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AIR QUALITY TESTING

STACK EMISSIONS MEASUREMENTS

1.0 INTRODUCTION

,In Januarv of 1994, New England Air Quality Testing (NEAQT) was contracted by
. to quantify Total Suspended Particulate (TSP) and metals (As, Cd,
Cr\, Ni) emissions from the Gamma Mill baghouse exhaust air at the
facility,

Stack emissions sampling was conducted by NEAQT on January 21, 1994. One sample
was collected from the baghouse exhaust air and analyzed for the aforementioned
constituents at Endyne, inc., an EPA-certified laboratory. In addition, a sample of the
crushed ore product and baghouse fines were collected and analyzed for the same
constituents.* The following report includes the results of the sampling event with detailed
descriptions of the sampling and analytical methods used.

2.0 SOURCE DESCRIPTION
~ ‘ ' .

The S facility in t contains a Roller Mill which
crushes ore into a fine pdwder. The powder is circulated pneumaticaily 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
baghduse.

P.O. Box 8132, Burlington, Vermont  05402-8132 : . ‘ 802-658-5428
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3.0 SAMPLING AND ANALYTICAL METHODS

Air sampling for TSP and metals (As, Cd, Cr-Vl, Ni) was conducted in accordance with
the provisions of EPA Method 17 - "Determination of Particulate Emissions from
Siationary 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
iethod 7300 - "Elements”. Stack gas velocity and volumetric flowrates were determined
in accordance with EPA Methed 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 are further described in the
sections that follow. Copies of each of the aforementioned standardized methods are
included in Appendix 3, pages 1-27.

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

David E. Adams Project 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.

NEAQT



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 haif
diameter upétrearh from a flow disturbance. The sample port locations met the
upstream and downstream distance from flow disturbance criteria. Therefors,
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 pointsftransect). 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 3 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 accordance
with EPA Method 17 modified to allow for metals analysis. EPA Method 17
specifies that the sampling train be fitted with stainless steel equipment while
collecting TSP samples. However, the use of stainless steel may bias sample
results when analyzing for metals. Therefore, EPA Method 17 was modified
through the use of teflon .equipment to replace stainless steel in the sampling
train. The sampling train set-up was identical to that specified in the Method, as
illustrated in Appendix 3, page 5.

Samples were collected isokinetically to determine concentrations of TSP and
metals during the test run. The test run was 320 minutes in duration and

collected 98.097 dry standard cubic feet.

The Particulate Field Data Form is included on page 2 of Appendix 1. Information
derived from a nomograph during sampling is included on page 4 in Appendix 1.

© NEAGT




3.4

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
Pollution Measurement Systems: Volume lll. Stationary Sources Specific
Methods" (EPA 600/4-77/027). The standard pitot tube used to determine
the volumetric flow rate met all criteria outlined in EPA Method 2.

3.3.2 Sample Collection

Following modified EPA Method 17, a sample was withdrawn from the
stack isokinetically through an in-stack teflon nozzle and tefion 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 conscle containing a
rotary vane pump, a calibrated dry gas meter, and an orifice manometer
to determine the flowrate required to maintain isokinetic sampling
conditions.

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 Sample Analysis

Gravimetric analysis was performed by NEAQT following specifications
outlined in EPA Method 17 to determine the mass of Total Suspended
Particulate collected during each of the two sample runs. A Mettler AJ100
Balance was used for total mass determination. Sample and Tare Weight
Data Sheets for filters and beakers used during sampling are included in
Appendix 1, pages 5-7.

Sample analysis for metals {As, Cd, Cr-Vl, Ni) was performed by Endyne,
Inc. In addition, total chromium was reported by Endyne for each sample,
as requested by NEAQT. Upon completion of gravimetric analysis for TSP
determination at NEAQT's facility, samples were delivered to Endyne, Inc.

NEAQT




. All metals a'nalyses'were performed in accordance with NIOSH Method
7300. NIOSH Method 7300 involves chemical filter digestion, followed by
Inductively Coupled Plasma (ICP) analysis.

3.4.2 Quality Assurance

Analytical method precision and accuracy were monitored by laboratory
control standards which included matrix spike, duplicate, and quality
control analysis.

Laboratory analytical results and Chain of Custody are included in
Appendix 2, pages 1-7.

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 the test run at the velocity traverse location.
Table 3 lists emissions resuits. Table 4 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 8-11 of Appendix 1. The sample
computations contain mass calculations for the metals and TSP. 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, Cr-Vi, 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

As 1.55 3.32
cd 0.408 0.339
Cr 6.53 12.6
Cr-vi <0.084' <0.100"
Ni 207 244

- Value represents the lower analytic detection limit.

Table 1 illustrates the concentrations of metals present in the product and
baghouse fines. Chromium-V1 was not present at concentrations above the
analytical detection limit of 0.094 mg/kg and 0.100 mg/kg for the product and
baghouse fines, respectively. These results illustrate that the hexavalent form of
Cr (Cr:V1) is less than 1.4% of the total chromium present in the product and less
than 0.8% in the baghouse fines. '

TABLE 2 - VELOCITY/FLOWRATE MEASUREMENTS

4916.02

100.13

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

TABLE 3 - TEST RUN 1-1 RESULTS

320 TSP 0.0218 g 98.10 0.00343 0.144 Ib/hr
320 As o’ 88.10 0 0
320 Cd 0.477 98.10 7.503 x 10°® 2.530 x 10°®
320 Cr 0.94' 98.10 1.479 x 107 4.986 x10°
320 Cr-Vi <1.94° 98.10 | <8.051 x 107 <1.028 x10*
320 Ni 13.4' 88.10 2.108 x 10° 7.105 x10™

-, corrected to account for the presence of the analyte in the blank
- value represents the lower analytical detection limit

NEAQT




The Test Run 1-1 sample results are summarized in Table 3. A 98.097 dscf
volume sample was collected during a 320-minute period. The concentration and
mass emission rate for each of the metals and TSP are shown in Table 3. The
mass of Chromium-Vl collected on the sampling media was not present in
quantities above the analytical detection limit of 1.94 ug. Based on the volume
sampled and the stack gas flowrate, the Cr-VI analytical detection limit represents
an emission rate of 1.029 x 10* Ib/8-hr.

The mass of As, Cd, and Ni reported in Table 3 have been corrected to account
for analytes present in the field blank (see the field blank laboratory report -
Appendix 2, page 3). ‘

TABLE 4 - AVERAGE EMISSION RATES AND ACTION LEVELS

TSP 0.144 Iofhr 12,50 to/hr 1.2
As 0 0.000019 0
Cd 2530 x 10° 0.000047 .53.8
Cr 4.986 x 10° 00 0.5

crv' <1.029 x 10* 0.0000071 <1449
Y 7.105 x 10* 0.00026 073.3

' Cr-Vi was not detected in the sample; see discussion on page 8.

Table 4 contains values for the Gamma Mill emission rates, State of Vermont
action levels (VT - Air Pollution Control Regulations: August 13, 1993), and % of.
the action level measured for each of the analytes in question. Action levels for
each of the metals are designated in units of 1b/8-hr. However, the regulatory
discharge level for TSP must be reported in units of [b/hr, and is determined
based on the input process weight (Ib/hr). Mr. Tim Hicks indicated that the
average input process Weight for the Gamma Mil is 7 tons/hour. This
corresponds to a maximum discharge weight of 12.50 Ib/hr (see Table 1 of the
aforementioned Regulations).

Sampling parameters, including sample volume (98.097 dscf) and run time
(320 minutes) were increased during the January 21, 1994 sampling event relative

NEAQT




to prior sampling conducted by NEAQT at the Luzenac-Ludlow facility. In addition
to collecting a larger sample volume, NEAQT worked with Endyne to reduce
detection limits in an effort to quantify mass emission rates at or below Vermont
action levels. As indicated in Table 4, detectable quantities of As, Cd, Cr, and
TSP were measured at values below Vermont regulatory levels. Nickel was
detected at 273.3 percent of the action level.

Chromium-Vl was not detected in the exhaust gas. Total chromium
concentrations are reported to provide additional information regarding chromium
emissions, due to the fact that the Cr-Vl detection limit is above the action level.
As indicated in Table 1, less than 0.8% of the total Cr present in the baghouse
fines is in the hexavalent form (Cr-Vi). A direct correlation between the baghouse
fines Cr-VI/Cr ratio and the known mass emission rate of total chromium yields an
emission rate for Cr-Vl. Total Cris emitted from the facility at a rate of 4.986 x 10°
Ib/8-hr. With a less than 0.8% Cr-VI/Cr ratio, the Cr-VI emission rate is less than
3.99 x 107 Ib/8-hr which is 5.6% of the Cr-VI action level (7.1 x 10® Ib/8-hr).

Based on the resuits of the January 21, 1994 emissions test at the Luzenac-

Ludiow facility, nickel is the only test constituent present in the Gamma Mill
exhaust at concentrations above State of Vermont action levels.

[RPT2-LUDLOW/DA 1-1-94]
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VELOCITY TRAVERSE DATA SHEET

PLANT $ 02 209
CITY %$C02° o SCHEMATIC
SOURCE ~ Carupwh Mol $ N2_F7 7 D1
DATE _ 1/21)94 $H20 + 2v/.-
RUN ~— |1\ . .
PITOT ID 'y
COEFFICIENT _ .99
BAR PRESSURE ~ 28.72 ]
OPERATORS (P / Br
Traverse | Velocity Stack Cyclonic | Static
Point # Head "H,0 | Temp °F Flow Pressure J AP
Ap Angle ° "H,0
g | D3R | |75 NA  PFOQH | 0-6Ye
2 Ao 0.6
4 0.4%F - 0.63(
4 | ».49 - 0.760
s | 060 O- 1S
l 0.y 6. 181
3 0.5F 6,355
SWE.__| (.50 - 0107
Z 0.8 - G135
2| oge - " L
4 | 087 0-155
5 | O.688- g t632
L | Ol 0335
7+ | &5 0.148
O. 45 - ~ Q.6FI
Ne: 0.683 0. 120
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NOMOGRAPH DATA FORM

PLANT

CITY

DATE vz l-’[‘j

SOURCE —_ Cramamia

from QA Handbook M5-4.1

Calibrated Orifice Pressure Differential "H,0 AHg / 77

' »
Meter Temperature Average °F T /@
Moisture in Gas Stream % Boo

Barometric Pressure "Hg - Py £
b AkAd
Stack Static Pressure "H,0 P, 1»0 ZL/
Static/Barometric Pressure Ratio P/P
Stack Temperature Average °F T, ,78
Velocity Head Average "H,0 APuvg & ;5
&
Velocity Head Maximum "H,0 AP ﬂ 1
7
C Factor 0 ??
3 " D .
Calculated Nozzle Diameter N O- ZZS‘
] Oy 1 5
Actual Nozzle Diameter " D, G225

Reference Ap "H,0 @ 05357 A= %’%

NEW ENGLAND AIR QUALITY TESTING
| 5 07y = 0%1&&\
#7 ; 0.7




TARE WEIGHT LOG SHEET

-

Project: _
FaCility: [Tl il 2 o U ) - TA Sk ;L
ilter size: Zéo"\k
FILTER/ | DATE/TIME | DATE/TIME | DATE/TIME | DATE/TIME | DATE/TIME
BEAKER
NUMBER mass ¢ mass g mass g mass g mass g

GCBlantS |24 0800 11/29 /30 |1/25 rgeo|l2s 1430 |%e  oais-

2/ - : _ _

Nvee.w37,| 1. 00224 355557 g |/g.6628 | /670000y
w g s e sae

104/, 4345 194 4] Q9| od Gsferg 1044420 |04 HOs

* I | Ve 0860 s 1420

Zt;//—{ 101 3107 Mv&) /1. 3106 /1CLSER] 4
ng?’i'ek | |25 0856 |lhs /450 _
100 272 mo/. 2737 1002760 |)6-7737-2
' Yo VT
AM. A
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Project:

"SAMPLE WEIGHT LOG SHEET

Facility:  _. . _ __ - T'bdlé. 93
c@ ilter size: 250 »{
‘FILTER/ DATE/TIME | DATE/TIME DATE/TI_ME DATE/TIME | DATE/TIME
BEAKER
NUMBEB . mass g mass g T mass g mass g mass g
R e )29 p97 |Vez 151 | NET
5 Dimiovzo |wp.oors |1e0.001¢ -0 0004 5
@%gma N Nar
104.449 20 |ypd, 4421 |r0d . 4917\ - 0.0003
¥ 5‘;‘”/“& Yoz | NeT -
1 101.%106 |le). 3208 |19/.3202 | 9. 009",
¥ Fuld G1)) tare ' NET™ ‘
- 100, 7160 | v~ 2744 lio0. 27160 | 0. 00004
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SAMPLE WEIGHT LOG SHEET

Project: oz ,

Facility: 7Aook &~ . .

Beaker/\@)size:, ‘/’7 el éZM (l,ée/( %
FILTER/ DATE/TIME | DATE/TIME | DATE/TIME | DATE/TIME | DATE/TIME
BEAKER ‘
NUMBER mass g mass g mass g mass g mass g
y7-017 + o '/zs/‘?‘/ (’5{}) '/35'/ J430 nNET

IR -1 7087/ 0.101Z | p-1012g| §.012/4
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L —END YNE., INC. Laboratory Services

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

FAX 879-7103

REPORT OF LABORATORY ANALYSIS

CLIENT: NEAQT - PROJECT CODE: NEAQ3755
PROJECT NAME ' REF. #: 56,146 - 56,149
DATE REPORTEL-—~=mmrs < 11xig

DATE SAMPLED: -

Enclosed please find the results of the analyses performed for the samples 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 referenced 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,

Sample results reflect adjustments made regarding slight blank contamination observed for
total chromium only. For other metals, blank contamination was not observed at levels
affecting the analytical results.

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

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

Reviewed by,

enclosures




gml L —END YNE, fNC, Laboratory Services

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

LABORATORY REPORT

CLIENT: NEAQT PROJECT CODE: NEAQ3755
PROJECT NAME: - )  REF.#: 56,146

REPORT DATE: 1 _ .oy = ao7e STATION: AS525 Sample

DATE SAMPLED: Janv~ ' : TIME SAMPLED: Not Indicated
DATE RECEIVED B SAMPLER: C. Puisto

Tested parameters are reported in micrograms. Digestion was performed by NIOSH Method 7300.
“Hexavalent chromium was digested by EPA Method 3060.

Parameter Concentration EPA Method Analysis Date
Total Arsenic 1.48 ) 7060 - 2/3/94
Total Cadmium | 0477 6010 213194
Total Chromium 2.55 6010 2/2/94
Total Chromium VI ‘ <1.94 T196A 2/2/94

Total Nickel 19.7 6010 2/3/94
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g)JLM L ——END YNE; INC. taboratory Services

32 James Brown Drive
Wiltiston, Vermont 05495
{802) 879-4333
FAX879-7103

b

LABORATORY REPORT

CLIENT: NEAQT ' PROJECT CODE: NEAQ3755

PROJECT NAMI™ ~ - REF.#: 56,147

REPORT DATE: ek STATION: A526 Field Blank
DATE SAMPLED: TIME SAMPLED: Not Indicated
DATE RECEIVED - SAMPLER: C. Puisto

Tested parameters are reported in micrograms. Digestion was performed by NIOSH Method 7300.
Hexavalent chromium was digested by EPA Method 3060.

Parameter Concentration EPA Method Analysis Date
Total Arsenic 1.72 7060 2/3/94
Total Cadmium _ <0.210 ~ 6010 2/3/94
Total Chromium 1.61 : 6010 2/3/94
Total Chromium VI DU 7196A 2/2/94
Total Nickel 6.30 6010 2/3/94
Notes:

1 Data unavailable because analysis did not meet laboratory QA/QC standards.



é_.L L ““—E N D YN E INC. | Laboratory S;ewices

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

LABORATORY REPORT
CLIENT: NEAQT PROJECT CODE: NEAQ3755
PROJECT NAME: *™ ~. REF.#: 56,148
REPORT DATE: ... T STATION: A527 Baghouse Fines
DATE SAMPLED: TIME SAMPLED: Not Indicated
DATE RECEIVED. ....cuiy cu, 1574 SAMPLER: C. Puisto

Tested parameters are reported in milligrams per kilogram, dry weight. Digestion was performed
by EPA Method 3050. Hexavalent chromium was digested by EPA Method 3060.

Parameter ~ Concentration EPA Method Analysis Date
Total Arsenic 3.32 | 7060 2/3/94
Total Cadmium 0.339 6010 2/3/94
Total Chromium 12.6 6010 . 2/3/94
'Total Chromjum VI <0.100 7196A C212/94

Total Nickel 244. 6010 2/3/94




CLIENT: NEAQT
PROJECT NAME:
REPORT DATE: ]
DATE SAMPLED:

DATE RECEIVED.

L1 =ENDYNE, e

LABORATORY REPORT

ry A AT

Laboratory Services

32 James Brown Drive
Williston, Vermont 05485
{802) 879-4333 _

FAX B79-7103

PROJECT COD:Z: NEAQ3755

REF.#: 56,149

STATION: A528 Product
TIME SAMPLED: Not Indicated

SAMPLER: C. Puisto

Tested parameters are reported in milligrams per kilogram, dry weight. Digestion was performed
by EPA Method 3050. Hexavalent chromium was digested by EPA Method 3060.

Parameter

Total Arsenic

Total Cadmium
Total Chromium
Total Chromiuvm VI

Total Nickel

Concentration

155

0.408

653
<0094

207.

EPA Method

7060
6010
6010
7196A

6010

Analysis Date

2/3/94
2/3/94
- 2/3/9‘4
2/2/94

2/3/94



CLIENT: NEAQT
PROJECT NAME: >
REPORT DATE: .

DATE SAMPLED: .

SPIKE QA/QC DATA:
Parameter Ref.#
Arsenic 56,149
Cadmium 56,149
Chromium 56,149
Chromium VI 56,149
Nickel _ 56,149

DUPLICATE QA/QC DATA:

Parameter Ref.#
Arsenic 56,148
~ Cadmium 56,148
| Chromium 56,148
Chromium VI 56,148
Nickel 56,148

Notes:

1 None Detected

g_u 1 —ENDYNE, inc

LABORATORY REPORT .
MATRIX SPIKE AND DUPLICATE LABORATORY CONTROL DATA

)

Laboratory Services

32 James Brown Drive
Williston, Vermont 05495
{B0O2) 879-4333

FAX 879-7103

PROJECT CODE: NEAQ3755

Sample(mg/1) Spike(mg1.) %0 Recovery
0.160 0.100 87.8
0.042 0.200 83.5
0.673 0.400 117.

<0.020 0.100 109.
0.213 0.800 88.3

Dup 1(mgxg) Dup 2(mg/xg) Avg % Deviation

321 3.43 3.
0.312 0;365 3.
13.5 11.6 8.
<0.099 <0.100 ND!
236. 252. 3.
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MrTROD | —SAKTLL AXD VELOCITT TRAVERESS
ron STATICNARY BOoTREES

1. Pancipic and dpplicaslilily

1. Prnnopie. To sid 1o the reprmsenta.
tuvs messuremeant of pellUtant emimuohd
and/or towad volumewtnc llow rats from &
SLALORArY BOWTE. & DieATUrement 4its where
the ¢ffJuent stream B flowing 10 & Enown dl-
rection 4 sleclad. And Lhe crosi-section of
the stack 35 ivded L0W A pUmber of equad
areas. A traverse pont o then looatsd
wtrun each of thees squal Aress.

1.2 ApplLcability. This method s applics.
bie to flowny fas sireams L dUCTA SLACKR.
wd fluss. The method cannot be Lsed
wnen: (1) flow 4 cyclome or rnrling (see
Section 1.4). (1) s stack i3 smaller than
about 0,30 metser (12 10) Lo dlameter, or
0.071 m? {113 In." cros-sactional Arsa, of (1)
the measurement site 15 Joas Lhan two stack
or duct diamelery COWTSLIeArn OT lams LhaD &
half ciameter upstream {Tom & flow disturd-
&OCR

The requirsments of this method must be
conmdared befors corutrucuan of & naw fa-
cility from which woussions will be mess-
ured: falure L0 GO &0 DAY MYQUIre Fubse-
quent ailerstons Lo the stack oF aevalion
{rom the stapndard procedirs, Cases Wvoiv.
g YANANLE AN® JUbject Lo approval by the
Adminutrsior, US. Dnvuonmenial Proces
Luon Agency.

3 Procedure

2.} Selection of Messurement Site. Sam.
« pling or veiocity messurement 4 performed
8l & bite Jocaled at ieasl £1gNL LAk or ouct
diameters downairearm and two duamelers
upsirenm lrom any flow duturbance such as
& bend, expanpion. or contraslion n the
stack, or from & vuibie flame. If necessary,
D AlLEFRALIVE loCation MAY be selecied. st &
potilion al jessl two stACK OF duct diasneters
SownEiream And 3 hall dismetar upstream
from any flow agiursance. Por & reclangu.
lar cross smcuon. An egwvalent diameler
(D} shall be calculated from the {ollowing
eQuUslION. L0 Oetermine the upbstres/o and
COWNILISAID U AN

W

Cie g
Lew) [ 4

where Lsltngin and Wewidth.

An aligrnativa procsdure u availa
derermuning the scceptabibity of 8
maasurefoent locauon oot meelng the
criena avove. Thu precedure. deleTmunanon
of pas flow angiss a1 the sampling poinis and .
companng the resulls with scorplability
cniana. u descnbed in Secuan LA

2.2 Dwtsrouning Lhe Number of Travene
Poinu.,

for

221 Panuculaws Traversss. When the
$3hY and two-diameter TilendD can be
oet. Lhe ununum bumber of Iraverss
pounts anall be: (1) twelve. for cucular or
rectAngulATr stacks with disrseters (OF equiv.
siant daametars) gresatar than 0.1 metar (24
Ia. X (2) sight. for cucular nacks with dism-
wilxrs between 030 and 0.81 meter (13-24
mx {3) nise. for rectangular stacks with
squIvAlnt diamsigrs between 030 angd 0.61
metar (12-34 1n.),

When Lhe airbt- and two-diametsr cTits-
non anndt be met, the mimmwm pumber
of Ty veTae polnts U getarouned from Fpure
1-1. Before refermng Lo the figurs. however,
aslernuns thy distabcss [JFom Lha chosad

"RULES AND REGULAT IONS, AUGUST

~ Ry

Daslrement Lt4 W Lhe NeAMst ubsiream
abd dowpstresrn duturbances, and divide
each duwance by the swck dameter or

la,

TasLE 1-1. CAOSS-SECTION LAYOUT FOR
RECTAMGULAR STACKS

Quivalent diameter, 10 determing the dis Morew of Peversy povwl MR O
tance 1o cerms of the number of duct diame-
ters. Then determine {rom Fgure 1-1 the " 03
mintmuy pumber of traverse points that 12 "
corresponds (1) W0 the number of duct 4l " ;:
Ametars upstrearn: and (2) Lo the pumber of r
iamelers downaiream. Select the higher of 3 :: |
the two minimum pDumbers of traverss g i
paints, or & Fresater valus, 0 that for ctroue u e
lar stacks the oumber i3 & mujtiple of 4. and . n
{or rectabilsr FlACES. Lhe Dumber 4 oDe of
rhose shown th Table 1-1. .
- .
DUCT OLAMETIRS UPTTRLAM FACM FLOW CIFTURBANCE [DIFTAMCE A)
0.8 1N ] 1.8 .0 15
M T ] i T T 1 :
T NIGHLA NUMSLR 13 FOR
- RICTANGULAR ITACRS OA CULCTS
- A e —
1
&
-
-’
e
5 9= . -, -
i N
= N Ok 2§
3
- b{-]
B - —
! 16 rTaCK QLAMETER > €01 m 134 )
; 12
E wp— I § ongt —
3 « FROM FOINT OF ANT TTPE OF
) CISTURSANCE (MNO. L AXIION, CONTRACTION, €1C.)
STACK CIAMETIR » 030 TO 81 m 11324 )
' ] ] 1 1 r ) ]
H 3 4 ] ] H [] [ T

) . -
DUCT DtaMETERS DOWNETALAM FAQH PLOW DISTURBANCE (DITTANCE B

Frgurs 1-1, Minimwn nuemter of troverss povnts for parteulsts raversen

DUCT DiAMETERS WPTTRLAM FACM PLOW DISTURBANCE (DISTANCE A)

(X ] 1.0 1.5 1.0 .4
w ] T ' [ ' l '
THIGHER NLMESA IS POR . B ,-“a]
" ALCTANGULAR STACKS OR DUCTS °
2 ot A ASvALagRT| T
-r =3 - 'l."
itr J{§
3
[ ]
i g
'] STACK CLAMATIR > &.61 m (M in)
: L t
; nre gong —
STALK DIAMETER »0.38 TO 0.0 @ (1334 ial
. | | 1 ! | A ]
] 1, 4 | . ? ] [ w

© DUCT DIAMETRAS DOWNETAEAM FAOM FLOW DISTURBANCE (DISTANCE 81

Fagurt 12 Minimaam mumber of 17averst points for velotity 1nonparteuists) Lroversm,

Pega 1-F  REV A 3/88

EPA STATIONARY BOURCE BAMPLING HETHOOS




>,
»

227 Velocily [Hon-Particulat © T
verses. When velocity of volumeinc flow
rate 1 Lo be determined (but not paruiculate
matier), the same procegurs &b that for par.
tculste traverse (Bection 2.2.1) is tollowed,
axcept that Figure }-3 may be Used nsiesd
of Pgure i-1.

2.3 Cros-secuctal layout and Location

of Traverse Pounts. |

23.1 Circular Stacks. Locale Lhe traverse
POINLA 6 tWO PRIpeRicUAr cLiarnetars s
cordung 3o Table 1-2 and the example shown
in Pgure l-3. Any squabon ({or sxamplies,
see Citations 2 and 3 in the Biblognaphr}
that gives the same valuss &3 thoss i Table
1-2 may be used in Lisu of Table -2

Por parucilaie traversed, obd of the diam-
elers must be 1o A plane conwMmng he

the plane of the bend. This requirsmant be
comes iess cntical &4 the dutance {from the

disturbance LDITEAMIK therefore, other di-

armelar locations may be wed, subject 1O AP
proval of the AGIDIDISLILOLN.

-

1aAvinsk IsTANCE, 7

rOINT « 31 Gramurdr
4.4
Ly
ns
na
ud
"W

- b B -

1n addition for sucks having diameuwers

greater than 0.61 m (14 In) no traversd
points shall be locatsd withun 2.5 cenuime-
ters (1.00 tn.) of the stack walk and for
stack diameleny equsl to or jesa than 0.61 m
{24 i), N0 traverse polni shall be localed
within 1.3 cm (0.50 in.) of the stack walls,

To meel these cnitena. oheerve the procs-
dures given pelow,

11.1.1 Stacks With Diametars Grestr
nan 0.6 m (34 0 When any of the tna.
verse pownta A located in Section 2.3.0 fadl
wnthin 1.8 cmm (1.00 1n.) of the stack Walls, re
locate theta away from the stack walls tod
(1) & distance of 3.8 em (1.00 ) oF (D) 8
dinance equal 10 Lhe nozls inside diameter,
whichever U larger. These reiocated tha-
verse pownts (oo each end of a dlamsler}
shall e the "sdjusted” travearse pointl

Whenever (wo successive travene points
are combined 1o form » sogle adjustad O
verse point, treat the sdjusted point a4 3 4
pASALS LIaverla DOLDLL. both v the am-
pling (or valocity rosasurvnent} proceculs,
and in recording the data. ’

oy = = v

E.gure 1, £3ampre showing EitCular SIICK CrOtE MCTION Gividied nte
12 vQudl /0L wain JOCILION O LTAVErSE DOIRLE INUICATID,

TABLE 1+2 LOCATION OF TRAVERSE POINTS IN CIRCULAR STACXS

(F-tu-n-—mr—-'m-ﬂ

ld
2

wam"nu”—

[ N

[ s 1 8 0 8 110112 %~ 1 W8 X'7QI1u
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2.3.1.2 Stacks With Diamecers Equal 10
or Lexs Than 0.81 m (34 1), Follow the pro-

. cedure m Section 2).1.1, noting only that

any “adjusted” pownts should be relocaied
iway {from the stack walls ta: (1) a distance
of 1.3 €m 10.30 In.): or 12) & dutance equsl (9
the nozie inuce diameler, wnichever 13
larger. .

232 Rectanpular Stacks Deterruune the
number of traverss pointy A2 expisined 1
Sections 21 and 132 of this method, From
Table {-1, detarmuine the grd configurston.
Divide the stack cross-ssction RO 44 many
squal rectangular siemental wreas 5 tras
verss pownts, ind then jocsta 3 Lraverss
point at the centroid of sach rgual 7w MG
corcing to the example 1n Pigure 4.

1f the tester desires 10 Usa More than the
ounimum  number of Lraverse polnta,
expand the “wunmmum nutsber of travarse
pelnts” mainx (see Table [-1) by sdding the
XTI (Taverss pOLDLE &long ong or the other
or both legs of the matnx: the final matnx
need not be balanced, For exmnpie, U & 4x3
"minumum number of poloLK mMALMX wers
txpanded to )4 pownma, the fina] matnx
could be $x4 or 12xd, and wouid Dot heces-
anly have to be 4xd. After constructing the
line) matriz, divide the stack cross-section
{Nto a8 many equsl rectangular, elemental
ATTRA AL LIAYETIF DOIDIE, ARG lOCALE & 1rRe
verss point at the centiond of each equal
AR,

Thae situstion of traverss polnta betng oo
close t0 the stack walls 3 fSot expecied Lo
s with rectangular stacks I this probe
lesa 3hould ever arusa. the Admusisirator
must be contactad for resoiudcn of the
matter.

3.4 Veriflcadon ¢f Absence of Cyclonie
Flow. In most stationary sources. the diree.
tion of stack ru flow  essentislly paralled
td the sucx wally However, cycioruc flow
MAY exiat (1) atfler such devices as cyciones
ind inertal cdemustars followng venturt
Crubbers. or (2) in sacxs haning Langentiad
INieW or other duct confiyurstions whieh
tend 1o incuce swITling i3 thess tstances,
the presance or absence of cyelonic flow at
the aambiing jocalion must be determuned.
The follewing teenniques iry aecepiasie for
thia determinauon, :

1 i I

[ ] : L] | [ ] | ]
' ) |

T
\ L]
b | |

R S S —

' ! I

e | o 1 ¢ | °
’ ! '

Figure 1 4. Examow hownng 1oc1angslae viace cromn
WELHOA Dvwioed 1M |1 s0ul areas, wih ) \rveryy
powet at conirond o eaen i,

»

Leve) and zero the manometer. Connect a
Type § pitot tube Lo the manometer. Posi-
tion the Type 8 pitot tube at each Lraverse
point. 1o succession. $a that the planes of
the face operungs of the pitot tube are per-
pendicular (o the stack cross-sechional
piane; when the Type S pitot fube 13 10 Lhis
position. it 15 at ~'0" reference.” Nota the dif-
ferentia] pressurs {4p) rescing at eacnh irx-
verss pownt. U & nul] {(zero} pitog reasing 13
obtuined at 0" Telerence At a Qiven Lraverse
point, an accedtable flow condition exists at
that potnt. U the pitot resading i3 not zerd at

‘0* reference. rotats the pitot tubs (ud to

=$0* yaw angle), unti! s null rescing is ob~
tained. Carviully detarmine and record the
vajus of Lthe rotation angle (=) to the Dear
est degree. Alter the null technique has
been Applied 2t sach traverse polnt, calcu.
iste the averzye of the sheoluts valuss of oo
ANNED a values of ©° to those pownts for
which no rotation was required, and include
thess 1o the overall averzge. U the svernge
valus of a is grester than 20° thé overal
flow concdition in the stack 8 unscceptable

and alternative methodoiogy, subject to the -
approval of the Admunistrator. must be used .

to perform accursls sample and veiocily tres
verses.

The slirnative proceduty descnibed 0y
Secnon 13 may be used 1o determune the
rotstion angles 18 Lieu of Lhe procadure
dascribed sbove. The limil of scceptability
for the average value of @ would remain 20°.

15 Allerpative Measurymant Site
Selecuon Procadurs. This alurnstive appliss
10 sources where teaswrwment locabons are
Joss 1bas 2 equwvalent stack or duxt diamasters
downageamm or less than W duct dismeter
upstream from s flow disturbance. The
siternatrve should be limnted to ducts larger
than 24 in. in diszmeter where blockage and
wall affects sre muumal A directena) floves
sanuing probe is used o mesrare pitch and
yaw angivs of the gas flow a1 40 or more
traverss pownte Lhe revultant sngle s
calculsted and compared with acceplsble
cniena [or mean and standard demabon,

Nols==Both the pilch and yaw angles are
measured from & line passing through the 4
traverse pennt and parslel 10 the nack axan,
Tha pilch angie is the sngle of the gas flow
component 1o e plane that INCLUDES the
traverse line and is parsliel 10 the stack exis.
The yew angis u the angle of the pas flow
componsnt in tba plans PERPENDICULAR to
the traverse Lns at ths traverss pownt and ls
messured from the line passing through the
traverse pount and paraliel 10 the stack axs.

251 Apparstua.

2811 Direcoonal Probe. Any directional
probe. such as United Sensor Type DA Three-
Dimensonal Directonal Probe, capable of
measunng both the pitch and yaw sngles of
gas flow 1s actepuble. {Notx Masoon of
trads samse of apecafic products doss not -
constituis endorsemant by tha US,
Eaviroamenial Protecnon Agncy.) Assign sa
identification sumber to the directional

EPA STATIONARY BOLMCH LA INS METHODS

Pogs 1=3 REV 3 1/07

. probe. And permanently mark or engreve {

number on the body of the probe. The |
pressure hoies of direcaonal probes wre

" suscaptble 10 plugpng when used 1

parvcuiste-lacen gas strsama Therelors,
rystem {or cleanung the pressze holes by -
“baex-p "wath pressurzad mru |
reguired. . . !
2512  Differentia] Pressure Gauges. !
Inclined mancmetsrs, U-tube manometers,
other differenoud pressure pruges (0.
magnebelic gaugrs] that mest the i
-peaa;.mnunguzundtnnuuwd:.lzJ
Nota—]f thy differrential pressure gause
produces bowh pepative and poniuve rsady
thea both negatve 584 pesitive presswre
readings shall be calibrated st & mmum
three points as specailied in Method 2 | 22
232 Traverss Pounis, Use & mitimmuom,
40 Taverse points for croalar ducs and 4
powu for recianguisr docis for the gas o

" angle detrrminsnens. Follow § 23 and Ta

1~1 or 1-2 {or the jocation and layout of th
mavarse pownta. U the meanwrwment locats
is deterzuned 10 be acceptable accorting
the enienia [ this alizrsatve procegure. |
tha sams raverse poenl number and locat
{or sampling and valoc!y measursments..
233 Msasurement Procedurs. .
1331 Prepare the directonal probe &
differectial pressury gauges &s recommen
by the macufacturer. Capilary tubing or
surge tanks may be used 1o dampen press
flucruations. It is recommended. but not |
required, Lhat & pretest lsak chack be J
conducied. To perform a leak check, !
PIeSSuUnizs or nae puction on the impact |
copenng untl] & reading of st lasst 72 e |
in.} HeO rwgieters on the diffsrwntial prest
gounpe. then piug the irzpact eperming. The
pn;:.urf-dulh-h-&nmmrmmu
ns of ut lesnt 13 seconda
2533 Level asd raro the manormeten
Sincs the manomeisr level and sa10 DAY
becauss of vibrations and temperature
mnpl.pmod.lnﬂy&onttbclrnlmcl
3870 dunng \be traverss, i
2513 Position the probe of the J
appropriste locatona in the gas stream,
rotata until sere deflection is wdicated fe
yaw argle prevecre gsuge. Detiermine ant
record the yow sngle. Record the prese
gouge resdingy for \he piich angla. and
dstermina the pitch angis from the calibn
curve. Repest this procedurs for ssch
Teverse




2141 Calcalate the resudiant angie st
ach raversq pont
L w are comas [{cosina Y)(cosina Pi]

1-2

Nhere:
i = Fasuliant angle ot treverse pount |,
degree.
f, = Yaw angle at Taverse powni L decree,
7, PACE angie &l Teverse pont L degree.
2542 Calcolate tha sverepe resaliant for
fhn DessTNESLE

Eq.

-

IR,

- Eq. 1-3

whetw:

[ Awersgs resultant angie. degron

)= Tonai number of trevene poinis.

P 2543 Calcuiss the sandard devistions:

i

§. = Standsrd deviation, degres.
" 255 The rpessurvment locaton iy
accaptabls if A¢ 2X° and 5,€10°.
" 258 Callbrapen, Use s flow ryvtem as
described (n Sections 4,12 and 4.1.22 of
Method L in addition, the fiow system shall
have the capacary (0 gehersis rwo it~
secuon veloctien: one betwesn M8 and 720
m/mn (1200 and 2400 ft/min| and one

730 and 1100 m/mun (3400 and )

=LA&1 Cul 'wo entry ports in the (et
section. The axes through the ety pormn
shall be perpendicular to each other end
nierseet ia the cenuend of thy 1est secnon
The poris should be eiongated siots parsiled
ta the axia of the test secnon and of sulficigat
length 10 ailow measurement of piich sngles
whils mainisirung the piot head posiuca a
the test-section conuomd To faclitars %
slienment of the direcional prode dunng
calibration, the test secnen should be
construcied of plexiglane or some other
raniparent matenal All cabbration
messurements should be mads sl the same
poiatin the test secuon, preierbly st the
convrend of the 1s1-secnon.

2382 To ensure thai the gas flow is
paralisl to the contral axis of the tast secuion.
follow the procedure in Section §#4 for
cyciame Now aeterounscen 10 Messure the
383 Nlow engins at e centrond of thy test
SECHOn from two 1es! pons located 907 spart
The g8 flow angie messured in sach port
musl be z 2° o U* Sirighening vanes
should be inswulled, if NBCEIAALY, [0 mewt
this critenon. .

2343 Pich Angie Calibration. Perform &
calibrstion cuverse acconding to tha
manufscruret's recommnged protcol In §°
increments {or anyies from —80° 10 < 60° ot
SN vetoaty \a sach of the twe ranaee

Fl

fpeculind sDOYE. Averige LUt prussury rahio
vaiues ootaine for e4C0 t0gie 1D LDk WO
Nlow rangen and plot a cabbriuon curve with
the averaqe valuen of the prevsure ratio (of
olber 1wlable mensuremen? facior es
recommena#d by the manufscturer] verrus
the prich angie. Draw o smooth line throuth
the gata poinw. Plot abso the data vajusyior
tich (reverre pount. Deermune the
differences bacween the messured data
valves and the angie from the calibrauon
curve at the s6me presture nnc The
difference at asch companison rmrust be wrthia
T lor angles barwenn 0° and 40" wnd withia
3 for angiss berween 40° and &,

2384 Yaw Angle Calibruucn. Merk the
three-dimensional probe 10 allow the
dotermunatioa of the yaw peation of the
probe, This is usuaily s line sxiending the
length of the probe and aligned wnth Lhe
impact openung. To deierrunas the sccurvey of
messuwrments of Lhe ysw angle. only the 1200
or null porition need be calilbrated as
follows. Placa the direcuonal probe m the test
section, and roiate the probe unnl the sero
position 1s found, With a progacior or crher
angie messnnng device. messure the angle
indicated by e yaw angle indicator on the
thrse=demensional proba. This 1hould be
within I of 0*. Repeat this myspervment Oy
any other poinits siong the length of the pitot
whers yaw angle measweseno could be

< resd tn order 1o sccount [or vansooas ia the

priol markings used 10 16dicate pret heed
positons
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Mrmop :-Dmaﬁon or BTacxk Gad
Voocrry axp Vormariic Fuow Ratx
(TYrs 8 Prrot Tos)

1. Prnciple and Applice ity

1.1 Principle. The svernge tas velocity in
A SACK is determuned {rom the Fad densily
and {rom measurement of the average vejog-
iy head nith & Type § (Stawsacheibe or rv
verst Lype) pItot Lube,

1.2 Appliabllity. This method b applica-
ble for mesniremant of the aversys velocity
Et-fummmnmmmm

ow,

This procedure is not applicable st mews-
urement stas which [all to meet Lhe cTilema
of Method 1. Secuon 1.1, Also, the method
cannot be used {of direct neasurement in
cycionie or ywirling gad wirsams Section 1.4
of Matinod 1 shows how o delartoins &Y.
clonik or Fwirling Now conditons. When un-
acceplable conditions sxuat. MisTDAUYE DO
cedures, SUBject 1o the approval of the Ad-
runusirstor, U Dnvionmenial Prolsction
Agency. must ba employed W ALS MCUNLLE
flow rale delafTRinALIODS: SRAIDOLM Of suth
plterpative procedures are; (1) W sl
straightening vanes: (1) 10 caloulate the
total volumetne fNow raie soichiometncl-
ly. or (3) (0 move Lo ADOLher messuleioent
K 81 Which the [low 18 accepiable.

AULES AND

Llﬂ— {3

REGIAAT [ONS /AUGUST 18, 1977

S APpartiug

Specifications for the aDparsius are given
beiow, Any other apparsius that has been
demonstrated (subject L0 approval of the
Admunustrator) Lo be capable of meeting the
shecifications will be considersd acceptable.

2.} Type 8§ Pitot Tube. The Type B pitot
tube (Myure 2-1) shall be made of metal
tublng ¢e.g. slainiesa yieel). It 4 recommend-
ed Lhat the external tubing cdiarneler (di.
mennon O Pigure 3-2b) be between 0.43
and 0.83 cantuneters (e and % Wnch). There
ahall be an equal dirtance {rom the base of
each Jog of the pitot tube O 113 face-Opening
plane idimensions P, and Py Figure 3-2b% 1t
i recommended that this durance be be-
tween 108 and 1.3%0 tmes the sxternal

tubing diameter. The [scs openings of the .

pitot tube anall, praferably. be aligned a8
shown 1 Pipure 2-2; however, Alight mis-
plignments pf the ppetungl AlY pertnussibie
(e Pigure 2-3).

The Trpe 8 pitot tube
coefficent. delarouned outlined In Bec-
tion 4. AR ldentification number ahall be ss-
ugoed 1o the pitot tube: thus nuober shall
Nmmmmu:mdwmvnmm
body of the tube. _

nvuewn SINSON

S— ==

-

TYPL S PITOT TUNL

“SUGCISTIO UNTEAPERENCE FALE)
MTCT TUSL - THEMMOCOUPMLE SPACING

CLAKFRLE
connicTIONS

MANONETLA

Figurs 2:1. Type S pitotdubs manometsr amembdiy.
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(h)
Figure 2.3, Types of
Imsmunu.
.|l

A standard pitot tube may be used instead
of a Type B, provided that it meeta the spec-
Uications of Sections 2. and 4.2; note, how.
mr.\huthemmmdimpmprumn
holes of standard pitot tubes are rusceptible
to plugging in particulate-laden gas streams,
Therefore, whenever & standard pitot tube
is 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 taking a valocity head (ap) reading at

g misalgnment that can resull from fisld Use or improped construction of
TMﬂnm.nmvaddeﬂl)nwuntlndsl10'."Nﬂ‘
0320m (1/8 In) andd w 0.08 om (1/32 .} (ctation 11 inbibllegraphy).

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

-pltot tube by “back-purging” with pressur

tn‘dur.md\.henhhngmt.bernmd-
ing. If the Ap readings made before and
after the alr purge are the sare (=8 per-
cent), the traverse is acceptable, Otherwise,
reject the run. Note that If 4p at the final

traverse point s unsuitably low, another -

point may be selected. If ~ ~purging™ at
regular intervals s part of the procedure,
then comparative ‘AP readings shall be

EPA BTATIONARY BLURCE gAWPL ING METHOOS
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u.i.cn.um.(mmhnmmm

st which suiLably high as resdings are ob-

AR w Individual velocity head Jeading at &
" traverss point, mm H,O tin. H,0)
f=Total number of traverss

T8
Kw0.11 om H.O when metric Pxits are used
angd 0.004 in H.O when fah uniu are

I T4 grealsr than 1.08, the velocity head
dAls afe unacceptabls and & more sehaitive
dltfsrential pressurs FaLge must by Laed.
NoTE If differential pressurs gauges other
thah Inclined manomelers are used (e.g.,
magnehslic rauzes), thelr calibration must
b8 chocked After each test serise. To check

13 mm (0.0 -

the ealibration of s differentlal pressure
Fauge, compare 4p resdings of the gauge
with those of & paureoil manomeler L &
muolmum of three points, approximalaly
repressoing the range of Ap vnulum In the

mack 1f, ul sach potnt. Lhe vahies Af A e -

waed Rubiect Lo Lhe approvel of Lha Admine.
Tator,

43 Tempernturs Osuge. A thermooou.
ple. Ugquid-tilisd buld thermometar, bimetal.
lie thermomatar, mercury-in-glass thermom.
o187, OF OLher pauge, capable of Deasuring
tempersture 0 within 1.2 percent of the
minimum abeoluts stack temperstiure shal)

-be used, The Lezmpersture ppuge shall be 1t-
tached to the pitot tube such that the
tp doss Dot touch any mertal the
sauge ahall be In an interferenon-fres ar~
rangement with respect Lo Lhe pitot tube
face openings (see Figure 3-1 and also
Pigure 2-7 in Section 4).Alternas tive positions

procedurs of Bection 4 Provided that a dlUf
ference of Dot more than | percent Lo the
SYITALE velocity meanuretnent i1 Introduced,
the temperature rauge need not be sttached
to the pitot tube; this alternative is subject
10 the approval of the Administralor.

2¢ Pressure Probe and Osugs. A plesom-
otar tube and mervurys or witer-filled U-
tubd abometsr capabls of messuring sack
pramure W within 23 mm (0.1l In.) Hz
used. The static tap of & stancard type pitot
tube or one lsg of & Type B pitot tube with
the {sos opening planes positioned parallel
1o the g2 flow may also be used & Lhe pres-
#ule proba,

2.8 Barcmeter. A mercury, angroid, or
other barometsr capabls of messuring at.
mospharic presturs to within 2.0 mm Hg
(0.1 \n. Hg) may be used. In many cases, the
barometric resding may be obialned fro s
hearty national westher service staticn, In
which case the station valus (which ls the
sbeoluta barometrie pressurs) shall be re-
quested and an adjustmaent for elevation dif.
lerences between Lhe weather mation and
the sampling point ahall be applied At & rate
of minus 2.8 mm (0.1 tn) Hg per J0-meter

(100 foot} elevalion Incresss or vios-versa
for slevation decresss.

2.6 Oss Denslty Detarmination :q:u.:J‘
ment. Method 3 squipment, U needed -
Section 1.8), to determing tha Falh I 1
moleculsr weight. wnd Rafarence Method -
or Meihod $ squipmentl lor molsiure con
tent Getermination: olhet meihods MAY
used Jubject 1o wpprovel of Lhe
W, .
calite
27 Callbeation Pitod Tube. Whan
tion of the Type B pilot tube i3 hecrseat
(see Section 4), & Blandard pilot tube s us
ad & reierencs. The sandsrd pitot
shall, prefersbly, have & known cosilficw
obtained sither (1) directly from the Natd_
sl Bureau of Standsrds, Routs 770, Guind
Orchard Road, Galthersburg, Maryland, ¢
(2} by calibration gt another stand
ot tube with an NBE-tracsable o
t Altarnatively, & standard pitot L
sccording 10 the crilens given
3.1.1 through 2.1 beiow and llusrated
Fipure 3-4 (ses also Citations 7, L. and 1
3ibliography)maybe used Pitot lubes deaig
sccordlng to thass specificatiors will !
beaeling coefficients of about 0092001
111 Eexuispherical (abown In Pligure
4), sllipeoidal. or conical tip. -
" 172 A minimum of sx diame
straight run (based upon D, the extuna
ameter of the nr::‘o) between Lhe tipand £
satic pressure holes .
273 A minimum of sight dame
sSTalgbt run betwesn the satie prem
boles and the centeriing of the xir

tube, following the 0 degTes bend. '
17.4 Static pressure holms of equal

(approximately 0.1 D). squally spaced [~
piesoroeier ring igurstion

175 Ninety dagred bend. with aurve
mitered junction. .

1.3 Dufereniial Pressure Oauge for TY
8 FMtot Tube Calibration, An inclined —
nometay or equivsient i3 used Lf the sz
velogity callbration techniqus i emdh
(see Bection 4L1.2.3), thes calibration duy
ential pressure gauge shill be readable
the pearest 0,13 mm H,O (0.008 in. B/
Por multivelocity oalibrations, the o
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3. Procedure .

3.1 Bet up the spparatus a8 shown 1n
Pigure 1-1. Capillary wubing or muUye LADKS
weenl the manometer and piiot
fube may be used L0 dampen A (luctus-

tions, IL s recommendsd but not required,
that 2 lak-check be conductad. as
follows: @) Blow through the pilot impact

epening until a1 least 7.6 cm (3 In ) H.O ve-
looity pressure reqisters on the manometer:
ther. closs off the umpact operung. The
preasusy shall remain stabie for ai least 18
spconar (2) do the sammg for the static preg-
fure 3ide. except LLing muction to obtain the

Jmunimsum of 1.0 cm (Y o) K0, Other leak.

Sheck procedures. subject Lo the approval of
Lor

MITERED JUNCTION

CURVED OR

STATIC
HOLES
(?o.m)

ks

HEMISPHERICAL -

TIP

drift due to vibrationa and temperaturs
changws, make penodic cheexs durning cthe
traverse, Record all necessary dats as shown
n the example data sheet (Pigure 3-3),

3.3 Mensure the velocity head and tem-
perature Al the traverss boints specified by
Method 1. Lnsurs that the proper dlfferen.
tial Pressurs fsuge s bewng used for the
range of 4p valuss encountered (see Section
23% U It & necessary 1o change 10 & more
senmitive FRUSE. do 30, and PemessurY the 4P
and tempersiure readings st sach traverss
pont. Conduct & post-tast leak-check (man.
datory), &b decribed in Sections .1 above, 10
vilidats the traverse run, )

34 Messure the statle pressure in the

"ml.Omnmuumrunm
Detarmine

3

i3

\

the stmospherd pressure.

IPA STATIONARY SOLRCE SAMPLIND METHOOS
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Figure 2-4.  Standard pitot tube design specifications.




‘wewght. Por combustion processes
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STACK DIAMETER OR DIMERTIONS, M) e

SARCMETRIC PRESSURE, mam Wy (in. Myl
CROSSSECTIONAL AREA. m2{hi)
OPERATORS |
MTOT TUSE1.D. KO, .
AVG. COEFFICIENT. Cp = PrTPC v — ‘
LAST DATE CALIBRATED sk STAC
Seh Tomputsture " . , "
Py ::l:‘J::I 1 o 19F) TR () |mem g lang| v a8
| ‘;
! = ]
| | |
| !
1 ] :
| | |
! k
- !
i I |
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{ ] |
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)
;
’ . Avorsge .
'

3.0 Detervaune the stack mas dry mo

it

or .
mses Lhat rmut sssentnlly OO0, O CO.
N use Method 1, For processss emutting
sentially sir. an analyma need not be con-
SuUCisd: Use & dry molecular weight of 29.0.
For other procemses. other methods, Fubect
the Admuzasracor

-1 )

17 Obtun the mowture content from
Reference Method 4 (o squivslent) or from
Method 8

3JWWMW“0‘
the Stask or duct sl Whe sampling locstion

3

Figure 25 Veiocity traverse dats.

4 Culidrafion

umunmmwmmwuu
s, carefully examine the Type $ pitot
tummm.ua.udmvimmmrv
ummuhnmofmotuum
Allgned within the specifications (lustrated
1o Flgure 2-2 or 2.3. The pitot ube shall
notbluuduufuhtenmm-om
ment specificacions,

Alter veruning the -face openiny Align.
ment. measure and record the followng di.
mensions of the pitot tube: () the sxternal
tubing diamater (dimsraion D, Pigure 3-30 1
and (d) the tase-L0-openuny plane distaccas
fdimensions P, and 2. Pigwe 3-20). It D, &
Eotween 0.48 andg 0.98 o (Ve ADE W L0.) anad

.
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411 Type B Pllot Tube Assemblier
Dunng aampls and velocily travarses, the
P ™ . : solated Type B pitoc tube I8 nNot Mways

b oy Jn‘ TYH IMTOY Tuse . . used: 0 many (hstahces, the pitot tubs Ly
: used in combination with other aource-sl.

a1 3l FORD,s 10w L1/2 pling componsnts (LhermotOuplt, sampling
probe. noctls) ss part of a0 “asembly.” The

LaNALING ROZLE S S, Type 8 pitot tube coeffldent (Cltaticn # In
l pibliegrsphyltherefore an asignedor othar.

. Wb EDowD) bAseline cowfficient value may
H of may not be valid for a pired amembly,

. and
A DITTOM YIEW SHOWIRG MININRE MTOTHOZZLL SIPARATION, viluss Wil be identical only when the rels-
tve platemant of the componsnis I the A=

ence slfects are sliminated. Pipurm 2-4
LAML I ‘::?Iill. ’mﬁ;:m" through 3-8 ilustrate interference-Iree
s . . . somponent arungsmanta fot Type B pitot

tubes having external tubing dismeiers be
twoen 0.48 and 0.88 o (Y and % in). Type
8 pitot tube sasembliss thet fall to meet any

WPACT PRLSSURE through 2-4 shall be calibraied according o
OrLuWE FLANE the proeedurs outlined in Bectiona 4.1.3

TYrL S . | o ma—— o ——.

MTET TUNS ings (pitot-noszle, pitol-thermocouple, pitots

. n:h:h-&h)mn be messured and record.
NOIZLE ENTAY Note Do not use any Trpe 8 pitot tube
naat ﬁ \ ! assembly which s constructed such that the
. . . pressure opsning blane of tha pitot
L BIDE VITW; TO PALVENT HTOT TURE Rlane of the nossie
PROM INTERFERING WITH GAS FLOW :
ETRUAMLINES APPRDACHING T mt:"tq?m:'
WOZILE THI MPACT PRESIUAL ; e be ™ Fafee
OPENING PLANC OF THE MITOT TURE ‘ the m‘h‘" My permatantly marked
SHALL B EVEN WITH OR ABOVE THE . et, B, Callbration shall be dooe to s
BOLILE ENTAY PLANE . wantial

) WALl mm
[+ HTY) [
THEAMOCOUPLE

/-—.-_
T — Il)l{l&-lﬂlni

l nmnﬂmuur C_p o 6 "m'm’l;:: ~— ¢
0 " '
b |

Figurs 2-2. Proper 1hermocouple placement 1o pravent intarference
Dy between 0.48 and 0.85 cm (3716 and 3/8 ).

. . '
. I D, TYPE S PLTQT TUBE ®
Ni'aa . B -
e ]
t
- ]
: {

v

G

,smn_sq‘aoae ~— Y3>1.62¢m(3in) ——wm

Figure 2-8. Minimum pitot-sample probe separation needed 10 prevent interference;
Dy between 0.48 and 0.95 cm (3/16 and 3/8 in.).
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rvband ' : o DATE:
ahal) ?w.n .(12 Y, derucu.n: PITQT TUBE IDENTIFICATION NUMBER: D .
be [=+] : |
oty ’ CALIBRATED 1Y: 7 ]

i mb.ulnuu.im(lom.).

‘ uﬁm;rbd;a muxt be me:lt&hs:- -A" SIDE CALISRATION
wmoflnmmnmmmrors - ‘ Bom
. reclangular n e wn equivaient Avad i1 BEVIATION l
i rcrneter, clculaied trom the folowng em Hy0 K0 |- Deviamon
; aquation, 15 GHATIRIDS the Bumber of duct RUN ND. {im. M0} {in. H20) Cyly l ale) - CylA
uw \ \ \ \ \ \ l
D e
; | 1 | I \
Pquatien 31 1 \ |
| g €y (SIDE A)
Do = Equivalent diameter
Lalength
W= Witth

hmnmcmolmhh.nmynar ' !
valoped Oow patterns at the aldibmton die

: of “test seetion,” the site must be located at

; least sight diarmetars downstreidn wbd two 5~ SIDE aLillAﬂOI

turpances. Long aBoial .
ore The sight- and two-dlametler crite- . tm H20 tm H20 DEVIATION
are

tocs iy be used (subject to wpproval of RUNND. | lie H20) (im. H30) | Cptal | Cplu-CyiB)

By

i
}
i . pacity t.: FenaTLil & Lastaection  veloaity
|
|

around 1) m/min (3,000 fi/min). This vee 3
jocity must be constant with time 10 puaran- |
tes Btoady flow during calibration. Nots that - |
Trpe 8 pitot tube cosfficients obtained by g m

single-velocity callbmtion s ¥l m/min

(3,000 fi/min) will genenully be wvalld to
within =] percent jor the messurement of |

) |
m/min (600 and 1.000 ft/min) U & more . I lc,lll -l,u on "‘
Is dagired, the Now system ahall bave the ca- AVERAGE DEVIATION = g (AOR D »

3 ~— NUST BE <I
' i

i 1800 10 5000 Ry 180 0 LAL @/ | €, 3108 A1- T, 1310€ B |—musT sE <O

; nthUnnntmcz,&hul 14
i in Bidlicgraphy for details).? Lnd

Figure 2.9, Pitot tube calibration data.
41.24 Two eniry porua. one sech [or the

standard and Type 8 ptiot; fubss. shall be '
. Eut (0 the Lest section: Lh Fandard pitot . I
sntry port shall be slightly down. ’

?
i
E
E

413 Calibrauon Procscure. Note that . the fewr marid HP 18 pointed directly into  manometer

€137 Ra ;
be used without flrst referring to the special sllgning the tube to avold yaw and pitch 4134 mhﬂu::u ot g L133  u

three
Sohaldenitions presented in Bection ¢ 1.8, soglet. Make sure Lhat the enuy port sur-  have been obtained. PirS of 43 T

Nots also that this procsdure ool oubcing the tube i property sealed. : 4130 Repeat saps 13
to singie-vrelocity n.u:ru.lon. To.g:::.-n call- a ity Rand 47w a2d record ita value 1n s tl;" above for the B ‘ﬂ‘.lﬁf m':‘
FAlion data for the A ADd B Kde ot py S8 Wble kmiar to the coe shown in  pitot tube. v

4139 Perf oaloulatinng
o mmcmmmltmm mmu.:r:m. inda
. % X

podd D and i of the proms r::;n u:tu.l Conmut.mmlmmmhta

Lospect and isek-check all pitot Lnes RADOmaer, Open the a 4141 Por sach of the aix Pairs -
oF reniace if : repalr port. Check the manometer Jsve) SOy  resdings (Le, thres from nde A ap
I and align the Type ..;l.iblut:b.w;‘ from side B) obtained in Section 4.,

that 1 A side Lapet opening b At Lhe saine mwmgmm‘“m‘}“"" of the Trpe 8 piu
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Fapution 2«2
rhere!

G = Type 8 pitol tube coafficient

Cownw = Btandard pilot tube coefficient: ‘n;; '

0.9% i the oowiliclent i3 unknown
thae tube is denigned according to the ot
tera of Bestions 1.7.1 W 474 of this
method.

AP = Velocity head messured by Lthe sadd
ard pitot tube. on K,0 (i, XO)

Ao Vaioaity basd measured by the Type
pitot tibe, oz RO (1 HO)

4.1.4.2 Calculsta G (gide A}, the mealt A-
sice coefficient, and G (side B), the mman B
Moe cosificient: calculaty the difference bee

« fween Lthass Lwo sYerage valuss,

4.1.43 Calculate the dotbn of g:b of
tha three A-side valus of from & (slde
. and tbtazulan of each B-side valus of
from (side B) Uae the foliowing
eguation:
lmhlu-c-u-ap‘A or B’

Equation 2-3

4.1.44 Calrulats £ the average deviation
from the mean. for both the A and B sides
of the pitot tubk. Um the [ollowing equa-

. Y X s

$IC‘-.-C,(A or i) -

w(side AurB)m 3
Kauation 3=4

]
w
'——.
L
»

s .
€1.4.3 Use the Type B pitot tube only U
the valuss of & (alde A) and o iside B) are
jeas than or equal to 0.01 and Uf sbsolute
us of the difference betwesn (A) and
(B)ls ¢.01 of jem.
L1 Bpecial conaiderations
4.1.5.1 Selection of ealibration polnt.
4.1.5.1.1 When an isolated Type 8 pitot
tube i3 calibrated, asiect & calibratlen point
At or near the center of the duct, and follow
the procedurss outlined (n Bections 4.1.3
and 414 sbove. The 8 pitot coatfl.
cients s¢ obtained, is. (dds A) and
(side B), will be valld, so long as sither: (1)
the bolated pitot tube ls wsed: or (1) the
pitot tube U used wilh opther components
{norzle, tharmocoupis, sample probe) (n an
amangemant that is iree [rom ssrodynamic

intarfarence offects (e Fipures 2-4

through 1-8).
4143.L3 PFor Type 8§ pitot tubsthermo-
coupls combinations (without sample

probe), aalect 3 tallbration poiht at of nDear -

the cantar of the duct. and follow Lthe proes-
durws outlined in Sections 413 and 1.4
above, The coefficients 30 oblained will be
valld 30 long s the pitot tube-tharmosouple
comblnation 18 used by itsslf or with other
componsnts i Ah (nterfarante-{res (ITADE
mant (Fipures 3-8, and 3-8),

415013 Por amemblies with smmple
probes, tha calibration point should be lo-
catad st or DeAr Lhe canter of Lhe duct: how.

[ -
afficent valum (Citatlond (n dibl{cgraphyl

off-center if necesaary. The actual blockage
effect will ba negligible when the theoretdle
eal blocksge, as detarminesd by & projected-
ares modal of the probe aheath L 2 percent
or leas of the duct cross-sectional sres for
axMembliss without external sheatha (Pigurs
2-104), and 3 percent or less for ssaemblies
with external shesths (Figure 2-10b),

4.1.5.2 For thoss probe wasaxbliss in
which pitof tube-noxxle ipterference (s a
factor (Le. those 0 which the pitot-naztle
sparation distance foils to mewt the specifis
oatitn ustrated In Fipurs 3-43) the valus
of Ge depends upon ths amount of free-

Space between tha tube ahd nomle, and

tharefors s & function of nozle tiss. In
these instances. separats calibrations shall
be performed with each of the commonly
used nostle siseas In place. Note that the
angir-velocity tlibration technigue s ac
ceptable for thiz purposs, sven though the
larger nozale sised (>C.830 cm oF W i} are

-not ordinarlly wed for laokinetis sampling

sl velocitiss around §18 m/mipn (3,000 ft/
min), which is the allbration velocity; nots
also that it 3 Dot ReCEsIATY 10 draw Al iso-
kinsiic sampls during callbration (ses Cita-
tion 1§ In Bection 4).

4.15.3 For a probe amsembly constructed
suzh that Its pitot tube ks always used Lo the
sumns orentation. only ons zide of the pitot
tube need be calibrated (Lhe side which will
face the flow). The pitot tube must still
meet the slignment specifizcations of Mgure
3-2 or 1-3, however, and must have an avan

age deviation W)
lazien & value af 081 oF lem (pae

Therefore, Lo minimise the
the oalibration
EXTERNAL
SHEATH
f e
[ ]
(o)
ESTIMATED 1xW
SHEATH . - X 1n°
BLOCKAGE | DUCT AREA
(%) '

Figure 2.10. Projected-area models for typical pitot tube assemblies.
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Pipure 3-10. Projected-wres models for trpl-
oa! pitot tube sssemblies,

£1.6 ﬂelﬂlgn‘; and Recaltbrailon,

. ] .

t}ihﬂm s Type 8 pltot tube (Lo-
Wmhtarm&mblyluuudlnr.heﬂdd.
tha approprisie coelficent vlus (whether
lmdmobumtdbyuubnuomuun be
used 10 perform velocily oalrulations Por
calihrated TyDe 8 pitol tubes, the A rde co-
afficient shall be used when the A ude of
the tube [aces the flow, and the B sida coef-
ficient shall be used when the B side {nown
the flow: alternatively, the anthmetie aver-
stw of tbe A and B sida coelficient valum
may be used, Lrespective of which sde [3ow
the fipw.

41.0.13 When & probe Laembly 3 used
wmpulwduﬂtlzwllmm&mr
ter), the probe u;‘mb someiimes blocks &
significant the duct croa-seclion,
mnnﬁ:ﬂmmmxmmn vulug of
G Conpulwcitation ¥ insibTicgraphylor de-
nlin Conventional bltot-sampling PTobe sa-
romblies are Dot recommended (o7 W o
ducts haring naide dlameiers than
18 inchas (Citation 18 in Bection 0).

4142 Rasaalibration

41621 Leolsted Pitot Tubes. After each
dald use, the pltot tube ahall be carsfully

R
4
§
E
5

.22 Mtot Tube Assemblies
aach fald use, check the [aoe Opening align-
the pilot tube, a8 (O Bection
4.1.8.11: ulbo, remassurs the Intercompon.
t spacings of the assambiy, I the lner.

8

can be amsumed Lhat the coefficiant of the
sasembly has not changed L the {aoe Open-
ing alignmmaent s no jonger within the speci.
fications of Pigures 2-1 or 3-1, either repair
ihe damage or replace the pitot tube (call.
brating the new wsembly, I necessary). If
the intercomponent spasings have changed,
restore the original spasings of recalibrate
he amembly, -

4.} Blandard Ditot Lube (1 applicadble), It
o standard pilot Lube 1s used [or

# velocity
iravesrse, the tube shall be M
cording Lo the criteria of 7 and

ahall be assigned & baseline coefficient vajue
of 0.98. 1f the standard pitot tube b used aa
part of an aasembly, the tubs shall tw In an
intarference-(ree srrangement (subject Lo
the approval of the Adminustrator),

43 Temperanture Qaugex. Aller each
fleld uase, calibrate dia)l Lhermometers,
liquid-filled bulb therroometers. thermocou-
Ple-potantiometer sysiemi, and other
falugres AD & lemperature within 10 perocent
of the Average Abaciula tack

temperstures up to 4038° C (T81* F). use
An ASTM mercury.-in-glass reference ther-
mometar, o7 equivalent. a3 & reference; al.
tarnatively, either & reference Lhermocoupls
and polantiomoster (calibrated by NBS) or
thermometric {ixed pointa. o8-, ice bath and
bolling waler (corTected fOr baromaetrie pres-
Rures) may be used. Por temperstures sbove
400° C (781’ P, use an NBS-callbrated refar-
ancs thermocoudle-polentiometsr fystam or
AR altarnats reference, subject Lo the ap-
proval of Whe Adminstratof.

If, during calibration. the sbsolule Lem-
persiurss messured with Lthe fauge bewng
calibrated pnd the refsrence paugs sgree
within 1§ percent. the lempersture dala
taken i tbe field shall be considered valid
Otherwise, the pollutant ecussion test shall
tither by consdared invaiid or adjustmenta
(i sppropriste) of the test results shall be
made. QIbct W0 the approval of the Admun.
trator.

44 Baromeisr. Calibhyta the baromater
ueed AFAINST & INATTUTY Darometser.

8, Calculations

Carry out caloulations, retalning st least
one exos decimal figure beyond that of the
scquired daza Round off flgures aftar final
ealoculation.,

$.1 Nomsnclature.

4 = Cross-sectional ares of stack mi(ft N,

B =Watar vapor (n the pu RIvam {rom
Method § or Reference Msthod 4), pro-
portion by volwmas.

G = Pitot tube ooe!licient, dimensonless,

X, = Pilo} tube sonstant,

3497

me [C{g/g-mubk:)i{mm Hu]i-!
et VR (i D)

for the metric Eyslam and

..o N [hbnb-molunin. Hg)
e U R, RO

{or the Dnglish system.

MewMolocular weight of stack Fad. dry baxie
{see Bection 3.0} g/E-mois (1b/lb-molel,

MoeMolecuiar weight of sach A, wot
baaia, g/ g-mole L1b/1D-mokel,

Myl adu) +10.0 Bn

Equation 3.8

Py Barometric presture A DEsSUreent
dte, mm Hg (in Byl
Py=Biack sualic pressurs, mm By (o Eg).

P.wAbsoluts FLALK Fud pressure, mm Hy (in.
Hg)

-’- +P|

Equation 2-4

Pa=Standard absolute pressure. 768 mm
By (2092 1n Hyp),

Qu>Dry volumeint stack gas flow rats cor-
rected to standssd conditions, dscm/hr
(dacf/Nr).

Lw=S8tack temperaturs, 'C (*P).

T. = Abmoiute stack empersturs, K (‘R),

=2T3+ L lor metric

Lqustion 2-7
=480+ 4 for Engllah
Equation 2-3
Tea™Btandard sbecoiuta tempersturs, 38 'K
{328 R)
BeAversgs Rack paa valocity, m/sec (fY/
»oclh
A.-\R!:éndty hesd of stack pa mm RO (in.
)

3.800 =« Conversion {actor, see/nr,

18.0=Molecular weight of watsr, g/f-mo0le
{Ib/Ib-moole). .

5.2 Average siack g velocity.

. "
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Equation 2-#

sa AYMMQIMMM{
nte

Toa
Qu=3.600(1 = Ba ot (—-—-
T\

(3

Egquation 3-

“To convert (uy brom f
s /bt (dact{kr] 1o docm/mm (dact/ !
misl divide Q by 8"
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METHOD 17

MrTROp 1T=DITEMINATION OF PARTICULATE
aassions Frod Brationany Sooacys (L.
pzACK POITATION METROD)

Introduction
Particulats rmatter i not an ibsolute

_quantity; rather. it s & functian of tampers-

ture and pressure, Therefore, 10 prevent
vanability tn particulats malier emmuson
reyulations’ and/or maocisted Lest methods,
the temperaturt add pressurs al which par-
tculsts matter i3 to be measured must be
carsfully defised. Of the two variables (Le.
temperaiurs and pressure), temperature haa
the gresisr sffect upos e smount of par-
ticulste matter 18 & effluest FM stream I
most $IALICOATY JOUrCs catagories, the affsct
of pressurs AppeL3

1n maethod 3. 230° ¥ 1 s;stablishad a0 &
temperature. Thus,

ordar o maintain a collection tamperature
of 250* P, Mesthod § employs & hested

giang
- sample probe wnd 3 hented fUtar holder.

This squipment i3 somewhat cumbersoms
and requires care (o its opsration. Thare-
fore, where particulatle mafler concentra
tions {(over ths nonoal range of temperature
aasociated with & specified source category)
known to be (ndependent of tampers-
it s destrable to eliminats the glass
and haating systams, add sampis st
tampersture,

method describes an ib.stack samn.
owem and ampliag prooscdures for

TR

RULLS AND REGULATIONS/FEBRTUARY 2

use {n & casex. It 4 intenced to bu Lsed
ounly w soecifled Y an applicable sub-
part of the standards, and only within the
applicabls Lempersturs lmits (U specified),
or when ptherwiss ApProved by the Admin.
suator. R

1. Prngiple and Appilcabililn -

1.1 Principle. Partculate matter is with.
drawn Lokinstlcally from the source ind
collected on & glass fiber fliter mantained
3t stack temperature. The particulate maas
Is determined gravimetrically sftar removal
of uncombined water.

1.2 Applicsbility. This method spplies to
the daterminstion of particulate emisxiong
from sationary sources for determuining
complisnce with new source performance
nandards, only when sbectlically provided
for in an spplicabdle subpart of the stand.
ards. This method is not applicabls to stacks
that conwain Uquid droplets or are saturated
with watsr vapor. In addition, this method
shall not be used a8 writtan I the projected
cross-secticnal ares of the probe axtengion.
fiter holdsr assembly covers mors than §
percent of the SAck crosg-sectionsl area (e
Section 4.1.3)

1 Apparctus
21 Samplng Train A schematic of the
sampling train used o this method b sabown

ln PMgure 17-L Construction details for
many. but not all, of the train componanty
e given in APTD-0581 (Citation 1 in
Bibliography) for changes from the
APTD-088]1 document and for allowable
modifications to Pigure 17-1, consult with
the AGIRIBWETMLOT,

3, 1372

The opersiing and miintenance proce
dures for many of ths smpling tain com-
ponanis sre described 1o AFPTD-0874 (Clla- -
tiop 3tndibliography)Sinoe correct uskse U
jmportant in obtaining vald resuis, sl
users should rend the AFTD-0474 document
and sdopt the opersiing and mainienance
procedizes cutiined 1o it. Uunjess otharvise
specified herein The smmpling train cod-
s of the following cOompODEntis

211 Probe Nomxle. Stainless steel (318)
or gisss, with sharp, 1apered lesding edge.
The angis of taper shall be 30° and the
taper shall be on the ouixida to pressrve A
constant intsrmal dlametar, Tha probe
nozzle shall be of the bucton-hook of tibow
design, unise otherwise apecified by the Ad-
minstrator. If made of stainless stoel Lh#
postis ahal] be comstructed from seamlesd
tubing. Other matarials of construction may
be used subject 1o the spproval of the Ad-

ministrator,

A range of stses suitable for isokinetic
snpling should be avallable, eg. 032 W0
127 @o (% to W in)—or laryer U higher

. mmnnpun:u‘mwuud—msmdl-

amstar (1) hoszles Ln incremants of 0.16 &

(Me 10} Tach posxle sball be calibrated ae-

eo:ﬂ;u' W the procedurss outlined n Sec-
tion 8.1

21.3 Pitar Eolder. The in-stack fUter

holdar 1hall be constructed of borosilicate

or stainless steel if & saaket

it anall be made of allicone rubber,

Teflon, oF stainiess stael Other holder and

TamPRATIAG  ISSTALE
MESBA  IATLABSLMAN
seg P ilen B nt®
el ) ’
'z MSA LR TALN DFTIAAL BAY N RIPLASES
] DY AN LMY ALLET LORDENSLE
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Frert nacs - ninng
‘mAL oxTiesee Temad 2 valve
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Figure 171, Parvculiir Sampiing Train, iquipped weth in-Stach Filser,
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* 213 Mobe Ixtenxion Any ruitable rigid
probe extension may be used after the fliter

"bolder,

21.4 Mot Tube. TYPe & 15 described In
Zaction 1.1 of Method 1, or other devics ap-
proved by the Admunistrator, the pitor tube
ahall be attached 10 Lhe probe extemaion to
sllow constant meonitortng of the stack grug
velocity (ses Pipure 17-1) The lmpact thigh
presnire) opening plune of ibs pitot tube
shall be even with or above the nomle entry
piane during saumplng (e Method 3.
Pigure 2-4b). It L recommendsd (1) that
the pitot tube Narve & kDOWD basaling coelfl-
clent, determined s cutlined in Secticn 4 of
Method L and (2} that this tnown coeffi.
cient be Presarved by plasing the pitot tube
in an interference-free armngement with re-
spect Lo the sampling noxue. fliter holder,
and temperature smsot (se Plgure 17-1),
Nota that the 1.9 cm (0.75 (n) free-space be-
tween the nomle and pitot tube ahown in
Pigure 17-L. b based on A 1.3 mm (0.0 i) ID
nosxle. I the sampling traln ls designed for
sampling at higher flow rates than thst de-
aribed i APTD-0841, thux Decemsllating
the use of larrer sized nortiet the {ree
space shall be 1.9 em (0.75 In) with the larg.
o3t kized Doxrle L place.

Sourcr-sampling asmambliss that do not
meet the MINIUMUM SpAcing reqUrements of
Figurs 17-1 {or the equivalent of these re
quirements, e.f.. Flyure 2-7 of Method 2}
DAY ba used: however, the pitot tubbe coatfl.
cients of such sasembliss ahall be deter.
mined by calibration, using methods subject
to the approval of the Administrator.

2.1.5 Differental Pressure Cayge. In.
clined mancmetar or ‘equivalent devicy
(two), as described in Section 2.1 of Method
1. One manameter shall be waed for yeiooty
bead (ap) resdingy. and the other, for aM-
fice ditferential pressure readingx.

2.1.6 Condenser. It U recommended that
the lmpinger syrtem described B Method §
be used Lo determine Lhe mowturs content
of the stack (3 Allarnatively, any srsam
that allows measurement of both the water
condensed and the mouturs leaving the can.
densar, ssch W within ! m! or | ¢ may be
ued The molture lasring the condensar
can be messured either by (1) monitoring
the wmpersture and pressure st the #xit of
the condanser and unng Dalten's law of
partial pressures: of (1) pamung the sample
b stream through o allcs gel trap with
exil gusme kapt bejow 20° C (08 P and de
termining the weight gain

Flexible tubing may be used between the
probe exiension and condenser. i! mesns
other than alics tsl arvy used 10 determing
ths amount of molture lesving the cobe
denser, It It recommended that stlid gel 5210
be 'sed brtween the condenser yram and
PuUBD W prevent moisture condansation in
the pump and mstering devices and to avoid
the need to make corrections for moistury
in the metared volumae.

1.7 Srstem. Vacuum palige,
lsak-{tes pump, Lhsrmometers capable of
IDeASUrIng Lemperature Lo within 3° C (3.4°
¥), dry swb meter capable of messuring
volume to within 3 percent, and relsted
squiptaent, s ahown in Mpure 11-1 Other
Inetaring aystems capable of maintsisung
MMPURY Taim Within 10 percest of lsokine-
te and of determining sample volumes to
within 2 percent may be used, subject 10 the
approval of the Administrator, When ths

‘System W used in eonjunction with

metering
& pitot tuba, the systern shall enadle checks
of okinetie .

Iatas.

Swmpling trains utlirng metering o
tems desigmed for higher flow rates than
that described tn APTD-0331 or AFTD-0376
may be used provided that the specifica-
Uons of this method are met.

110 Barvmeter. Mercury, aneroid or
other burometer capable of messuring At
mospherie pressurs Lo within 2.% mm Hg
(0.1 ta. Hy). In many cases. the barometne
Teading miy be obtained from a neardy na-
tonal westsier service ststion, I which case

the station vulye (which {8 the absciute bar-
omelric pressurs) shall be requastad and an
adjustment for elevation differsnces be-
twests the weather station and smpling
point shall be soplied ot & rats of minus 19
tmm Hy (0.1 In By) par 30 m (100 1) elevs.
Uos Increasd or vice versa for slevation des
cresse,

L9 Ous Density Detrminstion Egquipe
ment, Tumperatuze sensor and presgure
nmummms«am&umuct

" Lo efthar the pitot tube or to the [robe eXx-

tension In & fixed comfipurstion lf the tem.
Persture senscr {3 sitached in the flald: the
senaor ihell be placed Lo an interference-
ires srrangement with reapect Lo ths Type
8 pitot tube openings (a1 shown 1 Plpure
17-1 or in Piyurs 3-7 of Method I} Alterna.
Uvely, the temperaiure snsor need not be

43 Sampls Recovery.
3.1 Probe Nomis Bruah Nylan bristle
with nainiess riee] wire hundls. The
brush ahal) be property stsed and aaped o
brush out the probe nomie.
122 Wash Bottles—Two, Glasm waih
botle are recommended palyethyiens

-l bottles may be used at the option of

the testar. It U recommended thet acwtone
Dot be nored (n polrethyiens botlies for
looger than & month.

.23 QOlaus Sample Storage Contalngre,
Chemically recistant, borostlicats Flams dot.
unrarmmnmmwzwom
sither be rubber.

Alack by wetons, (Narrow mouth glim bot- -

u-hnnbomfcundtohl-mnw
::’n::.) Alternatively, polyeihylene bottlies

i34 Petri Dihes Por Oter smples
tlam or polyethylens. unless otherwise spw-
Uled by the Administrazor,

238 Ondusid Cylinder and/or Bal-
Snce. TO mesiure condensed wular 0 within
lmlorty, Oraduated cylinders shall have
va‘lﬂmmmrmamumw
Mhummnmuofnuhwu
Uubﬁl.rmﬂ.ilorle-. Any of thess bal-
ADows I suitahly for upe here and |n Section

e

228 Pustic Btorage Contaimary,  Alr
ucmmummm

117 Punoel and Robber Policeman To
mumuc:mnlwmmm
Decesmery (f slics gu) b weighed In the
223 Punnsl Olams or polysihriene, to

ald {n sample recovery,

i

. l('

2.3 Analndx,
13.1 OClass Wealghing Dichen.
231 Demiccator,

Hygrometer, To measure Lhe ruy
g:'_hnmmr of the Lboraiory strvyey

23.7 Temperature Csure Te Banngry
the temparaiure of the Lborstory “rriran,

3. Reapents
:_'1 Sampling '
L1 Plters. The in-stack Mtery shal) by
tlass mats or thimbie fber Mtera, vn.bo:
CITADRIC bindera, and shall exhibg T
$0.98 percent elficiency (0.08 percent [
talion) an 0.3 micron dioctyl phthaiae
anoke particies. The [Uter siflciency (ama
aball be conducted In ‘
ASTM Standard

112 Sllica Gel Indicaring
uprmmul:und.munr(:cm
nit zbour:.Nrwnl.lurdmubcu-du
uum;uw.omulrp-um
CADts (sqQuivaient or bettar) DAy be used,
wmwmmmummm

e

. Cirease. Acstone-tnao!
Best-rtadle slicone oeaae. Thls & notn:::
iy U xTew-on connectors with Tefloa
sloevan, or aimilar, are used. Alternatively,
Oihutnnormmckmmbom
g:hc:m the wpproval of the Admunisrry.

1:1.3 Water. Same 2 In Method L4

. Section 3.1.3.

1.2 Zample Recovery. Acrtons, reagent
frade, 0.001 peftent residue, Lo piase bottlen.
Acetone from metal contalners generilly
has & high residue blank and should not be
Uskd. Sometime, Fuppliers trunafer acetons
10 plam bottles from metal ocontaibers
Thua, sceione bianks snall be rua prior 1o
fleld use and only scetone with low blank
Yhiuss { 0.001 perceni) sball be wed In no
case shall a blenk valuse of grester than
0.001 percent of tha welght of soetons used
hl3subl.rmod Irom the sampis weighi

331 Acnone. Bame ssd.2

313 Desicxant Anhydrous calclum mu-
Iate, Indicating type. Altsrnatively, other
tYpes of deslecants may be used, subject 1o
the approval of the Administrstor,

4. Mrocsdure
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Check flters visuslly agalcst Ught-for -
refularities and flaws or puhole leskx
Labal fitars of the proper e on the bacx
fde Dear the sdge UXAE BUMbeTIAL TN
tnx. As an alternative, lubel the 1hip-
contalners (gleas of PLartis petri dizhes)
koep Lns {lters 10 Lhess contalbers at
thaas wxorpt Sunng MIMpULE and weigh-

¢

RERE

Damicents the ters ot 0234 C (88=10"
P) and uDbient premrure for b least 34
hours and weigh AL intervals of al jeast §
hours o & constant weight, Le., 0.4 =f

preatar than 2 minutes and & relative hu.
midity aore 50 parcent  Altarnatively
(unless Otharwise specified by the Adiminiy
tratar), the flltars may be oven dried at 104°
C(220° 7 for 2 to 3 hourn democated for 2
bours, and weighed. Procsdurss other than
thosy described, which acoount for relstive

the sampling site and the minumurs sumber

of aampling pownts according o Method 1 or .

a8 specifled by the Adminusirator. Make 3
projecied-ares model of the probe sxien.

" pobp-fiiter holdsr sasembly, with lbe pitot

tube fa0e openinga pomitioned along be can-
tarlins of the siack os abown o Pigure {T-1
Calculats the sstuzaled cross-section blocks
0. &3 AROWT 1D Plgure 17-2 U the bloctage
exconds § percant of the duct cross sectional
ares, the tartar has the {following opuank
(1) & Raltable out-of-stack fliration

may be used Lnstesd of inatack flltration: of
{2) & special In-stack arTangement. (o which
the sampling and velocity messuremant
Silad ArY MDAIALE, DAY De used {Or detalls
concerning Wthis approach. consult with the
Administraior (see Alao Cltation 10 Biblio*
graphy). Determins the SlACE Dresrure, tem-
peraiure, and the range of velocity heads
unng Method I It 18 recommended Lhal &
leak-chack of the pilot lines (see Method 2,
Section 1.}) b+ perfortmed. Detsarmine the
mouture content usng  Appronmation
Method 4 or its sltarnatives for Lhe purposs
of making wokinetic sampling rels stiings
Detarmuns the stack s dry molecular
weight., a8 dascribed In Method 1, Section
3.8 Uf Integraied Method 3 mmpling 15 used
for moiscular weight daterminagion, the {n-
tegrated bag ample shall be K ulte-
neously with. and for the same
of timg s the particulsr

It 5 recommended that ths number of
minutss sampled at esch point be R lotager
or af Integer plus oos-hall minute, in order
to svold timekreding orrom,

1n soms croumstances, &g baich cyclea,
it may be Deceszary to sumple lor shorter

times al Lhe Uaverse pownts and to obtaln .

smallsr ol Sampls volumes 12 these cases,
the Adminiztirators wpproval must irst be
obtained.

4.1.3 Preparstion of Colection Train,
During preparstion wnd assembly of Lhe
sampling wrun ksep all openings where con-
tamination o3 occur coversd untill just
prior Lo sasembly or untll sampling b sbout
Lo begln, ,

.

U impingers are used to copdenss stack

.FAS ROLSTUrY, Drepare them as followr place

100 m) of watsr in sach of ths first two im.
pingers. leavs the third impinger empty,
and tranzier approximataly 200 to 300 g of

TEMPERATURE
SEKSON

N

.
.

INSTACK FILTER.
PAORE EXTERSION
ASSEMBLY

prewelghed sllica gel from s container
the fourth impinger. More slllos gol may
used, but exre should be laken Lo

that it s not entrained and carrisd ou
the impinger during sampling. Pluce
contiiner in & clewn place for later use
the sampis recovery. Altermativaly,
welght of the sllca el plus izapinger
be determined (o (D Dearwt 05 g wod re-

5??%28

134

.corded.

Il wome means other than lmptingers is
used 10 condenss molsture, Prepare the con.
densar (and, if wppropriste, siliem gel for
condenaer cullet) for use, ’

Using » tweeser or clean dlsposable surgi-
cal ploves, piace & labeled (identified) and
weighed filter in the {fliter holder, Ba sure
that the fliter s properly centered and ths
faket properly placed 30 M Bot to aliow the
ample a2 siream o clireumvent the [lter,
Check {liter for tears afiar sasembly ia come
pleted. Mark the probe extansion with hast

STACK
WALL

ESTMATED AD!D.AI!A
ROCKAGE * E%vcrmr L
[ 1]

Figure 172 Projected-ares modsl of cross-saction blockage (approximate sversge for
3 sample traverse} caused by an in-stack filter hoider-probe axtension assembly.
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resistant tape or by xaoe other method to
depota the proper distance (ota the stack or
duct {or sach sampling point.

Assernbie the train aa in Mpure 17-1, using
a very lght cost of clicons gresse on all

i
E&i
3553
it

£ 4
Percent of thse avrerigs pling rats or
0.0008T mi/min, (0.02 efm), whichever s
lesn, {s unscceptable.

Ths foliowing leak-check lnstructions for
the sampling train described tn APTD0574
and APTD-031 may be helpful, Start the
pump with by-paas valve fully open and
coarse sdjust vulve completely closed. Par.

Whan the lssk-check l.l.mlﬂ-.d. tirst
slowly remove the plug trom the inlet Lo the
Prote nomle asd immedistely tum off the
sy

cOmal DecaisAry. & lsak<check shall be con-

- FIOUAR 17-3—PARTICULATE FitLD DATA

P"‘ Seremmgry presere
Apinrrant rmstae, %
Oomar st Prots qrmrdmen Nrgi, @ PL).
:b Haxale. i, [
Avar 1
Sample bem My mmmmﬂl-—--._
“l'.- | Laak rote, m*/men, (cing
th;”. Mol preanse, vn Hy 0. Ny
Past Lo sheliane. Cp.
Somaat & Frace Cnoes Sacmom
Provers Qus sovpis Wovgarmnse 0 8y | Tompersiws of
Trovorsn paert susetonr Sonping Dw | ] \m.‘g... Ooa e pos
iy (T I M“"" ot
. ‘ oricy muy et - ---"’:H-
. - m— My fn b -] At | g - . e
- v ™ ] ” ra Lo <m =m <m
-
$
t
. Toud .
, Awerage . “‘1 e
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b8 conducted &l & vicuum equal 1O OF fTEAt-
er than the manmum rujue resched duning
the sameling run, If the lesxage ™is U
found to be 0O grealer than 0.00057 mé/mun
10.02 cfm) or 4 pervent of the sverrge tam-
plng rate (whichever i3 less), the rexulits are
icceptable, and no correction bDeed be oD~
plisd to ths toLal volume of dry pas metered,
. however, & higher leakage rute U ob-
taned, the testar shall sither record the
leakage rats and correct the sampls volume
s ihown in Section 63 of thid method, or

specified by the Adminuntnutor.

For each run. record the dats required on
the sxample dats sheet shown i Plyure |1-
1. Be sure 10 rvcord the (nitial dry o meter
Record ths dry paa mater reading
the beginning and end of sach mmpling
lncrement, when changes i f1oW rales
are mads, before and after sach leak checr,
and whafd sampiing s halted Taks other
resding required by Pipure 17-3 At least
once i eaChl sample point during sach tUime
incremant and sdditonal readings when aig-
nificant changes (20 percent yaration 1o ve-
locity head resding) necessitate sdditional

|

B

Claan the portheles prior to the test run
to minumits the chance of sampling the de
posited material To berin sampling, removre
the OIS CAD and veruly that Lhe Ditot tube
and probe extenslon are properly posie
tioned Puriticn the norzls ot the flrst T
verse point with the Up pownling directly
into the Fs Fiream. Immaedistely start the
pump and adjust the flow to wokinsic con.
ditions. Neomographs are available, which
ad tn the mpid sdjustment to the okinstie
sampling rats without excesuiyes CODULE-
tions. These nomographs we desygned for
use when the Type 8 pitot tube coefficient
i 0.8830.02, and the stack pad squwvaient
densty (dry molecular weighl) is equal to
x4 AFPTD-0570 detalls the procedury for
using the homographa. If C, and M, are out-
Lide the abovs stalsd rangwel, d'hot uss Lhe
bomogriphd Unlewms LDProprissy sece (seg
Cltatian 7 1o Bibliography) takan o
com pensals for Lhe denations,

When the Rack U under ngnuhioand Degee
Uve pressure theight of impinger saml,
taks care W close the conrse adyust vilve
beiore \nsarunyg the probe eXLEnNGOD LMD
biy W he sack (0 pewrenl walar from
being forced backward I necmssary, ths
sump may be turned op with ha cosrw
sdjust valve closed.

When the probe U 1o pasition, block off
ths openings wround the prote aod porthols
W prevept ubrvpreseniative dliution of the
B sirenmn,

Traverss the stack croes mclon, s re-
quired by Method 1 or as specilied by the

T. beipg careful not Lo bump
the probe nomle Loy thy stack walls whan
sampling nesr tha walls or when removing
Or inparting the probe extenuon through
the portholes, 10 mitumise chance of ex-
racting deposiled material

the test run. taks ADProprists
SLape (eg. sdding crusbed ice to the Unping-
er los bath) Lo mantan s temperaturs of
less than 20° C (88" P) st the condenser
outlet: this will prevent excessive mouturs
losass, Also, penodically cheek the leved and
W10 of the manometer.

I the ure drop across the fliter be-
comen too . making isokinetis jampling
¢ifficult to muntaun, the {lter may be re-
placed in the oudst of & sample run, It Ly
recommended that another complete [Uter
bholder sssambly be used Mither than at
lempting W change the fOter itaelf. Before s
naw flter bolder U installed conduct a Jesk
check, At outlined In Becuion 41.41 Ths
toral particulate weight ahall liciude the
Rimmation of All {itar assembly catches,

A wiogle tuin shall be used o7 Lhe wotire
munple run, except Lo cases whers simulia.
neows mmpling 3 required In two or more
Mparale ducls or al two or more differant
locations withis the sme duct, or, in cased
where equipment Isllure Decestitiles a
change of tratna. In al) other stuatlons the

use of two or more traing will be subject to
the spproval of the Administrator. Note
that when (wo or more trains e uwed a
saparsis ADAlyras of the collectsd particu-
lata from each train shall be performed,
unlses ldentics) Dorle sizes wers used on all
traung o which case the particuisie catches
from the lndividual trung may He comblhed
and a fogple anal Yo performad,

At the end of the sampls rus, turn off the
pulnp, remors e probe extension assembly
{rom the stack, and record the fnal ary as
meter reading, Perform s lesk-check, 48 out-
Unaed 10 Section 4.1.4.3, Al lnak-chack the
pitot lines a8 described 1 Sectiop 11 of
WMethod T the lUines must pao this leak-
check, L0 order L0 validate LBe velocity hesd
data.

4.L.8 Calculation of Percent lsokinetie,

percent lsokinetie (see Bectioa
€.11) L0 determine whether another Last run
whould be made, I there L difflculty in
maintaning ooinetic rates dus 1o source
conditiona, consuit with the Administrator
{or possible vanance on the Loklnetic ruies

42 Sample Recovery. Proper cleanup
procedurs belds a3 3000 M the prode ex-
eosion amembly s removed (rom the stack
at the end of the saxpling pariod. Allow the
aaaambly w0 cool

Whaen the amembly can be safely handled,
wipe off all external particulste mattar Dear
tha Up of the probe noxxle and piace 8 &ap
over 1L 0 prevent loging or guining particu.
Iats matter. Do not cap off the probe Up
tightly while the sampling train is cooling
down a this would create & vacuum in the
fitar holder, lorcing condenser waier back.
ward

Befors moving the sample truin to the
clespup site, disconnect the fliter hoider
probe noszle assembly from thes prodbe ei-
tenalon: cap the open inlet of the probe ex-
tansian. Be careful not Lo lose a0y conden-
sate, [ present Remove the umbllical cord
fromm the condenser outiet and cap Lhe
outist. If & flexible line is used betwoen the
first impinger (or condenssr) and the probe
sxtansion, disconnect the line at the probe
extension ahd let any condensed wuler or
lgquid draln into the Lmpingers or condens
er, Disconnect the probe extansion {rom the
condenser; cap Lhae probe extenmon outlet
After wiping off the sllicone gresss, o off
the condensr iniet. Ground glam stoppera,
plantic capa, or serum caps (Whichever e
Appropriste) may bs used 10 cloas thess
openings.

Tranafer both the fliter holder-probe
poxxle amembly and the condenser to the
clennup area. Thia ares should be clesd and
protsctad from tha wind s0 that the chances

‘of copntaminating or losing the mmple will

be minimised,
Save & portion of the acetone used for
cleanup a8 & biank, Takes 200 m) of this ace-

tons directly {rom the wath bottle belng
used and place it in & glast sumpls container
labeled “acetone blank.™

Inspect the truin pnor W and dunng dis-
wssembly and note any sbhormal conditions.
Treat the samnpleg ag follows

Conianer No L Carefully remove he
tlirar {ram the {{ter holder sod place it (o
Its identified petn diah contatner, Use & padr
of twestars and/of clesn dupossbls yurgical
gloves (o handle the Olter. If (t s Decemiary
to fold the filter, do 30 such that the partie-
ulsia caks i lnnde the fold Carefully trans-
{er to Lhe petr1 diah any particulats matier
snd/or flter flbers which adhere to the
{itar boider paakst, by using a dry Nylea
bristls brush wand/or s sharp-edged blade.
Sesd the cotainer, ‘
Contoiner No. & Taking care w see that

of acetona when approved by the Adminis-
tator aod shall be used what specified by
mmmmnmu:-_q.-. Aave B

of the flud level o detarming whether of
not leakage cocurred during  trassport,
mun:.m w Wy s
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’ Condanser Watsr. Treat Lhe condenssr or

ppinger water as follows: maXe & Dolation

of W0y color or film in the Lguid catch,
Measury the liguld volume o within =1 ml
byuﬂusmdu:udcﬂlnd:rnr.llnhd-
ance i available, determine the lquid
weight to within =¢.5 ¢ Record the total
volume or weight of Uguid present. This in-
formation is required o culculats the mols-
ture contant of the effluent gaa. Discard the
Lquid after messunng and recording the
rolume or weight, .

43 Analysia, Record the daty required on
the «xampie sheet shown in Figure 174
Handls sach sample contalner as follows

Containgr Na. 1. Lesvs the contents 0 the
abipplng container oF Tansfer the fUtar and
any loces particuists from the sample con.
tainer Lo & tared gisss weighing clah, Desio.
exis for 34 hourd in & deslccitor containing
snhydrous ealcfum sulfate. Weigh (0 & oon-
stant welght and report the results to the
nearest 0.1 mg Por purpcses of this Section,
4.3, the tarm “constant weight™ means & dif.
fereoce of no more than 0.5 mg of | percent

of total weight less tare weight, whichever ia

tirme between weighinm,

Altarnatively, the mmpls may be oven
dried st the aversge stack temperiturs of
108* C (220° P), whichever is jesa. fOor1t0 3
hours. cooled in the desicoator, and weighed
to & constant weight, unlest otherwiss speci.
fied Uy ths Administrator, The taster may
also Opt Lo oved dry the sunple at the aver.
are stack tamperatury or 108° C (320" P,
whichewrir is less. for $'to 3 houra, weigh ihe
sample, abd Wse hid weight &3 s final
weight,

Provns 1 T4 ARALYTICAL DaTa
Plant
Date
Run No.
Pliter Na.

Amount Lquid lost during transport
Acetoos blapk volume, ml

Acetone wagh rolume, M —————————
Acrtons biank copcentration. mg/mg (equs-

tion L T4)
Acetons wiah blank, mg (equation 17-8) —=

Yo't of parsnslil coRecind. P
Prw wogt | Tors wogrn | weurs gun

e

SO |

Towt

LONS SPPU B e i
Vn'!d-—n—__.—_—J

It

"-"'-—'————

Tom verne cotesmg,__ T ~

"Clrwan wangt of wour B WV By Gvairey f—
""'-W-'I!--uyn.. b

Yaream, g
S ———
" pmy

= Vohawn watl,

Contoiner Wo. 2. Noia the lrvel of Uquid in
the container and confirm on the analyxsis
iheet whether or not leakage OcCWITEd
during transport. U a noticesble amount of
leskage has occurred, either void the ample
or use methods, subject 10 the approval of
the Administrater, to correct the linal re-
sults, Messure the Uquid ln this container
either volumetrically W rl1 zl or marimet-
rically to =0.8 g. Transfer the conlana Lo a
mwmfm r wnd eraporsis o dry-

at ambient temperature and pressurs.
Dexictats for 14 hours and weigh to & con.
stant weight, Report the results to Lhe Disr-
wt 0.l mg.

Coniginer Na 1 This risp may be con.
dustsd in 1he [lsld Weigh the spent sllica
gel (or silcs gel plus impinger) 1o the near-
o5t 00 g using & balance,

“Aestong Blonk” Conioiner. Mesiure soe-
tone in this container either volumetrically
or grarimstrically. Tranafer the scetone Lo a
tared 230-m} besker and svaporsis to'dry.
nes AL ambient tempersiurs and presnirs,
Daticeats 1or 24 hours and weigh (o & con-
FLANL weight, Report Lhs resulls Lo Lbe Daar.
ot 0.1 mg.

Note At the option of the testar, the con-
tenls of Contalner No. 2 a3 well 88 the ace-
tone bdlank contalner may be evapuriiad &t
temperatures higher than amblent, I evap-
oration s done al an sievaled tempersture,
the trmperature must be below the boiling
point of the solvent! also, 1O prevent “bump-
ing,” the evaporation process must be close-
1y supervised. and the contentd of the
beaker Dist by swirled osccasibDally o0
mathtain M even temperatise, Use sTUEMS
cArs, A8 stetone i highly flameable and
has & jow flash pownt.

8, Colidbrorion. Maintain s laboratsry log
of all eallbrationa

3.1 Probe Norue. Probe nosxies ahall be
calibrated before thewr initial use b the
fieid. Tang s wmicrometer, messure Lhe
inside diameter of the nomxle to the nesrest
0.028 mm (0.001 in ). Maks three separals
messurements uung different diametsrs
esch time, and obtan the sverige of the
messiremients. The difference detween the
high and low oumbers shall pot sxceed 0.1
Whan nomiss becoms

reshaped, sharpen
before use, Lach norzie shall be permanants
ly and uniguely !dentifisd

5.2 Pitot Tubg. Lf the pitot tube o plaoed
ip an Interfersnoe{Ive ITALLEmAnNt With re-
spect to (hs other probe Assembly compo-
nents, ita baseline (aolated tube) coatficient
ahall be determined s outlined in Section 4
of Mythod 1. If the probw sssembly i2 Dot 1B«
tarfarence-(ree, the Pitot tibe smembly oo
ofNcient ahall be detarmined by calibrsiion,
umn:u methods subject Lo the spproval of

Admunistrator.

33 Metaring Systam. Befors i tnitial
use in the fleid, the metaring systam ahall
be calibrated axcording to the procedure
outlined in APTD-0818. lnswrsd of physical-
17 adjusting the dry ras metar dlal readings
o correspond to the wet Lest metat tead-
ings, calibration {actors may be umd W
mathematically correct Lhe Fas metar dial
readings Lo the proper valuss.

Before callbraiing Lhe metsring symem, it
is puggestad that & leak-check De conducted
Por metering tyviema having daphragm
pumps, {hs normal irsk-check procsdure
will pot detect leskages within the pump.
For thess cases the {ollowing lesk<check
proceciure i suggestat: a 10-minute
callbration rfun at G.00047 Hmin 10.03

EPA STATIONARY SOURCE SALINO METHOOE
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efm’ at the end ¢of Lthe run, take the differ-
ence of the messured wel test meter and
dry gsa mster volumes divide the difference
by 10, to get the jeak rate. The leax raty
should not excesd 0.00037 mi/min (0.02
ofm)l,

Alter each field use, the calibration of the
metering 1ystam shall be checked by per.
forming three caljbration runhs st & single,
intermediale oritice setting (based on the
previous {ieid test), miih the vacuum st at

the maximum ralue reached during the test
serisg. To sdjust the vacuum, insert & valve
between the wet test mater abd the inlet of
the metering system. Calculste the aversge
vaiue of the calibration factor. If the calis
bration has changed by more than 3 per-
cont, recallbrata the metar over the full
range of orifics settings, as outlined (n
APTD-0878,

Alternative proosdures, ¢.£. using the orf.
fice meter costficients, may be used, subject
to the approval of the Admitistrator.

Norx I the d&ry paa meier coufficient
valum obtained before and after a Lest
»ering er by more than § pefvent, the
tast 3¢ shall sither be vroided. of calcula-
tions for the tast series shall be performed
whichever mater coefficient valus
(Le., beidie of wfler) gives the Jower value of
total mample volume. |

8.4 Tempenture CGauges Upe the proce
dure in Bection 4.3 of Mathod 1 to calibraie
inetack tempersture pauged. Dial thermom.
etary, such as are used for tha dry pas metar

condenssr outist. shall be calibrated
«\n-glang the

;

3
2
:
l

{n lesa voluins being re-

ing procedurs is suggested (ses Pigure 17-5),
Closs the maln valve on the meter box.
Insert & rubber stopper with
rubbaer tubing sttached into tha orifice ex-
haust pipe, Disconnect and vent the low gide
of the ortfics manometer. Close off the Jow
gide orifio tap. Pressuriss the system o 13
to $ t& 71n.) watsr column by blow-
ing into the rubber tubing. Pinch off the

&
B




RUBBER
ER
RUBBER sTOM
. . TUBING
. - -
~ gy
: DSED
BLOW INTO TUDIKG F.

UNTIL MAKOMETER
READS 5 7O 7 INCHES
WATERLOLUNN

ORIFICE
MANOMETER

. *:.
QRIFICE

BY-PASS VALVE

5.6 Barometsr. Calibrats apainst 3 mer-
cury baromatar,

§. Coleulgtions Carry out calculations. re-
tainung sl jesst ong sxtra decimnal figure
beyond that of the acguired data. Round off
figures after the [ioal caleulation, Othar
forms of the equalions taay be used as long
Al thay give squvaient resulis.

41 Nomsnclature.

A= Cross-sectional ares of noczle m? (f1%.

R, » Waler vapor (o the fad sSTWAln, propor-
tion by roluma.

C,mAcetons blank remdus cooceniration,

mg/ my

o= Conomniration of particulats mattar In
stack gai Ar7 Dasis corrected Lo SRADG.
ard conditions, g/ dacm (g/dact),

= Pereens of bokinatie samplng.

LysMaxumum scoeplabls leakage raie for
sither & preiest leak check or for & leak
check following » componen! chaAngw
oquad 1o 0.00087 m’/min (0.02 cfm) or 4
parvent of the average mampling
whichever s less, .

La=Individual leskage rats obegrved during
the lrak check conductad prior 1o the
“I“eomponmchmuﬂ-§.13. o B
m/mun (eim). ’

Ly = Laskage e obeerved % the post-
test leak ¢check. m'/min {

m, = Total amount of particulats matter cole
jectad, .

M, = Molscular weight of waier, 180 E/E-
mole (18.0 1b/1b-tnala),

m, = Mass of residus of acetons Allar FYRDO-
rution. my.

Puy=Baromeiric presure At the sunpling
site, mrm Hy (in. Hgl.

P,= Absalyls Rack pas pressgrs. tam Hy (.

He).
pesire, ™ &2

Pu=3andard shealula
Eg (WMo By,

R=ldeal faa constant, 0.04238 mm Hg-mY/
*X-¢-mole (21.45 In. Hg-f1*/"R-1b-mole).

Ta=Absoluis sversge dry yas tnelar tatupers
ature (pee Flpure 17-), ‘K ("R).

Tem AbSOiuls average sack fa4 Lampersture
(s Figure 173}, 'K (“R). -

Taa=Standard absoiuts tamperature, 333°X
(328°R). ‘

V.= Volume of acetons blank, ml

Vo= Volune of acetons used in wash, ml

Ve=Total volums of Lquid colleciad in im.
:Lmsm and slics gol (308 Plgure 1T-4),

Figure 17-6. Leak check of meter box.

Vu=Volums of ras sample 3 messured by
dry rad meter. dom (acf),

Veome = Volumes of rad saxple messured by

© the Ary gwa meter, correctad to standard

conditions, dacm (dact).

Vews=VYolumes of watsr vapor in the s
ample, correctad 1o standard condi.
tiont, scma (acf). .

v,=Stack gad velocity, calculated by Method
2. Lguation 3-8, uung dath obtained
from Method 17, m/mec (fL/sec).

W= Weight of residus 1 scetons wash, mg.

Y = Dry ras matar calibration coalficient.

AR=Avernge prusuwres differential acroes
the oriflos metar (see Fipure 17-3), lam
HO tin, HO).

pom Density of aoetons, mg/ml (see labal oo
bottls),

pe = Denaity of waler, 09943 g/ml (0.082201
Th/ml).

#wTota] sampling timae. min

#,=Bampling Ume interval from the begin.
cing of 3 run untll the st compohent
change, min.

$=Bampling tims {ntarral betwesn two suc-
cmalive component changes, beginning
with the intarval between thy first add
second changed, un

#,=3ampling time Interval, from the final
{n*) component changs untll the end of
the sampling run. mun,

.13.8 = 8pecific gravity of mercury.

00 m Sec/mun.

100 = Conrerrion Lo percent.

4.2 Averngw d4ry s metsr tempersture
and svernge orifics pressure drop. See data
aheet (Figure 17-3).

€3 Dry Osa Volume. Correct ths sammple
volune messured by the dry gaa matar to
sandard conditions (30 C. 160 ma Hg or
8 P, 2391 io. Hx) by unang Douathon 1T-L

. Equation 17-1

T ' ’Mr-; eH
'l(std) " 'l‘ T. sed

Po.r * (a#/12.6)

. l‘ V.f —_—
- a

EPA STATIONARY SOURCE SAMPLING METHOOS
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VACUUM
GAUGE )

MAIN VALVE
CLOSED

AIR-TIGHT
PuRe

whaere:

E.=0388' E/mm Hg for metric ualte
17.64° R/ Hg for Engliah unuts

Nore Lquation §7-1 can be used as wrie.
tanl unlem the leakage rate obeerved during
any of the mandatory lesk checks (Le.. the
post-Last jeak check oF leak checks conduct.
od prior to componsnt changes) sxceeds L.
UL, or I, excoeds L. Egustion 17-1 must be
modified aa [ollowx

(a) Cane L. No componant changm mads
during sampling run, In this case. replace
Ve In Equation 17-5 with the expressicn:

(Va=tle=L4)
th) Case Il One or more componen:
changes mads dunng the ampling run, Ir
this case. replace Ve 10 Equation 171 by the
SXPressILn: :

a
v, - ﬂ_‘ - L.) "y - ifZ fL' - L‘} "y
=y - 1,) ol

and substitute only for thoss leakage rats
(Lyor L) which exceed L, :
&4 Volume of water vapor.

Yetste) ® '.1; (%X;"f) * K Y

wi Equation 17-2
E,=0.001333 m¥/m! for

metrie
0.04707 1%/l for English unit

units,




63 Moisture Content.

Votus

Yewe+ Voins

Egquation 17-3 -
8.4 Aostoos Riank Conoentration.

Equation 17-4
6.7 Aoetone Waah Klank,

Woa OV
) Lquation 19-5
4.8 Total Particulate Weight. Determine
the total particulats cateh from the sum of
the weighta obtained {rom containers ! and
2 lems the acetone blank (see Pipure 17-4).

Notr Rafer to Section 4.1.3 to ssaist In
caleulstion of results invoiving two or more
fiter axsemblies or two or more sammpling
trains. -

8.11.2 Calculation from Intermedisiy
Values, ’ “

Ty 'n(:id)'ﬂd 100
Tiea %s * 5y LR =¥

Equation 17-8

where;

XK.=4.330 for metric units; 0.0M480 for Eng.
Ush unijts.

6.12 Accepuable Reswits, If percent
<l <110 percent, the results are .fpeplable,
umcmmumlovlnmwmwmo
siandard and I 5 beyond the acceplable
Tange. or, If 11s less than $0 percent the Ad.
Umcxmu r n:ymom o aocept the results,

[ ] ton Biblicgraphy o
Judgmenis. Otherwise, n')r-u {ha r-u]m'u
and repeat the tast,

1. Bidliograpay,

L Addencum Lo Specifications for Ineinere

. ' . [ X . :
&w(C.00] g/mE) (B Vi) "i‘i"m“m;";" u..’g;mmn Detatls X
. Equation 17-8 8! Lwkinetle Bource-fampling Iquipment. '
: Environmental Protection Agency, Re-
.10 Conversion Pactore . mwn. Puk, N.C. APTD-0881.
' o Y -y "3 Rom, Jeroms J. Malntepancs, Calitra. ]
] hd had ton, and Cpersilon of . Lsokinetis
- me o.0e8xy supunx“!:qmmml. Invironmestal Pro-
'Y ne ; [ tection ency. Research Triangle Purk,
zu' ::n- ;.:auw-- N.C. APTD-OS™4. March, 1972
" Lo bri'y 4. Smith, W. 8_ R. T, Shigshara, and W. |
1 P. Todd, A Method of Interpreting Stack’ I
Sampling Data. Paper Presanted at the &3rd
6.11 IDsokinetic Varlation Annual Meeting of the Air Polluton Con-
1Ll Calculation from Raw Deta };-&lom 8t Loula, Mo, June 14-19,

5. Bmith, W. &_ ot al, Stack Gus Sampling !
. Lmproved and Simplifisd with New Equip= ; '
] ment. APCA Paper No, §7-119. 1T,
- 4. Specifications for Testing ag . .
100 " "?"‘ » ".”f-] "H! * /13801 Pedersl Facilitisa. PES, NCAPC, 1987, i
I T T.ShuehnILT.AdJumutnmo |
1Ts h t LPA Nomograph for Different Pitot Tube
_ . Coelficients and Dry Moiecular Weighta :
, Btack Sampiing Newy 413, October. 1974,

& Vollaro, . P A 3urvey of Commearcial.
1y Avallable r

Equation 17-7 urement of Low-Rangs Gma Velocitias. 0.8 ;
where: Invironmental Protection Aguncy, Dmisdon
K=0.003454 mm Hyg.mn’/ml-"X for
units 0.002888 in. Hy-ft '/mi-"R for Eng- paper},
lah unita ..mmlxkot&mmm
. Osseous Pusle Coal and Coke: Atmos
pheric Anslysis, Amsrican Society for Test.
PD. $17-822. tonis, Pu. 1974

t Branch. Resssrch Tringle Park, -
N.C. November, 1774,

."
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H,W.; Table 1

ELEMENTS (ICP)

METHOD: 7300
ISSUED:  2/15/84

OSHA/NIOSH/ACGIH: Table 1

PROPERTIES: Table 1

cobalt

ELEMENTS: aluminum manganese silver tungsten
arsenic copper mo ybdenum sodium vanadium
pberyllium iron nickel tellurium yttrium
cadmium lead phosphorus thallium zinc
calcium Yithium platinum tin zirconium
chromium magnesium selenium titanium

SYNONYMS: vary depending upon the compound.

SAMPLING MEASUREMENT

SAMPLER: FILTER
(0.8-um, cellulose ester membrane)

FLOW RATE: Y to 4 L/min

YOL-MIN: Table 1
-MAX: Table )

SHIPMENT: routine
SAMPLE STABILITY: stable

BLANKS: 2 to 10 field blanks per set

Ld [

AGEJRACY

RANGE STUDIED: not studied
BIAS: none identified

OVERALL PRECISION (s.): not evaluated

'TECHNIQUE: INDUCTIVELY COUPLED ARGON PLASMA,
¢ ATOMIC EMISSION SPECTROSCOPY

VANALYTE: elements above

IASHING REAGENTS: conc. KNOg, 4 mi;

' . and conc, HC104, 1 mb
¢ CONDITIONS: room temperature, 30 min;
! 150 °C to near dryness

!FINAL SOLUTION: 4% HNOz, 1% HC104, 10 mL

'WAVELENGTH: depends upon element; Table 2

'BACKGROUND CORRECTION: spectral wavelength shift

!CALIBRATION: elements in 4T HNO3, 1% HC104

IRANGE: 2.5 to 1000 ug per sample (1]

{ESTIMATED 10D: 1 ug per sample [1]

!PRECISION (sp): Table 2

APPLICABILITY: The working range of this method is 0.005 to 2.0 mg/m® for ecach element in a
500-L air sample. This is simultaneous elemental analysis, not compound specific. Verify that
the types of compounds in the samples are soluble with this ashing procedure,

INTERFERENCES: Spectral interferences are the primary interferences encountered in ICP-AES
analysis. These are minimized by judicious wavelength selection, intereldément correction

factors and background correction [1,2].

OTHER METHODS: This method replaces PACAM 351 (2] for trace elements, Atomic.absorption
spectroscopy {e.g., Methods 70XX) is an alternate analytical technique for many of these

alements.

2/15/84
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ELEMENTS (ICP) METHOD: 71300
REAGENTS : EQUIPMENT: .
1. Nitric acid, conc. 1. Sampler: cellulose ester mambrane filter,

2.
3.

Perchloric acid, conc.*

Ashing acid: 4:1 (v/v) HNO3:HC1O,.
Mix 4 volumes conc. HNO3 with

1 volume conc. HC104.

Calibration stock solutions, )
1000 pg/mL. Cermercially available,
or prepared per instrument
manufacturer's recammendation (see
step 12}. '

0.8-mm pore size, 37-mm diameter; in cassette
filter holder.

. Personal sampling pump, 1 to 4 L/min, with

flexible connecting tubing.

. Inductively coupled plasma-atomic emission

spectrameter, equipped as specified by the
manufacturer for analysis of elements of interest.

. Regulator, two-stage, for argon.

Beakers, Phillips, 125-mL, or Griffin, 50-mL, with

5. Dilution acid, 4% HNO3, 1% HCIO4. watchglass covers.*
Add 50 mL ashing acid to 600 ml 6. volumetric flasks, 10- and 100- mL.*
water; dilute to 1 L. 7. Assorted volumetric pipets as needed.*
6. Argon, 8. Hotplate, surface temperature 150 °C,
1. Distilled,deionized water.

*See Special Precautions.’

*Clean all glassware with conc. nitric acid énd
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 tota) sample size of

200 to 2000 L (see Table 1) for TWA measurements.

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.

Do not exceed a filter loading of

Ltet stand 30 min at room temperature.

NOTE: Start a reagent dlank at this step.

5. Heat on hotplate (120 °C) unti} ca. 0.5 mi remains.

NOTE: Some speciqs of Li, Mn, Mo, Sn, W, and Zr will not be completely solubilized by this
procedure. Witernative 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 sanple to dryness.

7.
. Dissolve the residue in 2 to 3 mL dilution acid.

6
8
9
Transfer the solutions quantitatively to 10-mL volumetric flasks.

10
11. Dilute to volume with dilution acid.

1

CALIBRATION AND QUALITY CONTROL:
12. Calibrate the spectrometer according to the manufacturers recommendations.
NOTE: Typically, an acid blank and 10 pg/mL multielement working standards are used. The
following multielement combinations are chemically compatible in 4% HNO3/1T HC1O,:
a. Ag, Ca, Co, Mn, Pb, V, In;
N b. Al, Be, Cd, La, Li, Ni, T};
c. As, B, Ba, Mg, Mo, P, Sn;

1300-2




METHOO: 7300 ELEMENTS (ICP)

d. Cu, fe, Na, Pt, Sr, Te, Y,
e. Cr, X, Sb, Se, Ti, ZIr; 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.

MCASUREMENT : :
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 sa'rp'le Ce (pg/mL), and the average media
blank, G, (wg/mL), fram the instrument. '

18. Using the solution volumes of sample, Vg (mL), and media blank, Vp (ml}, calculate the
concentration, C (mg/m?), of each element in the air volume sampled, V (L):

c=Ss¥s - O%, ne/me,
v

EVALUATION OF METHOD:

Method PACAM 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, instumental detection 1imits, sensitivity, and analytical wavelengths are listed in
Table 2. Yhe values in Table 2 were determined with a Jarrell-Ash Model 1160 ICP operated
according to manufacturer's instructions.

REFERENCES:

(1) W11, R.D, "multielement Analysis of Industrial Hygiene Samples,“ NKIOSH Internal Report,
presented at the American Industrial Hygiene Conference, Portland, Oregon (May 1981).

(2] NIOSH Manual of Analyncal Methods, 2nd ed., V. 7, P&CAM 351, U.S. Department of Health and
Human Services, ;Publ. (NIOSH) 82-100 (1981)

(3] Ibid, 5341 (lLea

-[4) Ibid, V. 2, S5 (Manganese), U.S. Department of Health, Education, and Welfare, Publ.

(NIOSH) 71-15T7-B (1917).

{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, PSCAM 173 {(Metals by Atamic Absorption), U.S. Department of Health, Education,
and welfare, Publ. (NIOSH) 79-141 (1979}.

[7) Ibid, V. 3, 5183 (Tin), 5185 (Zirconium)}, and S376 (Molybdenum), U.S. Department of Health,
Education, and Welfare, Publ, (NIOSH) 77-157-C (1977).

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

Table 1. Properties and sampling volumes,
Properties Permissible Exposure Limits,
“Element Atomic mg/m® TwWA
(Symbol) Weight  MP, °C OSHA/NIOSH/ACGIH
Sitver (Ag) 107.87 961 0.0/ — /0.1
Aluninum (A1) 26.98 660 -/ — /0.
Arsenic (As) 14.92 817x 0.5/C 0.002/ 0.2
Beryllium (Be) $.01 1218 0.002/ 0.0005/ 0.002
calcium (Ca) 40.08 842 5 (b)/ — / 2 (b)
Cadmium (Cd) 112.40 321 0.2/ 0.047 0.05
Cobalt (Co) 58,93 1495 0.1/ — 7 0.1
Chromium (Cr) 52.00 1890 1.0 (c)/ 0.025/ 0.5 (c)
Copper (Cu) 63.54 1083 1.0/ — 7 1.0
Tron (Fe) 55.85 1535 30 (b}, - /5 (b) .
Lithium (Li) 6.94 179 0.025 (d)/ — 7/ 0.025 (d)
Magnesium (Mg) 24.31 651 15 (b)Y — /10 (b)
Manganese (Mn) 54.94 1244 CS% —/¢C5
#olybdenum (Mo) 95.94 651 15 (e} — 7 10 (e}
Sodium (Na) 22.99 93 2(fy/c2(f)/cz(f)
Nickel (Ni) 8.1 1453 1/ 0.015/ 1 ()
Phosphorus (P) 30.97 44 —_7 =701
Lead (Pb) 207.19 38 0.05/ 0.1/ 0.15-
Platinum {Pt) 195.09 1769 0.002 (a)/ — /7 1 (c)
Selenium (Se) 18.96 217 0.2/ — / -
Tin (5n) 118.69 232 2/ — /2 (o)
Tellurium (Te) 127.60 450 T 0. — 704
Titanium (Ti) 47.%0 1675 —/ - /10 (b)
Thallium (T1) 204.37 304 0.1 {a)/ — 7 0.1 (a)
Yanadium (V) 50.94 1890 C 0.5/ 1 (c)/ 0.05 (V50c)
Tungsten (W) 183.85 3410 — /75 (e)/ 5 (e)
Yttrium (Y) 88.91 1495 /7 =71
Zinc (In) 6%.37 419 5®)/S )5 ()
Zirconium (Zr) 9%22 1852 5% — /5
(a) soluble :
(b} oxide
{c) meta)
{d) hydride

{e) insoluble
{f) hydroxide

{g) at the ACGIH TLY

1300-4

Alr Volume @ OSHA, L

MIN MAX
250 2000

5 (g) 100 {g)

5 2000
1250 2000

5 200

13 2000

25 2000

5 1000

5 1000
5 100
100 2000

5 67

5 200

5 67

13 2000

5 1000

25 (g) 2000 (g)
50 2000
1250 2000

13 2000

5 500

25 2000

5 100

25 2000

5 - 2000

5 (g) 200 (g)

5 1000

5 200

5 200

NS




METHOD: 7300 ' ELEMENTS (ICP)

Table 2. Measurement procedures and data (a).

Precision (s.)

Instrumental  Sensitivity Recovery (1) (N=13)
Wavelength LOD (Intensity/ @ 2.5 pg/ @ 1000 ug/ 8 2.5 yg/ @ 1000 ng/
Element (rm) (ng/mlL) wg/mL) filter (b) filter - filter  filter
Ag 328.3 26 0.65 (31 g1 0.02 0.075
Al 308.2 14 0.23 93 100 0.092 0.023
As 193.7 ‘ 13 0.57 103 .99 0.062 0.026
Be 313.0 1.5 1.29 j07 90 0.040 0.034
Ca 315.9 10 0.49 99 95 0.036 0.014
Cd 226.5 1.6 0.83 0 99 0.032 0.020
Co 231.2 1.4 0.38 10 95 0.040 0.005
cr 205.6 1.3 0.50 98 106 0.053 0.016
Cu 324.8 2.1 0.72 s 99 0.036 0.022
Fe 259.9 3.9 0.13 94 37 0.068 0.016
Li 670.8 2.8 0.48 23] 95 0.1M 0.043
Mg 219.6 24 0.22 105 106 0.084 0.027
o 257.6 0.4 0.74 84 93 0.062 0.035
Mo 281.6 1.0 0.18 94 88 0.023 0.049
Na 589.0 10 0.16 {c) 0N (c) 0.045
Ny 231.6 3.4 0.4} 105 97 0.927 0.020
P 214.9 22 0.17 (c) g1 {c) 0.056
Pb 220.4 17 0.42 105 95 0.060 0.011}
Pt 203,71 15 0.69 106 91 0.041 0.075
Se 190.6 21 0.28 105 97 0.068 0.049
sn - 1%0.0 64 0.49 14 67 0.33 0.16
Te 214.3 29 0.4) 102 94 0.050 0.063
Ti® 334.9 1.2 0.55% 96 108 0.05) 0.029
T 190.9 1? 0.22 103 99 0.043 0.017
v 310.2 3.2 0.88 99 94 0.043 0.014
W S99 ., 13 2.58 35 23 . 0.053 ©0.60
Y an.o 0.8 2.35 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 5 93 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 wg/filter corresponds to 5 pg/m® for a 500-L air saane

{c) Blank levels too high to make accurate determinations

215784 7300-5 7
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