critaniol can be
met. the mummum hdumber of traverse
powats shall be: (1) twelve. for circular or
MOCLALQUIAT stacks with dlarnetars (or squiv-
alsit diarnetgrs) greater than 0.61 meter (24
) (3} slght, [or cUcWar sacks with diam-
stery between 0.30 and 0.8] meter (13-24
1) (3) mne for reclatigular stacks with
sqWivalan: diamsiers betwesn 0.30 and 0.41
mater (12-24 1n.).

When the airbt- and two-diametar crite-
non annot be msat, the puniMum aumber
of Waverse POINLS i3 detarTuned from Fyure
1-i. Belore refernng 1o the figure. however,
AaarmmIDe LWhe distances [romn the chosan

Mo e pw v s —— = = .

o

mesgurement 34 W Lhe NEalest upsiream
and downstresm disturtbances, and divids
eath distance by the mack diamaetar or

TABLL 1-1. CACSS-SLCTION LATOUT FOA

RECTANGULAR STACKS

OUCT DIAMETERS DOWRITREAM FROM FLOW DISTURBANCE (OISTANCE B)

Figwrw'1-2. Minimum mmber of revers points for veiccity \mmu;lnﬂ 1roverm.

EPA STATIONARY SOURCE SAMALING METHODS

Pege 1-1  REV ¥ 3788

squivalant diameter, 10 determine the dis- NP O FEverse pavrws Motrw Wvon
. tance 12 terms of the numbper of duct diame
ters, Then. deterzune {rom Mgure 1-1 the g 23
minimuss bumber of (raverse boints that 12 [T
correrpondy (1) to the number ¢of duct di- " e
AIDeters UpsireaIL and (2) to the pumber of b
diameters Gownstream. Beiect the higher of 18 ::
the we minimuin Durabers of travarse b bt
poin, OF & FTEStEr Yalue, so Lhal for cucu- 4 Fp
lar stacks the number is & multiple of 4. and “» 77
for rectangular FRACES. Lhe Dumber I8 one of
those shown Lo Table 1-L
-
DUCT DIAMETIAS UPTTRLAM FROM FLOW DISTUA BANGE [DISTANCE A}
o8 1.8 4 .0 s
ur T ] 1 T T T y
NG HEN WUMBLA IS FOR
- NECTANGULAR STACKS OA DUCTS
- o -
z
(-]
[~
3
> 39 ~. -
H
= v o 28°
s
] 0
B - -
! 1§ grack DIAMETER > 041 m (34 in)
} 12
Sl ol | Sonp
1 » FRON POINT OF ANY YN OF
OISTURBANCE (MND. LIPANSION. CONTAACTION. ETC.) .
STACK OIAMETIA 420 TO MBI m 1324
‘ 1 I ! ! (- ] i
1 b 4 ) [ ] 7 8 9 w
DUCT DIAMETIRE DOWNSTALAM PAOM PLOW OISTURBANCE (DISTANCE [
Figure 1-1. Minimum number of triverse pont for paruculetd traveret
OUCT DIAMETIAS UPETRLAM / ROM PLOW DISTURBANCE |DISTANCE A)
B X 1.9 1.8 19 13
u T ] 1 ; i T :
P HIMER UM A 1S FOR . |
ABCTANGULAR STACKS OR DUCTS T[{osTumanctL
= = . & -
hog ASURENINT
3 _ -f Wouutrrad
P Y . [} ,
s L n
OETUMANCE
: N\
1T ;
: ' STACK DIAMETIR > &81 m (34 i)
; i | "
i" | 2oy ~
STACK DIAMETER = 0230 TOA61 m (1334 ja)
. | | ! ! | I L
1 1 . t 4 ] [ » w



>

a0

223 Veioclty (Non-Particuista) ™ Trs-
verses. When velocity or volumme flow
mte 18 10 be derarmined (but pot parucuiate
matiar!, the same procedure as that {or par-
ticulate traverses (Section 2.2.1) s followed,
except that Fipue -3 may be used instesd
of Pigure 1-1.

2.3 Cross-sectiocnal Layou: and Location
of Traverss Pounu, : . '

23.1 Circular Btazks, Locate the traversa
POINts OGN tWD DRrpenduCUIAr CLAITALErS B0
cordung 10 Table 1-2 and the example shown
in Myure 1-3. ANy equalion (for examples,
ses Chtations 2 and 3 in the Bibliography)
that fives the same valuss s Lhose 1n Table
1-2 raay be used In lieu of Tabie I-1.

Por paruculate traverses. ont of the diam-
elers must be 11 & plane contsrung the
greatast sxpecisd cONCEDIrAlion VArnauon.
¢.5.. siter bends ons cismneter shall be in
the plans of the bend. This requireent De-
comes less critical as the distance [rom the
disturbance increases: Lhersiors, other di-
ameter locations sy be used, subject Lo &p-
proval of ths AQEUDISLIALOr.

Taavinst DISTANGCE.  °

POINT . 3t arameles
“
1LY ]
s
na
1)
"ne

L T % NN N

1n adgition for sacks naving damears
greatar than 0.4l m (34 in.}) no traverse
points shall be locatsd withun 2.3 cenlime-
ters (1.00 in) of the sack wall and jor
stack diameters equal 1o or lass than 0.6l m
(24 i), no traverse pownts shall be Jocated
within 1.3 cm (0.50 in.) of the siack walls

To meet these critena. observe ths proce-
dures given peiow,

23.1.1 Stacxs With Diameters QOrestar
Than 0.61 @ (34 {n). When any of the tra-
verss poinis As located lp Sectuon 1.3.1 fall
within 2.5 cm (1,00 in.) of tha stack walls, re-
locats them away [rom the stack walls tof
(1) & distance of 25 cm (1.00 ) or (D) 8
dlatance equal to the nozxis Daide diametar,
whichever 1 larger. These relocsled Irs-
verse DoINLs (on each end of & dlameisr)
shall ba the "sdiusted” tFRYErss pounts. -

" Whefever (wo succesmve Lraverss polnls
are combined to forma & nAgle sdjusted LT
verss pownt. treat the sdiusted pownt as two
seDArALS (riverss pounts. both in the sam-
pling (or velocily measulerasnt) procecurs,
angd in recording the dats. ’

»

- -

Fiqure 1-3, Examoie snowsng Cirtuldr 1LACK CIOME IC110A Sivided nte
12 POudl RSN Wil LOCATION OF raversd POWNTE INUICALND.

i
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23.1.2 Stacks With Diameters Equal to
or Lass Than 0.51 m 124 i) Follow the pro-
" epdure 0 Section 13.1.1. noting only that
any “sdjusted™ points should be retocared
awsy {rom the siack walls to: (1) 3 distance
of 1.3 erm (050 in.2 or (2) & distance edual (0
the DorIis nsiae diameter, whichever i3
larger. .

23.2 Rectanguiar Stacks. Deterrune the
pumber of traverse poinis i3 explaned 10
Sections L1 and 22 of this method Prom
Table 1-1, detertiins the grid configuration.
Divide the stack cross-section i0LO a8 many
equal rectangular siemsntil sress A3 UrR-
verse pounts, and than locate & itriverss
poin: at the centroid of each sQUAl Ares ac-
cording to the example 1 Figure 14,

If the testar cesirss to Uuse more than the .

murumum  number of averss poInts.
expand the “minimurm dumber of traverse
poInts” matnx {see Tabis 1-1) by adding the
exXIrs {TAYerIs DOLNLE alonyg ang or the other
or bolh lega of the matnx the {inal matnx
nesd not be balanced, For sxample, if & 4x3
“mupmum aumber of POLDLE DANX wers
txpanded to 3¢ points. the (inal matnx
could be ¥x4 or 12x3, and would Dot neces-
aarly have to de §x6. After constructing the
linal msatrix, divide the stack crosssection
into as many sgqual rectanguiar, slemsntal
sress Al Lraverss Dointi, and locats & tra-
verse POIRL At thae centroid of esch equal

The situsiicn of traverss poInts belng too
tiose 0 the stack walls 13 not expecied to
anss with rectanguiar stacks I this prob-
lem should ever arua, the Adminuiratoer
must be contactad [or resciution of the
maLter. )

2.4 Verificaton of Absence of Cyclonje
Flow. In most stationary sources, the diree.
tion of stack Fas flow s essentially paratlel
to the stack walls However, cycionue flow
may exust (1) after such devices as cycicna
and nerual demutars folowng venturt
serudbery, or (2) iN stacks having tangential
iniets or other duct conflgurstions which
tend to induce sWIrAG 0 these stances.
tho presencs of abaence of cycionic flow st
the aampiing locstion must be detefTuned
The foilownng techniques Tre acceptadie for
this determinauon. d

¥

] . ]
t !
LI I o
; —— - —— - -
| o : e ! o 1
1 | I i
e e e e
' ! i
e 3 o |} 9 °
' 1 f

Figure | &. EaamDim showrey 1eCIanguidr 115CR Crom
wriron Grveoed 18t8 17 s0usl Mest weth § irsvene
POt BT LIV OF 5N MM

.

Lavel and zero the manometsr. COnnect &
Type S pitst tude 1o the manometer. Pos-
tion the Type S pitot tube &L each traverse
polnt, in succession. 3o that the planes of
the face operungs of the pitot tube are per-
pendicular to the sacx cross-sectional

plane; wnen the Type S pitot tupe 15 L this -

position, it i3 &t 0° reference.” Note the dif-
{erential Dressule (4p) reading st esch .
veras pownt. U a null {zero) pitor reading 13
obtained at (" reference Al & nven LTAVErNR
pownt. An scceptable flow condition exirta at
that point. U the pitat reading i3 not zero at
C* reference, rotats the pitdot tube (up o
=90' yaw anglel, until » null resding s ob-
tuned. Carefully decarmine snd recerd the
vilue of the rotation angle (s} to the paar-
est degree. Aftar the null techniqus has
been aDPled A sach traverse point. calcu-
late the avarage of the sbsoluty vaJues of al
assign @ valuss of 0 to those points [or

which no rotation was required, and (delude -

thess 10 the oversll aversge. [ the averigs
value of a (s grester than 20°, the overal
flow condition ln the sack B unscceDLADIe

and siternstive methodology, subject to the .
approval of the Admunistrator. must be Used .

t0 perform ACCUrats sample ADG YelOoalY i
veras.

The siternative procedure descnped 10
Secton 25 may be used 1o determune the
rotstion angles in liev of Lhe procedure
described sbove. The lim of sccepiability
lor the averape vaiue o a would remain 20°,

23 Allerpative Meascrement Site
Selecuion Procedure. Thus slismative appliss
1o sources where messurement locations are
Ives than 2 squivaient stack or duct diameters
dowunstream or iess than % duct diameter
upstsam from a flow disturbanos. The
aiternative should be Lmuted to ducts larger
than 24 in. wn digmeter where blockage and
wall sffects are curumal A directional fiow.
sensing probe is wed to messure pitch and
yaw angies of the gas flow st 40 Or thore
traversa points: the resultant angle i
caiculated and compared mith acceptable
cniiena lor mean and sandard deviaton

Nola~-Both the pitch and yew anglee are

messurvd from a line passing through the -

traverse ponnt and parallsl to the slack axis.
‘The pitch angle s the angie of the gas flow
componant 1a tha plane that INCLUDES the
traverse ling and is parsliel 10 tha stack axis,
‘The yaw angle 18 the angie of 1he pas flow
component in the plans PERFENDICULAR to

. the traverse Lne al the traverse powdt and s

maessured from the line passtng through the
treverse pouwnt and parailsl 1o the stack axia,

251 Apparans.

2311 Dirvcoonal Probe. Any directional
probe. such as Unuted Sensor Type DA Three.
Dimensionsl Directional Probe, capable of
measunng both the piick and yaw angles of
gas Nlows 1 sczapuable. (Nows Menuca of
trade name o ppeafic products does not
constituls endorsemant by the US,
Eavirenmenia] Protecnon Agency.] Assgn an
identification sumber to the direcnanal

"*.
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STODA. ARG permanenly mark of engrevy ,
humber on the body of the probe. The |
pressurs holes of directional probes sre |

" susceptible 10 piugpng whes used 1a

partcuiste-isden gas sTeams Therefors,
rgllm for clearung the presswze holes by
"Saex-puring” with pressuraed mtus |
required. |
2312 Differential Pressare Gauges,
Inclined manometers, U-tube mancmeter,
otier ilTrrennai preveure gruges (0.5
magnehelic gauges) that meet the ;
sprcuficanons cescribed in Method 2 § 2
Noww=Ll] the differential pressure gsua
produces both cegsuve and ponilve reats
than both neganve snd positive pressure

-readings sball by calibrated st a misumw™

threw points as specfed in Method 2, § £

252 Traversa Pounts. Use & mutimun
40 taverse pounts {or tarcular ducws and ¢
pownts for rectanguisr ducts for the gas fio
angle determingtions. Follow | 23 and T
1-1 or 1-2 for the jocation and layout of
tryverse pounts. I the messurement locs
is determunad 10 be sctaplabie according
the cniena in this aitematve proceaure., ¢
the sams Taverse paint pumber and lo
for sampling snd valocity measuremenu

253 Measurement Procedurs. .

2531 Prepare the dirwctonal probe &
diffarential pressure gauges a2 recommen
by the manufacrurer. Capillary tubing o
surge (Anke may be used t0 dampes pre
fucrustions. it is recommended. but not |
requred. that & pretest lsak check be !
conduciad. To perform a leak check,
Pressunsé of use suction on the impact
openung ustil a resding of at lesst 78 2
in.) HeO registers on the differential prest
panpa. then piug the ipact opening. The
pressure of & leak-free yystem will remn
stable for et isast 15 seconda.

2532 Lsvel and savg the mabomets
Since the mancmeier jevel and soro may
because of vibrations and temperature
changes, periodically chech the isvel as
110 dunbyg Lhe Taverse

2523 Position tha probe ai the
lpmulmnmhthlumJ
rotats untll sxro deflection is wdicsted fs
yaw angie pressurs gauge. Determing &
tecord the yaw angle. Record the prese:
gauge esdings for the pitch angls. and
detsrgune the pitch angle froms the calibn
curve. Repeat this procedure for sech
traverse paint. Compiee a “back-purme
the pressure Lines and the imrpect openi
pnoe 10 measurements of sach traverse p

A posi-teet check as described In § 2.5
{a required. If the criteria {or a leak-fre
rystem are nol met. tepaie the squipme
repeat the flow angle measwwmentn

234 Calcalats the reseltant sagle st
traverse point, the svernge resultast ar=
and the standard deviabon using the
lollowng squationa. Complets the
calcalatons retaimng sl least cos sxire

significant figure brysud that of the sess
data. Round the veluss aler the £aal
calcaletions,




2541 Calculate the resuitant angle at
ach Taversq pomt
L, = &r¢ cosine {{coawns Y ){cosins P\)] Eg.
1=2
Nhere
i « Resultamt angle st teverse point |,
dexree. -
Y= Yaw angis st Teverse pount L dexree.
?,m Plicn ang:s at traverse point L degres.
2342 Caicuiat the sverage resultant for
the Deasuremnents:

ﬁ_._n‘;._
a

Egq. 1-3

sheret

f =« Awerage resultant angle. degres.

2= Total number of treverse poinis.

" 2343 Calculus the mandard deviations:

£y = Blandard deviation, degree.

233 The peesurecent location s
accaptable if R¢ 20° and 8,<10%,

258 Calibrsgon Use a flow system as
described in Secnons 4121 and 4,122 of
Method Z in sddition. the flow system shall
have tha capaciry to gensrais fwo tasi-
secuon velocbes: ons between 83 and 700
m/mp {1200 and 2400 ft/zun) and one
batween 730 and 1100 m/mus (2400 and M)

2581 Cut 'wo entry ports in the test
section. The axes through the sniry ports
shall be peroendicular to sach other and
interyect in the cenuoid of the tast secnon
Ths ports should be siongated slots parsiled
\a the axie of the test secnion and of wiflcent
lenqib to allow measurement of piich angiss
while mainteining the pitot head poesitog a
the test-section convoid To laalitate i’
alirnment of the direcnonal probe duning
calibration, the teet secuon shoud be
constructed of plexigiase of some other
ransparent matenal All cabbrauon
messurements should be made at the same
poiat in the test secucn. prefernbly st the
centroud of tha test-pecnon

2362 To eruure that thae gas flow in
parallei to the ceniral axis of the teat secuon.
follow the procsdure in Section g4 lor
cyclome flow deterrunation 10 messurs the
sas flow srgies at the contrond of the test
yechioh hom twe test ponis located 90° apant
The gas flow angis messursd in each port

" tmust be £ 2% of 0°. Simighiening vanes
snould be installed. if necessary, to mewt
this crtenion, .

2343 Pitch Angle Calibration. Perform &
calibration Taverse sccording to the
manufscturet’'s recommended protcol in §°
increments for angies rom =40 10 «80° st
ona veioCity 18 esch of the two ranese

speciiiag above. Averdis e prassure ratio
vaiugs oDtainec [or @8CR ARge 10 W18 (WO
Mow ranges. snd plot a cabibration curve with
the average vaiues of the pressure rsuo (o
otber switable manayremant factor a8
recommanaed by the manufacturer| veryus
the piich angie. Draw a smooth line throush
the aats pointa. Plot alao the cats vajues [or
racn traverss poant. Determune the
diflerences berwesn the messured data
values and the sngie from the calibrauon
curve at Lhy same presaure rano. The
dilfarence st each companson must be wathin
2* for anglies berween 0° and 40° and withun
3" for engles berween 40" and 80°.

2384 Yaw Angle Calibrauon Mark the
three-dimensionai probe 1o allow e
determunsuon of the yaw positign of the
proba, This is usuaily & line extending the
length of the probe snd aligned with the
impact openung. To detsrmine the sccurncy of
messuremants of the yaw angie. only the 110
or nuil pontiom need ba calilbrated an
f{ollows. Place the directional probe 1 the test
saction. and rotate the probs uanl the iaro
poniton 1s found. With a protrscior or other
angle measunng device. measure be angle
indicated by the yaw angis inchcator on the
three-demensionsl proba. This ahould be
within 2* of 0°. Repeat this messwrvment for
any other ponts siong the length of the pitot
whers yaw sngle mesnuwsents could be
resd in order to sccount for vanasboas ia e
1ot markings used 10 tndicate pivot heed
POBILIONS.
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METHOO 2 RULES AND

A

METROY I—Drm:nnﬁon or Btacx CGas
Vooorry awp Vorowsrsie Fiow Rars

(TYre 8 PrrOT TUBS)

1. PAnciple and Applicability

1.1 Principle. The sversge s velocity 1n
a siack & detsrrouned (rom the gad density
and {rom measurement of the average veloc-
ity head with s Type B (Stausschaibe Or M
verse LYpe) Ditol tube.

1.2 Applicability. This mathod s Applica-
bie [or messurement of the aversge velocity
g‘"s a8 stream and for quantifyng gas

Thia procedure is not applicable st mess-
urement pies which [al] Lo meet Lhe cTilANA
of Method 1. Section 2.5. Also. the maethod
cannot be used for direct measurement in
cycionic of swiriing gas streamns: Bection 2.4
of Method | shows how Lo determune oy
elorue or swirling Now conditions. When un-
scoeplable conditions sXUL. Allernalive pro-
cedures. nibject Lo the sporoval of the Ad-
gurustrator, U8 Dnvuonmenial Prolection
AgEncy, must be empioysd (O AR MCUTALL
fiow rile GSLAMNIRALODS: SZAmMBISS Of such
slternative procedures ant: (1) w0 nacall
strasghtening vanes: (1) 1o calculate ihe
total volumsine flow Tale soichiometnoal-
ly. or (3) W0 move Lo‘soother messursmant
site at which the flow u aocepiable.

190 16 am®
wrs-18m)

'r T80 amij wi®

REGULAT IONE /AUGUST 18, 1977

i, Appareiuvs

Specifications for the AppaIstus are given
below. Any other apparsius that has been
demonstrates Subject o spproval of Lhe
Adminustrator) to be capable of meeling the
specilicatisns will be considersd scceptable.

2.1 Type S Pitot Tuba. The Type B pitot
tube (Pigure 2-1) shall be made of metal
tubing te.g. stainiess steel). It 3 recommend-
od thal the external tubing diamater (di«
mension D Mgure 1-30) be beiwesn 044
and 0.85 cantumeters (e and % 1nchl There
snhall be an egual duntance from the base of
each leg of the pitot tube (O i {ace-opening

" plans (dimensiona P, and P, Figure 2-2b) it

U recommended that Lhis dustance be be-
twesn 1.05 and 130 Umes the external

tubing diameter. The face cpeningy of the
pitot tube snall, preferably. b sligned M
shown in Pigure 2-2. however, slight mis-
allgnmants of the operunss Are PETIIAIDIS
(oee Pigure 1-3).

The Type & pliot tube have & kDown
coefiiciant, detarmined putlined 1o Bec-
tion 4. AN identification number shall be &
signed 10 the Pilot tube: Lhus numbaer shal
be permanantly marksd of sngTaved on the
body of the tube. : .

j..—-....——.. . TAMPERATUR] 3INSDA

' [}

S===

TYPE S PITOT TUBE

- W

*SUCGESTED UNTEAFERENCE FALH
MTOT TUBE - THEAMOCOUPLE SPACING

7

LEAN-FALE
conutcTIONS

MANOMETIR

Figure 2-1. Type S protiube manometer ssembly.
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.'1 TRANSVERSE
' TUBE AXIS

b | ' . ' FACE
11 ' OPENING _"1

' N PLANES
’ (a) .
t
h |
‘ }
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l
lj ASIDE PLANE
y _ i © — — . e NOTE:
LONGITUDINAL ’=1 D1 A s . ) ", { LS PCII D,
§ TUBE AXIS L2 s — _-J-"— bas '..
; .
’ 3-SIDE PLANE
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Fgure 2.2. Prooerty congtrucied Type S priot tube, shown i (8) end view: faCE ODEANG DIENES DErDENCCU
10 transverse &xs: (D) t0p vvew: face Openmng planes Parsiel 10 IONOIUGNS ANE: {C) HOS v, Doth wwgs of
mﬂmmmwnmmmmmﬂ“mﬂoﬂ“dOﬂ
May DS 855008 10 prot Oes CONSTUCTed el way.
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| / ' '
TRANSVERSE J/, Y. : .%
Tull AXSS F A A [ ] |

LONGITUDINAL
JURE ARIE™T "

Maa.'dethmnlwlunrummwmuwmu
TmSpnotmThouﬂnmnﬂmmbnﬂmvmucm)nwun‘mdc,_ 10°, 8, 000 8,
§.2 033 om {178 in) and w 0.08 om (1/32 N} (cration 11 inBid) iography).

standard pitot tube may be used instead
of & Type 8, provided that it meets the spec-
ificationa of Sectiona L7 and 4.2; note, how.
wver, that the matic and impact pressure
holes of standard pitot tubes are susceptible
to plugging in particulate-laden gas streams.
Therefore. whenever & standard pitot tube
s used to perform a traverse, adequate
Proof must be furnished that the openings
of the pitot tube have not plugged up
during the traverse period; this can be done
by wking a velocity head (ap) reading at

.

the final traverse point, cleaning out the
impact and static holes of the standard

-pitot tube by “back-purging” with pressur-

ized air, and then taking another 4p read-
ing. If the Ap readings made bafore and
after the air purge are the same (=5 per-
cent), the traverse is acceptable. Otherwise,
reject the run. Note that if Ap at the final
traverse point 15 unsuitably low, another
point may be selected. If “back-purging” at
regular iptervals is part of the procedure,
then comparative Ap readings shall be

EPA STATIONARY BOURCE BAMPLING METHODS
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in) BEO. Citation 18 ln Miblicgraphy des-
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whare: . *

An = lndividual velocity head Jesding at s
" traverss point. mm H,O (ln. H,0),
a=Total oumber of traverse T8
KXel.12 mm B,0 when metric 13 ATY Uused
and 0.003 in H,O whan units are

If T la grealer than 1.08, the velocity hesd
dals AFv unacceptable and & more sensitive
m’t'umual pressure guuge must be used.
OTE If differential pressure gauges other
than inclined manometers are used (e.g.,
magnehelic gauges), their calibration muat
h‘ checiiad aftar each test serigs. To chesck

the calibrstion of a differential premure
gauge, compare 4p resdings of the gauge
with thost of & paugeoll manometer &t &
minimum of hree DOINtA &PProximalaly

- repressnting tha range of 4p vaiues i the

Mmack. 1, 2 wach point. Lha values nf an ee -
resd by ihe dlfferential presmure gauge and
gauge-oll mancmeter agres to within 3 per-
cent. the differential pressure gauge shall
be considered to be in proper callibration.
Otherwide, Lhe st saries Anall withar e
voided, OF procedurss o adjust e meas-
Ap wvaluss and fnal results shall be
used Bubject 1o the approval of tha Adming-

i

:

13 Temperature Oauge. A thermooous

" ple, Uquid-filled Huid thermomater, bimetals
lc thermomatar. merewry-in-glam thermom-
:::. or other gauge, capable of

procedure of Section 4. Provided that a alf- .

the tempersture gauge need not be sitached
to the pitot tube: this alternative is subject
to the approval of the .

24 Prassure Probe and Gsuge. A plasooy
otar tube and mercury. or water-filled U-
tube manomster capable of messuring stack
pressure o within 2.3 mm (0.1l In) Hg s
used. The static tap of & sandard type pitot
tube or one ieg of a Type 8 pitot tube with

2.5 Barometer. A mercury, anerold, or
other barometsr capabls of messuring at-
mospheric pressure Lo within 2.4 mm Hg
(0.1 In. Hg) may be used. In many cases, the
barometric resding may b obiainad from &
‘Dearby national weather service station, in
which case the station value (which is the
abaciute barometric pressurs) shall be re=
Quested and an adjustment for elevation dif-
ferencas beiween Lhe westher staticn and
the sampling point ahal] be applied at a rats
of minus 2.8 mm (0.1 in) Hg per I0-meter

{100 foot) elevation incresse or vice-versa
for slavation decresss.

moent. M na
3.0), 1o determine tha sack '

ﬁuucmum weighl. and Raferends Htth:n p

or Meihod 5 equipment fof molsture

tant determination; othet

used MDject 10 approvel of the

“: ol

19 Calibrstion Mot Tube. When

unofmmsummhlhw
iml‘cuonn.lwdpuﬂwuhm
a3 8 refervnce. The sandard pitsa e
shall, prefersbly, nave & known cosificien
obtiined sither (1) directly {rom the Nati
al Buresu of Standards, Routs 270, Quin
Orchard Road, Guithersbury. Maryland.

t. Allernatively, s g:n::rﬂ P“:‘ .:”
dssigned sccording to T BV
1.1.] through 1.7.8 below and Wustrated
Plgure 34 (see also Cltations 7, & and 17
3idl iography}maybe used. P1tot tubes dasigy
scoording (0 thess specifimtiors will ha
beasling costficients of about 0.99x0.01.

|

I

1.7.4 Matic preasurs holes -

(approximately 0.1 D), squally paded in
pisometar ring condigurstion.

2.7.5 Ninaty degres bend, with surved

pomaeter or squivalent is used 1f the 1ing
velocity aallbration technique is employ
{see Bettion 4.1.1.3}, the aalibrstion ditf

gauge shall
the pearset 0.1 mm H,O (0.008 n H
For multivelocity llibrations,

1
Bibliegraphy),

A ITEATIOMRY SOACE See Tel Wi THvoDe
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Q%

CURVED OR
MITERED JUNCTION

STATIC
HOLES

{+-0.10D)

9

~

HEMISPHERICAL -
BN T

Figure 2-4. Standard pitot tube design specifications.

1. Procsiure

J.1 Set up the apparatus s ahown In
Pigure 1-1. Capillary tubing or surge tanks
installed woenl Lhe manometsr and pitot
tubs may be used O dampen Ap fluctus
fions. It
that &
follows @) blow through ths pitot impact
cpening untll at least 1.6 cm (3 in) H.C ves
locity pressure regusten on the manometer:
then, closs off the impact opening. The
preasure shall remmain stable for at least 13
seconds: (2) do the saamae for the static pres-
fure ride. except Using suction to obtain ths
minimum of 7.0 am (3 in) HO. Other leak.

drift dus to vibrations and tamperature
changws. tmake penodic checxs dunng the
traverse. Record all Decemsary dats as shown
in the exampie data shest {Figure 3-3).

1.1 Messurs the velocity head and tem-
petature AL the traverse points specified by
Method L. Lnsure that ths proper differen-
tial pressure gauge s deing useqd for the
range of Ap valuas sncountared (ses Section
2.2), U it u necessary to change to0 & more
sansitive guugs, 40 30, and remessure the &p
and tempersture readings st ssch traverss
point. Conduct & post-tast leak-<Check (man-
datory), as described i Sevtion 3.1 above, o
validate the Uaverss run, .

34 Messure the static pressure in the
sack, Ons resding 13 usually sdequate,

13 Detarming the MmMMPHEre preasurs.

"‘t~

EPA STATIONARY SOURCE BAMMLING METHOOR
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PLANT

DATE AUN NO.
STACK OIAMETER GR DIMENSIONS, Wi} e |
BARCMETRIC PRESSURE, mm Hy lin. Wyl ]
CROSS SECTIONAL AREA, mithd) |
OPERATORS ,
MTOT TUBE 1.0, NO. :
A SCHEMATIC OF STACK :
LAST DATE CALISRATED S SEE TN |
Vat. Hd.. 40 Staah Tompervinre ’, ) .
[y — 'm.‘n"up i °C 1°6) T, 0K %) |mmugimng| Voo :
| i 5
' ' | L. :
I | [
' I
t
| |
"
) Q ‘
: } |
; ] '
' ]
I f
i
i
i
Avorspe . ;

't

3.0 Determuns the stack gus dry molecular

‘weight. Por combustion processes of proe-

Saby Lhag stmut emsentially CO,, O CO. and
N.. use Method 3. For processes erautuing ss.
sentially amr. an analysis need not be cone
Gucted: Wse & dry molecular weight of 39.0.
Por other processes, other methods, subject
to the approval of the Adminstrator, must
be uped.

3.7 Obtan the mousturs content from

Raference Mathod 4 (or sqwivalent) of from
Method 8.

1.8 Detarmine the cross-sectional ares of
the stack or duct at the sampling locstion.

possible, phyncally messure the
nack rather than uwang blues
prats.

Figure 2.5. Velocity travarse gata.

4. Calidration’

aligned withun thae Uustrated
'l:a“!'gm l-zu ol; 331; The pitat tude ahall
ubed if 1 o meet thae align.
ment specificationa,
'Mtnvommmotmomcmm-
ment, Measure and record the following al.
mensions of the pitol tube: (s) the external
tubing dlamaeter (dimansion . Mgure 1-2v);
and (b) the base-Lo-Openung pians dlstances
{dimensions », and . Figure 1-70). I O a
becwoen 0.45 and 0.8 am (M and W i1} aned
3

EPA STATIONAMY ROURCE SAWLINGD m‘
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spet
Timita, the pitol tube MuM Be onlibeuiy
outlined in 4.1.3 through ¢.1.5 eiow,
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MG

TYHENTOT Tl

BAMPLING OZZLE

A DOTTOM Vilw: SNOWNG MINM MTOT-ROLZZLE SIPARATION.

TVrE S
RTGY TUM

BOEILE EnTHyY
LV 11 :

21 miln) FORD I VT )

411 Tyoe 8§ Pilol Tube Assemblies
Punng sample abd valocity wavarses. the
wolated TyYpe 8 pitot Wube 13 DO slways
used: in many instances, the pitol tube s
used [ combibalion with oLther souroe-samn.
pling sompansnts uac;nwaounlc. :lunp%
. robe, DOEXIe) a8 part of an “assembly.”
To :

! ' crwmthwm‘lnmmbu.'

STATIC PRISSUARL
ot PLARL

MrACTY PRISSURE
orpmng rLAst the procedurs outlined in Sections 4.1.3
) through 4.1.3 below, snd prior to callbra

N . Lmparct presurs opening plane of the pitot
L SI0L VIEW: TO PREVENT PITOY TURE | &""l‘mw"“%ﬁ sntry plane of the nowle
PRDM INTERFEAING WITH GAS FLOW . . : 413 m U the 3
TIREAMLIRES APPROACHING THE Pigurs 3-8 Proyer prist be-sempling 1ot tube b i o Satup, “mﬂ AL
ROZZLE, THE WPALT PRESIUAE pcazle coRAgursLIen 16 prevesl sarodynamis P be oalibrated. one
OPENING PLANE DF THE MTOT TUSE m.—nr b.n-um,-.._-u- tube aball be permanently marked A. and
SHALL BLEVEN WITH QRABOVE TuE o erxie ad plict opansng aligead: O the other, B. Calibration shall be done 15 &
WOZILE ENTAY PLANE borwess 640 ind 400 o {(Reand W] flow system having the following esmential

w >‘l.ll-- '
k i)

TRERMOCOURLE v/ :
= =113 mr0)
TYPES MTOT Tune

IR

THEAMOCOUMLE

Figure 2-1. Propar thermocouple placemant 1o ptavent mumronu.
Dy between Q.48 snd 0.95 cm 13/16 and 3/8 in.).

U

TYPE SPITGT TUBE

LN

SAMPLE PROBE

I

- Y 2782ctm{3in) —om

Figure 2-8. Minimum pitot-sample probe separation needed to prevent interference;
D¢ between 0.48 and 0.95 cm (3/16 and 3/8 in.).

EPA STATIDNARY BOURCE BAMPLING METHOOS
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4121 The ﬂov‘tnl‘ ddnlr:ll.em must be
cordined Lo & duet © cross-eecuional
ares, sither circular or rectangular, Por cir-
cular cross-sections, the munimum duct di-
ameter shall be 303 an (12 in); {of reclan-
mmuom.mudmunmua)
shall be at least 25.4 em (10 1),

4122 The crosssectional ares of the
calibrazion duct must be constant over a dis
tance of 10 or more duct dismeters Por &

au-wcﬂon.momo?mmmt

, alcilsted bom the foliownng
Wmummm_ of duct
dlametare

ww
b= L+ M
Dguation 3-1
where
Dvu Equivelent diameter
Lalangth

W= Width
To ensure the presence of stable, fully de-
valoped Jow pattarns st the ealibration site,

velocitiss above 308 m/min (1,000 ft/min}
and to within =B to § percent for the mess-
urement of velocitiss between 130 and 303
m/min (800 apd 1,000 ft/min). If & more
precise correlation between O, abid velogity
is desired, the flow system shall have the ca-
Pacity L0 genarsis i Jeast four distinct,
tUms-invariant test-section velocities cover-
ing the valocity range from 180 to 1,525 m/
min (600 Lo 8.000 It/min), and calibration
dr:: shall be

E
?
g
;

4124 Twe entry poria. ane each lor the
standard and Type B pi tubes. shal! be
ut In the test section; sandard pitot
enwry port ahall be slighuy -

PITOT TUBE IDENTIFICATION NUMBER:
»

DATE: (e

CALIBRATED BY:

“A" SIOE CALIBRATION

Y T Sy
em K20 em H30 g!\'ﬂ_ﬂ{ﬂ;
RUN NO. t fim. H20) {in. H20) Catn) [ sls) -Gy
Lo | L
: | |
3
Cy (81DEA) |
i
g~ S1DE atilﬂhﬂﬁl
LY LY T
e Ir;o ‘n H20 OIVIAcﬂnl
RUN D, iin. W20) tin, H20} Cpis) Epla) - CyiB)
1
] '
3
tyis0Em
3
. Elegul-Tgaonm|
AVERAGE DEVIATION * o (AOR® = - MUSTBE S

| €y ISIDE &)<,y (SI0E BY [~a—MUST BE <001

Figure 2:8. Pitot tube calibration data.

point as was the standard Ditot tube
pointed directly into the fow, Mak

that the sntty port surrounding the
proparly sealed, .

413.4 Raad Ap and enter ! !
ta ralus

—_— -k

dala Lb.
from the duct and Mmms“.:’:
manomaeter,
4131 Meps 0133 uy
4.1.3.0 adove up:
Bave ¢ three palrs of Ap rey
4138 4133 tn

EPA STATIONARY BOUMCE BAMPLING METHODS
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Fapantion 2-2
whare:
Cous= Type B pitot tube costflcient

Couw= SlaDdard pitot tube oosfficient: .u;

0.0 if the cosfficient I8 unknown
the tubse is designed acoording to tha cri-
s of Sestions 1.7.1 to 275 of this
mathod.

Al = Valocity Noad massured by the sand
ard pitot tube, o KO tin. KO)

A= Velogity bsad maasured by the Trpe B
pliot tube, om K0 tin B0}

01.4.3 Calcuists & (side A), the mean As
side coefficient, and £ (side B), the masa B-
slde cosilicient: n.lculmv:lht diffgrence be-

. toeen thass LWO Average valubt

4.1.43 Calculats the n of gch of

the three A-ads valuss of from & (aide

, and uaﬂulan of sach B-tide value of
Lrom (sids 3). Uss the following
[ 17 125"
Deviation = Cpu=C,(A or B}

Equation 2-3
4.1.4.4 Calculsts r, the average devistion
from the mesn, {or both the A and B sides
of the pitot tube. Use Lhe following egua-
T e

3 -
$IC-.|-C.(A or 1))
. .a .
lquntion =4

wiside Avr B)m

P

4.1.4.8 TUse the Type § pitot tube only i
the valuss of @ (side A) snd o (side B) are
Jess than or equal t0 0.0 and If absoluts

ue of the difiersncs betwesn (A) and
(B} s 0.01 or Jeas.

4.1.5 Bpecial considerations.

4.1.5.1 Salection of callbration polintk.

4.1.0.1.1 Whan un isolated Type 8 pliot
tube is calibrated, salect a calibration point
&t oF nesd the center of the duet. and follow
the prooedurss outlined in Bections 4.1.3
and 414 sbove. The B pitot coelf].
tients 80 obtawned, Le., (zids A) snd
(sida B), will be valld, s0 long as either: (1)
the isolated pitot tubs s used; or (1) the
pitot tube is used with other compohents
(noxzle, Lharmocouple, sample probe) i an
armangemaent thal s fres from asrodynamic
intarfersnce sifscus (soen Pigures 314
shrough 3-4).

4.13.L3 For Type B pitet tube-thermos
coupls ocombinations (without sampls
proba), sslect 5 calibration point at of pear
the centar of the duct. and follow the broce-
dures outlined Lo Sections 4.1.3 and 4Lld
above. The coelficienita »0 obtalned will be
valicd o0 long ad the pitot tubs-thermosouple
combination is used by tasif or with other
componsnts o s Interierence-ires arTange
mant (Fligure 3-4. and 2-8),

41013 Por assemblies with sample
probes. the calibration poiat should be lo-
cated at or nsar the osnter of the duct: how-
sver, insartion of & probe aheath into a
mnall dust Imay osuse significant crods-sec-
tional area blockage and risld Incorrect ¢o-
efificient valuss (Cltation$in Aibliogsaphyl
Therelore, t0 minimise the blockags elfect,
the oalibration point may be & few IDohae

ESTIMATED [ 4, w

. SHEATH - 100
BLOCKAGE |DUETAREA]”
(%} )

EXTERNAL
SHEATH

off-centar if necessary. The actual blockagy
sifect wil be pegligible when tha theorsty.
oal blockage. as determinsd bY & projecieg

which Dpitot tube-nozxle interisrsnce s
factor (La, thoss In which the Ditot-nozzle
sspanution distance falls to moest tha specifl.
oation ilustrsted in Pigurs 3-82), the valuy
of G depends upon the amount of free

b

-space betwesn ths tubse and nomsle,

thersfore Is & lunction of norzle sise. In
these instances. separste calibrations shall
be performed with each of the commonly
used nozzls zises In place. Nows that

-not ordinarily used for sokinetie sampling

at velocities around §15 m/min (3.000 ft/
min), which ls the calibration velocity: nots
Also that it is not necessary 10 draw an lso-
kinetic sample during celibrition (sse Cita-
tion 19 in Section 4),

4.1.8.3 Tor s probs assembly constructed
such that its pitot tube is ajways used In tha
samma onentation, only one side of the Ditot
tube need be calibrated (the sids which will
face the flow). The pitot tubs must still
meet the slignment specifications of Pigurs
3-3 or 1-3, however, and must have an aver

Age deviation W) value of 001 oF lame
Becuion 4.1.4.4), (hte

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

EPA STATIONARY BOURCE BAMPLING METHOOS
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Pigure 3-10. Projecied-ares mocels for typl-
oad pitot tube assembiies.

1.8 Plald Use and Recalibration.

4141 Pieid Un. -

41.8.1.1 When a Type 8 pliot tubs {lso-
1atad tube or assambly) s used in the fleld.
the appropriate coatiiciant valus (whether

the tube [aces the fiow. and the B side coef-
ficient shall be used when the B nids faces
flow: allarnatively, the arithmetic aver-

s A and B sde coetficient valuse

be used, irrespective of which side {aces

1.6.1.2 When s probe asmembly I used
ie 8 mmall dguct (12 to )8 Ln. Ib diame-
tar), the probe shesth spomeilmes bHlocks &
t part of the duit crom-section.
reduction in the effective valus of
Cowr ConmurCitation$ tndibliographyfor de-
tails Comventional pitot-aampling probe as-
sembliss are not recommencded jor use Io
ducts having inaide diameters snaler than
13 inchaes (Cltatioty 18 in Section §).
4.1.0.2 Reaalibrauon
41421 Leolatsd Ptot Tubes. Aftsr sach

i

the pltot tube, m Ln Bection
4.1.4.121; slso, rethessurs the intercompon.
ent specinge of the wssmbly. If the inter

t spacings have not changed and ’

the [a0e opening allgrument s acceptable, I8
can be aasurmed that the cosfliciant of the
sssembly has not changed 1f the face open-
ing aligrument s no longer within tha spect-
fications of PMigures 2-1 or 1-3. sither repalr
the damage or repiace the pitot tube (call-
brating the new amembly. | necessary), I
the Intercomponent wpacings have changed,
restors the original spacings of recalibrate
the amembly. 4

4.2 Standard pitot tube (Lf applicable). If

‘a stansard pitot tube ts used for the velocily
traverss, the tube 3hall be co | V.
cording to the criteria of 4.7 and

shall be assignied s baseline cos!ficient yalue
of 0.98. I{ the standard pitot tube b used as
part of an sasambly, the tube shall be In an
intarference-iree arrangement (sudbject Lo
the approval of the Adminustrator),

4.3 Temperature Caugss. Aflter each
field wuse callbrats dal thermometers.
lgquid-filled bulb thermometets. thermocou-
ple-potentiometer systams, and other
Esuges &% & Lempersiure within 10 paroent
of tha average abeolula nack tempersture.
Por tamperstures up to 403° C (761" P), use
an ASTM mercury-in-glass reference ther-
momaetar, of squivaient. as a reference; sl-
tarnatively, either a reference Lthermocoupls
and potsntiometar (calibrated by NBS) or
thermometric [ixed pointd, s.g. ice bath and
bolling watsr (corrected {or baromaetric pres-
Rire} may be used. For temperstures above
4007 C (761’ I, usa an NBS-calibrated refer-
eDce thermocounle-polantiometsr system or
AR altarmate referencs, subject to the ap-
proval of the ACmmnistralor.

1f. during calibrstion, the sbeojuts tem-
persiures messured with the gsuge belng
calibraisd pnd the reference pRuge AgTee
within L) percant. the lemperaiurs dala
takan o the {isld shall be considered valid
Otherwise, the pollutant efnission test shall
sither be considersd invalid or adjustments
{l appropriate) of the tast results shall be
made, subject 1o the approval of the Admun-
istrator.

4.4 Barometer. Calibrats the baromaetar
uped AFAINSL & IATCUTY DArometar.

8, Calcuiations

Carry out calculations, retaining st least
ons sxtre decimal flgure beyond that of the
scquired data. Round off ligures afiar fina)
calculation.

[ B Y Nm

A = Cross-sectional area of stack, m* (ft 9.

A= Watar vapor In the Fas silsam (from
Method 5 or Rafersnos Method 4), pro-
portion by voiumas,

G, = Pitot tube coeflictent, dimensioniess.

X, = Pitot tube constant.

wm [Clgtg-mukiimm Hu]‘-l
.87 ey TR O 110)

for the metric rystam angd
LN [hbnu-mommn.n )]m
mad e U ("R G, B0

for the Inglish system.

M, = Molecular weight of stack maa, dry besis
(pee Bection 3.8) g/g-mole (10/1b-mole).

M =Molecular weighlt of sack sal, wet
basis, §/8-mole (Ib/ib-molel

iy l] =B} +10.0 B

Egquation 2-4

Pu=Baromstric pressure &l measuremaent
ste, am Hy tin. Hy). :
F, = 8tack static pressurs, mm Hg (in. Hg).

P, = Absoluts slACK Fea pressuse, mm Hg (in.,
Hg).

-P..+P.

] Equation 2-4

Po=Standard absolute pressure, 760 mm
Hp(29.92tn Hp)

Qu=Dry volumetnc stack gas flow rate cor-
rected to mtandard conditions, dscm/hs
{dact/nr).

&L= Stack temperature, *C{‘P),

T.= Absclute stack Lemperature, *K ("R).

aiT3+L for metric

Equation 2.7
=480+4 for English
Equation 3-8
Toa=Standard sbacluts tamperaturs, 293 "X
[{.%7 o :3)
= Avernge Rack [as velocity, m/sec (ft/
»ec).
A--;:ioodtr head of stack gas. mm H.O (in.
).

3.800=Convarxion {sctor, sec/hr,

10.0=Moleculsr weight of water, g/g-mole
(Ib/1b-mole}, .

§.2 Average siack s velocity,

."
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v,- Krc'(m)--ﬂ?-—:é !L
Equation )

33 AWMNMMMI
rale. )

( T (1-.'
Qu=3,000(] — B ruud am——

Tquslion 3—&’

"To convert Oy from
dacm /hr (decl/hr) to deces/mun [decl/ i
min). divide Quy by 60." _ !
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METHOD 17

MrTmop 1T=DETBICNATION OF PARTICULATE
Tarssions PROM BTATIONARY Scvices (1w
PLLIAATION METEOD)

STACK

ticuisce is to bs measured must be
carsfully defined Of the two variables (Le.,
mdpmnm‘:umpnmur:hu
s greatar elisct upon e« amount of par-
:t-mmmunnmomucncmmm
mmﬂoﬁmwwmm;.lmmm
of pressure Appewss o neglipible.
l:m:hods.zzn‘ruuubmhodus
pominal refsrence tempersture. Thua,
'mmiummmmwpm
wctmnmmm
u.ﬂn-dﬂmma:mmm.ln
mwmmnamummmun
dwr.u-msmlonshuudm
sampls probs and & heated fliter holder.

5

tions (over the normal range of temparsiure
mﬂmlwlﬁmmonl
are known io be Indepsndent of tempers-
ture, it I8 desirable 10 eliminsis the Elsas
probs and hesting syviama. and sample st
siack tamperisure.

This method describes an In-stack safn-
pling xysters and sampling proosdures for

-

e o — .

RULES AND REGULATIONS/FEBRUANRY 23, 1378

The operating and maintsnance proce-
dures for many of Lhe sampling train com.
ponsnts are seacribed In APTD-0874 (Clta-
tondindidliogranhv)Sinas cOrTecL ushis b
important iny cbtaining vald resulis all

use in cases It ls intended to be used
otly w specifisd by an applicabls sub-
part of tha sandards, and only wuhin the
aphiicabls temperature limits (U spacified),
oF when otharwise approved by the Admin.
strator.

1. Pnnciple and Applicability. .

1.1 Principle. Particuiste matter is with-
drawn Lsokinatically from the source and
collected on & glass fiber flltar mauntained

date Eravim tar
of uncombined Walar. The angls of taper shall be 30° and th

1.2 Applicability, Thiz metbod spplies to
t'.bc determination of culste emisKions

rom stationary sourcss for detsrmining -

compliance With new source performanoce design. unless otherwise specified by the Ac
standards, only when rpecifically provided
for (n an applicable subpart of the sand.
ards. This method iz not applichble to sacks
that contaia Uquid dropletd o N S achiod
with waler Yapor, 1N ma .
el ot be used 39 writtan if the projected A range of sises suitable for lsokinec
cross-sectional ares of the probe sxienzion-
{{iter hoider sasembly covers mors than B
percsnt of the sack croas-sectionsl area (see
Section 4.1.2). {¥e tn). Kach pomie shall be calibrated »

1 Apparatul cording procedurss outlined o Ss.
3.1 Samping Train, A achematic of the tion 8.1 e
sampling traln used in this method is ahown 217 Fiter Holder, The in-stack fliter

in Plaure 17-1. Constructiod details for
many, but oot all, of the AN componants
are given in APTD-0881 (Citation 3 'n ™ f .
Bibliography )i for ehangw from the Taflon, of stainiess steel Other holder and
APTD-0841 document and fof allowabie
modificetions to Fgure 11-1, consult with
the AGmInMITAION,
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"1l hobel:xunuon.mmluhlonm
mmmwummmmur

114 Pitot Tube. Type 5. a4 described in

muammzwm“mw
Proved by the Admunisiraior; the pitot tube
aball be attached 1o the probe sxtension to
allow constant monitoring of the stack gae
relocity (se€ Pipure 17-1). The tmpact (high
Presrure} opening plane of the pitot tube
lhaubomnmuacrmthowcmm
blans during sampling (aee Msihod 12,
Meoure 2401 It s recommaended: (1) that
the pitot tube have & Xnown bassling coe!fi-
clent, o outlined in Section 4 of
Method 23 and (1) that this mown coelfl.
clent be preserved by pPlacing the pitot tube
in an inter{erence-free arrangetnent with re-
[Uter holder,

" space shall be 1.9 em (0.75 In) with the larg-

o5t sized nofzle in place.

Source-mmoling sssembliss thet do not
neet the muumum spacitiy requirements of
Flgure 17-1 (or the equivalent of these re-
Quirements, ¢.q. Flgure 2-7 of Method 2)
DAy be used: however. the pitot tube coeff]-
cients of such amsemmblles ahall be deter-
mined by calibration, using methods yubject
to the approval of the Adminitrator.

2.1.3 Differential Pressurs Cstge, In-
clined manomster or equivalent device
(two), as described in Section 1.2 of Method
2. One manometer shall ba used for relocity
head (Ap) readings, and the other, for ori.
fice differential pressure resdings,

1.0 Condenser. It ta recommended that
the lmpinger system described tn Method 3
be used 15 determine the moisture content
of the stack g Altsrnatively. any rymem
that allows mesyurement of both the waier
condensed and the moustury jeaving the con.
dcnur.mmﬂthinlworlc.wh
used The mouturs leaving the ¢ondenaer
can be messursd sither by (]) maonltoring
the tempersture and preasury st the exit of
the condenser and using Dalton's law af
partial pressures: or (1) Pasaing the sample
a8 siream through a sllics gel wap with
exit Fases kept below 20° C (85" P) and de-
termining the weight fain. .

Flexible tubing may be used between the
probe sxiension and condenser, if means
olhtrthlnuucanlmmdmdtumm
the amount of moizture lJeaving ine con-
denser, It b recommended that glcd gwl still
be 1sed Detween the condenser sysiam and
PUIp to prevent molstwe condensstion In
the pump and metering devices And o avoid
the need to make corrections [or molsture
in the metered voluma,

11,7 Metering System. Vacyum [
lenk-free pump, thermometers oapable of
mMeuUring temperstute o within 3 C (5.4°
F), dry s mewsr capable of measuring
volume (o within 3 percent, and related
squipment, s shown in Pgure 17-1. Other
metering aystemua capable of malntarung
ampling rates within 10 percent of isokinge
te and of determining sample volumes to
within 1 pereent may be used Fudject Lo the
approval of the Administrutor, When the
metering system U used in congunction with

8 Pitot tube, the system ahall enable checks
of okinetic .

Istas

Sampling trains utllizing metering gys-
tema designed for higher Now rales than
that described n APTD-0381 or APTD-0378
foAy bDe used provided that the specifica.
tiona of this method are met

118 Baromster. Mercury, ansroid. or
othar barometar capable of messuring af.
moepheric pressure to within 2.3 mm Hg
0.} In. Hp). In many cases. the barometrie
Fesding may be obtained from a Dawrby na-
tional westhar sarvics atation, in which case

the station value (which ls the sbealuts ber-

- ometMe pressure) shall be requestad and an

sdjustment f[or elevation differences be-
twesn ths weather sation wnd sampling
polnt ahall be applied at & rate of minua 2.5
mm Hy (0.1 in. g} par 30 m (100 1) aleva-
ton Increass or vice versa [lor sievation de-

creasd.
114 Owss Denaity Determination Equip-
ment. Temperature senaor pressure

Ths tamperature sensor shall be attached
Lo either the pitot tube of Lo the probe ex-
tenaion. in & fixed confliguration 1l the tem-
peraturs senaor is sttached (n the fleld: the
sersor shall be placed In An interference-
ires wrangemant with respect w0 the Type
8 pitot tube openingy (a1 thown tn Pigure
17-1 or in Figure 3-7 of Method 2). Alterns.
traly. the temperature sensor need not be

1231 Waah Bottlee—Two. Glam waah
Are recomrnended. polysthylens
Mbom-mumumcopuonot
the testar. It i recemmended that acetons
Dot be tored n poiyethylens botiles tor
longer thag & month.

.23 Olam Sample Storage Containers
Ch rexintant. borosilicals glass bot.
uﬂ.larmmh-.mmorwoonl.
Screw Uners ahall either be rubber.
Wrmouormummm'lnu
realstant to chemica)

sliack by acetans. (Narrow mouth giass bot. -

u-hanbm!oundwbolnmmto
leakage. ) Allernatively, polysthylens botties
ey be used.

124 Potr Dishes Por [Nier sampies;
£lam of Dolyethylens, uniom otharwise spec-
fled by the r.

135 Qradunted Criinder and/or Bal-
lna.'ra:nmunnondcn;nunmmﬂmln
@l or | g Graduatey cylinders shall have
mwﬂdomnomrtmn:ml.xmhb-
mnbummnmloolnuhmw
l-hdnnnno.sgcrle-. Any of these bal.
Ancad is wuitable for use hsrs and In Section

-

Sy

2.1.2 Deticrator
133 Aosiyucm) Balasos T seamwe
within 0.1 mg. “

234 &hmrnn-m'b'mu

.- &
133 Beskars. 350 mi

318 Eysromesr. To messire the rete
hborunn

tve hurmidity of the L,
mant.
3-3.7 Tempersture Osups Te messmpy

mnwnrmwm
mant, ¥
3.

3

3.L1 Plters The fltery

class mats or thimple fiber fiters, withows
nrnnlcbmdmlndm;uummul-.‘
$9.93 percant ufficiency (0.08 Peroenit pene
tration) on 0.3 micron dioctyl phthalass
mmgm-mmmmm
shall be conducted in AccoTdance with |
MSWWDMH (Ronp- :
proved 1970) (beorporated by referanos—
u.lu.m.rmmmmmm,
Program are sutflcient for

312 aummmdxam.mo-uu-

Hmmmmulu’C(W

"1 2homNnﬂUmmmb.undu

Alternativaly, other types of cesto-

cants (squivaiant or bettar) TAY be used, .

g:mwmmmumam !
113 Crushed Iow.

14 WGMMMM

hm-«ublouﬁeonom!‘hhhmm

3'.1.8 Water. Sams a8 in Metbod L §
. Section 3.1.3,

1.2 Bumpls Recovery. Acstons, resgent
grade, 0.001 percent residus, io glass botles.
Acetone from methl contalners gensrally .
hAs & high residue blank and shouwld not be .
Uled. Sometimes. SUDDLIETS Lranafer acetone )
to glams bottles from metal ocntalners.
numblmmummorw
mlcuumdonbmmﬂmbvbm
values ( 0.001 percent) shall be used In na
case Jhall & blank wvalus of grester Lhan
0.001 parcent of the weight of soetone used

4.1 Sampiing. The complexity of this
mmodumr.nmmoruruomﬂu.
Mble results. testers should be trained and

EPA STATIONARY SOURCE SAMPLING METHOOS
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Checx flitars visually agninst lght for r-
reguiarities and flaws or pinhole leaks
fiitars of the proper siza on the back
nesr the wige using Dumbdering ns-
ink. A2 an alternative, labe] the anip-
oontalners (glams or plastic pecrl dahes)
and keep the fitars o thess containery ak
all timas wxospt dunng mumplng and weigh-

Dexiccats the fliters st 20:8.4° C (88=10°
P) and umbient prumaure for st least 34
bours aod weigh sl nwrnls of o last &
hours 10 & tonstant weight, Le. 04 mI
change from previous weighing: record re-
aults to the nearayt 0.1 mg During esch
weighing ths fllter must Hot be sXpased L0
the laborstory stmospbers for & pariod
grealar than 1 minutes snd & relatve hu-
midity sbove 50 percent. Altarnatively
{unless othsrwise specified by the Adminis.
trazor), the filters may be oven drised at 104"
C(130° 7 {or 1 to 3 hourw, demiccated for 2
bours, and weighed Procedurse other than
those described, which acoount for relative

bumidity sifects, may be used, subject Lo
the Approval of the Adminjatratol,

¢3.2 Prelminary Detarminations. Select
the sampling site and the muaimum sumber
of sampling points sccording to Msthod | or
a8 specifisd DY the Admunistrator. Maks &
nrojecied-ares tmodiel of the probs sxten-
mon-{Uter bolder aasembly. with the pitot
tube {ace openungs positioned along the can-
tarlipe of the stack a4 shown Ino Pigure 17-2,
Caleulats the stiymated cross-section block-
age. o4 3hown t0 Plgure 17-1. If the blockage
axzeeds § percedl of the duct cross secuonal
ares, the tartar has the following opuions
(1) & suitable out-of-stack flitration twethod
may be used lnstesd of in-stack Hitration: or
(2) & special in-stack arrangement, tn which
the mmplng and velocly msssufetmant
sites Are MTAMLta, MAY be used: for detalls
concerning this approach, conmiit with the
Administraior (see also Citation 10 Biblio=
graphyl, Detarming Lhe SlAck Dressure, lasno-
persiure, and the raoge of valocilty heade
unng Method I it 5 recommanded that &
jeak-check of the pitot lings (see Method 1,
Section 1.1} b performed. Detsarmuns the
molFture contnt umung Approximation
Method 4 or its Altarnatives for the DUrpose
of making lsokinetic sampling rets dettings.
Detaraine the stack A dry molecular
weight, s descrided in Method 1, Sectica
1.4: U integrated Method ) jamgling 5 used
{for molecular weight determinstion. the 1o
Lagrated bag sample 1hall be dmulte
neoualy with, and for the same
‘of time ad, the particuiar

thal the proper differspiial preasirs FRUES
\s chosan (or the range of velocity Deads sn-
countered (see Section 1.3 of Method 2),

It s tecommended that the number of
minutss sampled st esch poing be &b loteger
or ad iDteger plus coe-halfl minuse, o order
to aroid Limakeeplng mrTOrL.

1n some circumstanced. &.g. batch cycles,
{t may be Dectssary to sampla for shortar
times &l the Lraverss points abd to obtain
smallsr gas sampls volurnss. In these casss,
the Administralor's approval must finst be
obtalned.

4.1.3 Prepanntion of Collection Train
During preparstion and sssembly of the
sampling train, keep all opanings whery con-
taminstion csn oocur corered unti] juss
prior to asembly or untl] sampling is about
o begin.

If Lmpingers are used o condenas stack
A moizture, prepare them as followx place
100 ml of water in each of ths fIrst two {m.
pingers, leave the third impinger empty,
and transfer 4pproximataly 200 to 300 g of

TEMPERATURE
SENSORN

\

/K

INN

YL S
MTAT TUML

SNSTACK FILTER-
PROBE EXTENSION
ASTEMBLY

v U

preweighed aillca gul from ils container to
the fourth Impinger, More sillca gel may be
used, but care ahould be laken to

that it is not sntruned and carrisd cut
the impinger dunng sampling. Place
contalner \n s clean place {or later wae in
the sampis recovery. Altsrnatively, thg
weight of the silica gel pius Unpingwr may
be delermined 10 the nearast 03 g and 1o
.corded.

U some mesns other than Impingers iy
used Lo condenss molsture, prepare the con.
denser (and, U appropriate. silica gl jor
oondanaer autlet} for use.

Using & tweessr or clean diposable surgl.
cal gloves, place & labeled (identified) and
weighed (liter in the flter holder. Be pure
that the fliter s properiy centered and the
saket properiy pisced 30 &8 not (o silow Lthe
sAmMpie Fua strewm to circumrvent the {Uter,
Check fllter [or tenrs after sasembly W com.
pisted. Mark the probe extension with hast

it

STACK
WALL

SAMPLING
- MoZZLE

BIMATID nnm‘nn
BOCKAQE * [%v:'mtr] X n

Figure 17.2. Projected-area model of cross-section blockage (apprqximau average {(
8 sample traverse) causad by an in-stack fiiter holdar-probe axtension assembly,
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and APTD-0381 may be helpful. Start the
by-pass vilve fully Open and

coarse adiust viive completely closed. Par-
open the ooarse adjust valve and
alowly cloes the by-pass valve until the de-
sired vacuym I reached. Do pot reverss di-

&
5
;
a

ths plug from the inlet to thy

4143 Post-Test Leaak-Check. A leal-
check i mandatory st the conclusion of

Tum
4142 Leak-Checks During Sampie Run.  done in accordance with the procedures owt-
on the pumap and draw & vacuum of st least It. during the lng run. & com t o
380 mm Hg (18 in. Hg) nowe that & lowst (g fOtar mbl:ormvlanﬂ mb.. od {0 Section 4.1.4.1, excent that it shall
oXyDas DecassATY, & lesk-check thall be con- *
|
-
~ FOURE 17-3—PARTICULATE FiiiD Data
Pars Baremavy prapmre
. Asturnsy mouare. %
o Prose smerswn lorgth, = L.
Do Mz sarihconsn Ne.
T Mg Ao 008 Shiirniid namly domsllr 0 BA)
Sanpie diu Ne Fnar g
Mbter bos Ma.._ Lowk rate, m*/man. jcivnj
Mow NG el prosase, mvn My 0 Mg
€ focwy 1
Pust hing boofiau, o
SCramATE OF STatm CRDed SAOTEOW
Prasesy Qas ampie "oy Tompersave o
Troverss pavt noviosr | Sosptng bme | Vemam Sk v ot Qad sompie 900 et r
wepershss (T s peb syt vohrne — -_:‘:,\.
™ < MO | w0 M R ™ o < < '
. -u%: ™ mm n ] ™ oM
2
v
Tow vy vy
: Mgl oy
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pe conducted &t & vacuwm equal 10 or grest.
er than the panmum ralue reached during
the mmpling run, I the leskige Mie L
found o be no grester than 0.00087 m4/min
{0.02 ctm) or 4 percent of the sverage sam-
pling rate (whichever (5 less). the results are
scceplable, and no corrwction Deed Do AD
plisd to the tolal volumes of 4ry Fad matared,
1f. however, & higher leakage s s ob
tained, the testar shall sither record the
foaisge reta ang correct ibe ample volume
a8 shown in Sectlon 8.3 of this method, or
anall void the sampling run.

4.1.8 Paniculsts Trun Qperstion.
During the sampling run, msainlAn & same-
pling rate such that sampling (& within 10
percent of Grue isokinetic. unless otherwise
specifled by the Admiustrator.

Por each run, record the data required on
the exampie data sheet sthown in Pligure 17+
3. Be sure 10 record Lhe Lnitial 4ry gas metar
resding. Record the dry gas meter resdings
st the beginning and snd of sach sampling
tizpe increment, when changes LA [low Malag
are mads, befory and aftar each leak check,
and whep sampilng b halted Taks other
resdings required by Figure 17-3 ot lesat
once A% each sample polnt during seach time
increment and additionad readings whan sig-
nificant changas (20 percent variation 1n ve-
locity hesd readings) necessitals additional
adjustmentd in fNlow rata. Level and zero the
mAROIE?. Bacause the manometer leval
and 30 mAY drift dus o viArailons and

Clean the portholss prior to the tast run
to muniymize the chance of sampling the de
posited material To begin sampling. remove
the nostle cap and verily thal the piiot tube
and probe ertension are pProperly pom-
tioned. Podtion the nozzle st the first ra-
verse point with the tip pownting directly
into the gas Ftream. lmunedistaly start the
purnp and adjuse the Now to Bokinetic con-
ditions. Nomographs are svailable, which
aid 1 the rapid sdjuatment to the sokinetic
sampling ralé without excsslive computa-
tions. These nomography Are designed fer
use when the Type 8 pilot tubs coelficlent
iy 0.88z0.02, and the stack a4 equivalant
Sengity (dry molectwlar weight) s equal to
29 x4 APTD-0378 details the procedurs lor
umng the nomographs. If C, and M, sre ous
side the above sated ranges, do'hot use the
SOmMOETIphs Unlems APPrOpTiALE Baps (See

Citation 7 1 dibliography} takan o
com pensate {or the denationa
When Lhe stack 8 under negs-

tive pressure (height of mpinger stam),
LAkS cars Lo close (he coarse Adjust vilve
before 1naarting the Probe XLEDLOD LIS
bly e the sack to prevent walar [rom

‘being forced backward, If necwssary, the

Sump may be tumsd om with tha coare
adjuai valve closed.

When the probe is it pomition. block off
the cpenungs wound the prote and porthole
to prevent unrepresentative dliution of tha
A Stream,

Truverse the stack (ross MClion, a8 e
quired by Method | or as specilisd by the

r. bewng careful Dot to bump
the probe noxtle into the stack walls whaen
Aampling nesr the walls or when retooving
or lhseruing the probe extension through
the portholes. o minumizse chances of ex-
racting deposited material |

-During the test run taks appropriste
SLeps (4.1, Miding crushed ice Lo the Lmping-
¢F i0e Bath) t0 mantan & tamperatusre of
leat than 20° C (83" P) st Lhe condenser
outlet: this will prevent excessive rousture
losses. Ak, panodically check the leve: and
1S of the manometar.

LY

- date- -

I the drop across the flter be-
Comap Loo . making sokinetic sampling
difficult to maintain. the !iter may be re-
Placed in the mudst of & sample run It is
recommended that another complete Iliter

siaazsbly D¢ used rather than at
wmplng o change the Tier iseifl Eefore a
oow flter bolder s installed, oonduct & leak
check, s cutllned In Section 41.43. Tha
total particulate weight shall {nclude the
summaliozs of all fiter assembly catches.

A xingle raln aball be used for the entire
smple run, exoepl ID cades whers simuity-
necus sampling i3 required Ln twe or more
separyte ducts or st Two or mors different
locations withio the sxime duct. or, i cases
where eqQuipment fallure Decessitates »
change of traina In all other situations the

use of two or more tralns will be subject to
the spproval of the Administrator. Nots
Lthat when (WO OF mMOre Lrains wre used &
separsts Analysis of the colletted particu-
lats from each train ahall be performed.
unless (dentical nozzle sises were used on all
osna, (o which case the particuists caiches
from the Wndividual trains may be ooenbined
and § saingle snalyss performed.

At ths end of the aample run. turn off the
pump, retmmore the Probe sxtlension assembly
from the siack. and record the {inal dry gas
matar reading. Perform a lesk-check. 38 out-
lnad ln Section 4.1.4.1, Also, lesk-check the
pitot lnes as described In Section 1.1 of
Method 22 the Uns must pass Lhis laak-
check, in order Lo valldats Lhe veiocity head

4.1.8 Caloeulation of Percent lsokinatic,
Calculats percent lsokinetie (see Section
6.11) to determine whether another Lest run
should be made. If there ls difficulty in
maintauning tsorinetic rates dus L0 sOuUrce
conditions., consuit with the Administrator
lor poanble vanance on the sokinetic ratss.

4.2 Sampie Recovery. Proper cleanup
procedure begfiDs &8 3000 A8 the probe ex-
tenajon ametnbiy 0 removed {rom the stack
at the end of the sampling period Allow the
assem bly to cool

When the assembly can be safely handied,
wipy off all external particulats matler Dear
the tip of the probe noazle ADd DIACe 8 CAD
over it t0 Drevent losing or gaining particu-

lats matter. Do not cap off the probe tip .

tightiy while the sampling train is cooling
down as this would creats & vacuum o the
flter holder. {orcing condenser water back-
ward

Before moving the sample tran to the
cleagup site, disconnect the flter holder-
probe noszle assembiy from ths probe ex-
teraion: cap the open tnlet of Lthe probe ¢x-
tennion. Be careful Dot 10 lose wny conden-
sate, {f present. Remove the umbilical cord
trom the condenser outist and cap ths
outlet. If & Nexible ling 4 used Detween the
first impinger (or condenser) and Lhe probe
sxtynalon, disconnect thae line st tha probe
sxenaion and lst any condensed waler or
Uquid dreln into the lmpingsrs or condens-
or. Disconnact the probe extansion from the
condenser; cap the probe sXtiension osthet.
After wiping off the silicons gresss. cap off
the condenser lnlet. Ground glass SLODDeTS.
plastic caps, or serum caps (whicherer sre
appropriate) may be used (o close these
openings.

Tranufer both the fliter holder-probe
noxxle aasembly and the condenser [0 the
cleanup aren. This ares should be clean and
proiected from the wind so that the chances
of contaminating or losing the sample will
be minimited.

Save & portion of the acetons used for
cleanup as & blank. Take 200 mi of this sce

tone directly from the waah bottle belng
used and place it \n A glase ampis coOnDer
labeled “acetone blanik™ .

Inspect the train pnor o and dunng dis
asaemmbly And nots any abnormal conditions.
Treas the samplee a8 followx:

Contawner No, L Carefully remove the
{itar {rom the {{iter holder and place It (n
ita identified pety1 dish container. Use a paur
of Cweesars apd/or clean disposable surticsl
gloves 10 handie the fliter. If it s oecessary
w0 fold the fliter. do a0 such thatl the partic.
ulals caks is Innde the fold Carefully traps-
fer Lo the pety! diah any particulsts matter
and/or fiiar Nberas which adhers to the
liter hoider paket, by using & dry Nrion
bristle brush and/or s sharpedged bLlade.
Saal the container, '

Contamner Na 2 Taking care to see that

E
2
g
RE

Coniaingr Na. 1 Lf gllics gl is used (0 the
condanser gystam for mositure content de-
tarmination, pots the color of the gel o des

EFA BTATIONARY BOURLCE BAMPLING METHOOS
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. Condemper Waler. Treat the condensar or
tmpuinger water sa follows maks a potation
of aay color or flm In the lguid cawch
Measurs the liquid volume to within =1 ml
by uxing s graduated cylinder or, if & bal-
ance i avatlable, determine the lquid
weight to within =05 g. Record ths total
volume or weight of Uquid present. This 1n-
formation is required 1o calculats the tnols
ture content of the effluent gas. Discard the
liquid after messuring and recording ths
volume or weight.

43 Analysisa Record the data required on
the exampile stheet shown in Figure 174

sazh sampie container as follows:

Container No. 1. Leave the contents Iny the
shipping contatner or tranafer the flitar and
any loces perticulats from the smple cone
talner o & tared glams weighing dish. Desio-
cats for 34 hours in a deslecator containing
anhydrous calcium sulfate. Weigh to & con-
stant weight and report the results to the
hearsst 0.1 mg. For purposes of this Section,
4.1, the term “constant weight™ means s dif-
{feretsoe 0f N0 mors than 4.5 mg or | percent
of towal weight lem tare weight, whichever is
gTeater. betwoen (wo cotwecutive weighings,
with 0o less than § hours of desiceation
time between weighings.

Altarnatively, the sampls may be oven
dried at the avernge stack temperaturs or
103* C (220" ), whichever is lesa. for 3t0 3
hours, cooled in the desicoator. and weighed
to a conatant weight, unless otherwise speci-

- fied by the Administrator. The Lstsr may

2i30 opt to Oven dry the sample st ths aver-
age stack tempersture or 108° C (220" M,
whichever 1s lam, for 1to 3 hours, weigh the
mmplis, and use thia weight a2 & final

weight.

PIvURE [ T=d==ARALYTICAL DatTa

Plant-
Dals
Run No.
Pliter No.
Amount liguid lost during trOSDOrT ~mee—e—
Acestone blank volumse, ml

Acetone wash volume, ml
Acetons blank concentration, mg/myg (equs.

tion 17-4)
Acetons wash blank, mg {squation 17-8) —

,. Wergnt Of parvLANe cosecied W
rumo Pra wegn | Tuv vy | wegrt gan
. -
Vo]
2 i
¥
Towt
(v} e
Wopt of parseann M e

Ty ——

" Sins v
vongra, e, §
Fral
[ree
Lowd conetd |
Tous wesarey cotmennd_, | r ~

"Convir wagn of wens W weiuve by Swivy wape
-l-lw-q'-uvn. g

Peremss, ¢
N yme

- Vehets v, W

Container Na, 2. Nots the level of liquid in
the contuner and confirm on the analysis
sheet whethar or not leaksge occurred
during transport. 1f s noticeable amount of
leakagy has occurred. either void the sample
or usek methods, subject to the approval of
the Administrator, to correct the {inal re-
sulta. Measure the liquid in this container
either volurnetrically to =1 ml or gravimet-
rically o =0.3 g. Tranafer the contants to &
tared 250-mi besker aod evaDorate Lo dry-
nem 8t ambient lemperaiure and pressurs,
Desiccate for 24 hours and weigh to & con-
stant weight. Report the results to ths nesr-
ast 0.1 myg.

Containgr Na. 3, This step may be con-
ducted in the {isld Weigh the spent silica
gul (or sllica gel pius impinger) to the near-
est 0.3 § using s balance.

‘Acetons Blank” Container. Messure ace-
tone in this container either volumetrically
OF gravimetrically. Trans{er the acetons to a
tared 230-mi besker and evaporate to dry-
Ness 3l ambient tempersture and premure,
Daaiceata for 24 hours and weigh Lo a con-
stant weight. Report the results Lo the near-
ext 0.1 mg,

Norx: At the option of the testar, the con-
tents of Container No. 2 as well as Lhe soe-
tone blank container may oe evaporatad at
temperstures higher than ambient. If evap-
oration is done at an slevaled temperature,
the tempersture must be below the boiling
point of the solvent: also, to prevent “dump-
ing.” the svaporation process must be close-
Iy supervised. and the contents of the
beaker must be rswirled occasionally to
maintain an even tempersture. Use sxtreme
care. A8 acetons i3 highly flammable and
has & low flash point.

5. Calidrution. Maintain s laboratory log
of all calibrutions,

3.1 Probe Nozile. Probe noxties shall be
calibrated bafore their initial use In the
field Using » micromster, messure the
inside diameter of ths noxrzie to the nedrest
0.028 mm (0.001 in ). Maks thres separsts
measuremants using different diametsrs
sach tims. and obtain the sversge of the
measurements The difference detwesn the
high snd low numbers shall not exceed 0.1
mm (0.004 (o). When nossisa Dbecoms
nicked, dsnted. or corruded. they shall be
reshaped, aharpened. and recalibrated
before use. Each poxtle shall be permansnt-
iy and uniqueiy identifisd.

" $.2 Pitot Tube. If the pitot tube is placed
in an Interfarence-tres armangemaent with re-
spect to the other probe assembly compo-
nenta, its baseling (isolated Tube) cosfficient
shall be determined as outlined in Section 4
of Method 2. If the probe assembly is not in-
tarference-Ires, the pitot tube amsembly oo
sfficient shall be determined by calibration,
uging methods subject to the spproval of
thes Administrator.

5.3 Metaring Systam. Bafore ita tnitial
use In the fleld, the metanng systam ahall
be calibrated according to the proomdure
outlined in APTD-0874. [natesad of physical-
1y adjusting the dry gas meter dial readings
to correspond to the wet tast mater read-
ings. calibration [actors may be used to
mathematically correct the gas meter dial
resdings 1o the proper values.

Before calibrating the metaring systam. It
ia sugzested Lhat & leak-check be conductad.
Por metéring sysiema having diaphrasm
pumpa, the normal leak-check procedure
will pot detect leakages within the pump.
Por these cases the following leak-check
procedure s suggested s 10-minute
calibrationn run at C.00087 min (0.02

EPA STATIONARY SOUACE SAMPLING METHOOE
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efm); st the end of the run. take the differ-
ence of the messured wet lest maeter and
dry gas meter volumes: divide the difference
by 10, to get the leak rate. The leax rate
shouwld not exceed 0.00037T m&umin (0.02
ctm).

After sach fisld use. the calibration of the
metering sysietn shall be checked By per-
forming three calibration runs st & single,

‘intermediate orifice seting (based oni the

previous fleid test), with the vacuurm set at

(Le., befdle or aftar) gives ths lower valuas of
total seampie volumae,

3.4 Temperature Osuges Use ths proce-

dure in Section 4.3 of Method 21 to calibrate

sampling
matar should be lesk checked prior Lo initial

. -




RUBBER
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ALOW INTO TUDING :

UNTIL MANOMETER
READS 5 TO 7 INCHES

WATER COLUMN DRIFICE

MANOMETER

5.8 Barometsr. Calibrats against & mer-
cury baromatar,

8. Caiculations Carry out calculations, re-
tairung st least one extrm dectmal figure
beyond that of the acquired data. Round off
figvres after ths final calculation Other
forras of the squations may be used a8 Jong
Al they Eive squivnient resuits.

4.1 Nomsnclature.

A.= Cross-sectional ares of nozzle. m* (L9,

B = Walser yapor in the gAd Sream. DIOpOT-
tion by voluma.

C,mAcetons biank residus concsntiation,
me/ g

a=Coposntration of particulate matier in
sack gha, 4ry bamus. corrected 10 Rand-
ard conditions, §/dacm (g/dact)

I=Percent ¢! bokinstic samnpling.

Lo=Maxiraus sccepiable lsakage rate for
sither & pretest leak check or for & leak
check (olowing s componsnt changs:
squal to 0.00087 m'/min (0.02 cfm) or 4
percent of the sverngs mmpling rais,
whichever is lens.

Ly Individual leakage rats otesrved during
the leak check concucied grior to the
"l“mmm&tbﬂn(l-‘.zl. . ond,
m */min (efm).

i, o leskage rate obmerved am the post-
tast leak check, m */min (

m,w Total amount of particuists matier col-
loctad. mg.

M, = Moiocular weight of wnter, 100 g/g-
mols (18.0 1b/1b-tnole).

m, = Mass of regidue of aoetote alter evipo-
ration. my.

Pue~Barometric pressure at the mmpling
site, mm Hg (in. Bg).

P,eAbsaiuts steck as premure, om Hg in,

Hy.

Pae=5tandard sbealute presure, 78 mm
He (3.0 in By,

Rwlidesi qus constant, 0.06238 mm Hg-m?Y/
‘K-g-mols (21,85 (0. Hg-It4/"R-1b-mole).

To=Absolute aversge dry gas maeter tamper-
ature (see Pigury {7-3), "X ("R).

Tom AbSoitute aversge siack s lamperature
(sae Figure 17-3). 'K {("R),

Tus=3tandard absoluts lamperaturs, I93°K
(828°R ),

V.= Volume of acetones blank, ml,

V.o =Volumse of scetons used In waah, ml,

Vu=Total volume of lquid collected In im-
.::Ecm and silica gul (sew Figure 17-4),

Figurs 17-5. Lsak check of mater box.

Vo= Volums of rsa sampie ss measured by
dry gus mater, dem (def).

Vo= Voluma of gas sample messured by
the dry gas meter, correctad Lo standard
conditions, dacxn (dact).

Veome= Volume of water vapor in the ma
sampie, “torrectad W standard - condl.
tiona, scm (acf).

v,=Stack gaa velocity, calculatad by Method
2. Xgualien 2-§, uang data obtalned
from Method 17, m/sec (ft/eee).

W,=Weight of residus in acetons waah mg.

Y = DIy gas metar calibration coefficlant.

AN =Avaruge pPressure diffsrencial scross
the oritice metar (see Figure 17-1) mum
B.Q rin. H.O0),

,.-Dmuh m? of acetons, mg/ml (sew label oo

ttie )

pe = Density of water, 0.56642 g/ml (0.002301
1b/mi)

#=Total sampling time, min.

&§=8ampling Uime interval, {rom the begrin-
nog of & run yntl] the {irst compodent
change. min .

#=8ampling timse intervil, between two suc-
casive component changss. beginning
with the (nterval betwesn the first and
second chahyed, UO.

#,=8ampling time interval. from the final
{o*} component change until the sod af
the mampling run. min,

13.6 8pecific gravity of mercury.

80« Sec/min.

100 = Convervion to percent,

4.2 Aversge dry gas metar temperaturs
aDd avarage orifice pressure drop, See data
shest (Figure 17-3).

63 Dry Gas Volume. Cortect the sample
volume messured by the dry gas matar to
standard conditions (30° C, 160 mm Hg or
5 7. 20.91 in. Rg) by using Equation 17-L

Equation 17-1
L 4 + AR
T bar
. 1td e
'-(st.dl '-'(T.) s2d

Poar * {aM/13.8)

[] ‘1 v.'f .--—.T;—-_—-
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where

K.«0.3888' K/mm Hyg for metri¢c unite.
17.64° R/in. Hg for English unyta

Nerx Equation 17-1 can be used a2 wre
tan unless the leakage rate observed duru
any of the mandstory leak checia (Le., U
past-Lest lesk check or leak checks conduyct-
od prio 10 componant changes) excweds L.
U L, or L, axceeds L, Equation 17-1 must |
modified az follows

(a) Case 1. No component changes ma
during sampling run. In this case. repiace
Va 0 Equation 17-§ with the expression:

Va~ly=-Lo0?

(d) Case II. One or more compon t
changes mads during the samplng run In

. this case, replace Vg 1o Equation 17-1 by the

SXpreasion;

L}
Wy (L =L,) 8- tfa (L - L)
= Ly - L) el

and substitute only for those lesikage rates
(L or L,) which exceed L. : '
4.4 Volume of water vapor.

'u(lu) * f!c (%X;ﬁ!) * ‘2 e

ustion 17
where: Ea

E.=0.001333 mY%ml for metric units
0.04707 ft'/ml for English units.




43 Molsture Contant.

Vs

Vot + Vorae

Equation 17-3
44 Acetons Biank Condentration.

Equation 17-4

8.7 Aostone Waah Niank.

W=l Ve
Equstion 17-8

43 Total Particulats Weight. Detatmine
the total particuiate cateh from the sum of
the weighta obtained from containers | and
1 lems the acetones blank (see Pigure 17-4).

Norte Refer to Section 4.13 to assist in
ealculation of results involving two or more
titer asaesnbliss or two or more sampling
trains,

8.11.2 Calculation from Intermediste

Values.

T’V

[ n(s¢d)’seg 190
sea s ! °

n 3 L

Equation 17-8
where: ’

X.=4.330 for metric units; 0.08450 for Eng-
lah units.

0.12 Acceptadle Rassulta If percent
<} <110 pervent, the resuwts are fhedtable.
If the results are low In compar. ta the
standard and I s beyond the acceptable
range, or, if I ls less than 90 percent the Ad.
MUNISLIALOr MAY opt (0 accept the resulls,
Use Cltation 4 In Bibliography to make
Judgments, Otherwise, Mject lbn renuts
and repeat the test.
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ELEMENTS (ICP)

METHOD: 7300
M.W.: Table 1 ISSUED: 2/15/84
OSHA/NIOSH/ACGIH: Table ) PROPERTIES: Table 1
ELEMENTS: aluminum cobalt manganese silver tungsten
arsenic copper mo1ybdenum sodium vanadium
beryl1ium iron nickel tellurium yttrium
cadmium lead phosphorus thallium zinc
calcium Tithium platinum tin zirconium
chromium magnesium selenium titanium
SYNONYMS: vary depending upon the compound.
SAMPL ING MEASUREMENT

SAMPLER: FILTER ) )
{0.B-um, cellulose ester membrane)

FLOW RATE: 1 to 4 L/min

VOL-MIN: Table 1
—MAY: Table 1

SHIPMENT: routine
SAMPLE STABILITY: stable

BLANKS: 2 to 10 field blanks per set

”»

T

RANGE STUDIED: not studied
BIAS: none identified

OVERALL PRECISION {s.)}: not evaluated

1 TECHNIQUE: INDUCTIVELY COUPLED ARGON PLASMA,
! ATOMIC EMISSION SPECTROSCOPY

]
VANALYTE: elements above

]

'ASHING REAGENTS: conc. HNOg, 4 mi;

¢ and conc. HC10g4, 1 mi

! CONDITIONS: room temperature, 30 min;
! 150 °C to near dryness

IFINAL SOLUTION: 4% HNO3, 13 HC104, 10 mL

'WAVELENGTH: depends upon element; Table 2

'BACKGROUND CORRECTION: spectral wavelength shift

'CALIBRATION: elements in 4% » 13 HC1O
4

{RANGE: 2.5 to 1000 ug per sample [1]

'ESTIMATED LOD: 1 pg per sample {1)

!PRECISION (sp): Table 2

APPLICABILITY: The working range of this method is 0.005 to 2.0 mg/m® for each element in a
This is simultanecus elemental analysis, not compound specific.

500-L air sample.

the types of compounds in the samples are soluble with this ashing procedure.

Verify that

INTERFERENCES:
analysis.
factors and background correction [1,2].

Spectral interferences are the primary interferences encountered in ICP-AES
These are minimized by judicious wavelength selection, interelément correction

OTHER METHODS:

This method replaces PSCAN 351 [2] for trace elements.

Atomic absorption

spectroscopy (e.g., Methods 70XX) is an alternate analytica) technique for many of these

elements.

2/15/684
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ELEMENTS I_ICP) METHOD: 7300
REAGENTS : EQUIPMENT:
1. Nitric acid, conc. 1. Sampler: cellulose ester membrane filter,
2. Perchloric acig, conc.* ‘ 0.8-mm pore size, 37-mm diameter; in cassette
3. Ashing acid: 4:1 (v/v) HNO3:HC104. filter holder.

Mix 4 volumes conc. HNOq with 2. Personal sampliing pump, Y to & L/min, with

1 volume conc. HC104. : flexible connecting tubing.
4. Calibration stock solutions, ~ 3. Inductively coupled plasma—atomic emission

1000 pg/mt. Commercially available, spectrometer, equipped as specified by the

or prepared per instrument manufacturer for analysis of elaments of interest.

manufacturer's recommendation (see 4. Regulator, two-stage, for argon.

step 12). S. Beakers, Phillips, 125-mL, or Griffin, 50-mL, with
5. Dilution acid, 4% HNO3, 1% HC104. watchglass covers.*

Add 50 mL ashing acid to 600 mt 6. volumetric flasks, 10- and 100- mt.*

water; dilute to 1 L. 1. Assorted volumetric pipets as needed.*
6. Argon. - 8. Hotplate, surface temperature 150 °C.
7. Distilled,deionized water.

*Clean all glassware with conc. nitric acid and
*See Special Precautions, rinse thoroughly in distilled water before use.

SPECIAL PRECAUTIONS: Perform all perchloric acid digestions in a perchloric acid hood.

SAMPLING:

1. Calibrate each personal sampling pump with a representative sampler in line.

2. Sample at an accurately known flow rate between 1 and 4 L/min for a total sample size of
200 to 2000 L (see Table 1) for TWA measurements. Do not exceed a filter loading of
approximately 2 mg total dust.

SAMPLE PREPARATION;

3. Open the cassette filter holders and transfer the samples and blanks to clean beakers,

4. Add 5 mL ashing acid. Cover with a watchglass. Let stand 30 min at room temperature.

NOTE: Start a reagent blank at this step.

5. Heat on hotp]ate'(]ZO °C) until ca. 0.5 mL remains:

NOTE: Some specigs of Li, Mn, Mo, 5n, W, and Zr will not be completely solubilized by this

) procedure. Alternative solubilization techniques for most of these elements can be
found elsewhere [2,3,4,5,6,7].

Add 2 mL ashing acid and repeat step 5. Repeat this step until the solution is clear.

Remove watchglass and rinse into the beaker with distilled water.

Increase the temperature to 150 °C and take the sample to 'dryness.

Dissolve the residue in 2 to 3 mL dilution acid.

. Transfer the solutions quantitatively to 10-mL volumetric flasks.

. Dilute to volume with dilution acid.

- OO W0~

—

CALIBRATION AND QUALITY CONTROL:
12. Calibrate the spectrometer according to the manufacturers recamendations.
NOTE: Typically, an acid blank and 10 pg/mL multielement working standards are used. The
following multielement combinations are chemically campatible in 41 HNO3/13 HCY04:
a. Ag, Ca, Co, Mn, Pb, Vv, In;
b. A), Be, Cd, La, L}, N}, T);
¢. As, B, Ba, Mg, Mo, P, Sn;

2/15/84 1300-2




METHOD: 7300 ELEMENTS (ICP)

d. Cu, Fe, Na, Pt, Sr, Te, Y;
e. Cr, K, Sb, Se, Ti, Zr; and
f. si, W (distilled water only)
13. Analyze a standard for every ten samples.
14, Check recoveries with at least two spiked media blanks per ten samples.

MEASUREMENT :
15. Set spectrometer to conditions specified-by manufacturer.
16. Analyze standards and samples.
NOTE: If the values for the samples are above the range of the standards, dilute the
solutions with dilution acid, reanalyze and apply the appropriate dilution factor in
the calculations.

CALCULATIONS: .

17. Obtain the solution concentrations for the sample, C; (ng/mL), and the average media
blank, C, (ug/mL), from the instrument.

18. Using the soclution volumes of sample, Vg (mL), and media blank, V {ml), calculate the
concentration, ¢ (mg/m®), of each element in the air volume sampled, V (L):

c=Ss¥ '.v_.._gbvb‘—. mg/m? .

EVALUATION OF METHOD:

Method PSCAM 351 was evaluated in 1981 [1,2]. The precision and recovery data were determined
at 2.5 and 1000 ug of each element per sample on spiked filters. The precision and recovery
data, instumenta} detection limits, sensitivity, and analytical wavelengths are listed in
Table 2. The values in Table 2 were determined with a Jarrell-Ash Model 1160 ICP operated
according to manufacturer’s instructions.

REFERENCES:

{1] Hu, "Multielement Analysis of Industrial Hygiene Samples," NIOSH Internal Report,
presented at the American Industrial Hygiene Conference, Portland, Oregon (May 1981).

[2] NIOSH Manual of Ana'lytlca] Methods, 2nd ed., V. 7, PACAM 351, U.S. Department of Health and
Human Services, jPubl. (NIOSH) 82-100 (1981).

{3] 1bid, 5341 (lLead).

(4] Ibid, V. 2, S5 (Manganese), U.S. Department of Health, Education, and Welfare, Publ.
(NIOSH) 77-157-B (1977).

(5] Ibid, V. 4, P&CAM 27} (Tungsten), U.S. Department of Health, Education, and Welfare, Publ.
(NIOSH) 78-175 (1978).

[6] Ibid, V. 5, P&AM 173 (Metals by Atomic Absorption), U.S. Department of Health, Education,
and Welfare, Publ. (NIOSH) 19-141 (1879).

[7] Ibid, V. 3, $183 (Tin), 5185 (Zirconium), and S376 (Moiybdenum), U.5. Department of Hea)th,
Education, and Welfare, Publ. (NIOSH) 17-157-C (1977).

METHOD REVISED BY: R. Delon Hull and Mark Millson, NIOSH/DPSE.
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ELEMENTS (ICP)

METHOD;

7300

Table 1. Properties and sampling volumes.-

Properties Permissible Exposure lLimits,
Element Atamic mg/m? TWA '
(Symbol) weight WP, °C OSHA/NIOSH/ACGIH
Silver (Ag) 107.87 961 0.0/ — 7 0.1
Aluminum (A1) 26.98 660 -/ — /0.
Arsanic (As) 14,92 BIT* 0.5/C 0.002/ 0.2
Beryllium (Be) 9.0) 1218 0.002/ 0.0005/ 0,002
Calcium (Ca) 40,08 Baz 5 (b} —-/ 2 (b)
Cadmium (Cd) 112.40 3 0.2/ 0.047 0.05
Cobalt (Co) 58.93 1495 0.1/ — /0.3
Chromium (Cr) 52.00 1890 1.0 {c)/ 0.025%/ 0.5 (c)
Copper (Cu) 63.54 1083 1.0 —- 7 1.0
Iron (Fe) 55.85 1535 10 (b)/ — / 5 (b)
Lithium (L1) 6.94 1719 0.025 (d)}/ —— /7 0.025 (d)
Magnesium {(Mg) 24.31 651 15 (b)/ — /7 10 (b)
Manganese (Mn) 54.94 1244 CS% —/C5
Molybdenum (Mo) 95,94 651 15 (e)/ — 7 10 (&)
Sodium {(Na) 22.99 98 2{fy/c2{ny/c2(n
Nickel (Ni) 58.1M 1453 1/ 0.015/ 1 {(c)
Phosphorus {P) 30.97 44 —f -7 0.1
Lead (Pb) 207.19 328 0.05/ 0.1/ 0.15
Platinum (Pt) 195.09 1169 0.002 (a)/ — /7 V (¢)
Selenium (Se) 18,96 211 0.2/ — / —
Tin (Sn) 118.69 232 2/ —~ /1 2 (&)
Tellurium (Te) 127.60 450 0.1/ — /0.
Titanium (Ti) 47.90 1675 — 4 — 7 10 (b)
Thallium (M} 204.37 304 0.1 (a)/ — 7 0.1 (a)
Vanadium (V) 50.94 1890 € 0.5/ 1 (c)/ 0.05 (v0c)
Tungsten (W) 183.85 3410 — /5 (e)/ 5 (e)
Yttrium (Y) £8.91 1495 WV — /1%
Zinc (In) 65%.37 419 5()S () S
Zirconium (Zr) 9%22 1852 & — /75
{a) soluble
(b)Y oxide
(c) metal
(d) hydride
(e} insoluble
(f) hydroxide
{g) at the ACGIR TLV
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Air Volume @ OSHA, L

MIN MAX
250 2000

5 (9) 100 (g)

5 2000
1250 2000

5 200

13 2000

25 2000

S 1000

5 1000

5 100
100 2000

) 67

5 200

) 67

13 2000

5 1000

25 {9) 2000 (g)
50 2000
1250 2000

13 2000 .

5 500

25 2000

S 100

25 2000

E) 2000

5 (g) 200 (g)

S 1000

5 200

5 200
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METHOD: 1300 ' ELEMENTS (ICP)

Table 2. Measurement procedures and data (a).

Precision (sg)

Instrumental Sensitivity Recovery (%) (N = 3}
Wavelength LoD {Intensity/ @ 2.5 uyg/ © 1000 pyg/ @ 2.5 pg/ @ 1000 ug/
Element (nm) {ng/mL} Hg/ml} filter (b) filter filter filtter
Ag 328.3 26 0.65 M 91 0.02 0.0715
Al 308.2 14 0.23 93 100 0.092 0.023
As 193.7 13 0.97 103 99 0.062 0.026
Be 313.0 1.5 1.29 107 90 0.040 0.034
Ca 315.9 10 0.49 99 95 0.036 0.014
cd 226.5 1.6 0.83 107 99 0.032 0.020
Co 231.2 1.4 6.38 o 95 0.040 0.005
Cr 205.6 1.3 0.50 98 106 0.053 0.016
Cu 324.8 r. 0.72 98 99 0.036 0.022
fe 259.9 3.9 0.13 94 97 0.068 0.016
Li 670.8 2.8 0.48 89 95 0.11M 0.043
Mg 219.6 24 0.22 105 106 0.084 0.027
Mn - - 251.6 . _. 0.4 Q.74 . 84 93 0.062 0.035
Mo 281.6 1.0 0.18 94 s 0.023 " 0.049
Na 589.0 10 0.76 {c) 101 ) 0.045
N 231.6 3.4 0.41 10% 97 0.027 0.020
P 214.9 22 0.17 (c) 91 (c} 0.056
Pb 220.4 17 0.42 105 95 0.060 0.011
Pt 203.7 15 0.69 106 9 0.041 0.07%
Se 190.6 21 0.28 105 97 0.068 0.049
Sn 190.0 64 0.49 14 67 0.33 0.16
Te 214.3 29 0.4 102 94 0.050 0.063
T4 334.9 1.2 0.55 96 e 0.05) 0.029
n 190.9 17 0.22 103 99 0.043 0.017
] : 310.2 3.2 0.88 99 94 0.043 0.014
W 201.9 13 2.58 35 23 0.053 0.60
Y 3Nn.o : 0.8 2.3% . 99 100 0.015 ° 0.013
In 213.9 t. 0.6 0.60 101 94 0.013 0.013
Ir 339.2 1.9 0.88 15 98 0.049 0.008

(a) Values reported were obtained with a Jarrell-Ash Model 1160 ICP; performance may vary with
instrument and should be independently verified.

(b} 2.5 ug/filter corresponds to 5 ug/m® for a S00-L air sample.

(c) Blank levels too high to make accurate determinations
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