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1. INTRODUCTION AND RECOMMENDATIONS

A.. Introduction.

The Air Resources Board (ARB or Board} staff proposes to: amend six exastrng test

. methods and adopt one new. test method for measuring emissions from stationary sources

These emission measurement procedures can be used to determlne compliance with local air
pollution control or air quallty management district emission reguiatrons to evaluate the '
effectiveness of air pollution control equipment, and to support control measure
development for the criteria and toxic pollutant stationary source programs. In addrtron ‘the
test methods can be used to.develop emission inventories, including emissions information
mandated by the Air Toxics “Hot. Spots” Informatlon and Assessment Act of 1987 (stats.
1987, Chapter 1252) ‘ :

Section 39607(d) of the Health and Safety Code requires the. ARB to adopt test
procedures to determine complra*tce with ARB and district nonvehicular emission standards
Since 1883, the Board has adopted 47 test methods which are applicable to a wide var:ety .
of nonvehicular, or statronary sources. The adopted test methods are referenced.in. -~ S
Sections 94101-84147, Title 17, Caiifornla Code of Regulatrens {CCR). However ifa .

-district has estabiished a test method for a specrf:c source, Section 94100 of the CCR .

directs that the district test method shall. be used to determrne compllance wrth the

d!StrICt S emission lrmlt for that source

B. Publie Process -

The proposed new and amended test methods are the result of several years of .
consultation with affected industries, the U.S. Environmental Protection Agency, andthe -
districts. We conducted a public workshop on December 12, 1995 for all of the proposed
new and revised methods and a praor workshep on April 29, 1992 for most of these _
methods. Source test companles have requested, used, and commented on several of the
proposed ARB methods. We have met with instrument manufacturers and representatives -

- of analytical laboratories. In meetmgs_ written correspondence, and consultation by phone,

ARB staff has exchanged information with U.S. EPA staff regarding the source test
methods. Finally, written comments have been received from source test companies,
analytical laboratories, industrial firms, instrument manufacturers and districts regardmg the
proposed new and amended test methods.. ‘ '

C. Recommendations
We recommend that the Board adopt the following:
{1} Amendments to the California Code of Regulations {CCR} to incorporate the
new and amended test methods by reference (specific amendments to the

CCR are presented in Appendix 1}, and

{2) One new stationary source test method and amendments to six existing
test methods (the test method texts are presented in Appendix 2)



Il. PROPOSED AMENDMENT AND ADOPTION OF TEST METHODS
A. Need for Adoption of New and Amended Source Test Methods

As this proposed action is part of our continuing effort to update and improve the
ARB source test methods, staff has revised existing test methods and proposed one new
method to reflect advances in emission measurement technology, to improve the accuracy
and precision of source test data, and to measure new compounds in stationary source.
emission tests. Pretest planning requirements have been added to severa! test methods to
ensure test objectives are considered in setting sampling and analytical parameters and to. -
help avoid the need for costly retests. New procedures for low concentration laboratory
analysis have been added te obtain the lowest possible reportable concentrations of toxic
pollutants. For some of these procedures, the staff has added specific guidance; two J
examples are analysis procedures for ion chromatography and inductively coupled plasma
atomic emission spectroscopy. The proposed test methods provide flexibility in the choice
of sampling and analysis procedures where the alternative would improve the quality of
squrce test data or simplify a test, without reducing the quality of test results. Finally, the
revised test methods are consistent with the corresponding U.S. EPA test methods.

The proposed new and amended ARB test methods will assist district staff in
evaluating source test data to demonstrate compliance to permit conditions and other
district regulations. The consistency between federal and revised state source testing - .
procedures will simplify source test planning. The pretest planning protocol will help. district
staff determine if a planned source test will provide meaningful data. The detailed -
laboratory analysis procedures will assist district staff in auditing the performance of
‘analytical laboratories.

We have altered each of the proposed new and amended test methods to require
that modifications be approved only by the ARB Executive Officer. Previously madifications
to ARB test procedures were approved by either the districts or the ARB. However, source
test companies and other industry representatives requested the change to provide for
greater consistency in source test requirements throughout the state. The districts retain
the option of adopting their own test methods, as authorized in the California Code of
Regulations, Section 9410Q. Several districts have exercised this option: the South Coast
Air Quality Management District, the Bay Area Air Quality Management District, and the San
Diego County Air Pollution Control District have adopted a number of their own test
methods for determining compliance with district regulations. '

B. Proposed Amendment of Existing Test Methods
We propose that the follewing test methods be amended:
Method 5 | Determinati_bn of Particulate Matter Emissions from St‘ationa'fy Sources
Method 7 Determination of Nitrogén Oxide Emissions from Stationary Sources

Method 100 Procedures for Continuous Gaseous Emission Stack Sampling



Method 425 Determination of Total Chromium and Hexavalent Chromium Emissions
from Stationary Sources

.Method 429 Determmatlon of Polycychc Aromatlc Hydrocarbon (PAH) Emissmns
: ' from Statlonary Sources

'Method 431 'Determinatlo_n of Ethylene Oxide E-ﬁii;sions from Stationar\)'Songces .
C. . Proposed A_ddptiorj of One New Test Method o

:_W_e. also propose_,.'that the_fcllowihé new test m_ej_thbd be adopted: |
a .M'e"thod 436_._‘ Detéfminé.t.ioln__qf Multiple _Métalé_ i_:n. Emiés_ions from IS'_c'atio.nary Sources

Th‘e. text of the proposed new and _amend'ed: reg_ulati_ohs is ahpe_nded to this _StAaf.f |
Report in Appendix 1, The text of the proposed new and amended test methods, which the -
proposed regulations incorporate. by reference, is appended-to this Staff Report in Appendix o

TR "E_NVIRONMENTA’L ANb ECONOMIC-EMPACTS'

The proposal is not expected to have any adverse environmental impacts Rather,
the new and amended. test methods will assist air quality decision-makers with improved
" information régarding emissions from stationary sources. The new and amended test
methods will provide greater uniformity and improved quality assurance practices for source
testing performed in California. As a result, source test data used in such air quality '
programs as permitting, emission mventory and air quailty modeling will be more cons;stent
and comparable. : :

The economic impacts of this proposal are expected to be minimal for source test
firms and the industrial community. The business community will benefit from the
expanded pretest protocol in a number of the revised test methods. The source tester can
use the protocol to anticipate and correct potential deficiencies before sampling emissions,
and thus prevent a costly retest. With greater uniformity between state and federal test’
methods, a plant operator can. lower costs by consolidating the source tests needed to
determine compliance t6 permit requirements and other emission regulations. In eliminating
the provision that allows districts to modify the ARB test methods, the Board will also"
promocte state-wide uniformity of source-testing requirements, again resulting in lower
costs to industry.

IV. ALTERNATIVES CONSIDERED

We have considered two alternatives to the proposed adoption of new and revised
ARB test methods. The first alternative discussed below is not to adopt the proposal; the
second aiternative is to rely on U.S. EPA test methods rather than on ARB test methods.



Not adopting the new and amended source test procedures would be detrimental for the
following reasons:

{1} Without revision, the six existing source test methods listed above would
remain inconsistent with corresponding U.S. EPA test methods. Further, these
-ARB methods may continue to be used without the improvements in emissions
measurement technology and the more rlgorous quality assurance practices
“contained in the proposed revisions,

(2) A number of the new and amended methods proposed in this report have
already become standard practice for California source testers. Source testers.
use these draft ARB methods because the proposed revisions have provided
necessary improvements over the older, Board-adopted methods. Currently,
source testers are legally required to obtain Board or district approval to use
any alternative method, including draft ARB methods, before a source test is
conducted. Until the Board adopts new and amended test methods, source

© testers are at some risk of delay and liability for use of draft ARB test
methods.

The second alternative, relying on U.S. EPA test methods rather than developing ARB
test methods, would also be detrimental due to the need for test methods to support
California’s unique emission control programs. ARB methods contain additional guidance
not in U.S. EPA methods, including pretest planning protocol and step-by-step procedures
for air sampling, preparation of air samples, and sample analysis. ARB methods are needed
when there are no applicabie U.S. EPA methods, ARB methods are needed for their
completeness, and they are needed to provide guidance and flexibility for difficult-to-test
industrial processes. In addition, Health and Safety Code Section 39607 {d) requires that
the ARB adopt test methods for determining compliance to district regulations. Several of
the source test methods considered in this proposal were originally developed by ARB staff
before U.S. EPA methods were available. Where the U.S. EPA improved upon the sampling,
analysis, or quality assurance aspects of an ARB test method, we have incorporated the
improvements in the proposed revisions to the ARB tést method.

V. . SUMMARY OF PROPOSED NEW AND EXISTING TEST METHODS
WITH MAJOR REVISIONS

In this section we have summarized each existing test method which contains major
revisions and the proposed new test method. For each test method, the discussion includes.
emission sources, sampling and analysis procedures, proposed revisions, and the need for
use of the ARB method instead of the corresponding U.S. EPA method. The U.S. EPA
methods are footnoted to the complete citation found in the Reference Section of this Staff
Report: Initial Statement of Reasons.



" ARB Method 100, Proce?dure_s for Continuous Gaseous Emission Stack Sampling

1. Background

Adopted in 1983, Méthad 100 has been used to test for compliance with
district rules and permit cenditions for gaseous criteria pollutants throughout
California. Method 100 has been used to test a variety of industrial sources,

-including combustion. _equlpment such as internal combustion engines, steam boilers

and gas turbines, as well as'.cement kilns, and nitric acid plants. The ARB Method '.
100 is a source test procedure by which a sample from an exhaust stream is. '

- ¢ontinuously extracted, conditioned and analyzed by instruments. Continuous gas
_analyzers are used to measure emissions of sulfur dioxide, oxides of nitrogen,.

hydrocarbons, carbon monoxsde, carbon dioxide, and the: diluent oxygen. -Stack gae
flow rates and.-moisture are also measured in order to determine the mass emissron
rate of air poltutants.

2. Proposed Revrsrons

Method 100 was updated to !mprove the quahty of the data collected andto. '.

reﬂect improvements in emission measurement technology The proposed revisions-

- are required in the State Implementat:on Plan as guality assurance procedures. The o
UU.S. EPA staff has preliminarily reviewed the proposed revisions and indicated that

these revisions are acceptable. These quality assurance procedures include a fisld -

‘calibration check for each gas analyzer and a limit on the drift of the measurement

system during a source test. In addition, a sampling: system check is requ;red to
determine that there are no losses of the companent of interest in the sampling,
system which would cause a low measurement, or low bias, in the test results for
that component

The above quality assurance procedures require more field calibration gases at
a variety of concentrations. As an alternative to the added cost and hazards of.
transporting additional calibration gas cylinders, the revised Method 100 aliows the
use of a gas dilution system in the field. Formaerly, only one calibration gas cylmder :

- was needed to calibrate the gas analyzer for each of the six stack gas constituents

that are typically measured. With the revised method, the tester must alsc use a

* second cylinder to check instrument response at the mid-range of each of the six

analyzers. In contrast, a gas dilution system dilutes a high-fevel calibration gas to
any lower concentration needed and eliminates the need for additional gas cylinders
of the same constituent. Thus, use of a gas dilution system will reduce the number
of calibration gas cylinders which must be transported to a test iocation. Fewer gas
cylinders will lower cost of a source test and reduce the safety risks associated with
the presence of pressurized gas cylinders. Performance specifications for a gas
difution system are included in the appendix to the revised method.

We surveyed the ARB-certified source test companies to determine the
possible economic impacts of these revisions. Our survey indicated that the cost of
a Method 100 source test would increase by about 10%, or about $300 per test for
the improved quality assurance practices. These quality assurance procedures are
already standard practice for a number of source test companies. Despite the small
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added cost, source testers supported the changes that would make ARB Method 100
more consistent with U.S. EPA test methods,

3. Need for ARB Method

Source testers can use one test method, ARB Method 100, to simultaneously
obtain data for the six most commonly measured stack gas components. [n contrast
to the ARB multi-pollutant method, the carrésponding U.S. EPA procedures for
instruiment monitoring of these stack gases are contained in six single-pollutarit and
diluent source test methods.! With the proposed revisions, ARB Method 100 will
have performance standards consistent with those of the U.S. EPA test methods. In
addition, the performance specifications for a gas dilution system in ARB Method
100 are similar to the requirements in U.S, EPA’s gas dilution system calibration
méthod, Method 205.7 Source testers not only benefit from the ease of using ARB
Method 100, but also find guidance in ARB Method 100 not in the U.S. EPA
methods regarding specifications for gas analyzers, determination of gas
concertration stratification and stack flowrate, and calculation of mass emission
rates.

ARB Methad 425, Determination of Total Chromium and Hexavalent Chromium
Emissions from Stationary Sources

1. Background

ARB Method 425 was adopted in 1987 and later amended in 1990. Method
425 has been used to measure total chromium and hexavalent chromium emissions
from glass melting furnaces and chrome piating tanks as well as from stationary
diesei engines and utility boilers. The sampling method consists of the capture of a
particulate sample in impingers, or chilled glass vessels which are filled with.-a
sodium hydroxide solution, and a downstream filter. The sample is extracted and
analyzed for total chromium using graphite furnace atomic absorption spectroscopy.
Alternately, for high total chromium concentrations the test method allows flame
atomic absorption spectroscopy if the total chromium concentration is within the
detection range of that method. Hexavalent chromium is determined using either
manual colonmetry or ion chromatography.

2‘._ Proposed Revisions

Health researchers have determiried that even very low concentrations of
hexavalent chromium can create serious health risks. Because chromium
concentrations need to be documented at very low concentrations, the ARB staff has
revised Method 425 to obtain the lowest possible reportable concentrations of total
and hexavalent chromium. Pretest procedures were added to the revised meéthod to
help the source tester plan for collecting sufficient material to provide reportable
levels of hexavalent and total chromium. In addition, we have provided detailed
instructions for low concentration analysis of hexavalent chromium using ion
chromatography. The quality assurance procedures have also been expanded.
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Finally, more comprehensive requirements have been set for recording'dat_a,
calculating emissions, and reporting test results. -

' “3. . Need for ARB Method

ARB Method 425 is adequate to test for both total and hexavalent chromium~ -
. at a range of concentrations and at a variety of sources. In contrast, one’

corresponding U.S, EPA method, Method 306,° is intended to measure only high'

- concentrations of total chromium at electroplating facilities. A second U.S. EPA

method, proposed Method SW—_846 0061,* is intended to measure hexavalent
chromiurm in-an acid gas environment; such as at a hazardous waste incinerator:

U.S. EPA’s Method SW-846 0013 for hexavalent chrome includes expensive and - L

difficult-to-use sampling equipment. No side-by-side comparison testing of the U.S.

EPA and ARB sampling trains has been performed to demonstrate improved collection

efficiency of hexavalent chromium in the U.S. EPA sampling train. Due to the high
_ cost to fabricate and operate a sampling train to meet the requirements of SW-846 -
0013, few source testers in California have chosen to use the U.S. EPA aiternative. -

. ARB Method 429, Determination of Polycyclic Aromatic Hydrocarbons (PAH)
. Emissions from Stationary Sources S : K

" 1. ‘Background

ARB Met_hod 429 was. adopted in 1 989'f6r determining emissions of’pci)]y_c'yclic“; :
. aromatic hydrocarbons {PAH) from stationary scurces. The test method-has been = .~

widely used to determine PAH emissions from a variety of combustion processes,
including municipal waste incinerators, medical waste incinerators and wood-fired
boilers. In the method, particuiate and gaseous phase PAH are collected on a filter,
on an adsorbent resin, and in solution-filled impingers. The sample is recovered,
extracted, and analyzed using isotope dilution mass spectrometry combined with -~
high resclution gas chromatography. ' - ' . -
Since adoption of ARE Method 429, the staif has presented proposed revisions
for review and comment at three workshops. The first two warkshops were held in .
July and December of 1880. In March 1991, a summary of these two workshops -
and the resulting revisions were mailed to workshop participants and other interested
source testers and laboratory analysts for further review and comment. A final
workshop was held on December 12, 1895. We have received written comments’
from analytical iaboratories, source testing fi.rms, and air pollution control districts.

2. Proposed Revisions

We are proposing revisions to Method 428 in response 1o both public comment
and the results of ARB method development work. The proposed revisions clarify
some sampling and analytical procedures, improve the method’s accuracy and
precision and increase the method’s flexibility. In addition, three new compounds
have been added to the list of target PAH to increase the number of target
compounds from 16 to 19 compounds. These compounds include 2-
methylnaphthalene, benzolelpyrene, and perylene.



Significant revisions were made to pretest preparation, sample recovery and
preservation, sample analysis, calculations, and reporting requirements. The pretest
preparation describes procedures that must be followed to optimize sampling and
analytical parameters. Typically, PAH background.levels are detectable for about four
of the 19 target compounds. The revised procedures for the preparation of the

-sampling media will reduce the-background levels of PAH, resulting in the ability to
report lower levels of each compound.

Reducing the background levels of PAH will also be achieved by changing the
solvent used to recover the samples after sampling is completed and by changing the
solvent used to extract the recovered samples. In addition to changes in sample
recovery, revisions in the sample preservation and handling procedures make the
storage time and storage temperature requirements.less burdensome for the tester
and the laboratory analyst, without significantly affecting the accuracy and precision
of the method.

The revised Method 429 also contains modifications in the sample analysis
procedure. As adopted in 1989, the test method required separate analysis of two
samples from specific components of a single sampling train. The proposed revisions
allow the analysis of a single composite sample from each sampling train, thereby
reducing the cost of the test method. The adopted method allowed the use of high
resolution mass spectrometry as an aiternative analytical procedure to low resolution
mass spectrometry, but the method did not contain instructions for the procedure or
performance criteria. The revised Method 429 now contains such instructions and
performance criteria.

The calculations and reporting requirements are described in more detail in the
amended method and all terminology has been revised to be consistent with the
isotope dilution methods for dioxins in ARB Method 428 and U.S. EPA Method 233

3. Need for ARB Method

Only ARB Method 428 has sampling and analysis procedures specifically for
determining PAH from air samples. The staff recommends the analysis procedure of
ARB Method 429 procedure over the two applicable U.S. EPA analysis methods, EPA
Methods 8270 ¢ and 1625 7 for semivolatile organic compounds. ARB Method 429
contains an isotope dilution procedure to account for the possible loss of target
compounds in sample preparation prior to sample analysis. In contrast, the U.S. EPA
Method 8270 for PAH analysis does not include isotope dilution. Although the U.S.
EPA Method 1625 does contain isotope dilution, this EPA method was designed to
analyze waste water specifically, and does not contain a procedure for preparing air
samples. The ARB staff included a solids extraction procedure in ARB Method 429
for extracting the PAH compounds from the sampling filter and the adsorbent resin.



ARB Method 431, Determmatzon of Ethylene Oxide Emlsswns from Stationary
Sources

1. Backgrou’nd'

" Adopted in 1989, ARB Method 431 is prescribed in the ARB’s “Ethylene Oxide
‘Airborne Toxic Control Measure for Sterilizers and Aerators” to determine the
efficiency of an emission control device. The method. is used to determine the: -
emissions of ethyllen_e_ox;de from sterilizers at a variety of locations, including -

- hospitals, othér-'medibal‘fa'cilities', and medical device manufacturers.

The ARB toxic control measure for sterilizers requires, that Method 431 be dsed' '
to sample the inlet'and outlet of the control device to measure control efﬂc;ency A
typical sterilizer operates- in three phases: sterilization, ‘sterilant evacuation, and. ‘

~aeration, with emissions occurring primarily during the evacuation cycle. ‘The source o

' tester uses Method 431 to measure volumetric flow rate and repeatedly extract gas
samples during the evacuation cycle. The samples are directly analyzed onsite usmg
gas chromatography with flame ionization detection. Total precontrolled and '
controlied emissions of ethylene oxide for the s_ter_ii_lzer are calculated from
concentration and flowrate data. ' L S

2. Pmpcsed Rewsaons _

. We rev:sed Method 431 to prov:de the ﬂembmty needed to more accurate!y

. and safely measure sterilizer emissions from the variety of sterilizers and control N
devices operating in California. Due to the fact that a sterilizer operates as a cyc[:c
process, the emissions measurement process is complicated by varying emissions
and flowrates cver time. The method was revised to allow the use of an integrated
samphng procedure to more accurately measure emissions for unsteady flowrates
and pollutant concentrations. The integrated sample is collected in a Tedlar bag and
either is analyzed on-site or is transported to a laboratory for analysis within twenty-
four hours. A semi-continuocus sampling configuration was also included inthe
revised method for sterilizers with a pulsed evacuation cycle.

The revised method now allows the source taster tb c:hoc‘)se the 'appropria‘té
ARB or U.S. EPA flow measurement methods, mcluding the use of a pitot tube for
large. ducts. :

A source tester who directly measures poliutant levels at the inlet to a control
device may be exposed to hazardous levels of ethylene oxide. To insure the safety
of test personne!, ARB staff has included an optional calculation method to
determine the mass of ethylene oxide delivered to a control unit in place of actual
measurement of inlet conditions. The revised method retains the requirement that
the concentration of ethylene oxide emitted from the contro! unit will be measured
and analyzed.



Both alternatives in the revised method, the allowance of integrated samphng
and the estimation of ethylene oxide at the control inlet, will reduce the cost of an
ethylene oxide source test. The test cost will be reduced if the integrated sample is
analyzed at an off-site laboratory, because neither a chemist nor the field gas
chromatograph will be needed at the test site. The estimation method for
precontrelled emissions is cost-effective, since only controlled emissions will be
directly sampled and analyzed if precontrolled emissions are estimated.

3_. Need for ARB Method

ARB Method 431 is needed to provide an accurate, yet flexible, emissions .
measurement method for both industrial and medical facility sterilizers in California.
The ARB’s revised Method 431 is consistent with the U.S. EPA test procedure
which was included in the U.S. EPA control requirements for ethylene oxide ,
sterilizers.® However, the U.S. EPA sterilizer regulation and source test method apply
only to targe industrial users of ethylene oxide, and not to many of the medical
sterilizers operating in California.

Proposed ARB Method 436, Determination of Multlple Metals Emissions from
Stationary Sources

1. Background

Draft ARB Method 436 has been used by source testers in California since
1989 to assess emissions of up to 19 metals from combustion equipment including
hospital incinerators, tire incinerators, cement kilns and crude oil stream generators.
We developed Method 436 to allow source testers to simultaneously collect data for
a number of metals, rather than performing a separate test for each metal of interest.
ARB Method 436, for example, could be performed at a hazardous waste incinerator
in place of the combined performance of ARB Method 104 for beryllium, Method 424
- for cadmium, and Method 433 for nickel.

2. Proposed Method

In the method, a sample from the emission stack is withdrawn isokinetically
using a modified ARB Method 5 sampling train. (The Method 5 sampling train is .
discussed in Section V1.} Particulate emissions are captured on a heated filter, and
gaseous emissions are collected in a series of nitric acid, hydrogen peroxide and
potassium permanganate impingers. The samples are analyzed using inductively
coupled plasma atomic emission spectroscopy {ICPAES) or direct aspiration atomic
absorption spectroscopy. Graphite furnace atomic absorption spectroscopy can also
be used for some metal species if greater analytical sensitivity is needed than can be
obtained using ICPAES. Mercury levels are determined using cold vapor atomic
absorption spectroscopy.

_ ARB staff updated the draft method to include pretest planning protocol,
improve quality assurance, add additional target metals and improve the sampling
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and analysis procedures. In addmon we revised the sampllng and analysns
procedures of Method 436 to be consistent with procedures of U.S. EPA Method
29,° U.S. EPA's mu[tlple metals. test method. -

3. _Need for ARB Method

ARB draft Method 436 includes the sampling procedures, analytical, methods .
and quality assurance procedures of U.S. EPA Method 29, Thus, the U.S. EPA and.
the ARB methods both provide for the analytical precus:on needed to report the .

" lowest possible concentratlons for each metal spemes However, only the ARB .
method contains pretest procedures to assist the teéster to collect a sufficient amount

- of material to obtain reportable data for trace concentrations of metal species.  Also,
ARB Method 436 does not permit determination of total particulate on the same .-

sample, as does U.S. EPA Method 29. This is because most Catifornia districts

- require particulate determination on the filter and i in the i lmpmgers ‘white U.S. EPA
anly considers the filter catch. Determination ofi |mp|nger particulate would mterfere
-WIth the metals analys:s ' : '

Vi . SUMMARY OF EXISTENG TEST METHODS WﬂTH PROPOSED MENOR
~ REVISIONS

‘We have bneﬂy summartzed beiow the exusting methods for WhICh we are proposmg
mmor rews:ons B : . . o

AL ARB Method 5 Betermmatson of Partucu%ate Matter Emlsswns from Stat:onary '
~ Sources -

“ARB Method 5 was adopted in 1883 and subsequently amended in 1986 and 1988.
The method is used to extract particulate matter emissions from an emission stack and to~ |
coIIect the particulate matter on 2 glass fiber filter and in chilled impingers. To insure that a .
representative particulate sample has been extracted, the partlculate matter is collected
isokinetically, or at.a rate equal to the stack gas velocity. The tester measures stack gas
flowrate, stack moisture, and mass of the particulate sample to determine the mass -
‘emission rate from the stack in units of pounds per hour or grams per hour.

The proposed revisions will make ARB Method 5 more consistent with U.S. EPA
Method 5'° and U.S. Method 202, Determination of Condensible Particulate Emissicns from
Stationary Sources.'" Revisions to ARB Method 5 include the addition of field calculations
for maintaining an isokinetic sampling rate, expanded instructions for recovery of samp!e
material collected in the impingers, and minor editorial correctnons

B. ARB Method 7, Determination of Nitrogen Oxide Emissions from Stationary Sources

ARB Method 7 has not been revised since its adoption in 1983. The method is a wet
chemistry reference method used to measure the oxides of nitrogen from a grab sample,
The oxides of nitrogen are extracted into solution and quantified using @ manual colorimetric
procedure with phenoldisulfonic acid. ARB staff added the requirement to obtain and
analyze U.S. EPA audit samples to make the method consistent with U.S. EPA Method 7.2
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VII.

REFERENCES:

~The fo!lowing test:methods are:in CFR 40, Part 60, Aependix A'* '

EPA Method 3A, Determmatlon of Oxygen and Carbon Dloxrde Concentratrons in
Emissions from Stationary Sources {Instrumental Analyzer Procedure)

EPA Method GC Determrnatton of Su!fur D:oxnde Emrssrons from Statronary Sources ‘

o '{Instrumental Ana[yzer Procedure)

EPA Method 7E, Deterrnrnatron of Nrtrogen Oxides Emissions from Statronary

Sources (Instrumentai Analyzer Procedure)

EPA, Method 10, Determlnatron of Carbon Monoxrde Emrssrons from Statronary _
- Sources : : -

EPA Method 25A, Determlnatron of Total Gaseous Orgamc Concentratron Usrng a -
Flame Ionrzatron Analyzer S : _

R EPA Method 258 Determlnatuon of Total Gaseous Organrc Concentratron Usmg a

Nondrspersrve Infrared Anaiyzer

EPA Method 205 Verrfica‘tron of Gas Dilution Systems for Freld Instrument g
Cahbratrons CFR 40 Part 51 Appendix M.

EPA Methed 306 and 306A Determmatron af Chromium- Emrssrons from Decorative -
and Hard Chromrum E!ectroplaﬂng and Anodrz:ng Operatlons CFR 40, Part 63 '
Appendix A,

- SW-846 0061, November 1980 3rd edition, U.S. EPA Test Methods for Evaluating '

Solid Waste, Phys:caif’ChemrcaI Methods CFFi Title 40, Part. 266, Appendrx iX..

EPA Method 23, Determrnatron of Polychlormated Dibenzo p- Droxrns and
Poiychlorinated Drbenzofurans from .Stationary Sources CFR 40, Part 60, Appendrx

EPA Method 82708, Gas Chromatography/Mass Spectrometry for Semrvolatrle
Organics: Capiliary Column Technique, SW-846, November 1286, 3rd Edition, u. S.
EPA Test Methods for Evaluat:ng Solid Waste, Physical/Chemical Methods, CFR 40,
Part 261.

EPA Method 1625, Revision B - Semivolatile Organic Compounds by Isot'op_e Dilution
Gas Chromatography/Mass Spectrometry, CFR 40, Part 136, Appendix A.

Ethylene Oxide Emissions Standard for Sterilization Facilities, December 8, 1994,
CFR 40, Part 63.3860.
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10.
11,

12.

EPA Method 28, Determination of Metals Emissions from Stationary Sources, CFR
40, Part 80, Appendix B.

EPA Method 5, Determination of Partlculate Emissions from Statlonary Sources, CFR
40, Part 60, Appendlx A,

EPA Method 202, Determination of Condensnble Partlculate Emissions from
Stationary Sources, CFR 40, Part 51, Appendix M

EPA Method 7, Determmatlon of Nltrogen OXIde Em|ss1ons from Statlonary Sources,
CFR 40, Part 60, Appendix A. ‘ -
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Public Hearing to Consider the Amendment and
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.~ APPENDIX 1. .

" Proposed Amendments to the
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'PR'OPO-S:ED A’MEND‘MENTS TO THE CALIFORNIA. CODE OF REGULAT!ON’S R

: Note Graphec screen mdacates deieted text; ngderlme mdlcates :nserted text.

Amend Sectlcn 94105 Title 17, Cahforma Code of Reguiattons to read as foilows

o 94105 Method 5 Part:cuiate Matter Emrssaons

The test method for: determmmg partlculate matter emlss:ons is set forth in the Air -
Resources Board's Method 5, Deterrnmat:on of Partsculate Matter Em:ssaons fram: Stationary.'-'
Sources adopted June 29, 1983 as Iast amended J 3 [_n_s,eﬂ_dm_g_t

Note Authonty cated Sect:ons 39600 39601 and 39607 Hea!th and Safety Code

Code

,;;_ Amend Sectlon 94107 Title 17, Cahforn:a Code of Reguiataons to read as fo!lows 5 BRI

94107 Me*hod? Nltrogen OXIdES

The test method for determmmg nitrogen ox:de emassnons 15 set forth in-the Alr Resources =
' Board’s Method 7, Determmation of Nstrogen Oxnde Emissions frorn Statlonary Sources,
adopted June 29, 1883, as last ai gd | ate of amendment h is incorporated.

: herein by refgrengg

Note Authonty cnted Sectlons 39600 39601 and 39607 Health and Safety Code e 0

 Reference: Sections 39515, 39516, 39605, 39607 3_9_6_6_6_and 40001 Health and Safety”*

Code

Amend Section 941 14, Tltle 17 Cahforma Code of Flegulatlons to read as follows
941 14 Method 100 - Contmuous Samphng

The test method for continuous gaseous emission stack samplmg |s set forth in the Air
Resources Board’s Method 100, Procedures for Contxnuous Gaseous Emission Stack
Samplmg, adopted June 29, 1983, as last amende rt date of amendmen hic!
in f n ‘w ' ‘ o -

Al-l

Reference Sectlons 39515, 39516 39605 39607 @ﬁﬁﬁand 40001 Health and Safety -



Note: Authority cited: Sections 39600, 39601, and 39607, Health and Safety Code.
Reference: Sections 39515, 39516, 39605, 39607, 39666 and 40001, Health and Safety
Code.

Amend Section 94135, Title 17, California Code of Regulations to read as foifows:

__ 94135, Method 425 - Total Chromium. and Hexavaleht Chrormiium Emissions from
Stationary Sources. :

The test method for determining total chromium and hexavalent'chromium emissions from
stationary sources is set forth in the Air Resources Board’s Method 425, Determination of
Total Chromium and Hexavalent Chromlum mlss:ons from Stationary Sources, adopted

January 22, 1987, as last amended Segitef ‘290, [insert date of adoptionl, wh:ch is
incorporatéd herein by referenge *

Note: Authority cited: Sections 39600, 39601' and 39607, Health and Safeéty Code.
Reference: Sections 39515, 39516, 39605, 39607 3_9_6_5_5. and 40001, Health and Safety
Code

~Amend Sectiori 94141, Title 17, California Code of Regulations to read as follows:

94141. Method 429 - Polycyclic Aromatic Hydmcarbon {PAH)} Emissions.

The test procedure for determmmg polycyclic aromatic hydrocarbon emlssmns is set forthin -~

“the Air Resources Board’s Method 429, Determination. of Polycyclic Aromatic Hydrocarbon' -
(PAH) Emissions from Stationary Sources, adopted September 12, 1989, _as_l_as,t_am_end_e_d
. Ls_eﬂ_d_a;e_g_a_mgn_dmeml which is incorporated herem by reference.*

Notg: Authonty cited: Sections 39600 39601, and 39607, Heaith and Safetv Code.
Reference: Sectlons 39515, 39516 39605, 39607 a_s_eﬁﬁand 40001 Health and Safety
' Code

~ Amend Section 94143, Title 17—, .Califorriia Code of Regulations to read as follows:
94143 Method 431 - Ethylene Oxsde Emussuons

The test procedure for determining ethyiene oxlde emissions is set forth in the Aur Resources _
Board’s Method 431, Determination of Ethylene Oxnde Emisswns from Statlonary Sources, -

- adopted September 12, 1989, whlch is
Jincorporated herern_ by reference.®

Al-2



Note: Authority cited: Sections 39600, 39601, and 39607, Health and Safety Code. -
Re'ference:- Sections 39515, 39518, 39605, 39607, 39666 and 40001, Health and Safety
Code. - . - : - | | T

Adopt new Section 94161, Title 17, Ciali._f'o.rni_a Code of Regulations as follows: -

* Nofe: Authority
Reference: Sect
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METHOD 5

DETERMINATlON OF PARTICULATE MATTER EMISSIONS
FROM STATIONARY SOURCES

PR!NCIPLE AND APPLICABILITY

Prmcrple Part[culate matter is withdrawn |sok:net|cally from the source and. co!lected
on a glass fiber filter maintained at a temperature in the range of 120 = 14°C.(248 .
+ 25°F} or such other temperature as specmed by an appllcable subpart of the .

W for a garicial . ,
Wthh includes any matenai that condenses at or above the flltratton temperature is

© " determined. grawmetncatly after removai of. uncomblned water.

Since the deflnstlon of part;cu!ate matter is not consistent in all rules, the partlcu[ate ,
matter catch WM be itemized by weight as follows: (1) Filter Catch, {2) Probe
Catch, (3) Impinger Catch, and {4) Solvent Extract to allow adjustment of- the . '
parttculate matter determmatton to be consustent With the appllcable regulatlon

The number of samnllnq runs must be sufﬂctent to Drowde rnmlmaI statestical data

- ) 'and shall be at Ieast three (3} uniess explicitly stated otherwuse in the apphcable rule. _:

1.2

24

Applncabahty This method is apphcable for the determlnatzon of partlculate emlssmns. |

_ ‘from stettonary sources.

. 'Anv modufscataon of thls method beyond those exDressiv Derm:tted shall be

considared a major modification subject to the approval of the Executive Officer. The

 term_Executive Officer as used in this document shall mean the Executlve Offlcer of

the Air Resources Board (ARB) or his or her authorized representative.

APPARATUS

Sampltng Train. A schematlc of the sarnplmg train used in this method is shown in
Figure 5-1. Complete construction details are given in APTD-058%1 (See EPA Method
5 Bibliography); commercial- models of this train are also available. For changes from
APTD-0581 and for allowable modtflcat;ons of the train shown in Figure 5-1, see the
following subsectlons ‘ : : ‘

The operating and malntenance procedures for the sampling train are descrlbed in
APTD-0576 {See EPA Method 5 Bibliography). Since correct usage is important in .
obtaining valid results, all users should read APTD-0576 and adopt the operating and
maintenance procedures outlined in it, uniess otherw1se specn‘;ed herem The
sampling train consists of the following components:

2.1.1 Probe Nozzle. Stainless steel {316) or glass with sharp, tapered leading edge.

The angle of taper shall be < 30° and the taper shali be on the outside to
preserve a constant internal diameter. The probe nozzle shall be of the button-

hook or elbow desugn, unless otherwise specn‘:ed by the Executive Officer
ik i ed beo e o atige.  |f made of stainless steel, the
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2.1.2

2.1.3

2.1.4

" approved by the Executlve Officer

nozzle shall be constructed from seamless tubing; other materials of
construct:on _may be used, subject to the approval of the Executive Officer

ot aGeevs B
Briiridin /44' £ 2 s,

A range of nozzle sizes suitable for isokinetic sampling should be available, e.g.,
0.32 to 1.27 cm {1/8 to 1/2 in.} -_or larger if higher volume sampling trains are
used - inside diameter {ID} nozzles in increments of 0.16 ¢m (1/16 in). Each
nozzle shall be calibrated according to the procedures outlined in Section 5.

Probe Liner. Borosilicate or quartz glass tubing with a heating system capable of
maintaining a gas temperature at the exit end during sampling of 120 +14°C
(248 + 25°F), or such other temperature as specnfled by an apphcabie subart of
the standards o approved by the Executive Officer iy ol Ko e Simh
[ L for a particular application. (The tester may opt 10 operate the
equipment at a temperature lower than that specified.) Since the actual

temperature at the outlet of the probe is not usually monitored during sampling,

probes constructed according to APTD-0581 and utilizing the calibration curves

of APTD-0576 (or calibrated according to the procedure outlined in APTD-0576)
will be considered acceptable.

" Either borosilicate or quartz glass probe linérs may be used for stack

temperatures up to about 480°C {200°F); quartz liners shall be used for
temperatures between 480 and 900°C {900 and 1,650°F}. Both types of liners
may be used at higher temperaturés than specrf:ed for short perlods of t:me,
subject to the approval of the Executive Officer Ll fai /o Sl
Wl The softening temperature for borosmcate is 820°C (1 508°F),
and for quartz it is 1,500°C (2,732°F).

Whenever practical, every effort should be made to use borosilicate or quartz
_glass prabe liners. Alternatively, metal liners {e.g.. 316 stainless steel, Incoloy
825, or other corrosion resistant metals) made of seamless tublng may be used
subject to the approval of the Executive Officer £ g Bth '

7

The pitot tube shall be attached to the probe (as shown in Flgure 5 1) to allow
constart monitoring of the stack gas velocity. The |r_npact {high pressure}

" opening plane of the pitst tube shall be even with or above the nozzie entry

plane (see Method 2, Figure 2-6b) during sampling. The Type S pitot tube
assembly shall have a known coefficient, determined as outlined in Section 4 of
Method 2. :

Differential Pressure Gauge. Inclined manometer or equivalent device (two), as

! Mention of trade names or specific products does not constitute endorsement by the Air
Resources Board.
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2.1.5

216

217 K

described in Section 2.2 of Method 2. One manometer shall be used for
velocity head (AP) readings, and the other, for orifice differential pressure

- readings.

Filter Holder. Borosificate glass, with a glass frit filter support and a silicone -

‘rubber gasket Cther materials of construction {e.g. stainless steei Teflon,

Viton) may be used, subject to approval of the Executive Officer

,«//,”/”%WWW The holder design shall provide a- posntlve

- seal against leakage from the outside or around the filter. The holder shall be
" attached immediately at-the outlet of the probe {or cyclone, if used).

Fiiter Heatirig Sys'tem. Any' heating system capable' of maintaininga .
- temperature around the filter holder during sampling of 120 +14°C {248

+ 25°F), or such other temperature as specified by an appl:cabie subpart of the ‘
standards or approved by the Executive Officer § i X 701k
Beleiatiai e for a particular application. Altemat!vely, the tester may opt to
operate the equ:pment at a temperature lower than that specified. A ‘
temperature gauge capable of measuring temperature to- within 3°C {5.4°F) shall

be installed so that the temperature around the filter holder can be regulated and"

Lo _momtored dunng samphng Heatmg systems other than the one shown in.
o ._-APTD 058‘5 may be used :

. Impmger train, The foliowmg system shall be used to determme the stack gas
“moisture: content and condensibles: - Four impingers connected.in series with:

leak-free ground glass ﬂ‘ttangs or any similar leak-free non-contaminating’ futtlngs g
The first, third, and fourth impingers shall be of the Greenburg-Smith design,

" modified by replacing the tip with 1.3 cm {1/2 in) ID glass tube extending to-

about 1.3 ¢m (1/2 in) from the bottom of the fiask. The sscond impinger shall
be of the Greenburg-Smith design with the standard tip. Modifications {e.g.;
using flexible connections between the impingers, using materials other than

" glass, or using flexible vacuum lines to connect the filter holder to the umpmger'

train) may be used, subject to the approval of the Executive Officer %

_ W,WW The first and second impingers shali

contain known quantities of water {Section 4.1.3), the third shall be empty, and
the fourth shall contain a known weight of silica gel, or equivalent desiccant, A
thermometer, capable of measuring temperature to within 1°C (2°F) shali be
placed at the outlet of the fourth impinger for monitoring purposes.

Alternatively, any system that cools the sample gas stream and allows
measurerment of the water condensed and moisture leaving the impinger train,
egach to Wlthln 1 rnl orlg may be used sub}ect to the approval of the Executive
Officer £ i niaue. Acceptable means are to
measure the condensed water either grawmetrlcaily or volumetrically and to
measure the moisture leaving the impinger train by: (1) monitoring the
temperature and pressure at the exit of the impinger train and using Dalton’s law -
of partial pressures; or {2) passing the sample gas stream through a tared silica
gel {or equivalent desiccant) trap with exit gases kept below 20°C {68°F) and
determining the weight gain. o
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2.1.8

2,1.9

2.1.10

If means other than silica gel are used to determine the amount. of. moisture

leaving- the impinger train, it is recommended-that silica gel {or equivalent) still

the used between the impinger system and pump to prevent moisture

condensation in-the pump and metering devices and to.avoid the need to make
corrections for moisture in. the metered volume,

Metering System. Vacuum gauge, leak-free pump, thermometers capable of.
measuring temperature to within 3°C {5.4°F), dry gas meter capable of
measuring volume to within 2 percent, and related equipment, as shown. in
Figure 5-1. Other metering systems capable of maintaining sampling rates
within 10 percent of isokinetic and of determining sample volumes to within 2
percent may be used, subject to the approval of the Executive Officer m
ﬁi”’éﬁWﬁWé When the mietering system is used in
conjunction with a pitot tube, the system shail enable checks of isokinetic rates.

Sampling trains utilizing metering systems designed for higher flow rates than
that described in APTD-0581 or APTD-0576; may be used provided that the
specifications of this method are met.

Barometer. Mercury, aneroid, or other barometer capable of measuring _
atmospheric pressure to within 2.5 mm Hg (0.1 in Hg). In many cases, the
barometric reading may be obtained from a nearby national weather service

“station, in which case the station value (which is the absolute barometric

pressure) shall be requested and an adjustment for elevation differences

 between weather station and sampling point shail be applied at a rate of minus

2.5 mm Hg {0.1 in Hg) per 30 m (100 ft) elevation increase or vice versa for
elevation decrease,

Gas Density Determination Equipment. Temperature sensor and pressure gauge,
as described in Sections 2.3 and 2.4 of Method 2, and gas analyzer, if
necessary, as described in Method 3. The temperature sensor shall, preferably,
be permanently attached to the pitot tube or sampling probe in a fixed
configuration, such that the tip of the sensor extends beyond the leading edge
of the probe sheath and does not touch any metal. Alternatively, the sensor
may be attached just prior to use in the field. Note, however, that if the
temperature sensor is attached in the field, the sensor must be placed in an

- interference-free arrangement with respect to the Type S pitot tube openings

([see Method 2, Figure 2-7}. As a second alternative, if a difference of not more
than 1 percent in the average velocity measurement is to be introduced, the
temperature gauge need not be attached to the probe or pltot tube. (ThlS _
aiternatwe is subject to the approval of the Executive Officer Z447 )

s
-

o
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‘2.2 Sample Recovery. The following items are needed:

2.2.1

2.2.2

223

224

2285 i

226

2.2.7

2.2.8

Probe-Liner and Probe-Nozzle Brushes -Nylon bristie brushes W|th sta;nless steel

‘wife handles. The probe brush shall have extensions {at least as long as the
" probe} of stainless steel, Nylon, Teflon, or similarly inert material. The brushes
shall be properly sized and shaped to brush out the probe liner and nozzle.

‘ Wash Bottles Two. Glass wash bottles are recommended polyethylene wash

bottles-may be used: at the option of the tester. It is recommended that- acetone

- not be stored in polyethylene bottles for longer than a month

Glass Sample Storage Containers. Chemically resistant, borosilicate glass

.+ bottles, for acetone washes, 500 mi or 1000 ml. Screw cap liners shall either '
' * bé rubber-backed Teflon or shali be constructed so as to be leak-free and '
‘resistant to chemical attack by acetone.  (Nafrow mouth glass bottles have been

found to be less prone to. leakage) Alternatively, polyethylene bottles may ‘be.

i used

- Petru Dishes. For filter samples glass or polyethylene unless otherw:se o
‘specified by the Executwe Offlcer W ol :,-,;*f,,,.,-,e/,,,_,i:;,,-,.,,;.,-.-;n.-_se_,.-;n,{;,.;;

Graduated Cylmder andlor Balance To measure condensed water 1o wathm l m! -

“or 1g. Graduated cyllnders shall have subdivisions no greater than 2.mi. Mast
- laboratory balances are capable of weighing to.the nearest 0.5¢ or iess Any of
7 - these balances is- suntable for use here and in Section 2.3.4. SRR :

Plastic Storage Conterners Air-tight containers to store silica gel.

. Funnel and Rubber Policeman. To ald in transfer of silica gel to contamer not
- negessary if slllca gel is weighed in the field. - :

Funnel. Glass or polyethylene, to aid ,_|_n sample: recovery.

2.3 Analysis. For analysis, the following -equipment is needed.

2.3.1
2.3.2
2.3.3
2.3.4
2.3.5
2.3.6

2.3.7

GlessWeighing Dishes.

Desiccator. .

Analytical Balance. To measur-e to witninb.‘l mg.

Balance. To measure 1o within 0‘.5 g;

Beakers. 25(5 mi. |

Hygrometer. To measure the relative humidity of the_laboratory environment.

Temperature Gauge. Tc measure the tempereture of the laboratory
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environment.

3  REAGENTS

3.1 Sampling. The reagents used in sampling are as follows:

3.1.1

3.1.2

3.1.3

3.1.4

3.1.56

Filters. Glass fiber filters, without organic binder, exhibiting at least 99.95
percent efficiency { < 0.05 percent penetration ) on 0.3-micron dioctyl phthalate
smoke particles. The filter efficiency test shall be conducted in accordance with
ASTM standard method D2986-71. Test data from the supplier’s quality control
program are sufficient for this purpose.

Silica Gel. Indicating type, 6 to 16 mesh. If previously used, dry at 175°C
(350°F) for 2 hours. New silica gel may be used as received. Alternatively,
other types of desiccants {equwalent or better) may be used, subject to the
approval of the Executive Offlcer S BElEsi g,

Water. When analysis of the material caught in the impingers is required,
distilled water shall be used. Run blanks prior to field use to eliminate a high
blank on test samples.

Crushed Ice.

Stopcock Grease. Acetone-insoluble, heat-stable silicone grease. This is not
necessary if screw-on connectors with Teflon sleeves, or similar, are used.
Alternatively, other types of stopcock grease may be used, sub ect to the '
approval of the Executive Officer 24441 G AL

3.2 Sample Recovery

3.2.1

Acetone - reagent grade, < 0.001 percent solids residue, in glass bottles -
required. Acetone from metal containers generally has a high residue blank and
should not be used. Sometimes, suppliers transfer acetone to glass bottles from
metal containers; thus, acetone blanks shall be run prior to field use and only
acetone with low residue values { £ 0.001 percent) shall be used. In no case
shall a blank value of greater than 0.001 percent of the weight of acetone used
be subtracted from the. sample weight.

_Reagents for Recovery of Back Half / Impinger Catch ONLY

Water, distilled, maximum solids residue as per 3.2.1.

~ Methylene C_hloride, reagent grade, maximum solids residue as per3.2.1.
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3.3 -Aoalysis. Two rea'gents are required for the analysis:

331

Desiccant. Anhydrous calcium sulfate, mdtc;atmg type. Alternatively, other

types of desiccants may be used subject 1o the approval of the Executlve

. Acetone. Same'as 3.2,
3.3.2 .
Officer %//%{//ﬂ W’f
| 333 - Reaqents for Ana!vsas of Beok Half / Impinger Catch ONLY
:_3_3__3__1 . Water, distillerd,' same a_s 3.2.2.1 . |
33 3. 1 : Metruv!ene‘ Ch|oride,._sarr.1e as 3.2.2.2.

4 - PROCEDURE

: 4. 1 Sampimg The complexm/ of thrs method is such that in order to. obtam reirable
results, _testors shouid be trarned and expenenced with the test procedures '

L AdA
77 according to the procedure descnbed in. APTD 0576 unless otherwrse specrfred .

Pretest Preparatron AII the components shall be mamtamed and cailbrated

herem

Wergh several 200 o OO g portions of srhca gei in arr—trght contalners to the

effects may be used sub;ect to the approva} of the Executive Offrcer

nearest 0.5'g. Record the total weight of the silica gel pius centainer, on each

" gontainer. As an alternative, the silica gel nsed not be preweighed, but may be

weighed directly in its rmpmger or samphng holder just prror to train assembly. .

Check filters wsua%iy against light for irregularities and flaws or pmhole !eaks
Label filters of the proper diameter on the back side near the edge using _
numbering machine ink. As an aiternative, label the shipping containers {glass =~
or plastic petri dishes) and keep the fllters in these containers at ail times except
during sampling and werghmg

Desiccate the filters at 20 + 5.6°C {68 + 10°F} and ambient pressure for at
least 24 hours and weigh at intervals of at least 8 hours to a constant weight
i.e., 0.5 mg change from previous weighing; record results to the nearest 0.1
mg. During each weighing the filter must not be exposed to the laboratory
atrosphere for a period greater than 2 minutes and a relative humidity above 50
percent Alternatively, {unless otherwrse specified by the Executive Officer
G s B s 08 the filters may be oven dried at
105°C (220°F) for 2t03 hours desrccated for 2 hours, and weighed.

Procedures other than those described, which account for relative humrdlty

August 9, 1996 ‘ o | Proposed M-5 Page 7




4.1.2

' 4.1.3

.and (2) the sample volume taken {corrected to standard condrtlons) WI|| exceed

Preliminary Determinations. Select the sampling site and the minimum number
of sampling points according to Method 1 or as specified by the Executive
Officer GO G aH e S K s 4 ai6. Determine the stack
pressure, temperature and the range of velocity heads using Method 2; it is
recommended that a leak-check of the pitot linés (see Method 2, Section 3.1) be
performed. Determine thé moisture content using the Approximation Method
described in Method 4, Section 1.2 or its alternatives for the purpose of making
isokinetic sampling rate settings. Determine the stack gas dry molecular weight,
as described in Method 2, Section 3.6; if integrated Method 3 sampling is used
for molecular weight determination, the integrated bag sample shall be taken
simuitaneously with, and for the same total length of time as, the particulate
sarmple run, '

Select a hozzle size based on the range of velocity heads, such that it is not
necessary to change the nozzle size in order to maintain isokinetic sampling
tates. During the run, do not change the nozzle size. Ensure that the proper
differential pressure gauge is chosen for the range of velocity heads encountered
{$eé Section 2.2 of Methed 2).

Select a suitable probe liner and probe length such that all traverse points can be
sampled. For large stacks, consider sampling from opposrte sides of the stack
to reduce the length of probes.

Select a total sampling time greater than or equal to the minimum total sampling
time specified in the test procedures for the specific industry such that {1) the
sampling time per point is not less than 2 min. {of some reater time lnterval as
specified by the Executive QOfficer g/ 4 ; ' Eiti :

the required minimum total gas sample volume. The latter is based on an
approximatély average sampling rate.

it is recommended that the number of minutes sampled at each point be an
integer or an integer plus one- -half minute, in order to avoid timekeeping errors.
The sampling time at each point shall be the same.

In some circumstances, e.g., batch cycles, it may be necessary to sample for.
shorter times at the traverse points and to obtaln smal[er gas sample volumes.
In these cases, the Executive Officer's Ciidie i oy

Y Wapprovai must first be obtamed

Preparation of Collection Train. During preparation and assembly of the
sampling train, keep all openings where contamination can occur covered untii
just prior to assembly or until sampling is about to begin. .

Place 100 ml of water in each of the first two impingers, leave the third .

impinger empty, and transfer approximately 200 to 300 g of preweighed silica
gel from its container to the fourth impinger. More silica gel may be used, but
care should be taken to ensure that it is riot entrained and carried out from the
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_impinger during sampling. Place the container in a clean place for later use in

the sample recovery. Alternatively, the weight of the silica gel plus i ampmger

may be determined to the nearest 0.5 g and recorded

-Usmg a tweezer or. clean disposable surgical gloves, pldce a labeled (ldentifled)
“and weighed filter in the fiiter holder. Be sure that the filter is properly centered

and the gasket properly placed so as to prevent the sample gas stream from

o curcumventlng the fslter Check the filter for tears after assembly is completed

When glass Ilners are used mstall the selected nozz!e using a Viton A 0 -ring
when stack temperatures are less than 260°C (500°F) and an asbestos string

gasket when temperatures are higher. See APTD-0576 for details. Other

" connecting systems. using either 316 stalnless steel or Teflon ferruies may be
used. When metal liners are used, install the nozzle as above or by a leak- free .
" direct mechanical’ connectlon Mark the probe with heat resistant tape or by
" some other method to denote the proper dsstance mto the stack or duct for each -
'samphng pomt e : :

. Setup the tra:n as in Flgure 5-1, using (!f necessary) a very light:.coat of sailcone -

-j'grease on all ground giass joints, greasmg only the outer portlon {see APTD- :

ks :0576} to avoid possibility of contamlnatlon by the smcone grease Subject to '
i the approval of the Executive Officer ity i Ly

414

4.1.4.1

5, a glass cyclone may be. used between the probe and fiiter holder;'

'when the tota! partlcuiate catch-is expected to ‘exceed 100 mg or when water

dropuets are present |n the stack gas.
Place crushed ice around the impingers.
Leak-Check Pr'ocedures" ‘

Pretest Leak Check.: A pretest Ieak check is reqmred The fo!!owmg
procedure shall be used.

After the samplmg traun has been assemb!ed turn on and set the frlter and
probe heating systems at the desired operating temperatures. Allow time for -
the temperatures to stabilize. . i a Viton A O-ring or other leak-fres
connection is used in assembling the probe nozzle to the probe liner, leak-
check the train at the sampling site piugglng the nozzle and pulhng a 380
mm Hg {15 in. Hg) vacuum,

Note: A lower vacuum may be used, prowded that it is not exceeded dunng
the test. : :

If an asbestos string is used, do not connect the probe ta the train during the
leak-check. instead, leak-check the train by first plugging the inlet to the
filter holder {cyclone, if applicable) and puliing @ 380 mm Hg {15 in. Hg)
vacuum (see Note immediately above}. Then connect the probe to the train
and leak-check at about 26 mm Hg (1 in Hg) vacuum; alternatively, the
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4.1.4.2

4.1.4.3

4.1.5

probe may be ieak-checked with the rest of the sampling train, in one step,
at 380 mm Hg (15 in. Hg) vacuum. Leakage rates in excess of 4 percent of

" the average sampling rate or 0.00057 m?3/min {0.02 cfm), whichever is less,
are unacceptable, :

The following leak-check instructions for the sampling train described in
APTD-0576 and APTD-0581 may be helpful. Start the pump with bypass
valve fully open and coarse adjust vaive completely closed. Partially open
the coarse adjust valve and slowly close the bypass valve until the desired
vacuum is reached. Do not reverse direction of bypass valve; this will cause
water to back up into the filter holder. f the desired vacuum is exceeded,
either leak-check at this higher vacuum or end the leak-check as shown
below and start over.

When the leak-check is completed, first stowly remove the plug from the
inlet to the prabe, filter holder, or cyclone (if applicable) and immediately turn
off the vacuum pump. This prevents the water in the impingers from being

" forced backward into the filter holder and silica gel from being entrained
backward into the third impinger.

Ai.eak-Checksf D‘ufing Sample Run. If, during the sampling run, a component
{e.g., filter assembly or impinger) change becomes necessary, a leak-check
shall be conducted immediately before the change is made. The leak-check
shall be done according to the procedure outlined in Section 4.1.4.1 above,
gxcept that it shall be done at a vacuum equal to or greater than the
maximum value recorded up to that point in the test. If the leakage rate is
found to be no greater than 0.00057 m?®min {0.02 cfm) or 4 percent of the
average sampling rate (whichever is less), the results are acceptable and no
correction will need to be applied to the total volume of dry gas metered; if,
however, a higher leakage rate is obtained, the tester shall either record the
leakage rate and plan to correct the sample volume as shown in Section 6.3
of this method, or shall void the sampling rum. Immediately after component.
changes, leak-checks are optional; if such leak-checks are done, the
procedure outlined in Section 4.1.4.1 above shall be used,

Post-test Leak-Check. A leak-check is mandatory at the conclusion of each
sampling run. The leak-check shall be done in accordance with the J
procedures outlined in Section 4.1.4.1, except that it shall be conducted at a
vacuum equal to or greater than the maximum value reached during the
sampling run. If the leakage rate is found to be not greater than 0.00067
m3min (0.02 cfm) or 4 percent of the average sampling rate {whichever is
less}, the results are acceptable, and no correction need be applied to the
total volume of dry gas metered. If, however, a higher leakage rate is
obtained, the tester shall either record the leakage rate and correct the
sample volume as shown in Section 6.3 of this method, or shall void the
sampling run.

Particulate Train Operation. During the sampling run, maintain an isokinetic

sampling rate (within 10 percent of true isokinetic unless otherwise specified by

i N . o %
the Executive Officer £ 1) and a
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temperature around the filter of 120  14°C (248 + 25°F), or such ather

temperature as specified by the Executive Officer G s

i i
Reseseitatve.

"For each run, record the data required on a data sheet such as the one shown in -
Figure 5-2. Be sure to record the initial dry gas meter reading. Record the dry
gas meter readings at the beginning and end of each sampling time increment, .
when changes in flow rates are made, before and after each leak-check, and~

. when sampling is halted. Take other readings required by Figure 5-2 at least
once at each sample point during each time increment and additional readings
when significant changes (20 percent variation in velocity head readings) - -
" necessitate additional adjustments in flow rate. Level and zero the manometer.
Because the manometer level and zero. may drift due to vibrations and -
" temperature changes, make periodic checks during the traverse.

Clean the portholes prior to the test run to minimize the chance of sampling .
. deposited material.  To begin sampling, fémove the nozzle cap, verify that the
- filter and probe heating systems are up to temperature, and that the pitot tube .
" and probe are properly positioned. Position the nozzle at the first traverse point.

_ with‘the.ztip.poih;i'ng:dire'ctiy into the gas stream. Immediately start the pump- - " -
~and adjust the'flow te isokinetic condition (Note: During the period before "7 1
" sampling begins point the nozzle downstream. Rotate the nozzie upstream. '

5y immediately before the sampling pump is turned on.). -

" . Nomographs are availabte, which aid in the rapid adjustment of the isokinetic .
sampling rate without excessive computations. These nomographs are '
designed for use when the Type S pitot tube coefficient is 0.85 + 0.02, and-
the stack gas equivalent density {dry molecular weight) is-equal to 28 + 4.
APTD-0576 details the procedure for using the nomographs. |If C;and M, are

" putside the above stated ranges do not use the nomographs unless appropriate
steps are taken to compensate for the deviations. ~ e o

When the.stack is under significant negative pressure {height of impinger stem},
take care to close the coarse adjust valve before inserting the probe into the
stack to prevent water from backing.into the filter holder. If necessary, the

~ pump may be turned on with the coarse adiust valve closed. '

When the probe is in position, block off the openihgs around th_e"probé and
porthole to prevent unrepresentative dilution of the gas stream. o

Traverse the stack cross-section, as required by Method 1 or as specified by the
Executive Officer o] s G Badkoy el P e aiig, being careful not

to bump the probe nozzie into the stack walls when sampling near the walls or

August 9, 1996 - | ' ' " Proposed M-5 Page 11



4.1.6

when removing or inserting the probe through the portholes; this minimizes the
chance of extracting deposited material.

During the test run, make periodic adjustments to keep the temperature around
the filter holder at the proper level; add more ice and, if necessary, sait to
maintain a temperature less than 20°C (68°F) at the condenser/silica gel outlet.
Also, periodically check the level and zero of the manometer.

_If the pressure drop across the filter becomes too high, making isokinetic

sampling difficult to maintain, the filter may be replaced in the midst of a sample
run. It is recommended that another complete filter assembly be used rather

" than attempting to change the filter itself. Before a new filter assembly is

installed, conduct a leak-check (see Section 4.1.4,2}) The total particulate
weight shall include the summation of all filter assembly catches.

A single train shall be used for the entire sample run, except in cases where
simultaneous sampling is required in two or more separate ducts or at two or

.more different locations within the same duct, or, in cases where equipment

failure necessitates a change of trains. In all other situations, the use of two or
more trams will be sub;ect to the approval of the Executive Officer %

t

Note that when two or more trains are used, separate analyses of the front-half
and (if applicable) impinger catches from each train shall be performed, unless ..
identical nozzle sizes were used on all trains, in which case, the front-half
catches from the individual trains may be combined (as may the impinger
catches) and one analysis of front-half catch and one analy51s of i :mpiner catch
may be performed. Consult with the Executive Officer :

B B AL for details concerning the calculatlon of results when

two or more trains are used,

At the end of the sample run, turn off the coarse adjust valve, remove the probe
and nozzle from the stack, turn off the pump, record the finai dry gas meter
reading, and conduct a post-test leak-check, as outlined in Section 4.1.4.3.
Also, leak-check the pitot lines as described in Method 2, Section 3.1; the lines
must pass this leak-check, in order to validate the velocity head data.

Calculation of Percent Isokinetic. Calculate percent isokinetic {see Calculations,
Section 6) to determine whether the run was valid or another test run should be
made, If there was difficulty in maintaining |sokmet|c rates due to source
conditions, consult with the Executive Officer Ziiiin) h65

///J/'//
%ﬁ/ ‘eptaty e for possible variance on the |sok|netrc rates

7

4.2 Sampie Recovery. Proper cleanup procedure begins as soon as the probe is removed
from the stack at the end of the sampling period. Allow the probe to cool.

August 9, 1996 Proposed M-5 Page 12



When the probe can be safely handled, wipe off all external particulate matter near
the tip of the probe nozzle and place a cap aver it to prevent losing of gaining
particulate matter. Do not cap off the probe tip tightly while the sampling train is
cooling down as this would create a vacuum in the filter holder, thus drawing water
" #rom the impingers into the filter holder. ' ' ‘

" Before moving the sample. train to the cleanup site, remove the probe from the
sample train, wipe off the silicone grease, and cap the open outlet of the probe. Be
+careful not to lose any condensate that might be present. Wipe off the silicone
-grease from the filter inlet where the probe was fastened and cap it, -Remove the-
umbilical cord from the last impinger and cap the impinger. If a flexible line is used
petween the first impinger or condenser and the filter holder, disconnect the line at
the fiiter holder and let any condensed water or fiquid drain intoc the impinger of
condenser. After wiping off the silicone grease, cap off the filter holder outlet and
~ impinger inlet. Either ground-glass stoppers, plastic caps, of serum caps may beused .
.. 1o close these openings. o : R o

" Transfer the probe and filter-impinger assembly to the cleanup area. This area-éhoul_d-‘
“be c!ean__and protected from the wind so that the chances of c_ontaminating; or losing -
- the sample will be minimized. - o e e ' T

" Save a portion of the acetone used for cleanup as a blank. Take 200 mi of this’
acetone directly from the wash bottle being used and place it'in a glass sample =
'_.c_:'ontainer labeled "acetone blank." SR ERE : o

tnspect the train prior to and during 'diséssembiy'ahd note any abnormal'conditi'oné';ﬁ '
Treat the samples 2s follows: : :

Container No. 1. Carefully remove the filter from the filter holder and place itin its
identified petri dish container. Use a pair of tweezers and/or clean disposable surgical
gloves to handle the filter; [f it is necessary 10 fold the fiiter, do so such that the
particulate cake is inside the foid. Carefully transfer to the petri dish any particulate
matter and/or filter fibers which adhere to the filter holder gasket, by using a dry. -
nyion bristle brush and/or 2 sharp-edged plade. Seal the container.

Container No. 2. Taking care 10 se€ that dust on the outside of the probe or other.
exterior surfaces does not get into the sampie, quantitatively recover particulate
matter or any condensate from the probe nozzie, probe fitting; probe liner, and front
half of the filter holder by washing these components with acetone and placing the .
wash in a glass container. Distilled water may be used inste en
approved by the Executive Office Yoo tacay 5 ,/7/,’,/ i
shall be used when specified by the Executive Ofﬂcer Ll
:z:/"_ /- in these cases save a water blank and follow the Executive
Officer’s B T 4% directions on analysis.
Parform the acetone rinses as follo ' '

P
£

&

WS:
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Carefully remave the probe nozzle and clean the inside surface by rinsing with
acetone from a wash bottle and brushing with a nylon bristie brush. Brush until the
acetone rinse shows no visible particles, after which make a final rinse of the inside
surface with acetone.

Brush and rinse the inside parts of the Swagelok fitting with acetone in a similar way
until no visible particles remain.

Rinse the probe liner with acetone by tilting and rotating the probe while squirting
acetone into its upper end so that all inside surfaces will be wetted with acetone. Let
the acetone drain from the lower end into the sample container., A funnel (glass or
polyethylene) may be used to aid in transferring liquid washes to the container.
Follow the acetone rinse with a probe brush. Hold the probe in an inclined position,
squirt acetone into the upper end as the probe brush is being pushed with a twisting
action through the probe; hold a sample container underneath the lower end of the
probe, and catch any acetone and particulate matter which is brushed from the
probe. Run the brush through the probe three times or more until no visible
particulate matter is carried out with the acetone or until none remains in the probe
liner on visual inspection. With stainless steel or other metal probes, run the brush
through in the above prescribed manner at least six times since metal probes have
small crevices in which particulate matter can be entrapped. Rinse the brush with
acetone, and quantitatively collect these washings in the sample container. After the
brushing, make a final acetone rinse of the probe as described above.

it is recommended that two people be used to clean the probe to minimize sample
josses. Between sampling runs, keep brushes clean and protected from
contamination. :

~ After ensuring that all joints have been wiped clean of silicone grease, clean the
inside of the front half of the filter holder by rubbing the surfaces with a nylon bristle
brush and rinsing with acetone. Rinse each surface three times or more if needed to
remove visible particulate, Make a final rinse of the brush and filter holder. Carefully
rinse out the glass cyclone, also {if applicable). After all acetone washings and '
particulate matter have been collected in the sample container, tighten the lid on the
sample container so that acetone will not leak out when it is shipped to the
laboratory. Mark the height of the fluid level to determine whether or not leakage
occurred during transport. Label the container to clearly identify its contents.

Container No. 3. Note the color of the indicating silica gel to determine if it has been
completely spent and make a notation of its condition. Transfer the silica gel from
the fourth impinger to its original container and seal. A funne! may make it easier to
pour the silica gel without spilling. A rubber policeman may be used as an aid in

- removing the silica gel from the impinger. It is not necessary to remove the small
amount of dust particles that may adhere to the impinger wall and are difficult to -
remove. Since the gain in weight is to be used for moisture calculations, do not use
any water or other liquids to transfer the silica gei. if a balance is available in the
field, follow the procedure for container No. 3 in Section 4.3.
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Impinger Water. Treat the impingers as follows: Make a notation of any color or film
in the liquid catch. Measure the liquid which is in the first three impingers to within
+ 1 mi by using a graduated cylinder or by weighing it.to within £ 0.5 g by using a
ba!ance (if one is available). Record the volume or weight of liquid present. This
information is required to calculate the moisture content of the efﬂuent gas {See

_note Section 2.1. 7 )

if a drfferent type of condenser is used, measure the amount of monsture condensed
either volumetrically or gravimetrically, Whenever possible, containers should be

' shrpped ln such a'way that they remain upright at all times.

421

4.2.1.1

Determination of the Particulate Concentration. The part.culate matter
‘concentration is determined by isokinetically aspirating a measured volume of
the stack gas, catching the particulate in a filter, in the probe, connecting -
- -tubing, and in the tmpingers, and d:\ndmg the we:ght of the partlculate catch by
- the volume of gas

For {%ﬁ%ﬁsome rules, matter that is qumd at standard temperature must be
included. This liquid matter is assumed to pass as a gas through the fitter and’
to then condense in the impinger water.  The weight of this liquid particulate is .
- determined by recovering the impinger liquid, extraction with methvlene
h!oride, and evagoratzon of the agueous and soivent Qhases to constant
weight. §20kr 2 ; G el o e
- %ff 47 /// Cattion must therefore be used not to let any acetone or
other ¢ rganso materra! contammate WW% the umpmger water

or &S some rules, the combined weight- of the particulate matter caught
in the probe, the filter and the impingers is used in the determination of
particulate matter concentration. For some rules only the combined weight of
- the particulate matier caught in the probe and filter is used in the determination.
Accoromg'iy "_//.31_ /:,. ort
so that Bpsl 18 28011 oo 17 Abpoarticulate determinations can be made _as
appropriate for the aophcabie rule. The total particulate matter catch %ﬂ
be itemized by weight as follows: {1} Filter Catch, {2) Probe Catch, (3}

Impinger Catch and {4) Solvent Extract.

1 Recovery of Back Half and Impinger Catch Particulate

Prior to the test ali sampling train glassware shall be cleaned with soap and
‘tap water, and rinsed using tap water and subsequently water, acetone, and
methyiene chloride conforming to recovery solvent specifications. It is
important to completely remove silicone grease from areas which will be
exposed to methylene chloride during sample recovery and glass joints shall
not be greased if the back half and impinger catch particulate is recovered.,

Reserve at least 200 mi of water from the same stock originally used to fill

the impingers as a field blank, placing it in_ an appropriately labeled sample
container: use water from the same stock for rinses described below, '
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If water in the impingers is not visibly discolored and no material is apparent
floating in_or _adhering to impingers, only water shall be used for recovery.
rinsing. Quantatively transfer all liquid from the first three impingers_into a
clean sample container(s} (glass or plastic); rinse each impinger and the
connecting glassware, including the probe extension {downstream of the
filter) and any graduated cylinder used to measure liguid volume, twice with
water. Recover the rinse water and add it to the same sample container(s).

Mark the liguid level on the container{s).

If water in_the impingers is visibly discolored or material is visible floating in
or adhering to impingers, methylena chioride shall be used to_ensure

- complete recovery of material. Recover impinger liquid and rinse with water
as above. If necessary, reassemble and cap or stopper the impinger
assembly and transport to a facility equipped with an appropriate laboratory
hood system. Reserve at least 200 mi of methylene chloride used as a
blank, placing it in an appropriately labeled glass sample container. In the
laboratory hood, follow the water rinses with two rinses of methylene
chloride: save the rinse products in a clean glass sample container. Mark the

liquid level on the container.

4.3 Analysis. Record the data required on a sheet such as the one shown in Figure
5-3. Handle each sample container as follows:

Container No. 1. Leave the contents in the shipping container or transfer the filter
and any loose particulate from the sample container to a tared glass weighing dish.
Desiccate for 24 hours in a desiccator containing anhydrous calcium sulfate. Weigh
to a constant weight and report the results to the nearest 0.1 mg. For purposes of
this Section, 4.3, the term "constant weight” means a difference of no more than 0.5
mg or 1 percent of total weight less tare weight, whichever is greater, between two
consecutive weighings, with no less than 6 hours of desiccation time between
weighings.

Alternatively, the sample may be oven dried at 105°C (220°F) for 2 to 3 hours,
cooled in the desiccator, and weighed to a constant welght untess otherW|se
specified by the Executive Officer % aoroad Balaesiinin g
tester may also opt to oven dry the sample at 105°C {220°F) for 2 to 3 hours welgh
the samp!e and use this weight as a final weight.

Container No. 2. Note the level of liquid in the container and confirm on the analysis
sheet whether or not leakage occurred during transport. If a noticeable amount of
leakage has occurred, either void the sample or-use methods, subject to the approval
of the Executive Officer W% Y S Abolizol By eseiiaiie, 1o correct the
final results. Measure the liquid in this container e:ther volumetncalty to £ 1 mlor
gravimetrically to + 0.5 g. Transfer the contents to a tared 250-ml beaker and
evaporate to dryness at ambient temperature and pressure. Desiccate for 24 hours
and weigh to a constant weight. Report the results to the nearest 0.1 mg.

Container No. 3. Weigh the spent silica gel (or silica gel plus impinger) to the nearest
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0.5 g using a balance. Thi.s step may be conducted in the field.

"Acetone Blank” Container. Measure acetone in this container either volumetrically or
‘gravimetrically. Transfer the acetone to a tared 250-mt beaker and evaporate to
.dryness at ambient temperature and pressure. Desiccate for 24 hours and we:gh to &
constant we:ght Report the results to the nearest 0.1 mg.

o Note At the option of the tester, the contents of Container No. 2 as well as the
acetone blank container may be evaporated at temperatures higher than ambient. If
the evaporation is done at an elevated temperature the temperature must be below
the beiling point of the solvent; also, to prevent ' ‘bumping,” the evaporation process

“must be closely supervised, and the contents of the beaker must be swirled
~ occasionally to maintain an even temperature. Use extreme care, as acetone is hlghly
- flammable and has a low flash pomt : :

'4.3.1 : !mplnger Catch and Extract

: 4.3.1 .'1_ ' .The |mpmger ca‘tch consists of the water and organic solvent? rmsmgs from '
‘ © the sample train connections between ‘the fllter and zmpmgers pius the
impinger conten'ts % 7 £ nr o 2 g Wi i

| g

Field Blanks of water and methvlene chioride described in 4.2.1 shall be -~

analyzed for solids content by evaporation. The impinger catch and impinger
catch extract residue weights shall be corrected based on these analvses and
the total volume of each reagent used. Accordingly, determing the amount

of water and solvent in the sample containers be‘ore roceedm
T ///// T 7 e /

< >
-

The residues of the {Fakds # s solvent extract and ;mpmger catc%‘ are to
be welghed to a constant welght as defined earlier.

- 4.3.1.2 .- Combine the catch in a_separatory funnel of suitabie size. The Mason jar is’
to be rinsed with methylene chioride into the separatory funnel.

4.3.1.3 Extract the aqueous catch three times with 50 m! portions of methylene
chloride (CH,Cl,). Each time, extract for 30 seconds with vigorous shaking,
then allow the layers to separate {which may sometimes take up to 15
minutes due to emulsion formation). Drain the CH,Cl, layers into a beaker of
suitable size through a short stem funnel containing a cotton plug, to remove
droplets of water from CH,Cl, extract. Save the# agueous layer for use in

? Methylene Chloride (CH,C!,) unless the source being evalua’:ed dictates otherwise, then
altemate solvent may be used subject to approval of the Executive Offi cer’_’ Sl peaviane
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4.3.1.4

4.3.1.5

4.3.1.6

4.3.1.7

4.3.1.8

4.3.1.9

4,.3.1.10

4.3.1.11

4.3.1.12

Sec. 4.3.1.8,

Rinse the funnel and cotton with fresh CH,CI, and concentrate the ¢ombined
CH,Cl, extract to about 25 ml under a stream of clean filtered air at room
-temperature in a hood. '

Quantitatively transfer the concentrated extract to a tared 50 ml beaker and
gvaporate to dryness under the above conditions and place in a desiccator
for one hour. '

Weigh the extract residue to the nearest 0.1 mg.

Record the gross and tare weights and report the net weight as "I"mpin'ger
Catch Extract”.

From Sec. 4.3.1.3 quantitatively transfer the aqueous phase to a suitable
size beaker and concentrate to about 25 ml on a hot plate of steam bath
with the aid of the clean filtered air stream.

Quantitatively transfer the aqueous concentrate to a tared 50 mi béaker and
evaporate to dryness on a steam bath.

Place the beaker containing the residue in a 105°C oven for one hour and
. then let cool in a desiccator.

Weigh the residue to the niearest 0.1 mg.

Record the gross and tare weights and report the net weight as "lmpinger
Catch”.

4.4 Quality Control Procedures. The following quality control procedures are suggested
to check the volume metering system calibration values at the field test site prior to
sample collection. These procedures are optional for the tester.

4.4.1

Meter Orifice Check. Using the calibration data obtained during the calibration
procedure described in Section 5.3, determine the AH@ for the metering system

- orifice. The AHg is the orifice pressure differential in units of in. H,0 that

correlates to 0.75 cfm of air at 528°R arid 29.92 in. Hg. The AH@ is calculated
as follows:

OIS AR LY,

AHg =0.0319 AH (T /P,,) I (YA, .

Equatlon 5- 9

Where:

AH = Average pressure differential across the orifice meter, in. H,0.
T, = Absolute average dry gas meter temperature, °R.

P.., = Barometric pressure, in. Hg.
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4.4.2

5.1

5.2

5.3

8 = Total samp!mg time, min.
Y = Dry gas meter calibration factor, dimensionless.
V_ = Volume of gas sample as measured by dry gas meter, dcf

m

0.0319 = = (00 0567 in. HgPR) x (0.75 cfm)

Before beglnmng the feld test (a set of three runs usually constrtutes a feld test) :
'operate the metering system (i.e., pump, volume meter, and orifice) at the AHg,
pressure differential for 10 minutes. Record the volume collected, the dry gas :
- meter temperature and the barometnc pressure Caiculate a dry gas meter
- calibration check value Y. as follows:

%Mﬁ%ﬁ/ﬁw

{ 10!V Y10 0319T IP : Equatlon 5—10

‘Where: -

_ Y Dry gas meter cal:bratron cheéck va%ue drmensronless
10 = 10 minutes of run time.. S

Compare the Y vai}re wrth the dry gas meter ca!rbratlon factor Y to determme thet
U 5Y 0.97Y < Y, < 1.03Y. If the Y, value is not within this range, the
- voiume meterrng system shou!d be rnvestlgated before begmnzng the test. .

I Cairbrated Cntrcai Orrflce A ca!rbrated crmca! orifice, calrbrated agamst a wet
test meter or sprrometer ‘and designed to be inserted at the inlet of the sampling
meter box, may be used as a qualrty oontrol check such procedure bemg subject
to approval by Executive Officer ol », -; et L e B eniiaan o o

.CALIBRATION

Maintain a laboratory log of all calibrations.

Probe Nozzie. Probe nozzies shall be calibrated before their initial use in the fieid.
Using a micrometer, measure the inside diameter of nozzle to the nearest 0.025 mm
(0.001 in.). Make three separate measurements using different diameters each time,
and obtain the average of the measurements. The difference between the high and low’
numbers shall not exceed 0.1. mm (0.004 in.). When nozzles become nicked, dented, or
corroded, they shall be reshaped, sharpened, and recalibrated before use. Each nozzie
shall be permanently and uniquely identified.

Pitot Tube. The Type S pitot tube assembly shall be calibrated according to the
procedure outlined in Section 4 of Method 2.

Metering System. Before its initial use in the field, the rmetering system shall be
calibrated according to the procedure outlined in APTD-0576. instead of physically
adjusting the dry gas meter dial readings to correspond to the wet test meter readings,
calibration facters may be used to mathematically correct the gas meter dial readings to’

August 9, 1996 | ' : Proposed M-5 Page 19



the proper values. Before calibrating the metering system, it is suggested that a leak-
check be conducted. For metering systéms having diaphragm pumps, the normal leak-
check procedure will not detect leakages within the pump. For these cases the following
leak-check procedure is suggested: make a 10-minuté calibration run at 0.00057 m®/min
(0.02 cfm); at the end of the run, take the difference of the measured wet test meter and
dry gas meter volumes; divide the difference by 10, to get the leak rate. The leak rate
should not exceed 0.00057 m*/min (0.02 cfm).

After each field use, the calibration of the metering systems shall be checked by
performing three calibration runs at a single, intermediate orifice setting (based on the
previous field test), with the vacuum set at the maximum value reached during the test

~ series. To adjust the vacuum, insert a valve between the wet test meter and the inlet of

5.3.1

the metering system. Calculate the average value of the calibration factor. If the
calibration has changed by more than 5 percent, recalibrate the meter over the full range

of orifice settings, as outlined in APTD-0576.

Alternative procedures; e.g., using the onf ice meter coeff‘ cuents may be used subject to
the approval of the Executive Officer &gy e ' tharoald Seatreae ot
Wherever a wet test meter is specifi ed a standard drv gas meter mav be used mstead
provided that the procedure and frequency of calibration of the standard dry gas meter

‘used conforms to the specifications of EPA Method 5 (i.e. 40 CFR 60 Appendix A

Method 5) Section 7.1, "Dry Gas Meter as a Calibration Standard”.

Note - If the dry gas meter coefficient values obtained before and after a test series
differ by more than § percent, the test series shal! either be voided, or calculations for
the test series shall be performed using whichever meter coefficient value (i.e., before or
after) gives the lower value of total sample volume.

Calibration Prior to Use. Before its initial use in the field, the metering system
shall be calibrated as follows: Connect the metering system inlet to the outlet of a
wet test meter that is accurate to within 1 percent. Refer to Figure 5.5. The wet
test meter should have a capacity of 30 liters/rev (1 fi’/rev). A spirometer of 400
liters (14 ft) or more capacity or equivalent may be used for this calibration,
although a wet test meter is usually more practical. The wet test meter should be
periodically calibrated with a spirometer or a liquid displacement meter to ensure
the accuracy of the wet test meter. Spirometers or wet test meters of other sizes
may be used, provided that the specified accuracies of the procedure are -
maintained. Run the metering system pump for about 15 minutes with the orifice
manometer indicating a median reading as expected in field use to allow the pump
to warm up and to permit the interior surface of the wet test meter to be thoroughly
wetted. Then, at each of a minimum of three orifice manometer settings, pass an
exact guantity of gas through the wet test meter and note the gas volume indicated
by the dry gas meter. Also note the barometric pressure, and the témperatures of
the wet test meter, the inlet of the dry gas meter, and the outlet of the dry gas
meter. Select the highest and lowest orifice settings to bracket the expected field
operating range of the orifice. Use a minimum volume of 0.15 m® (5 cf) at all orifice
settings. Record all the data on a form similar to Figure 5-6 and calculate Y, the
dry gas meter calibration factor, and AHg, the orifice calibration facter, at each
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5.3.2

533

5.4

orifice setting as shown on Figure 5-6. Allowable tolerances for individual Y and -

- AHg values are given in Figure 5-6. Use the average of the Y values in the
caleulations in Section 6. Before calibrating the metering system, it is suggested
that a leak-check be conducted%fﬁﬁ. For metering systems having diaphragm
pumps, the normal leak-check procedure will not detect leakages within the pump.

“For these cases the following leak-check procedure is suggested: make‘a_ 10-
minute calibration run at 0.00057 m/min (0.02 c¢fm). at the end of the run, take the-
difference of the measured wet test. meter and dry gas meter volumes; divide the
difference by 10, to get the leak rate. The leak rate should not exceed 0.00057
m>/min (0.02 cfm). _ o o

_Calibration After Use. After each field use, the calibration of the metering system
shall be checked by performing three calibration runs at a single, intermediate
orifice setting (based on the previous field test) with the vacuum set al the’ '
maximum value reached during the test series. To adjust the vacuum, insert a
valve between the wet test meter and the inlet of the metering system. Calculate
the average value of the dry gas meter calibration factor. If the value has changed -
by more than 5 percent, -recalibrate the meter over the full range of orifice settings, - N
-as previously detailed. Alternative procedures e.g., rechecking the orifice meter . .
coefficient may be used, subject to the approval of the Executive Officer ¢ '

R s L : S T -

T s s ot 3
22 g % P B 2

Acceptable Variation in Calibration. |f the dry gas meter coefficient values
 obtained before and after a test series, differ by more than 5 percent, the test series

- shall either be voided, or calculations for the test series shall either be voided, or
calculations for the test series shall be performed using whichever meter coefficient
vaiue (i.e., before or after) gives the lower value of {otal sampie volume.

Probe Heater Calibration. The probe heating system shall be calibrated before its
initial use in the field. Use a heat source to generate air heated fo selected - _
temperatures that approximate those expected to occur in the sources to be sampled.
Pass this air through the probe at a typical simple flow rate while measuring the probe
infet and outlet temperatures at various probe heater settings. For each air temperature

- generated, construct a graph of probe heating system seiting versus probe outlet -

5.5

5.8

temperature. The procedure outlined in APTD-0576 can also be used. Prebes
constructed according to APTD-0581 need not be calibrated if the calibration curves in
APTD-0576 are used. Also, probes with outlet temperature monitoring capabilities do
not require calibration. ' : - :

Temperature Géuges. Use the procedure in Section 4.3 of Method 2 to calibrate in-.
stack temperature gauges. Dial thermometers, such as are used for the dry gas meter
and condenser outlet, shall be calibrated against mercury-in-glass thermometers.

Leak Check of Metering System Shown in Figure 5-1. That portion of the sampling
train from the pump to the orifice meter should be leak-checked prior to initial use and
after each shipment. Leakage after the pump will resuit in less volume being recorded
than is actually sampled. The following procedure is suggested (see Figure 5-4): Close
the main valve on the meter box. Insert a one-hole rubber stopper with rubber tubing
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" attached into the orifice exhaust pipe. Disconnect and vent the low side of the orifice
manometer. Close off the low side orifice tap. Pressurize the system to 13 to 18 cm (§
to 7 in.) water column by blowing into the rubber tubing. Pinch off the tubing and
observe the manometer for one minute. A loss of pressure on the manometer indicates
a leak in the meter box; leaks, if present, must be corrected.

5.7 Barometer. Calibrate against a mercury barometer.

6 Calculations

Carry out caiculations, retaining at least one extra decimal figure beyond that of the
acquired data. Round off figures after the final calculation. Other forms of the equations
may be used as long as they give equivalent results.

6.t Nomenclature

A

A

H

3
H

Al
B, =

BN

Pbar
P bar
P =

August 9, 1996

Cross-sectional area of nozzle, m* (ft%).
Water vapor in the gas stream, proportion by volume.

Acetone blank residue concentrations, mg/g.

_ Concentrétion of particulate matter in stack gas, dry basis, corrected to

standard conditions, g/dscm (g/dscf).
Percent of isokinetic sampling.
Maximum acceptable leakage rate for either a pretest leak-check or for

a leak check following a component change; equal {o 0.00057 m*/min
(0.02 cfm) or 4 percent of the average sampling rate, whichever is less.

" Individual leakage rate observed during the leak-check conducted prior |

to the "i th" component change (i = 1,2,3,...n), m*/min {cfm).

Leakage rate observed during the post-test leak check, m*/min. (¢fm).

= _Mass of residue of acetone after evaporation. mg.
Total amount of particulate matter collected, mg.

Molecular weight of water, 18.0 g/g-mole. (18.0 Ib/ib-mole}.

Barometric pressure at the sampling site, mm Hg (in. Hg).
Same as Py, ' -

Absolute stack gas pressure, mm Hg (in. Hg).
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P = Standard absolute pressure, 760 mm Hg.(29.92 in. Hg).

: 'R' = ideal gas constant 0.06236 mm Hg- m3l°K-g mole (21 85 in. Hg—ft3/°R Ib-
mole) ' :
T,,1 =  Absolute average dry gas meter temperature (see Figure 5-2), K R).

Note: T will depend on type of meter used and samplmg
conflguratlon :

Ts = Absolute average stack gas temperature (see Flgure 5- 2) °K (°R)
Tmi T=  Standard absolute temperature,, 293°K (5_28°R). g
| ,Vz__. = Volume of acetoneblanl;, mi. | o
v, = Vol.u.me of acetone used in wash, rrtl. :
\llc = : 'Total volume of llqwd collected in rmpmgers and sullca gel (see F;gure c
S sym . _ S o
‘ Vn_ S -*Volume of gas sample as measured by dry gas. meter dcrrt (dct)
V_, = Volume of gas sample measured by th_e_dry gas meter corrected to

standard conditions, dscm (dscf).

Vg = . Yolume of water vapor in the gas sample, corrected to standard
' conditions, scm {scf}. -
_ %,ggs_ = Stack gas velocity, calculated by Method 2 Equa’uon 2-9 usmg data o
: obtained from Method 5, m/sec (it/sec). . _
W, = _Welght of residue in acetone wash mg.
Y = Dry gas meter calibration factor
AH = Average pressure d:fferentlal across the orlﬁce meter (see Figure

5-2), mm H,0 (in. H0).

Pa =  Density of acetone, mg!ml (see label on bottle)

Pw = Den51ty of water, 0.9982 g/ml {0.002201 lblml)

] =  Total sampling time, min.

= =  Sampling time interval, from the beginning of a run until the first

component change, min.
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e = Sampling time interval, between two successive component changes,
' beginning with the interval between the first and second changes, min.

e, =  Sampling time interval, from the final (n th) component change until the
end of the sampling run, min.

13.6° = Specific gravity of mercury.
60 =  Sec/min.
100 = Conversion to percent.

6.2 Average dry gas meter temperature and average orifice pressure drop. See data
sheet (Figure 5-2)._Average dry gas meter temperature for temperature- compensated
meters shalt be taken as the compensation temperature regardless of meter inlet and
outlet temperature.

6.3 Dry Gas Volume. Correct the sample volume measured by the dry gas meter to
standard conditions (20°C, 760 mm Hg or 68°F, 29.92 in Hg) by using Equation 5-1.

Toy (Ppar+AH /13.6)

Vs = Vi Y
EE) " Tm Psld .
b H 136 _ Equation 5-1
+A .
= K VY -2 ’
Tm
where:
'Ky = Tue! Pua = 0.3858 °K/ mm Hg for metric units.

n i

17.65 °R / in Hg for English units.

Note: Equatiori 5-1 can be used as written unless the leakage rate observed during any
of the mandatory leak-checks (i.e., the post-test leak-check or leak-checks conducted
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prior to cornponent changes') exceeds L. IfL,orL, exceeds L, Equataon 5 1 must be
modified as follows: .

(a) Casel. No component changes made dunng samphng run. ln this case, replac_e
LV, in Equatlon 5 1 by the expressmn : -

(L e

(b) Casell. Oneor more ‘component changes made dunng samphng run.- In this. .
case replace Va |n Equahon 5-1 by the expressmn

B an(l-r_",-_a)91 '“Ez (L:'.-’-Qef AL=L)e,
and substitute only for those leakage rates (L, or L,) which exceed L,.
6.4. .Vofl_un'n.e'.o‘f wet_er‘v-afm_r. K

where:

K, = 0 001333 m*ml for metric units.
= 0.04707 ft"'lml for English units.

6.5 Mclsture Content

B, = — 9 . Equation 5-3
Vinsxy Vs T S

. Note: In saturated or water droplet-laden gas streams, two calculations of the moisture
content of the stack gas shall be made, one from the impinger analysis (Equation 5-3),
and a second from the assumption of saturated conditions. The lower of the two values
of B, shali be considered correct. The procedure for determining the moisture content
based upon assumption of saturated conditions is given in the Note of Section 1.2 of
Method 4. For the purposes of this method, the average stack gas temperature from
Figure 5-2 may be used to make this determmation provided that the accuracy of the ln-
stack temperature sensor is £1°C (2°F).
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6.6

6.7

6.8

6.9

Acetone Biank Concentraticns.
Cy = o Equation 5-4
Vs P

Calculate $olids concentrations for water and methylene chloride in similar fashion.

Acetorie Wash Blaiik.
W, = CVeuPa Equation 5-5

Calculate solids residue weights for water and methylene chioride in sirtiilar fashion.

Total Particulate Weight. Determine theé total particulate catch from the sum.of the
weighits obtained fiom-containers 1 and 2 less the acetone blank (see Figure 5-3). Note
- Refer to Section 4.1.5 to assist in calculations of results involving two or more filter
assemblies or two or more sampling trains.

Particulate Concentration.

6 = (0.001g/mg) (M, Noas)  Equation 56

6.10 Conversion Factors:

From . To_____ Muitiply by _
sef - m° oozsaz
g gt 1543
gt i 2.205 X 10-3

gift g’ 3531
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. 6.11 1sokinetic Variation

6.11.1

"Calculation From Raw Data.

100 T, [KsV|c+(YVm m) (Pba.rT"'AH 113 6)]

Equation 5-7 -
ECARS queson T

8.41.2

~where:

K3~ = 0.003454 mm Hg-m/m|-°K for metric units.
L= 0. 002669 in. Hg ft’lml-"R for Engllsh unlts : .

Calculatlon from Intermedxate Values Ta

100T Yoty P

TV, 8A P80 (1 —ews) ST
Equation 5-8
Ko T Vmem R
*Pv, @A (1-By)
“where:

' tf(4 =4, 320 for metrlc umts
= 0. 09450 for Enghsh umts

‘Acceptable Results If 90 percent < I < 110 percent the pamculate concentratlon ‘
coricentration results are acceptable. - If there is a high bias to the resuits, i.e. [ <. -
g0 percent then the resutts are deﬁned as at or below the determined value and

%

Bilsisiifs 2 < Baissaigiye may opt to accept the
resuits. If there is a low bias to the result ie, I> 110 percent, then results are
deﬁned as at or above the determined value and the Executive Office

AP als may opt to accept the results. Otherwise reject the

resutts and repeat the test

August 9, 1996 : Proposed M-5 Page 27




7 . Alternative Test Methods

Alternative test methods may be used as long as they are equivalent to Method 5 and- -
approved in writing by the ARB Executive Officer of the Air Resources Board. The ARB.
Executive Officer may require the submittal of test data or other information to
-demonsirate equivalency. o

8  Bibliography

7 s T s - R i s, .
H 7 2 » I
oty ’ 75 @Q’e’;’g» : B35 7 e O S O S e Z 7 2 20
CAPC. Decomtest, v . |
Y ssenner b : _ .

R I
e o

i, S £~ 2
27 / e 7

W ,-zv? ,-:,7 G ‘_-.-'E'f:,a-::.- 7 E oot '?;? P
e
s R |

A p= Y AL R Y A, D G A s 0,
e 2t i P & i 7

' .,,'77/'/” i

7 T o 12
g S e,
w/// :/:/f/ U;z,../,,/f.;;,/;a o Wﬂ 7, i
z := // %%;ﬁaﬁ/// A 2
e LR R %ﬁ,ﬁ{///ﬁ//ﬂ//;;ﬂ /(,7 ; e A
,A///”M//E;ﬁ, A S
o & ; o t e
7 G 7 i L S

f{é’/’/fﬁ"ﬁé’//x S
Z i}ﬁﬁﬁ b
SEE S CalE

’ R
i ?

Z
7

”S’z}%ﬂ .c’//’/' ,, ke R - z
S ,: Y -'m.:r/'-;-f;«.-‘.--,‘}- SR LG AR S G T e

1. EPA Method 5. Determination of Particulate Emissions from Stationary Sources,
CFR 40, Part 60, Appendix A. '

August 9, 1996 : Proposed M-5 Page 28



Schematic of Method.5 Sampling Train

Figure 51
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Figure 5.3
Analytical Data

Piant
Date
Run No._
Fiiter No._ S :
Amount of hquid jost during transport
Acstone: blank volume, ml ~wash volume, mi o :
. blank concentratmn mglmg (equanon 5-4) - blank, mg {equation 5-5)
~FiFal Weighl mg | Tare Weigt, mg | Weight Gain, g

Cortainer 1 {filter )
Container 2 (probe)

[TOTAL
Less Acetone Biank
Weight of Partlculate Matter [
. Water: blank volume m! - wash volume ml
: blank concentratlon mg/mg (equatton 5-4) - biank mg (equatlon 5-5)
N - | Flnai We;g_ht, rgg ~ Tare Welght mg WJlt Galn, mg
TTmpinger Catch - .
T o - Less Waler Blank
Impmger Catch Wetght of Part:culate Matter
Solvent: - blank volume mi___ wash volume mi | R
: blank concentratson -mg/mg (equatlon 5-4) . blank, mg (eqUation 5-5)
Final Welght, mg ' ~Tare ng[nt mg _ Welght Gain, mg

‘Impmgg.LCatch exiract -
. - Less Soivent Blank
lrnpmger Catch Extract Wetght of Par’acutate Matter

| ‘VD'EUME OFTIQUID WATER COLLECTED

: . S TMPINGERS | —SILICA GEL

FINAL . @ KO
NITTAL N {mi) - - . {9)
(IQUID COLLECTED _ G ' (m) | (@
TOTAL VOLUME COLLECTED - : (ml} §
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Figure 5.4

Leak Chéck of Meter Box

VAcupM"
GAUGE

" ORIFICE BYPASS VALVE

BLOW INTO TUBING
UNTIL MANOMETER
READS 5TO 7 INCHES
WATER COLUMN ORIFICE
MANOMETER

| ) _
\ J AR TIGHT

D, e

August 9, 1996 Proposed M-5 Page 32



August 9, 1996

Figure 5.5

‘Equipment Arrangement for Metering-

System Calibration .

e DT
rmometer oy Manomedr

Metering Systam

et Tes £ Moter -

sy

. Pigere 5.5
em calibration.

Tquipment - arrangement  for m et ¢ring
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Figure 5.6

Example Data Sheet for Calibration
of Metering System (English Units)

Date __ ) Metering System Calibraton
identification__ 7 :
Barometric Pressure, P, = _in. Hg
Orifice Spirometer | Dry gas ‘ Spirometer Dry Gas | Dry Gas. Dry Gas ] ﬁme
Manoemeter {wet meter) Meter “{wet meter) Meter infet Meter Outlet Meter Average
Sefting gas volume valume temnperature. | temperature temperature temperature
AH 'V, v, t, 4 t, t 8
in. H,0 | | °F °F °F °F min
* Calculations
v o YoPullnr480) AH, - 00319 aH  (,+460) 6
 V,(P,+AH [13.6)(t,+460) @ " Pyt,+460) 1V,
AH Y AHg
in. H,0
"~ Average
Y = Ratio of reading f wet test meter to dry test meter; tolerance for individual values +/- 0.02
from average. T ' :
AHg = Orifice pressure differential that equates to 0.75 cfm of air @ 68 oF and 29 92 inches of

mercury, in. H20; tolerance for individual vaiues +/- 0.20 from average,
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PROPOSED
Appendix A of Method 5

Guideline_zs fdr Field Calculation of Target Values for D.and AH

Section 4.1:5 of Method 5 requires that an isokinetic sampling rate be maintained during
sampling, normally. within +/-10% of the true isokinetic rate. No specific procedures-are specified . -
for adjustment of sampling rate. Rather the intent is that the departure from true isokinetic be
calculated as specified by Section 6.11 after the completion of sampling. Some departure from true. -
isokinetic.is recognized as inevitable, in part because stack conditions during sampling including
moisture content may vary and can not be anticipated completely or accommodated
instantaneously. Ce T : S o

- The bnf-nc‘:ipie’ means of keeping sampling rates near true isokinetic are:' _

(1) selection of an _appropﬁéte nozzie diameter D, : : S
(2) adjustment of console valves to keep AH (orifice meter differential pressure ininches of
-water) at-or near ‘a.ca_lculated-appropriate value. : RS o

‘Rapid and reliable calculation of target vélues for thes’:e'p_arameiers in the field is ;fat:il'itatedby'_; .
. use of nomo.graphs,'_specia'l slide rules or pre-programmed portable caiculato_rs'_Or computers. - -
" Caleulators and computers are becoming more popular for-this purpose but the references-cited in

EPA Method 5 pertain only to the basis and use of nomographs originally developed by EPA. The o T

purpose of this appendix is fo present equations which can be programmed into a po’rtéble_ o _

calculator or computer. Because different programming languages are used by or available on -

 different caiculators and computers it is itnpractical and beyond the scope of this appendix to -
present complete programs for the execution of these calculations: S o

Estimation of Oﬁﬁce DifferenﬁaiPressure from Pitot Pressure

AH = [B846.72 D Ach;u -B,o)2(My MYy, TP _;P,,-),j Ap

Estimation of |deal Nozzle Diameter - . )
D, = [ 0085 Q Pp (1-By) I(TnCyl1-Bu)°® [T, (PAPI
Nomenclature | . |

The nomenclature for these equations is the same as as defined in Section 6.1 of Method 5 except
that - 5 . o o ‘ S

P_ = meter pressure = P, + AH /13.6,
Q. = orifice meter flow rate
= [0.9244 /AH, P2 [T AH /(P MP?
Mm = molecular weight of metered gas stream, approximately the same as M;.

Equations are from the APT! Course 450 instructor's manual.
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1.1

1.2

2.4

PROPOSED AMENDMENT OF METHOD 7
Determination of Nitrogen Oxide Emissicns from Staiiona_ry Sources
PRINCIPLE AND APPLICABILITY
Pnnclple A grab sample is collected in an evacuated flask containing a dllute sulfuric

acid-hydrogen peroxide- absorbing solution, and the mtrogen oxides, except nitrous
oxide, are measured colorimeterically using the phenoidisulfonic acid {PDS) procedure.

. The number of sampling runs must be sufficient to.provide minimal statistical data"

and sha‘II be at least three (3), 'Unless explicitiy stated'otherwise in the applicable rule.

Applacablllty ‘This method is appllcable to the measurement of nitrogen oxxdes

emitted from stationary sources. . The range of the method has been determined to be
2 to 400 milligrams NG, (as- NOz) per dry standard cubic meter, wﬁhout havmg to L

dilute the sample

_ Anv.modification of this method bevond those expresslv Dermitted shall be

considered a major modification subject to the approval of the Executive Officer. The :
term Executive Officer as used i in this document shall mean the Execut:ve Offlcer of

. the Air Resources Board or h:s or her authonzed representatlve

. Appar'atus' '

Sampling (see Frgure 7- 1) Other grab samplmg systems or equ1pment, capabie of

‘measuring sample volume to within 2.0 percent and coliecting a sufficient sample

volume to allow analytica! reprodumb:lity to within +5 percent will be cons:dered
ecceptable a!ternatives, subject to approval of the £ ot ol
Giial it Executlve Qfficer. The following equ;pment is used in samplmg

'Probe: Bo‘rosilicate giass tubmg, sufficiently heated to prevent water
condensation and equipped with-an in-stack or out-stack filter to remove
particulate matter {a plug of glass wool is satisfactory for this purpose}. ,
Stainless steel or Teflon tubmg may also be used for the probe. Heating ts not

‘necessary if the probe remains dry during the purging persod '

2.1 .'2 ~ Collection Fiask: Two-liter borosilicate, round_bottom flask, with short neck 'and.

24/40 standard taper opening, protected against implosion or break_age.-

2.1.3 Flask Valve: T-bore stopcock connected to a 24/40 standard taper joint.

2.1.4 Temperature Gauge: Dial-type thermometer, or other temperature gauge,

capable of measuring 1°C (2°F) intervals for -5 to 50°C (25 to 125°F).

2.1.5 Vacuum Line: Tubing capable of withstanding a vacuum of 75 mm Hg (3 in.

Hg} absclute pressure, with "T" connection and T-bore stopcock.
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2.1.6

2.1.7

2.1.8

2.1 .9

2.1.10

A RE:

Vacuum Gauge: U-tube manometer, 1 meter (26.in.), with. 1-mm. (0:1-in.): _
divisions, or other gauge capable of medsuring préssure to within: £ 2.5 mm Hg.
{0.10 in. Hg).

Pump: Capable of evacuating the: collection flask: to a pressure equal’te or less. .
than: 77 mm-Hg (3:in. Hg): absolute:

Squeeze Bulb: One-way..
Volumetric Pipette: 25 mi.
Stopcock and Ground Joint Grease: A high-vacuum, high- temperaturé

chlorofluorocarbon grease is required. Halocarbon 25- SS has been-found to be
effective. :

Barometer: Mercury, aneroid, or 6ther barometer capable of measuring

atrmospheric pressure to within 2.5 mm Hg; (0.1 in. Hg.) |n. many cases, the:
barometric reading may be obtained from: a nearby national weather service
station, in which case the station value {which is the absoclute barometric

. pressure) shall be requested and an adjustment for elevation differences

between the weather station and sampling point shall be applied at a rate of
minus 2.5 mm Hg (0.1 in. Hg} per 30 m {100 ft) elevatlon increase, or vuce
versa for elevatlon decreaSe

2.2 Sample Recov,e'ry:‘ The following equipment is required for sample recovery..

2.2.1

222

: 223 .. Wash Bottle: Poiyethylene or glass. .

224

Graduated Cylinder: 50 mi with 1-mf divisions. .

‘Storage Containers: Leak-free 'ponEtﬁ'ijlene bottles,

"Glass Stirring Rod

Test Paper for Indicating pH: To cover thé pH range of 7 to 14,

- 23 'An_a’lysisi For the analysis, the following equipment is needed:

2.3.2

. Volumetnc Pipettes: Two 1 ml, two 2 mi, orie 3 ml, one 4 ml two 10 ml, and

onie¢ 25 ml for each sample and standard.

Porcelain Evaporating Dishes: 175- to 250-ml capacity with lip for pouring, one
for each sample and each standard. The Coors No. 450086 {shallow-form, 195
ml) has been found to be satisfactory. Alternatively, polymethyl pentene.

Board.

' Mention of trade names or spec:ﬁc products does not constitute éndorsement by the Air Resources

August '9,: 1996 S Proposed M-7 Page 2



2.33

2.3.4

2.3.5

5.3.6

2.3.7

238

2.3'9 .

2.3.10

2.3.11

‘beakers (Nalge No. 1203, 150 mi}, or glass beakers {150 ml) may be used.

When glass beakers are used, etching of the.beakers may cause solid matter to
be present in the analytical step; the solids should be removed by filtration {see
Section 4.3).

Steam Bath: Low—temperature ovens or thermostatically controlled hot p!ates

kept below 70° (1 60°F) are acceptable alternatives.

.Droppmg Plpette or Dropper Three reqmred |
- Polyethylene Poltceman. One for each sampie and each _standard.
~ Graduated C_ylinder:. 100 ml with 1-ml divisions. - |

Volumetric Flasks: 50 -mi {ohe for each sample and each standard) ‘IOO m! {one

for each sample and each standard, and one for the working standard KNO3
so!utlon) and 1000 m! {one). . :

Spectrophotometer:_ To.measu-re -absorbance at 410 nm,

: G'radUated'Pipette' 10 rhl Wit'h O 1'-nl1l divisions '

Test Paper for mdncatlng pH: To cover the pH range of 7 to 14

'.Anaiytlcal Balance To measure to w:thm 0. 1 mg

3 REAGENTS

Unless otherwise lnd;cated 4

. all reagents must conform to the

specifications established Ly the Committee on Analytical Reagents of the American
Chemical Society, where such specifications are available; otherwise, use the best
available grade. :

3.1 Sampling. Two reagents are required:

Water. Deionized distilled to conform to ASTM Specification D1193-77, Type

3.1.1

3. At the option of the analyst, the KMnQO, test for oxidizable organic matter

may be gmitted when high concentrations of organic matter are not exg_ected to
be present. :

Absorbing Solution. Y4/ 4% /i | (7% “Cautiously add 2.8 ml
concentrated H,SO,to 1 liter of dein a0 o 7 water. Mix well and add 6

m! of 3 percent hydregen peroxide, freshly prepared from 30 percent hydrogen
peroxide solution. The absorbing solution should be used within 1 week of its
preparation. Do not expose to extreme heat or direct sunlight, ‘
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3.2 Sample Recovery: Two reagents are required for sample recovery:

3.2.1 ~ Water: Same asin 3.1.1

3.242  Sodium Hydroxide (1N): Dissolve 40 g NaOH in S444044
dilute to 1 liter.

W/ /g/ W,i//%,y //////’?/ //////// .
. //%/ o ///%//////// -
/“///Z////// ettt 2% %

3.3 -Analysis: For the analysis, the following reagents are required:

////g/'lfé?';'u;;,, R4

o

Gii i

3.3.1 Water: same asin 3.1.1

3.3%42  Sulfuric Acid: Concentrated, 95 percent minimum assay. HANDLE WITH
CAUTION.

3.3%3  Potassium Nitrate: Dried at 105 to 110°C {220 to 230°F) for a minimum of 2
hours just prior to preparation of standard solution.

3.3,%4_ Standard KNO So[ution Dissolve exactly 2.188 9 of drled potassmm nltrate

water in a 1 000 mil volumetr:c flask.

3.3%5 Workmg Standard KNO Solutlon D:Iute 10 ml of the standard solution to 100

is equwalent to 100 Mg nlt‘rogen dlomde (NOZ)

3.3.’&@ Phenoldisulfonic Acid Solution: Dlssolve 25 g of pure white phenol solld in 150
ml concentrated sulfuric acid on a steam bath, -Cool, add 75 ml fuming sulfuric
acid (15 to 18 percent by weight free sulfur trioxide - HANDLE WITH

CAUTION), and heat at 100°C {212°F) for 2 hours. Store in a dark, stoppered
bottle.

3.3.7 Concentrated Ammonium Hydroxide: Reagent gréde.

3.3.8 Quality Assurance Audit Samples: Nitrate samples_in glass vials prepared by
EPA's Atmospheric Research and Exposure Assessment Laboratory, Quality

Assurance Division, Source Branch, Mail Drop 77A, Research Triangle Park,
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North Carolina 27711 or by others as apnrdved by the Executive Officer. Each

‘set will consist of two vials having solutions of unknown concentrations. Only

when making compliance determinations, obtain an audit sample set from from-
the guality assurance management office at each EPA regional office or the
responsible enforcement aagency or another source approved by the Executive -

- Officer. (Note: The tester should notify the source of audit samples at least 30. .

days prior to the test date and sufficiently far in advance to allow for audlt

* sample delivery).

4  PROCEDURES

4.1 Sampling'

41.1

4.1.2

Pipet'te‘ 25 ml of absorbing solution into a sampié flask, refainihg a s'uffibien_ts.'

quantity for use in preparing the calibration st-andards. Insert the flask valve
stopper into the flask with the valve in the "purge” position. -Assemble the
sampling train as shown in Figure 7-1 and place the probe at the sampling point..

.. Make sure that all fittings are tight and leak-free, and that ail ground glass joints:
- have been greased pmperiy W with a high-vacuum, high-temperature -

chlorofluorocarbon-based stopcock grease. Turn the flask valve and the pump.

valve to their "evacuate" positions. Evacuate the flask to 75 mm Hg (3.in. Hg) . |

absolute pressure, or.less. Evacuation to a pressure approaching the vapor -

_ ‘pressure of water at the existing temperature is desirable. Turn the pump ‘valve
L to its "vent” position and turn off the pump. Check for teakage by observmg

the manometer for any pressure fluctuation. {Any variation greater than 10 mm

" Hg [0.4 in. Hg] over a period of T minute is not acceptable, and the fiask is not

to be used until the leakage problem is corrected. Pressure in the flask is not to
exceed 75 mm Hg [3 in. Hg] absolute at the time sampling is commenced.}
Record the volume of the flask and valve (V,}, the flask temperature (T,); and the
barometric pressure, - Turn the flask valve counterclockwise to its "purge”
position and do the same with the pump valve. Purge the probe and the
vacuum tube using the squeeze bulb. If condensation occurs in the probe and’
the flask valve area, heat the probe and purge until the condensation disappears.
Next, turn the pump valve to its "vent" position. Turn the flask valve clockwise -
to its "evacuate" position and record the difference in the mercury levels in the
mancmeter. The absoclute internal pressure in the flask (P) is equal to the
barometric pressure less the manometer reading. Immediately turn the flask
valve to the "sample” position and permit the gas to enter the flask until
pressures in the flask and sample ling {i.e., duct, stack) are equal. This will .
usuaily require about 15 seconds; a longer period indicates a "plug” in the -
probe, which must be corrected before sampling is continued. After collecting
the sample, turn the flask valve to its "purge" position and disconnect the flask
from the sampling train. Shake the flask for at least 5 minutes.

If the gas being sampled contains insufficient oxygen for the conversion of NO
to NO, {e.g., an applicable subpart of the standard may require takmg a sample
of a calibration gas mixture of NO in N, ), then introduce oxygen % -

W into the flask to permit this conversion. Oxygen may be introduced
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into the flask by one: of three methods; (1} before evacuating the sampling
fiask, flush with pure cylinder oxygen, then evacuate flask to 75 mm Hg {3 in.
Hg) absolute pressure or less; or (2) inject oxygen into the flask after sampling;
or {3} terminate sampling with a minimum of 50 mm Hg {2 in. Hg) vacuum
remaining in the flask, record this final pressure, and then vent the flask to the
atmosphere until the flask pressure is almost equal to atmospheric pressure.

4.2 Sample recovery: Let the flask set for a minimum of 16 hours and then shake the

contents for 2 minutes. Connect the flask to a mercury filled U-tube manometer.
Open the valve.from the flask to the manometer and record the flask temperature
(T}, the barometric pressure, and the difference between the mercury levels in the
manometer. The absolute internal pressure in the flask (P, is the barometric pressure
less the manometer reading. Transfer the contents of the flask to a leak-free
polyethylene bottle. Rinse the flask twice with 5-ml portions of 4

water and add the rinse water to the bottle. Adjust the pH to between 9 and 12 by
adding sodium hydroxide {1 N), dropwise {about 25 to 35 drops). Check the pH by
dipping a stirring rod into the solution and then touching the rod to the pH test paper.
Remove as little material as possible during this step. Mark the height of the liquid
level so that the container can be checked for leakage after transport. Label the

container to clearly identify its contents. Seal the container for shipping.

4.3 Analysis:

4.3.1

Note the level of the liquid in the container and confirm whether or not ahv
sample was lost during shipment; note this on the analytical data sheet.. If a
_noticeable amount of leakage has occurred elther void the sample or use

4.3.2 immediately prior to the analysis, transfer the contents of the shipping container

to a 50-ml voiumetrlc flask, and rmse the container twice with b- ml portlons of

into the porcelam evaporatlng dish. Return any unused portion of the sample to
the polyethylene storage bottle. Evaporate the 25-ml aliquot to dryness on a
steam bath and allow to cool. Add 2 ml phenoldisulfonic acid solution to the
dried reSIdue and triturate thoroughly with a poiythylene pollceman Make sure

four drops of concentrated sulfuric ac:d Heat the solutlon on a steam bath for
3 rnlnutes w:th occasnonai stlrnng Allow the solutlon to cool, add 20 ml%

ammonlum hydroxrde dropW|se, with constant stirnng, until the pH is 10 {as
determined by pH paper).

If the sample contains solids these must be removed by filtration (centnfuaﬂon
|s an acceptable aiternatwe subject to the approval of the Vi n

No 41 fllter paper lnto a 100-mi volumetnc flask rinse the evaporating dish
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with three, approximately, 5-ml portions of SHAIUL siteh water: filter these

three rinses. Wash the filter with at least three 15-ml portions of W

g water. Add the filter washings to the contents of the volmetric flask
and dilute to the mark with G e meiiis water. If solids are absent, the

~. solution can be transferred directly to the 100-m! volumetric flask and diluted to-
the mark with deionized, distilled\ water.

4.3.3° Mix the contents of the flask thoroughly, and measure the absorbance at the
.. optimum wavelength used for the 'standards {Section 5.2.1), using the blank
~ solution as a zero reference. Dilute the sample and the blank with equal .
volumes of Wm water if the absorbance exceeds A,, the
absorbance of the 400 ug NO, standard [see Section 5.2.2),

4.4 Audit Sample Analysis

4.4.1 . Concurrently analyze the two audit samples and a set of compliance sampies
: A {Section 4.3} in the same manner to evaluate the technigue of the analyst and
- the standards preparation. (Note: it is recommendnd that known guality: control
samples be analyzed prior to_the compliance and audit sample analysis to-
~ optimize the system accuracy and precision. One source of these sampies is *he
.. EPA AREAL QA Source Branch listed in Section 3.3.8.] The same analysts, - -
analytical reagents and analytical system shail be used for both the compiiance
samples and the audit samples: if this condition is met, auditing of subsaguent -
compliance analyses for the same enforcement agency within 30 days is not
required. An sudit sample set may not be used to validate different sets of
compiiance samples under the jurisdiction of different enforcement agencies,
uniess prior arrangements are made with both enforcement agencies.

4.4.2 Calculate the concentrations in ma/dsm’ using the specified sampie volume in

the audit instructions. {Note: Indication of acceptable results may be obtained
immediately by reporting the audit results in ma/dsm® and compliance results in
total g NO, by telephone to the source of the audit samples). include the
resuits of both audit samples, their identification numbers, and the analyst's
name with the results of the compliance determination samples in appropriate
reports to the responsible enforcement agency. Include this information with

subseguent compliance analyses for the same enforcement agency during the

30-day Deriod

4.4.3 The concentrations of the audit samples obtained by the analyst shail agree

within 10 percent of the actual audit concentrations. If the 10-percent
snecification is not met, reanalyze the compliance samples and audit samples,

and include initial and reanalysis values in the test report {see note in Sectlon

4.4.1).

4.4.4 Failure to meet the 10-percent specification may require retests until the
problems are resclved. However, if the audit results do not affect the
compliance or non-compliange status of the affected facility, the Executive
Officer may waive the reanalysis requirement, further audits, or retests and
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accept the results of the compliance test. While steps are being taken to
resolve audit analysis problems, the Executive Officer may also choose to use
the data to determine the compliance or noncompliance status of the affected
facility.

5 CALIBRATION

5.1 Fask Volume. The volume of the collection flask-flask valve combination must be
known prior to sampling. Assemble the flask and flask vaive and fill with water, to

the stopcock. Measure the volume of water to. = 10 ml. Record this volume on the
flask. ' '

5.2 Spectrophotometer Calibration.
5.2.1 Optimum Wavelength Determination.

5.2.1.1 Calibrate the wavelength scale of the spectrophotometer every six months,
The calibration may be accomplished by using an energy source with an
intense line emission such as a mercury lamp, or by using a series of glass
filters spanning the measuring range of the spectrophotometer. Calibration
materials are available commercially and from the National Bureau of
Standards. Specific details on the use of such materials should be supplied
by the vendor; general information about calibration techniques can be
obtained from general reference books on analytical chemistry. The
waveiength scaie of the spectrophotometer must read correctly within £ 5
nm at all calibration points; otherwise, the spectrophotometer shall be
repaired and recalibrated. Once the wavelength scale of the
spectrophotometer is in proper calibration, use 410 nm as the optimum
wavelength for the measurement of the absorbance of the standards an
samples. -

5.2.1.2 Alternatively, a scanning procedure may be employed to determine the

: proper measuring wavelength. If the instrument is a double-beam
spectrophotometer, scan the spectrum between 400 and 415 nm using a
200 g NO, standard solution in the sample cell and a blank solution in the
reference cell. If a peak does not occur, the spectrophotometer is probably
malfunctioning and should be repaired. When a peak is obtained within the
400 to 415 range, the wavelength at which this peak occurs shall be the
optimum wavelength for the measurement of absorbance of both the
standards and the samples. For a single-beam spectrophotometer, follow the
scanning procedure described above, except that the blank and standard
solutions shall be scanned separately. The optimum wavelength shall be the
wavelength at which the maximum difference in absorbance between the
staridard and the blank occurs.

5.2.2 Determination of Sp'éctrophotomej/:er Calibration Factor K.. Add 0.0 ml, 2.0 ml,-
4.0 ml, 6.0 mi, and 8.0 ml of the #f%; KNO, working standard solution (1 ml =
100 ug NO, }: to a series of five 50-ml volumetric flasks. To each flask, add 25
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mi of absorbing solution, 10 m! JEEHAY KM% water, and sodium hydroxide
{1 N} dropwise until the pH is between 9 and 12 {about 25 to 35 drops each). . .-
Dilute to the mark with geioaizéd ML water. Mix thoroughly and pipette a
25-ml afiquot of each solution into a separate porcelain evaporating dish.
Beginning with the evaporation step, follow the analysis procedure of Section-
4.3, until the solution has been transferred to the 100 ml volumetric flask and
diluted to the mark. Measure the absorbance of each solution, at the optimum
wavelength, as determined in Section 5.2.1. This calibration procedure must be -
reported on each day that samples are analyzed. Calculate the :

spectophotometer calibration factor as follows:

K, = 100 (A, + 28; +3Aq + A7)/ (A2 + Af+ AZ + AZ) Equation 71
Whe_re |
_ K; = Callbraflon factor
A = -Absorbance of the 100-;.Ig No2 s_t'a'ﬁda}d
A, = Absorbance of the ZOO—pg NO, sf_énéérdl_
Aa - Absorbance of the 300-yg NO, s‘.tla.i.'ida'rd-:' N
A,  = Absorb_ancz_e‘-of the 4.00-pg NO.Z-.sta.nd'a'rd

5.2.3 Spectrophotometer Calibration Quality Controf. Multiply the absorbance valye
. obtained for each standard by the K, factor {least sguares siope) to determine
the distance each calibration point lies from the theoretical calibration {ine.
Zhese calculated concentration values should not differ from the actual
goncentrations {i.e., 100, 200, 300, and 400 ug NO, } by more than 7 Dercent

for three of the four standards.

- 5.3 Barometer. Cahbrate against a mercuryrbaro'meter. o

5.4 Temperature Gauge Cal;brate dial thermometers agamst mercury-in-glass
thermometers :

5.5 Vacuum Gauge. Calibrate mechanical gauges, if used, agamst a mercury manometer
such as that specified in'2.1.6.

5.6 Analytical Balance. Calibrate against standard weights.

6 CALCULATICN. Carry oﬁt the calculations, retaining at least one extra decimal figure
beyond that of the acquired data. Round off figures after final calculations.
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6.1 Nomenclature

6.2

< <
|

<
]

Absorbance of sample.

Concentration of NO,as NO,, dry basis corrected to standard conditions,
mg/dscm {Ib/dscf).

Dilution factor (i.e., 25/5, 25/10, etc., required only if sample dilution was
needed to reduce the absorbance into the range of calibration).

Spectrophotometer calibration factor.

Mass of NO, as NO, in gas sample, yg.

Final absolute pressure of flask, mm Hg {in. Hg).

Initial absolute pressure, 2 of flask, mm Hg {W in. Hg).
Stan‘dard absolute pressure, 760 mm Hg (29.92 in. Hg).
Final absolute temperature of flask, °K (°R).

Initial absolute temperature of flask, °K {°R).

Standard absolute temperature, 293°K (528°R).

Sample volume at standard conditions {(dry basis), mi.
Volﬁme of flask and valve, ml.

Volume of absorbing solution, 25 mi.

50/25, the aliquot factor. {If other than a 25 ml aliquot was used for
analysis, the corresponding factor must be substituted.)

Sample volume, dry basis, corrected to standard conditions.

Ve =

where:

Ky |

T, P
P’”(‘G a)[ T - —Ti -
s ’ 'n Equation 7-2
= KV - 25ml)[——- -
T

0.3858 °K / mm Hg for metric units
17.65 °R/in. Hg for English units

0o
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6.3

6.4

To.fal #g NO, Per Sample.

m = 2 K.AF - Equation 7—3 :

‘Note: !f other a 25-ml allquot is used for analysis, the factor 2 must be replaced by a

correspondlng factor.

Sampie concentration, dry basis, corrected to standard conditions,

C =K, mV, " Equation 7-4

where:

10° {mgfm3)}’wg/mt) for rnetrlc.umts :
6,243 X 105 (Ib!scﬂ/(yg/m[} for Eng[ash Units

Ky

8.5 elat:ve error ]REI for QA audlt samples percent

I~g

RE = 100 (c,. (o wc =l Eauatlon 7- 5

where _ . _
cC, = Determined audzt samgle concentratlon, mg[dsm -
o D _
—_— Srami

Actud audlt sample concentrat;on, mg[dsm3

ALTERNATIVE TEST METHOD _

Alternative test methods may be used as long as they are equivalent to Method 7 and
approved in writing by the ARB Executive Officer. The ARB Executive Officer may

require the submittal of test data or other information to demonstrate equivalency, -
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FIGURE 7.1
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State of California
California Environmental Protection Agency
Air Resources Board '

Method 1 oo'

| Procedures for Contmuous Gaseous_i‘ﬁ_
' Emlssmn Stack’ Samplmg

Adopted June 29 1983
Amended

it is proposed that the content of ARB Method 100, Procedures for Gaseous Emission Stack
Sampling, adopted June 29, 1983, be deleted and replaced by the following revised content.
For the text of the current test procedure, which is proposed to be replaced, contact Mr.
George Lew, Air Resources Board, Monitoring and Laboratory Division, P.O. Box 2815,
Sacramento, California 95812, telephone (916) 263-1630.
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METHOD 100

Procedures for Continuous Gaseous
Emission Stack Sampling

1 OVERVIEW

1.1~

1.2

1.3

1.4

PRINCIPLE

A sample of an exhaust gas stream is extracted, condltloned and analyzed

" continuously by instruments. The measuremeants made by the contlnuous analyzérs’

are used to determine average emission concentrations. By measuring the stack

‘gas flowrate and moisture, and using this information with the average emission
‘ concentratlon mass emrssron rates can be determlned : :

APPLECABILHTY

“This method is apptrcable for determrmng emrssrons of oxides of n:trogen carbon -

monoxide, carbon. dioxide, sulfur dioxide, total hydrocarbons, and oxygen from

- stationary source ﬂowrng gas streams in ducts, stacks and flues. This procedure

does not supersede the New Source Performance Standards requrrement for

:permanentiy instalied contrnuous emrssrons monrtorrng rnstruments

Th:s test procedure is an alternative method to approprrate U S EPA reference
methods, in particular, EPA methods 3A, 6C, 7E, 10, and 25A and B. This’
procedure should be used only on those sources where equrvalency to the reference
methods has been establrshed or the specific regulations for the source specrfy this
procedure. A : ‘

SAFETY

This method does not address the safety probiems assocrated wrth its use.- It is the

responsibility of the user of this method to establish appropriate safety and health
~practices including the safe handling of compressed gases, flammable gases and

any hazardous compounds and to determine’ the appllcabrllty of regulatory

lrmltatrons prlor tc use of this method

‘ ALTERNATIVE TEST PRO CEDURES

Any modification of this method beyond those expressly permitted shali be subject
to approval by the Executive Officer of the Air Resources Board or his or her
authorized representative.
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1.5

1.5.1

1.5.2

1.5.3

1.5.4

1.5.5

1.5.6

1.5.7

DEFINITIONS

Range

The upper limit of the gas concentration measurement range displayed on the
data recorder. The range is selected so that the sample gas concentration is
between 10 and 95 percent of the range for each poliutant of interest.

Calibration Ga-s_

- A known concentration of a gas in an inert diluent gas.

Analyzer Calibration Error

The difference betweer the known concentration of a calibration gas and the
concentration measured by the gas analyzer when the calibration gas is
introduced directly to the gas analyzer. '

Sampling System Bias

The difference between the concentration measured by a gas analyzer when a
known concentration calibration gas is intreduced at the sampling probe and
when the same gas is introduced directly to the analyzer.

Zero Drift

The difference between the concentration measured by the gas analyzer for zero
gas before the sample run and the concentration measured by the analyzer for
zero gas after a stated period of operation during which no unscheduled -
maintenance, repair, or ‘adjustment took place.

Calibration Drift

The difference between the concentration measured by the gas analyzer for a

‘calibration gas before the sample run and the concentration measured by the -

analyzer for that same calibration gas after a stated period of operation during
which no unischeduted maintenance, repair, or adjustment took place.

Resporise Time
The time required for the data recorder to display 95% of the difference in gas

concentration on the data recorder after a step change in gas concentration,
such as a switch from zero gas to cahbratlon gas:
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1.56.8 = Interference Check
_ Determination of the concentration measured for a known concentration of a
component in the sample gas other than the target gas component being
measured by the gas analyzer

1.6 SOURCE TEST PERFORMANCE SPECIFICATIONS

' ‘_ The fo[lowmg specuflcattons must be met, for data from a test run to be consudered
valld , .

: 1.6..1 ‘ Anal_yner Calibration Error
| :(:.__2..F.?er_cé'nt or !e.sr_s:'otfthe': r_a'ngo. Wne_n FﬁthdUCiﬁg::Ze-fd.'QT' calibta’t_i_o:_n gas. _
162 Zero 'Drift. S | |
| :L-3 percent or. less of the range dunng a test run '
163 “Span Drr!t | . |

+ 3 percent or less of the range dunng a test run

164 Samphng System Blas '

+5 percen_t. or '!oss_ of the""r.ange‘ w'h'on intr‘odt_ming. zero o.r‘_'t:.olibration gas: _. S
'1.6.5  Interference .Check _ N | |
For each anaiyzer 5 percent o:rrlzes_s of t_.he-_'ra._n_gre. )
2 EQUIPMENT | |
2.1 SAMPLE TRANSFER SYSTEM
A schematic of the samphng train.is shown in .Figu-_re'1"00..1.
21.1  Probe Noizto . |

Quartz, borosilicate glass, stainless steel, porcelain or aluminum oxide may be
used for the probe nozzle.

2.1.2 Probe Filter

An internal or external probe filter may be used. As necessary, provisions
shouid be made for back flushing the filter to remove particulate build-up.
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The probe shall have an inside diameter of 6 mm or larger and: shall be
constructed of quartz, borosilicate glass, stainless steel, aluminum oxide or
porcelain, :

2.1.4 Sample Line

The sarple line is constructed of teflon or other material which does not absorb
or otherwise alter the sample gas.

215 Probe Calibration System

Calibration ga'_se,s for a sampling system bias check are introduced at the probe.
~ Depending on the configuration of the probe, calibration gas is injected: at an
internal probe filter, at the probe tip, or dirgctly behind the probe outlet,

2.1.6 Sample Conditioner

The sample conditioner shall be capable of reducing the sample gas temperature
to 15° C {6Q° F), of to- 11° C { 20° F} lower than the ambient temperature,
whichever is lower. All parts of the conditioner exposed to the sample shall be
glass, stainless steei or teflon. The sample gas shall not be bubbled or dispersed
through the condensate such that minimum contact shall be maintained .
‘between any condensate and the sampie gas. A temperature gauge shall be
used to determine the temperature of the condenser outlet.

If needed, a glass filter is used at the inlet or the outlet of the conditioner to
- prevent the accumulation of particulate material.

2.1.7 Sample System Heaters |

If needed to prevent condensation of water or hydrocarbons, or the reaction of
ather stack constituents, a probe heater may be used. if necessary, use a
heated sample line, heated filters, and a heated analyzer. Heaters shall heat the
sample to a minimum of 120°C {248°F) or to a temperature above the
dewpoint of the target constituent, whichever is greater. Perform no sample
conditioning that lowers the sample temperature.

2.2 GAS ANALYZERS AND DATA ACQUISITION
2.21 Specifications ‘
Specifications for the acceptance of gas analyzers for use of Method 100 are

“listed in Table 100.1. The vendor must provide test data demonstrating that the
following performance requirements are met: minimum detection limit, noise
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level, response time, repeatability, linearity, interference, sensitivity to-
temperature change and 24 hour zero and caiibration drift fimits.

) .The analyzers shall be housed in a temperature -controlled, vibration-free
-en\nronment

:. 222 .. Carbon Dioxide and Carbon Monoxide
| Nondi_spers'i\re infr_ared. an_aly_zers are acceptabler
223 . Oxygen’ | o
- A paramadnetic analyzer or an eiectrochemlcal (fuei cell) analyzer is acceptable
2.2.‘.'4."‘. | 'Total Hydrocarbons _ .

“ AN anatyzer usmg a flame lonrzatron detector (FlD) ora nondisperswe 1nfrared

.~ analyzer {NDIR)-is acceptable Propane or methane is usually used as a span
" - gas. (Note: Compound-specific calibration curves must be determined for use
of elther the FID or the NDIR analyzer ta measure spec:fic organlc compounds >

' 225 Oxldes of Nitrogen

~An analyzer usmg chemalummescence is acceptabie The NO, to NOC converter .
must have at least a 90% efficiency in converting nltrogen dioxide {NO,} in the -
sample gas to nitric oxide (NO}.- A NO, to NO converter is not necessary if data-
are presented to demonstrate that the NO, portion of the exhaust gas is less’
than 5 percent of the total NO, concentration. - A low temperature (maxlmum
350°C) converter must be used when NH, is present. A high temperature '
{650°C) stainless steei converter may be used when no NH3 is present

If data are not avallable to demonstrate that the concentration of NO; in the
sample gas is less than 5% of the total NO, concentration, a test of the '
efficiency of NO2 converter must be conducted prlor to each source test.

226 Sulfur Dloxu:!e
An analyzer using anfrared ar ultravrolet absorpt!on or fluorescence is acceptable

2.2.7 | Other Analyzers

An analyzer operating by measurement prnncnp!es not Iisted in Table 100.1 may
be used, if its performance meets the requirements of Tabie 100.1.
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2.2.8 Data Acquisition System/Data Recorder

Provide a permanent record of gas analyzer data using a strip chart recorder, a

_ data logger or other electronic data acquisition system. If a data recorder is not
used, a real-time hardcopy of test data must be provided upon request. Any
data acquisition system must have a resolution of 0.5 percent of the analyzer
range. Data reporting includes the following information: poliutant, source,
analyzer range, date, time, zero offsets, person operating instruments, and any
other pertinent data,

2.3 MEASUREMENT OF STACK FLOWRATE, MOISTURE, AND OTHER PARAMETERS
;2.3_.1 Stack Gas FIowrate and Moisture Measurement .

Stack gas flowrate and moisture content can be determined using equipment.
specified by ARB Test Methods 1 through 4. Stack gas velocity can be
determined from a pitot tube measurement as outlined by Methods 1 and 2.
Two possible alternatives are:

{1} A simultaneous traverse of stack gas concentration and velocity,

{2} A pre and a post test velocity traverse. {Repeat the velocity traverse .
whenever aware of a change in process conditions which may affect emissions.)

Note: If the pitot tube and the sampling probe are used in combination in a

testing assembly, care must be taken that any aerodynamic effects on the pitot
tube are eliminated. Otherwise, the pitot tube must be calibrated with the other
components of the test assembly in place. (See ARB Method 2, Section 4.1.1.)

Alternate methods of flowrate measurement, including consideration of fuel
rate, combustion stoichiometry and oxygen concentration in the stack gas and
applicable F-factors listed in 40 CFR Part 60 Appendix A, Method 19, must be
approved by the Executive Officer of the Air Resources Board or his or her
authorized representative,

23.2 Barometer

A mercury, aneroid, or other barometer capable of measuring atmospherlc _
pressure to within 2.5 mm Hg. shall be used.

2.3.3 Vacuum Gauge or Flowmeter

Use a vacuum gauge or a flowmeter for leak check of the sampling train.
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3 CALIBRATION GASES

3.1

. Calibration Gases

.The calibration gases must be certified according to EPA Traceability Protocol.

Alternately the calibration gases must be certified to an analytical accuracy of +2
percent, traceabie to a reference material approved by the Natlonal Institute of
Standards and Technologv {NIST), and recertified. annual!y

Multl-component gas m|xtures certified accordmg to EPA Protocal are acceptab!e.'

‘Multi-component gas mixtures which meet the following requirements are also

acceptable: the concentration of each component gas must be certified to an
analytical accuracy of +2 percent, each component must be traceable to a NIST

' standard and the mlxture must be recertn‘led semi- annually

‘ For each po!lutant to be measured use the followmg three cahbrat:on gases

311
342

3.1.3

- 3.2

3 '.ngh Range Gas '
The cencentratlon should be between 80 and 100 percent of the analyzer. range.
_‘Mld-range Gas | | |
The concentrat:on should be between 40 and 60 percent of the ana!yzer renge | .'
: Zero Gas | | . | | |

- Purified air or, if appropriate, nitrogen with a contaminant concentration less
than 0.25% of the analyzer range for the appropnate pollutant gas may be
used. : : ‘ :

GAS DILUTION SYSTEM

An approved gas dilution system can be used to provide low-level calibration gases
from a high-level calibration gas. The calibration gas used with a gas dilution -
system must be an EPA Protocol gas. Alternately the gas used with a diluter must
be certified to an analytical accuracy of +1 percent, NIST-traceable, and recertified
annually. See Appendix 100.1 for the performance specifications of a gas dilution
system. An approved gas dilution system may be used for all analyzer cahbratlons
and sampling system bias checks

1

"EPA Traceability Protocol for Assay and Certification of Gaseous Calibration Standards,” EPA-
600/R93/224, Revised September 1993.
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4 ON-SITE PREPARATION FOR SAMPLING

4.1

4.2

4.3

4.4

CLEANING/ASSEMBLY OF SAMPLE TRAIN

The sample train may be cleaned prier to being transported to the field. When at
the testing site, assemble the cleaned sample train as shown in Figure 100.1.

CALIBRATION OF CONTINUOUS ANALYZERS

Allow analyzers to warm up according to manufacturer's instructions. Adjust.
system components to achieve the individual analyzer sampling rates recommended

* By the instrument manufacturer. Alternately introduce zero and calibration gases to

the instruments and make all necessary adjustments to calibrate the analyzer and
the data recorder.

Conduct the analyzer calibration error check by sequentially introducing the three

“calibration gases (high-range, mid-range and zero gas) and recording the analyzer

response to each calibration gas. Make no adjustments to the sampling/analysis
system except those necessary to achieve the proper calibration gas flowrate. The
test run will be considered invalid if the analyzer calibration error for any calibration
gas exceeds *2 percent of the range. If needed, take corrective action until
acceptable performance is achieved. :

PRETEST LEAK CHECK

Perform a leak check on the vacuum side of the assembly at the maximum pump
vacuum. Correct any leaks found and repeat the leak check and correction
procedure until no leak is detected. '
SAMPLE SYSTEM BIAS CHECK

A pretest sampling system bias check is required for each gas analyzer.

Perform the sampling system bias check by alternately introducing at the probe the -

~ zero gas and either the high-range or mid-range calibration gas, whichever

calibration gas is closest in concentration to the sample gas. Record the gas
concentrations displayed by the analyzer. During the sampling system bias check
operate the system at the normal sampling rate and make no adjustments to the
measurement system other than those necessary 1o achieve proper calibration gas
flow rate. Determine the sampling system response time.

If the difference between the gas concentrations for the analyzer calibration error
check and the sample system bias check exceeds +5% of the range for either the
zero or upscale calibration gas, the bias check is invalid. If needed, take corrective
action before repeating the sample system bias check. If the analyzer is adjusted,
repeat the analyzer calibration error check before repeating the bias check.
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4.5 DETERMINATION OF SAMPLING TRAVERSE_POENTS

" -Select gas sampling traverse points according to the guidelines given in ARB
Methods 1 and 2 for velocity traverses. Multipoint gas sampling must be performed
unless data are available to demonstrate that the mean pollutant.concentration s

less than 10% dlfferent from that at any s:ngle point. ' :

5 SAMPLE COLLECTION

Insert the sample probe assembly into the stack and block off the remainder of the
sample port opening. Set the probe at the predetermined position and begin data
acquisition. If a traverse is. requrred the samp!mg time at each traverse point'is
constant. Sample for at least the sampling system response time plus one minute,
allowing enough time for the system to be flushed and the instruments to respond fully.
Move probe to next position and repeat Contlnue until the stack has been fully
traversed..

A test shall include at !east three sample runs.. Each samp!e run shaII be the length of
time- specified in the applicable emission limit reguiation.” As a minimum, the sampling =
- time must be such that the emission test is conducted during representatuve operating
‘conditions of the source. For a test durat:on exceedmg two hours, conduct sampirng
“system bias checks every two hours. Record per formance check data. As necessary, ‘
" back flush through the probe to prevent partrcu!ate build- -up on the probe filter..

Perrodrcaiiy check the samp]e condltloner and remove condensate as needed.

i ad;ustrnents to the'samphng train are necessary durmg the sample run,_conduct a
system bias check before any adjustments are made. After any adjustments are made
to the analyzer, the analyzer calibration error check shall be conducted. After all
adjustments are made to the sampling system, the sampilng system hias check shall be
performed prior to contmuatlon of the test run.

"6 POST TEST PERFORMANCE CHECKS

- At the end of the sample run, conduct a sampling system bias check for all analyzers.
~ Perform the sampling system bias check by alternately introducing the zero gas and the
calibration gas at the probe. During the sampling system check operate the system at
the normal sampling rate and make no adjustments to the measurement system other
than those necessary to achieve proper calibration gas flcw rates through the samplmg -
- system to the gas analyzer.

6.1 ZEROC AND CALIBRATION DRIFT

The test run shall be considered invalid if the difference of zero or calibration gas
measured for the post run sampling system bias check .and zero or calibration gas
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measured for the initial sampling system bias check of the first test run (Section
4.5) exceeds + 3 percent of the range. Use Equation 100-1, below:

Drift = (Cn-0%) Eq. 100 -1
r o
Where:
Cip = concentration of zero or upscale calibration gas for post run
' sampling system bias check :
Cip = concentration of zero or upscale calibration gas for initial
' sampling system bias check
r = analyzer range

6.2 SAMPLING SYSTEM BIAS

The test run shall be considered invalid if the difference of zero or calibration gas
measured for the post run sampling system bias check and zero or calibration gas -
measured for the initial analyzer calibration (Section 4.2) exceeds + 5 percent of the
range. Calculate bias using Equation 100-2: E

Bias = (_.c.'.'i__q‘._) |  Eq. _1.0'0 .2
. _
Where;
Crp = concentratidn of zero or upscale calibration gas for

post run sampling system bias check

Cy = concentration of zero or upscale calibration gas for
initial analyzer calibration o

r = analyzer range
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7 CALCULATION OF POLLUTANT CONCENTRATION AND NIASS EMISSION RATE
7.1 .POLLUTANT CONCENTRATION

Determme the average: concentratron ng of each stack gas constltuent usmg
Equat|on 100-3:

C= (0 - x.____@‘ Egq. 100-3
F’“_.-‘_f“’g %) " G - G Fe- 100r
"--Where-: : , S ] _ . : .
o L Che = 'Efﬂue'nt'gae-ccncentration ppm or % by voiume -
Cag L= Average gas concentration |nd|cated by gas analyzer,-
: : - pomor % . by volume .
c, . o= Average of initial (c,b) and f|na[ (cq) system bias

responses for ZETO gas ppm or % by volume =

Co = Actual concentratlon of the callbratlon gas used for
LT e __the bias check ppm or.% by volume : :

Chei = Average of mitlal (c,h) and final lc,bl samplrng system’
s ~ bias-respenses for the callbratlon gas, me or % by _
- volume

7.2 MASS EMISSION RATE

The emis_sionrate in pounds per hour of poilutant is E in Equation 100-4:

E--Qaga;x 385x108 X Q X 60 - | Eq.-ll00-4
. Where:. .
g C;,sa; _ = efﬂuent gas concentratron corrected to dry basis, ppm o
. M = molecular weight in lb/lb mole

385 = standard volume in cubic feet of one [b-mole {at 528° R .
' and 1 atmosphere) ' '

Q = Stack flowrate in standard dry cubic feet per minute of
stack effluents, determined from ARB Methods 2 and 4, or
alternative determinations of flow rate and moisture
content
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7.3  POLLUTANT CONCENTRATION FOR 12% CO, OR 3% 0,

Thepdllutant concentration Cy,, is adjusted for 12% CO, in Equation 100:5:

'Eq. 100-5

12%
c = C % . oL -
1200, T g T 9GO, during test
For correction to 3% O, {using O, in air as 20.9%), use Equation 100-6:

~ %0, during test

Coe = Coms X = g, 100- 6
Yoy T Tues X 959 4
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_ State of California
Cailforma Enwronmental Protection Agency
~ Air Resources Board

Method 425

Determmatton of Total Chromaum and Hexavalent Chromrum ‘_ S
Emnssnons from Statlonary Sources

Adopted: January 22, 1987
Amended: September 12, 1920
. Amended:.

it is proposed that the content of ARB Method 425, Determination of Total Chromium and
Hexavalent Chromium Emissions from Stationary Sources, adopted January 22, 1887, be
deleted and replaced by the following revised content. For the text of the current test
procedure, which is proposed to be replaced, contact Mr. George Lew, Air Resources Board,
Monitoring and Laboratory Division, P.O. Box 2815, Sacramento, California 95812, telephone
{816) 263 1630.
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Meathod 425

Determination of Total-Chromium and Hexavalent Chromium
Emissions from Stationary Sources

1. APPLICABILITY AND PRINCIPLES
1.1 Applicability

- This method applies to the determination of hexavalent chromium {(Cr8} and
“total chromium {Cr) emissions from stationary sources. Applicability has been
. demonstrated for the metal finishing and glass industries. - Its applicability has
. not been demonstrated for sources with high particuiate mass emission rates.

The ion chromatographic-colorimetric (IC-C) analytical procedure described is-
" applicable to filter extracts and emission samples collected in impinger solutions

" of 0.1M sodium hydroxide 'solution. It is also applicable to samples in water or in

~ the ammonium hydroxide/ammonium sulfate eluent solution described herein.
Preconcentration of larger volumes of the sample on an anion guard column prior
to injection to-increase the sensitivity of the procedure cannot be recornmended
at this time due to the levels of chromate and interfering compounds foundin -
the commonly available. grades of sodium hydroxide and because of the

“tendency of sodium hydroxide 1o act as an mternal eluent on the
preconcentration column,

Any modification of this method shall be subject to approvai by the Executive -
Officer. The term "Executive Officer”, as used in this document, shali mean the
Executive Officer of the Air Resources Board, or his or her authorized
representative.

1.2 Sampling Principle

Particulate emissions are collected from the soﬁrce in an alkaline medium by use
of CARB Method 5, with medifications noted in this method.

1.3 Recovery Principie

The components of the collected sample are each divided into two equal
portions with one portion of each component used for total chromium analysis
and the other portion used for hexavalent chromium analysis.

1.4 Cré lon Chromatographic-Coloﬁmetric (IC-C} Analytical Principle

This procedure, as described, uses direct sample injection and post column
derivatization with a 1,5 diphenylcarbazide colorimetric reagent and photometric
detection at 540 nm. Hexavalent chromium is separated from other metallic
anions as chromate by a high capacity anion separator column and a colored
product having a wide absorption band centered at approximately 540 nm is
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1.5

. 1'56'

2

2.1

2.2

2.3

~ formed by reaction with the colorimetric reagent.. The colored reaction product

is detected photometrically and quantitation as Cr6 is accomplished by linear

regression of either peak area or peak helght on the concentratren of :a-series of - 4‘

CrB calabratlon standards

-Cré '-Man.ual-Colqumetﬂc -I—M-‘Cl ‘Analr[ti.cal Principle |

‘For the hexavalent chromium -analysis the collected sample c_:omp_o_n.emp-ort_ions

are -extracted in ‘an alkaline solution and analyzed by the diphenylcarbazide

.‘colorirnetric method w.h'i;ch requir-_es 35m‘.L _-.o'.f .s'a_m:ple liguid per ,ana!ysis, e
- .:Cr Graphlte Furnace-Atomlc Absorptlon (GF AA) Analytical Principle

| :For the total chromlum analysis the collected samples shall be prepared in order '

to convert organic forms of chromium to inorganic forms, 16 minimize orgamc

- interferences, and to convert the sample to a suitable solution for analysis.-

Samples are then subjected to an acid digestion procedure Following the
appropriate dissolution and dilution of the sampie, a representative aliquot is

“placed manually or by means of an automatic sampler into a graphite tube
- furnace. The sample aliquot-is-then slowly evaporated to dryness, charred

(ashed), and atomlzed The absorption of hollow. cathode radiation during -

“atomization will be proporttonal to the chrom:um concentration.

be-F.lNlr_loNs_ -

End:User

. For the purposes of this methad, the regulatmg agency orits authonzed

representative shall be cons:dered the end user if a determination of Cr and Cr6
emissions from a stationary source is required as part of a regulatory process.
Otherwise the end user shall be the party who defrays the cost of performmg
this method The pre-test protocol must |dentify the end user,

Tester

~ Usually the tester is a contract engineering firm that performs the sampling

procedures and delegates responsibility for specific analytical procedures to an
analytical group (usually part of a subcontracting laboratory firm). The tester
shall ultimately be responsible for performance of this method whether dlrectiy
or-indirectly through co-ordination of the efforts of the sampling and analyt!cal
groups.

Source Target Cor\.ce'nt_,ration

This is the target concentration for hexavalent chromium (Cr6) specified by the

end user of the test results. The target concentration shall be expressed in units

of Cr6 mass per volume of emissions; typical units are nanograms per dry

standard cubic meter or mlcrograms per dry standard cubic meter (ng/m or
g/m | ‘
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2.4

2.5

2.6

* Limit of Detection

" The limit of detection (LOD) is a limit of the ‘perfdrmanee'of-t_he analytical

procedures below which quantitative results must not be reported. The LOD is
based on the x-intercept of the calibration plot for absorbance versus _
concentration adjusted by three times the standard de\natlon of the absorbance
for a mid- pomt concentration.

Reporting lert

“‘The reporting limit (RL} is a limit of the performance of the entire test method -
‘below which quantitative mass analyses must not be reported for a given

sample run. The RL is based on the minimum analyte mass that must be L
collected in the sampling train to allow detection by the laboratory accordmg to -
the requirements of this method. ‘Such massis the product of the LOD and the
liquid volume used to collect the analyte m the sampl:ng tram _ "

Source Reporting lezt -

The source reportlng fimit {SRL) is a limit of the performance of the entire test .

: rnethod below whlch quantitatlve emlssron results must not be reported

3  PRE-TEST PROTOCOL =

3.1 Responsibilities of the End User and Tester

3.1.1

3.1.2

“The End U“s'e'r :

Before testing may begin, the end user of the test results must specify the
. source target concentration to be determined by this method using the
gurdellnes of § 3.2.1. :

The end user shalil approye the: pre-test protocol after reviewing the
~ document and determining that the minimum requirements for the pre-test
protocol (§ 3.2) have besn.met, o

The Tester
The tester shall have primary responsibiiity.fer the performance of the test
method, and shali co-ordinate the efforts of the sampling and analytical

groups.

The tester shall plan the test based on the information provided by the end
user and the tester's calculations of target source testing parameters.

The tester shall be responsible for selection of an analyst qualified for use

of the method. The tester shall make that decrsron based on information
supplied by the analyst,

A
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3.2

3.3

The tester shall obtain all relevant data that are required for pre-test
calculations of sampling parameters. The tester shall develop and write a
pre-test protocol before performing this method to help ensure satisfactory
results,

The tester shall be responsible for ensuring that all sampling and analytical
reporting requirements are met.

Pre-Test Protocol

The pre-test protocol should include the test performance criteria of the end user
and all assumptions, required data and calculated targets for the following .
testing parameters:

(1} source target concentration of Cr6 (§ 3.2.1),
{2} preliminary analytical data {§ 3.3) for Cr6, and
{3) planned sampling parameters (§ 3.5).

The protocol must demonstrate that the testing parameters calculated by the
tester will meet the needs of the end user. In addition, the pre-test protocol
should include information on equipment, logistics, personnel and other
resources necessary for an efficient and coordinated test.

At a minimum, the pre-test protocol shall identify the end user of the results, the
tester, the analytical group, and the sampling group, and the protocol shall be
approved by the end user of the results and the tester.

The tester should not proceed with the performance of the remainder of this
method unless the pre-test protocol is approved by the tester and the end user.

Source Target Concentration {STC)

The tester shall not proceed with the test unless a target concentration has been
chosen. The end user shall select a basis for determining each target -
concentration from: a) regulatory limits, b} environmental risk assessments, and
{c) the interests of the end user, the tester, and the stationary source,

{1) Regulatory Limits

The regulatory limit shall be the basis for determining a target
concentration for stationary source emissions in those cases where the
purpose of the emissions test is to démonstrate compliance with the
established reguiatory limit.

{2} Environmental Risk Assessments
in some cases testing is conducted for an environmental risk assessment.

A pre-test estimate of the permissible risk shall then be used to determine
the target concentration for stationary source emissions, , e
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3.4

3.4.1

(3}

Interests of the End User, the Tester, and the Stationary Source

In cases where the emissions test is not being performed to demonstrate
compliance with a regulation, nor is it required for a risk assessment, the E
end user may use emissions results from previous tests of the facility or
from similar sources. This target concentration is necessary for the

-calculation of the target sampling parameters required by 8 3.5.
'Preliminary Calculetions

'—Determmmg the lelt of Detection (LOD)

The "Analyt:ca! Callbratlon Procedure” of this test procedure which is

' ~ appropriate for the target substance shall be used for the analytscal

" calibration and the determination of the limit of detection {LOD) described -

below. Such analytical calibration shall be ‘performed prior to sampling by
the same analytical personnel who perform the analytical calibration
subsequent to sampling; this does not exclude the use of documentatlon

o for ‘analytical calubra‘tlon performed for prlor tests.

(1) P!ottxng Absorbance versus Concentratlon '

Plot absorbance as the dependent vanabie (y axis) and coucentratlon
as the 1ndependent variable (x-ax;s) :

{2y Determlnmg the Standard Dewatlon at the MldPomt

Prepare a standard so!utlon of the target substance witha
concentration near the midpoint of the cailbratlon curve:

Analyze four or more allquots of thls solution and plot the results
Calculate the standard deviation, sp;4. 0f the absorbance.
(3)  Calculating the X-Intercept and Slope

Using the least squares method, determine the x-mtercept a, and
: slope, n, of the line through the data.

Equatlon 425-1 shall be used to caEcuIate the LOD,

LOD = lal + [35"’“] 42541
Where:
LOD = limit of detection, ng/mL
|al = absolute value of x-intercept, ng/mL
38 mid = three times the standard deviation of the midpoint
absorbance, absorbance units
n = slope of the calibration line, (absorbance units)/(ng/mL)
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3.4.2

3.5

3.5.1

3.5.2

3.5.3

Determining the Reporting Limit {RL)
To obtain the lowest BL, assume that;

{1} all of the CrB in the gas sampled is recovered from the liquid' of the
probe-.rinse and the first impinger and

(2} the volume of the liquid of the probe rinse and the first impinger is
220 mL.

Equation 425-2 shall be used to calculate ‘the RL.

RL = LOD x 220 S 4252

Where:
RL = analytical mass reporting fimit, ng
LOD = {imit of detection, ng/mL '
220 = liquid volume of probe rinse and first impinger, mL

Sampling Runs, Time, and Volume

Sampling Runs

A test shall include at least three sampling runs in series and a blank
sampling train. .

Minimum Sample Volume {MSV)

This is the minimum sample volume that must be collected in the sampling
train to provide sufficient Cr6 for analytical quantitation. The_ MSV must be
based on the reporting limit and the source target concentration. The MSV
will be adjusted, based on further practical limitations, to yield the planned
samiple volume {PSV) in subsequent sections.

Equation 425-3 shall be used to calculate the MSV.

1

MSV = RL x 425-3
STC
Where:
Msv = minimum sample volume, dscm
RL =  analytical mass reporting limit, ng
STC =

source target concentration, ng/dscmi
Minimum Sampling Time (MST)
This is the minimum time required to collect the minimum sample volume at

the expected volumetric sampling rate. The tester should use an average
volumetric sampling rate (VSR) appropriate for the source 1o be tested. If the
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VSR cannot be achieved in the field, the sampling time shall be revised using
the following equation to achieve the target MSV. The sampling time must

" be such that the emissions test is conducted during representative operating

conditions of the source.

Fquation 425-_4 shall be used fo calculate.thé MST.

MST = Msv .- _ _ 425-4
VSR _ '
Where:' .
MST | = minimum s'é'ﬁwpiing._time, hours
MSV - = minimum sample volume, dscm

VS8R o = volumetric sampling rate, dscm/hour

 Planned Sample Volume (PSV)

The planned sa-fnple_volume {PSV} is the QOIU!ﬁe of-efnissiohs that must be |
sampled to collect for analysis a mass of Cr6 between the RL and the limit of
linearity. The PSV is the primary sampling target whenever practically.. .

" {easible. Calculate the PSV using the largest vaiue for F that will give a

practical sample volume. -
Equations 425-5 and 425-6 shall be used o calculate the PSV.

PSV = MSV x F . 4255

Where:

PSV = PST x VSR 425-6
PSV =  minimum sampling time, hours
MSV '~ = minimum sample volume, dscm
F = safety factor for detection {F > 1) '
PST = planned sampling time, hours .
VSR =

volumetric sampling rate, dscm/hour

Typically, when the value of F is one or greater, it is safe to assume that Cr6
will be detected at or above the source target concentration (STC). Greater
values of F provide greater assurance. '

Typically, when the value of F is less than one, it is unsafe to assume that
Cr6 will be detected at the source target concentration (STC).
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3.5.5 Planned Sampling Time (PST)
The planned sampling time {PST) is caléulated using Equation 425-7.

PST = MST x F

425-7
Where:
PST =  planned sampling time, hours
MST = minimum sampling time, hours _
F = " safety factor for detection {F = 1)
3.5.6 Pre-Test Calculation of Source Reporting Limit {SRL)

Before the test proceeds, the end user and the tester shall agree on a-
preliminary estimate of the reporting limit for emissions of Cr6 from the
source. Notice that the SRL is higher than the STC if F is less than one in
which case it is unsafe to assume that Cr6 will be detected at the STC.

Equation 425-4 shall be used to calculate the SRL.

SRL = Rb_ | 425-8
_ PSV
Where:
SHL = source concentration reporting limit, ng/dscm
RL =  analytical mass reporting limit, ng
pPsv = plahned sampling volume, dscm

4 - BIASES AND INTERFERENCES
4.1 Sample Instability

Chromium is subject to changes in valence state during the time between
sampling and analysis (hold time). Take all reasonable precautions, some of which
are required in various sections of this method, to minimize all influences which
may change the valence states of chromium in each sample. Factors which
influence such changes are hold time, pH, and other chemical species.

4.2 Cr6 IC-C Interferences

A high ienic concentration in the sample may overload the chromatographic
column, altering the retention time and/or the shape of the chromate peak.
Anionic species such as molybdate or vanadate which will react with the 1,5
diphenylcarbazide post-column reagent to form a colored product absorbing at
520-540 nm may obscure or interfere with the quantitation of the chromate peak
by coeluting with or overlapping with it, if the concentration of the interfering
compounds is sufficiently high. Some known interferences are:
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4.2 Molybdenum :
Molybdenum as a so[utron of molybdlc acid (H2M004 H,0) in water
produced a peak which eiuted at 3.55 minutes when Cr6 was. elutmg at. -
. 4.25 minutes. The Mo®* peak ‘was resolved from a peak representlng 50
ng Cr6/mL up to'a concentratlon of approxrmately 500 Hg Mo "‘/mL
4.2.2 - Vanadrum

. Vanadlum as a solution of ammonium vanadate (NH4V03) in water, produced .

..a broad peak at 2.80 minutes. when Cré was eluting at 4.25 minutes. Thrs R '

peak was resolved: from a peak representmg 50 ng.Cré/mL up to'a-
concentratlon of approxrmately 10 pg Ve +lmL '

43" ICrG M-C !nterferences

Mo]ybdenum mercury and vanadium react W|th drphenylcarbazrde to form a color,_ ".- e

-however, approximately 20 mg of elements ¢an be present in a sample without
. .creating a problem ‘Iron produces a yel!ow color, but thls effect is not measured
o photometncaily at 540 nm., : ‘

4.4 - _Cr GF-AA Interferences '

o The Eong resrdence tame and hrgh concentratlons of the atomlzed sample in the
i optical path of the graphite furnace can result in. severe physical and, chemical -

interferences. Furnace parameters shall be optamized to minimize these effécts. If :

‘the analyte is not compietely volatilized and removed from the furnace durmg
‘atomization, memory effects will occur. If this situation is detected, the tube
~ shall be cleaned'by operating the furnace at hlgher atomization temperatures

Nitrogen shaH not be used as the purge gas because of a possnble CN band
mterference L : o

Low concentratuons of calcrum may cause mterferences at concentratrons above

200 mg/L calcium's effect is constant. Calcium nitrate is therefore added to
_ensure a known constant effect. This step may be omitted if the sample is’

known to be free of calcium or no analytical interferences are expected. =

5  SENSITIVITY
' ‘The test method sens:twrty is dependent on the. parameters chosen durung the requrred _
rire-test protocol in the "PRE-TEST PROTOCOL” section. In general, the hlgher the '
planned sampllng volume ‘the better (lower) the test method senSItMty
5.1 Cr6 iC-C Sensmvrtv
Based on the procedures given in the "Pre-Test Protocol,” an LOD as low as

0.5 ng/mL has been observed; this is not a default value as achievement of such
low levels depends upon the skill of the ana!ytlcai team.
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5.2

5.3

6

6.1

6.2

6.3

Cr6 M-C Sensitivity

Based on the procedures given in the "Pre-Test Protocol,” an LOD as low as
4.0 ng/mL has been observed; this is not a default value as achievement of such
fow levels depends upon the skill of the analytical team.

Cr GF-AA Sensitivity
EPA Method 306, Determination of Chromium Emissions from Decorative and

Hard Chromium Electroplating and Anodizing Operations, reports a value of '
1.0 ng/mL, based on method 71 91 of SW-846. For some sample matri_ce's,. the Cr

~ GF-AA sensitivity can be lower than the Cré IC-C. sensitivity.

RANGE

Ct6 1C-C Range

Using sample ioops of 10 uL to 250 uL, the linear range of this procedure without
dilution or concentration of the sample is approximately 0.5 ng Cr6/mL to 40 ug
Cr6/mL. ' _ :

Cr6 M-C Range

A straight line response curve was obtained in the range 0.5 g Cré /560 mL to 3.0

- g Cr6 /50 mL (10 to 60 ng/mL) . For a minimum analytical accuracy of 100 +

10 percent, the lower limit of the range is 2 yg/100mL. The upper limit can be
extended by appropriate dilution or by using a smaller cell path length after
recalibration for the smaller cell.

Cr GF-AA Range

EPA Method 306, Determination of Chromium Emissions from Decorative and
Hard Chromium Electroplating and Anodizing Operations, reports an optimum
range of 5 to 100 ng/mL, pased on method 7191 of SW-846. For some sample
matrices, the Cr GF-AA range can be broader than the Cr6 IC-C range.

. EQUIPMENT

All surfaces which may come in contact with sample shall be glass, quartz, Teflon, or
other similarly non-metallic {stainless steel may be a source of chromium '
contamination) inert material. '

Although teflon is not the required material of construction for sampling train
components, it can be used to reduce problems with equipment contamination and
cleaning. ' :

Any other sampling apparatus which, after review by the Executive Officer, is deemed

equivalent for the purposes of this test method, may be used.
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7.1

7.2

7.3

7.3.1

7.3.1.1

.Sam‘pling Equipment '

 Except where otherwise noted in this method, same as CARB Method 5, Section

2.1. Exceptions include a glass nozzle, a glass lined stainless steel probe, 0.1 N

NaOH in the first two impingers, a Teflon-coated glass fiber filter, and a silica gel

moisture trap after the filter. As shown in Figure 1, sampie flow shall be through

. the probe ‘frrst then the impingers, and then the fiiter.
'Recovery Equspment '

‘Except where otherwuse noted m this method same as CARB Method 5, Sectlon
2. 2 - :

' Arxa!ytical Equipment

Cr6 IC-C Ahalytica! .Equipment -
The following system has been found suitable for hexavalent chromuum
~ analysis as described in this procedure,” Specrflcations analytical ranges,
‘and detection limits were determined using this system. An equivalent
system may be used so long as it is. demonstrated to be capable of -
separating and detecting hexavalent chremium, and the sensrtrvrty and
premsuon of the system is determmed to be adequate : :
_-'DIONEX lon Chromatography System 4000| (or equnva!ent), mcludlng:
' Gradlent Pump Moduie '
Advanced Chromatography Module
Variable Wavelength Detection Module
Automated'SampIer
- Eluant Degas Moduie

Advanced Computer Interface

IBM-AT Compatible Computer, running the DIONEX Auto:on 450 (or' _
equwalent) Data System Chromatography Software

Chromatographrc Columns '

Organic compound guard column DIONEX MPIC-NG1 {or equwa!ent)
neutral guard column.

Anion guard column (can also used as a preconcentrater column}:
DIONEX HPIC-AG7 {or equivalent) high-capacity anion guard co!umn

Separator column: DIONEX HPIC-AS7 or equivalent hlgh-capaclty anion
separator column,
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7.3.1.2

August 9, 1996

Post-Column Reagent System, including:
Pressurized reagent reservoir.

120 cm Packed Bed Reaction Coil.

7.3.2 - Cr6 M-C Analytical Equipment
7.3.2.1 100 mL beakeré |
7.3.2.2 ~Filtration Apparatus
| Vacuum un.it coﬁstructed 6f glass, to accommodate sintered glass -
funnels. Medium porosity filter paper is optional. Wherever filtering is
specified, centrifuging may also be performed.at the analyst's option.
7.3.2.3 Volumetric Flasks
100-mL and other appropriate volumes.
7.3.2.4 Hot Plate
7.3.2.5 Pipettes
| Assorted sizes, as needed. '
7.3._.2.6 Spectrophotometer
To measure absorbance at 540nm.
7_;3.3 Cr GF-AA Analytical Equipment
7.3.3.1 Philips Beakers -
Borosilicate, 125hL, with digestion covers.
7.3.3.2 Cﬁromium _Hol[ow Cathode Lamp or Electrodeless Discharge_i.amp.
7.3.3.3 Graphite Furnace .I |
| | Any'graphiil:e' fﬁrnace- devi.ce‘ with_the appropriate temperature and
timing controls. | _ :
7.3.3.4

Strip Chart Recorder

A recorder is recommended for furhace work so that there will be a
permanent record and so that any problems with the analysis such as
drift, incompléte atomization, losses during charring, changes in
sensitivity, etc., can easily be recognized.
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8 PREPARATION OF EQUIPMENT

The following sections specify a recommended cleaning procedura for sampling
equipment and extremely stringent cleaning performance criteria. An alternative
cleaning procedure is aliowed providing that experimental documentation is provided
which demonstrates that the alternative cleaning procedure has been established and is
at least as effective at achrev:ng the cieanlng performance crrter:a as the recemmended
procedure : S -

o ,The chosen cleaning procedure shall be ~applied to ali eqmpment surfaces (not only the
' probe surfaces) which can come in contact with the sample

8.1 : Rec‘ommended Cleaning Proce‘dure-' :

Ail surfaces which can come in contact with sample shall be glass, Teflon, or
~other similarly non-metallic (even stainless steel may be a source of chromium
contamination} inert material and shall be prewashed with detergents, soaked in .
10 HNO; for several hours, rinsed with Type 1l water, and finally rinsed with 0.1

N NaOH batch solution. For awkward objects, such.as Eong glass probes, soaklng.-
_may be repiaced by careful vamg : : o ‘

Probes are generaliy the most difficult sampEmg apparatus to clean. Therefore,
- before use in sampling, to ensure that samphng equipment is clean and free of -
" ‘chromium contamination, apparatus which ‘may come in contact with sample shall

" be cleaned and a 'sample of the final rinse for each. probe shall be analyzed for Cr
{total chromium). If Cr is detected in the final rinse, each probe shall be re-cleaned
until a sample of the final rinse contains no detectable Cr. "Cr GF-AA
ANALYTICAL PROCEDURES" shall be followed for this contamination check.

8.2 Alternative Cleaning Procedure

1f the speciﬁed glass probes are in short supply, the recommended cleaning
", procedure could doubie the number of days necessary to complete a series of
tests. : :

Time can be saved by using the following opti’ons':'
8.2.1 Development, Tésting, and Documentation

An alternative cleaning procedure may be used if it is developed, tested,
and documented as achieving the objective of no detectable chromium in the
last probe cleaning rinse. Testing and documentation shall include: a pre-

* test visit to the intended site, collection of samples from an intended test
point with the highest expected concentration of chromium, trials of other
cleaning procedures, and documentation of those alternative cleaning
procedures which pass the contamination check of the "Hecommended
Cleanmg Procedure”.
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18.2.2 Advanced Preparation

The best protection against lost time is to procure enough pre-cleaned
equipment before a field trip so that no equipment needs to be re-cleaned
and re-used during field sampling. Procure extra pre-cleaned equipment to
allow for breakage, etc. ' ' :

'S REAGENTS.
Unless otherwise indicafed, all reag__énts shall conform to the specifications ~e'sta'b{i's‘hed.
by the Committee on Analytical Reagents of the American Chemical Society. Where
‘such specifications are not available, use the best-availabie grade. R
_9..1' - Sampling Reagents
9.1.1 . Method 5 Reagents
Except where otherwise noted in this method, same as CARB Method 5,
Section 3.1, except Teflon-coated glass fiber filters are used, and 0.1 N
- NaOH is used in the first two impingers. -
'9.1.2 - Batch of 0.1N NaOH Solution, Analytical Reagent Grade
The most important purpose of this solution is: to mai_nt-ain heXav_élént. _
chromium in a high pH solution so that it is not reduced to trivalent o
chromium. In particutar, liquid samples must be taken and transported at a
pH of 8.0 or higher. ' | _ - ' - ’

Any other solution which can meet this and the other performance .
- specifications of this. method is also acceptable, - e

See "PREPARATION OF REAGENTS."

9.2 Recovery Reagents
. Except where otherwise noted in this method, sa.mé as CARB;Method-_S, Section
93 : Cr6 IC-C Anélyt'ii:al Reagents -

Unless otherwise indicated, all chemicals shall conform to the specifications -~
established by the Committee on Analytical Reagents of the American Chernical =
Society. All reagents shall be analyzed before testing is begun using thelC-C:
~'system to be employed in the analysis of the samples, and the Cr6 concentration
shall be less than the detection limit. o R
9.3.1 Batch of 0.1N NaOH Solution

See "PREPARATION OF REAGENTS."
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9.3.2

9.3.3

9.3.4

9.35

9.3.6

9.4

8.4.1

Water

All water used in this procedure shall,’at minimum, conform to the
specifications of American Society for Testing and Materials (ASTM) Type il
reagent water as specified in ASTM Test Procedure D 1193. Use of ASTM
Type | reagent water,

Eluent.
Dlsso!ve 33 gof ammontum sulfate in water in a 1 L Class A volumetric

flask. Add 6.5 mL of 29% ammonium hydroxide and make to volume. The
concentration of the prepared eluent is 250 mM (NH4),80, and 100mM

NH4OH.

Post~Coiumn Reagent

Dissolve 0.5 g of 1,5 diphenylcarbazide in 100 mL of glass distilled HPLC .
grade methancl. Add to approxlmately 500 mL of degassed or nitrogen
purged or helium purged water containing 28 mL of 96-98% sulfuric acid,

and make to 1 L with degassed or nitrogen purged or helium purged water,

High purity sulfuric acid such as EM Science Suprapur grade or JT Baker
Ultrex grade is recommended. The stability of the post-column reagent is

. enhanced by preparing it in a nitrogen atmosphere, pressunzmg the reagent "

reservoir with n:trogen and shleidmg it from light.
Cr6 Stock Soiution

Prepare a standard solution containing 1000 wg Cr6 /mL as a solution of
potassium dichromate in water. Use analytical reagent grade K2Cry04 which
has been dried at 105° C for at least one hour. Dissolve 2.8289 g of the
dried K,Cr,07 in water in a class A velumetric flask and make to volume
with water. Alternatively, obtain a chromate standard solution in water
prepared specifically for use in ion chromatography.

Regenerant Solution for the DIONEX MPIC-NG1 Guard Column
{or equivaient])

In this application, the DIONEX MPIC-NG1 guard column (or equivalent) is
used to trap organic compounds which could adversely affect the anion
chromatographic columns. The trapped organic compounds shail be. flushed
from the column periodically using a 70- 90% solution of acetonitrile or
methanol in water. :

Cré M-C Analytical Reagents

Batch of 0.1N NaQOH Solution

See "PREPARATION OF REAGENTS."

August 9, 19986 ' Proposed M425 - Page 15



9.4.2

9.4.3

9.4.4

8.4.5

9.4.6

9.4.7

9.4.8

9.5

9.6.1

9.5.2

9.5.3

8.5.4

9.5.5

Type Il Water

Type 1l water is deionized and distilled, ‘meeting American Society for Testing
and Materials {ASTM) specification for type reagent - ASTM Test Method D
1183-77. The water shall be monitored for impurities.

Potassium Dichromate Stock Solution

Dissolve 2.829 g of analytical reagent grade ;potassiurh dichromate
{K2Cry05) in water, and dilute to 1 liter {1 mL = 1000 ug Cré).

Pb‘tass_iur’n Dichromate Standard Solution

Dilute 10.00 mL potassium dichromate stock solution to 100 mL {(1mL =

100 ug Cr6 with water. ., -
Sulfuric Acid, 6N, Analytical Reagent Grade

Dilute 166 mL sulfuric acid to 1000 mL in watet.
Diphenylcarbazide Solution, Analytical Réagent Grade -

Dissolve 0.5 g of 1,‘5-diphenyfcarb'a2id‘e in 100 mi acetone. Store in a
brown bottle. Discard when the solution becomes discolored.

0.1% Potassium Permanganate Solution

Analytical Reagent Grade
0.01% Potassium Permanganate Solution

Analytical Reagent Grade

Cr GF-AA Analytical Reagents

Batch of 0.1N NaOH Solution
See "PREPARATION OF REAGENTS."
ASTM Type Il Water (ASTM D1 193)

Concentrated Nitric Acid

* Reagent preparation shall use Ultrex (or equivalent) grade HNO.

Glassware cleaning shall use ACS reagent grade HNO,.
Hydrogen Peroxide (30%) {Optional), Analytical Reagent

Matrix Modifier
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Follow manufacturer's recommendations, when iriterferences are suspected,
9.5.6- Total Chromium Standard Stock Solution (1000mgiL)

Either procure a certified aqueous standard from a supplser {Spex lndustrles
Aipha Products, Fisher Scientific, etc.) and’ verify by comparison with a
second standard, or dissolve 2.828 g of Potassium Dichromate (K,Cr,05,
analytical reagent grade) in Type Il water and dilute to 1 liter in a volumetrlc -
flask. :

9.5.7 . Total Chromium Working Standards

Al total chlforﬁ'iurh 'préparations injected for analysis shall be prepared to
contain 1.0% (v/v} HNOj. The-ze;o standard shall be 1.0 % (v/v} HNO;,

10 PREPARATION OF REAGENTS |
10.1 Prepérati_on of R'e_a_gents fp_r Sampling
10.1 1 ~ Batch of 0.1N NaOH Sclution, Analytical Reagent Grade..

. The same batch of 0.1N NaOH solution shail be used for i impinger samplmg, '
~ sample recovery, preparation extractlon, and analyms

This is neceSsary to aveid the use of different 0.1N NaOH solutions with .
different levels of contamination, espeCIaHy of Cr8, but a!so of anaiytical
interferents.

Therefore, sampling and analytical personnel shall coordinate their plans. so
that all steps in sampling and analysis use the same batch of solution which
will be prepared frash for each source test. Typically, dissolve 4.0 g NaOH
in water in a 1 liter volumetric flask and dilute to the mark. Reépeat, as _
necessary, so that a single batch of sufficient volume is prepared to serve all
of the needs of sampling and analysis. Store the solution in a tightly capped
poiyethylene bottle.

The most important purpose of this solution is to maintain hexavalent
chromium in a high pH solution so that it is not reduced to trivalent
chromium. In particular, quwd samples must be taken and transported at a
pH of 8.0 or higher. -

Any other solution which can meet this and the other performance
specifications of this method is also acceptable.

10.1.2 Removal of Reducing Agents in the Reagents
The 0.1 N NaOH extraction solution and the 6N sulfuric acid solution may
contain small amounts of reducing agents that can react with the hexavalent

chromium. Potassium permanganate (KMnO,} is added to these reagents in
order to neutralize these reducing agents.
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Determine the amount of KMnO,4 needed as follows:
Pipette: 3:mL of'the extraction:solution:into:cuvettes A andiB:  Use cuvette A
as a sample cell'and-cuvette B as aireference celi: Zero.the:instrument at
528 nm:with both:cuvettes:.
Wait 10°'minutes.. Add an adequate:amount: (L} of 0:01.%: potassium:
permanganate solution to: cuvette: A so that after. 10 minutss: a: slight change ~
in absorbance is observed. This step-may havé to be repeated:a: number of
times in-order to determine the required: amount of potassium: permangante.
From the charige in. absorbance; calculate the amount of potassium '
permanganate per unit volume needed te neutralize the reducing agents.
found:in the reagents.
Determine the amount of higher concentration 0.1% potassium:
permanganate solution: needed to. treat the volume of reagent., Pipette thls
amount of 0.1%: KMnOy into the reagents.
Repeat this procedure with the 6N: sulfuric acid solution.

10.2 Preparation of Reagents for Recovery

The same batch of 0.1N NaOH solutlon sha[l be used for |mpmger sampllng,
sample recovery, preparatson extraction, and analysis.,

| 10.3 Preparation of Reagents for Analysis
The same batch of 0.TN NaOH solution shall be used for impinger sampling,
sample recovery, preparation, extraction, and analysis.

11 CALIBRATION PROCEDURE

1.1 Sampling Calibration Procedure

Perform all of the calibrations described in CARB Method 5, Section b, with any
modifications appropriate for this method.

11.2 Recovery Calibration Procedure
Follow the appropriate analytical calibration procedure,

11.3 Cr6 1C-C Analytical Calibration Procedure
Inject a series of Cr6 cahbrat:on standards which brackets the sample
concentrations. Typically, 4 to 6 calibration standards will be sufficient to
establish the calibration curve. The recommended procedure is to inject one
series of calibration standards before the samples, to establish that the system is

working properly and has reached equilibrium so that a linear response is attained.
A second set of calibration standards is injected at the end of the analytical run to
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confirm constancy of response throughout the run. If the peak areas or peak
heights of the two sets of calibration standards differs by more than 5% the run
shall usually be repeated. if any drift in response which may have occurred is
within acceptable limits, use the concentration and. response values of the two
sets of calibration standards 1o establish a calibration curve which is used to
quantltate the Cr6 concentratlon in the samples. ‘

11.4 Cr6 M C Analytical Cahbratlon Procedure

{T__) Calibrate the wavelength scale of the spectrophotometer every 6 months
- The calibration may be accomplished by using an energy source with an

intense line emission such as a mercury lamp, or by using a series of glass
filters spanning the measuring range of the spectrophotometer. Calibration
materials are available commercially and from the National institute of
Standards and Technology. Specific details on the use of such materials -
shall be supplied by the vendor; general information about calibration
techniques can be obtained from general reference books on analytical -
‘chemistry. The wavelength scale of the spectrophotometer shall read
correctly within’ +5 nm at all calibration points; otherwise, the
spectrophotometer shail be repaired and recalibrated. Once the wavelength

“scale of the spectrophotometer is in ‘proper cahbratlon, use 540 nm as.the -

~optimum wavelength for the measurement of the absorbance of the

" 'standards and sampies.

{2} Altematwely, a scanning procedure may be employed to determlne the
" proper measuring waveiength. If the instrument is a double- beam
- spectrophotometer, scan the spectrum between 530 and 550 nm uging. a 50 -
#g Cr6 standard scluticn in the sample cell and a reagent blank solution in
the reference cell. If a peak does not oceur, the spectrophotometer is
malfunctioning and shall be repaired. When a peak is obtained within the
530 to 550 nm range, the wavelength at which this peak occurs shail be the
optimum wavelength for the measurement of absorbance of both the '
standards and the samples. For a single-beam spectrophotometer, follow the
- scanning procedure described above, except that the reagent blank and
standard solutions shall be scanned separately. The optimum wavelength
shall be the wavelength at which the maximum differences in absorbance
between the standard and the reagent blank occurs. :

(3) Etther {1} run a series of chromium standards and construct a calibration
curve by plotting the concentrations of the standards against the
- absorbances or (2} if matrix effects require the method of standard additions
(see 17.2.1), plot added concentration versus abscrbance. I

{(4) Freshly make up each standard for Cr6 in a separate 50mL volumetric flask
starting with 35 mL of the same batch of NaOH solution reserved for its
sampie set. Then add an appropriate amount of Cr6 to each calibration
standard, starting with none for the zero standard. Then add 6N sulfuric
acid and diphenylcarbazide solution in the same manner as in sample
preparation
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11.5 Cr GF-AA Analytical Calibration Procedure

{1)

(3)

{4)

(5)

(6)

{7)

{8)

Calibration standards for total chromium shall start with 1 % viv HNO; with
no chromium for the reagent biank with appropriate increases in total
chromium concentration in the other calibration standards. The calibration
standards shall be prepared following the steps outlined for sampie
preparation in the analytical procedures,

Check standards shall be prepared in the same manner as calibration
standards. Check standards shall be prepared separately and independently
from the calibration standards and shali serve to protect against errors in the
preparation of the calibration standards. :

Either (1) run a series of chromium standards and reagent blanks and
construct a calibration curve by plotting the concentrations of the standards
against the absorbances or (2) if matrix effects require the method of
standard additions {see 17.2,1), plot added concentration versus
absorbance. For instruments that read directly in concentration, set the
curve corrector to read out the proper concentration.

Re-run the lowest calibration standard after approximately every 10 sample
injections. Standards are run in part to monitor the life and performance of
the graphite tube. Lack of reproducibility or a significant change in the signal
for the standards indicates that the tube shall be replaced.

Duplicates, spiked samples, and check standards shall be routinely analyzed.
This requirement is further specified in the quality assurance/quality control
procedures.

Calculate Cr concentrations (1} from a calibration curve, or (2) by the
method of standard additions, or (3} directly from the instrument's
concentration readout. All dilution or concentration factors shall be taken
into account. Concentrations reported for multiphased or wet samples shall
be appropriately qualified {e.g., 5 ug/g dry weight).

Calibration curves shall be composed of a minimum of a reagent blank and
three total chromium standards. A calibration curve shall be made for every
batch of samples, unless check standards remain within 10% of the last
calibration curve,

Dilute samples with reagent blank solution if they are more concentrated
than the highest standard or if they fall on the plateau of a calibration curve.
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12 S.AMPLING PROCEDURE

12.1

12.2

12.3

13

At all times during sampling and transport of sampies,'the PpH of the a'rnpmger solutions
shall be maintained above a pH of 8.0 as determined by the use of a ciean rod and
color indicating paper for pH. - '

Method 6 Sampling Procedure and Exceptions

Except where otherwise indicated in this method, all samples are collected from
the source by use of CARB Method. 5. Exceptions include a glass nozzle, a glass

.lined stainless steel probe, 0.1 N NaOH in the first two impingers, and a Teflon-
© . coated glass fiber filter. As shown in Figure 1, sample flow shall be through the
- - probe first, then the |mpmgers and then the fllter

Samplrng Runs |

. The performance of thlS test methed shall mclude three or more sampllng runs

The performance cnter:a documented in the pre-test protocol shall be used by the

.. test crew to maximize, in the test crew’s ;udgement the degree to which each

sampling.run oecurs during an interval or intervals of time during which the source.
facility operatlons are representatlve of the condltlons :ntended by the pre~test :
protocol. :

A na’rrative field log ,sﬁall be keptrby the sampling cr_e.w to document observations

which subsequently can be used by others to evaluate the the degree to which
the source facility operations are representative of the condlt:ons intended by the
pre-test protocol. »

Field Biank Run

The performance of this test method shall inciude one or more field blank runs.

Every step of the test method shall be followed for each field blank run with the
exception that sample gas shall not be withdrawn from the source facility by the
field blank train.

RECOVERY PROCEDURE

At all times during sampling and transport of samples, the pH of the probe rinse and
impinger solutions shall-be maintained above a pH of 8.0 as determined by the use of a

- clean rod and color indicating paper for pH.

13.1

Silica Gel 'Recovery

For stack gas moisture determination, weigh the spent silica gel or silica gel plus
impinger to the nearest 0.5 g using a balance. This step may be conducted in the
field.
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13.2

13.3

13.3.1

13.3.2

Probe Recovety

Rinse the probe with at least 100mL of 0.1 N NaOH : reasure and record . the
probe rinse volume and store the probe rinse in Coritairier 1. Transport the probe
rinse . to a clean room or to a site with laboratory conditions. Split the probe rinse
into two approximately equal volumes; measure and record the volume of each
split. Label one split for Cr6 analysis and label the other split for total Cr analysis.

Tinpinger and Filtar Recovery

This method does nét require impinger rinses.

~ The sampling and analytical personnel shall discuss the expected sample

cohcentrations and the analytical limits of detection for hexavalert and total
thromium. The impinger catch and filter shall be handled one of two ways
depending on these expectatiohs as directed below in the "Higher Concentrations”
and "Lower Conceritrations” sections below.

Higher Concentrations

i it is not considered important t6 minimize the dilution of any sample
component, then the contents of both impingers {*200mL total) shall be
combined and stored in container 2. (Measure the volume.) As soon as
possible, the filter is transported in a fiiter container to a site with laboratory
conditions where it shall be extracted in all of the impinger solution from'
Container 2. The extraction shall include shaking for a minimum of 30
minutes. The alkaline impinger mediumn will retard reduction of hexavalent
chromium, :

' Split the extract solution with half saved for Hexavalent chromium analysis
and half saved for total chromium analysis. Each sample split is ~ 100 mL.
{Measure the volumes.)

Lower Concentrations

If it is considered important to minimize the dilution of any sample

component, then the contents of each impinger {~ 100mL each) may be stored
in Containers 2 and 3. {Measure the volumes.) The filter shall be extracted

in only one of the impinger contents, whichever is suspected to have the
higher concentration. The extraction shall include shaking for a minimum of
30 minutes. The contents of the first impinger are stored in Container 2 and
those of the second impinger in Container 3. Whichever impinger contents
are not used for extraction shall be handled as a third sample recovery
requiring separate analyses. : - :

Split the extract solution with half saved for hexavalent chromium analysis
and half saved for total chromium analysis. Each sample split is “50 mL.
{Measure the volumes.) : :
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14 Cr6.1C-C ANALYTICAL PROCEDURES

The ion chromatograph shall be set up and operated accordmg to the instructions of
 .the manufacturer of the instrument. A generahzed dragram of the system confuguration
s shown in Flgure 1. :

14.1-

14.2

14,21 -

14.2:2

4.3

IC-C Preparation '

i any of the samples are suspected to contain particulate material, they shall be
filtered through a 0.45 ym or smaller pore size membrane filter prior to analysis.

IC-C Analysis
| Eluent Flow Rate
Adjust th.e_‘eluel.'zt ﬂéw rate to 1.5 mL/minute.
‘Post Cdlumn_Reagent Flow Rate
Adjust the post column coioﬁmétnc 'reage'nt flow raté tb 0.5 mL/ml.nute

The flow rate from the outlet line of the detector with the post co!umn
© reagent delivery system on shall be conflrmed to be 2.0 mL/mlnute

= IC-C Detectlon '

'Ab.sorbance of the colored product. formed by th.e reaction of the 1,5

diphenylcarbazide colorimetric reagent with Cré has been shown to be maximized
at 540 nm for the system described and with the reagents used. The cptimum -
wavelength for detection of the colored Cr6 derivative may vary depending on the
source and batch of reagents used, and may be determined experimentally for
each system by running z series of Cr6 standards at a range of wavelengths of
detection. Alternatively, or in addition, the peak of the absorption band of the

" colored product can be determined by preparing a Cr6 standard in eiuent, adding 1

part of the colorimetric reagent to 3 parts of the Cr6 spiked eluent, and recording
a plot of the absorption band using a scanning spectrophotometer. The
absorption band of the colored product is relatively broad, and for most
applications an adequate response can be attained at wavelengths of 530-540 nm
without the necessity of determining the exact wavelength of maximum
absorbance. :

15 Cr6 M-C ANALYTICAL PROCEDURES

15.1

15.1.1

M-C Preparation
Cr6 Reagent Blank Preparation

For each preparation, transfer 36 mL of solution to a 100mL beaker, adjust
the pH to 1.0 + 0.2 with 6N sulfuric acid, add 1.0 mL of diphenylcarbazide
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15.1.2

solution, dilute to volume with water in a 50 mL volumetric flask, and let
color develop for 10 minutes.

Hexavalerit'CHromium Sampié Preparation:

For:each preparation, transfer 35 mL of solution to a 100mL Beaker; adjust
the pH-to 1.0+ 0.2 with 6N sulfuric.acid, add:1.0 mL of diplienylcarbazide
solution, dilute to volume with waterin a:50 mL volumetric flask, and’let
color develop for- 10 minutes. (This:leaves at least' 15 mL of‘sample split: for
further analyses. The total volume ‘of 'samplé split- shall be: knewn at-this:
point:}’

15.2 " M:C Analysis:

(1

(2}

(4)

(8)

The analyst'shall filter the preparation for:clarity-at:this point: Medium
retention filter paper shall be used. The:fitter paper shall be-pre-wetted with
a few mL of reagent blank and samplé-preparation. This wilkprime the filter
so that it won't absorb color complex. :

Transfer a'portion-of the filtered preparation into a5 cm absorption cell.
Measure the abisorbance at the optimum-wavelength of 540 nm;
Subtract the sample blank absorbance reading. to-obtain a:net reading.

If the absorbance reading of a'sample preparation exceeds. the: calibration

range, dilute with reagent blank or re-measure using less of the-sample
preparation. (There shall be about 15ml remaining at this point.)-

16 Cr GF-AA ANALYTICAL PROCEDURES

16.1 Cr GF-AA Preparation

16.1.7

16.1.2

Cr Reagent Blank Preparation
For total ¢hromium; the reagent blank is an aliquot of 1%. HNO3.
Cr Sample Preparation

In a beaker, add TOml of concentrated nitric acid to the-sample: aliquot taken
for analysis. Cover the beaker with a digestion coverglass. . Place the
beaker on a hot plate and refiux the sample down to neéar dryness. Add
anothier SmL nitric acid to complete digestion. Reflux the sample volume
down to near dryness.

Wash down the beaker walls and digestion cover with distilled water and
filter the sample to rémove silicates and'oth'er insoluble material that could
clog the nebulizer. Filtration shall be dorie only if there is concern that
insoluble materials may clog the nébulizer. Adjust the volume to 50 mL or a
predetermined value based on the expected Cr concentrations. The final
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concentration of HNO, in the solution shall be 1 % (v/v). The sample is now
ready for analysis. The applicability of a sample preparation technique shall
"be demonstrated by analyzing spiked samples and/or re!evant standard
reference materials.

16.2 - Cr GF-AA Analysis

16.2.1 | * Total Chromium Analysis

{1)

(2)

13)

4

{8)

The 357.9—nm waveiength line shaH be used.

Follow the manufacturer's operating mstructfcms for all other.
spectrophotometer parameters, '

Furnace parameters suggested by the manufacturer shall be employed
as guidelines, Since temperature-sensing mechanisms and temperature
controliers can vary between instruments or with time, the validity of

- the furnace parameters shall be perlod[caily confirmed by systematlcally

altermg the furnace parameters while analyzing a standard. 'In this
manner, losses of analyte due to higher than necessary temperature

- settings or losses in sensitivity due to less than optimum settings can -

be minimized. Srmllar verification of furnace parameterq may be
reqmred for complex sample matnces '

‘Inject a measured ul. aliguot of preparation into the furnace and

atomize. If the concentration found exceeds the calibration range, the
sample shall be diluted in the same acid matrix and reanalyzed. The °
use of muitiple m;ectlons can improve accuracy and help detect furnace
pipetting errors.

Subtract a reagent blank readmg from a sample reading to obtaln a net
reading.

17 QUALITY ASSURANCE / QUALITY CONTROL {QA/QC)

17.1 Sampling QA/QC

17.1.1 Pre-Test Protocol

At a minimum, the QA/QC of the pre-test protocol shall include:

(1)
(2)
(3}

{4)

August 9, 1996
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limit of detection {LOD) based on four or more lab blanks
planned sampling flow rate
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17.1.2 Test Protocol
At a minimum, the QA/QC of the test protocol shall include:
{1) three or more sampling runs
{2) one or more field bianks

17.2 €r6 IC-C Analytical QA/QC

17.2.1 Check for Matrix Effects on the Cr6 Results

As the analysis for Cr6 by colorimetry is sensitive to the chémical
composition of the sample {matrix effects), the analyst shall chéck at least
one sample from each source using the following method: Obtain two equal
volume aliquots of the same sample solution. The aliquots shall each contain
between 6 and 10 ug of Cr6 (less if not possible). Spiké one of the aliguots
with an aliquot of standard solution that contains betweén 8 and 10 Ha of
Cr6. Now analyze both the spiked and unspiked sample aliquots as
described in "Cr6 IC-C ANALYTICAL PROCEDURES" above. Next, calculate
the Cr6 mass, in ug, in the aliquot of the unspiked sample solution, Cs, by
using Equation 425-9: : ‘

Cs = Cax|_AS_| ' 425-9
At -As
Where:
Cs = - Cré6 in the unspiked sample solution, yg.
Ca = Cr6 in the standard solution, ug.
As = absorbance of the unspiked sample solution:
At =  Absorbance of the spiked sample solution.

Velume corrections will hot be required since the solutions as analyzed have
been made to the same final volume. If the results of this method used on
the single source sample do not agree to within 10 percent of the value
obtained by the routine spectrophotometric analysis, then reanalyze all
samples from the source using the method of standard additions procédure.

17.2.2 Blanks

Four or more lab blanks shall be analyzed before any performance of tiis test
procedure. :

For each set of three field sampling runs, one or more associated field blank
runs shall be analyzed.

17.2.3 Duplicates

For each set of three field sampling runs, one or more samples shall be
injected in duplicate.
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17.3

17.3.1

17.4

If the difference between the determmed Cr6 concentrations of the sample
duplicates exceeds 5% of their mean value, the results for the associated
sampling runs shall be considered invalid.

Cr6 M-C Analytical 'QAIQC'

Check for Matrrx Effects on the Cré Results

As the anal\/SIs for Cr6 by coiorlmetry is sensitive to the chemlcat
composition of the sample (matrix effects), the analyst shall check at least
one sample from each source using the following method: Obtain two equal

‘volume aliquots of the same sample solution. The aliquots shall each contain

between 6 and 10 ug of Cr6 ({less.if not possible). Spike one of the: aliquots
with an aliquot of standard solution that contains between 6 and 10 1g of
Cr6. Now treat both the spiked and unspiked sample aliquots as described .

~ in Section 6.4.1 above. Next, calculate the Cr6 mass, in g, in the altquot of
' the unsplked sample solution, Cs, by using Equatlon 425-10: " :

'Cs = Cax _;{\_E__ S 42540
Where:
Cs =~ Cr6 inthe unsplked sample solution, HY.
- Ca = Cr6inthe standard solution, ug. .
As = absorbance of the unspiked sample solution.
At = Absorbance of the spiked sample solution.

Volume corrections wiit not be required since the solutions as analyzed have
been made to the same final volume. If the resuits of this method used on
the single source sample do not agree to within 10 percent of the value '
obtained by the routine spectrophotometric analysis, then reanalyze all
samples from the source using the method of standard additions procedure.

Cr GF-AA Analytical QA/QC

{1}

{2}

{3)

(4)

Employ a minimum of one matrix-matched sample blank per sample batch to
determine if contamination or memory effects are occurring.

Test the system with check standards after approximately every 15 samples.:

Run one duplicate sample for every 10 samples, providing there is enough
sampie for duplicate analysis, A duplicate sample is a sample brought
through the whole sample preparation. (See "Cr GF-AA ANALYTICAL
PROCEDURES")

Spiked samples or standard reference materials shall be used daily to ensure
that correct procedures are being followed and that all equipment is
operating properly. This will serve as a check on calibration standards, too.
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{5) Whenever sample matrix problems are suspected, the method of standard
additions shall be used for the analysis of all extracts, or whenever a new
sample matrix is being analyzed.

(6)  All quality control data shall be maintained for easy reference or inspection.

18 RECORDING DATA
18.1 Data Records

At a minimum, the tester shall maintain records of field, laboratory, and office
data sufficient to support recalculation of reported results by an auditor.

18.2 Narrative Account

At a minimum, the tester shall maintain a narrative account characterizing source
and testing operations during the source testing and analysis. In the narrative,
include the means by which the values of the source and testing parameters,
chosen for the pre-test protocol, were maintained; also include a narrative of
unplanned or unexpected events which caused a departure from the chosen
values.

19 CALCULATING RESULTS

Carry out the calculations, retaining at least one extra decimal figure beyond that of the
acquired data. Round off figures after final calculations.

19.1 Total Cr6 in the Sample Train {mCr6)
Calculate and report mCr6, the total ug Cr{Vl) in the sample train. This can be
obtained from the calibration curve or from the method of standard additions.
Note that mCr6 is the sum of the masses of hexavalent chromium analyses
performed on all sample portions. Also take into account any dilutions when
calculating mCr6.
Calculations shall include only sample portions which have values above the LOD.,
Do not subtract the LOD from the sample train values.

19.7.1 Cr6 IC-C Analytical Calculations

Report these calculations based on net values, as determined by the
instrument.

If instrument blank values are not automatically taken and subtracted by the
instrument, report these calculations based on net values, and report all
instrument blank values, too,

See below for determination of net values.
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19.1.2 . Cr6 M-C Analytical Caiculations

Report these calculations based on net values using Equation 425 11. Report
ali instrument blank values, too.

Net Value = Sampl_e Train Compbnent Value - Instrument Blank Value 425-11
18.2.  Total Crin the Sample Train (mCr)

Calculate and report mCr, the total ug of chromium in the sample train. This can

be obtained from the calibration curve or from the method of standard additions.
Note that mCr is the sum of the masses of total chromium analyses performed on

all sample portions. Also take into account the necessary dilutions. when

caicu!atmg out mCr.

Caiculations shall inc!ude .only. sambie portions which have values above the LOD.

Do not subtract the LOD from the sample train values.

Report these calculatlons based on net Values, and report ail instrument b!ank
values, too. S : : :

See above fqr detérmina'tion of net values.
18.3 ._ '_ Method B8 Testmg Parame%ers

*Except where otherwise noted in thlS method foliow the procedures of
ARB Method 5 to determme

{1) Standard Voiume of Gas Sample = {Vsample)
Typical units for 'Vsémp!e are dry standard cubic meters, dscm.
{2) Isokinetic Variation
(3) Standard Volumetric Flow Rate of Stack Gas = (Qstack)
Typical units for Qstack are dry staﬁdard cubic meters per hour, dscm/hour.
194 Cr6 Mass Emission Concentration = Cr6 MEC |

Calculate and report the Cr6 mass emission concentration in the stack gas, dry
basis, corrected to standard conditions, using Equation 425-12:
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19.56

19.6

19.7

Cr6 MEC = mCr6 + Vsample 425-12

Where:
Cré MEC =  Cr6 concentration in the stack gas, ng/dscm
mCr6 =  CrB mass in the sampling train, ng
Vsample =  stack gas volume sampled, dscm

Cr6 Mass Emission Rate = Cr6 MER

Calculate and report the Cr6 mass emission rate in the stack gas, dry basis,

cerrected to standard conditions, using Equation 425-13:

Cr6 MER = Cr6 MEC = Qstack 425-13
Where:
Cr6 MER =  CrB concentration in the stack gas, ng/dscm
mCr6 =  Cr6 mass in the sampling train, ng
Vsample =  stack gas volume sampled, dscm

‘Cr Mass Emission Concentration = Cr MEC

‘Calculate and report the Cr mass emission concentration in the stack gas, dry
basis, corrected to standard conditions, using Equation. 425-14;

Cr MEC = mCr + Vsample 425-14
Where:
Cr MEC =  Cr concentration in the stack gas, ng/dscm
mCr =  Cr mass in the sampling train, ng
Vsample =  stack gas volume sampled, dscm

Cr Mass Emission Rate = Cr MER

Calculate and rgpoft the Cr mass emission rate in the stack gas, dry basis,
corrected to standard conditions, using Equation 425-15:

Cr MER = Cr MEC x Qstack 425-15

Where:
Cr MER =  Cr concentration in the stack gas, ng/dscm
mCr =  Cr mass in the sampling train, ng
Vsample =  stack gas volume sampled, dscm
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20 REPORTING RESULTS -

20.1

202

20.3

21

21.1

21.2

Calculated Results

At a minimum, the tester shall report ail caI'cu!a‘ted_ resuits required above. Also,

as required by the end user of the test results, the tester shall include specified
data records, as described above. : :

Ciea'rly distihgu.iéh éample' runs for which C-rG or Cr were DETECTED ébove the

LOD from sample runs for which Cr6 or Cr were NOT DETECTED above the LOD.

- Narrative Account

At a minimum, the tester shalt report a narrative account characterizing source .
and testing operations during the source. testing and analysis. In the narrative,

include the means by which the values of the source and testing parameters,.
~ chosen for the pre-test protocol, were maintained; also include a narrative of
unplanned or.unexpected events which caused a departure from the.chosen
* valuss, S _ iRl IR !

Finai Calculation of Source Rep_ortiné L'imit (SRLD -

' " Equation 425-14 shall be used to calculate the SRL. This equation is adapted from

the pre-test protoc'_:o_E; actuat values shall be substituted for the pre-test values.

osRL = ARL o se
ASV. | G2
Where:
SRL = source concentration reporting limit, ng/dscm .
ARL = actual reporting limit, ng
ASV = _ actual sample volume, dscm

ALTERNATIVE TEST METHODS

Direct Measurement of Gas Volumes through Pipes and Smalil Ducts

Air Resources Boar'd Method 2A may be used, where applicable, as an alternative
to pitot tube methods specified in Method 5, as referenced herein,

Other Impinger Solutions {instead of NaCH)

0.1 N KOH may be substituted for 0.7 N NaOH in the impinger solution. Cther
substitutions, e.g. NaHCO4, may be made provided that at all times during
sampling and transport of samples, the pH of the impinger solutions shall be
maintained above a pH of 8.0 as determined by the use of a clean rod and color
indicating paper for pH. '
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21.3 Total Chromium Determination by Flame Atomic Absorption Spectroscopy

For high total chromium concentrations which are within the detection range of
flame atomic absorption spectroscopy, this analytical method fmay be used instead
of the furnace type method specified in these pages. This optioh applies enly to

. the analysis of total chromium. The remainder of the test method shall b
performed as specified.

21.4 Other Methods

Alternative test methods may be used provided that they are gguivaient to
Method 425 and approved in writing by thé Executive Officer of the California Air
Resources Board. The ARB Executive Officer may fequire the submittal of test
data or other information to demonstrate eqguivalericy.

22 REFERENCES

(1} US. Environmental Protection Agency/Office of Solid Waste, Washington, D.C.,
. "Test Methods for Evaluating Solid Wastg; Physical/Chemical Methods," Method
7191 SW-846 (1986}, Third Edition.

(2) EPA Method 5, Determination of Particulate Emissions from Stationary Sources,
CFR 40, Part 60, Appendix A.

(3) (Draft) Laboratory and Field Evaluations of Methodology for Determiining
Hexavalent Chromium Emissions from Staticniary Sources; Prepared by: Anna C,
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Contract No. 68-02-4550; Prepared: for; Dr. Joseph E. Knoll, United States
Environmental Protection Agency, Quality Assurance Division, Reséarch Triangle
Park, North Carolina: 27711, UNDATED.

23 FIGURES

The foll'ow'in'g figures summarize features of this: method:

Figure: 1. ' )
Sample Collection: and Recovery for Hexavalent and Total Chromium.

Figure: 2.
Hexavalent: Chromium. Analysis:

Figure: 3.
Total: Chromium Analysis
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. F:gure 1.
Sample Collection and Recovery for Hexavalent and Total Chromlum

" 0.1 N NaOH rinse at lab ~ 0.1 N NaCH impingers

!
.
|

contalner 1 o contamer 2 '

glass lined metal probe.

21 OOmL : ' T —200mL
- Extract fifter in 0.1 N «+ Mote: o *e
NaQH impinger solution. | | . The filter should be combined
e : ~ | with the impinger fiquid at the
v Lo SRR R - sample site if a clean room is
ceplt . o St splt - - available. The voilumes of -

liquid in aach of the.containers - |
and in each of the splits must
ba measured and recorded.

™ =

probe impinger probe impinger
rinse liquid & rinse liquid &
\ fiter \ filttar

Hexavalent Total |
Chromium

Analysis

Chromium
Analysis

|
i
\
1
|
i
i
|

Note:
Contingently, the pmtocol
for hexavalent chromium
can require exiraction of the oy
filter in the first impinger and
analysis of three samples; See Figures 2 & 3.
{1) probs rinse,
(2) first impinger liquid &
fitar, and
{3) sscond impinger fiquid,

W5 F1 0595 Loop

August 9, 1996 Proposed M425 - Page 33



Figure 2.
Hexavalent Chromium Analysis

Note:

Continigently, the protocol
for hiexavalent chromium
 can require extraciion: of the

filter in the first impinger and
analysis of three samples:

(1); probe rinss; '

{2): first impinger liquid &

~ fiter, and
{3): second impinger liquid.

———» See Figure 1,

Examp ke stiown. & for:
two separate dnalyses.

7Y

probe im‘;‘:iiji‘ér.-
rinse. liquid &
fittar

Transfer ~ 35 mL to a. 100: 1L, Baaker.

;

Adjust pH:to 1.0+0.2-withi 6.N:sutfuric acid and
add'1.0. mt: diphenylcarbizide sotution:

¥

. Transtar to a 50 mb volumatric flask and diluta to volume with water;
let calor develop for 10 minutes.

U

Pro-wet mediur retention fitter paper w’rth-_é_\ few. ml: each of ;
"~ (1) reagent blank first and:then:
{2) sample:

* - -

" Fiiter to remove suspendadsolids:

K

Maasure absorbarice of a sample aliquot and a reagant blank aliquot at
’ 540 ridnometars. :

* .

It réading.is off of. tha calibration-lifie,
dilute with reagent blank or
remeasure using lass of remaining sample.
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Figure 3.
Total Chromium Analysis

Notea:

Contingently, the protoco!
for hexavalent chromium :
can require extraction of the
© filter in the first impinger and
analysis of three samples:
(1} probe rinse, . .
(2) first impinger liquid &
fitter, and o

—— See Flgure 1.

- (3) second impinger liquid.

\

Example shown Js for
~ two separate analyses.

N\
po [ nef

probe’ inpinger
rinse liquid &
' tiltter

Add 10 'néL-nitric acid - - - raflux to near dryness.

|

Add 5 mL nitric acid - - - reflux to near dryness.

|

Transfer to a volumetric flask and
adjust to a pre-determined voiume.

|

Inject a measured aliquol in
mL amounts into a furnace type .
atomic absorption spactrophotomater.

i

l

Maasura absorbance of a sample aliquot and a reagent biank afiquot at
357.9 nanometers.
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ERRATA

State of California
California Environmental Protection Agency
Air Resources Board

Method 429

Determination of Polycyclic Aromatic Hydrocarbon (PAH)
Emissions from Stationary Sources

Adopted: September 12, 1989
Amended: [insert date of amendment]

It is proposed that the content of ARB Method 429, Determination of Polycyclic Aromatic
Hydrocarbon (PAH) Emissions from Stationary Sources, adopted September 12, 1989, be
deleted and replaced by the following revised content. For the text of the current test
procedure, which is proposed to be replaced, contact Mr. George Lew, Air Resources Board,
Monitoring and Laboratory Division, P.O. Box 2815, Sacramento, California 85812, telephone
{916) 263-1630. ‘
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Method 429

Determination of Polycyclic Arbmatic'Hydrocarbon (PAH)
Emissions From Stationary.-Sources .

1. . INTRODUCTION
11 APPLICABILITY

This method applies to the determination of nineteen polycyclic aromatic
hydrocarbons (PAH) in emissions from stationary sources. These are listed in

. Table 1. The sensitivity which can ultimately.be achieved for a given sample will
depend upon the types and concentrations of other chemical compounds in the
sample as well as the ‘criginal sample size and instrument sensitivity.

Any modification of this method beyond those expressly permitted shall be
considered a major modification subject to approval by the Executive Officer of
the California Air Resources Board or his or her_ authorized representative. -

1.2 PRINCIPLE

Particulate and gaseous phase PAH are extracted isokinetically from the stack
and collected on XAD-2 resin, in impingers, or in upstream sampling train

- components (filter, probe, nozzle).” Only the total amounts of each PAH in the
stack emissions can be determined with this method. it has not been
demonstrated that the partitioning in the different parts of the sampling train is
representative of the partitioning in the stack gas sample for particulate and
gaseous PAH. ' ' '

The required analytical method is isotope dilution mass spectrometry combined
with high resolution gas chromatography. This entails the addition of internal ‘
standards to all samgples in known quantities, matrix-specific extraction of the
sample with appropriate organic solvents, preliminary fractionation and cleanup
of extracts and analysis of the processad extract for PAH using high-resolution
capillary column gas chromatography coupled with either jow resolution mass
spectrometry {HRGC/LRMS), or high resolution mass spectrometry
(HRGC/HRMS). To ensure comparable results, the same MS method must be
used for samples collected at all tested locations at those sources where more
than one location is tested. '

Minimum performance criteria are specified herein which must be satisfied to
ensure the quality of the sampling and analytical data.

1.3 DEFINITIONS AND ABBREVIATIONS
1.3.1 Internal Standard
An internal standard is a 2H-labelled PAH which is added to all field samples,

blanks and other quality control samples before extraction. It is also present
in the calibration solutions. Internal standards are used to measure thea
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13.2

1.3.3

1.3.4

1.3.5

1.3.6

1.3.7

concentration of the analyte and surrogate compounds. There is one internal
standard assigned to gach of the target analytes and surrogates.

Surrogate Standard

A surrogate standard is a labelled compound added in a known amount to the
XAD 2 resin of the sampllng tram and allowed to equmbrate wrth the matnx
before the gaseous emissions are sampled. The surrogate standard has to be
a component that can be compietely resolved rs not present in the sample
and does not have any interference effects Its measured concentration in
the extract is an rndrcatron of the how effectlvely the samplmg train retains
PAH collected on the XAD-2 resin. The recovery of the surrogate standards
in the field blanks can be used to determlne whether there are any matnx
effects caused by time or condltlons under which the sample is transported
and stored pnor to analysis.

Alternate Standard

An alternate standard is a 24- labelled PAH compound which is added to the
impinger contents prior to extraction to estrmate the extraction eff;crency for
PAHs i in the lmpmger sample

_R_er_:ov,ery Standard

A recovery standard is a 2l-l-lal:leiled PAH compound which s added to the
extracts of all field samples, blanks, and quality control samples before
HRGCIMS analysrs It is also present in the callbratlon solution. The
response of the internal standards relatlve to the recovery standard is used to
estimate the recovery of the rnternal standards The internal standard
recovery is an mdrcator of the overall performance of the analysps

Relative Response Factor

The relative response factor is the response of the mass spectrometer to a
known amount of an analyte or labelled compound (internal standard or
surrogate standard} relative to a known amount of an internal standard or
another Iabelled compound (recovery standard or rnternal standard)

Performance Standard

A performance standard is a mixture of known amounts of selected standard
compounds Itis used to demonstrate contrnued acceptable performance of
the GC/MS system. These checks :nclude system performance checks,

calrbratron checks, quahty checks matnx recovery, and surrogate recoveries.

Performance Evaluation S,am.ple

A performance evaluation sample is one prepared by EPA or other -
laboratorres that contains known concentrations of method analytes, and has
been analyzed by multrple laboratories to determine statlstlcally the accuracy
and precision that can be expected when a method is performed by a
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competent analyst. Concentrations must be in the same range as typlcal
field samples Analyte concentrations are not known by the analyst

1.3.8 - Laboratory Control Sample

A laboratory contrél sample is one that contains known concentrations. of .
method analytes that is analyzed by a laboratory to'demonstrate that it can
obtain acceptable identifications and measurements with procedures to be
used to analyze field samples containing the same analytes. Analyte -
concentrations are known by the analyst. The laboratory must prepare the -
control sample from stock standards prepared independently. from-those used
for calibration,

1.3.9  End User

The regulating agency shall be considered the end user if this test. method is

" conducted for regulatory purposes, or the. regulating agency shall designate.
the end user for the purposes of this method. Otherwise the end user shall
be the party who defrays the cost of performing this test method. In any
case, the pre-test protocol (Section 2} must identify the end user.

1.3.10 - Tester

Usually the tester is a contract englneermg flrm that performs the sampling

" procedures and delegates responsibility for specific analytical procedures'to
an analytical group (usually part of a subcontracting Iaboratory firm). In
some cases, the tester may be part of the regulating agency. The tester shall
be the party ultimately responsible for the performance of this test method
whether directly or indirectly through the co-ordination of the efforts- of the
analytical group and the efforts of the samphng group

1.3.11 Analyst

This term refers to the analytical group that performs the analytical -
procedures to generate the requrred analytical data.

1.3.12 Source Target Concentration

This is the target concentration for each emitted PAH of interest specified by
the end user of the test results. The target concentration shall be expressed
in units of mass of target substance per volume of emissions; typical units
are nanograms per.dry standard cubic meter or mlcrograms per dry standard
cubic meter {ng/dscm or ,ug/dscm}

1.3.13 The Method Detection Limit

The method detection limit (MDL) is based on the precision of detection of
the analyte concentration near the detection limit, It is the product of the
standard deviation of seven replicate analyses of resin samples spiked with
low concentrations of the analyte and Student's t value for 6 degrees of
freedom at a confidence level of 99 %.
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1.3.14

2.1

2.1.1

2.1.2

The Practical Quantitation Limit

The practical quantitation limit (PQL) is a limit for each compound at or below

“which data must not be reported. It is the minimum sample mass that must

be collected in the sampling train to allow detection during routine laboratory
operation within the precision limits established by the MDL determination.
The PQLs will be estimated at 5 times the MDL for those PAH that are not
contaminants of the resin. The PQL for the remainder will be estimated at 5§
times the blank XAD-2 resin level.

THE SOURCE TEST PROTOCOL

Every performance of this test methed shall have an identified operator of the
source to be tested, an identified end user of the test method results, and an
identified tester who performs this test method. Figure 1 is a summary of the
responsibilities of the parties involved in the coordination and performance of the
source test. The protocol for the entire test procedure should be understood and
agreed upon by the responsible parties prior to the start of the test.

RESPONSIBILITIES OF THE END USER AND THE TESTER

The End User

Before testing may begin, the end user of the test results (1 .3.9) shall specify
a source target concentration for each of the PAH to be determined by this
method using the guidelines of Section 2.2.1.

The end user shall approve the source test protocol only after reviewing the
document and determining that the minimum pre-test requirements (Sections
2.2 to 2.5 ) have been met.

The Tester

The tester (1.3.10) shall have the primary responsibility for the performance
of the test method, and shali co-ordinate the efforts of the analytical group
and the efforts of the sampling group.

The tester shail be responsible for the selection of an analyst with
documented experience in the satisfactory performance of the method. The
tester shall obtain from the analyst all of the analytical data (Section 2.3)
that are required for pre-test calculations of sampling parameters.

Before performing the rest of this method, the tester shall develop and write
a source test protocol {Section 2.2) to help ensure that useful test method
results are obtained. The tester shall plan the test based on the information
provided by the end user, the results of pre-test surveys of the source, and
the tester’s calculations of target source testing parameters {Section 2,2).

The tester shall be responsible for ensuring that all of the sampling and
analytical reporting requirements (Section 10) are met.
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2.1.3

2.2

- testing parameters:

The Analyst

The analyst shé_ll be responsible for performing all of the required analytical _
. procedures described in this test method and reporting the results asrequired

by Sections 2.3, 4.2.1, 4.2.2,10.1.1, 10.1.2, 10.1.3, and 10.2).

PRE-TEST REQUIREMENTS .~

‘The source test protocol shall specify the test performance criteria of theend - -

user and all assumptions, required data and calculated targets for the following

{1} source target concentration of each emitted PAH of interest (2.2.1),
{2) preliminary anéiytical data (2.3) for each target PAH, and

{3) planned samplli_ng parametars (2.5.4, 2.5.5, and 2.5.6).

The protocol m'ust'_demor_':stra_te that the t'estihg parameters calculated by the

tester will meet the needs of the end user. The source test protocol shall
describe the procedures for all aspects of the source test including information

- on supglies, logistics, personnel and. other resources necessary for an efficient

2.2.1

2.2.1.1

2.2.1.2

‘and coordinated test. -

‘The source test protocol shall identify the end user of the resuits, the tester, the

analytical group, and the sampling group, and the protocol shall be signed by the -

-end user of the results and the tester.

The tester shall not proceed with the performance of the remainder of this
method unless the source test protocol is signed by the tester and the end user.

Source Target Concentration (STC)

The tester shall not proceed with the test unless a target concentration has
been chosen. This will be the primary reporting objective of the emissions
test. The end user shall select a basis for determining each target
concentration from: a) regulatory limits, b) environmental risk assessments,
and {c) the interests of the end user, the tester, and the stationary source.,

Regulatory Limits

The regulatory limit shall be the basis for determining a target
concentration for stationary source emissions in those cases where the
purpose of the emissions test is to demonstrats compliance with the
established regulatory limit. '

Environmental Risk Assessments

In some cases testing is conducted for an environmental risk
assessment. A pre-test estimate of the permissible risk shall then be
used to determine the target concentration for stationary source
emissions, :
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2.2.1.3

2.3

2.3.1

Note that some risk assessment methodologies will assume that a PAH
is present at the detection limit or one half of the detection limit even
when the compound is not detected. This is inappropriate for planning
for the performance of the test method because by definition a
substance cannot be detected at one half of its detection limit. In such
cases, the target sampling parameter must be the maximum practical
sample volume.

Interests of the End User, the Tester and the Stationary Source

In cases where the emissions test is not being performed to demonstrate
compliance with a reguiation, nor is it required for a risk assessment,
the end user may use emissions results from previous tests of the
facility or from similar facilities.

If estimates of the emissions are not availble, the tester must conduct a
preliminary test at each emissions point of interest. This target
concentration is necessary for the calculation of the target sampling
parameters required by Section 2.5. Therefore, the emissions measured
during the preliminary test must be representative of source operation.
The tester must document operating conditions, and know from
historical data, the extent to which the resuits of this preliminary run are
representative of emissions from the source. This will regquire
documentation of operating conditions during the preliminary test, and a
knowledge of the potential variability in emissions with differences in
source operation. '

As an alternative to conducting a preliminary test, the end user may
specify, as a sampling target, the longest practical sampling time so as

to obtain the lowest practically achievable source reporting limit .
{Section 2.5.6).

REQUIRED PRELIMINARY ANALYTICAL DATA

Results of Blank Contamination Checks

The tester must obtain from the analyst the results of the PAH contamination
checks.. The analytical report must satisfy the reporting requirements of
Sections 10 and 10.1.

The analyst shall use the procedures described in Sections 4.2.1 and 4.2.2 to
clean the sampling media (filters and XAD-2 resin} and check for PAH
contamination.

Table 3 shows the results of analyses of different lots of re-cleaned XAD-2
resin. The purpose of this table is to show typical variability. Actual resuits
may vary from one test to another. '
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232

2.3.3

24

2.5

2.5.1

2.5.2

The Method Detection Limit

The method detaction fimit (MDL) must be determined by the same analyst
(1.3.11) that wili perform the analyses subsequent to sampling. Before
estimating the method detection limit { MDL)}, the analyst shall identify those
PAH that are contaminants of the XAD-2 resin using the procedures i
described in Sections 4.2.2.1 t0 4.2.2.4. The analyst shall determine the
MDL as described in Section 8.3 and Appendix A. ‘ :

The Practical 'QUan_titation Lirnit

The analyst shall calculate the practical quantitatibn_ limits (PQLs) for the
target PAH. This value will be & times the MDL or 5 times the XAD-2..
- background level for those compounds that have been identified by.the -

analyst as contaminants.

Table 2 lists practicai quantitation limits obtained during ARB’s development
of this method. The values for the PQLs wil! vary with the performance of

~ individual laboratories. Therefore, the tester must obtain PQL values for all of
the target analytes from the analyst . : ' S

EXPECTED RANGE IN TARGET CONCENTRATIONS OF INDIVIDUAL PAHSs

The PAH compounds in a source test sample can show large differences in
concentrations. A sample that might provide sufficient analyte for the detection
and quantitation of the lowest concentration PAH could contain levels of other
PAHSs that exceed the upper limit of the method., '

In some cases the solution is two GC/MS injections - first with the undiluted
extract, and then again after appropriate dilution of the extract. At other times
the required minimum dilution might be so farge as to result in the reduction of
the internal standard response below the minimum required by the method. With
prior notification of expected levels of the target analytes, the analyst can modify
the preparation of the samples so that useful results might be obtained. Al
major modifications must be approved by the Executive QOfficer.

SAMPLING RUNS, TIME, AND VOLUME
Sampling Runs

A test shall include at least three sampling runs in series and a blank _
sampling train.

Minimum Sample Volume {(MSV)

This is the minimum sample volume that must be collected in the sampling
train to provide the minimum reportable mass of PAH for gquantitation. it
must be based on a) the practical quantitation limit (2.3.3), b) the source
target concentration {2.2.1), and ¢) sampling limitations. Use Equation
429-1 to calculate the target MSV for sach PAH analyte.
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429-1
MSV(dscm) =PQL x 1 _

STC
Where:
PQL = The practical quantitation limit, ng/sample (Section 2.3.3)
STC = The source target concentration, ng/dscm (Section 2.2.1) |
2.5.3 Minimum Sampling Time (MST}

This is the minimum time required to collect the minimum sample volume at
the expected average volumetric sampling rate (VSR). Use Equation 429-2
-to calculate the minimum sampling time (MST) required to collect the
minimum sample volume calculated in Section 2.5.2. The tester must use an
average volumetric sampling rate (VSR) appropriate for the source to be

tested.
' _ Msv 1 1 429-2
MST (hours} V&R b 5028377 X 5
Where:
VSR Expected average volumetric sampling réte, dscfm

60 = Factor to convert minutes to hours
0.028317 = Factor to convert dscf to dscm

The end user must décide whether the MSTs are all practically feasible and
whether they can be increased to allow for any deviation from the sampling
and analytical conditions assumed by the test plan. Based on this decision,
the tester must use either Section 2.5.4 (a) or 2.5.4 (b} to calculate a
planned sample volume {PSV).

2.5.4 Planned Sample Volume {PSV)

This is the volume of emissions that must be sampled to provide the target
analytes at levels between the PQL and the limit of linearity. The planned
sample volume is the primary sampling target whenever practically feasible.
The PSV is calculated according to either 2.5.4 (a) or 2.5.4 {b):

{a) If the end user has decided that the MSTs can be increased, the
tester must use Equation 429-3 to calculate the PSV using the largest
of the 19 MSV values calculated in Section 2.5.2. and the largest
value for F that will give a practically achievable sample volume that
provides the target analytes at levels between the PQL and the limit
of linearity. Use this PSV to calculate the planned sampling time
{Section 2.5.5 a) and Equation 429-6.

{(b) If the MSTs are not all practically achievable, the tester and the end
user must agree on a maximum practical sampling time
(Section 2.5.5b). This value must then be used for the PST in
Equation 429-4 to calculate the PSV. The tester must identify in the
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source test protocol the target analytes for which the PSV is lower.
than the MSV. The primary reporting objective of the test cannot be
achieved for those analytes. If the primary reporting objective cannot

- be achieved for all of the target analytes, it must be discussed in the

protocol and the alternative reporting objectlve (Sectnon 2.5.6) must
be approved by the end user of the results.

-The vofume of sample that is actually collected will be determined by

practical sampling limitations, the intended use of the data and the

" level of uncertainty that the ‘end user-can tolerate in the measurement

of the target concentrations. This uncertainty w:ll decrease as the

- value of F (Equation 429-5) increases.

‘ 429-3
~PSVidscm) =MSV x F.
| o 4294
PSVi{dscm) =PST x VSR -
e - PSV R 4295
' M8V '
Where:
PST = Planned sampling time from Secti_on: 2.5.5 o
F = A safety factor {> 1) that allows for deviation from ideal sampling
and analytical conditions :
2.5.5 Planned Sampling Time (PST)

Two options are available for calculating the planned sampling time
depending on whether the primary objective can be achieved for all of the
target analytes.

{a)

(b}

August 9, 1996 -

The planned sampling time (PST) shall be long enough to 1) coliect
the planned sample velume with reportable levels of the target
anzlytes and 2) sample representative operating conditions of the
source. If the average sampling rate (VSR) used to estimate the
planned sampling time cannot be achieved in the field _
{Section 4.4.4.1), the sampling time must be recalculated using the
actual VSR and the target PSV in equation 429-6.

The planned sampling time shall be a practical maximum approved by
the end user and it shall be long enough to sample representative
operating conditions of the source. _

PSV 1 1 4239-6

PST(hours) = Usg X 5028377 < 50
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2.5.6

2.5.7

Preliminary Estimate of Source Reporting Limit {(SRL}

Before the test proceeds, the end user and the tester shall agree on a
preliminary estimate of the source reporting limit for each target PAH. The
SRL shall be calculated using Equation 429-7. The planned sample volume
will contain reportable levels of a given analyte if that analyte is present in
the emissions at a concentration that is equal to or greater than the
calculated SRL.

. POL 429-7
SRL{ng/dscm) Py
Where:
SRL = Preliminary estimate of source reporting limit, ng/dscm
PQL = Practical quantitation limit, ng
PSV = Planned sample volume, dscm

Example Calculations

Figure 9 B is an example of the minimum required calculations of sampling
parameters for the source test protocol.

INTERFERENCES

Interferences may be caused by contaminants in solvents, reagents, sorbents,

glassware, and other sample processing hardware that lead to discrete artifacts
and/or elevated backgrounds at the ions monitored. Ali of these materials must
be routinely demonstrated to be free from interferences under the conditions of
the analysis by running laboratory reagent blanks as described in Section 6.1.1.

The use of high purity reagents and solvents helps to minimize interference
problems. Purification of solvents by distiliation in all-glass systems may be
required.

Transformation of PAH and the formation of artifacts can occur in the sampling
train. PAH degradation and transformation on sam pling train filters have been
demonstrated. Certain reactive PAH such as benzolalpyrene,
benzolalanthracene, and fluoranthene when trapped on filters can readily react
with stack gases. These PAH are transformed by reaction with low levels of
nitric acid and higher levels of nitrogen oxides, ozone, and sulfur oxides.

PAH degradation may be of even greater concern when they are trapped in the
impingers. When stack gases such as sulfur oxides and nitrogen oxides come in
contact with the impinger water they are converted into sulfuric acid and nitrig
acid respectively, There is evidence that under such conditions certain PAH will
be degraded. It is recommended that the PAH levels in the impingers be used as
a qualitative tool to determine if breakthrough has occurred in the resin.
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4.1

SAMPLING APPARATUS._MATERIALS AND REAGENTS

SAMPLING APPARATUS

The sampling train components listed below are required. The tester may use.an
alternative to the required sampling apparatus only if, after review by the

Executive Officer, it is deemed equivalent for the purposes of this test method.

- Mention of trade names or specific products does not constitute endorsement by

the California Air Resources Board. in all cases, equivalent items from. other

- . suppliers may be used.

4.1.1

4.1.2

" following sections.

A schematic of the samprlihg train is shown in Figure 2. The train consists of

nozzle, probe, heated particulate filter, condenser, and sorbent module followed

by three impingers and a silica gel drying cartridge. An in-stack filter may not be

used because at the in-stack temperatures the filter material must be. of a
material other than the Teflon required by the method. A cyclone or similar
device in the heated filter box may be used for sources emitting a large amount
of particulate matter. _ _ . : : -

- For sources with a high moisture ¢ontent, a water trép may be placed between
" the heated filter and the sorbent module. Additional impingers may also be
" placed after the sorbent module. [f any of these options are used, details must

be provided in the test report. The train may be constructed by adaptation of an
ARB Method 5 train. Descriptions of the train components are contained in the

Probe Nozzle

Quartz, or borosilicate glass with sharp, tapered leading edge. The angle of
taper shail be 30° and the taper shail be on the outside to preserve a
constant internal diameter. The probe nozzle shall be of the button-hook or
elbow design, unless otherwise approved by the Executive Officer.

A range of sizes suitable for isokinetic sampling should be availabie, e.g.,
0.32 10 1.27 cm (1/8 to 1/2 in.) - or larger if higher volume sampling trains
are used - inside diameter (ID} nozzles in increments of 0.16 cm {1/16 in.).
Each nozzle shali be calibrated according to the procedures outlined in

- Section 5.1 of ARB method 5.

Probe

The probe should be lined or made of Teflon, quartz, or borosilicate glass.
The liner or probe is to provide an inert surface for the PAH in the stack gas.
The liner or probe extends past the retaining nut into the stack. A . '
temperature-controiled jacket provides protection of the liner or probe. The
liner shall be equipped with a connecting fitting that is capable of forming a
leak-free, vacuum tight connaction without the use of sealing greases.
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4.1.3

4.1.4

4.1.5

4.1.6

4.1.7

4.1.8

Preseparator

A cyclone, a high capacity impactor or other device-may be used if
necessary to remove the majority of the particles before the gas stream is
filtered. This catch must be used for any subsequent analysis. The device
shall be constructed of quartz or borosilicate glass. Other materials may be
used subject to approval by the Executive Officer.

Filter Holder

The filter hoider shall be constructed of borosilicate glass, with a Tefion frit
or Teflon coated wire support and glass-to-glass seal or Teflon gasket. The
holder design shall provide a positive seal against leakage from the outside or
around the filter. The holder shall be attached immediately at the outlet of
the probe, cyclone, or nozzle depending on the configuration used. Other
holder and gasket materials may be used subject to approval by the Executive
Officer,

Sample Transfer Line

The sample transfer line shall be Teflon (1/4 in. 0.D. x 1/32 in. wall) with
connecting fittings that are capable of forming leak-free, vacuum tight
connections without using sealing greases. The line should be as short as
possible. :

Condenser

The condenser shall be constructed of borosilicate glass and shall be
designed to allow the cooling of the gas stream to at least 20°C before it
enters the sorbent module. Design for the normal range of stack gas
conditions is shown in Figure 3. '

Sorbent Module

The sorbent module shall be made of glass with connecting fittings that are
able to form leak-free, vacuum tight seals without the use of sealant greases
(Figure 3). The vertical resin trap is preceded by a coil-type condenser, also
oriented vertically, with circulating cold water. Gas entering the sorbent
module must have been cooled to 20 °C (68°F) or less. The gas temperature
shall be monitored by a thermocouple placed either at the inlet or exit of the
sorbent trap. The sorbent bed must be firmly packed and secured in place to
prevent settling or channeling during sample collection. Ground glass caps
(or equivalent) must be provided to seal the sorbent-filled trap both prior to
and following sampling. All sorbent modules must be maintained in the
vertical position during sampling. h

Impinger Train
Connect three or more impingers in series with ground glass fittings able to

form leak-free, vacuum tight seals without sealant greases. All impingers
shall be of the Greenburg-Smith design modified by replacing the tip with a
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'4.1.9

4.1.10

4.1.11

4.1.12

4.7.13

1.3 cm {1/2 in.) I.D. glass tube extending'to 1.3 cm (1/2 in.}from the bottom
of the flask. .

The first impinger may be oversized for sampling high moisture streams. The
first and second impingers shall contain 100 mL of 3 mM sodium bicarbonate
{NaHCOQ3) and 2.4 mM sodium carbonate Na,CO4) (Section 4.2.5). Thisis -
intended to neutralize any acids that might form in the impingers. The third
impinger shall be empty. Silica gel shall be added. to the fourth impinger.

A thermometer which measures temperatures to within 1°C. (2°F), shall be

~placed at the outlet of the third impinger.

Silica Gel Cartridge

This may be used instead of a fourth impinger. It shall be sized to ho!d 200

to 300 gm of silica gel. :

Pi_tot Tube

- Type S, as described in Section 2.1 of ARB Method 2 or other devices

approved by the Executive Officer. The pitot _tube shall be attached to the
probe extension to allow constant monitoring of the stack gas veiocity as

-Tequired by Section 2.1.3 of ARB Method 5. When the pitot tube cccurs

with other sampling components as part of an assembly, the arrangements
must meet the specifications required by Section 4.1.1 of ARB Method 2.
Interference-free arrangements are illustrated in Figures 2-6 through 2-8 -of
ARB Method 2 for Type & pitot tubes having external tubing diameters :
between 0.48 and 0.85 ¢m (3/16 and 3/8 in.).

Source-sampling assemblies that do not meet these ‘minimum spacing
requirements {or the equivalent of these requirements) may be used only if
the pitot tube coefficients of such assemblies have been determined by
calibration procedures approved by the Executive Officer.

Differential Pressure Gauge

Two inclined manometers or equivalent devices; as described in Section 2.2
of ARB Method 2. One manometer shall be used for velocity head (AP)
readings and the other for orifice differential pressure readings. '

Metering System

Vacuum gauge, leak-free pump, thermometers accurate to within 3°C
{5.49F), dry gas meter capable of measuring volume to within 2 percent, and
related equipment, as shown in Figure 2. Other metering systems must meet
the reguirements stated in Section 2.1.8 of ARB Method 5.

Barometer

Mercury, aneroid, or other barometer capable of measuring atmospheric
pressure to within 2.5 mm Hg (0.1 in. Hg). In many cases, the barometric
reading may be obtained from a nearby naticnal weather service station, in
which case the station value (which is the absolute barometric pressure} shall
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be requested and an adjustment for elevation differences between the
weather station and sampling point shail be applied at a rate of minus 2.5
mm Hg (0.1 in. Hg) per 30 m {100 ft) elevation increase or vice versa for
elevation decrease.

4.1.14 Gas Density Determination Equipment

Temperature sensor and pressure gauge, as described in Section 2.3 and 2.4
of Method 2, and gas analyzer, if necessary, as described in Method 3. The
preferred configuration and alternative arrangements of the temperature
sensor shall be the same as those described in Section 2.1.10 of ARB
Method 5.

4.1.15 Filter Heating System

The heating system must be capable of maintaining a temperature around the
fitter holder during sampiing of (120+14°C) (248 £ 25°F). A temperature
gauge capable of measuring temperature to within 3°C (5.4°F) shall be
installed so that the temperature around the filter holder can be regulated and
monitored during sampling.

4.1.16 Balance

To weigh the impingers and silica gel cartridge to within 0.5 g.
4.2 SAMPLING MATERIALS AND REAGENTS
4.2.1 Filters

The filters shall be Teflon coated glass fiber filters without organic binders, or
Teflon membrane filters, and shall exhibit at least 99.95 percent efficiency
{0.05 percent penetration) on 0.3 micron dioctyl phthalate smoke particles.
The filter efficiency test shall be conducted in accordance with ASTM
standard Method D 2986-71. Test data from the supplier's quality control -
program are sufficient for this purpose. Record the manufacturer's lot
number.

4.2.1.1 Contamination Check of Filter

The tester must have the filters cleaned by the analyst and checked for
contamination prior to use in the field. The contamination check must
confirm that there are no PAH contaminants present that will interfere
with the analysis of the sample PAHs of interest at the target reporting
limits. The analyst must record the date the filter was cleaned. _

The filters shall be cleaned in batches not to exceed 50 filters. To clean
the filters, shake for one hour in methylene chioride in a glass dish that
has been cleaned according to Section 6.2. After extraction, remove
the filters and dry them under a clean N, stream. Analyze one filter
using the same-extraction, clean-up and analysis procedures to be used
for the field samples (Sections 6.5.1.2, 6.6, and 7.5).
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Blank value _ Total mass (ng) of analyte 429-8
per filter No. filters extracted :

The acceptance criteria for filter cleantiness depends on 1).the method
reporting limit, 2) the expected field sample volume and 3) the desired
reporting limit for the sampled emissions stream. Filters with PAH

- levels equal to or greater than the target reporting-limit for the analyte(s) !

of concern shall be rejected for field use.

If the filter does not pass the contamination check, re-extract the batch
and analyze a clean filter from the re-extracted batch. Repeat'the-re—
extraction and analysis until an acceptably low background level is -
achieved. Store the remainder tightly wrapped in clean hexane rlnsed

. ‘alumlnum foil as descrlbed in Section 4.3.3.

Record the date of the last cieanmg of the filters and the date of the
PAH analyszs and prepare a iaboratory_re_port of the analytical resuits:
that includes all of the information required by Section 10 2.

The tester shaII obtam this laboratory report with the date of cleanlng of
the filters, and the date of the filter contamination check from.the. _
analyst, and report them in the source test protocol and the test report

as required by Sections 10:1 and. 10 3. : '

4.2.2 Amberlite XAD-Z Resin

The XAD-2 resin must be purchased precieaned and then cleaned: agam as
described below before use in the samphng train.

4.2.2.1

4.2.2.2

August 9, 1996 -

Cleaning XA072 Resin

This procedure must be carried out in a giant Soxhlet extractor which
will hold encugh XAD-2 for several sorbent traps, method blanks and QC
samples. Use an all glass thimbie containing an extra coarse frit for

-extraction of the XAD-2. The frit is recessed 10 to 15 mm above a -

crenelated ring at the bottom of the thimble to facilitate drainage. The
resin must be carefully retained in the extractor cup with a glass wool
plug and stainless steel screen to prevent floatmg on the methylene
chloride. : ‘

Clean the resin by two se'quential 24 hour Soxhlet extractions with
methylene chloride. Repiace with fresh methylene chloride after the first
24 hour period.

Drying Cleaned XAD-2 Resin

The adserbent must be dried with clean inert gas. Liquid nitrogen from a
standard commercial fiquid nitrogen cylinder has proven to be a reliable
source of large volumes of gas free from organic contaminants. A

1G.2 cm ID Pyrex pipe 0.6 m long with suitable retainers as shown in
Figure 4 will serve as a satisfactory column. Connect the liquid nitrogen

Proposed M-429 Page 15



4223

4.2.2.4
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cylinder to the column by a length of cleaned 0.95 ¢m ID copper tubing,
coiled to pass through a heat source. A convenient heat source is a
water bath heated from a steam lina. The final nitrogen temperature
should only be warm to the touch and not over 40 °C.

Continue the flow of nitrogen through the adsorbent until all the residual
solvent is removed. The rate of flow should be high enough that the
particles are gently agitated but not so high as to cause the particles to
break up. :

Residual Methylene Chloride Check.

Extraction: Weigh a 1.0 g sample of dried resin into a small vial, add 3
mL of hexane, cap the vial and shake it well.,

Analysis: Inject a 2 yL sample of the extract into a gas chromatograph
operated under the following conditions:

Column: ' 6 ft x 1/8 in stainless steel containing 10% OV-101
' on 100/120 Supelcoport.

Carrier Gas: Helium at a rate of 30 mL/min.
Detector: Flame ionization detector operated at a sensitivity of 4
: X 101 a/mv.,

Injection Port
Temperature: 250 °cC.

Detector
Temperature: 305 °C.

Oven .

Temperature: 30 °C for 4 min; programmed to rise at 40 °C per min
until it reaches 250 °C; return to 30 °C after 1000
seconds.

Compare the results of the analysis to the results from a reference
solution prepared by adding 2.5 4L of methylene chloride into 100 mL of
hexane. This corresponds to 100 4g of methylene chloride per g of
adsorbent. The maximum acceptable concentration is 1000 ug/g of
adsorbent. If the methylene chioride in the adsorbent exceeds this level,
drying must be continued until the excess methylene chloride is
removed. '

Contamination Check of XAD-2 Resin
The cleaned, dried XAD-2 resin must be chacked for PAH contamination.
Anaiyze a sample of the resin equivalent in size to the amount required

to charge one sorbent cartridge for a sampling train. The extraction,
concentration, cleanup and GC/MS analytical procedures shall be the
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same for this sample as for the field samples (Sectlons 6.5.1.2, 6.6, and
7.5).

' The acceptance limit will depend on the PQL, the expected

concentration in the sampled gas stream, and the planned sample
volume. The contamination level must be less than the POL or No more
than 20 percent of the expected sample level

If the cleaned resin yields a value for a target analyte which is not

~ acceptable for the end user's intended application of the test results,

repeat the extraction unless the analyst has historical data that
demonstrate that re-extraction cannot reasonably be expected to further
reduce the contamination levels. The tester must obtain these data from

_the analyst and include them in both the source test protocol and the

gmissions test report.

The contamin'a'tion check shall be repeated if the analyst does not have
such histerical data. The analyst shali reclean and dry the resin o
(4.2.2.1, 4.2.2.2, and 4.2.2.3) and repeat the PAH anaiysis of the re- .
cleaned resin. !f the repeat analysis yieids a similar result to the first,
record the contamlnat:on level for both the initial cleanmg and the re-
c:eanung

The analyst shail record the dates of the cleaning and extraction of the

" resin, and prepare a laboratory report of the analytical results that -

4.2.2.5

August 9, 1996

includes all.of the information required by Section 10.2.

The tester shall obtain the dates of cieaning and the iaboratory report of
the results of the contamination check from the analyst, and report them
in both the source test protocol and the emissions test report as required
by Sections 10.1 and 10.3.

The tester shall identify the analytes for which the PQLs wili be based
on a blank contamination value, and calculate the PQLs as required by
Section 2.3. 3

Storage of XAD-2 Resin .

After cleaning, the resin may be stored in @ wide mouth amber glass
container with a Teflon-lined cap, or placed in one of the glass adsorbent
modules wrapped in aluminum foil and capped or tightly sealed with
Teflon film at each end. The containers and modules shall then be
stored away from light at temperatures 4 °C or iower until the resnn is
used in the sampling train. ‘

The adsorbent must be used within twenty one (21) days of cleaning. If

the adsorbent is not used within 21 days, it must be re-checked for
contamination before use.
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4.2.3

4.24

425

4.2.6

4.2.7

4.2.8

4.3

4.3.1

4.3.1.1

Silica Gel

Indicating type, 6 to 16 mesh. If previously used, dry at 175°C (350°F) for 2
hours. New silica gel may be used as received. Alternatively, other
desiccants (equivalent or better) may be used, subject to approval by the
Executive Officer. .

Reagent Water

Deionized, then glass-distilled, and stored in hexane- and methylene chloride-
rinsed glass containers with TFE-lined screw caps.

Impinger Solution

Sodium bicarbonate 3 mM, and sodium carbonate 2.4 mM. Dissolve

1.0081 g sodium bicarhonate (INaHCO3) and 1.0176 g of sodium carbonate
(Na,CO,) in reagent water (4.2.4)}, and dilute to 4 liters.

Crushed Ice
Place crushed ice in the water bath around the impingers.
Glass Wool

Cleaned by sequential rinsing in three aliquots of hexane, dried ina 110 °C
oven, and stored in a hexane-washed glass jar with TFE-lined screw cap.

Chromic Acid Cleaning Solution

Dissolve 200 g of sodium dichromate in 15 mL of reagent water, and then
carefully add 400 mL of concentrated sulfuric acid. :

PRE-TEST PREPARATION

The positive identification and quantitation of PAH in an emissions test of
stationary sources are strongly dependent on the integrity of the samples
received and the precision and accuracy of all analytical procedures employed.
The QA procedures described in Sections 4.3.7 and 8 are to be used to monitor
the performance of the sampling methods, identify problems, and take corrective
action. :

Calibration

All sampling train components shall be maintained and calibrated accdrding to
the procedure described in APTD-0576 (Section 1 1.7), unless otherwise
specified herein. The tester shall maintain a record of all calibration data,

Probe Nozzle

Probe nozzles shall be calibrated according to the procedure described in
ARB Method 5.
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4.3.1.2

43.1.3

4.3.1.4

1 4.3.1.5

4.3.1.6

432

4.3.3

Pitot Tube

Calibrate the Typé S pitot tube assembly according to the procedure. -
described in Section 4 of ARB Method 2. . : :

Metering System

Calibrate the metering system before and: after.use. according to the:

requirements of Sectson 5.3 of ARB Method 5. .

Temperature' Gauges

Use the procedure in Section 4.3 of ARB Method 2 to calibrate in-stack
temperature gauges. Dial thermometers, such as those used for the dry gas
meter and condenser outlet, shafl be cahbrated agamst mercury-in- giass

therm ometers

Leak Check of Met'e_r_ing Systém Sden in ;Fig;.:fei 1

The tester shall use the procedure described in Section 5.6 of ARB Method 5
Barometer | e . B

Calibrate agai_nst a"me_r.cu'ry ban.'.ométe'fr.:.

CEeaning Glassware _fbr Sampling and Rebovery

All glass parts of the tram upstream of and tncludmg the sorbent module and
the first impingers shall be cleaned as described in Section 3A of the 1974
issue of Manua! of Analytical Methods for Analysis of Pesticide Residues in
Human and Environmental Samples (Reference 11.4). Take special care to
remove residual silicone grease sealants on ground giass connections of used
glassware. These greasy residues shall be removed by soaking several hours
in a chromic acid cleaning solution (4.2.8) prior to routine cleaning as
described above. Other cleaning procedures may be used as fong as
acceptable blanks are obtained. Acceptance criteria for blanks are stated in
Section 8.2, : S :

Rinse all glassware with acetone, hexane, and methylene chioride prior to use_
in the PAH samphng train.

Glassware used in sample recovery procedures must be rinsed as soon as
possible after use with the last solvent used in it. This must be followed by
detergent washing with hot water, and rinses with tap water, deionized
water, acetone, hexane, and methylene chloride. Other cleaning procedures
may be used as long as acceptable bianks are obtained. Acceptance criteria
for blanks are stated in Section 8.2. :

Preparation of Filter

The clean dry filter {4.2.1) must be kept tightly wrapped in hexane-rinsed
aluminum foil and stored at 0 to 4°C in a container away from tight untit

August 9, 1996 ' Proposed M-429 Page 19



sampling. Before inserting the filter in the sampling train, check visually
against light for irregularities and flaws or pinhole leaks. '

4.3.4 Preparation of Sorbent Cartridge, Method Blank, and
‘ Laboratory Control Samples

Sorbent Cartridge

Use a sufficient amount (at least 30 gms or 5 gms/m3 of stack gas to be
sampled) of cleaned resin to completély fill the glass sorbent cartridge which
has been thoroughly cleaned as prescribed (4.2.2).

Add the required surrogate standards (Table 7) to the sorbent cartridges for

- all of the sampling and blank trains for éach series of test runs. Follow the
resin with hexane-rinsed glass wool, cap both ends, and wrap the cartridge in
aluminum foil. Store the prepared cartridges as required by Section 4.3.5.

The sorbent cartridges must be loaded, and the surrogate standards must be
added to the resin in a clean area in the laboratory. There must be no
turnaround of a used cartridge in the field.

The analyst shall record the date that the surrogate standards were added to
the resin and the amount of each compound. The tester shall obtain these
data from the analyst and report them in the source test protocol and the
test report.

The appropriate levels for the surrogate standards are given in Table 7 which
shows the spiking plan for surrogate standards, internal standards, alternate
standards, and recovery standards. All of these required compounds are
generally available. Additional labelled PAH may also be used if available.
The labelled compounds used as surrogate standards must be different from
the internal standards used for quantitation, and from the alternate and
recovery standards. If the spiking scheme (Table 7) is modified, the tester
must demonstrate that the proposed modification will generate data of
satisfactory quality. Table 7A shows an approved modification that has been
used in ARB’s method development. All modifications must be approved by
the Executive Officer before the emissions test is performed.

Laboratory Method Blank

Take a sample of XAD-2 resin from the same batch used to prepare the
sampling cartridge. This will serve as the laboratory method blank

(Section 8.1.1). The mass of this sample must be the same as that used in
the sampling train. Spike with the same surrogate standards at the same
levels used in the sampling cartridges. :

Laboratory Control Sample
Set aside two samples of XAD-2 resin from the same batch used to prepare
the sampling cartridge. These will serve as the laboratory control samples.

{Section 8.1.3}. The mass of each sample must be the same as that used in
the sampling train.
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4.35

: 4l4__'_'

449"

Storage of Prepared Cartridges, Method Biank and Laboratory Con.trol Sample

Store the aluminum foil wrapped sorbent cartridges away from light at 4 °C -
or lower until they are fitted into the sampling trains. Do not remove-the =

- caps before th_e setup of the sampling train.

The maxi‘mum storage time'from‘cleaning of the resin to -sampling'- with the -
spiked resin cartridge must not exceed 21 days {4.2.2.5).

Store the laboratory method blank and laboratory control samples.in amber- '

' _ Zg!ass jars with Teflon lined I|ds at temperatures no higher than 4 oC.
SAMPLE COLLECTION

Because of the complexity of this method, testers must be experlenced with the
| test procedures in order to ensure reliable resuits.

Preliminary Field Determl_natlons_ |

Select the sampling site and the minimum number of sampiing points =
according to ARB Method 1 or as specified by the Executive Officer.

' - Determine the stack pressure, temperature, and the range of velocity heads
~ using ARB Method 2. Conduct a leak—check of the pltot lines accordmg to
. ARB Method 2, Sectson 3. 1 '

Determine the mossture content usmg ARB Method 4 or |ts alternatlves for
the purpose of making isokinetic sampling rate settings. :

Determine the stack gas dry molecular weight, as described in ARB
Method 2, Section 3.6. If integrated sampling (ARB Method 3} is used for
molecular weight determination, the integrated bag sample shaii be taken
simultaneously with, and for the same total length of time as, the sample

- Fun,

Select a nozzle size based on the range of velocity heads, such that it is not
necessary to change the nozzle size in order to maintain isokinetic sampling
rates. Do not change the nozzle size during the run. Ensure that the proper
differential pressure gauge is chosen for the range of velocity heads
encountered (see Section 2.2 of ARB Method 2).

Select a probe extension length such that all traverse points can be sampled.
For large stacks, consider sampling from opposite s:des of the stack to
reduce the length of probes

The target sample volume and sampling time must already have been
calculated for the source test protocol and approved by the end user as
required by Sections 2.2 and 2.5. The total sampling time must be such that
(1} the sampling time per point is not less than 2 minutes (or some greater
time interval as specified by the Executive Officer), and {2} the total gas-
sample volume collected {corrected to standard conditions) will not be less
than the target value calculated for the source test protocol {Section 2.5.5).
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4.4.2

4.4.3

4.4.3.1

To avoid timekeeping errors, the number of minutes sampled at each point
should be an integer or an integer plus one-half minute. '

Preparation of Collection Train

Keep all openings where contamination can occur covered until just prior to
assembly or unti! sampling is about to begin.

Caution: Do not use sealant greases in assembling the sampling train,

Record the performance of the setup procedures for the sampling train.
Figure 10 is an example of a form for recording the sampling train setup data,
The tester must record all of the routine information indicated on this form as
well as any additional data which are necessary for documenting the quality
of any reported results.

Place 100 mi of the impinger solution (4.2.5) in the first impinger and weigh,
Record the totaf weight. Repeat the procedure for the second impinger,
Leave the third impinger empty. Weigh the empty third impinger and record
the weight. :

Weigh 200 to 300 g of silica gel to the nearest 0.5 g directly into a tared
impinger or silica gel cartridge just prior to assembly of the sampling train.
The tester may optionally measure and record in advance of test time the
weights of several portions of silica gel in air-tight containers. One portion of
the preweighed silica gel must then be transferred from its container to the
silica gel cartridge or fourth impinger. Place the container in a clean place for
later use in the sample recovery.

Using tweezers or clean disposable surgical gloves, place a filter in the filter
holder. Be sure that the filter is properly centered and the gasket properly
placed so as to prevent the sample gas stream from circumventing the filter.
Check the filter for tears after assembly of the filter holder is completed.

Mark the probe extension with heat resistant tape or by some other method
to denote the proper distance into the stack or duct for each sampling point.

Assemble the train as in Figure 2. Piace crushed ice around the impingers.
Leak Check Procedures
Pretest Leak Check
After the sampling train has been assembied, turn on and set the filter
and probe heating systems at the desired operating temperatures. Allow
time for the temperature to stabilize. Leak-check the train at the
sampling site by plugging the nozzle with a TFE plug and pulling a
vacuum of at least 380 mm Hg (15 in. Hg).

Note: A lower vacuum may be used, provided that it is not
exceeded during the test.
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4432

The following leak-check instructions for the. sampling train are
described in Section 4.1.4.1 of ARB Method 5. Start the pump with by-
pass valve fully open and coarse adjust valve completely closed.
Partially open the coarse adjust valve and slowly close the by-pass valve
until the desired vacuum is reached. Do not reverse the direction-of the -
by-pass valve. This will cause water to back up into the filter heider; If -
the desired vacuum is exceeded, either leak-check at this higher vacuum -

- or end the leak-check as described below-and start over:

Determine the leakage rate. A leakage rate in excess of 4 percent of the
average sampling rate or 0.00057 m* per -min. (0.02 cfm), whichever is
less, is unacceptable. Repeat the leak check procedure untit an
acceptable leakage rats is obtained. ‘Record the leakage rate on the-field
data sheet {Figure 5). ' ' ' -

When the leak-check is completed, first slowly remove the plug from the-
inlet to the probe nozzle and immediately turn off the vacuum pump.
This prevents water from being forced backward and keeps silica gel
from being entrained backward. ‘ _ o

Leak Che.cks During Sample Run

. If, during the sampling'run, it bec'omes'necessary to change a

4.4.3.3

August 9, 19986

component (e.g., filter assembly or impinger), a ieak check shali-be
conducted immediately before the change is made. The leak-check-

“shail be done according to the procedure described in Section.4.4.3.1

above, except that it shall be done at a vacuum equal to or greater than
the maximum value recorded up to that point in the test. If the leakage
rate is found to be no greater than 0.00057 m3/min (0.02 cfm) or 4
percent of the average sampling rate (whichever is less), the results are
acceptable, and no correction will need to be applied to the total volume
of dry gas metered. If, however, a higher leakage rate is obtained, the
tester shall either (1) record the leakage rate and correct the voiume of
gas sampled since the last leak check as shown in Section 4.4.3.4
below, or (2} void the sampling run. Record the ieakage rate.

Immediately after component changes, leak-checks must be conducted
according to the procedure outlined in Section 4.4.3.1 above. Record
the leakage rate on the field data sheet (Figure 5).

Post Test Leak Check

A leak-check is mandatory at the conclusion of each sampling run. The
leak-check shall be done in accordance with the procedures outlined in
Saction 4.4.3.1 except that it shall be conducted at a vacuum equal to
or greater than the maximum value recorded during the sampling run.
Record the leakage rate on the field data sheet (Figure 5). If the leakage
rate is found to be no greater than 0.00057 m%/min (0.02 cfm) or 4
percent of the average sampling rate {whichever is less), the results are
acceptable, and no correction need be applied to the totai voiume of dry
gas metered. If, however, a higher leakage rate is obtained, the tester
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shall either, (1) record the leakage rate and correct the sample volume as
shown in Section 4.4.3.4 below, or (2} void the sampling run.

4.4.3.4 Correcting for Excessive Leakage Rates
If the leakage rate observed during any leak-check after the start of a

test exceeds the maximum leakage rate L, (see definition below),
replace V,, in Equation 429-9 with the following expression.

n
Vm - 3L - L8 - (L, -L)e, 4299
i=1

Where:

Vi = Volume of gas sampled as measured by the dry gas meter
(dscf). '

Ly, = Maximum acceptable ieakage rate equal to 0.00057 m3/min
{0.02 ft3/min) or 4% of the average sampling rate, whichever is
smaller.

Ly = Leakage rate observed during the post-test leak-check, m3/min

o (£t3/min).

L = Leakage rate observed during the leak-check performed prior to
the "ith" leakcheck (i = 1,2,3...n), m3%/min (ft3/min).

8 = Sampling time interval between two successive leak-checks
beginning with the interval between the first and second leak-
checks, min.

8, =  Sampling time interval between the last (n™) leak-check and the

end of the test, min.
Substitute only for those leakage rates (L, or Ly} which exceed L,.
4.4.4 Train Operation
4441 Sampling Train

During the sampling run maintain a sampling rate within 10 percent of true
isokinetic, unless otherwise specified or approved by the Executive Officer.
The actual sampling rate must be at or above the VSR (Equation 429-4) to
coilect the target sample mass in the estimated sampling time. If the target
sampling rate cannot be achieved, adjust the planned sampling time to
achieve the target sample volume (PSV).

For each run, record the data required on the sample data shest shown in

Figure 5. The operator must record the dry gas meter reading at the
beginning of the test, at the beginning and end of each sampling time
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increment, when changes in flow rates are made, before and after each leak
check, and when sampling is halted.

Record other readings required by Figure 5 at least once at each sample point
during each time increment and additional readings when significant changes
(20 percent variation in velocity head readings) necessitate additional ... .
adjustments in flow rate. ' -

Level and zero the manometer. Because the manometer level and zero may
drift due to vibrations and temperature changes, make periodic checks during
the traverse. :

Clean the portholes prior to the test run to minimize the chance of sampling
the deposited material. To begin sampling, remove the nozzle cap and verify
that the pitot tube and probe extension are-properly positioned. Position the
nozzle at the first traverse point with the tip pointing directly into the gas
stream. . S

Immediataly start the pump and adjust the flow to isokinetic conditions.

- Nomographs are available, which aid in the rapid adjustment of the-isokinetic
sampling rate without excessive computations. These nomographs are '
designed for use when the Type S pitot tube coefficient (C ) is 0.85+0.02,.
and the stack gas equivalent density {dry mofecuiar weight? (M) is equal to
29+4. APTD-0576.(Reference 11.7) details the procedure for using the
nomographs. If Cp, and My are outside the above stated ranges, do not use
the nomographs’unless appropriate steps (see Reference 11.8) are taken to -
compensate for the deviations. - ' : '

When the stack is under significant negative pressure (height of impinger
stem), take care to close the coarse adjust valve before inserting the probe
extension assembly into the stack to prevent water from being forced
backward. If necessary, the pump may be turned on with the coarse adjust
valve closed. ‘

When the probe is in position, block off the openings around the probe and
porthole to prevent unrepresentative dilution of the gas stream.

Turn on the recirculating pump for the adsorbent module and the condenser,
and begin monitoring the temperature of the gas entering the adsorbent trap.
Ensure that the temperature of the gas is 20 °C or lower before sampling is
started. : ' '

Traverse the stack cross section, as required by ARE Method 1 or as
specified by the Executive Officer, being careful not to bump the probe
nozzle into the stack walls when sampling near the walls or when removing
or inserting the probe extension through the portholes. This minimizes the
chance of extracting deposited material.

During the test run, take appropriate steps (e.g., adding crushed ice to the

impinger ice bath) to maintain the temperature at the condenser outlet below
20°C {68°F). Also, periodically check the level and zero of the manometer.
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4.4.4.2

4.4.5

4.5

If the pressure drop across the filter becomes too high, making isokinetic
sampling difficult to maintain, the filter may be replaced during a sample run.
Another complete filter assembly must be used rather than changing the filter
itself. Before a new filter assembly is installed, conduct a leak-check as
outlined in Section 4.4.3.2. The total PAH analysis shall include the
combined catches of all filter assemblies.

A single train shall be used for the entire sample run, except in cases where

simultaneous sampling is required in two or more separate ducts or at two or
more different locations within the same duct, or, in cases where equipment
failure necessitates a change of trains. In all other situations, the use of two
or more trains will be subject to approval by the Executive Officer.

Note that when two or more trains are used, a separate analysis of each train
shall be performed, unless identical nozzle sizes were used on all trains, in
which case the catches from the individual trains may be combined and a

- single analysis performed.

At the end of the sample run, turn off the pump, remove the probe extension
assembly from the stack, and record the final dry gas meter reading. Perform
a leak-check, as outlined in Section 4.4.3.3. Also, leak-check the pitot lines
as described in ARB Method 2; the lines must pass this leak-check, in order
to validate the velocity head data. Record leakage rates.

Record any unusual events during the sampling period.
Blank Train

There shall be at least one blank train for each series of three or fewer test
runs. For those sources at which emissions are sampled at more than one
sampling location, there shall be at least one blank train assembled at each
location for each set of three or fewer runs.

Prepare and set up the blank train in a manner identical to that described
above for the sampling trains. The blank train shall be taken through all of
the sampling train preparation steps including the leak check without actual
sampling of the gas stream. Recover the blank train as described in
Section 5.3. Follow all subsequent steps specified for the sampling train
including extraction, analysis, and data reporting.

Calculation of Percent Isokinetic

Calculate percent isokinetic (Section 4.5.7) to determine whether the run
should be repeated. If there was difficulty in maintaining isokinetic rates
because of source conditions, consult with the Executive Officer for possible
variance on the isokinetic rates.

CALCULATIONS

Carry out calculations retaining at least one extra decimal figure beyond that of
the acquired data. Round off figures after the final calculation.
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4.5.1  Nomenclature

A
An

By
Cs

: G,

' AM

August 9, 1998

Cross-sectional area of stack; it2,
Cross-sectional area of nozzle, ft2.

Water vapor in the gas stream, proportion by volume.

" Concentration of PAH in stack gas, ng/dscm., corrected to standard
_condmons of 20°C, 760 mm Hg {68°F 29 92 in. Hg) on dry basis.

Total mass of PAH in stack gas sample ng.

. Average pressure d|fferent|al across the orifice meter, mm H20 (|n

H,0).

. Percent isokinetic sampling.

Maximum acceptable leakage rate for either a pretest leak-check or
for a leak check following a component change; equal to 0. 00057
m3/min {0.02 cim) or 4 percent of the average sampling rate,
whichever-is less. :

Induwdua[ Ieakage rate ob'sér’ved during the leak-check conducted

prior to the "ith" component changa (| =1, 2,3, ...n), m3min _
(cfm) '

Leakage rate observed during the post-test leak check, m3/min
(cfm). _

Moiecular weight of stack gas, dry basis, Ib/lb-mole (g/g-mole).
Moiecular weight of water, 18.0 g/g-mole (18.0 Ib!lb;mole).
Mdlecular weight of stack gas, wet basis, Ib/lb-mole (g/g-mole).
Barometric pressure at the. sampling sit.e, mm Hg (in. Hg).
Absolute stack gas pressure, mm Hg (in Hg).

Standard absolute pressure, 760 mm Hg {29.92 in. Hg).

Dry volumetric stack gas flow rate corrected to standard condrt:ons
dscf/min (dscm/min).

Density of water, 0.8982 g/mL (0.002201 1b/mL).

Ideal gas constant 0.06236 mm Hg-m3/°K-g-mole {21.85 in Hg-
#3/R-Ib-mole).
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4.5.2

4.5.3

.

13.6
60

100

Absolute average dry gas meter temperature, °K (°R).

Absolute average stack gas temperature °K (°R).

Standard absolute temperature, 293°K (528°R).

Total volume of liquid collected in impingers and silica gel, mL.
Volume of gas sample as measured by dry gas meter, dcm {(dcf).

Volume of gas sample measured by the dry gas meter, corrected to
standard conditions, dscm (dscf).

Volume of water vapor in the gas sample, corrected to standard

conditions, dscm (dsc#).

Stack gas velocity, calculated by ARB Method 2, Equation 2-9,
ft/sec (m/sec). .

Dry gas meter calibration factor.
Total sampling time, min.

Sampling time interval, from the beginning of a run until the firs

- component change, min, -

Sampling time interval between two successive component
changes, beginning with the interval between the first and second
changes, min.

Sampling time interval, from the final (nth) component change until
the end of the sampling run, min.

Sampling time interval, from the final (nt") component change until
Specific gravity of mercury.
Conversion factor, sec/min.

Conversio_n to percent.

Average Dn} Gas Meter Temperature and Average Orifice Pressure Drop

See sampling run record (Figure 5).

Dry Gas Volume

Use Equation 429-10 to correct the sample volume measured by the dry gas
meter to standard conditions (20°C, 760 mm Hg or 68°F, 29.92 in Hg).

August 9, 1996

Proposed M-429 Page 28



4.5.4

4.5.5

4.5.6

AH AH
Vv -y y Istd (Pba' 13.6) Ki V. y (Pba’ ' 13.6) 429-10
m{std) m T Porg 1 Ym T
Where:. _ - :
- o Tqg I TR
Ky = —— = '0.3858 °K/mm Hg for metric -units
 Psg |

17.85 °R/in Hg for English units

NOTE: -Equation 429-10 may be used as written unless the leakage rate
observed during any of the mandatory leak-checks (i.e., the post-test leak-
check or leak-checks conducted prior to component changes) exceeds Ly If
Ly orLexceeds L,, Vm in Equatton 429 10 must- be modified as descrlbed in
Sectlon4_434 - :

Average Stack Gas Veiocity

Calculate the average stack gas velocny, vs, as specnfued in ARB Method 2,

'Sect[on 5 2.
: Volume of Water".'\'!fapdr -

- Calculate the volume of water vapor usmg Equation 429 11 and the weight .
_of the liguid collected durmg samphng (Sectlons 5.3.6 and 5. 3 g).

pw RT . 429-11
Vwistd) = Vic - & M= KaVie |
. w std
Where_:
Ky 0.001333 my/mL for metric units, or

nn

0.04707 fta/mL for English units.
Moisture Content |

Calculate the moisture content of the gas, B
Vintstd) * Vwistd)

Bws.

NOTE: In saturated or water-droplet laden streams, the procedure for

determining the moisture content is given in the note to Section 1.2 of
Method 4. For the purpose of this method, the average stack-gas.
temperature from Figure 5 may be used for this determination, provided
that the accuracy of the in-stack temperature sensor is +1°C (2°F)
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4.5,7 Isokinetic Variation

4.5.7.1 Calculation from Raw Data
100T, [KaVyg + YmY (Pbar . 1‘;”6” . 42013
= 0 viP A
Where
Kz = 0.003454 mm Hg-m3/mL-°K for metric units
= 0.002669 in Hg-ft3/mL-°R for English units
4572 " Calculation from Intermediate Values
| 100Ts Vin(sud) Powd
Tstd Vs O A, Pg 60 (1 - Bws! 429-14
=Ky Ts Vinistd)
Ps vs 0 Ay (1 - By)
Where:
Ks = 4.320 for metric units.
= 0.09450 for English units.
4.5.8 Average stack gaé dry volumetric flow rate

Use Equation 428-15 to calculate the average dry volumetric flow rate of the

gas. .
' 429-15
Qgqg =60 Kq (1 - Bys) v A [;]
Where
Tstd - o
Ky = = 0.3858 °K/mm Hg for metric units
Psta

17.65 °Rfin Hg for English units
4.6 ISOKINETIC CRITERIA

if 90 percent < | < 1 10 percent, the isokinetic results are acceptable. If there
is a bias to the results because | < 90 percent or | > 110 percent, then the
results must be rejected and the test repeated unless the test results are
accepted by the Executive Officer.
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5 -SAMPLE RECOVERY
5.1 SAMPLE RECOVERY APPARATUS
5.1.1 3 - Probe NozzIe Brush

Inert bristle brush W|th stainless steel wire handle. The brush shall be
properly s:zed and shaped to brush out the probe nozzle

5.1.2 ~ Wash B_ottles }
Teﬂon wash bottles are required' Teflon FEP®.
5.1.3 - Glass Sample Storage Containers -

" Precleaned narrow mouth amber glass bottles, 500 mL or 1000 mL. Screw
cap liners shall be Teflon.

5.1.4 Filter Storage Containers

Sealed fiiter holder or precleaned wude mouth amber glass contamers wnth
" Teflon nned screw caps. R _ y

5.1.5 o :' - Balance' |

To measure cohdensed water to w:thm 05 g |
5.1.6 ‘Silica Gel Storage Conta_iners |

Air tight metal containers to store silica gel.
5.1.7 Funnel and Ruober Policeroan

To aid in transfer of silica gel to container; not necessary if silica gel is
weighed in the field.

5.1.8 Funnei
To aid in sample recovery. Glass or ’I"efionO must be used.
5.1.9 Ground Glass Caps or Hexane Rinsed Aluminum Foil

To cap off adsorbent tube and the other sample-exposed portione of the
aluminum foil. '

5.1.10 Aluminum Foil

Heavy-duty, precleaned with methylene chioride.
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5.2

- 5.2.1

5.2.2

5.2.3

5.2.4

5.3

SAMPLE RECOVERY REAGENTS
Reagent Water

Deionized (DI); then glass distilled, and stored in hexane and methylene
chloride-rinsed glass containers with TFE-lined screw caps. -

Acetone

Nanograde quality. "Distilled in Glass” or equivalent, stored in original ‘
containers. A bhlank must be screened by the analytical detection method.

Hexane
Nanograde quality. "Distilled in Glass" or equivalent, stored in original
containers. A biank must be screened by the analytical detsction method.

Methylene Chloride

Nanograde quality or equivalent. A blank must be screened by the analytical
detection method.

SAMPLE RECOVERY PROCEDURE

Proper cleanup procedure begins as soon as the probe is removed from the stack
at the end of the sampling period and a post test leak check has been performed
(4.4.3.3). Ailow the probe to cool,

When the probe can be safely handled, wipe off all external particulate matter
near the tip of the probe nozzle. Conduct the post test léak check as described
in Section 4.4.3.3. Remove the probe from the train and close off both ends of
the probe with precleaned aluminum foil (5.1.10). Seal off the inlet to the train
with a ground glass cup or precleaned aluminum foil. '

Transfer the probe and impinger assembly to the cleanup area. This area must
be clean, and enclosed so that the chances of contaminating the sample will be
minimized.

No smoking is allowed.

inspect the train prior to and during disassembly and note any abnormal
conditions, broken filters, color of the impinger liquid, etc. Figure 6 summarizes
the recovery procedure described in Sections 5.3.1 t0 5.3.8.

Figure 11 is an example of a form for recording the performance of the sample
recovery procedure. The tester must record all of the routine information
indicated on this form as well as any additional data which are necessary for
documenting the quality of any reported results.
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5.3

5.3.2

5.3.3

534

535

5.3.6

Sample Container No. 1 (front half rinses)

- Quantitatively recover material deposited in the nozzle, probe, the front half

of the filter holder, and the cyclone, if used, first by brushing and then by -

sequentially rinsing with acetone, hexane, and methylens chloride three times..

each. Place all these rinses in Container No.1. Mark the liquid level.
Cyclone Catch
If the optional cyclone is used, quantitatively recover the particulate matter

by sequentially rinsing the cyclone with acetone, hexane, and methylene -
chioride. Store in a clean sample container and cap.

- Sample Container No. 2 (filter)

Carefully remove the fiiter from the filter holder and place it in its identified .
container. Use a pair of precleanad tweezers to handie the filter. Do not
wrap the fiiter in aluminum foil. if it is necessary to fold the filter, make sure
that the particulate caks is inside the fold. Carefully transfer to the container
any particulate matter and/or filter fibers which adhere to the filter holder

. . gasket by using a dry inert bristle brush and/or a sharp-edged blade. Seal'the

container.
Sorbent Module

Remaove the sorbent module fr_om the train and cap it.

Sample Contéiner Ne, 3 (back half rinses)

Rinse the back half of the filter holder, the transfer line between the filter and -
the condenser, and the condenser {if using the separate condenser-sorbent
trap) three times each with acetone, hexane and methylene chloride, and
collect all rinses in Container No. 3. If using the combined condenser/sorbent
trap, the rinse of the condenser shall be performed in the laboratory after
removal of the XAD-2 portion. If the opticnal water knockout trap has been
employed, the contents and rinses shal! be placed in Container No. 3. Rinse .
it three times each with acetone, hexane, and methylene chloride. Mark the
liquid level. : : ' '

The back half rinses may also be combined in a singie container with the
front half rinses {Section 5.3.1).

Sample Container N‘d. 4 {impinger cantents)

Wipe off the outside of each of the first three impingers to remove excess
water and other material. Weigh the impingers and contents to the nearest
+0.5 g using a balance. Record the weight. Calculate and then record the
weight of liquid collected during sampling. Use this weight and the weight of
liquid collected in the silica gel (Section 5.3.8) to calculate the moisture
content of the effluent gas (Sections 4.5.5 and 4.5.6). Pour the impinger
catch directly into Container No. 4. Mark the liquid level.
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5.3.7

5.3.8

5.4

6.1

Sample Container No. 5 (Impinger rinses)

Rinse each impinger sequentially three times with acetone, hexane, and
methylene chloride and pour rinses into Container No. 5. Mark the liquid
level. These rinses may be combined with the previously weighed impinger
contents in Container No. 4.

Weighing Silica Gel

Weigh the spent silica gel to the nearest 0.5 g using a balance. Record the
weight. Calculate and then record the weight of liquid coliected during
sampling. Use this weight and the weight of liquid collected in the impingers
(Section 5.3.6) to calculate the moisture content of the effluent gas
{Sections 4.5.5 and 4.5.6). . :

SAMPLE PRESERVATION AND HANDLING

From the time of collection to extraction, maintain all samples (Sections 5.3.1 to
5.3.7) at 4°C or lower and protect from light. All samples must be extracted as
soon as practically feasible, but within 21 days of collection; and all extracts
must be analyzed as soon as practically feasible, but within 40 days of
extraction. Success in meeting the holding time requirement will depend on pre-
test planning by the tester and the laboratory.

ANALYTICAL PREPARATION

This method is restricted to use only by or under the supervision of analysts
experienced in the use of capiilary column gas chromatography/mass
spectrometry and skilled in the interpretation of mass spectra. Each analyst
must demonstrate the ability to genarate acceptable results with this method
using the procedures described in Sections 7.3,8.2.6, and 8.3.1.

SAFETY

The toxicity or carcinogenicity of each reagent used in this method has not been
precisely defined. Nevertheless, each chemical compound should be treated as a
potential health hazard and exposure to these chemicals must be reduced to the
lowest possible level by whatever means available. The laboratory is reésponsibie
for maintaining a current file of OSHA regulations regarding the safe handling of
the chemicals specified in this method. A reference file of material data handling

- sheets should also be made available to all personnel involved in the chemical

analysis. Reference 11.9 describes procedures for handling hazardous chemicals
in laboratories. -

The following method analytes have been classified as known or suspected
human or mammalian carcinogens: benzo(a)anthracene and dibenzo-
{a,h,)anthracene. A guideline for the safe handling of carcinogens can be found
in Section 5209 of Title 8 of the California Administrative Code.
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6.2

6.3

6.3.1

6.3.2

6.3.3

6.3.4

6.3.5

6.3.6

6.3.7

6.3.8

CLEANING OF LABORATORY CLASSWARE

. Glassware used in the analytical procedures (incl'uding the Soxhlet apparatus and )

disposable bottles) must be cleaned as soon as possible after use by rinsing with
the last solvent used in it, This must be followed by detergent washing with hot

- water, and rinses with tap water, deionized water, acetone, hexane, and

methylene chloride. Other cleaning .procedures may be used as. long as
acceptable blanks are obtained. Acceptance criteria for blanks are given'in
Section 8.2. ' : e - S
Clean aluminum foil with acetone followed by hexane and methylene chloride.
APPARATUS

Grab Sample Bottie

Amber glass, 125-mL and 250-mL, fitted with screw cabs Iinéd With Teflon.

The bottle and cap liner must be acid washed and seivent rinsed with

-acetone and methylene chloride, and dried before use. ‘ ' o

Concentrator Tube, Kuderna-Danish

10-mL, graduated (Kontes-K-570050-1025 or equivalent). Calibration must. -

be checked at the volumes employed in the test. A ground glass stopper

- must be used to prevent evaporation of extrac:_ts_. : '

Evaporation Flask, Ku&erna-Danish

500-mL (Kontes K-570001-0500 or equivalent}). (Attached to concentrator
tube with springs). :

Snyder Column, Kuderna-Danish

Three-ball macro {Kontes K-569_001~01 21 or equivalent).
Snyder Cdlumn, Kuderna-Danish |
Two-ball micro (Kontes K-569001-0219 or equivalent).
Minivials

1.0 mL vials; cone-shaped to facilitate removal of very small samples; heavy
wall borosilicate glass; with Teflon-faced rubber septa and screw caps.

Soxhlet Apparatus
1 liter receiver, 1 heéting mantle, condenser, Soxhlet extractor.
Rotary Evaporator

Rotovap R (or equivalent), Brinkmann Instruments, Westbury, NY.
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6.3.9

6.3.10
6.3.11

6.4

6.4.1
6.4.2l
6.4.3
6.4.4
6.4.5

6.4.6

6.4.7

Nitrogen Blowdown Apparatus

N-Evap Analytical Evaporator Model 111 (or equivalent}, Organomation
Associates Inc., Northborough, MA,

Analytical Balance
Analytical. Capable of accurately weighing to the nearest 0.0001 g.
Disposable Pipet

& 3/4 inch x 7.0 mm 0OD.,

SAMPLE PREPARATION REAGENTS

Reagent water
Same as 5.2.1.
Acetone -

Same as 5.2.2.
Hexane

Same as 5.2.3.
Methylene Chloride

Same as 5.2.4.

Sulfuric Acid

ACS. Reagent grade. Concentrated, sp. gr. 1.84.
Sodium Sulfate

ACS. Reagent grade. Granular, anhydrous. Purify prior to use by extracting
with methylene chloride and oven drying for 4 or more hours in a shallow
tray. Place the cleaned material in a glass container with a Teflon iined screw
cap, and store in a desiccator. :

Silica Gel

For column chromatography, type 60, EM reagent, 100-200 mesh, or
equivalent. Soxhlet extract with methylene chloride, and activate by heating
in a foil covered glass container for longer than 16 hours at 130 oC, then
store in a desiccator. The storage period shall not exceed two days.

NOTE: The performance of silica gel in the column cleanup procedure varies
with manufacturers and with the method of storage. The analyst shall
establish a procedure that satisfies the performance criteria of Section 6.6.1.

August 9, 1996 Proposed M-429 Page 36



6.4.8

6.4.9

6.5

6.5.1

Alumina: Acidic

Soxhlet extract wrth methylene chloride, and activate in a foal covered glass
container for 24 hours at 190 °C. :

NOTE: The performance of.alu'mina' in the column'cleanup procedure varies
~ with manufacturers and with the method of storage. The analyst shall-
: establlsh a procedure that ‘meets the performance criteria of Section 6.6. ‘I
“Nitrogen

~ Obtained from bieed from liquid nitrogen tank.

SAMPLE EXTRACTION

- WARNING: Stack sampling Wl” vieid both |IQUId and soild samples for PAH
. analysis. Samples must not be split prior to extraction even when they appear
homogeneous as in the case of single liquid phase samples. Solid samples such

as the resin are not homogeneous and particulate matter may not be uniformly

“distributed on the filter. In addition, filter samples are generally. so small that the
- desired detectlon limit mlght not be achieved if the sample were split.

B The recovered samp[es may be combmed as folicws

1) Particulate filter and partnculate mat‘ter co!lected on the filter {Section 5.3.3),

cyclone catch (Secteon 5.3.2) and sampie container No. 1 (Sectuon 5.3.1).

2) Sampie container No 3 (Section 5. 3 5), resin (Sectlon 5.3.4) and rinse of
resin cartndge

3) Sample container No 4 (Section 5.3.6) and sampie contalner No 5 (Section
5.3.7)

Two schemes for sample preparation are described in Sections 6.5.1 and 6.5.2
beiow. One of these must be used. :

Section 6.5.1 describes sample preparation procedures for separate GC/MS
analyses of impingers and the remainder of the sampling train. Figure 7 is a
flowchart of the extraction and cleanup prccedures '

Section 6.5.2 describes sample preparation procedures for GC/MS analysis of a
single composite extract from each sampling train. The recovered samples are
combined as shown in Figure 8.

Separate Analysis of Impingers

A separate analysis of the impingers can be used to determine whether there
has been breakthrough of PAHs past the resin.
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6.5.1.1

August 9, 1896

Extraction of Liquid Samples
A.. Sampile Container No. 1 {Front half rinses)

Coricentrate the contents of sample container No. 1 (Section 5.3.1)

to-a volume of about 1-5 ml using the nitrogen blowdown
apparatus. Rinse the sample container three times with small
amounts of methylene chicride and add these rinses to the
concentrated solution. Concentrate. further to about 1-5. mL. This
residue will likely contain particulate matter which was removed in -
the rinses-of the probe and nozzle. Transfer the residue {aiong with
three rinses of the final sample vessel) to the Soxhlet apparatus with
the filter and particulate catch and proceed as described under
Section 6.5.1.2 below. -

Sample Container No. 3 (Back half rinses)

. Concentrate the contents of sar'nplle‘contamer No. 3 (Section 5.3.5)

toa volume of about 1-5 mL using the nitrogen blowdown
apparatus 'Rinse the sample container three times with smail
amounts of methylene chloride and add these rinses to the
concentrated solution. Concentrate further to about 1-5 mL.
Combine this residue (along with three rinses of the funaPsampIe
vessel) in the Soxhlet apparatus with the resin sample, and proceed
as described under Section 6, 5 t. 2 below

Contalners No. 4 and No. 5 ﬂ.mp:.nger contentsénd rinses)

Place the contents of Sample Contamers No 4 and No. & (Sect:ons
5.4.6 and 5 4.7} in a separatory funnel. Add the appropriate
amount of 2\4-labelled alternate standard solution {Section 7 and
Table 7 or 7A) to achieve the final extract concentrations indicated
in Table 8 or 8A. The amounts required by Section 7.2.4 are based
on a final volume of 500 pt for analysis {450 ub of sample extract
and 50 ulL of recovery standard solution). Extract the sample three
times with 60 mL aliquots of methylene chloride. Combine the =~
organic fractions. Divide the extract in two - one half to be
archived, and the other for cleanup and GC/MS analysis. Store the
archive sample at 4°C away from light, :

- Pour the remaining extract through Na,S0O, into a round bottom

flask. Add 60 to 100 mL hexane and evaporate to about 10 mL.

Repeat three times or less if the methylene chlonde can be removed |

with less hexane. Add the appropriate amount of alternate standard
{Section 7.2.7) to achieve the final extract concentrations shown in.

Table 6 or 6A. This standard must be used to monitor the efficiency
of the cleanup procedure.

Concentrate the remaining sampie to 2 mL with a Kuderna-Danish
concentrator or rotary evaporator, then transfer the extract to a 8-
mL test tube with hexane. Proceed with sample cleanup procedures
below (Section 6.6).
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6.5.1.2

Extraction of Solid Samples

Filter, Par‘t_i_'cdlate matter, and Resin

The Soxhlet appa'ratus must'be large:enough to: allow extraction of-

the sample in a single batch. Clean the Soxhlet apparatus by a 4 to -

8-hr Soxhlet with methylene chloride at a cycling rate of 3 cycles
per-hour. Discard the solvent.” Add 20 g Na2804 to-the thimble.

~Combine the filter, resin, glass wool; and concentrated front'and -

back half rinses (6.5.1.1A and 6.5.1.1B) and place on top of the
Na,80,. -Add the appropriate amount of internal. standard (Sectron'
7.2.4 and Table 7) to achieve the final extract. concentrations
md:cated in Table 8 »

' Place the th:mble in the Soxhlet apparatus andadd about. 700 mi. .
- of methylene chloride to the receiver. Assemble the Soxhlet, turn
~on the heating controls and cooling - water, and allow to reflux for 16- ‘

hours at a rate of 3 cycles per hour. After extraction, allow the-
Soxhlet to cool. Divide the sample i in'two - one-half to be- archuved

and the other, for cleanup and GC/MS analysis. Store the archive:

sampie at 4°C away from Ilght

: Exchange the remaining extract to hexane Add 60 to 100 mL -
. hexane. and evaporate to about 10.mL. Repeat three times.or as
C necessary to remove the methylene chloride.: Add the appropriate -
~_‘amount of alternate standard (Section 7.2.7 and Table 7 or'7A) to
~ achieve the final extract concentrations.shown in-Table 8 or 8A. -
- This alternate standard must be-used-to monitor the. efficiency of
the cleanup procedure when the i impingers are analyzed separately

from the remainder of- the sampling traln

Concentrate the remammg sample to about 2 mL with a Kuderna-
Danish concentrator or rotoevaporator, then transfer the extract'to-a
8-ml test tube with hexane. Proceed w:th sample: cleanup
procedures below- {Section 6. 6). :

6.5.2 Single Composite Extract For Analysis' |

6.5.2.1

August 9, 1896

Extraction of Aqueous Samples
_Contamers No. 4 and No. 5 (Impmger contents and rinses). .

‘ F‘our the contents of Sample Containers No. 4 and No. D {Sections.

5.3.6 and 5.3.7) into an appropriate size separatory funnel. Do not
add internal standards. Instead, add the appropriate amount of .-

alternate standard spiking sciution (Section 7 and Table 7 or 7A) to
achieve the final extract concentrations indicated in Table 8 or 8A. .

Extract the sample three times with 60 mL aliquots of methylene

chloride. Combine the organic fractions with the solid samples and
concentrated rinses {6.5.2.2) in a Soxhlet extractor.
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6.5.2.2

6.6 .

Extr.action of Solid Samples ‘

Concentrate the front and back half rinses as described in Sectlons
6.5.1. 1A and 6.5.17. 1B. Clean the Soxhlet apparatus as.in Section.
6.5.1. 2. Place the. filter and resin in the Soxhlet apparatus along with
_the concentrated front and back half rinses and the' impinger extract.
Add the internal standards, extract the sample, and concentrate the
extract as descnbed in Section 6.5.1.2. Divide the extract into two
equal portions. Store one of these, the archive sample, at 4°C. away
from Iught The remaining extract must be exchanged to hexane as
descnbed in. Sectlon 6.5.1.2, Do not. add the alternate standard to this
composite extract It. has already been added to the | lmpinger sample
{6.5. 2. 1).

Concentrate the extract to 2 mL with a Kuderna-Danish concentrator or -
rotary. evaporator then transfer to a 8- mL test tube W|th hexane or
equivalent non-polar solvent such as 1sooctane Proceed wrth sarnple
cleanup procedures below (Sectlon 6.6) -

COLUMN CLEANUP '

Several column chromatographuc cleanup options are available. FEither of the two
described below may be sufficient. Before using a procedure for the cleanup of

- sample extracts, the. analyst must. demonstrate that the reqmrements of Sectlons
.8.1.3.1 and 8.2.6 can be met using the- cleanup procedure. Acceptable

- alternative cleanup procedures may also be used provided that the analyst can

6.6.1

demonstrate that the performance requ:rements of Sectlons 8.1.3.1 and 8.2.6

can be met. Compllance with the requirements of Sect:ons 8.1.1.1 and 8.2.6
must also be demonstrated whenever there is a change in the column cleanup
procedure used for the mltlal demonstration

The sample extract obtained as descnbed in Sectrons 6.5.1C and 6.5.1.2 or

6. 5.2.2 is concentrated to a volume of about 1 mL using the nitrogen biowdown
apparatus, and this is transferred quantltatwely w:th hexane rlnsmgs to at least
one of the columns descnbed below. :

Column Preparation
A. Silica Gel Column-

Pack a glass grawty column (250 mm x ‘10 mmj} in the followmg
manner: : R i

Insert a clean glass wool plug (Section 4.2.7) into the bottom of the
column and add 10 grams of activated silica gel (Sectlon 6.4.7) in
methylene chloride. Tap the column to settle the silica gel, and then add
alcm Iayer of anhydrous sodium sulfate (Sectlon 6.4. 6)

Varlatrons among batches of SlllCﬂ gel may affect the elution volume of
the various PAH. Therefore, the volume of solvent required to
completely elute all of the PAH must be verified by the analyst. The
weight of the silica gel can then be adjusted accordingly. Satisfactory



recovery (as defined in Section _.6.63" of each native PAH in the LCS
{8.1.3) must be demonstrated whenever there is a change in the method
of preparing the silica gel columns. : _

Acid Alumina Column

Pack a 250 mm x 10 mm glass gravity column as follows:

Insert a clean glass wool plug (Section 4.2.7) into the bottom of the .
column. Add 6 g of acid alumina prepared as described in

- - Section 6.4.8. Tap the column gently to settle the alumina, and.add 1
¢m of anhydrous sodium sulfate to the top. ‘ o

6.6.2°  Colufin’

A.

Satisfactory _.re'crov'ér',} {as defined in Section 6.6} of_each'native'PA‘H- in
the LCS (8.1.3) must be demonstrated whenever there is a change'in =
the method of preparing the acid alumina columns. . '

Chromatography Procedure

‘Sitica Gel quﬁmfn""

Elute 'fh_e column with 40 mL of hexane. The rate.for all elutions shbuid

“be about 2 mL/min. Discard the eluate and just.prior to exposure of the

August 8, 1296

sodium sulfate layer to the air, transfer the 1 mL sample extract onto the
celumn using two additional 2 mL rinses of hexane to complete the -
transfer. Just prior to exposure of the sodium sulfate layer tothe air,
begin elution of the column with 25-mL of hexane followed by 25 mL of
methylene chloride/hexane (2:3)(v/v). Collect the entire eluate.
Concentrate the coilected fraction to about 5 mL using the K-D
apparatus or a rotary evaporator. Do not allow the extract to go to
dryness. ' . -

Transfer to a minivial using a hexane rinse and concentrate to 450 uL
using a gentle stream of nitrogen. Store the extracts in a refrigerator at-
4 °C or lower away from light until GC/MS analysis (Section 7).

_Aiumina Celumn

Eiute the column with 50 mL of hexane. Let the solvent flow through
the colurnn until the head of the liquid in the column is just above the _
sodium sulfate layer. Close the stopcock to stop solvent flow.

Transfer 1 mL of the sample extract onto the column. Rinse out extract
vial with two 1 mL rinses of hexane and add it to the top of the column
immediately. To avoid overloading the column, it is suggested that no
more than 300 mg of extractable organics be placed on the colurmn.

Just prior to exposure of the sodium sulfate to the air, elute the column
with a total of 15 mL of hexane. If the extract is in 1 mL of hexane,
and if 2 mL of hexane was used as a rinse, then 12 mi of additional
hexane should be used. Collect the effluent and concentrate to about 2
mL using the K-D apparatus or a rotary evaporator.
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Transfer to a minivial using a hexane rinse and concentrate to 450 uL
using a gentle stream of nitrogen. Store the extracts at 4°C or lower
away from light until GC/MS analysis.

7 GC/MS ANALYSIS
7.1 APPARATUS
7.1.1 Gas Chromatograph

An analytical system complete with a temperature programmable gas
chromatograph and all required accessories including syringes, analytical
columns, and gases. The GC injection port must be designed for capillary
columns. Splitless injection is recommended.

7.1.2 Column
Fused silica columns are required.

A. 30 Mlong x 0.32 mm ID fused silica capillary column coated with a
crosslinked pheny! methyl silicone such as D8-5.

B. Any column equivalent to the DB-5 column may be used as long as it
has the same separation capabilitics as the DB-5.

7.1.3 Mass Spectrometer
7.1.3.1 Low Resolution

A low resolution mass spectrometer (LRMS) equipped with a 70 eV
(nominal) ion source operated in the electron impact ionization mode,
and capable of monitoring all of the ions in each Selected lon Monitoring
{SIM) group (Table 13) with a total cycle time of 1 second or less.

7.1.3.2 High Resolution

The high resolution mass spectrometer (HRMS) must be capable of
operation in the SIM mode at a resolving power of 8,000. Electron
impact ionization must be used. The mass spectrometer must be
capable of monitoring all of the ions listed in each of the three SIM
descriptors (Table 14) with a total cycle time of 1 second or less.

7.1.4 GC/MS Interface

Any gas chromatograph to mass spectrometer interface may be used as long
as it gives acceptable calibration response for each analyte of interest at the
desired concentration and achieves the required tuning performance criteria
{Sections 7.3.5 and 7.3.6). All components of the interface must be glass
or glass-lined materials. To achieve maximum sensitivity, the exit end of the
capillary column should be placed in the mass spectrometer ion source
without being exposed to the ionizing electron beam.
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7.1.5

7.2

7.2.1

Data Acquisition System

A computer system must be interfaced to the mass spectrometer. The

system must allow the continuous acquisition and storage on machine-
readable media of ail data obtained throughout the duration of the-
chromatographic program. The computer must have software that can

“search any GC/MS data file for ions of a specific mass and plot a Selected

fon Current Profile or SICP {a piot of the abundances of the selectedions - - -

versus time or scan number). Software must also be able to integrate, in any

. SICP, the abund_anc_:e between specified time or scan-number limits.

‘The data system must provide hard copies of individual ion chrormatograms
~ for selected gas chromatographic time intervals. - S

The data system must also be able to provide hard copies of a summary
report of the resufts of the GC/MS runs. Figures 14A to 14C show the -

minimum data that the system must be available to provide.
'REAGENTS
| Stock Standard Solution {1.00 pg/ut)

: __:Siandafd solutions can be prépared from pure standard materials or’ .
‘purchased as certified solutions. ' B ' '

Preparation of Stock Solutions

A. Celibration standards. Prepare stock calibration standard solutions of -
each of the PAH analytes by accurately weighing the required amount of
pure material. Dissolve the material in iscoctane and dilute to volume, -
When compound purity is assayed to be 96% or greater, the weight may
be used without correction to calculate the concentration of the stock
standard. - C '

Commercially prepared stock standards may be used at any
concentration if they are certified by the manufacturer or by an
independent source. '

B. Internal standards. Prepare stock solutions in isooctane of the fourteen
internal standards listed in Table 4 or 4A at concentrations of 1000
ng/ul. : ‘

C. Recovery standards. Prepare stock solutions in isooctane of the three
recovery standards listed in Table 4 or 4A at concentrations of
1000 ng/ul.

D. Alternate standard. Prepare a stock solution in iscoctane of the
aiternate standard listed in Table 4 or 4A at a concentration of
1000 ng/uL.
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E. Surrogate standards. Prepare stock solutions in isooctane of the
surrogate standards listed in Table 4 or 4A at a concentration of
1000 ng/uL. -

Store stock standard solutions in Teflon®-sealed screw-cap bottles at 4°C and
protect from light. Stock standard solutions must be checked frequently for
signs of degradation or evaporation, especially just before using them to
prepare calibration standard solutions or spiking solutions,

Replace stock standard solutions every 12 months or more frequently if
comparison with quality control check samples according to Section 7.4.1
indicates a problem.

7.2.3 Calibration Standards

Prepare calibration standards at a minimum of five concentration levels. One
of the calibration standards should be at a concentration near, but above, the
method detection limit. The others should include the range of
concentrations found in real samples but should not exceed the linear range
of the GC/MS system,

Prepare calibration working standard solutions by combining appropriate
- volumes of individual or mixed calibration standards with internal standard,
‘recovery standards, and alternate standard spiking solution and making up to
volume with hexane to obtain the solution concentrations given in Tables 5,
6, and 6A. The suggested ranges are 0.25 ng/ul to 5.0 ng/ul. for LRMS -and
10 pg/uL to 500 pg/ul for HRMS.

All standards must be stored at 4°C or lower and must be freshly prepared if

the check according to Section 7.4.1 indicates a problem.
7.’2.4. Internal Standard (IS) Spiking Solution

The concentration of internal standard in the IS spiking solution must be such
that the amount of solution added to the calibration standard solution and the
sample is at least 2 mL. '

Prepare the internal standard spiking solution by using appropriate volumes of
stock solutions of Section 7.2.28B to give the concentrations shown in

Table 4 or 4A. A volume of 2 mL of either the LRMS or HRMS spiking
solution will provide the amount of the internal standards that must be
added to the sample (Table 7 or 7A) before extraction to achieve, in a final
volume of 500 uL, the sample extract concentrations shown in Table 8 for
LRMS and Table 8 or 8A for HRMS analysis. The target concentrations in-
Tables 8 and 8A are based on a final volume of 500 #L and 100 percent
recovery of the internal standards added to the sample.

7.2.5 Recovery Standard Spiking Solution
The concentration of recovery standard in this spiking solution must be such

that the amount of solution added to the concentrated sample extract is
50 ul to give a final extract volume of 500 ub.
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7.2.6

127

7.2.8

7.3

Use an appropriate volume of stock sclution of Section 7.2.2C to prepare a
recovery standard spiking solution with the conoentrat:ons shown in
Table 4or 4A. Store at 4 °C or lower.

A volume of 50 uL of 't_he recovery standard spiking solution shown.in
Table 4 or 4A will provide the amount of each recovery standard required by
Table 7 or 7A to achieve the target sample concentration of Table 8 or 8A.

Final volumes, may be 'ad]ustod depending on the target detectionlimit.

- Surrogate Standord Spiking Solution .

The concentration of surrogate standard in this spikiog solution must be such

-~ that the amount of solution added to the calibration standard solution and the
‘Sorbent module is at least 2 mL.

Prepare the surrogate standard spiking solution by using the appropriate
volume of stock solution of Section 7.2.2E to give the concentration shown

it Table 4 or 4A. A volume of 2 mL of either the LRMS or HRMS spiking -

soiution will provide the amount of the surrogate standards that must be -
added to the sample (Table 7 or 7A) before sampling to achieve the sample
extract concentratlons shown in Table 8 or 8A in a final sampls volume of
500 ul. _ S

Alternate Standarﬂ Spiking Solution

" The coneentration of alternate standard in this spiking solution must be such

that the amount of sclution added to the ca]:brat:on standard solution and the
sample extracts is at least 2 mL.

Prepare the alternate standard spiking solution by using the appropriate
volume of stock solution of Section 7.2.2D to give the concentration shown
in Tabie 4 or 4A. A volume of 2 mL of either the LRMS or HRMS spiking
solution will provide the amount of the alternate standard that must be
added to tha sampie (Table 7 or 7A) before extraction to achieve the sample
extract concentrations shown in Table 8 or 8A in a final sample volume of
500 pl.

- Calibration Cheok Standard

The calibration check standard shall be used for column performance checks, .
and for continuing calibration checks. Solution #3 from Table 5 shall be the
calibration check standard for LRMS, while Soiution #3 from Table 6 or 6A
shall be the calibration check standard for HRMS. :

INITIAL CALIBRATION

An acceptable initial calibration (7.3.8) is required before any sampies are
analyzed, and then intermittently throughout sample analyses as dictated by
results of the continuing calibration procadures described in Section 7.4. The
GC/MS system must be properly calibrated and the performance documented
during the initial calibration.
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7.3.1

7.3.2

7.3.3

7.3.4

Retention Time Windows

Before sample analysis, determine the retention time windows during which
the selected ions will be monitored. Determine Relative Retention Time
(RRTs) for each analyte by using the corresponding 2H - labelled standard.

GC Operating Conditions

- The GC column performance (Section 7.3.5) must be documented during the

initial calibration. Table 10 summarizes GC operating conditions known to
produce acceptable results with the column listed. The GC conditions must
be established by each analyst for the particular instrumentation by injecting
aliquots of the calibration check standard (7.2.8). It may be necessary to
adjust the operating conditions slightly based on observations from analysis
of these solutions. Other columns and/or conditions may be used as long as
column performance criteria of Section 7.3.5 are satisfied.

fﬁereafter the calibration check standard must be analyzed daily to verify the
performance of the system {Section 7.4),

GC/MS Tuning Criteria
A. Low Resolution Mass Spectrometry

Use a compound such perfluorotributylamine {PFTBA) to verify that the
intensity of the peaks is acceptable. If PFTBA is used, mass Spectral
peak profiles for m/z 69, 219 and 264 must be recorded, plotted, and
reported. The scan should include a minimum of +/- two peaks (i.e, m/z
67-71 for the m/z 69 profile).

'B.  High Resolution Mass Spectrometry

Tune the instrument to meet the minimum required resolving power of _
8,000 at 192.9888 or any other PFK reference signal close to 128.0626
{naphthalene). Use peak matching and the chosen PFK reference peak
to verify that the exact mass of m/z 242.9856 is within 5 ppm of the
required value. The selection of the low and high mass ions must be
such that they provide the largest voltage jump performed in any of the
three mass descriptors. ' '

MS Operating Conditions
A. Low Resolution Mass Spectrometry
Analyze standards and samples with the mass Spectrometer operating in

the Selected lon Monitoring {SIM) mode with a total cycle time of 1
second or less.
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B. High Resoclution Mass Spectrometry
Analyze standards and samples with the mass spectrometer operating in
- the SIM mode with a total cycle time (including the voltage reset t|me)
of one second or less. :
" A reference compound such as Perfluorokerosene (PFK) must be-used to
calibrate the SIM mass range. One PFK ion per mass descriptor-is used -
- as-a lock-mass ion to correct for mass drifts that occur during the
analysis. In addition to the lock-mass ion, several ions charactenst:c of
PFK are monitored as QC check ions (Table 13).
7.3.5 _ GC Column Perf_ormance Criteria
A. The height of the valley between anthracene and phenanthrene at m/z .
178 or the 2H- -analogs at m/z 188 shat! not exceed 50 percent of the
talier of the two peaks.
B. The height of the vallev between benzo(b)fluoranthens and

benzo(k)ﬂuoranthene shall not exceed 60 percent of the taller of the two
peaks. '

If these cntena are not met and normal column mamtenance procedures are -
not successful, the column must be replaced and the initial calubratlon
repeated ' : : :

7.3.6 Mass Spectrometer Performance

A.

August 9, 19286 -

Low Resolution Mass Spectrometry

Verify acceptable sensitivity during initial calibration. Demonstrate that
the instrument will achieve a minimum signal-to-noise ratic of 10:1 for
the quantitation and confirmation ions when the calibration standard
with the lowest concentration is injected into the GC/MS system,

High Resolution Mass Spectrometry

Record the peak profile of the high mass reference signal (m/z
242.9856) obtained during peak matching by using the iow-mass PFK
ion at m/z 192.9888 (or lower in mass) as a reference. The minimum
resolving power of 8,000 must be demonstrated on the high-mass ion
while it is transmitted at a lower accelerating voltage than the low-mass
reference ion, which is transmitted at full sensitivity.

The format of the peak profile representation must allow manual
determination of the resolution, that is, the horizontal axis must be a
calibrated mass scale {amu or ppm per division).

The peak width of the'high mass ion at 5 percent of the peak height
must not exceed 125 ppm in mass,
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7.3.7 Calibration Procedure

Using stock standards, prepare at least five calibration standard solutions,
using the same solvent that was used in the final sample extract. Kaep the
recovery standards and the internal standards at fixed concentrations. Adjust
the concentrations recommended in Tables 5 and 6, if necessary, to ensure
that the sample analyte concentration falls within the calibration range. The
calibration curve must be described within the linear range of the method.
Calibrate the mass spectrometer response using a 2 yl aliquot of each
calibration solution. Analyze each solution once.

Calculaté:

A. the relative response factors (RRFs) for each analyte as described in
Sections 7.7,1.1, 7.7.1.2, and 7.7.1.3.

B. the mean RRFs as required by Section 7.7.1 4.

C. the standard deviation (SD) and relative standard deviation {(RSD) as
required by Section 7.7.2.

Report alf results as required by Sectioq 10.2.
7.3.8 Criteria for Acceptable Initial Calibration

An acceptable initial calibration must satisfy the following performance
criteria: .

A. The requirements of Sections 7.3.5 and 7.4.6 must be met.

B. The signal to noise ratio (S/N) for the GC signals present in every
selected ion current profile (SICP) must be > 10:1 for the labelled
standards and unlabelled analytes.

C. The percent relative standard deviation for the mean relative response
factors must be no greater than 30 percent for both the uniabelled
analytes and internal standards (Section 7,7.2). Otherwise, take
corrective action as required by Section 7.7.2.

7.4 CONTINUING_ CALIBRATION

The continuing calibration consists of an analysis of the calibration check
standard {Section 7.2.8) once during each 12-hour shift as described in Section
7.4.1. '

The criteria for acceptable continuing calibration are given in Section 7.4.2.

These must be satisfied or else corrective action must be taken as required by
Section 7.4.2,
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7.4.1

7.4.2

7.5

Calibration Check

) The callbratlon check standard lSectlon 7.2. 8) must be analyzed at the |

beginning and end of each analysis period, or at the beginning of every 12-

_ hour shrft if the laboratory operates durlng consecutrve 12 hour shifts.

lnject a Z-prL ahquot of the calibration check standard (Section 7.2. 8) into the
GC/MS. Use the same data acqurs:tron parameters as those used during the

initia! calibration.

~ Check the retention tinﬁe-Windows for each of the compounda._ They must
- . satisfy the criterion of Section 7.4.20

' Check for GC resolution and peak shape. Document acceptable column

performance as described in Section 7.3.5. If these criteria are not met, and
normal column maintenance procedures are unsuccessful, the column must

be replaced and the calrbratlon repeated

Calculate the continuing RRF and ARRF the relative percent difference (RPD)
between the dally RRF and the initial calibration mean RRF as descnbed in
Sectlon 7.7.1.5. :

Report the results as. reqmred by Sectron 10 2 |
Contmumg Calrbratuon Performance Craterra

An acceptable contrnumg calibration must satrsfy the following performance
criteria:

A. The signal to noise ratio (S/N) for the GC -sugnals present in the selected
ion current profile (SlCP) for all labelled and unlabelled standards must
be > 10:1.

B. The measured RRFs of all analytas (labelled and unlabelled) must be
within 30 percent of the mean values established during the initial
calibration. If this criterion is not satisfied, a new initial calibration curve
must be established before sample extracts can be analyzed,

C. The retention time for any internal standard must not change by more
than 30 seconds from the most recent calibration check. Otherwise,
inspect the chromatographic system for maifunctions and make the
necessary corrections, Document acceptable performance with a new
initial calibration curve.

GC/MS ANALYSIS

The laboratory may proceed with the analysis of samples and blanks only after
demonstrating acceptable performance as specified in Sections 7.3 and 7.4.

Analyze standards, field samples and QA samples (Section 8.1) with the gas
chromatograph and mass spectrometer operating under the conditions
recommended in Sections 7.3.2 and 7.3.4.
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7.6
7.6.1

7.6.1.1

7.6.1.2

7.6.1.3

Approximately | hr before HRGC/LRMS or HRGC/HRMS analysis, adjust the -
sample extract volume to approximately 500 yL. This is done by adding 50 yL of
the recovery standard spike solution (Section 7.2.8, and Table 4 or 4A) to the
450 wL final volume (Section 6.6.2) of the concentrated sample extract give the
sample extract concentration required by Table 8 or 8A. If the sample volume
must be changed to achieve a desired detection limit, the recovery spike solution
concentration must be adjusted accordingly to achieve the target concentrations
of Table 8 or 8A, '

Inject a 2 yL aliquot of the sample extract (Section 6.6.2) on to the DB-5
column. Use the same volume as that used during calibration. Recommended

‘GC/MS operating conditions are described in Section 7.3.

The presence of a given PAH is qualitatively confirmed if the criteria of Section
7.6.1 are satisfied. '

The response for any quantitation or confirmation ion in the sample extract must
not exceed the response of the highest concentration calibration standard.

Collect, record, and store the data for the calculations required by Sections
9.1.7,9.1.8, 9.1.9, and 9.1.10. Report the results as required by Section 10.2.

QUALITATIVE ANALYSIS
Identiﬁcatioh Critéria
lon Criteria

For LRMS analysis, all quantitation and confirmation ions (Table 13)
must be present.

Relative Retention Time {(RRT) Criteria

The relative retention time (RRT) of the analyte compared to the RRT for
the 2H-standards must be within £0.008 RRT units of the relative
retention times obtained from the continuing calibration (or initial
calibration if this applies). ' _ -

Signal to Noise Ratio

The signal to mean noise ratio must be 10:1 for the internal standards,
This ratio for the unlabelled compounds must be greater than 2.5 to 1
for the guantitation ions for HRMS and for both quantitation and
confirmation ions for LRMS. '

If broad background interference restricts the sensitivity of the GC/MS
analysis, the analyst must employ additional cleanup on the archive
sample and reanalyze,”
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7.7 QUANTITATIVE ANALYSIS

7.7 ~ Relative Response Factors (RRFs)

7.7.1.1

1.7.1.2

RRF for Uniaballed PAH and Surrogate Standards
from initial Calibration Data

Use the results of the callbration and Equation 429-13 to calcuiate the .
relative response factors (RRFs) for each calibration compound and -
surrogate standard in each calibration solution(Tables 5§ or 5A). Table

11 shows the assignments of the internal standards forcalculation of
the RRFs for the calibration solution shown in Table 5. Table 11A
shows the assignments of the internal standards for calculation of the
RRFs for the calibration sofution shown in Table BA." Report the results -
as reqwred by Section 10.2.

RRF for Determining l_nternal Standard Recovery

‘Use the results of the calibration'in Equatron 429-18 to. calculate the-

relative response factor for each .internal standard relative to an -

. appropriate recovery standard. Table 11 shows the assrgnments of the

~ recovery standards for ca-culat.ng internal standard recoveries for the
* calibration solution shown in Table 5. Table 1 1A shows the

assignments of the recovery standards’ for. calculatlng internal’ standard

~ recoveries for the calibration solution shown in Table BA: Report the :

" results as requ:red by Section 10. 2

7.7.1.3

7.7.1.4

7.7.1.5

August 8, 1996

RRF for Determining Alternate Standard Recovery

Use the calibration results and Equation 429-19 to calculate the -
response factor for the alternate standard relative to the appropriate -
recovery standard. Table 11 shows the assignment of the recovery
standards for calculating aiternate standard recovery for the calibration
solution shown in Tabie 5. for the calibration-solution shown in Table 5.
Report the results as requrred by Section 10.2.

Mean‘Relatnve Response Facter

Use Equation 429-20 to calculate the mean RRF for each compound-
{unlabelled calibration standards, surrogate standards, internal standards -
and alternate standard). This is the average of the five RRFs calculated
for each compound (one RRF calculated for each calibration solution),

The mean RRF may be used if the lmearlty criterion-of Section 7.7.2 is
satisfied.

Report the results as required by Section 10.2.

RRF from Continuing Calibraticn Data
Analyze one or more calibration standards (one must be the medium
level standard) on each work shift of 12 hours or less. Use Equations

429-17, 429-18, and 429-19 to calculate the RRFs for each analyte.
Use Equation 423-22 to calculate ARRF, the relative percent difference
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between the daily RRF and the mean RRF calculated during initial
calibration. Check whether the performance criterion of Section 7.4.28
is satisfied. Report the results as required by Sectionl 10.2.

1.7.2 Relative Standard Deviation of Relative Response I'-'_actqrs

For each analyte, calculate the sampie standard deviation (SD) of the RRFs
used to calculate the mean RRF. Use Equation 429-21 to calculate the
percent relative standard deviation (%RSD) for each analyte. The analyst
may use the mean RRF if the percent relative standard deviation of the RRFs

- is 30% or less. If the RSD requirement is not satisfied, analyze additional
aliquots of appropriate calibration solutions to obtain an acceptable RSD of
RRFs over the entire concentration range, or take action to improve GC/MS
performance. Otherwise, use the complete five point calibration curve for
that compound.

8 QUALITY ASSURANCE/QUALITY CONTROL

Each laboratory that uses this method is required to operate a formal quality
control program. The minimum quality control requirements of this program
consists of an initial demonstration of laboratory capability {according to
Sections 7.3 and 8.1.3.1), and periodic analysis of blanks and spiked samples as
required in Sections 8.1.1 and 8.1.3.2 as a continuing check on performance.

The laboratory must maintain performance records to document the quality of
data that are generated. The results of the data quality checks must be
compared with the method performance criteria to determine if the analytical
results meet the performance requirements of the method. The laboratory must .
generate accuracy statements as described in Section 8.4.1.

8.1 QA SAMPLES
8.1.1 Laboratory Method Blank

The analyst must run a laboratory method blank with each set of 15 or fewer
samples. The method blank must be a resin sample from the same batch
used to prepare the sampling cartridge and the laboratory control samples.
The method blank must be prepared and stored as described in

Sections 4.3.4 and 4.3.5. o

The analyst shall perform all of the same procedures on the method blank as
are performed on the solid samples (Section 6.5.2.1) from the beginning of

sample extraction through to the end of the GC/MS analytical procedures.
8.1.2 Performance Evaluation Samples

The laboratory should analyze performance evaluation samples quarterly
when these samples become available. These samples must be prepared and
analyzed by the same methods used for the field samples. Performance for
the most recent quarter should be reported with the results of the sample
analysis. o

August 8, 1996 Proposed M-429 Page 52



8.1.3 Laboratory Control Sample (LCS) |

8.1.3.1

8.1.3.2

August 9, 1296

Initial Demonstration of Labor_atory Capability

Before performing sample analyses for the first time, the. analyst -shali
demonstrate the ability to generate results of acceptable precrsron and
accuracy by usmg the foilowrng procedures. '

Prepare sptkmg ‘'solutions from stock standardé prepared independently

from those used for calibration. Spike at least four resin samples
cleaned as described in Section 4.2.2 with each of the target unlabelled
analytes as indicated in Table 9. Blank resin contamination levels must
be no greater than 10 percent of the levels of the spiked analytes. Add
the amounts of internai standards required by Tabie 7 or 7A. Add the
alternate standard to the extract te¢ monitor the effrcrency of the cleanup

procedure

The LCS spikes shall undergo ali of the same procedures as are:
performed on the solid samples {Section 6.5.1. 2) from the beglnnrng of
sample extractlon through to the end of the GC/MS anaiytrcal
procedures

Calculate:

(A) percent recoveries for the internal standards and alternate standard,

{B} the mass of each target analyte in yg/sample or ng/samp!e, .

(C) the average of the resuits for the four analyses in ug/sampie or
ng/sample,

(D) the average recovery (R) as a percentage of the amount added and

{E) the relative standard deviation Sg.

Report the results as required by Section 10.2.4.

(f a'll the acceptance criteria of Section 8.2.6 are satisfied for all of the
target PAH, the analyst may begin analysis of blanks and sampies. _
Otherwise, corrective action must be taken as required by Section 8.2.6. _

Ongoing Analysis of LCS

The analyst must run two laboratory contiol samples with each:set of
15 or fewer samples. The resin for the LCS must be taken from the
same batch used to prepare the sampling cartridge and the laboratory
method blank. The LCS resin must be prepared and stored as described
in Sections 4.3.4 and 4.3.5. .

Prepare spiking solutions from stock standards prepared independently
from those used for calibration. Spike each resin sample with each of
the target unlabelied analytes as indicated in Table 9. Blank resin
contamination levels must be no greater than 10 percent of the levels of
the spiked analytes. Add the amounts of internal standards required by
Table 7 or 7A. Add the alternate standard to the extract to monrtor the
efficiency of the cleanup procedure.
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The LCS spikes shall undergo all of the same procedures as are
performed on the solid samples (Section 6.5.1.2) from the beginning of
sample extraction through to the end of the GC/MS analytical
procedures. -

Calculate:

(A} percent recoveries for the internal standards and alternate standard,

(B) the mass of each target analyte in pg/sample or ng/sample,

{C) the average of the resuits for the two analyses in pg/sample or
ng/sample,

{D) the average recovery as a percentage of the amount added, and

(E) the relative percent difference for the two analyses:

Report the results as required by Section 10.2.

Add the results which satisfy the performance requirements of Section 8.2.6
to the results of the initial LCS analyses (8.1.3.1) and previous ongoing data
for each compound in the LCS sample.

Update the charts as described in Section 8.4.1.
8.2 ACCEPTANCE CRITERIA
8.2.1 Blank Trains

The levels of any unlabelled analyte quantified in the blank train must not
exceed 20 percent of the level of that analyte in the sampling train. If this
criterion cannot be met, calculate a reporting limit that is five times the
blank value (Equations 429-32 and 429-33). Do not subtract the blank value
from the sample value.

8.2.2 Surrogate Standard Recovery

Acceptable surrogate (field spike) recoveries should range from 50 to 150
percent. If field spike recoveries are not within the acceptable range, this
must be clearly indicated in the laboratory report. The affected sampling run
must be identified in the report of the calculated emissions data.

8.2.3 Internal Standard Recovery

Recoveries for each of the internal standards must be greater than 50
percent and less than 150 percent of the known value.

If internal standard recoveries are outside of the acceptable limits, the signal
to noise ratio of the internal standard must be greater than 10. Otherwise
the analytical procedure must be repeated on the stored portion of the
extract.

NOTE: This criterion is used to assess method performance. As this is an

isotope dilution technique, it is, when properly applied, independent
of internal standard recovery. Lower recoveries do not necessarily

August 9, 1996 Proposed M-429 Page 54



8.2.4

8.2.5

8.2.6

8.2.6.1

invalidate the analytical results for PAH, but they may result in
higher detectlon limits than are deswed

If low internal standard recoveries result in detection limits that are
unacceptable, the cleanup and GC/MS analysis must be repeated with the -
stored portion of the extract. if the analysis of the archive sample gives low

recoveries and high detection I|m|ts the results of both analyses must be

reported.

Laboratory Method Blank

" The !aboratory method blank must not contain any of the target ana!ytes

listed in Table 1 at levels exceeding the PQL or 5 percent of the analyte

_ concentratlon ln the field sample.

If the method blank is contaminated, check solvents, reagents, standard
solutions apparatus and glassware to locate and eliminate the source of
contamination before any more samples are anatyzed Table 3 shows those
compounds that commonly occur as-contaminants in the method blank, and
the ranges of concentraticns that have been reported. : :

: If field samples were processed with a Iaboratory method blank that showed
 PAH levels greater than 5 percent of the field sample, they must be re-
- analyzed usmg the archived portion of the sample extract :

Recoverigs of the mternal standards must satlsfy the requrremen‘ts of 8. 2 3.
if the internal standard recoveries are iess than 50%, the S/N ratio must be
greater than 10 for the anternal standard.

Performance Evaluation Sample

The following wil! be a requirement when performance evaluation samples
become availabie, and performance criteria have been established:

Performance for the most recent quarter must be reported with the results of
the sample analysis. If the performance criteria {to be established) are not -
achieved, corrective action must be taken and acceptable performance
demonstrated before sample analysis can be resumed.

Laboratory Control Samples
initial and Ongoing Analysis

The signal of each analyte in the initial and ongoing laboratory control
samples must be at least 10 times that of the background.

Acceptable accuracy is a percent recovery between 50 and 150 percent.
Acceptable precision for the initial LCS samples is a relative standard
deviation (RSD) of 30 percent or less. '

Acceptable precision for the ongoing analysis of duplicate samples is a
relative percent difference of 50 percent or iess.
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If the RSD for the initial demonstration exceeds the precision limit, or any
calculated recovery falls outside the range for accuracy, the laboratory
performance for that analyte is unacceptable,

If the RPD for any ongoing duplicate analyses exceeds the precision limit, or
any calculated recovery falls outside the range for accuracy, the laboratory
performance for that analyte is unacceptable.

Beginning with Section 8.1.3.1, repeat the test for those analytes that failed
to meet the performance criteria. Repeated failure, however, will confirm a
general problem with the measurement system. If this occurs, locate and
correct the source of the problem and repeat the test for all compounds of
interest beginning with Section 8.1.3.1 for the initial analysis and

Section 8.3.1.2 for the ongoing analysis.

8.3 ESTIMATION OF THE METHOD DETECTION LIMIT (MDL) AND PRACTICAL
QUANTITATION LIMIT (PQL}

8.3.1 Initial Estimate of MDL and PQL

The analyst shall prepare a batch of XAD-2 resin as described in Sections
4.2.2.1 t0 4.2.2.3, then check for contamination as required by Section 4.2.2.4.
Identify those PAH analytes present at background levels that are too high for
the MDL determination. Use the procedure of Appendix A to caiculate MDLs for
the remaining target PAH compounds, A suggested initial spike level for the
MDL determination is 5 times a theoretical method quantitation limit {TMQL)
estimated according to Equation 429-18.

T™MQOL = C x % X 100 x 2 429-16

C = the concentration of the PAH in the fowest concentration calibration
standard used in the initial calibration, (ng/ul)

V= the final extract volume, {uL)
P = the assumed percent recovery (60%) of the internal standard
2 = afactor to account for the fact that the final extract volume (V) contains

one half of the analyte in the sample. The other half is archived,
8.3.2 Ongoing Estimation of MDL and PQL

Once every quarter in which this method is used, the analytical laboratory must
analyze one spiked resin sample as described in Appendix A. include all initial
and quarterly results in the calculation of the standard deviation and MDL for
each analyte that has not been identified as a common contaminant of the
XAD-2 resin, -
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If the MDL for any analyte exceeds the MDL estabiished during the initial
determination, take corrective action as necessary, and repeat the monthly
analysis. -1f any MDL still exceeds the initial MDL, then the initial standard
deviation estimation procedure {Appendix A} must be repeated.

8.4 - LABORATORY PERFORMANCE

The analyst must have documented standard cperatrng procedures {SOPs) that
contain specific stepwise instructions for carrying out this method. The SOPs
must be readily available and followed by all personnel conducting the work. The

- SOP must be made available for review upon.reguest by the Executive Offlcer
the tester or reviewer of the analytical results. The analyst may impose .
restrictions on the dissemination of the information in the SOP.

The analyst must have documented precrsron and accuracy statements
(Section 8.4.1) readily avallable :

" The analyst must have results of the rnrtral and ongorng estimates of the MDL
(Sectrons 8 3.1 and 8.3.2) readrly avarlable :

8.4.1 . Precrsron and Accuracy Statement

' The precision and accuracy statements for the analytrcal procedure shaEI be
based on the resuits of the initial and ongorng LCS analyses The frequency of
analysis is stated in Sectron 8. 1 3. : : :

Prepare a table of the recoveries and the relative percent difference for each
ongcing analysis of the LCS and LCS duplicate. Figure 15A is an example of
such & table.  This must be included in the analytical data package submitted for
each set of samp!e analyses

Prepare a quality contro! chart for each target analyte that provides a graphic
representation of continued laboratory performance for that target analyte
Figure 15B is an example QC chart for benzc(a)pyrene

8. CALCULATIONS

Carry out calculations retaining at least one extra decimal figure beyond that of
the acquired data. Round off figures after the final calcufation.

9.1 ANALYST'S CALCULATIONS

The analyst shali carry out the calculations described in Sectrons 9.1.1 to
9.1.11.
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9.1.1 Relative Response Factors (RRF) for Unlabelled PAH and Surrogate Standards

Calculate the RRF for each target unlabelled PAH analyte and surrogate standard
in each calibration solution . Use Equation 429-17 and the data obtained during
initial calibration (7.3.7) or continuing calibration (7.4.1).

A Q; 429-17
RRF, = s X Qis :
Ais X Qg
Where
As = Area of the response for characteristic ions of the unlabelled analyte

or surrogate standard (Tables 11 or 11A, 13, and 14).

Ais = Area of the response for characteristic ions of the appropriate internal
’ standard {Tables 11 or 11A, 13, and 14).

Qs = Amount of the unlabelled PAH calibration analyte or surrogate
standard injected on to GC column, ng.

Qs = Amount of the appropriate internal standard injected on to GC column, ng.

is
9.1.2 RRF for Determination of Internal Standard Recovery

Calculate RRF;s according to Equation 429-18, using data obtained from the
analysis of the calibration standards. ' :

Ais b'e QTS . 429'18

Fig = s = -rs
RRFis A X Qi

A, = Area of the response for characteristic ions of the appropriate
recovery standard (Tables 11 or 11A, 13, and 14).

Q,; = Amount of the appropriate recovery standard injected on to GC
column, ng. '

9.1.3  RRF for Determination of Alternate Standard Recovery

Calculate RRF,g according to Equation 429-19, using data obtained from the
analysis of the calibration standards.

; . 429-19
RAFy, = a5 X Qs

: Ars X Qg
Wheré:

Ass = Area of the response for characteristic ions of the alternate standard
(Tables 13 and 14),

Q,s = Amount of alternate standard injected on to the GC column, ng.
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9.1.4  Mean Relative Response Factors (RRF)

Calculate the mean RRF for each target unfabellé’d PAH surrogate standard,
internal standard and aiternate standard using Equation 428-20 and the RRFs
caiculated accordmg to Sections 9.1. 1 9 1. 2 and 9.1. 3

n 428-20
=1 3, (RRF);
noa
Where:
RRF; = RRF calcuiated for calibration solutlon "i" using one. of Equat:ons
' 429-17, 429180r42919
n = The number of data points dérived from the calibration. The

minimum requirement is a five- -point callbratlon (Sectlon 7 2 3,
Tables 5 and 6 or 6A)

9.1 5 Percent Relative Sta_ndarcf Deviatuon_(%RSD) of Relativé Response Factors

- Use Equéticn 428-21 t'o calculate the relative standard deviation. of the Relative
.~ Response Factors for each analyte. o ‘ _ ' : , _ :
“%RSD = 52 x 100% 4 g_ i

Where
RF =  Mean relative response factor 'of a given analyte as defined in
Sections 7.7.1.4 and 9.1.4.
SD =  The sample standard deviation of the relatlve response factors used

to calculate the mean RRF.
9.1.6 Continuing Calibration ARRF

Use Equation 429-22 to calculate ARRF, the relative percent difference (RPD)
between the daily RRF and the mean RRF calculated during initial calibration.

RRF, - RRF . 429-22

ARRF = = x 100%
RRF
Where:
RRF., = The RRF of a given analyte obtained from the continuing calibration

{Section 7.4).
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9.1.7  Percent Recovery of Internal Standard, Rig

Calculate the percent recovery, R, for each internal standard in the sample
extract, using Equation 429-23. _
Ris' = Ajs X OI'S_ . X 100%
Ars x RRFg x Qi

429-23

Where:

RRF;s = Mean relative response factor for internal standard (Equations 429-18
and 429-20).

9.1.8  Percent Recovery of Surrogate Standard, Rqe

Calculate the percent recovery, Rss for each surrogate standard in the sample
extract, using Equation 429-24.

Res = — s X Qs . 1504 429-24
Where:
Ass = Area of the response for characteristic ions of the surrogate standard
(Tables 13 and 14).
Qss = Amount of the surrogate standard added to resin cartridge before

sampling, ng. :

RRF, = Mean relative response factor for surrogate standard {Equations
429-17 and 429-20).

9.1.9  Percent Recovery of Alternate Standard, Rye

Calculate the percent recovery.' Rys for the alternate standard in the sample
extract, using Equation 429-25.

 Ags X Qg
Arg x _RRFas x Qg

x 100% 429-25

Ras =

Where;

RRF,; = Mean relative response factor for alternate standard (Equations 429-
19 and 429-20), : .
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9.1.10  Mass of the Target Analytes and Surrogate Standards in
. Emrssrens Sample or Blank Train

Use Equatlon 429-26 to determine the total mass of each PAH compound or
surrogate standard in the sample:

Report the PQL (9.1.11) for those an'alytes that were not t)resent atlevels
- higher than the PQL provrded to the tester pnor to testlng {2.3. 3}

.- W'h_ere: -

b;.- '

is

RR

M= Os x Ag . 42926

Mass (ng) of surrogate standard (M )-or target analyte (Mt) detected
in the sample.

: Amount of rnternal standard or surrogate standard added to each

sample

~ Area of the response for charactenstrc ions of the. unlabelied ana|yte L

or surrogafe standard fTah!es ¥ 3 and ‘!4!

Area of the response for characterastrc rons of the appropraate L

':nternai standard (Tables 13 and 14)

Mean relatrve response factor of a grven analyte calculated as
requrred by Sections 7.7.1.4 and 9.1.4,

9.1.11 Analvﬁcal Reporting Limit

The analyst shall report the PQL (Section 2.3.3) for those analytes that were
not present in the emissions sample or blank train at levels higher than the
pre-test estimate of the PQL.

9.2 TESTER'S CALCULATIONS

9.2.1  Sampie/Blank Train PAH Mass Ratio

Use Equation 429 27 to calculate the sampie/blank train mass ratio for each PAH
detected at levels above the MDL in both the freid sample and the bEank train.

Where:

My

Mgy

August 9, 1296

' . 429-27
RATIO =.,_M;t_.
Mgr

Mass of target PAH analyte detected in the sampling train
(Equation 429-26).

Mass of the same PAH analyte detected in the biank train.
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If the sample to biank train PAH mass ratio is less than five, calculate the
reporting limit for the tested source as required by Section 9.2.4.2. Do not
calculate M, (Section 9.2.2) or M, (Section 9.2.3) for the emissions Teport.

9.2.2  PAH Concentration in Emissions

Use Equation 429-28 to calculate: the concentration in the emissions of 1) the
PAH analytes detected in the sampling train but not in the. blank train, and 2) the
PAH analytes that satisfy the minimum sample to blank train mass ratio required
by Section 9.2.1.

: 429.2
Vin{std} 0.028317 :
Where:
M, = Concentr‘atio_n- of PAH in the gas, ng/dsem, corrected to étan_dard '
conditions of 20°C, 760 mm Hg (68°F, 29.92 in. Hg) on dry
basis. '
M, = Mass of PAH compound in gas sample, ng (Equation 429-26)
Vm(std,- = Volume of gas sample measured by the dry gas meter, corrected

to standard conditions, dscf {Equation 429-10).
. 0.028317 = Factor for co_ﬁverting dscf to dscm.
9.2.3  PAH Mass Emission Rate |
. Use E'Q'datibn' 4'29429_10 calculate the mass .e’missibn rate for each .PAH :

compound - that satisfies the. minimum sample/biank train PAH mass ratio. -
(S_ection 9.2.1). o R

)  420.29
Vinistd) 60
Where:
M, = Mass emission rate for PAH analyte, ng/second =
| M, = Mass of PAH compound in the gas sample, ng (Equation 429-26) 5
Qg = Average stack gas dry volumatric flow rate corrected-to standard
o conditions, dscf/min. - S
60 . = Factdr for converting minutes.to seconds:
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9.2.4

9.2.4.1

Source Reporting Limit
PAH Not Detected in Either Sampling or Blank Train

Use Equation 428- 30 of 429-31 to calculate the repdrtmg limit for'thOSe' a'nalytes -
that were not detected at levels above the PQL in either the sampling or blank

train, : .
S R PoL' L1 42930
R_"CS T Ve | 0028317 - |
B awy 42931
Rles = POL X .Std': . ' Lo .
V(s . 60 -
Where:
RLc-s' = Reportmg iumlt'for the tested source, (ng/dscm} corrected: to
SR standard conditions of 20°C, 760 mm Hg (68°F 29- 92 in. Hg) on
dry basus :
o RLe.s: = "Repor‘_t‘mg limit for the tested source, (ng/sec.).
6.62'_8317" = Factor for converting dscf to dscm.
80 = Factor fdr'-'cdhver"tinfg minutes to seconds.

9.24.2

PAH Detected in Blank Train and SamplelBlank Train Ratio <5

if the sampl'e to blank train PAH mass réti'o is less than five, then Equation
429-32 or 429-33 shali be used to calculate the reporting limit for that PAH.

AL 5 x Mgt x‘ AP 1 429-32
® " View 0.028317“‘
5x M - . 428-33
Rleb v - Qes(t)d -
o m(std)

Where:

RL.y = Reporting limit for the tested source, (ng/dscm), corrected to
standard conditions of 20°C, 760 mm Hg (68°F, 29-92 in. Hg) on
dry basis.

RLep = Reporting limit for the tested source, (ng/sec.}.

Mgt = The total mass of that PAH analyte in‘the field blank train.
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10. REPORTING REQUIREMENTS

The source tast protocol must contain all the sampling and analytical data
required by Sections 2.2 to 2.5, 4.2.1 .1, and 4.2.2.4, as well as the information
listed in Sections 10.1 and 10.2 that pertain to identification and quantitation of
the samples. : : '

The emissions test report must contain all of the sampling and analytical data
necessary to calculate emissions values for the target analytes or to demonstrate
satisfactory performance of the method.

The end user or reviewer should be able to obtain from the source test report all

information necessary to recaiculate all reported test method results or to verify
that all required procedures were performed.

Any deviations from the procedures described in this method Must be
documented in the analytical and sampling report.

10.1 SOURCE TEST PROTOCOL

At a minimur, the source test protocol must include all of the data required by
Section 2.2 and the information listed in Sections 10.1.1 through 10.1.4.

10.1.1 Preparation of Filters
A. Manufacturer's lot number for the batch of filters to be used in the test.
B. Contamination check of filter (Section 4.2.1.0)
(i) Date of cleaning,
(i) Date of PAH analysis. : :
(iii) Table of results of PAH analysis required by Section 4.2.1. The
analytical report must include all of the data listed in Section 10.2.
c. Storage conditions prior to the test (4.3.3)
10.1.2 Preparation of XAD-2 resin

A. 1D for the batch to be used in the test. The sarme batch must be used
for the sampling train and the laboratory QC samples. '

B.  Contamination check of resin (Sections 4.2.2.1 to 4.2.2.4)
(i} Date of cleaning. :
(i) Date of PAH analysis. o =
(i) Table of results of PAH analysis required by Secton 4.2.2.4. The
analytical report must include all of the data listed in Section 10.2,
C. Addition of surrogate standards to the resin cartridge.

(i) Amount of each compdund.
(i) Date of spiking.
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10.1.3

10.1.4

. 10.2

D.  Storage conditions prior to the test {Section 4.3.3)
Method Detectuon Limits and Practlcal Quantatataon Limits

The MDL and PQL for each target anaiy‘te determined as required by Sectlons
2.3. 2 and 2.3.3.

Target Sam'pling P:a'fa'mfeter_s '
A.  Source térget concentra'tion of each emitted PAH of interest.
B. | Results of caiculalti'ons required by Set:tions 2. 5' 2t02.5.5,

F:gure 9 shows the mlmmum reqwred calculatlons of target samplmg

 parameters..

LABORATORY REPORT

The analyst must generate a laboratory report for each pre-test analysis of the

-sampling media (Sections 2.3, 4.2.2.1, and 4.2.2.4) and each post-test analysns_ .

- _of the samphng trams and Iaboratory QcC samples

= _A mmnmum of 7 post- test analyses are required to determane the emissions from

10.2.1

the source and to document the quahty of the emsssrons data These are the -

"~ analyses of three sampling runs, one blank tram ‘one |aboratory method blank

and two iaboratory control samples.

At a minimum, any report (data package) from the analyst to the tester shall
conitain the information listed in Sections 10.2.1 to 10.2.6 pertaining to
identification and PAH quantitation of all samples,

Five-point Initdal Calibration

The report of the results of the initial five-point calibration must mc#ude the
data listed in A, B, and C beiow : .

A. Mass chromatograms for each initiai cahbratlon solution that show ata
minimum: -

{ii Instrument ID,

(i) laboratory sample ID on each chromatogram.

(i} date and time of GC/MS analysis,

{ivi mass of monitored ions for each compound in the cahbratlon solution -
unlabelled PAH, internal standard, surrogate standard, alternate
standard and recovery standard,

{v} retention time for each compound in the calibration solution, and

{vi) either peak height or area of the signals observed for the monitored ion
masses.
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{i)
(ii)
{iii)
(iv)

(v)
{vi)

{vii}

A summary table of the data obtained for each initial calibration
solution that shows at a minimum:

instrument |10,

laboratory sample ID,

date and time of GC/MS analysis,

retention time for each compound - unlabelled PAH, internal standard,
surrogate standard, alternate standard and recovery standard,

relative retention time for each unlabelled PAH,

either peak height or area of the signais observed for the momtored ion
masses, ‘ _

the relative response factors for each unlabelled PAH, internal standard,
surrogate standard, and alternate standard, and

{vii) analyst's signature

Figure 14A is an example of a-summary table that contams the minimum
required information for the analysis of a smgle calibration solution.

C.

(i)
(i)
(iii)

(iv)

{v)
{vi}

A summary table that shows at a minimum:

Instrument 1D,

the date and time of the GC/MS analysis,

the relative response factor (RRF) calculated for each unlabelled PAH,
internal standard, surrogate standard, and alternate standard in each
calibration solution,

the average relative response factor {RRF ) calculated for the five point
calibration, ;

the relative standard deviation of the relative response factors, and
the recovery of each internal standard in percent.

Figure 14B is an example of a report that contains the minimum required
information for a five point calibration summary.

10.2.2 Continuing Calibration

The report of the results of a continuing calibration must include the data
listed in 10.2.2 A, B, and C below:

A,

{i}

(i)

August 9, 1996

Mass chromatogram that shows at a minimum the information Ilsted in
10.2.1 A.

A summary table of the raw data obtained for the continuing calibration
that shows at a minimum, the information listed in 10.2.1 B.

A summary table that shows at a minimum:

the relative response factor (RRF) for each unlabelled PAH, internal
standard, surrogate standard, and alternate standard in the continuing
calibration solution, _

the average relative response factor (RRF) for each compound
calculated for the five point calibration,
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i)

(iv)

ARRF for each unlabelled PAH, internal standard, surrogate standard
and alternate standard in the continuing calibration solution,
the recovery of each internal standard in percent

Frgure 14C is an example of a summary report that contains: the minimum
" information required by Section 10.2.2C for the anaiysis of the contrnurng
calibration solution. _

q 0.2.3 Laboratory Method Blank

~ The laboratory report of the results of the analys:s of the methed blank must
- include at a mmlmum the data hsted in10.2.3A,B,and C below

A. Mass chromatograms that show at a minimum the mformatron Insted in
: 10. 2 1 A, -
B. A summary table of the data obtarned for each method blank that
shows at.a mrn;mum the mformatlon llsted in10.2.5B. :
c. A summary fable that reports the same data as Irsted in 10C. 2 5 C
' below : -
10.2.4 Laboratory Contro! Samplles

| The report of the results of the analysns of the LCS samples must nnclude at,
~aminimum the data listed in 10.2.4 A, B, and C below: '

A.

(i)
(iB)
(iii}

Mass chromatograms that show at a minimum the information listed i in
10.2.1 A, _

A summary table of the raw data for each sampie that shows at a
minimum, the information listed in 10.2.1 B, and in addition:

Client's sample ID
mass of each analyte,
the recovery of each internal standard and alternate standard

Figure 16A is an example of a summary tabie that contains the mlnlmum
information required by 10.2.4 B, : S

C.
(i)
(i)
(i)
{iv)

{v)

A summary tabie that reports for the two LCS analyses:

client's sampie ID,

sample matrix description,

date of cisaning of the XAD-2 resin,

lot number for the resin (resin for all field samples and QA samples
must come from the same lot},

date of extraction of LCS samples,

Figure 15A is an example of a summary table that contains the minimum
information required by 10.2.4 C.

August 9, 1996
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10.2.5 Emissions Samples

The report of the results of the ahaIySes‘ of the three sampling trains and the
blabk train must include the data listed in 10.2.5 A, B, and C below:

A.  Mass chromatograms that show at a minimum the information listed in
10.2.1 A, and in addition,

{i} client's sample ID

B. A summary tablé of the data for the analysis of each sample that
shows at a minimum, the information listed in 10.2.1 B, and in
addition,

(i) client's sample ID
(i) Date of five point initial calibration (ICAL)
(i) ICAL ID,
(iv) mass of each analyte, o
{v) “the recovery of each internal standard, alternate standard and surrogate
standards in percent. ‘

Figure 16A is an example of a summary table that contains the minirum .
information required by 10.2.5 B.

C. A summary table that reports:

(it client's sample 1D (from a chain of custody record submitted by the
tester),

{i} sample matrix description,

(i) date of cleaning of the XAD-2 resin,

(iv) lot number for the resin (resin for ali field samples and QA samples
must come from the same iot),

(i) date of submittal of the testei's samples

(v) date of extraction of samples,

{vi) Initial calibration Run ID,

{vii) Continuing calibration 1D

Figure 16B is an example of a summary table that contains thé minimum
information required by 10.2.5C.

10.2.6 Data Flags

The laboratory report must include an explanation of any gualifiers that are
used to indicate specific qualities of the data.
10.3  EMISSIONS TEST REPORT
The emissions test report should include narrative that describes how the test
was done. The tester's report must aiso include ail the appropriate sections used

in a report from a Method 5 test such as a description of the plant process,
sampling port locations, controf equipmerit, fuel being used, general plant load
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~ conditions during the test {(description of plant production equipment problems,
etc.}, and anything else necessary to characterize the condition being tested.

The tester's report must aiso include all of the mformatlon listed in Sections
10 3.1 to 10.3.4.

10.3.1 T_ester s Summary of Analytical Results

The tester must summarize the results of the minimum seven analyses - 7
required for each source test. At a minimum, the summary must contain the
- information listed in Figure 17A including all data flags. - :

The tester must obtain the detailed analytical results (Section 10.2) from the
laboratory and include them in the appendices as required below.

10.3.2 Field Data Summary

The report from the tester to the end user must contain a field data- _
summary. This summary must include at a minimum a tabie of the results of
the calculations required by Section 4.5. as well as the values which were
““used to calcutate the reportad resuits. Figure 17B is an example of a: f,eid
. dafa sunmary fhat contains thn rnm-mum requred rnformafzon :

10.3.3 PAH Emissions Results
Figure 17C show the calculations of the concentrations and mass emission -
rates of the target PAH. The reviewer should be able to use the data in
Figures 17A and 17B to check the calcuiations in Figure 17C.. The reviewer
should also be abie t¢ check the appendix to the report to determine the
accuracy and the quality of the data summarlzed by the tester in Figures
17A and 17B.

10.3.4 Appendix to the Emissions Test Report

© At a minimum, the following raw data or sngned ‘copies must be uncluded in
an appendlx to the emissions test report. :

A. Record of data for sampie site selection and munamum number of
traverse pomts

B. Moisture determination for isokinetic settings.

Velocity traverse data.

o 0

Gas analysis for determination of molecular weight.
E. Calibration records.
F. Method 429 sampiing run sheets.

G. PAH laboratory reports listed in Section 10.2
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11.

11.1

11.2

11.3

11.4

11.5

11.6

11.7

11.8

11.9

The information listed above is to be considered as the minimum that should be
included to characterize a given operating condition. The end user or the
executive officer may require additional inférmation for any given project.
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TABLE 1

METHOD 429 TARGET ANALYTES

Naphthalene
2-Methylnaphthalene
Acenaphthene .
Acenaphthylene
Fluorene - :
Phenahthfer_ie

Anthracene

- Fluoranthene.

. Pyrene

Benzola)anthracene - -

- Chrysene

Benzo(b)flz}orahfhehef"
Benzo(k)flu_orahthéne

Benzo(e)pyrene

.Benzola)pyrene

Peryle_ne' .
indeno(1,2.3-cd}pyrene
Dibenz(a, h)anthracene
Benzo{ghi)perylene

Aggust 8, 1986
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TABLE 2

PRACTICAL QUANTITATION LIMITS FOR TARGET PAHSs

LRMS HRMS
(vg/sample) (ng/sample}
Naphthalene 244 o 480 370
2-Methylnaphthalene  ~ 1.25 Y 19
Acenaphthene 0.210 ‘ 5.0 ' 5.0
Acenaphthylene 0.104 5.0 5.0
Fluorene 0.207 : 16.5 5.5
Phenanthrene 0.85 22 14
Anthracene 0.146 5.0 5.0
Fluoranthene 0.346 5.0 5.0
Pyrene ' 0.191 _ 5.0 5.0
Benzo(a)anthracene 0.167 . 5.0 5.0
Chrysene 0.272 5.0 5.0
Benzofb)fiuoranthene 1.119 | 5.0 5.0
Benzol(k)flueranthéne 0.738 _ 5.0 5.0
Benzole)pyrene 0.1 46 _ 5.0 5.0
Benzo(a)pyrene _ - 0.191 : 5.0 5.0
Perylene - 0143 5.0 5.0
Indeno(1,2,3-cd)pyrene 0.798 5.0 - 5.0
Dibenz(a,hlanthracene . 0.465 ' 5.0 5.0

Benzolghilperylene 0.3056 5.0 5.0
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TABLE 4

COMPOSITION OF THE SAMPLE SPIKING SOLUTIONS

Concentration

Spiking ng/ul pg/ul
Solutions Analytes LRMS HRMS
1. urroga andards
d4g-Fiuorene 1.0 250
dq4-Terphenyl 1.0 250
2, Internal Standards
dg-Naphthalene 1.0 100
d4o-2-Methylnaphthalene 1.0 100
dg-Acenaphthylene 1.0 100
d4p-Phenanthrene 1.0 100
d4g-Fiuoranthene 1.0 100
dy,-Benzo(a)anthracene 1.0 100
d42-Chrysene 1.0 100
d4,-Benzo(b)fluoranthene 1.0 200
d42-Benzolk)fluoranthene 1.0 200
d,,-Benzo(a)pyrene 1.0 200
dq,-Perylene 1.0 200
dqz-Indeno(1,2,3,c-d)pyrene 1.0 200
d; 4-Dibenz(a,h)anthracene 1.0 200
d,,-Benzo(ghijperylene 1.0 200
3. Alternate Standard
dqg-Anthracene 1.0 100 |
4, Recovery Standards
d;g-Acenaphthene - - 20.0 2.000
dyo-Pyrene 20.0 2000
dqo-benzole)pyrene 20.0 2000
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TABLE 4A

COMPOSITION OF ALTERNATIVE SAMPLE SPIKING SOLUTIONS

Concentration.

Spiking pg/ul
Solutions "~ Analytes HRMS
1A. Surrogate Standards
4. * dy,-Benzolelpyrene | 250
d44-Terphenyl 250
2A. Internal Standard
dg-Naphthalene 100
dg-Acenaphthylene 100
d4g-Acenaphthene 100
dqg-Fluorene 100
d,g-Phenanthrene 100
dq-Fluoranthene - 100
dqp-Benzo(alanthracene 100
d12-Chrysene 100
d4,-Benzo(bifiuoranthene 200
dq-Benzotkifluoranthene - 200
d4,-Benzolalpyrene 200
dqo-indeno(1,2,3,c-d)pyrene 200
dq4-Dibenz{a h)anthracene 200
'dqo-Benzolghilperylene 200
3A. Alternate Standard
d4g-Anthracene 100
4A. Recovery Standards
dyg-2-Methyinaphthalene 2000
dio-Pyrene . 2000
2000

dia-Perylene
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TABLE S

' CONCENTRATIONS OF PAHs IN WORKING GC/MS CALIBRATION STANDARD
SOLUTIONS FOR LOW RESOLUTION MASS SPECTROMETRY

" CONCENTRATIONS (ng/ub)

-~ Solutions
1 2 3. 4 5

~ Calibration Standards
Naphthalene ' . 0.25 0.5 1.0 . 25 5.0
2-Methyinaphthalene 025 035 1.0 2.5 5.0
Acenaphthene - - 0.25 6.5 1.0 - - 2.5 5.0
Acenaphthylene. - 025 05 - 1.0 25 5.0

© Fluorene ' 0.25 0.5 1.0 25 B0~
Phenanthrens - 025 08 1.0 25 B0

© Anthracene . . o028 05 1.0 25  BO -
Fluoranthene .- . 028 0.5 1.0 25 50
Pyrene . ...0.25 0.5 1.0 25 50
Renzolalanthracene - .~ 0.25 - 05 1.0 25 . 5.0
Chrysene . o - o280 05 1O 25 - 5.0
Benzo(bifluoranthene 0.2 0.5 1.0 25 . 5.0
Benzo(k)fluoranthene - : 025. 05 1.0 25 5.0
Benzo{slpyrene - 0.25 0.5 1.0 2.5 5.0
Benzolalpyrene o 0.25 0.5 1.0 2.5 5.0
Pervlene o 0.25 0.5 1.0 2.5 5.0
indeno(1,2,3-cd}pyrene 0.25 0.5 1.0 2.5 5.0

. Dibenz{a,hlanthracene .25 . 0.5 1.0 2.5 5.0
Benzo(ghi)perylene 0.256 0.5 1.0 25 5.0
internal Standards
dg-Naphthalene 1.0 1.0 1.0 1.0 1.0
d,¢-2-Methyinaphthalene - 1.0 1.0 1.0 1.0 1.0
dg-Acenaphthylene 1.0 1.0 1.0 1.0 1.0
d,g-Phenanthrene 1.0 1.0 1.0 1.0 1.0
d,o-Fluoranthene 1.0 1.0 1.0 1.0 1.0
d4,-Benzo(alanthracene 1.0 1.0 1.0 1.0 1.0 -
d,,-Chrysene 1.0 1.0 1.0 1.0 1.0
d4,-Benzo(b)fiuoranthene 1.0 1.0 1.0 1.0 1.0
d4,-Benzotk)fluoranthene 1.0 1.0 1.0 1.0 1.0
d,,-Benzola)pyrene 1.0 1.0 1.0 1.0 1.0
d,,-Perylene 1.0 1.0 1.0 1.0 1.0
d,,-indenoi1,2,3,c-d)pyrene 1.0 1.0 1.0 1.0 1.0
d44-Dibenz{a,h)anthracene 1.0 1.0 1.0 1.0 1.0
d,,-Benzolghijperylene 1.0 1.0 1.0 1.0 1.0
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TABLE 5§ (CONT)

CONCENTRATIONS OF PAHs IN WORKING GC/MS CALIBRATION STANDARD
SOLUTIONS FOR LOW RESOLUTION MASS SPECTROMETRY

CONCENTRATIONS {ng/ul)
Solutions _
1 2 3 4 5
Surrogate Standards
dq-Fluorene 1.0 1.0 1.0 1.0 1.0
dq4-Terphenyl 1.0 1.0 1.0 1.0 1.0
Alternate Standar
dig-Anthracene 1.0 0 10 1.0 1.0
Recovery Standards
dig-Acenaphthene 1.0 10 10 1.0 1.0
dqo-Pyrene 1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0 1.0

d,,-benzole)pyrene
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TABLE 6

CONCENTRATIONS OF PAHSs iN WORKING GC/MS CALIBRATION STANDARD
SOLUTIONS FOR HIGH RESOLUTION MASS SPECTROMETRY

CONCENTRATIONS (pg/uL)

Solutions -
1 2 3 4 5
Calibration Standaids _

. Naphthalene - - 10 50 100 200 500
- 2- Methylnaphthalene T 10 80 100 200 500 -
Acenaphthylene o _ 10 50 100 - 200 500
Acenaphthene 10 5¢ 100 - 200 - 500
Fluorene - ' .10 80 - 100 200 - - 500
Phenanthrene _ 10 50 100 200 - 500
Anthracene = = 10 6Q- -~ 100 200 = B50OO.
© Fiuoranthene = L 10 . 50 -100 - 200 500
" Pyrene v . 10 B0 100 200 500
Benzo(a)anthracene 10 50 - 100" - 200 - 500
Chrysene : B 10 50 100 200 500
Benzo(b}fluoranthene - 10 50, 100 - 200 - 50O
Benzo(k}fluoranthene 10 B0 100 . 200 . . .BOO"

" Benzole)pyrene 10 B 10) 100 200 500
Benzolalpyrene ' 10 - BO 100 200 500
Peryiene 10 50 100 200 500
Indeno(1,2,3-cd)pyrene 10 50 100 200 500
Dibenz(a,hlanthracene 10 50 100 200 500
Benzo(ghi)perylene - 10 50 100 200 500
Internal Standards _
dg-Naphthalene | - 100 100 100 100 100
dgMethylnaphthalene 100 100 100 100 100
dg-Acenaphthylene ‘_ 100 100 100 100 100
d4g-Phenanthrene ' 100 100 - 100 100 100
d,o-Flucranthene 100 100 100 100 100
dq,-Benzo(a)anthracene 100 100 100 100 100
dy5-Chrysene 100 100 100 100 100
dqp- Benzo(b)fluoranthene 200 200 200 200 200
dq-Benzo(k)fluoranthene’ 200 200 200 200 200
dq,-Benzolzipyrene 200 200 200 200 200
d,,-Perylene 200 200 200 200 200
dq,-indeno(1,2,3,c-dipyrene 200 200 200 . 200 200
d44-Dibenz(a,h)anthracene 200 200 200 200 200
d,,-Benzolghilperylene - 200 200 200 200 200
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TABLE 6 (CONT)

CONCENTRATIONS OF PAHs IN WORKING GC/MS CALIBRATION STANDARD
SOLUTIONS FOR HIGH RESOLUTION MASS SPECTROMETRY

CONCENTRATIONS (pg/uL)

— ___Solutions _

1 2 3 4 5
Surrogate Standards -
dqg-Fluorene ' 100 100 100 100 100
dy4-Terphenyl 100 100 100 -~ 100 100
Alternate Standard | |
d1g-Anthracene | 100 100 100 100 100
Recovery Standar
dig-Acenaphthene 200 200 200 200 200
dqig-Pyrene .200 200 200 @ 200 200
dyo-benzo(e)pyrene 200 200 200 200 - 200
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TABLE 6A

CONCENTRATIONS OF PAHs IN. ALTERNATIVE WORKiNG GC/MS CALIBRATION
STANDARD SOLUTIONS FOR HIGH RESOLUTION MASS SPECTROMETRY

CONCENTRATIONS (pg/uL)

Solutions
1 2 3 4 5
Calibration Standards _

- Naphthalene .~ . 10 ‘B0 100 200 50O
2-Methylnaphthaiene 10 5 100 . - 200 - 50O
Acenaphthylene. , 10 - B0 100 200 - B0O
Acenaphthene - TR 10 50 =100+ 200 - . 500
Fiuorene = | E o 10 5 100  200. - B5Q0
Phenanthrene ' 10 5C 100 - 200 500
Anthracene .- 10 - B0 - 100 - 200 - 500
Fluoranthene - L 10 50 100 - 200 - -BQO

~Pyrene .~ : - 10 . 50 100 200 - 5OO
Benzo{a)anthracene . - 10 50 .- 100 . 200 - . BOO
Chrysene i LT 10 50. 100 . 200. 500
Benzo{b}fluoranthene ... 10 . BO - 100 .. 200 - BOO -
Benzoikifluoranthene 10~ 50 100~ 200 - 50O
Benzo{e)pyrene - 10 B0 100 200 500
Benzo{alpyrene 10 50 100 200 500
Perylene o _ 10 50 100 200 500
indeno(1,2,3-cd)pyrene _ 10 50 100 200 500
Dibenz{a hlanthracene 10 50. 100 200 500
Benzolghilperylene , - 10 50 100 200 500
internat Standards
dg-Naphthalene 100 100 100 100 100
dg-Acenaphthylene . 100 100 100 100 100
d4g-Acenaphthene 100 100 - 100 100 100
dyg-Fiuorene 100 100 100 . 100 100
dyp-Phenanthrene 100 100 - 100 100 100
dqo-Fluoranthene 100 100 100 100 100
d4,-Benzo{a)anthracene 100 100 100 100 100
dq,-Chrysene 7 : 100 100 100 100 100
d4o-Benzo{b)fluoranthene - 200 200 200 200 200
dio-Benzo{k)fluoranthene 200 200 200 200 200
dqz-Benzo{a)pyrene 200 - 200 200 200 200
dqi,-Indenc(1,2,3,c-d)pyrane 200 200 200 200 200
d,4-Dibenz{a,h)anthracene 200 200 200 200 200
d4;-Benzo{ghi}perylene 260 200 200 200 200
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TABLE 6A (CONT)

CONCENTRATIONS OF PAHs IN ALTERNATIVE WORKING GC/MS CALIBRATION
STANDARD SQOLUTIONS FOR HIGH RESOLUTION MASS SPECTROMETRY

CONCENTBATIONS (pgiuk)

- Solutions
1 2 3 4 5

s _hrrgg_ ate Standards

d4,-benzo{e)pyrens 100 100 100 100 100
dq4-Terphenyi ' 100 100 100 100 100
Altern tand r |

d4g-Anthracene 100 100 100 100 100
Recovery Standards

d1o-2-Methyinaphthalene 200 200 200 200 200
dqg-Pyrene S 200 200 200 200 200
dqp-Perylene ' 200 200 200 200 200
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TABLE 7

SPIKE LEVELS FOR LABELLED STANDARDS

Time of. . . | | | LRMS = HRMS

Addition ' Analyte _ o {ug/sample} - (ng/sample)
Before Surrogate Standards
sampling -
- dyg-Fluorene 2.0 500
, d14-TerphenyI 2.0" 500
Before In;grna!_ Standard_s_, _ _
. extraction_ e ‘ .
¥ dg-Naphthalene o 20 - 200
dqg-2-Methylnaphthalene - -~ - 2.0 200
dg-Acenaphthylene B .20 200 -
d4g-Phenanthrene L 2.0 200
dyg-Fluoranthene . . - 2.0 . 200
dqp- Benzo{a)anthracene - - 2.0 : 200 -
"dqp-Chrysene - X ¢ S 200
d12~Benzo(b)f1uoranthene e 2.0 b 400
dyo-Benzo{d)fluoranthene . = = . 2.0 - 400
‘dy,-Benzola)pyrene. - .- . 2.0 - 400
d,,-Peryiene oo 2.0 : 400
dqp-Indeno(1,2,3,¢c- d)pyrene 20 400
dy4-Dibenz(a, h)anthracene 2.0 400
d4o-Benzolghi)perylens 2.0 400
Before Alternate Standard
extraction ‘ :
B dqg-Anthracene - - 2.0 - 200
Before Recovery Standards
GC/MS ' ’
- . dqg-Acenaphthene 1.0 100
dqg-Pyrene 1.0 100
1.0 - 100

d,,-benzole)pyrene
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TABLE 7A

SPIKE LEVELS FOR LABELLED STANDARDS FOR ALTERNATIVE HRMS SPIKING SCHEME

Time of " HRMS

Addition Analyte - (ng/sample)

Before Surrogate Standards

sampling
d,,-benzo{e)pyrene 500

© dy,-Terphenyl 500

Before Internal Standards

extraction ,
dg-Naphthalene - 200 -
dg-Acenaphthylens 200
dqg-Acenaphthene 200
d,o-Fluorene 200
dqg-Phenanthrene - 200
dqg-Fluoranthene 200
d45-Benzola)anthracene 200
d,5-Chrysene ' 200
d42-Benzo(b)fluoranthene 400
d15-Benzo(d)fluoranthene 400
d,-Benzola}pyrene 400
dqp-Indeno(1,2,3,c-d)pyrene 400
d44-Dibenz(a,h)anthracene 400
dqo-Benzolghilperylene - R 400

Before Alternate Standard

extraction
d,g-Anthracene _ 200 -

Before Recovery Standards

GC/MS _
dyg-2-Methylnaphthalene 100
dmerr.e_n_e o ' ‘ 100

dqy-Perylene - 100
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TABLE 8

TARGET CONCENTRATIONS FOR LABELLED STANDARDS IN SAMPLE EXTRACT!

ngiul pg/ul -

LRMS HRMS
Surrogate Standards:
dig-Fluorene 20 500
dy4-Terphenyl - B 2.0 . 500
Internal Standards | |
dg-Naphthalene : 2.0 200
- d1g-2-Methylnaphthalene: _ 20 . ... 200.
dg-Acenaphthylene . : 2.0 .. .200
dyg-Phenanthrene o : 20 . 200
dyg-Fluoranthene .~ - 2.0 .. 200
dyp-Benzolalanthracene =~ . .~ .~ 2.0 . 2000
d,,-Chrysene S S - 20 . 200
d,,-Benzo(bifiuoranthene : ' 20 - . 400
dyo-Benzofk)fluoranthene .- = . 20 - . 400
dq-Benzola)pyrene - - B 2.0 . . 400"
d4p-Peryiene ' 2.0 400
dqo-indeno(1,2,3,c-d)pyrene 2.0 . 400
dq4-Dibenz(a h)anthracene =~ 2.0 400
d4y-Benzo(ghi)perylene 2.0 400
Alternate Standard
dig-Anthracene o o 1.0 - 200
Recovery Standards
d, O-Acen.a phthene 1.0 200
dqo-Pyrene ' 1.0 200
d,o-benzole)pyrene . . 1.0 200

1 Assuming 100 percent recovery,
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TABLE 8A

TARGET CONCENTRATIONS FOR LABELLED STANDARDS IN SAMPLE EXTRACT

OBTAINED WITH ALTERNATIVE HRMS SPIKING SCHEME!

pg/ul

HRMS
Surrogate Standards
dyo-benzo(e)pyrene 500
dy4-Terphenyl 500
Internal Standards
dg-Naphthalene - 200
dg-Acenaphthylene 200
dyg-Acenaphthene 200
d4g-Fluorene 200
d;g-Phenanthrene - _ 200
dyg-Fluoranthene 200
d1,-Benzo(a)anthracene o 200
dy,-Chrysene ' 200
dy-Benzo(bifluoranthene 400
d;3-Benzo(k)fluoranthene 400
d4,-Benzola)pyrene 400
dqz-Indeno(1,2,3,c-d)pyrene _ 400
d,4-Dibenz({a,h)anthracene 400
dy-Benzo(ghi)perylene 400
Aiternate Standard
dyg-Anthracene 200
Recovery Standards _
d10-2-Methylnaphthalene - 200
dyo-Pyrene 200
d4o-Perylene _ _ . 200 .

1 Assuming 100 percent recovery.
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"TABLE9

CONCENTRATIONS OF COMPOUNDS IN LABORATORY CONTROL SPIKE SAMPLE

- ng/sample
. LRMS . HRMS
Upiabelled Compounds
Naphthalene .~ -~ - 207 7 71000
2-Methyinaphthalene | 20 200
Acenaphthylene - - e 2.0 200
Acenaphthene - 20 0 .. 2000
Fluorene o 2.0 200
Phenanthrene . . - 200 0 BOO
Anthracene R P 20 P '200"’
Fluoranthene o | _ g 2.0 B 200
Pyrene - _ 20 o 200
_Benzola)anthracene -~ =~~~ 20 200 -
Chrysene =~ A 20 200
Benzo(bifluoranthene 2.0 ' 200
Benzo(k)fluoranthene _ 20 200
Benzole)pyrene ' 2.0 200
Benzo(a)pyrene 2.0 200
Perylene | * 2.0 o 200
Indeno(1,2,3,c-d)pyrene | : 2.0 . 200
Dibenz(a,h)anthracene 2.0 200
Benzolghilperylene _ 20 200
Aiternate Standard
~ dqg-Anthracene : R 2.0 - 200
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TABLE 10

RECOMMENDED GAS CHROMATOGRAPHIC OPERATING

CONDITIONS FOR PAH ANALYSIS

L

Column Type

Length (m)

ID {mm)

Film Thickness {(ym)
Helium Linear Velocity (cm/sec)
Injection mode |
Splitless Time {sec)
Initial Temperature (°C)
Initial Time (min)
Program Rate ('°Cfmin)-:_
Final Temperature (°C)

Final Hold Time

Injector Temperature (°C)

DB-5

30

0.25
0.32

30

‘Splitless

30
45
4

8
300

until benzol(ghi)
perylene has eluted

320
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TABLE 11,

ASSIGNMENTS OF INTERNAL STANDARDS FOR CALCULATION OF RRFs
AND QUANTITATION OF TARGET PAHs AND SURROGATE STANDARDS

o Analyte

" Internal Standards .

Uniabeled PAH

Naphthalene

2-Methyinaphthalene =

Acenaphthylene

: A’cenaphthe‘_ne_ o
Fluoreﬁe “
Phenanthrene
Ant_hrace.na
Flluo_ranthené

Pyrene

Benzota)anthracene ..

Chrysene

Benzo(b)fiuoranthene

Benzolk)flucranthene .

Benzole)pyrene
Benzolalpyrene
Perylene

Indeno(1 ,2,3-cd)pyrens
Dibenz(a,ﬁ)anthracene

Benzolghilperylene

Surrogate Standards
dqo-Fluorene |

d44-Terphenyl

dg-Naphthalene
d,5-2-Methylnaphthalene
dB-Ac_enaphthylene o
da-Acenaphthylehe

~d4g-Phenanthrene
d,q-Phenanthrene

djg-Phenanthrene
d4g-Fluoranthene
d,o-Flucranthene
_dm—?Bénzo(a)anthracehe '
dqo-Chrysene |
d,,-Benzo(b)fluoranthens
d45-Benzo(kifluoranthene
d,,-Benzola)pyrene
dq,-Benzo(a)pyrene -
d,-Perylene | .
d4 z-lndenoﬂ ,2,3,0’-d}pyreﬁe
d,4-Dibenz{a, hlanthracene:
d4 2-Benzo(ghi)perylene

d4o-Phenanthrene

_dm-Fluoranthene :
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ASSIGNMENTS.OF:INTERNAL STAND
AND QUANTITATION OF TARGET PA
USING ALTERNATIVEH

TABLE 11A.

ARDS FOR CALCULATION'O_F: RRFs.
Hs:AND SURROGATE STANDARDS
RMS SPIKING SCHEME

Analyte Internal Standards.
Unlabeled PAH -
Naphthalene N dg-Naphthalene
Z-Methyinaphthalene . d;g-Acenaphthene
Acenaphthylene dg-Acenaphthylene
Acenaphthene dig-Acenaphthene
Fluorene d;g-Fluorene
Phenanthrene djo-Phenanthrene
Anthracene. dyo-Phenanthrene

Fluoranthene

Pyrene ‘
Benzo(a)anthracene.
Chrysene
Benzo(b)fluoranthene:
Benzo(k)fluoranthene )
Benzo(e)pyrene
Benzo(a)pyrene
Perylene
Indeno(1,2,3-cd)pyrene
Dibenz(a,hjanthracene
Benzo(ghi)perylene

dy4-Terphenyl

dq,-Benzole)pyrene

d;g-Fluoranthene
dyg-Fluoranthene
d4z-Benzo(a)anthracene
dj2-Chrysene.
d1o-Benzo(b)fluoranthene
d2-Benzo(k)fluoranthene

- dyy-Benzofa)pyrene

d;5-Benzo(ajpyrene
dy3-Benzolalpyrene
dq5-Indeno(1,2,3,c-d) pyrene
dq ¢-Dibenz(a,h)anthracen'e_
d+,-Benzo(ghilperyleng

d1o-Fluoranthene
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" TABLE 12

ASSIGNMENTS OF RECOVERY STANDARDS FOR DETERMiNATION
' OF PERCENT RECOVERIES OF INTERNAL STANDARDS AND
THE ALTERNATE STANDARD

< Analyte A ; - ‘Recovery Standard

Inte_rr_\al S;andard_s

"dBLNaphthalerjé N | ,_dw—Ac'enaphtheHe'
' ‘7d1"0'-Z-Met'hylna'phthalene N d10-Acengbhthen§.
' “dg-Acenaphthylene N - | d{é-Acé'naphthené'_
d4g-Phenanthrene | _ | d.,O:-P\.(rene-.
| dw—FIupranthén_e R _ .  dyg-Pyrene
a d1_é-Ben;.o(a}ér}thracene - &) d'i.O-Pyre_h'e_ |
d12‘¢hrvsene o | _ :._d'io-Pvrené
dy 2-B:enz'o{b)fluora.nthe'ne : g 1 é-Béhid(é) pyrene |
- dy Z-Benzo(k)f!uorantﬁene : 7 d1'2-Benzb(e)pyrene-
dq,-Benzo(a)pyrene | ' - d12-Bén_zo(e)pyrene
d124Peryieﬁe o o _ © dyp-Benzo(e)pyrene .
dq5-Indeno(1 :2,3,c-d)pyrene d4»-Benzole)pyrene
d4 4~Dibenz{a,h)anthrécené | - dy 2—Benzo(e)pvrene
d, é-Benzo(ghi)perylene _ d1 z-Benzo(elpyrene

Alternate Standard

dqg-Anthracene o dqg-Pyrene
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TABLE 12A

ASSIGNMENTS OF RECOVERY STANDARDS FOR DETERMINATION OF
PERCENT RECOVERIES OF INTERNAL STANDARDS AND THE ALTERNATE
STANDARD USING ALTERNATIVE HRMS SPIKING SCHEME

Analyte

Recovery Standard

internal Standards

da-Naphthalene_

d%o -2-Methylnaphthalene
d.B-Acenaphthylem;,
d,o-'Phenan'thr.ene _
d1g-Fluoranthene

d, Z-Benzo(a)anthralcene
dq-Chrysene

d4 Z-Benzc-'(b)ﬂuoranthéne
d, Z-Benzo(k)flﬁoran't-hene
dy z°Benzolalpyrene |
dqo-Perylene

d12-|ndéno(1 ,2,3,c~d)py‘ren_e
d14-Dibenz{a,hjanthracene

dqz-Benzo(ghilperylene

Alternate Standard

dyg-Anthracene

dqg-2-Methylnaphthalene

d ,072—Methyl_na,ph‘thaiene
d;0-2-Methyinaphthalene
dyg-Pyrene

d49-Pyrene

d 1 O-Pyrene

d 1_-0-Pyr_ene
dy-Perylene

d1a-Perylene

dTé-Per-ylane
dqo-Perylene
dy 2-P;erylene ‘
d,,-Perylene

dqp-Perylene

d1o-Pyrene
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TABLE 13

OUAN_TITATION AND CONFIRMATION IONS FOR SELECTED
~ ION MONITORING OF PAHs BY HRGC/LRMS

B T . Quant. o Confirm. '%Relatiﬁ.é o
Analyte S0 o lon Abundance of .
: ' ' ' : - Confirm. ion

Naphthalene . . 128 127 o S0
dg- Naphthalene ' T 1365 7 B8 oo 80

| 2Methvinaphthalene S 1e2 a1 . 80
d10-2 Methylnaphthalene‘- o 152 S T

. Aceraphthylens 152 183 . 1B
da-Acenaphthylene o 160 - T T

- Acenaphthene E o 154 - - 183 . R ..86',_‘_'-" e
: -'d1o-Acenaphthene_ S 184 oL e

 Fuorene . 188 . 185 s
‘dyg-Fluorene T 176 RSN

Phenanthrene | 178 . 176 15
d,y-Phenanthrene . 188 94 _

Anthracene o T 478 . o178 15
dqg-Anthracene * .- ~. . 188 .‘9..41. 3 :

Fluoranthene .~ . 202 . 101 - 15
d.,o-FIuoranthener_ T w212 - ‘106 .

pyene o 202 . 101 15
dygPyrene o212, 106 o oo

Benzola)anthracene e o 228 " 114 BRI 15 o
d,p-Benzofa)anthracene 240 120 : '

~ Chrysene o L 228 114 .15
dyy-Chrysere =~ . 240 - 120 : S

dig-Terphenyl . 244 122 15
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TABLE 13 (CONT)

QUANTITATION AND'CONFIRMATION'IONS FOR SELECTED:
ION MONITORING OF PAHs BY HRGC/LRMS

- | : Quant: Confirm. %Relative
Analyte o lon lon - Aburidance of
Confirm. lon

B‘enzoib}ﬂuoranth'ene o 25_2 R 126 . 35
d4,-Benzo{b)fiuoranthene. - 264 132 '
Benzo(kifluoranthene - 262 126 25
d4,-Benzolk)fluorantbene: - 264 | 132 ‘
Berizole}pyrene ) ' j2‘.5_2_' . | 126 25
d1-Benzol(elpyrene: o 264 132 '
Benzofalpyrene - - 262 126 | 25
d;y-Benzoia)pyrene .- 264 . 132 o N
Perylene: o 2852 . 126 S 26
dyo-Perylene .. 264 - 132 '

Indeno(1,2,3-cd)pyrene: - - 276 . 138 ) " 28
d45-Indenol1,2,3- cd)pyrene .. 288 S AT -

Dnbe_nz.(ah)anthracene_.-: e . 278 o 1 39 :I 24
d.,4-Diben2‘(ah)anthraceqe el 282 S S '
. Benzo(ghu)perylene I : 276 ) " 138 e . a7
'_du-Benzo(ghi)perylene 288 T
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TABLE 14

MASS DESCRIPTORS USED FOR SELECTED ION MONITORING FOR HRGC/HRMS

.Descriptb_r

RS
LOCK
ac

(LI TR (I | |

Recovery Standard
Lock-Mass lon
Cuality Controf Check lon

August 9, 1996

. Analyte lon - Accurate
No.". - - Type m/z
e Naphthalene M 128.0626
PFK LOCK 130.9920
da-Naphthalene 18 - 136.1128
2-Methylnaphthalene ™ 142.0782
d,g-2-Methyinaphthalene = IS 152.1410
 Acenaphthylene M. 152.0626
dg-Acenaphthylene IS 160.1128
Acenaphthene M 154.0782
d;g-Acenaphthene RS - 164.1410 -
PFK “ac -169.9888
2. Fluorene M 166.0782
| djg-Fluorene 8§ . 176.1410
* Phenanthrene M 178.0782
d4g-Phenanthrene s - 188.1410 -
Anthracene . M 178.0782
dg-Anthracenie 'AS 188.1410
_ Fluoranthene - M 202.0782
'd@ﬂubranthene _ IS '212.1410
" Pyrene M - 202.0782
~ PFK - ac - 204.9888
dyo-Pyrene RS 212.1410
Benzo{a}anthracene . M 228.0939
- dq-Benzo-a-Anthracene - 1S 240.1692
Chrysene o M 228.0939 -
dq4-Chrysene Is 1240.1692
PFK | LOCK 1230.9856
dy4-Terphenyl ss 2441974
IS. internal Standard
SS Surrogate Standard
AS Alternate Standard
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TABLE 14 (CONT)

MASS DESCRIPTQRS USED FOR SELECTED ION: MONITORING FOR HRGC/HRMS

Descriptor Analyte lon Accurate
No. L Type _miz

3 Perylene | M 252.0939

d4,-Perylene is 264.1692

PFK - - Qc 268.9824

Benzo(b)fluoranthene M 252.0939

d,-Benzo(blfluoranthene 1S 264.1692

7 Benzo(k)fluoranthene M 252.0938

d,,-Benzo-k-fluoranthene | s 264.1692

Benzo{elpyrene M 252.0939

d4o-Benzole)pyrene RS 264.1692

Benzo(a)pyrene M 252.0939

d,-Benzo(alpyrene is 264.1692

Benzo(ghi)’p'erylene M 276.0939

d1,-Benzolghi)perylene IS 288.1692

Indeno(1,2,3-cd)pyrene M 276.0939

dqo-Indeno(1,2,3-cdipyrene. IS 288.1692

Dibenzo{ah)anthracene M 278.1096

PFK LOCK 1 280.9824
d,4-Dibenzolahlanthracene . - IS

292.1974

The following nuclidic masses were used:

H = 1.007825 24 = 2.014102 C = 12.000000
IS = internal Standard

88 - = Surrogate Standard

AS = Alternate Standard

RS = Recovery Standard

LOCK = Lock-Mass lon

QC = Quality Control Check lon
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Cyclone (Optianal)

Filter Assembly

Heatad Probe,
S-type Pitot )
&Ternp Sensor — TransferLine

Condenser
{water cooted)’

— Thermocouple

lce Water 4
Sorbent Madule

(water cooled)

Check
/ Valve

o9 _
Temp.

Pitot
Manometer

Readout

~ Impingersin lce Bath:
Buffer Solution in #1 & #2
#3 Emply
Silica Gel in #4

Bypass
Valve

Thermocouple ;R y-?ih
: ‘ alve

Orifice - I

Manometer.

Figure 2
PAH Sampling Train
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Loose Weave Nylon

Fabric Cover ~_ S —

10.2 cm (4)

. L] :
Pyrex Pipe Samssanasnes
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Liquid Take Off : . ERESARGDIREL S0
’ : 0 1-:‘
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0 B SR 1 200 00

Liquid Nitrogen

fi%'é%‘fgf Heat Source

[=

“Fine Screen

'Figure 4
XAD-2 Fluidized Bed Drying Apparatus
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- | - Figure 7
Flow Chart for Sampling, Extraction and Cleanup for
| ﬁ-_"_fDet;ermination-Of_ PAH in a Split Sample

- -1 ‘Surrogate Stahdérds
| Added to XAD-2 Resin
7 | Sampling
| Teflon | [XAD-2| |Solvent'| =~ 1mpinger Impinger
~Fitter | | Resin | | Rinses - | _Rinses. Solution
>l Concentrate'_,_-'_. S

~Internal | . T [ itemal
Standards | - -' S | Standards |
| s hl’;’igﬂz cion| MeC!, Extraction |

oxhlet Extraction _ : .

[ Archive j¢———
| Concentrate o : Concentrate
Alternate Standard Alternate Standard
v ' ¥
Solvent Exchange o . ‘ Soivent Exchange.
Column Cleanup Column Cleanup
Recovery Standards Recovery Standards
Y | B.C/ Mass Spec
|G.C./ Mass Spec ; [ ass Spec)
Containers No. 1and No. 3
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Figure 8 |
Flow Chart for Sampling, Extraction and Cleanup for
Determination of PAH in a Composite Sample

Surrogate Standards
Add_ed to XADZ Resi‘n_
Sampling
el XAD » | '
gflon AD-2 1 Impinger Impinger
Filter Resin FS‘?;:ggt R?nses Solutior_!
A '
—bt Concentrate
Internal o Alternate
Standards Standard |
MeCl,. ____,Combine|l, MeCl,
Soxhiet Extraction "|_Extracts : Extraction
Concent_rate
__E,plvent Exchange
“Column Cleanup
Recovery Standards
1Gmrrtain.e‘rs No. 1and No. 3 6.C/ 'Mass Spe_g‘__
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FIGURE 9
' EXAMPLE OF PRE-TEST CALCULATIONS FOR PAH EMISSIONS TEST |

PST = 6 hours
. _ -PSV = 180 dscf
‘ PQL - STC M3V MST | ' - SRL
_ (ngfsample}) | (ng/dscm} {dscf}y " | {hours} F - {ng/dscm)
Naphthalene 2400. <1500 >56.5 >1.89 i NA 471
2-Megthyinaphthalene 330 . NA NA NA NA . 64.7 -
Acenaphthylene : 5.0 180 : 0.58 0.03 183 0.98.
Acenaphthene’ 50 i B 29.4 0.98 8 c.88
Fluorene' 83 i <8 >489 i >16.3 NA |- 163
Phenanthrene 110 120 - 32.4 - 1.08 6 - 216
Anthracens _ 5.0 . <6 >29.4 § >0.98 NA 0.98
Fiuoranthene 5.0° | 46 3.8 0.13 47 0,98
Pyrene o . 5.0 48 3.8 -0.13 47 . 0.28
Benzolajanthracene - @ - 5.0 - <& >29.4 >0.98 NA - 0.98
Chrysene _ 5.0 42 4.2 .14 43 0.98 -
Benzo{bjfluoranthene - T B0 50 - 35 0.12 5% 0.88
Benzolk)fluoranthene | . 5.0 50 3.5 0.12 51 - 098
Benzolelpyrene 5.0 NA NA NA - NA - 1 098
Benzola)pyrene i 5.0 <6 i >29.4 ">0.98 NA 1 098
Peryiene : 50.F  NA NA P NA NA 0.88
Indeno(tl,2,3-c.dipyrene 5.0 <6 >29.4 >0.98 NA 0.98
Dibenzola, h)anthracene 5.0 <6 >29.4 >0.98 NA 0.98
Benzoig, h,ijperyiene 5.0 <8 >29.4 >0.98 NA (.98
Average Volumetric Sampling Rate {(VSR) = 0.5 dscfm = 30 dscf/hr

Practical quantitation fimit for analyte (based on pre-test analysis of XAD-2 resin}

POL =

STC = Source target concentration for analyte. (From previcus emissions test. Samples
were analyzed by HRGC/LRMS).

MSV = Minimum sample volume required to collect detectable ievels of target analyte.
{(MSY = PQL + STC) Equation 429-7

MST = Minimum sample time requ:red to coilect detectable levels of target analyte at VSR.
{(MST = MSV + VSR) Equation 429-2

PST = Planned samphng time (6 hours chosen as the longest practical samphng
time for the planned emissions test)

PSV = Planned sample volume {PSV = PST x VSR) Equation 429-4

F = Safery factor (> 1) that allews for deviation from ideal sampling and analytical
conditions. (F = PSV + MSV) : Eguation 429-5

SRL = Source reporting limit if the target analyte cannot be detectad with the planned test
parameters, (SRL = PQL = P3SV) Equation 429-7

NA This calculation is not applicable either because there is no STC value available or the

STC is a detection limit.
T PSV is lower than the MSV. Therefore, the analyte is not expected to be detected if it

is present at the target concentrations. It will only be detected if the actuai
concentration is lower than the indicated SRL.
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FIGURE 10
- CARB METHQOD 429 (PAHs) SAMPLING TRAIN SET-UP RECORD

RUN NO. ‘ PROJECT NO.
PLANT NAME N - PLANT LOCATION
SET-UP DATE : SET-UP BY
RECEIVED BY : DATE/TIME
COMPONENTS COMPONENT ID ... OTHER INFORMATION.
1. NOZZLE . Material
Diameter
2, PROBE - . ‘ *  Liner material
e e =~ Length——_
3. FILTER HOLDER _ Before set-up, all

openings sealed with

Filter support type

4. FILTER _lot# _ . ‘ Filter Type

Size

Contamination check?

5. TRANSFER LINE

AND CONDENSER | _ o Transfer line material
Fittings

6. XAD-2 RESIN . Both ends sealed in

CARTRIDGE . lab prior to set-up

| ' © Fittings

Contamination check?

Spiked?
7. IMPINGERS: No. 1 Charge with 100 mL
U-Connectar impinger solutionandweigh g
No. 2 _ Charge with 100 mL
U-Connector . impinger solution and weigh g
No. 3 L
U-Connector , Weighempty . .~ g
8. SILCA GEL L _ - Tare weight __ g
CARTRIDGE '

Appearance
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FIGURE 11

" CARB METHOD 428 (PAHS) SAMPLING TRAIN RECOVERY RECORD

RUN NO. . e PROJECT NO.
PLANT NAME ) - PLANT LOCATION
RECOVERY DATE - : - : : RECOVERED'BY
1. CHECK whether openings were covered. RINSE 3x each with Acetone, MeCl,: Hexane.
MARK liquid level an_d STORE containers at tamp. < 4°C away from light: - :
~ Openings ‘ "~ Ringe volume (L) B . Storage
- Component - covered? . Acetone MeCl, Hexane Container{s} 1Ds -
" Nozzle ' ‘ - S
Probe liner
-_._Fiiter holder front _ .
2. STORE filter(s) at temp. '€ 4°C away from !ith. RECORD ALL sample storage information.
SR TLT _ . ‘ _ - . Storage Storage
Component Appearance after sampling__ .~ {Temperatyre & light) Containgris) IC
. Filter . _ - S :
Filter - _
Filter
3. CHECK whether_ openings wers covered. ' RINSE_3_x each with Aceione. _MeCBé,- Hexane'.
MARK hiquid level and STORE containers at @mp. <4°C away from light, ' e .
. Openings SR Rinse voiumé (mb) . _ Storage .~ Storage
© Component - covered? Acetone. MeCl,  _Hexane Temp. & light. Container 1D

Fiter support and -
filter holder back
Transfer line
Condenser

4. STORE Resin cartridges at temp. < 4°C away from light. RECORD ALL storage information.

iD_- . Appearance after samgling - Gtorage temperature & light conditions

5. WFIGH impinger contents and silica ge! cartridge.
MARK liquid level and STORE impinger contents at temp. < 4°C away from light.
. Additional impingers Silica gel

Weight No. 1 ' No. 2 No. 3 No. &4 No. 5 cartridge
Final {g) ' : ' = '
Sefore sampling {@}

Gain {g) {A} (B} _ {C) {D)__ (E} {F)

‘Total condensate (A) + (8) + {C} + (D) + {E} + (F}). | (g}

STORAGE CONTAINER ID{s}

6. RINSE impingers 3x sach with Acetone, MeCl,, Hexane.
MARK liquid ievel and STORE impinger rinses at temp. < 4°C away from light.

Rinse volumes {mL} Acetone
MeCl,
Hexane

STORAGE CONTAINER ID(s}
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FIGURE 12
CHAIN OF CUSTODY SAMPLE RECORD

Project # Date: 7 Start:

Stop:.
Source name: L Sample/Run # :
Sampling location: Sample type:
Chain of Custody Log Record # (s) " Operator:

- SAMPLE STORAGE INFORMATION

SAMPLE PRESERVATION | Comments
- Ice/Dry ice? B — o

CHAIN OF CUSTODY

ACTION ' DATE | TIME | GIVENBY

TAKEN BY
RELATED DESCRIPTION/COMMENTS Log #s

iDs - : ‘

FR Front rinse (nozzle, probe filter holder front)

F Filter in Sealed_s_tdrage container |

BR Back rinse (filter support, filter holder, samiple line &

- condenser

C Resin cartridge

i Impinger contents

IR Impinger rinses

August 9, 1996
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CHAIN OF CUSTODY LOG RECORD

PROJECT NO.

FIGURE 13

Page

. of

Log # | Sample
‘ ID

Date | Time

Comments

by

Given

Taken by

Sample identifier

FR
F
BR

c

!
IR

August 9, 1996

Rinses of probe and front half of filter holder
Filter in sealed storage container

Sample Description

Rinses of filter support, back half of filter holder, sample transfer line and

condenser

Aluminum foil wrapped, capped resin cartridge

Impinger contents
impinger rinses
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FIGURE 14A

EXAMPLE GC/MS SUMMARY REPORT {HRMS) FOR INITIAL CALIBRATION SOLUTION #1
CALIFORNIA AIR RESOURCES BOARD METHOD 429 POLYCYCLIC AROMATIC HYDROCARBONS

ICAL ID: 8ST1120A1 ACQUIRED: 12/3/94 16:23:24 IN'STRUMENT: w
RUN #:. PAHCS1 PROCESSED: 12/3/94 OPERATOR: MPA
RT RRT Area RRF
Naphthalene 8:20 1.006 6.66 E+07 0.78
2-Methylnaphthalene 9:42 1.007 1,44 E+07 1.30
Acenaphthylene 11:04 1.003 1.57E+07 1.44
Acenaphthene 11:20 1.004 1.05E+07 0.94
. Fluorene ___ = 1 2:06 1003 B8.15E+06 - 1.05
Phenanthrene 13:20 1.003 1.98E+07 1.15
Anthracens 13:23  1.001 7.07E+06 1.02
Fluoranthene 14:38 1.001 3.18E+07 1.26
Pyrene 14:556 1.001 3.31 E+07 1.31
Benzo{a)anthracene 16:34 1.002 2.08 E+07 1.13
Chrysene 16:39 1.003 2.26 E+07 1.13
Berizo{b}fluoranthene 18:54 1.004 2.35E+07 1.69
Benzolkifluoranthene 18:58 1.004 2.50E+07 1.24
" Benizolelpyrene 19:42 1.004 241E+07 1.20
Benzo(ajpyrene 19:51 1003 2.11 E+07 1.07
Perylene 20:06 1.004 1.38 E+07 0.70
Indeno(1,2,3-c,dipyrens 23:60 1.006 2.07 E+07 2.19
Dibenzola,h}anthraceine 24:01  1.006 1.49 E+07 1.66
Benzo{g,h,ilperylene 25:15 1.005 1.84 E+07 2.23
dg-Naphthalene 8:17 1.000 3.54E+08 4.22
dg-Acenaphthylene 11:02 1.000 1.09E+08 1.29
d,o-Acenaphthene 11:17 1.000 1.11E+08 = 1.32
dq-Fluorene -~ 12:04 1,000 7.78E+07 . 0.93
d,p-Phenanthrerie - 13:18 1.000 6.92 E+07 0.82
d,g-Fluoranthene 14:37 1.000 253 E+08 1.03
d,,-Benzolalanthracene 16:32 1.000 1.83E+08 0.75
dq5-Chrysene 16:36 -1.000 2.00E+08 0.82
d¢,2-Benzo(blfluoranthene 18:50 1.000 2.77E+08 1.35
d,,-Benzol(k}fluoranthene 18:54 1.000 4.03E+08 1.95
d,,-Benzoliajpyfene 19:47 1.000 3.93E+08 = 1.91
djz-Indeno(1,2,3-c,d)pyréne 23:52 1.000 1.89 E+08 0.92
d;4-Dibenzola,hlanthracene 23:52 1.000 1.80 E+08 0.87
d,;-Benzolg,h,ilperylené 25:07 1.000 1.65E+08 0.80
dq4-Terpheny! 14:58 2.65 E+08 0.52
d,,-Benzolelpyrené 19:37  1.000 1.44E+08 0.37
dqg-Anthracene 13:22  .1.000 5.82 E+07 0.69
d49-2-Methylnaphthalene 9:38 1.000 8.40 E+07 -
dqo-Pyrene 14:54 1.000 2.45E+08 dee
dq-Perylene 20:01 1.000 1.03E+08 -
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FIGURE 148

EXAMPLE OF !N!TIAL CALIBRATION {ICAL} RRF SUMMARY. - _
CALlFORNlA AlR RESOURCES BOARD METHOD 429 POLYCYCLIC AROMATIC HYDROCARBONS

ICAL ID: ST1120 - ACQUIRED: 3-DEC-94 . INSTRUMENT: W
RUN #: NA : PROCESSED 3-DEC-94 o OPERATOR: = MPA

RRF #1  RRF #2 RRF #3 RRF #4 RRF 45 Mean SD - %RSD.

: ' RRF

Naphthaiene - . o075 065 061 064 071 - 0.67 0056 829%
2-Methyinaphthalene .- 1.30 1.15 1.10 142 126 119 0.089__' 7.47%
Acenaphthylene 1.44 1.27 1.24 1.28 143  1.33 0.096  7.19%
Acenaphthene "~ 094 0.84 080 . 083 084 087 0087 C7.72%
Fluorene ' 105 = 0.04 088 092 107 097 0082 8.43%
Phenanthrene . 415 . 106 101 105 123 . 1.10 0.088 - 8.00% -
Anthracene . 402 1.00 098 095 114 102 0.074 ' 7.25%
luoranthene 1.26 115 108 1137 128 118  0.085 7.21%
Pyrene . : 1.31 1,27 113 1.5 1.41  1.25 . 0.115° 9.22%.
Benzolajanthracensa 143 - 1.05 - - 1,05 - 1.04: 1,23 110 0.082 7.43%
Chrysene 143 102 097 . 088 111 1.04 . 0.073 . 7.00%
Benzo(b}ﬂuoranthene 169 145 146 142 1.86°  1.58 ~ 0.194 12.33%
Benzolk) fluoranthene 124 125 114 198 126 121 - 0.052  4.32%
Benzolelpyrene - : 120 1.12. 106 106 119 112  0.066 5.85%
Benzolalpyrene =~ - 107 089 096 0986 ~ 114 102 ~ 0.08C 7.81%
Perylene ' 070 063 058 0.60 070 0.64. 0.058 9.12%
Inideno(1,2,3-c.dipyrene 2.49 201 1.92 189 226 207 0.143 " 6.30%
Dibenzola,hianthracene 166 . 1.80° 156 161 187 ~ 166 0122 7.35% -
Benzolg,h.ilperylene 223 205 198 200 232 241 0.154 ~ 7.28%
dg-Naphthalene 422 415 418 418 410 416 0044 1.05%
dg-Acenaphthylene 129 1.29 128 127 130 1.29  0.012 091%
d,o-Acenaphthene 1a2 134 132 130 132 132 0013 1.00% '
dyo-Fluorene 093 095 084 095 ©8 084 0011 1.21%
dqo-Phenanthrene ‘082 082 082 086 088 0.81 0.026 3.09%
d, o-Fluoranthene 103 100 107 107 099 103 0038 3.71%
d4,-Benzolajanthracene 075  0.70 0.70 0.72 ©.70 0.71 0.022 3.09%
d,,-Chrysene 082 078 081 083 084 082 0021 2.56%

d,,-Benzoib)fluoranthens . 1.35 1.39 1.46 1.27 132 1.36° 0.072 5.32%
d,,-Benzo(kifluoranthene 1.85 1.95 2.14 1.84 2.11 2,00 0.124 6.23%
d,,-Benzofalpyrene 1.91 1.96 211 1.82 199 1.96 0.107 5.46%
d,p-indeno{l,2,3-c.d)pyrene 0.92 0.88 0.98 0.85 0.98 0.22 0.059 6.40%
d,4-Dibenzoia,nlanthracene  0.87 0.84 0.91 0.78. 0.89 0.86 0.049 - 5.71%
dy,-Benzo{g,h.ilperylene 0.80 0.76 0.83 0.73 0.80 0.78 0.042 - 5.36%

d,,Terpheny! 052 052 043 048 051 051 0018 3.59%
d,,-Benzoielpyrene 0.37 0.37 0.37 036 0.36 0.36 0.005 1.50%
d,4-Anthracene 069 073 074 080 080 077 0080 10.40%

d4o-2-Methylnaphthalene - - --- --- - - .- -
dyo-Pyrene -- o
d4;-Perylene - - - - - - --
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EXAMPLE OF CONTINUIN
CALIFORNIA AIR RESOURCES BOARD ME

CONCAL ID: CC1202
CONCAI__ DATE: 12/3/94

FIGURE 14C

ICAL ID:

ICAL DATE: 3-DEC-94

$T1120

G CALIBRATION (CONCAL) SUMMARY
THOD 428 POLYCYCLIC AROMATIC HYDROCARBONS

INSTRUMENT:  w
OPERATOR:  MPA

- RRF . ICALRRF ARRF RPD
%
Naphthalene . 0.68 0.67 0.01 1.5
2-Methyinaphthalene 1.42 1.19 0.23 17.6
Acenaphthylene o 1.42 1.33 0.09 6.6
Acénaghthene . 0.91 0.87 0.04 4.5
Fluorene - 0.98 0.97 0.01. 1.0
Phenanthrene . - 110 1.10 0.00 0.0
Anthracene 0.98 1.02 -0.04 4.0
Fluoranthene 1.12 1.18 -0.06 5.2
Pyrene 1.18 1.25 -0.07 5.8
Benzo{alanthracene 1.08 1.10 -0.02 1.8
Chrysene 1.04 1.04 0.00 0.0
Benzo(b)fluoranthene 1.46 1.68 -0.12 7.9
Benzo(k}luoranthene 1.12 1.21 -0.09 7.7
Benzolelpyrene ‘ 1.04 1.12 0.08" 7.4
Benzo(a)pyrene 0.95 1.02 -0.07 7.1
Perylene 0.62 0.64 -0.02 3.2
Indeno(1,2,3-¢,d)pyrene 2.04 2.07 0.03 1.5
Dibenzo(a,h}anthracerie 1.61 7.66 -0.05 3.1
Benzo{g.h,ilperylene : 211 2.1 0.00 0.0
dg-Naphthalene 4,78 1.16 0.68 183
dg-Acenaphthylene 1.20 1.29 -0.09 7.2
dyg-Acenaphthene 1.25 1.32 -0.07 5.5
d,g-Fluorene - 0.85 0.94 -0.08 10.1
dqg-Phenanthrene ‘ - 0.79 0.81 -0.02 .25
d4o-Fluoranthene 1.05 1.03 0.02 1.9
dyz-Benzolalanthracene - 0.69 - - 0.71 -0.02 2.9
dq2-Chrysene . 0.82 0.82 0.00 0.0
d,5-Benzo{b)fiuoranthene . 1.24 1.36 -0.12 9.2
d,,-Benzo(k)fluoranthene 1.9 2.00 -0.09 4.6
dy-Benzo(alpyrene 1.87 1.96 -0.09- 4.7
d,z-lndenoﬂ,2',3-c,d}pyrene 0.84 0.92 -0.08 9.1
dq4-Dibenzola,hjanthracene 0.80 0.86 -0.06 7.2
d,;-Benzo(g,h,ilperyiene . 076 0.78 -0.02 2.6
dq4-Teipheny) 0.50 0.51 0.01 2.0
d;,-Benzole)pyrene 037 0.36 0.01 2.7
do-Anthracene : . 0.71 0.77 -0.06 8.1
d,4-2-Methylnaphthalene - -
dig-Pyrens 1.000
dq5-Perylene ' 1.000

August 9, 1996

Proposed M-429 Pags 111



FIGURE 15A.

EXAMPLE OF SUMMARY REPORT OF LCS RESULTS
CALIFORNIA AIR RESOURCES BOARD METHOD 429 POLYCYCLIC AROMATIC HYDROCARBONS

Client ID_CARB Sample Matrix: XAD 2
Lab ID: 4129[LCS1£LCSZ Date Received:
Instrument: _W . Date Extracted: _1@_@__
Operator: __MPA Date Analyzed: _[3_/_9__ '
Reviewer: __JCM . Sample amoun_t S_a__n_ML
COMPOUND L LCST
_ %R
Naphthalene 100
2-Methylnaphthalene g6
Acenaphthylene . 85 -
Acenaphthene . 82
Fluorane . ..94
Phenanthrene 83
Anthracene . St
Fluoranthene 0.
Pyrene 87 .
- Benzola)anthracene - 87 .
Chrysene . B 83
Benzeo(bifluoranthene g2
Benzo(k}fluoranthene - 92"
. Benzolelpyrene - 87
Benzolaipyrene 89
Perylene 89
indenoi{1,2,3-c,dipyrens 87
Dibenzola hlanthracene 88
Benzelg,h.ilperylene as
lnternal Standards (%R) ‘
dg-Naphthatene - 67
dg-Acenaphthytene 73
d,g-Acenaphthene 76
-dyg-Fluorene 79
dyo-Phenanthrene 88
dyo-Fiuoranthene - 84
d4,-Benzolalanthracene 86
d;,-Chrysene 96 -
d,-BenzolbHluoranthene 88
d45-Benzo{kifluoranthene 85
.d,,-Benzo(a)pyrene 92
d;,-indeno(1,2,3-c,d}pyrene 104
d;4-Dibenzola,hlanthracene - 96
dqo-Benzolg,h,iiperyiene 102
Altamate Standard {%R}
dqg-Anthracene 83

August 9, 1996

lCAL ID: _873120

Resin Lot #;: LC1130M

ICAL DATE: _12/3/84 LCS IDs: _NA

CONCAL ID:

NA

LCS DATE: _NA '

CONCAL DATE: _NA

" Units:

Les2-
%R

103

95

97

94
96.
94

89

g2

89
86

93
95

99

89
90
90
91

64 -

70
75
81
33

80 .

98
g1
85
84
20
105
96
103

8%

__NA

RPD
%

3.0
1.0
2.1
2.2
24
1.4
- 2.2
-
2.3:

1.2
7.0
1.1
32 -

20 .

3.3

- 0.0

3.4

2.2

1.2
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FIGURE 16A

EXAMPLE GC/MS SUMMARY REPORT (HRMS] FOR SAMPLE RUN #32
CALIFORNIA AIR RESOURCES BOARD METHOD 429 POLYCYCLIC ARCMATIC HYDROCARBONS

Lab ID: 14129-02 | O ICAL ID: 12/3/94 16:23:40 Instrument: W
Acquired: 12/3/94 16:23:40.  ICAL DATE: 12/3/94 . - .~ Operator: MPA
Client 1D: M428-32 . N o Reviewer: - - JCM
RT  RRT  Area” - RRF Amt.(ng} % REC
Naphthaleng 8:21 o 1.063 E+10. 0.67 10,478.37
2-Methyinaphthalene 9:41 1.790 E+08 1.19 140.98
Acenaphthylene 1103 9.371 E+08 1.33 712.59
Acenaphthene , 11:19 . ' 7.649E+06 0.87. 8.21
Flucrene .. 1205 ' 2.417 E+07 0.97 30.02
Phenanthrene 13:17 . 8.402E+08 - 1.10 '925.53
Anthracene 1321 2.905 E+07 - 1.02 34.54 -
Fluoranthene : 14:36 ' 5.932E+08  1.18 254.36 -
Pyrene 14:52. 7.611 E+08 1.25° 307.62
Benzo{a)anthracene 16:32. .~ 3.120E+06 1.10 1.9,
Chrysene 16:32 . 9.620E+06 1.04 6.2
Benzof{bifluoranthene. 18:49 1.030E+06 - 1.58 . 7.8
Benzolkifluoranthene - Notfound . * = 00 . . . i21 -
Benzolelpyrene 1936 - 1.646E+07 112 13.61
Benzolalpyrene - © 0 19:48 . 4,936 E+06- 1.02 3.95 S
Perylene _ . 20:01 : 1.823 E+06 - 0.64 2.32:
Indenol1,2,3-c.dipyrene 23:54 5.728E+06 = 2.07 4,37
Dibenzola,hlanthracene 23:56 5.875 E+05 1.68 0.59
Benzolg,h,iiperylene 25:09 1.584 E+07 2.11 14.95 .
dg-Naphthalene : 8:18 1.000 4.794E+08 1.16 124,92 = 625
dg-Acenaphthylene 11:01 1.000  1.872 E+08 1.29 166.07 83.0
d;o-Acenaphthene 11:16  1.000  2.142E+08. 1.32 176.19 88.1
d,g-Fluorene 12:02 1.000  1.668 E+08 0.94 190.71 95.4
dqo-Phenanthrene 13:16 1.000 1.652E+07 - 0.81 21338  106.7
d,o-Fluoranthene © 14:34  1.000 3.955 E+08 1.03 116.22 58.1
d-lz-Benzo(a)anthrécene 16:28  1.000 2.835 E+08 0.7 121.18 60.6
dq,-Chrysene ‘ 16:31  1.000  2.987 E+08 c.82 . 111.08 55.5
dy,-Benzo{b}fluoranthen 18:45 1.000 3.439E+08 1,36  165.79 41.4
d,-Benzo(k}luoranthene 18:50 = 1.000 4.304 E+08 - 2.00 141.02 35.3
d,,-Benzolalpyrene " 19:41 1.000  4.895E+08 1.96 163.67 40.9
dy,-Indeno(1,2,3-c,dipyrene  23:46  1.000 2,529 E+08 0.92 179.71 44.9
d14-Dibenzola hlanthracene  23:45 1.000 2.400E+08  0.86 182.65 45.7
d1,-Benzolg h.ilperylene 24:60 1.000 2.006 E+08 0.78 167.24 41.8
dq4-Terphenyl 14:55 7.988 E+08 0.51 523 105
d,,-Benzolelpyrene '19;32  1.000 3.011 E+08 0.36 676.33 135.3
dqo-Anthracene 13:20 1.000  B6.795 E+07 0.77 95.29 47.6
d19-2-Methylnaphthalene 9:38 1.000 1.844 E+07 - 100
d1g-Pyrene - 14:51 1.000 6.576 E+08 100
dq,-Perylene 19:56 1.000  3.057 E+08 100
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FIGURE 16B

EXAMPLE LABORATORY REPORT OF PAH RESULTS FOR SAMPLE RUN #32
CALIFORNIA AIR RESOURCES BOARD METHOD 429 POLYCYCLIC AROMATIC HYDROCARBONS

Client 1D _M429:32 Sample Matrix: M429 \CAL ID: _$T1120 Resin Lot #: LC1130M

Lab iD: 14129-02 Date Received: 1_1[18[94 ICAL-DATE: _12/3/94 LCS |Ds: Jﬂga_@_[\._&‘ﬁ

ingtrument: _W Date Extracted: 11/30/94 CONCAL {D: _NA __ LCS DATE: 12/3/94

Qperator: __ MPA _ Date Analyzed: 12/3/94 CONCAL DATE: _NA

Reviewer: __JCM Sample amount: Sample Units: _na/sampie

COMPOUND: Conc. R.L. . ~ Flags

Naphthaiene 10478 1600 ..

2-Methylnaphthalene 141 ‘ 94

Acenaphthylene 712 5.0

Acenaphthene _ 8.2 5.0

Fluorene 30 27

Phenanthrene . 930 80

Anthracene 35 5.0 .

Fluoranthene . 254 5.0

Pyrene 307 5.0 .

Benzola)anthracene ' ND 5.0

Chrysene 6.2 ' 5.0

Benzo(b)flugranthene 7.6 5.0

Benzo{k}fiuoranthene ' ND 5.0

Benzolelpyrene 14 - 5.0

Benzo{alpyrene . ND /8.0,

Perylene ND 5.0

Indeno(1,2,3-c,dipyrene : ND 5.0

Dibenzola,hjanthracene ' ND _ 50 -

Benzolg,h.ilperylene _ . 15 5.0

Internal Standards (%R) _

dg-Naphthalene - 62

dB-Acenaph_thylene 83

d, O-Acenaphthene 88

dqg-Fluorene : 95

d,o-Phenanthrene : : 107

dyo-Fluoranthene K 58

d4,-Benzo(alanthracene ‘ - 61

d;-Chrysene ' 56

d4,-Benzo(bifluoranthene 41 H

dq5-Benzolkifluoranthene as H
" dqp-Benzoialpyrene : 41 H

dqp-indeno(1,2,3-c,dipyrene -45 H

dq4-Dibenzola,hlanthracene ' 46 H
_ dy,-Benzoig,hiiperylene B 42 H

Alternate Standard (%R)

d,g-Anthracene 48

Surrogate Standard (%R}

dq4-Terphenyl 105

d,,-Benzolelpyrene 135
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FIGURE 17A
EXAMPLE OF TESTER'S SUMMARY OF LABORATORY REPORTS

440

Run #: 31 32 33 Field Method LCS #1 | LCS #2
' Blank Blank '
Coe UL e sk ngisample ' ' percent recovery ..
Naphthalene 4300 10000 460000 * <1800 <1700 100 103
2-Methylnaphthalene < 94 140 6400 * <94 : <78 86" a5
Acenaphthylene 140 710 . | 85000 * 8.1.i <50 95 97
Acenaphthene 2.2 8.2 500 < 8.0 < 5.0 & 92 94
Fluarene 27 30 - 180 - < 27 < 27 - 94 96
Phenanthrene 30 930 {43000 * < 80 < 74 23 94
Anthracene - 26 35 2400 5.3 < 5.0 91. 89
Fluoranthene 83 250 16000 * 16 < B.0 90 g2
Pyrene - 110 310 20000 19 < 5.0 87 8a
Benzo(alanthracene <5.0 . < 5.0 170 < 5.0 < 5.0 87 86
Chrysene < 5.0 6.2 300 < 5.0 < 5.0 83 89 -
Benzo(b)fluoranthene < 5.0 7.6 340 < B.O. < 5.0 8z a3
'é‘é‘nzc(k)flluoranthene < 5.0 . < 5.0 89 - < 5.0 < 5.0 Q2. a5
Benzo{ejpyrene 35, < 35 530 .- 6.9 < 5.0 87 a3
Benzo{a)pyrene < 5.0 < 5.0 240 o< 50 <504 89 82
Perylene <50 i <50 110 {.-< 8.0 < 5.0 89" 83
Indeno(1,2,3-c,dlpyrene < 5.0 < 5.0 “100 - < 5.0 < 5.0 87 90
Dibenzoia, hlanthracene < B0 < 5.0 64+i" «5.0 i <50 83 - 80
Benzo{g,h,i)peryiene - ' ' < 5.0 89 31

Hoternsl Standerds (%R) -

17.0

57 G..

dg-Naphthalene
dg-Acenaphthylene - 85" -
dqyg-Acenaphthene 8o *
dyg-Fluorene 102
dyo-Phenanthrene . 106 107 - 79 * 107
dqg-Fluoranthene 79 58 7B

- |9¢2-Benzofa)anthracene 100 61 108 114
dy5-Chrysene 91 56 88 102
d,-Benzo(b}fiuoranthene g9 41 H 80
d,,-Benzo{kitluoranthene 62 35 H 50
d,,-Benzolaipyrene 70 41 H 58
dq,-indeno(1,2,3-c,dlpyrene 82 45 H 58 108 106 104 108
d14-Dibenzo{a, hlanthracene 72 42 H b8 - 82 92 . 86 § 96
d4,-Benzolg, h,ilperylens B4 46 H 58 107 104 102 103
Surrogate Standsrds {%6R) R EE i
d,;,-Terpheny! 125 105 80 123 130
dq,-Benzolelpyrene 72 135 112 103 112
Afternate Stendard (%R} - .v] i i
dyg-Anthracane : 67 48 H 115 116 101 83 85
Test Date 11/15/84 111/16/94 :11/17184 11/16/94 iNA NA NA
Date received by iab. 11/18/84 i11/18/94 {11/18/54 11/18/94 INA NA NA
Date extracted 11/30/94 :11/30/94 111/30/94 11/30/84 :11/30/94 }11/30/94:11/30/94
Date analyzed 12/3/94 i12/3/94 12/3/94 12/3/34 12/3/94 12/3/94 112/3/94

"<" denotes that the compound was not detected at levels above the indicated reporting limit.
"H" indicates internal Standard Recovery Results below 509%, but signal-to-noise greater than 10:1.

LR
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indicates compounds reanalyzed at 1:50 dilution due to saturation.
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| FIGURE 178
FIELD DATA SUMMARY FOR PAH EMISSIONS TEST

RUN 1D 3t 32 a3
DATE 11-16-96 11-16-96 11-17-86
START/STOP TIME 1016/1436 1020/164% 0BBE/1626
LOCATION ‘ STACK STACK STACK
STACK DIAMETER  38.5.n. 3.5 in. 3.5 in.
NOZZLE DIAMETER 0.3106 0,313 in. 0.3125 in.
METER BOX ID . 5419 6419 6419 -
STANDARD DRY GAS VOLUME Vinatds 14519 236.57 260.76  DSCF(68° FI
m 132.65 213.67 228,10 cubic ft
Pyai 29.78 29.98 29.88 inches Hg
AHyq 1.16 1.36 1.66  inches H,0
Tm . 80,0 ._60.0 60.0 °F
Ky 17:64 17.64 17.64
Y 1.08 1.08 1.08
PERCENT MOISTURE Bos 12,8 16.0 18.4 percant
impinger + tare 2183.3 2092.3 2063 grams
Final wt. 2609.8 2934.9 - 3210.2 grams
Net imp. catch 426.6 842.6 1147.2 grams
Silica gel tara 1561.8 1788.8 1686.7 grams
Post sampling wt.  1680.0 1826.9 1636.2 grams
~ Moisture gain - 28.2 asa 49.6 grams
Total maisture (V.1 454.7 880.7 1196.7 grams
Viietd) - 21.43 41,50 © B6.38  DSCF(68° F)
Viniord) 148,19 236,57 260.76  DSCF(68° F}
Ky 0.0471 0.0471 0.0471
MOLECULAR WEIGHT My 29.93 2_9,95 30.08 Ib/lbmole
‘ M, . 28.40 28.16 27.86 Ibflbmole
0, 11.26 10.76 10.00 parcent
CcO 0.00 ~ 0.00 0.00 percent
€o, 9.2 9.50 10.50 percent
N, 79.60 79.76 79.60 percent
Boe 12.86 14.88 18.36 percent
GAS VELOCITY v 38.4 40.88 43.2 feet/second
Ap 0.630 0.68 0.59 _inches H,0
T, 420 428 427  °F
P, -0.27 -0.27 -0.27  inches Hy0
P, 29.76 29.95 29.86 inches Hg
M, 28.40 28.16 27.88 Ib/lbmole
Kp 86.49 86.49 85.49
Cp 0.83 0.83 0.83
VOLUMETRIC FLOW RATE Q-itd 8241 8631 8641 DSCF(68° F)
: B.ve 12.86 14.98 18.36 percent
Yy 38.38 40.88 43.23 feet/second
A 6.8736 6.8736 8.8736  sq. fest
sac/min 60 60 60
K, 17.64 i7.64 17.84
ISOKINETIC RATIO 1 26 89 104 parcent
T, 420 428 427 °F
Vintetdl 145.19 236.57 260.76  DSCFM(68° F)
P, 29.76 29.96 29.86 inches Hg
v, 38.38 40.88 43,23 feat/second
] 240 360 350 minutes
Bos 12.86 14.98 18.36 percent
A, 0.000B3 0.00063 0.000B3 sq. feet
K 0.098450 0.094B60 0,09460

&
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FIGURE 17C
EXAMPLE OF EMISSIONS TEST REPORT

Run #31 Run #32 . Run #33

. _:ongldsem) . - .

Naphthalene S 171046 41499
2-Methyinaphthalene <23 21.0 301
Acenaphthylene - .~ 34 : 106 . 11871
Acenaphthene ' C 2.2 . 1.2 _ 70
Fluorene . 6.6 4.5 25
Phenanthrene ' _ 75 139 6056
Anthracene T <6.3 53 338
Fluoranthene : _ 20 .38 2253
Pyrene o : o 27 ' 47 2817
Benzo{alanthracene _ <1.2 ' <0.75. 24
Chrysene T <2 092 42
Benzoi{b)fluoranthene ‘ <1.2 1.1 48
Benzo{kifluoranthene ‘ <1.2 <0.75 13-
Benzolelpyrene B <85§" <537 75
Benzo{alpyrene ' 1.2 b <075 34
Pervlens ' o <12 i <Q.75 ' 6
indenoi{1,2,3-¢,dlpyrene <1.2 <075 14

- Dibenzo{a,h)anthracene : <1.2 : <0.75° 0.90
Benzolg,h,iiperylene . _ <21 i <13 - ; 62

ngl/sec

Naphthalens 3068 5036

2-Methylnaphthaiens <85 85 3676
Acenaphthylene 132 429 : 48816
Acenaphthene ' 8.7 50 287
Fiuorene : 26 18 103
Phenanthrene ' 293 _ 561 _ 24685
Anthracens . _ <25 21 1378
Fluoranthene : 79 151 9188
Pyrene ' - 104 - 187 11486
Benzolalanthracene <4.7 <3.0 29
Chrysene _ <4.7 - 3.7 172
Benzo(b)fluoranthene ' <4.7 . 4.6 195
Benzo{k}flucranthene <4.7 <3.0 51
"""" Benzo(elpyrene <33 <7 S T4Y)
"Benzola)pyrene | <4.7 <3.0 138
Perylene _ <4.7 <3.0 63
Indeno{1,2,3-c,dipyrene <4.7 <3.0 57
Dibenzo{a,hlanthracene . <4.7 <3.0 3.7

Benzo{g,h,ilperylene ) <80 <51 - - 2563

Standard Conditions: 68 deg.F {20 deg.C) & 29.92 in. Hg. {760 mm Hg}
- indicates that the compound was not detected above the reporting limit.
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METHOD 429 APPENDIX A

DETERMINATION OF THE METHOD DETECTiON LIMIT

Thus procedure is based.on the approach adopted by the EPA and included as Appendlx B
to Title 40, Part 136 of the Code of Federal Regulations {40 CFR 136). The samples shall
be subjected to the same extraction, concentratlon cleanup, and analytlcal procedures as
those requ:red for the field samples

A1: " Procedure-

AT

Make an estlmate of the detection limit- (MDL) of each target compound

: usmg one of the followmg

(). The concentration value that corresponds to an mstrument
: sagnal/nouse ratio in the range of 2.5 to 5. -

(b} The concentratuon equivalent of three times the standard deviation

of replicate instrumental measurements of the analyte in reagent
_methyiene chloride. - :

- {¢) That regaon of the standard curve where there is a mgmf;cant

o change in sensrtwlty, i.e., a break in the slope of the standard curve.'
{d) lnstrumentai limitations.

{e} The concentration equivalent to five times the theoretical
quantitation limit (Section 8.3.1 of the test method)

The experience of the'analy'st is important to this process, but one of the
above consrderatsons must be :ncluded in the anltaal estimate of the detection
limit.

Al1.2

A1.3

Al.4

August 3, 1886

Prepare according to the procedures described in Sections 4.2.2.1 to

4.2.2.4 enough XAD-2 resin to provide, at 8 minimum, eight aliquots
each with mass equal to that required to pack a Method 428 sorbent
cartridge. A contamination check must be conducted to identify those
PAH for which a MDL cannot be determined by this methed.

To each of seven (7) aliquots of the clean resin, add an amount of each
target analyte equal to the estimated detecticn limit. The mass of each
resin aliquot must be known, and should be approximately 40 grams, the
amount required to pack a Method 429 sorbent cartridge. The gighth
aliguot shail be a blank.

Process each of the eight samples through the entire PAH analytical

method. All quality criteria requirements of the analytical method must
be satisfied.
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AT.5:

AT.6

Report.thie analitical results. The labioratory report must; satisfy ali of the
reporting requirements: of Section 10 of the test method:

It may be economically and technically desirable to evaluate the
estimated method detection limit before' proceeding with step A1.3. This
will: (1} prevent repeating this entire  procedure and (2) insure that the
procedure is being conducted at the correct concentration. It is quite
possible that an inflated MDL will be calculated from data obtained at
many times the real MDL even though the level of analyte. is less than
five times the calculated method detection limit. To insure a good
estimate of the method detection, it is necessary to determine that a.
lowar concentration of analyte will not result in a significantly lower
method detection limit. Take two aliquots of the sample to be used to
calculate the method detection limit and process each through the entire
methed; including blank measurements as described above in step A1.3.
Evaluate these data:

(1), If the sample levels are in a desirable range for determination of the
MDL, take five additional aliquots and proceed. Use all seven
measurements for calculation of the MDL according to Section A2,

(2} If these measurements indicate the selected analyte level is not in
correct range, reestimate the MBL with a new- sample as in A1.2
and: repeat steps A1.3 to A1.5.

Calculation’
A2.1

Calculate the variance (SZ) and standard deviation (S) of the rephcate
measurements, as follows:

429-(A)-(34)

Where:

X., i=1 to n, are the analytical results iri the final method reporting units

obtained frorn the n sample allqouts and Z refers to the sum of the X
values fromi=1 ton.
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A2.2

(a)

C’ompute the -MDL as follows:

- MDL = tin4, 1« =0.99) % (8) 428(A)-(38).7

Where:

(o)

‘MDL = the method detecti'on [imit

' t(n_1 1 = 0.99) = Students’ t-value appropriate for @ 99%

confidence leval and a standard deviation estimate wuth n-1.degrees '7
of freedom. See Table 429{A)-1.

S standard devnat:on of the repilcate anaiyses

The 95% confidence mterval estlmates for the MDL denved in

‘A2.2(a) are computed according to the following equations denved
- from percentﬂes of the chi square over degrees of freedom '

distri bution (x fdf).

.64 MDL
20 MDL

MO

~ where: -~ LCL'and UCL are the lower and upper 95% confldence

limits respectively based.on seven aliquots.

A3 | Optional Iterative Procedure

- A3

August 9, 1296

This is to verify the reasonableness of the estsmate of the MDL and
subsequent MDL determmat:ons '

{a)

(b}

If this is the initia! attempt to compute MDL based on the estimate
of MDL formulated in Step A1.1, take the MDL as calculated in Step
AZ.2, spike the matrix at this caiculated MDL and repeat the
procedure starting wnth Step A1.3.

If thns is the second or later iteration of the MDL calculation, use 52
from the current MDL calculation and S from the previous MDL
calculation to compute the F-ratio. The F- ratxo is calculated by _
substituting the lar ger s2 into the numerator S2 » and the other into
the denominator S“g. The computed F-ratio is then compared with
the F- ratlo found in the table which is 3.05 as follows: if

s2 A/S B<3.05, then compute the pooled standard deviation by the
following equation:

6s2 + 652

429{A)-(36}
Spooled = —
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if $2,/5%5>3.08, respike at the most recent calculated MDL and process
the samples through the procedure starting with Step A1.3. If the most
recent calculated MDL does not permit qualitative identification when
samples are spiked at that ievel, report the MDL as a concentration
between the current and previous MDL which permits qualitative
identification.

{c) Use the S,,,,.q4 as calculated in Equation 429(A)-3 to compute the
final MDL according to the following equation:

Where: 2.681 is equal to t1; 1, - 89)-

(d) The 95% confidence limits for MDL calculated using Equation
. 428(A)-4 are computed according to the following equations derived
from percentiles of the chi squared over degrees of freedom
distribution.

LCL

= 0.72 MDL
“UCL = 1

.65 MDL

where LCL and UCL are the lower and upper 95% confidence limits
respectively based on 14 aliquots.

TABLE 429(A)-1

SELECTED STUDENT'S t VALUES AT THE 99 PERCENT CONFIDENCE LEVEL

Number of Degrees
Replicates of Freedom
| (n-1) Y1, .99)
7 6 . 3.143
8 7 2:.998
9 8 2.896
10 9 : 2,821
11 10 : 2.764
16 15 2.602
21 20 2,528
26 : 25 2.485
31 30 2.457
61 - ' 60 2.390

August 9, 1996
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State of California
California Environmental Protection Agency
Air Resources Board

Method 431

Determination of Ethylene Oxide
Emissions from Stationary Sources

Adopted September 12, 1989
Amend_ed: : : ‘

. It is proposed that the content of ARB Method 431, Determination of Ethylene Oxide Emissions
from Stationary Sources, adopted September 12, 1989, be deleted and replaced by the following
revised content. For the text of the current test procedure, which is propesed to be replaced,
contact Mr. George Lew, Air Resources Board, Monitoring and Laboratory Division, P.O. Box
~ 2815, Sacramento, California 95812, telephone {9186) 263-1630.



Method 431 : : Ethylene Oxide

PROPERTIES: gas at room temp ,
MW.: 4405 B.P.: 10.7C; V.P.:146kPa{20C)
vapor density: 0.98 (air = 1); explosive range: 3% to 80+ % v/v in air

SAMPLING e ' MEASUREMENT
The direct interface sampling and : - TECHNIQUE: Gas Chromatography, Flame
analysis procedure described in Appendix _ lonization detector. {(PID optional}..
A may be used to continuously monitor o
ethylene oxide concentrations at the ANALYTE: Ethylene Oxide {EtD) .
outlet {and inlet) of the control device - : -
using a gas chromatograph with flame . INJECTION: = 0.5 cc to 2 cc; sampling-
ionization detector {GC/FID} or photo-. : loop. :

~ ionization detector {PID).
- TEMPERATURE -INJECTION:. 1OOC

OPTION: Where appropriate, integrated -DETECTOR: 220 C

Tedlar bag sampling may be used to - ‘ : -COLUMN isothermal 80 C
monitor the ethylene oxide concen-- _ ' '
trations. Refer to Appendix | for CARRIER GAS UHP Hellum or Nttrogen
sampling procedures. . . . - _ i 30 cc/minute

COLUMNS 6 to 9 foot 1% SP-1000 on 60/80
T - mesh Carbopack B -

CALIBRATION: compressed gas cy[mder
standard, o

ANALYTICAL RANGE: 0.20 ppm\/ to 0.50 %v/iv

PRINCIPLE: The mass {or concentration} of ethylene oxide delivered to a control unit (infet} during
a sterilization cycle will be estimated {(i.e., calculated) using the procedures in Appendix B or '
measured using the sampling/analysis procedures described above. The mass {or concentration)
of ethylene oxide delivered to the contro! unit (inlet) during an aeration cycle and the mass {or
concentration) of ethylene oxide emitted from the control unit {outlet} during a sterilization or
aeration cycle will be determined using the sampling/analysis procedures described above and the
caleulations, described in Appendix F.

APPLICABILITY: This method is applicable to the measurement of ethylene oxide in emissions
from hospital equipment sterilization and aeration chambers, and appropriately configured
commercial sterilizers.

LIM{TATEONS Refer to Appendsx H for limitations asscciated with Ted!ar bag and direct mterface _
samphng/ana!ysus of ethyiene cxide.

iNTERFERENCES: The diluent gas (such as Freon-12, HCFC-124, or others) may interfere with the
EtO peak when testing low EtO emissions concentrations. GC operating conditions should be
adjusted to provide baseline resoiution between EtO and any diluent gas.

REFERENCED METHODS: This method is based on the EPA rule for EtO emissicns from sterilizers
{December 6, 1994, CFR 40, Part 63.63, pg. 689).
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Ethvlene oxide

METHOD: 431

REAGENTS: EQUIPMENT:;

1. Ethylene oxide in compressed gas - | 1. Gas chromatograph, flame ionization
cylinders at levels bracketing the detector, integrator, and columns,
sample concentrations. Sterilant :
diluent gas may be inciuded in the gas
mixtures at levels expected in the
emission matrix. _

2. Helium, 99.999%, and FID grade . 2. Sample loops .60, 1.0, and 2.0 cc.

hydroge_n and air.

3. Air, purified, to be used for.
dilutions, blank preparation, and
standard preparation,

** SPECIAL PRECAUTIONS: Ethylene Oxide is a potential carcinogen. Work should be

performed in a well ventilated fume hood. For specific regulatory
requirements refer to the California Labor Code, Part 10, Section .
9020; Title 8, California Code of Regulations, Section 5220.

CALIBRATION AND QUALITY CONTROL:

Refer to Appendix E for multipoint and daily calibration and quality control procedures. Refer to
Appendix E for calibration procedures specific to the direct-interface gas chromatography.

LIST OF APPENDICES:

Appendix A;
Appendix B:

Appendix C:
Appendix D:
Appendix E;
'Appencﬁx F:
Appehdix G:
Appéndi_x H:
Appendix I:

Appendix J:

August 9, 1996

Testing Procedures for Sterilizers with Catalytic Oxidation or Hydrolytic
Scrubber Type Control Units

Procedures for Estimating Mass of EtO at the Control Unit

- Inlet

Testing Procedures for Aeration Chambers

Documentation of the Probe Position at the Inlet of Catalytic Oxidation Units
Calibration and Qﬁality. Control Procedurgs

Calculations |

Reporting Requirements

Method Limitations

Tedlar Bag Sampiing and Quality Control Procedures -

Definitions
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| APPENDIX A I
 TESTING PROCEDURES FOR STERILIZERS WITH
CATALYTIC OXIDATION OR HYDROLYTIC SCRUBBER
~  TYPE CONTROL UNITS

.. The following procedures shall be used to determine the efficiency of cata!ytic"ox'idaticjn.-a:n'd :

* hydrolytic scrubber types of control devices used in controlling emissions from an ethylene -

- oxide sterilizer. The following aspects of the ethylene oxide compliance test are discussed -
below in this Appendix: ' S : :

. .Stack gas moisture determination. -

-Stack gas volumetric flow rate determination.
-Determination of ethylene oxide concentration..

" The procedures described herein are used to provide control'Unit inlet and outlet mass or -
concentration values to-be used in calculating a control efficiency, as specified in the o
* . Ethylene Oxide Airborne Toxic Control Measurs for Sterilizers and Aerators (17 CCR, Section -
" 93108]. As described below, stack gas moisture and volumetric flow rate determination
* may net be required for many control unit configurations.  in such cases the control’
efficiency will be based solely on the concentration reduction across the control device.

* Stack Gas Maisture

If volumetric flow measurements are :r'eq‘uired.'.measu'ffe'thé_m053ture content of the exhaust -
* gas using ARB Method 4 during the evacuation and wash stages of at least one cycle fout. .
of the three}. o : - . . L

Stack Gas Flow Rate

. -If volumetric flow measurements are required, measure the velumetric flow rate of the ‘
- control device exhaust continucusly during the evacuation and wash cycles using the
procedures found in ARB test methods 2, 2A or EPA Method 2C or 2D, as appropriate.
Following are the recommended procedures for fiow rate measurements for hydrolytic

scrubber and catalytic oxidation type control devices.. : :

" Hydrolytic scrubber type control units: ARB Method 2A is required for measuring flow rates
from hydrolytic scrubber type control units. it may be necessary to have multiple meters

i} available i_n-drder to cover the expected range of flow rates. To calculate the molecular
weight of the gas, assume that the composition of the sterilant gas is delivered unchanged
from the chamber to the control unit and that the pbalance of the control unit emission gas is
sterilant balance gas (if any) plus the measured moisture content. M there is any dilution of
the sterilant gas though, the diluent gas concentration wiil have to be measured along with
the concentration of EtO in the gas streams for volumetric flow to be calculated correctly.
Record the flow rate at 1 minute intervals throughout the test cycle, taking the first reading

" within 15 seconds after time zero. Time zero is defined as the moment when the pressure
in the sterilizer is released. {(The purpose here is to measure flow rates concurrently with
the bag samples or on-site GC). Correct the flow to standard conditions (68 F and 1 atm)
and determine fiow rate in units of standard cubic feet per minute for the run as outlined in
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the test methods listed in this paragraph.

3

lyti idation_type corntrol : Volumetric flow measurements may not be necessary
for compiiance testing of catalytic oxidation control units. In those systems that meet tha
following criteria the destruction efficiency calculation can be based solely oh the EtO
concentration measurements (not applicable where the inlet estimation technique is used).

1. no dilution between inlet and outlet sampling locations,
2. identical flow at inlet and outlet sampling locations, and
3. constant flow ,throughqut the duration of the compliance test.

However, volumetric flow measurements may be required by the Districts in order to
determine yearly mass emissions for inventory or facility risk assessment purposes. In those
cases the following pracedures shall be followed. Note that flow measurements need only
be obtained at one of the sampling locations, either inlet or outlet, if the above conditions
are met.

CARB Method 2 {type S pitot tube) should be used to determine stack gas velocity and
volumetric flow rate of stacks greater than 12 inches in diameter. Testing stacks/ducts
having cross-sectional diameters less than 12 inches and equal to or greater than four
inches, must be conducted according to United States Environmental Protection Agency
(USEPA) Stationary Source Sampling Methods 1A and 2C. The differential pressure gauge
used to measure velocity head (delta P) must meet the requirements of ARB Method 2,
Section 2.2 (also USEPA Method 2, Section 2.2), Pitot tube dimensions and specifications
must be demonstrated to meet the requirements of ARB Method 2, Sections 2.7 and 4.2
{also USEPA Method 2, Sections 2.7 and 4.2). The source test reports must {1) include
reasonably accurate as-instalied drawings of the stack from the sterilizer to the point of
emission, and (2} identify sampling locations, including dimensions, for each facility.
Volumetric flow measurements will be conducted in the following manner;: 1. A complete
velocity traverse of the exhaust duct will be conducted in a manner cansistent with
applicable ARB or USEPA reference methods for flow determinations. 2. An average
velocity pressure will be calculated from the individual pressure measurements made at each
velocity traverse point as specified in the ARB/EPA reference method. 3. A traverse point,
where the measured velocity pressure corresponds to the calculated average pressure, will
be used to make single point pressure measurements during direct samipling and analysis of
EtO emission. 4. Velocity pressure measurements will be made concurrently with each
direct sample drawn out of the exhaust duct for analysis, The emissions flow rate will be
determined from the set of pressure measuraments made at the single traverse point and
compared to the flow rate calculated from the initial, "complete” flow rate measurement
procedure. The two flow rates must compare within 10% for the test run to be valid.

Typical cat-ox units operate at 50 and 100 scfm. The exhaust ducting of & typical coritrol
unit is 4 to 6 inches and occasionally up to 10 inches in diameter. The larger size ducting
gives very low linear gas velocities (e.g., less than 10 ft/sec.) which are difficult to measure
using standard pitot tube/manometer techniques. A practical solution is to reduce the
diameter of the oversize stack to a temporary 4 inch stack during the test. Also, because
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low flow/iow velocity pressure conditions are anticipated for the exhaust duct emissions
from some control units, use of a pressure transducer whose sensitivity is applicable for low - -
- magnitude pressure measurements and whose performance is traceable to a National -

~Institute of Standards and Technology (NIST} reference standard is acceptable. Calibrations

of the pressure transducer must be rqutinely conducted and calibration curves maintained in
the company'’s file. - : .

Getermination of Ethytene Oxide Concentration at the Inlet of Control Units

“Two options are provided, as outlined below, for determination of the mass of ethylene
oxide delivered to the centrol unit inlet. ' : '

QOption 1. Inlet Estimation: (sterilization cycle only, cannot be used for aeration tests) The
mass of ethylene oxide emitted from the sterilization chamber and delivered to the control-
_ unit jniet, during a sterilization. cycle, may be calculated using the estimation technique . -

- detailed in Appendix B.  The procedures shail be performed, on an empty sterilizer, for the.

. duration of the pdst—eva_cuation/Wash stages under normal operating conditions. A short
"goak" (exposure} stage, e.9., manually aborted after no more than ten minutes, should be
used to minimize leak and chamber losses. For those sterilization systems where sterilant
"gas is also added as "make-up” during the exposure stage, the cycle shall be aborted and -
 the chamber exhausted before such "make-up®. ‘The use of the inlet estimation technique is
" not aliowed for sterilizer systems using water ring seal pumps (fiow through or recirculating)
for chamber evacuations. Al test conditions must be characterized and reported with the

. final test results.

" Option 2, Inlet Measurement: {must be used for aeration tests)

The mass of ethylene oxide emitted from the sterilization or aeration chamber and delivered

to the control unit jnlet may be determined by monitoring the chamber exhaust volumetric

flow rate and EtO concentration {as described in the Measurement Methods section below)
at the control unit infet. If using this inlet measurement procedure, only the "entire duration
of the first evacuation”, as defined by the ATCM, must be tested for compliance purposes.
The inlet and outlet of the control unit must be tested simuitaneously. A ioaded chamber
must be used when performing compliance tests of sterilization cycles if using this inlet
measurement option. If the chamber load is to be used for compliance testing of an
aeration Qr_ij'h, the "soak” {cr exposure} stage may not be shortened, e.g., manually aborted.
This inlet measurement procedure must be used for compliance testing of aeration cycles.

" All test conditions must be characterized and reported with the final test results,

Measurement Methods

The mass of ethylene oxide delivered to the control unit inlet during an aeration cycle and
the mass of ethylene oxide emitted from the control unit outlet during a sterilization or
aeration cycle must be determined by using one of the following sampling/analysis
procedures and the calculations found in Appendix F. For catalytic oxidation control units,
if the mass of EtO at the inlet is measured rather than estimated, testers must report
documented evidence that the inlet probe is placed such that the sampled gases are
completely mixed (i.e., chamber exhaust and ambient make-up). This documentation may
be obtained by following the steps outlined in Appendix D.
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-

Tedlar bag samipling/analysis procedure: The Tedlar bag saimpling procedure specified in
Appendix | may be used to collect samples of sterilizer/aerator and control unit exhaust gas
for subsequent analysis by GC/FID. The sampling quality assurance procedures detailed in
Appendix | must be followed. In addition, the following procedures must be followed.

If Option 1, Inlet Estimation, is used then the entire 15t evacuation and wash period must be
monitored for EtO emissions at the outlet of a control system. Sampling will be initiated for
the first evacuation when the pressure in the sterilizer is released.

[f Option 2, Inlet Measurernent, is performed then the inlet and outlet monitoring will be
conducted simultaneously. For cat-ox control units, integrated bag samples will be taken
for at least the duration of the entire first evacuation. For acid scrubber control systems; -
integrated bag samples will be taken during the 1st evacuation and for the duration of any
additional evacuation/wash periods {up to the point where aeration begins). Sampling will
be initiated for the first evacuation when the pressure in the sterilizer is released.

ARB staff recommends that one of the test personnel monitor the sterilizer chamber
pressure during the run and communicate, with walkie-talkies, the sampling start and stop
times to the sampling test crew.

Excess EtO shall be bubbled through a sulfuric acid (1 N solution) impinger before discharge,
or alternatively can be routed back into the control unit inlet gas stream. Ensure that the
excess sample gas which has passed through the acid filled impinger is discharged to a safe
location and will not imperil test personnel. : .

" The Tediar bag samples must be analyzed within 24 hours {of the sample stop time} by the,
procedures listed herein. The mass of EtO associated with each bag sampling interval is
calculated as outlined in Appendix F.

Repeat the procedures three times (three cycles). The arithmetic average percent efficiency
{see Appendix F: Calculations)} of the three runs shall determine the overall efficiency of the
control device. :

Direct Interface Samplind Analysis: As an alternative to the Tedlar bag sampling procedure
described above, a gas chromatograph (with FID or PID) interfaced directly to the emission
source may be used to continuously monitor ethylene oxide concentration at the outlet (and
" inlet) of the control device. For catalytic oxidation type control units, this procedure shall
only be used if the sampling frequency is less than 2 minutes. For hydrolytic scrubber units,
this procedure shall only be used if the sampling frequency is less than 1 minute. In
“addition, the following procedures must be followed.

If Option 1, Inlet Estimation, is used then the entire 1st evacuation and wash period must be
monitored for EtO emissions at the outlet of a control system. Sampling will be initiated for
the first evacuation when the pressure in the sterilizer is released.

If Option 2, inlet Measurement, is performed then the linlet ar_\_d putlet monitoring will be
conducted simultaneously. For cat-ox controf units, direct GC sampling will be conducted
for at least the duration of the entire 1st evacuation. For acid scrubber control systems,
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sampling will be conducted during the Tst evacuation and for the duration of any additional
evacuation/wash periods (up to the point where aeration begins}. Sampling will be initiated.
. for the first-evacuation when the pressure in the sterilizer is released.

~ ARB staff recommends that one of the test personnel monitor the sterilizer chamber
. pressure during-the run and communicate, with walkie-talkies, the sampling start and stop
. times to the sampling test crew. ' - : -

When testing 3M sterilizer systems, or other systems with pulsed chamber exhaust, if the :
inlet mass is measured using the direct-GC approach, testers must use a one liter '
Greenburg-Smith impinger {empty} in the GC sampling train. The impinger shall be placed
between the catalyst bed contro! unit and the on-site. GC. This impinger will be connpected.
by a Teflon line {less than 2 feet) to the catalyst bed's inlet sample port and by a Tefion line

~ {less than 1 foot) to the heated sample line to the GC analyzer.. The insertion of this
_impinger into the sample train will function as a mixing chamber for the sampled sterilizer

* exhaust gas prior to introduction into the GC analyzer.. Sterilizers with pulsed exhaust will

- be continuously sampled through the modified sample train. The impinger geometry will mix

* : the sampled gas and "smooth out” the variable concentrations associated with the puised

- exhaust gas flow. The impinger must be included in the system leak check, field blank and -
field spike. © - R - o | o '

‘The sample train is leak checked by plugging the sample line at the stack end and running
" the sample pump. Flow indicated by the rotameter shouid fall to zero, |f it does not, seek ..

and correct loose connections and other potential sources of leakage, then repeat the leak -
check. : e R L T

~ Maintain a constant flow rate of approximately 2 liters per minute through the sample probe
and transfer lines. If the sample transfer line is more than 10 feet long it should be heated
“to approximately 160 F. '

Excess EtO shall be bubbled through a sulfuric acid (1 N solution) impinger before discharge,
or alternatively, route the excess gas back into the control unit inlet gas stream. Ensure
that the excess sample gas which has passed through the acid filled impinger is discharged
to a safe location and will not imperil test personnel. ' -

' Rebeaf_ the procedures three times (three cycles). The arithmetic average percent efficiency

{sée Appendix F: Calculations) of the three runs shall determine the overall efficiency of the
control device. . : ' ‘ '
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APPENDIX B
PROCEDURES FOR ESTIMATING MASS OF ETO AT THE INLET

The amount of ethylene oxide, in pounds, loaded into the sterilizer shall be determined
by one of the following three procedures. These estimation procedures are valid only if
there are no significant leaks or loss of EtO before the control unit. These estimation
procedures shail be performed using an empty sterilization chamber. A short exposure
stage, e.g., manually aborted, should be used to minimize leak and chamber losses. For
those sterilization systems where sterilant gas is also added as "make-up" during the
exposure stage, the cycle shall be aborted and the chamber exhausted before sich
"make-up”. These estimation procedures may not be used with sterilization systems. using
water ring sealed pumps for evacuation of the chamber.

1} For small sterilizer operations using disposable sterilant cartridges, weigh the cartrldge to
the nearest .5 gram before and after use. Multiply the total mass of gas charged by the
weight percent ethylene oxide present in the sterilant mixture. Alternatively, if the cartridge
supplier has certified the weight of EtO contained in the cartridge then this weight may be.

- used for the estimation calfculation. Or,

2} Weighing the ethylene oxide gas cylinder{s} used to charge the sterilizer before ahd after
charging. Record these weights to the nearest 0.1 Ib. Multiply the total mass of gas
charged by the weight percent ethylene oxide present in the gas. Or,

- 3} Calculating the mass based on the conditions of the chamber immediately after it has
been charged and using the following equation. A cahbrated differential pressure gauge
shall be used to monitor the chamber pressure.

W, = MWxMxPxV

RxT
Sn{h'ére:
W, = weight of ethylene oxide charged to the chamber,‘in pounds (gramg) '
MW = Molecular weight _c‘)f”eth'yfene oxide,_44.05 Iblmol (gr/gr-mole) |
M = mole fraction of ethylene oxide - | |
P B = chamber pressure, psia |
Y = -c.ham'ber volume, ft3 (L)
R = Qaé' constant, 10.73 ('psia*ftlslimol*ﬂ}_ ({.0B205 L*atm)l(g-mo_le*K).)
T = _température, R (K}
S = standard conditions are 68 F (R or K} and 1 atm.
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" APPENDIX C

TESTING PROCEDURES FOR AERATION ROOMS

_The following procedures shall be used to determine the efficiency of a control device used
to control ethylene oxide emissions from an aeration room. "An aeration room is defined as
any facility used for the dissipation of ethylene oxide residue from equipment previously '
sterilized in a sterilizer. The procedures are identical to those used to test sterilization
chamber/control units {(Appendix A} with the exception of the following. '

The test shall be performed by .placi_ng'a narmat ioad of previously-sterilized equipment into-
the aeration room. The exposure stage should not be shortened or aborted.

The measurement procedures'in Appendiﬁ(,A shall be used to determine the volumetric flow.
rate and EtO concentration at the iniet and outlet of the control device. (The inlet -
estimation technique cannot be used.] .~ ' R :

1 using the direct G_C sa'rnpii_ng and an_al\)Sis p'rocedur-e, _sanﬁbié_and analyze a slipstream of
the outiet concentration of EtO.once every 3 minutes continiously for 1 hour.

. The emissions test shall be conducted in the hour imr.ne,cfi'a"tei:\i;:-_fo'llow'ing the loading of the

- aeration room: The test shall consist of one aeration cycle run. The test engineer and/or -
- test administrator shall insure that the aeration room is being tested under normal operating
- .conditions and equipment load. These conditions shail be documented and reported with

. the final test results.

Testars must have documented evidence that the inlet probe is placed such that the

sampled gases are completely mixed {i.e., chamber exhaust and make-up air}. Procedures

" for insuring the correct probe position are listed in Appendix D. This documentation shall be
reported along with the test final results. Lo
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APPENDIX D

DOCUMENTATION OF INLET PROBE POSITION
FOR:CATALYTIC OXIDATION UNITS

For catalytic oxidation control Units, if the mass of EtO at the inlet is measured rather than
estimated, testers must report documented evidence that the inlet probe is placed such that .
the sampled gases are completely mixed (i.e., chamber exhaust and ambient make-up). This
documentation may be obtained by the following steps:

1.

2.

where:

install the sampling probe in the control unit inlet.

During a sterilizer chamber evacuation monitor the volumetric flow rate of the
chamber exhaust {e.g., before dilution in the control unit) and control unit
exhaust. Also measure the concentration of ethylene oxide {or diluent gas) in
the chamber exhaust {e.g., before dilution in the control unit) and at the control
unit inlet. {e.g., after dilution in the control unit). The expected concentration of
EtO at the control unit inlet {at a given time) can be calculated by the following
equation {note that the concentration and flow measurements must be taken
simultaneousiy):

Ce = (Qc” O'cu) X Cc

C, = EtO {or diluent gas} concentration expected at the control unit inlet.,
Q, = volumetric flow rate of the chamber exhaust

Q. = volumetric flow rate at the control unit outlet

C. = EtO (or diluent gas) concentration measured in the chamber exhaust .

The concentration of ethylene oxide measured at the control unit inlet must be
within 10% of C,for the probe to be documented as correctly positioned.

Alternatively, the correct placement of the control unit inlet probe may be documented as

follows.

. Install the sampling probe in the control unit inlet.

During a sterilizer chamber evacuation monitor the volumetric flow rate of the
control unit exhaust. Also monitor the concentration of ethylene oxide, using
the procedures outlined below, at the control unit inlet {e.g., after dilution in the
control unit). Monitor both the flow rate and EtO concentration for the duration
of the sterilization chamber exhaust (first evacuation and following washes).

Calculate the total amount of EtO de!i\_.rered to the control unit. These
calculations are outlined in Appendix F.

Calculate the estimated amount of EtO delivered to the control unit by following
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the procedures in Appendix B.
5. Perform the a_bove operations 3 times.
6. The concentration of EtO measured at the control unit inlet must be within 10
% of the estimated. amount for the probe to be documented as correctiy
pos:troned :
The above test must’ be performed every time the probe is replaced or moved The

documentatron showmg correct posrtronrng of the rnlet probe must be included in the test
' report .
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APPENDIX E
CALIBRATION AND QUALITY CONTROL PROCEDURES FOR ANALYSIS
1. INTRODUCTION

Each laboratory that uses this procedure is required to operate a formal quality control
program. The minimum quality control requirements of this program consists of an initial
.demonstration of laboratory capability and an ongoing program of routine calibration and -
analysis of performance check samples to evaluate and document data quality. Two
options are provided for routine calibration; calculation by linear regression or average
response factor. The laboratory must maintain records of all performance checks to
document the quality of generated data.

2. APPARATUS
- 2.1 Flowmeter, 100 sccm.
2.2 Tedlar bags, 10 L.
3. REAGENTS

3.1 Calibration standards can be obtained commercially in specially treated
‘compressed gas cylinders. Concentrations of the minor componénts in each
mixture must be traceable to the National Institute of Standards & Technology’
{NIST) or to a national measurement system approved by the Executive Officer of
the Air Resources Board. NIST traceability may be accompllshed by the specnalty
gas vendor via several methods:

{1} By analyzung-the gas mixture directly against a NIST Standard Reference
. Material (SRM). This alternative can be utilized when an SRM with the
proper component is available and the concentration is within a factor of two
(2} from the gas mixture concentration.

(2} If SRMs are not available, analyzing the gas mixture against well
characterized Gas Manufacturer Primary Standards (GMPS). These GMPS
mixtures are analyzed against internal laboratory standards, gravimetric or
volumetric, traceable to NIST. '

4. INITIAL PERFORMANCE DEMONSTRATION

The following steps must be followed before the analytlcal method may be used. The
performance evaluation must be repeated at least every six months. NOTE: Two
options are provided for daily calibration (see Section 5). If response factor method
{5.2) is used, both Option 1 and 2 (4.1.2 and 4.1.4} must be conducted during initial
performance evaluation. Peak area integration, and not peak heights, must be used for
the determination of instrument response,
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4.1 Multipoint calibration

4.1

41.2

4.1.3

a4
s - calculate the pooled mean response factor (RF) from the set of four

4.15

Standards are analyzed at least three times at four different
concentrations. The concentration levels should be five times the limit of
detection on the low end, approximately midway in the linear response: .
range of the method, and near the high concentration end of the linear.
response. limit. Results of the multipoint analyses must be documented '
and shall inciude data on intercept, slope, correlation of fit, relative
standard deviations, range of concentrations tested, response factor and
limit of detection calculations.

Option 1, Least Squares Fit. The least squares analysis of the data should
produce a correlation coefficient of at jeast 0.99. . Blank values shall-not.
be subtracted from the raw data and the origin {0.0, 0.0} will not be-used
in the calculations. If the intercept deviates significantly from zero, the

..~ analysis must be. rewewed for poss:ble system contammatnon .or other-
-problems. -

Standard dewatlcns are caicuiated at each level of the multipomt and must
be comparable to those pubhshed for the method

Opt:on 2, Response Factor For each cailbrat:on target compound,

multipoint levels. Calculate the standard deviation and the percent relatwe-

. standard deviation. . The: Iaboratory must demonstrate that RF values over

the working range for the target compounds are constant., The percent
relative standard deviations of the mean RF's must not exceed 15%. The
equation for calculating the pooled mean response f.actor is listed below.

Rfponea= (RF1y+ RF,+ RF1C+' RF+ .o...RFgy+ RFsg} / 12

where 1a through 4¢ represent the individual response factors calculated
from the 12 multipoint runs.

Analytical Limits of Detection (LOD) must be calculated. The LOD for
each method must be calcu!ated by the following equation:

 LOD =|A| + 38

August 9, 1996

where

A is the least squares x-intercept, in units of ppmV, calculated from the
multlpomt data (section 4.1.1).

S is the standard deviation of replicate determinations of the lowest
standard. At least 3 replicates are required. The lowest standard must be
run at 1 to 5 times the estimated detection limit. If data is not available in
the concentration range near the detection limit, S may be estimated by:-
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S.-="RSD. x-A"

where RSD is the relative deviation of the lowest standard-analyzed:
4:1.6. The Limit of Quantitation {LOQ) must-be calculated by the-following

equation: : :

LOQ = 3.3 x LOD

No analysis-results .will be reported below the LOQ,

5. ROUTINE CALIBRATION PROCEDURE

Routine users of the method, ie. daily, will use one of the following options for
calibrations.and result calculations. Compound concentrations used-in the

5.1

5.2

calibration curves must bracket levels found in stationary
source emission samples, Peak area integration, and not peak
height, must be used for-determination of instrument response.

Option 1, Least Squares Fit

A least squares fit, i.e. as determined with the initial multipoint calibration, must be
used for sample quantitative calculations. A calibration check must be performed
every eight hours, or every ten sample analyses, whichever is more frequent. Use
the midpoint calibration as a check. The GC response must be within 10% of the
mean values established in the multipoint calibration or a new calibration curve
must be prepared. The GC responses are recorded and inspected to-check for
trends which indicate the degradation of standards or instrument performance.

Option 2, Response Factor

The average response factors, i.e. as determined with the multipoint calibration,
must be used for sample guantitative calculations. A calibration check must be
perférmed every eight hours, or every ten sample analyses, whichever is more
frequent. Use the midpoint calibration {see section 4.1} as a check. The measured
RFs must be within 10% of the mean values. established in the muitipoint

~ calibration or a new calibration curve must be prepared. The response factors are

recorded and inspected to check for trends which indicate the degradation of
standards or instrumenit performance. : ' '

" For non-routine users of the method, ie. 1 test per month or less, calibration involves
generation of at least a 3 point curve during each analysis day and a midpoint calibration
check after every 10 samptes. Either linear regression or mean response factor

- caleulations can be used. The initial performance evaluation is still required.

6. ROUTINE QUALITY CONTROL

6.1

Laboratory Blanks

August 9, 1996 Proposed M-431 Page 14



" A laboratory method blank is a volume of ultra high purity gas carried through the
entire analytical scheme. The gas used for blank runs should be certified by the
~ gas supplier or laboratory 10 contain less than the analytical limit of detection (LOD)
of the analytes of interest. The iaboratory blank volume must be equal to the
~ sample volumes being processed. Laboratory blanks are analyzed each shift before .
. . the analysis of samples may proceed. A blankis also analyzed after the analysis of
" a sample containing components with concentrations greater than the most
concentrated standard used. The laboratory blank resuits will be reported along -
with raw sample data in final reports. Sample results should not be corrected for
~ blank contribution. Note that a field blank analysis may be used in place of the.
" laboratory blank. However, if the results of the field blank are greater than LOQ, a
laboratory blank will be run to isolate the source.of contamination.' '

6.2 Laboratory Replicate Samples '

" Replicates serve to measure the precision of an-analysis. Ten percent of all-
samples, or at least one sample per batch, will be anaiyzed in duplicate to indicate
reproducibility of the analysis and to monitor such conditions as instrument drift.
The precision {|Ave. - X;|/Ave.) x 100} of duplicate analyses must fall within - '

~ predetermined limits, i.e, 3 x RSD as established during the initial perfermance
~ evaluation. ' : ' .

6.3 Calibration Check Sample

" The midpoint standard used in muitipoint calibrations must be analyzed every eight
hours, or every ten samples, whichever is more frequent, to check instrument
performance. The GC response of all analytes must be within 10 % of the mean
values established in the muitipoint calibration or a new calibration curve must be
generated. The GC responses are recorded and inspected to check for trends
which indicate the degradation of standards or instrument performance.

6.4 Performance Evaluation Samples

To demonstrate data qguality, performance evaluation samples may be analyzed
periodicaily. At the discretion of the Executive Officer, periodic analysis of
performance evaluation samples may be required. If analysis of performance
evaluation samples is required by the Executive Officer, the analyses shail be
conducted in the following manner. The performance evaluation material shall be
used to evaluate both sampling and analytical systems. Performance evaluation
samples shall be analyzed at a frequency dependent on how often the method is
used. If the method is used on a daily basis, the performance evaluation sample
‘must be anaiyzed twice a month. If the method is used less frequently, the
performance evaluation sample must be analyzed once a month or whenever the
method is used (whichever is less). A value of +10% of the stated concentration
of the performance evaluation sample must be recovered for the analyte of
interest. The results of these analyses must also be recorded and placed on
permanent file for at least three years and shall be made availabie to the Executive
Officer upon request. All performance evaluation samples will be labeled with an
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6.5

6.6

expiration date and may be re-certified by the vendor if they contain sufficient
volume (i.e. greater then 60% residual).

Qualitative Analysis Criteria

The retention time of the target compound must be within 0.06 RRT units of the
standard RRT.

Quantitation Criteria

The column resolution criteria of 20% valley (as measured from the baseline to
valley minimum) between a target compound and an interfering compound must be
achieved before any quantitation can be allowed. When a compound interferes
with the target compound and the degree of the interferences exceeds the column
resolution criteria the compound can still be quantified if the following criteria is
met. Set the reporting fimit for the Jowest amount that can be quantified high
enough such that the interfering compound accounts for less than 10% of the area
of the target compound.

7. REPORTING

Each report of analyses shall be in the following format and will include the following
information. Refer to Appendix F for result calculations format..

7.1

7.2

7.3

7.4

7.5

Complete identification of the samples analyzed (sample numbers and source},
Pertinent information should be submitted to the analytical laboratory via a chain of
custody record.

Date of submittal of the sample, date and time of GC analysis. The latter should
appear on each chromatogram included with the report.

The raw and calculated data which are reported for the actual samples will also be
reported for the duplicate analyses, laboratory and field blank analyses, the fieid
spike sample analyses, and any other QA or performance evaluation samples
analyzed in conjunction with the actual sample set{s). '

The calibration data, including average response factors calculated from the
calibration procedure described in Section 5. Include the relative standard
deviation, and data showing that the midpoint response factors have been verified
at least once during each 8-hour penod of operation or with each separate set of
samples analyzed.

Ali relevant data used to define the reporting limit will be reported. This will
include parameters such as sampling volumes, sample injection volume,
chromatographic interferences, and Tedlar bag contamination levels. In no case
will results be reported below the established reporting limit. Test reports should
include a table summarizing reporting limits (per sample} including a description of
causes of variation. '
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8. DIRECT SAMPLING CALIBRATION AND QUALITY CONTROL PROCEDURES

Due to the nature of direct sampling routine calibration precedures are somewhat
different. The sequence of in-field calibration, QC, and sample runs listed below is
recommended when perfermmg on-site analyses

1.~ Run a3 point cahbratlon {triplicate runs at three levels) bracketing the expected
sample concentration before each compliance test. The calibration curve prepared
from the averages shall be used for quantltat;on of the cycle samp!es as well as -
-determlnatlon of the limit of quantttatlon

2. Run afield biank, through the entire sampl:ng tram using zero air (amblent air
.‘normaily can be used for this purpose for ethylene oxide samp!mg)

3. Run a fne!d spike, through the entire sampling train, using the calibration standard
closest to the sample concentrations. The spike gas lntroduced at the transfer line
infet shouid be at ambient pressure.

. 4. Analyze the field sampies.

5. Run standard checks after sample anal;yses are eoiﬁplete for each cycle test. -
Standard check results must be within 10% of the pretest average values.
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APPENDIX F
CALCULATIONS

Calculate the mass of EtO emitted from the control unit during each bag sampling period by
using the following equation. Throughout the calculations, sufficient significant figures will

" be carried to round off to the required destruction efficiency. For example, if the rule

requires 99.8% destruction efficiency, the calculations will be carried to 4 significant figures -
with the result rounded to 3 significant figures. ‘

W, = C x V x 44.05 Ib/mol x mol/385.32scf x 1/10%

where: . - : - :

' W, = the mass of EtO emitted corresponding to each bag

C = concentration of EtO in ppm ‘ o

V = volume of gas exiting the control device corresponding to each bag sample, ft°.

The volume is determined by integration of the area under the curve of . -

-~ wvolumetric. flow rate (corrected) versus time for the period each bag was

sampled. S ' '

- Add the mass‘corresponding to each bag, W, {i.e., mass amitted during the 1st evacuation
" plus'the mass emitted during washes) used during the evacuation for the total mass: (W

W, = (Sum}W,
Determine sterilizer .cc_mt'rol' device efficiency (% Eff) using the foliowing eqUation:

% Eff = (W;-W_)/W;x 100
whers: ' ‘ '

‘W, = the total mass of E10 delivered to the control unit; this value can either be
estimated using the procedures in Appendix A or measured using the
procedures in Appendix B along with the calculations listed above {for W,).
Note that where appropriate, as described in Appendix A, the mass values in

“the control efficiency equation may be replaced with the corresponding EtO
concentration averages. '

"if the direct GC approach is used, instead of Tedlar bag sampling, plot a concentration
versus time curve. Calculate the mass flow at each sampling interval (< 2 minutes for
catalytic oxidation units, < 1 minute for hydrolytic scrubbers) by selecting the
concentraticn, C, and volumetric flow rate, F,, at each interval. {Concentration and flow
measurements must be synchronized.) Use the following equation to determine the mass
flow rate W, of EtO exiting the control device. - '

W, = C x F,x 44.05 Ib/mol x mol/385.32 scfm x 1/108
where: _ B
C = EtO conc {ppm}, F, = flow (scfm)
44.05 = molecular weight of EtO ib/lb-mole (g/g-mole)
385.32 = 359 scf/mole ideal gas law constant corrected to
68° F and 1 atm. (24.05 = 22.414 {/mole at 68° F}.
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Plot a curve of mass flow rate versus time and integrate for total mass of EtO for the
control device outlet {W,} {orinlet W)).

Repeat the procedures and calculations three times. The arithmatic average percent
efficiency of the three runs shall determine the overall efficiency of the control device.
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'APPENDIX G
REPORTING REQUIREMENTS

The following outline of reporting requirements is meant 1o be.used as a general guide for -

" EtO source test reportreviewing purposes.

Sterilizer: manufacturer and mode! number, volume of the chamber, the type of sterilant. .

gas used, the type of materials sterilized, a cycle process diagram, e.g., a ptot of chamber
pressure vs. time including foothotes regarding start and stop points of cycle stages and
including a detailed explanation of the evacuation flow discharge path {water and vapor}
during all stages of the cycle. if pressure/volume calculations are used to determine the -
weight of E10 charged to the chamber then chamber pressure sensor calibration data shall

be inciuded in the report.

Controt Unit: type of chamber evacuation pumps used, type of control unit, manufacturer

and model number, the size or capacity of the control unit, the operating temperature, a

diagram of the control unit and sampling locations. 'If monitoring is conducted at the inletof - -

a catalytic oxidation unit then the test report shall include documentation of the correct

‘positioning of the inlet sampling probe. -

Test Data: plots of volumetric-flow rate versus time '(the reviewer should determine

whether integrated sampling is appropriate), results of moisture determinations, a plot of the

muitipoint calibrations used for quantitative calculations, calculations for limit of detection

and reporting limits, tables of raw data, final resuits, and all chromatograms. ' If the direct "
GC approach is used then plots of EtO concentration vs. time should be included in the
report along with the integrated total mass emission resuit.

Quality Control: The test report shall include complete identification of the samples
analyzed (sampie numbers and source), date of submittal of the sample, date and time of
GC analysis. The raw and calculated data which are reported for the actual samples will

~also be reported for the duplicate analyses, iaboratory and field blank analyses, the field

spike sample analyses, and any other QA or performance evaluation samples anaiyzed in
conjunction with the actual sample set(s}..
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APPENDIX H
METHOD LIMITATIONS

Alternative sampling and analytical methodologies that are demonstrated to be substantially
equivalent may be used if approved by the Executive Officer. The termy Executive Officer as
used in this document shall mean the Executive Officer of the Air Resources Board or his or
her authorized representative. The Executive Officer may require the submission of test
data or other information showing that the alternate method is equivalent to Method 431.
Any modifications to the sampling and analytical procedures described must also be
approved in writing by the Executive Officer. '

Tedlar Bag Samplin
Tedlar bag samples must be analyzed within 24 hours of end of the sampling period.

Tedlar bags with fittings other than those listed may not be suitable for EtO sampling. The
appropriate recovery and stability tests should be conducted before using other fitting types
{especially for bags with stainless steel fittings).

CARB staff have not conducted bag stability studies for EtO in dilute-acid hydrolytic
scrubber emissions. ' '

The integrated Tedlar bag sampling procedure is not applicable for testing of sources where

both the emission gas volumetric flow rate and target compound concentration are variable.

The test engineer and/or the reviewing agency will determine whether integrated sampling is
appropriate.

Ethylene oxide may decay if exposed+to sunlight. Thus, Tedlar bag samples and standards
should be protected from sunlight exposure. ' :

Sampling with Tedlar bags must be planned carefully so that the entire emission curve is
monitored. To provide documentation that the sampling is representative of the emission
curve, it is strongly recommended that a continuous monitor (e.g., FID) be used along with
the bag at the contro! unit inlet, Sampling times could then be modified as necessary to
account for shifts in emissions.

At many hospitals, the control unit is not accessible from parking areas {i.e., with 150 foot
heated lines to a parked GC-van}. Thus, the GC, gas cylinders and associated support
equipment must be physically moved to a location near the control unit, which may prove
inconvenient. Also, adequate power may be difficult to get at some facilities.

Many testers feel that on-site GC is more expensive and more difficult than container

sampling. in addition to the equipment required, performance of on-site GC requires that an
experienced chemist be involved in the field operations.
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The inlet estimation procedure assumes that there is no loss of EtQ to the chamber, -
chamber contents, transfer plumbing or pumps and that there are no leaks before the .
control _u'nit. ' '

Use of the inlet estimation technique assumes that the composition of the sterilant gas is:

accurately defined and consistent in individual cylinders/cartridges. Thus, a sample from the: .'

gas cylinder(s} used during the test-should be analyzed to verify the exact sterilant gas
composition for the inlet estimation.” S ;

Accurate estimates rely on accurate volume measurements and calibrated pressure gauges.

Thus, manufacturer's chamber volume specifications should always be double c_hecked and-
system pressure monitoring devices shouid be evaluated for accuracy.

Some sterilization éystems add sterilant gas as needed to the chamber during the exposure

stage because the chamber pressure may decrease slightly after initial pressurization. This

additicn of make-up gas would, if significant, invalidate the inlet estimation calculation since

‘with existing systems it would be quite difficult to estimate the amount of make-up gas
 added. To minimize this source of error, when using the inlet estimation technique, the test

should:-be conducted with an empty chamber and the exposure stage shouid be abor_ted :

. gfter no more than 10 minutes.

Since the estimation technigue can oniy be used for empty chamber tests, an exposed .
chamber load will not be availabie if subsequent aeration tests are to be performed.. There
must be an exposed load in the aerator for a valid test. Thus, an additional sterilization
cycie with unaborted exposure stage would have to be run to provide the materials to be
aerated. Furthermare, the inlet EtO concentrations must be physically meaasured with Tedlar
bags or direct GC for aeration tests since estimation. is not possible. Thus, where aeration
tests must be conducted in addition to sterilizer tests, inlet estimation may not provide any
time or cost benefit. : ‘ '

The inlet estimation technique should not be used with sterilization systems using water ring
seal pumps, either flow through or recirculating.

Aci T

The stability of ethylene oxide in hydrolytic scrubber unit emission matrix, in Tedlar bags,
has not yet been demonstrated {by ARB staff). Stability studies for ethylene oxide in this
matrix should be conducted and results reviewed by the ARB before compliance tests are
performed using this method. ‘

This method allows the option to measure inlet concentrations (e.g., with bag sampling or
by direct GC) instead of using the estimation technique outlined in Appendix B. However,
the concentration of EtO at the inlet of hydrolytic scrubber unitz will be approximately 27%
and 100% by volume for systems using 12/88 and 100% EO sterilant gases, respectively.
Due to the safety concerns associated with the high iniet EtO concentrations, it is
recommended to use the calculation procedure in Appendix B. Anyone conducting tests at
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the inlet of a hydrolytic scrubber should use extreme caution to avoid exposure to personnel
and explosions.

The direct interface option may only be used to test hydrolytic scrubber units linlet or
outlet) if sample frequencies are 1 minute or less. ‘

Quantitation of the diluent gas may be necessary at facilities using a sterilant mixture in
order to calculate corrected volumetric flow rate.

Catalytic Oxidation

If the control unit inlet total mass is measured rather than estimated, testers must have
documented evidence that the inlet probe is placed such that the sampled gases are
completely mixed, i.e., chamber exhaust and make-up air {refer to Appendix D). This
documentation shall be reported along with the test final results.

When testing 3M sterilizer systems, or other systems with pulsed chamber exhaust, if the
inlet mass is measured using the direct-GC approach, testers must use a one liter
Greenburg-Smith impinger {empty) in the GC sampling train. The insertion of this impinger
into the sample train will function as a mixing chamber for the sampled sterilizer exhaust
gas prior to introduction into the GC analyzer.

The direct interface option shall only be used to test catalytic oxidation units (inlet or outlet)
if sample frequencies are 2 minutes or less. __ '

Many sterilization systems use water ring seal pumps to evacuate the chamber. Some EtO
will be retained in the water as the sterilant gas passes through the pump. Depending on
system design, water ring seal pumps can cause a shift in EtQ emission from the initial
chamber purge to the air washes and even into the aeration cycle. Because of this emission
shift, the inlet estimation technique should not be used with systems using water ring seal
pumps. : -

Testers have speculated that EtO concentrations may, in some cases, be stratified in the
exhaust duct flow from catalytic oxidation control units. Further investigation is necessary
to define this problem. However, if stratification does occur, some sort of sample averaging
probe would be required to obtain valid test resuits.
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. APPENDIX |

STANDARD OPERATING PROCEDURE FOR THE SAMPLING OF

ETHY.LENE OXIDE EMISSIONS FROM STATIONARY SOURCES INTO TEDLAR'BAG’S.' .

smncaucnon

This method should not be attempted by person's unfamiliar with source sampling, as there
are many details that are beyond the scope of this presentation. -Care must be exercised to

1.

© prevent exposure of sampling personnel to hazardous emissions.

-APPLICABILITY -

This sampling method. uses. a Tedlar bag tq_'collec‘t ethylene oxide {EtO) samples from

~ applicable source emissions.

LIMITATIONS

2.1 Refer to Appe'n_dix Hooo

EQUIVALENCY

" Alternative sampling methoddi-ogiés that are demonstrated to be substantially
-squivalent may be used if approved by the Executive Officer or his or her authorized

representative. The Executive Officer may require the submission of test data or other
information showing the alternate method is equivaient to Method 431. '

APPARATUS |

Apparatus required for sampéing is described below. It is recommended tﬁa't all
equipment which comes in contact with sampled gas be made of Teflon or Tedlar

. unless these materials are found unsatisfactory and other materials demonstrated

suitable in specific situations.

4.1 Sample line. Teflon tubing, 6.4 mm {1/4 inch) outside diameter, of minimum
length sufficient to connect the probe bag and not longer than 10 feet. if the
sample line must be longer than 10 feet, then the sample line shali be heated
and insulated and capable of operation at above 100 C (212°F).

4.2 Teflon valves or fittings shall be used to connect sample train components.
Mininert Teflon valves are recommended.

4.3 Sample bags. Bags shall be made of Tedlar film, at least 0.002 in. thick.
4.3.1 Mininert Teflon valves are recommended.

4.3.2 Refer to Section 7 for this Appendix for apparatus used in Tedlar bag
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4.4

4.5

4.6

4.7

4.8

manufacture, cleaning, and contaminatien testing.

Rigid container(s) for filling sample bags by application of vacuum.

4.4.1 The container shall be airtight when sealed.

4.4.2 The container shall be opaque except that a small window to check the
condition of the bag within is permissible.

4.4.3 The container shall be fitted with couplings to mate with sample bags,
sample line and vacuum line and a flow control valve capable of shutting
off flow to the bag. '

444 Sample bags may be fabricated with rigid containers as an integral unit.

4.4.5 An appropriate vacuum relief valve is suggested to protect bags and
rigid container. '

Pump, leak free, with capacity of at least 2 liters per minute.

Flow meter, rotameter type or equivalent, with measurement range of 0.05 to
1.0 liters per minute for observing sampling rate.

Shipping containers to protect bags in transport shall be opaque 1o protect bags
from ultraviolet light. Containers shall have no staples, sharp edges of metal
closures which might damage bags. The rigid container for filling bags may be
used for bag transport; any window in the container shall be covered with
opaque material during such transport.

Expendable Materials

4.8.1 Standard gas mixture for field spikes. Appropriate cylinder gases
‘containing the poliutant(s) of interest in known concentration.

4.8.2 99.999% N,or zero air

PROCEDURE

The foliowing describes the procedure for collecting samples from stacks. A field
" blank and a field spike must be obtained for each source test {Refer to section 6 for
di_sCussion) . '

5.1

{Optional} Determine stack moisture content by ARB Method 4; if moisture
content is above the 60°F saturation level, then dilution of the sample bag may
be required. If moisture content of stack gas is not determined, then Tedlar bag
shall be monitored for condensation during sampling {see Section 5.7).

§.1.1 Procedure for Sample Bag Dilution. Bags should be pre-filled with
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the

5.2

5.3

99.999% nitrogen or zero air to approximately one-third the final sample
volume. The exact volume of dilution gas must be recorded to allow for
correction of data. If condensation still occurs, increase dilution as .
necessary. ' '

"Assemble the samplmg tratn at the samp!mg Site ‘as shown in Figure 1.

Leak check the sampie train, To start the leak check, connect the sample hne to-
the bag, making sure the valve on the bag is closed. Place the bag in the rigid

‘container.and close as if for sampling. Turn on the vacuum pump until. a reading

of 15 inches H, O is maintained. Make sure that the probe line is not plugged
and that the ON!OFF valve is open. If aieak greater than 5% of the sampling

~ flow rate is found, then the problem must be located and fixed before the leak

check continues. Turn the pump off, break the vacuum on the rigid container
and open the mininert valve on the Tedlar bag. Place the bag back in the
container and close as if for sampling. - Plug {leak tight) the end of the probe.

- Turn on the vacuum pump and adjust until a readmg of 15 inches H,0 is -
'mamtamed If a leak greater than 5% of the sampling flow rate is found, then
_the problem must be located and fixed before sampling continues. If impingers -

are used, extreme care must be used when applying and removmg the vacuum

© - to avoid carry over of the liquids in the umpnge]s

5.4

"'B.5

5.6

5.7

5.8

Break the vacuum on the rigid container. Unp!ug the end of the probe and place
end of the probe in the stack away from the walis. Care should be taken to
avoid dilution of the stack gas sampie with ambient air by sealing the open port
area around the probe, especially in stacks with negative static pressure.

~ Make sure the sampling train is configured correctly, the valve on the sample

bag is open and the ON/OFF valve is closed. Turn the vacuum pump on and
adjust until a reading of 15 inches H20 is maintained. Begin sampling by
opening the ON/OFF valve Record the sample start time on the field data sheet.

Moniter the container vacuum and sample flow rate and adjust as necessary.
After sampling for the planned interval, close the ON/OFF valve noting the time
on the field data sheet. Bags should be filled no more than haif full, If
condensation oceurs, discard sample and resample as per 5.1.1.

After samp!e purge is complete close the ONIOFF valve, _turn the pump off,
break the.vacuum on the rigid container and close the mininert vaive on the bag.

Attach a label to each Tedlar bag sample (and impinger if used} containing the
following information: '

Job #

Date

Time
Sample/Run #
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Plant Name

‘Sample Location

Log # '

Initials of Sampler Operator

5.9 - Promptly place the sealed bag in a shipping container; close the container to
prevent possible degradation of the sample by ultraviolet light. Several bags may
be piaced in the same shipping container.

5.10 Fill out the Chain of Custody-Sample Record, Log Book Data sheets, and Field
Data sheets. Copies of these forms are attached as Figures 2, 3 and 4.

5.11 Sample Bag Transport Procedure
5.11.1 Transport sample bags in opaque shipping containers.

5.11.2 Airborne transport could potentially result in rupturing of bags
containing toxic samples. Surface shipment is advised. If airborne
transport is unavoidable then bags should not be filled more than half
way to avoid bag rupture.

5.11.3 Deliver bags to laboratory for analysis promptly. The maximum hold
time is 24 hours.

6. QUALITY CONTROL
6.1 Sampling Runs, Time and Velume

6.1.1  Sampling runs. The number of sampling runs must be sufficient to
provide minimal statistical data and in no case shall be less than three
{3} runs per source test,

6.1.2 Samnple time. Integrated bag sampling. The sampling must be of
sufficient duration to provide coverage of the average operating
condition of the source as specified by the ATCM or as directed by the
District.

6.2 Routine Sampling Quality Control. This section outlines the minimum quality
control operations necessary to assure accuracy of data generated from samples
collected in Tedlar bags. These QC operations are as follows:

Field blank samples

Field spike samples

Collocated samples {optional)
Tedlar bag contamination checks

* k ¥ *

6.2.1  Field biank samples. At least one field blank sample will be taken per
source test. At the discretion of the tester, more blank samples may be
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6.2.3

. B8.2.4

August 9, 1998

taken. Air or nitrogen from a compressed gas cylinder {(ambient air._m'éy
also be used) is collected in the bag in the manner described in section

5 of this method. This blank sample is transported and analyzed along

with the stack gas samples. If field blank values are greater than 20 %
of the stack gas values, then the data will be flagged. Field biank-
values will be reported along with the stack gas results. S

Field spike samples. At least one fieid spike sample Wili be taken per.
source test. At the discretion of the field engineer, more spike samples -
may be taken. Pure air or nitrogen containing known concentration(s)
of EtQ is drawn from one bag to another through the sampling
apparatus. The spiked sample is transported and analyzed along with

- the stack gas samples. Spike sample recoveries will be reported along -

with the source test resuits.

Collocated samples. Coilo_céte_d sampling w'ill_;be performed at the
discretion of the tester. Samples are collected through two identical

sampling systems simuitangously from the same stack sampling-.port.‘ :
The analysis results of coliccated sampies are used to estimate ‘method

- precision.-

Tediar bag __contamination‘checks. Tedlar b'ags will be testéd for : 
contami_natiOn as outlined in Section __1 0 of this Appendix.
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FIGURE 1.

TEDLAR BAG SAMPLING TRAIN
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FIGURE 2
CHAIN OF CUSTODY
SAMPLE RECORD

Job : Date: Time:
Sample/Run#

Sample Location

Type of Sample

Lleg# Fitting # ___
Initials
Start . _
Action Taken _ Date Time | Given By Taken By
Related-
L.D. #s _ _ ~ Description
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FIGURE 3

CHAIN OF CUSTODY

LOG BOOK - D
© “PROJECTNO.___ - -
Sample o | Valve‘_i‘.D'. o L _
-Log - 1.D: Date | Tim Comment _Bag Sample |- Given By Taken By |

No..
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= | FIGURE 4
FIELD DATA SHEET

Project Name __

Date e Sample D:

LOGID:__

Sample Type:
BAG QUALITY ASSURANCE

Bag ID No._ . ) . Initial Bag Leak Check

Bag Check Analysis (List Results of Bag check Analysis})
FLOWMETERS

Flowmeter ID

Date of Flow Meter Calibration Check__

Samipler ID , o Sampler Leak check .

SAMPLE TIME

Time . N ... Total time
I I | I [
I | | I 11
. Flowr _ Avérage Flow
I I ! I [
I I L. I nin
COMMENTS
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7. Production of Tedlar Bags
New bags are recommended for each sample.- Previous!y-us‘ed bags rhay be used again
if cleaned and checked for leaks and contamination as specified below. Tedlar bags
may also be purchased already assembled, but.must be certified to specified:
‘contamination levels before use. : - ' :
7.1 Materials and Equipment
" 7.1.1  Tedlar, 0.002 inch thickness. -
-7.1.2_ Fittings for connection to sample line. Mininert Teflon valves are
recommended. Quick-disconnect Swagelock fittings are commonly
used, but are suspected of possibie interferences at low ppb
concentrations.. Fittings should be composed of inert materials; teflon

and stainless steel are recommended.

7_.'1 .3 Septum fitting for injection of surrogat'es or removai of sample by
.syringe. - . : : . .

7.1.4 Cork borers for _ins'tallat"i'oh of fittings.

7.1.5  Lay-out Table to measure and cut Tedlar to size.

7.1.6 Heat-Seal Apparatus for making seams in Tedtar. Vertrod .T-herrhai-
impulse Heat Sealing Machinery or similar device. May require

compressed air cylinder.

7.1.7 Pump for evacuation of bags during purging operations, together with
fittings ¢r manifold system to connect pump 1o bags.

7.1.8 Uitrasonic bath for cleaning fittings.
7.1.9 Oven for drying fittings
©7.1.10 99.999% Nitrogen for purging bags.
7.1.11 Distilled water. )
7.2 Clean Fittings

Use of organic solvents is not recommended due to possible contamination of
bags. '

7.2.1 Clean fittings by placing them in soapy water in ultrasonic bath for about

one hour. Rinse fittings thoroughly with clean water, followed by a rinse
with distilled water. '
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10.

7.2.2 Bake fittings in a 100 F oven for at least 8 hours.
7.3  Manufacture of Tedlar Bag

Tedlar bags should be constructed in a clean area, with care taken to avoid
contamination such as exposure to -chemical fumes, solvent vapors or motor
exhaust, ' -

7.3.1 Cut one piece of Tedlar film from roll on lay-out table using a razor blade, A
sheet of Tedlar measuring about 54" by 30" will make about a 30 Liter
capacity bag {15 L at half-full).

7.3.2 ‘Fold the Tedlar sheét in half and make two seams using heat-seal apparatus.
Seams should be at least % inch from edge.

7.3.3 Place piece of cardboard inside bag. Use cork borer t6 make appropriate
size hole for fittings, using cardboard to protect other side of bag. Tedlar
film should fit snugly around base of 'fi";ting.

7.3.4 Attach previously cleaned sample line fitting. Use Teflon washers on inside
and outside of bag to secure fitting.

7.3.5 Attach septum fitting if necessary. (Mininert valves have septum and
sample line connections all on one fitting). '

7.3.6 Seal remaining seam using heat-seal apparatus.
Leak Test

Check all sample bags for leaks by inflating with 99.999% nitrogen to a pressure of 2 to
4 inches of water. Good bags should hold constant pressure as indicated by a
manometer for 10 minutes or {alternative test) should remain taut and inflated overnight.
A small weight {e.g. Kimwipe box} may be placed on top of bag for the overnight leak
check. Report bag acceptability on field data sheet (figure 4); destroy or repair and retest
defective bags.

Bag Cleaning
Purge the bag with 99.999% nitrogen repeatedly until acceptable contamination values
are attained. ARB staff experience has shown that 3 to 8 purges are needed to meet the
target contamination levels of <1 ppb for most VOCs of interest.
Bag Contamination Check
10.17 Check bags for contamination by filling them haifway (so that check volume

approximates actual sample volume) with 99.999% nitrogen, allow to equilibrate
for 24 hours, then analyze for EtO.
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10.2 Acceptab[e contammatron levels may vary dependlng on the expected sample
concentration. However, bags which contain contaminants at levels greater than

~ the LOD will. be rejected.

'10 3 Label bags and. record c:ontamlnation levels. Also record contammatlon levels on
fre!d data sheets. :
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APPENDIX

DEFINITIONS AND ABBREVIATIONS

Response Factor
The response of the gas chr_ornat'fograph detector to a known ai_mbunt of standard.
Perfarmance Evaluation Sample

A sample prepared by EPA, ARB or other Iaboratorles containing known concentrations of -

method analytes that has been analyzed by multiple laboratories to determine statistically

the accuracy and precision that can be expected when a method is performed by a
ompetent analyst Analyte concentratlons are usual[y known to the analyst

Cahbratlon Check Sample

A standard, normally the mudpom’t of muitipoint calibrations (see section 422. 199 4.1),

~ which is analyzed each shift {or cycle} to monitor detsctor drift. The values of all analytes
must be within 10% of the mean values established in the. rm.!tnpo!nf calibration or a new
calibration curve must be prepared. '

Analytical Limit of Detectioh.(LOD) '

The lowest level at which detector response can be dlstlngmshed from noise. Refer to
Appendix E for more detail. :

Analytical Limit of Quantitation {LOQ)

The lowest level at which a compound can be accurately quantified. This value is 3.3 times
the Limit of Detection.

Reporting Limit {RL)

The reporting limit (RL) is the lowest levei that can be reliably quantitated within specified
limits of precision and accuracy during routine analyses of source samples. Reporting limits
will be based on parameters such as sampling volumes, dilutions, sample mjectlon volume
and chromatographic interferences.

Field Blank

A field blank is taken in the same way as a sample is taken except that pure air or nitrogen

is used as a sample. The field blank is used to determine background levels in the sampling
system. The gas used for blank runs should be certified by the gas supplier or laboratory to
contain concentrations less than the limit of detection for the analytes of interest.
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Field Spike

A standard gas containing ethylene oxide at krown and certified concentration is introduced
at the sampling probe inlet and transferred through the entire sampling train to be analyzed
exactly as a normal stack emission sample. The standard gas used for the field spike should
be the calibration standard closest to the actual sample concentrations. The spike gas
introduced at the probe inlet should be at ambient pressure. The use of a Tedlar bag
provides a simple procedure for introduction of the spike gas into the sample probe. The
spike/standard gas can be transferred from a compressed gas cylinder into the Tedlar bag
and the bag then attached (leak-tight) to the probe inlet. Spike gas can theh be pulled
through the sample train as under normal conditions. ‘

Laboratory Replicate Samples
Replicates serve to measure the precision of an analysis. Ten percent of all samples are

analyzed in duplicate to indicate reproducibility of the anhalysis and to monitor such
conditions as instrument drift.
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Method 436

DETERMINATION OF MULTIPLE METALS
EMISSIONS FROM STATIONARY SOURCES

"1 INTRODUCTION
11 APPLICABILITY

This method applies to the determination of aluminum (Al}, antimony (Sb), arsenic
(As), barium (Ba), beryllium {Be), cadmium {Cd), chromium (Cr), cobait {Co), copper
{Cu), lead {Pb), manganese (Mn), mercury {Hg}, nicke! {Ni}, phosphorus (P},
selenium {Se), silver {Ag), thallium (TD, vanadium {Vn) and zinc {Zn) stack
emissions from stationary sources. . This method is not suitable for the
determlnatlon of hexavalent chromlum or partlculate matter emissions.

Any modif:cat:on of this method shall be subject to approval by the Executlve
Officer. The term Executive Officer as used in this document shall mean the ‘
Executive Officer of the Air R_esources_Board or his or her authorized representative.

1.2  PRINCIPLE

The stack sample is withdrawn isokinetically from the saource, with particulate
emissions collected in the probe and on a heated fulter -and gaseous emissions - -

- collected in a series of chilled impingers containing an aqueous solution of dilute
nitric acid combined with dilute hydrogen peroxide in two impingers (analyzed for all
metals), and acidic potassium permanganate solution in two |mpmgers (analyzed
only for Hg}.

Sampling train components are recovered mto separate front and back half fractions ~
and acid digested using conventiona! Parr® Bomb or microwave digestion technigues
to dissolve incrganics and to remove organic constituents that may create analytical
interferences. The analytical sensitivity achieved for a given sample will depend
upon the sample matrix, types and concentrations of other chemical compounds in
the sample matrix, as well as the original sample mass and instrument sensitivity.

After digestion, portions of the probe, filter and nitric acid/hydrogen peroxide.
digestion solutions are combined into a single front half composite and anaiyzed for
Ag, Al, As, Ba, Be, Cd, Co, Cr, Cu, Mn, Ni, P, Pb, Sb, Se, TI, Vn and Zn by
inductively coupled piasma atomic emission spectroscopy (ICPAES) or direct
aspiration atomic absorption spectroscopy {DAAAS). The acidic potassium
permanganate impinger digestion solution, the HCI rinse solution and an aliquot
from the front half composite sample are analyzed for mercury (Hg) by cold vapor
atomic absorption spectroscopy (CVAAS).

Graphite furnace atomic absorption spectroscopy {GFAAS) is used for analysis of

antimony, arsenic, cadmium, cobalt, lead, selenium and thallium, if these elements
require greater analytical sensitivity than can be obtained by ICPAES. Additionally,
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1.3

1.3.1

1.3.2

1.3.3

1.3.4

135

August 9, 1996

if desired, the tester may use DAAAS for analysis of all metals if the resulting
reporting limits meet the goal of the testing program. Similarly, inductively coupled
plasma mass spectroscopy {ICPMS) may be used for analysis of Sb, As, Ba, Be,
Cd, Cr, Co, Cu, Pb, Mn, Ni, Tl and Zn.

The efficiency of the analytical procedure is quantified by the analysis of spiked
quality control samples containing each of the target metals and/or other quality
assurance (QA} measures, as necessary, including actual sample matrix effects

checks. In all cases, repetitive analyses, method of standard additions (MSA), serial

dilution, or matrix spike addition shall be used to establish the quality of the data.
The QA requirements of this method are detailed in Section 9.

DEFINITIONS
End User

For the purposes of this method, the regulating agency or its authorized
representative shall be considered the end user if a determination of metals
emissions from a stationary source is required as part of a regulatory process.
Otherwise the end user shall be the party who defrays the cost of performing
this method. The pre-test protocol must identify the end user.

Tester

Usually the tester is a contract engineering firm that performs the sampling
procedures and deiegates responsibility for specific analytical procedures to an
analytical group {usually part of a subcontracting laboratory firm).. The tester
shall ultimately be responsible for performance of this method whether directly
or indirectly through co-ordination of the efforts of the sampling and analytical
groups. _

Source Target Concentration

This is the target concentration for each emitted metal of interest specified by
the end user of the test results. The target concentration shall be expressed in
units of target metal mass per volume of emissions; typical units are nanograms
per dry standard cubic meter or micrograms per dry standard cubic meter {ng/m3
or ,ug/ma).

Method Detection Limit

The method detection limit (MDL) is based on the precision of detection of the
analyte concentration near the instrument detection limit.

Reporting Limit
The reporting fimit (RL) is a limit for each metal at or below which data must not

be reported. It is based on the minimum analyte mass that must be collected in
the sampling train to allow detection during routine laboratory operation within
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2.1

2.2

2.3

the precision established by the MDL determination. The RL will be calculated
as 5 times the MDL for those metals not detected i In pre-test reagent blanks.
The RL for detected metals will be calculated as 5 times the pre-test reagent
blank detection level.

Note:

if reagent blanks are not analyzed prior to testing, the RLs are calcuiated as 5
times the MDL or detection level, whichever is greater, determined for the field
blank sample train. If the field blank detection levels yieid unacceptable RLs,
then the RLs may be established by analysis of the field reagent b!ank samples. _

" RANGE, PRECISION, METHOD DETECTION LIMFT REPORTING LIMIT AND

INTERFERENCES

' ANALYTICAL RANGE.

- For the analyses descrlbed in this methodology and for srmllar analyses the ICPAES .

response is linear over several orders of magnitude. Samples contammg metal

concentrations in the nanograms per milliliter (ng/mi} to micrograms per. milliliter

{ug/mi} range in the final analytical solution can be analyzed using this technlque
Samples containing greater than approximately 50 pg/mi of chromium, lead, or
arsenic should be diluted to that level or lower for final analysis. Samples -
containing greater than apprommately 20 ,uglml of cadmium should be dlluted to
that level before analys:s : . :

METHOD PRECISION

The precision (relative standard deviation) for each metal defected in an EPA
method development test at a sewage sludge incinerator, are as follows: Sb
{12.7%), As {13.5%), Ba (20.6%), Cd {11.5%), Cr {11.2%}, Cu (11.5%), Pb- _
{11.8%), P {14.6%), Se {15.3%), Ti {12.3%]), and Zn {11.8%). The precision for
nickel was 7.7% for another test conducted at a source simulator. Beryllium,
manganese and siiver were not detected in the tests; however, based on the
analytical sensitivity of the ICP for these metals, it is assumed that their precisions
shouid be similar to those for the other metals, when detected at similar levels.

METHOD DETECTION LIMIT {(MDL}'

ICPAES analytical detection limits for the sample solutions (based on SW-846,
Method 6010} are approximately as follows: Sb (32 ng/mi}, As {53 ng/ml), .
Ba {2 ng/ml}, Be (0.3 ng/ml), Cd (4 ng/ml}, Cr {7 ng/ml)}, Co (7 ng/ml), Cu (6 ng/ml),
Pb {42 ng/ml}. Mn {2 ng/mi}, Ni (15 ng/ml), P (75 ng/mi}, Se {75 ng/ml}, Ag {7
ng/mi}, T! {4C ng/ml}, and Zn {2 ng/ml}. ICPMS analytical detection limits {based on
SW-846, Method 6020) are lower generally by a factor of ten or more, Be is lower
by a factor of three. The actual sample analytical detection limits are sample
dependent and may vary due to the sample matrix.
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2.4

25

2.5.1

The analytical detection limits for analysis by direct aspiration AAS {based on SW-
846, Method 7000 serigs) are approximately as follows: Sh {200 ng/ml), As (2
ng/mi), Ba (100 ng/mi), Be {6 ng/ml}, Cd (5 ng/ml), Cr (50 ng/ml), Co (50 ng/mlj,
Cu (20 ng/ml}, Pb (100 ng/ml), Mn (10 ng/ml}, Ni (40 ng/ml), Se (2 ng/mlj, Ag (10
ng/mi), T1 {100 ng/ml}, and Zn (5 ng/mil),

The detection limit for Hg by CVAAS (on the resultant volume of the digestion of
the aliquots taken for Hg analyses) can be approximately 0.02 to0 0.2 ng/mil,
depending upon the type of CVAAS anaiytical instrument used.

The use of GFAAS can enhance the detection iimits compared to direct aspiration
AAS as follows: Sb (3 ng/mi), As {1 ng/ml}, Be (0.2 ng/mi}, Cd {0.1 ng/ml), Cr (1
ng/ml), Co {1 ng/ml), Pb (1 ng/ml), Se {2 ng/ml), and TI {1 ng/ml).

Method detection limits for the target metals using the various analytical techniques

referenced in this method ara estimated in Table 1. The MDLs shown in Table 1
assume complete digestion and a final sample volume of 300 ml. For example, if
the sample fraction volume s reduced from 300 mi to 30 ml, the MDL for that
fraction is improved by a factor of ten. Actual MDLs are sample dependent and will
vary based on the final sample volume, the sample matrix and the skill of the
analyst,

REPORTING LIMIT (RL)

The tester shall calculate the reporting limits {RLs) for the target metals. This value
will be 5 times the MDL determined for the pre-test blank contamination checks or
5 times the field blank sample results if no pre-test analyses are performed. If the
field biank analytical results yield unacceptable RLs, then the field reagent bianks.
may be analyzed to calculate RlLs. :

The RL is a required parameter for pre-test minimum sample volume and minimum
sample time determination. Therefore, when no pre-test contamination checks are
performed, the minimum RL for each target metal shall be estimated as 5 times the
MDL shown in Table 1 or 5 times the MDL estimated by the laboratory performing
sample analysis,

INTERFERENCES
ICP

Iron can be a spectral interference during the analysis of arsenic, chromium, and
cadmium by ICP. Aluminum can be a spectral interference during the analysis of

" arsenic and lead by ICP. Generally, these interferences can be reduced by
diluting the sample, but this increases the method detection limit. Background
and overlap corrections may be used to adjust for spectral interferences. Refer
to EPA SW-846, Method 6010 and Method 6020 for details on potential
interferences for this method.
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2.5.2
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254

3.1

3.1.1

3.1.2

GFAAS

The chemical, physical and spectral interferences associated with GFAAS‘are -
described in EPA SW-846, Method 7000, Section 3.2. For all GFAAS analyses,
matrix modifiers should be used to limit interferences, and standards should be
matrix matched. . - - - o S

DAAAS

The chemical, physi_ca! and spectral interferences associated with DAAAS are
described in EPA SW-846, Method 7000, Section 3.1. :

CVAAS

The chemfcal, physical and spectral interferenées associated \-Nith.C‘.\_/AAS are
described in EPA SW-846, Method 7470, Section 3.0. T

 RECOMMENDED PRE-TEST PREPARATION

The procedures presented in_ Section 3."_[ th_rou_gh__$ectiqn 3.5 are recommended
procedures only. They arg intended to heip the tester maximize method

- performance by providing algorithms for astimating sample volume and times based
- upon predetermined analytical and process parameters. Failure to perform these

procedures should not, by itself, constitute a fatal error when evaluating or auditing
Method 436 test results. However, their omission could resuit in unacceptable test
resuits. o o A :

RESPONSIBILITIES OF THE END USER AND TESTER
The End User |
Before testing may begin, the end user of the test results shali specify the
source target metals concentrations to be determined by this method using the
guidelines of Section 3.2.1. ‘ ' '
The end user shali approve the pre-test protocol after reviewing the document
and determining that the minimum requirements for the pre-test protocol
{Section 3.2) have been met.

The Tester A

The tester shall have primary responsibility for the performance of the test
method, and shall co-ordinate the efforts of the sampling and analytical groups.

The tester shall plan the test based on the information provided by the end user
and the tester's calculations of target source testing parameters.
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3.2

3.._2-1.

The tester shall be responsible for selection of an analyst qualified for use of the
method. The tester shall make that decision based on information supplied by
the analyst.

The tester shall obtain all relevant data that are required for pre-test calculations
of sampling parameters, The tester shall develop and write a pre-test protocol
before performing this method to help ensure satisfactory resutts.

The tester shall be responsible for ensuring that all sampling and analytical
reporting requirements are met.

PRE-TEST PROTOCOL

The pre-test protocol should include the test performance criteria of the end user
and all assumptions, required data and calculated targets for the following testing
parameters:

(1) source target concentration of gach emitted metal of interest (3.2.1),
{2) preliminary analytical data (3.3) for each target metal, and
{3) pianned sampling parameters (3.5).

The protocol should demonstrate that the testing parameters calculated by the
tester will meet the needs of the end user. In addition, the pre-test protocol should
include information on equipment, logistics, personnel and other resources
necessary for an efficient and coordinated test.

At a minimum, the pre-test protocol shall identify the end user of the results, the
tester, the analytical group, and the sampling group, and the protocol shali be
approved by the end user of the results and the tester.

The tester should not proceed with the perfarmance of the remainder of this
method unless the pre-test protocol is appraved by the tester and the end user.

Source Target Concentration (STC)

The tester shall not proceed with the test unless a target corcentration has been
chosen. The end user shall select a basis for determining each target
concentration from: a) regulatory limits, b} environmental risk assessments, and
{c} the interests of the end user, the tester, and the stationary source.

3.2.1.1 Regulatory Limits

The regulatory limit shall be the basis for determining a target concentration
for stationary source emissions in those cases where the purpose of the
emissions test is to demonstrate compliance with the established regulatory
limit. ' : '
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3.2.1.2 Environmental Risk Assessments

In some cases testmg is conducted for an environmental risk assessment. A
pre-test estimate of the permissible risk shall then be used to determine the:
target concentratuon for stationary source emissions.

3.2.1.3 Interests of the End User, the Tester and the Staticnary Source:_

3.3

3.3.1

3.4

In cases where the emissions test is not being performed to demonstrate
compliance with a regulation, nor is it required for a risk assessment, the

. end user must then provide applicable emissions results if they are available
from previous tests of the facility to be tested. Otherwise, an estimate of
metals emissions from the source must be obtained from the results of tests
performad at similar sources. This target concentration is necessary for the
calculation of the target sampling parameters required by Section 3.5.

PREL!MFNARY‘ANALYTICAL DATA

Resuits of Blank Conté;ﬁina_tidn Checks

ideally, the tester shouid obtain from the anaiyst the results of pre-test meta!s

contamination checks performed on the filter and reagent batches to.be used for o

- sample collection. The- analy‘aca! report must satisfy the reporting requurements
of Section 11

In scme instances, logistical and/or practical considerations may preclude
obtaining preliminary contamination checks. In these cases, the tester shall use
the analytical results for the field biank sample or the fisld reagent blank
samples to calculate the RL. However, the tester must be aware that
calculating the RL in this manner may yvield an unacceptable RL resulting in
unsatisfactory test data.

EXPECTED RANGE IN TARGET CONCENTRATIONS

The tester shall calculate the mass or concen‘tratibn of each target metal expected
in the sample that will be submitted for analysis (Section 1.3.3)

Metal analytes in a source test sample can show large differences in
concentrations. A sample that might provide sufficient analyte for the detection
and quantitation of the lowest concentration metal could contain levels of other
metals that exceed the upper limit of the method.

in some cases the solution is two analyses - first with undiluted composite, and
then again after appropriate dilution of the composite. With prior notification of
expected levels of the target analytes, the analyst can modify the preparation of the
samples so that useful results might be obtained.
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3.5

3.5.1

3.5.2

3.5.3

SAMPLING RUNS, TIME, AND VOLUME

Sampling Runs

A test shall include at least three sampling runs in series and a blank sampling

train. . ‘

Minimum Sample Volume (MSV)

This is the minimum sample volume that must be collected in the sampling train
to provide the minimum reportable target metal mass for quantitation. It must
be based on a) the reporting limit {1.3.5}, b) the source target concentration
{3.2.1), and c) sampling limitations. Use Equation 436-1 to calculate the
target MSV for each target metal analyte.

MSV(dscm) =RL x .} 4361
seml =P X sv¢ -
Where:
MSV = Minimum sample volume, dscm
RL = The reporting limit, ng/sample (Section 1.3.5)
STC = The source target concentration, ng/dscm (Section 3.2.1)

Minimum Sampling Time {(MST)

This is the minimum time required to collect the minimum sample volume at the
expected volumetric sampling rate. Use Equation 436-2 to calculate the
minimum sampling time. required to collect the minimum sample volume
calculated in section 3.5.2. The tester should use an average volumetric
sampling rate (VSR) appropriate for the source to be tested. If the sampling rate
{VSR) cannot be achieved in the field (Section 5.1.7), the sampling time shall be
revised in Equation 436-2 to achieve the target MSV. The sampling time must
be such that the emissions test is conducted during representative operating
conditions of the source. -

_ MSV 1 436-2
MST (hours) VSR X 0
Where:
. MST = Minimum sampling time, hours
VSR = Expected average volumetric sampling rate, dscmm
60 = Factor to convert minutes to hours
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' 3.5.4

The end user must decide whather the MSTs are all practically feasible. Based

on this decision, the tester must use either Section 3.5.4 (a) or 3.5.4 (b} to
calculate a planned sample volume (PSV).

Planned Sample Volume (PSV)

~This is ‘t'h'e 'vo!ume' of emissions that must be sampled to provide the target

analytes at levels between the RL and the limit of linearity. The planned sample
volume is the primary sampling target whenever practically feasible. - The PSV

. is calculated according to either {a) or (b}.. If the end user has decided that the

MSTs are practically feasible, the tester must calculate the PSV according to
Section 3.5.4 (a) and Equation 436-3. ' '

{a) - Calculate the PSV using the largest of the target MSV values calculated in '

Section 3.5.2 and the largest value for F that will give a practical sample
volume. Use this PSV to calculate the planned sampling time (Section
3.5.5) and Equation 436-5. ' ‘

(b} If the MSTs are not all practical, the tester and the end user must agree on

a maximum practical sampling time (Section 3.5.5). This value must then

. be’used for the PST in Equation 436-4 to calculate the PSV. The PST will
be less than the MST and the PSV will be less than the MSV. Therefore, -

~the primary reporting objective of the test cannot be achieved for all of the
target metals. If the primary reporting objective é:'anndt be achieved for ail
of the target metals, it must be discussed in the pretocol and the -
alternative reporting. objective {section 3.5.6) must be approved by the end
user of the results. ' -

436-3
PSV {dscm} = MSV x F

436-4
PSV(dscm) = PST x VSR

Where:

PST = Planned sampling time from Section 2.5.5 {b}

MSV = Minimum sample volume, dscm :

F = A safety factor (> 1) that allows for deviation from ideal

sampling and analytical conditions

The amount that is actually coiiected will be determined by practical sampling
limitations, the intended use of the data and the level of uncertainty that the end
user can tolerate in the measurement of the target concentrations
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3.6.5

Where:

3.5.6

I Planned Sampling:Time (PST)

Two optlons are available depending on: whether the primary objective can he
achieved. for. all of the target metals.

{a)) The planned:sampling time {PST‘) shall.be:long. enough:te- 1). collect the
planned sample volume with reportable levels of the target metals and 2).
sample representative operating conditions of the source. If the average
sampling rate {(VSR) used to estimate the pianned sampling. time cannot be
achieved-in-the field, the sampling time: must be recalculated. using: the
actual VSR and the target PSV in equation 436-5.

(BY The planned sampling time shall be a-practical maximum approved by the
end user and it shall be long enough to: sample représentative operating
conditions of the source.

: , B 436-5
_ PSSV 1
PST VaR X 5
- MST

PST = Planned sampling time, hours

PSV = Planned sample volume, dscm

VSR = Expected average volumetric sampling rate, dscmm
60 = Factor to convert minutes to hours

Preliminary Estimate of Source Reporting Limit (SRL)

Before the test proceeds, the end user and the tester shall agree on a
preliminary estimate of the reporting limit for the source for each target metal.
The SRL shall be calculated using Equation 436-7. The planned sample volume
will contain reportable levels of a given analyte if that analyte is present in the
emissions at a concentration that is equal to or greater than the calculated SRL.

436-7
; _ RL
SRL = PEY ,
Whete:
SEL = Preliminary estimate of source reporting limit, ng/dscm
RL = Reporting limit, ng/sample
PSV = Planned sample volume, dscm
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4.1

APPARATUS

The sampling and recovery apparatus, reagents and analytical equipment necessary .
for satisfactory.performance of this method are described in this section. '

The identification and quantitation of target metals in stationary source emissions
tests are strongly dependent on the integrity of the samples received and the - -
precision and accuracy of all analytical procedures emploved. The QA procedures
described in Section 9 are used to monitor the performance of the sampling
method, identify problems, and take corrective action.

SAMPLING TRAIN

The following sampling appafatus is required. The tester may use alternative

apparatus only if,. after review by the Executive Gfficer, it is deemed equivalent for
the purposes of this test method. S '

Mention of trade names or specific products does not constitute endorsement by

 the California Air Resources Board. In all cases, equivalent items from other - -

4.1.1

suppliers may be used.

- A schematic of the sampling train is shown in Figure 1. It is similar to the ARB
~Method 5 Train. 'The train consists of a nozzle, heated probe, heated filter, a series

of five or six impingers emersed in an ice bath and a silica gel impinger or cartridge.
A cyclone or similar device in the heated filter box may be used for sampling

" environments with high particulate matter concentrations.

The optional first impinger is initially dry and strongly recommended for sources
with high moisture content. Its purpese is to prevent dilution of impinger reagent

contained in the second and third impingers by serving as a moisture trap.

Probe Nozzle

Same as ARB Method 5, Sections 2.1.1 and 2.1.2, constructed of quartz or
borosilicate glass with sharp, tapered leading edge. The angle of taper shall be
30° or less and the taper shall be on the outside to preserve a constant irternal
diameter. The nozzle shall be of the button-hook or elbow design, unless
otherwise approved by the Executive Officer.

A range of nozzle sizes suitable for isokinetic sampling should be available, e.g.,
0.32t0 1.27 cm (1/8 to 1/2 in.} - or larger if higher volume sampling trains are
used - inside diameter {ID) nozzles in increments of 0.16 ¢cm (1/16 in.). Each
nozzle shall be calibrated according to the procedures outlined in ARB Method 5,
Section 5.1. :
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4.1.2

4.1.3

4.1.4

4.1.5

4.1.6

Probe

The probe should be lined or made of quartz, borosilicate glass, or Teflon with a
heating system capable of maintaining an exit gas temperature during sampling
of 120+ 14 °C (248 + 25 °F), or other such temperature as approved by the
Executive Officer. For high temperature applications {>260 °C, 500 °F) a non-
heated probe liner or a single glass tube consisting of a combined probe and
nozzie may be used.

Preseparator

A cyclone, high capacity impactor or other davice may be used if necessary to
remove the majority of particles before the gas stream is filtered. This catch
must be used for any subsequent analysis. The devite shail be constructed of
quartz or borositicate glass. Other materials may be used subject to approval by
the Executive Officer.

Filter Holder

The filter holder shail be constructed of borosilicate glass, with a Teflon filter
support or other non-metallic, non-contaminating support and glass to glass seaf
or Teflon gasket. Glass filter supports may be used where stack gas '
temperatures exceed 260°C (500°F). Other holder and gasket materials may be
used subject to approval by the Executive Officer.

The filter holder shall be contained in a heated enclosure capable of maintaining
a temperature of 120+ 14 °C (248 + 25 °F) around the filter holder during

sampling. A temperature gage capable of measuring temperature to within 3 °C

{6.4 °F) shall be installed so the temperature around the filter holder can be
monitored and regulated during sampling.

Sample Transfer Line

For sample train configurations where the first impinger is not directly connected
to the filter holder, a sample transfer line must be used. The sample transfer
line shall be Teflon {1/4 in. 0.D. x 1/32 in. wall) with connecting fittings capable
of forming vacuum tight connections without using sealmg greases. The line
should be as short as possible.

Impinger Train
The foliowing system shall be used for the condensation and collection of

gaseous metals and for determining the moisture content of the stack gas. The
impinger train shall consist of five or six impingers, depending on whether or not

"a moisture knockout impinger is used. Impinigers are connected in sefies with

leak-free ground glass fittings or other leak-free, non-contaminating fittings and
immersed in an ice bath. The first impinger is optional and is recommended as a
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4.1.7

4.1.8

water knockout trap for use during test conditions where high stack gas
moisture content might result in considerable dilution of the impinger solutions.”

The impingers to be used in the metals train are described as follows. When the

- first impinger is used as a water knockout, it shall be of the Greenburg-Smith

design modified to have either a short or. long stem, appropriately sized for the -
expected moisture catch and installed empty. The second impinger (or the first:
HNO3/H,0, impinger) shall be of the Greenburg-Smith design modified to have.a
long stem as described for the first impinger in ARB Method 5, Section 2.1.7.

- The third impinger {or the impinger used as the second HNO4/H,0, impinger) .
"~ shall he of the Greenburg -Smith design with the standard tip as descrlbed for

the second impinger in ARB Methed 5, Paragraph 2.1.7.

The fourth mpmger shall be installed empty and shall be of the Greenburg Smith
design moadified to have a short stem. The function of the fourth impinger is to

. prevent commingling of the soi_utien_in the second and third impingers with-the
- solution in the fifth and sixth impingers. - The fifth and sixth impingers shall be

of the Greenburg-Smith design modified to have a long stem and shall contain a
known quantity of acidic potassium permanganate {KMnO4) solution (Secticn:
4.3.3). A thermometer capable of measuring to within 1°C (2°F) shall be
placed at the outlet of the last impinger. When the water knock out impinger is

not needed, it is removed from the train and the other impingers remain the
~ same. " If mercury analysis is not needed, the potassium permanganate |mp|ngers

and the empty impinger precedlna them are removed

it summary, the first impinger-is empty, the second -and third shall contain -

known quantities of a nitric acid/hydrogen peroxide solution {Section 4.3.1}, the
fourth shall be empty, the fifth and sixth shall contain a known quantity of
acidic potassium permanganate solution (Section 4.3.3}. A thermometer
capable of measuring to within 1°C (2°F) shall be placed at the outlet of the iast
impinger. When the water knock out {first} impinger is not needed, it is
removed from the train and the other impingers remain the same. If mercury
analysis is not needed, the potassium permanganate impingers and the empty
impinger preceding them are removed.

Silica Gel Cartridge

A silica gel cartridge or impinger shall be placed at the exit of the sixth {{ast)
impinger. The silica gel may be contained in an impinger in the ice bath or an
external cartridge if desired. The cartridge or impinger shall contain 200 to 300
grams of silica gel or equivalent desiccant for use in determining stack gas
moisture and to prevent damage to the metering system. :

Pitot Tube

-Type S, as described in Section 2.1 of ARB Method 2 or other devices approved

by the Executive Officer. The pitot tube shall be attached to the probe to allow
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4.1.9

4.1.10

4.1.11

4.1.12

4,1.13

4.2

. constant monitoring of the stack gas velocity as required by Section 2.1.3 of
ARB Method 5. When the pitot tube occurs as part of an assembly, the
configuration must meet the specifications required by Section 4.1.1 of ARB
Method 2. Interference-free configurations are illustrated in Figures 2-6 through

- 2-8 of ARB Method 2 for Type S pitot tubes having external tubing diameters
between 0.48 and 0.95 em (3/16 and 3/8 in.).

Differential Pressure Gauge

Two inclined manometers or equivalent devices, as described in Section 2.2 of
ARB Method 2. One manometer shall be used for velocity head (aP) readings
and the other for orifice differential pressure (aH) readings.

Metering System

Vacuum gage, leak-free pump, thermometers accurate to within 3 °C (5.4 °F),
dry gas meter capable of measuring velume to within 2 percent, and related
equipment, as shown in Figure 1. Other metering systems must mest the
requirements stated in Section 2.1.8 of ARB Method 5.

Barometer

Mercury, aneroid, or other barometer capable of measuring atmospheric pressure
to within 2.5 mm Hg {0.1 in. Hg). In many cases, the barometric reading may
be obtained from a nearby national weather service station, in which case the
station value (which is the absolute barometric pressure) shall be requested and
an adjustment for elevation differences between the weather station and the
sampling point shall be applied at a rate of minus 2.5 mm Hg (0.1 in. Hg) per 30
m (100 ft.) elevation increase or vice versa for elevation decrease,

Gas Density Determination Equipment

Temperature sensor and pressure gage, as described in Section 2.3 and 2.4 of
Method 2, and gas analyzer, if necessary, as described in Method 3. The
preferred and alternative configurations of the temperature sensor shall be the
same as those described in Section 2.1.10 of ARB Method 5.

Teflon Tape

For capping openings and sealing connections on the sampling train. Teflon or
other non-contaminating caps, sleeves or seals may also be used.

SAMPLING MATERIALS AND REAGENTS

A reagents used in performance of this test method shall conform to the
specifications established by the Committee on Analytical Reagents of the American

Chemical Society, unless otherwise approved by the Executive Officer.
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4.2.1 - Filters

Filters shail contain less than 1.3 ,ug/‘in.z of each of the metals to be measured.
Analytical results provided by filter manufacturers are acceptable. However, if
no such results are available, filter blanks should be analyzed for each target

~ metal prior to emission testing. Quartz fiber or glass fiber filters without organic
binders such as the Paliflex 2600QAT-UP shall be used. However, if glass fiber
filters which meet these requirements become available; they may be used. The
filters should exhibit at least 89.95 percent efficiency {<0.05 percent
penetration} on.0.3 micron diocty! phthalate smoke particles.

422 Water
Deuonized distilled. Water’ conformmg to ASTM Spec:iflcanon D1193 77, Type
Il {incorporated by reference) is recommended. It is required that the water be
analyzed for all target metals prior to field use {see Section 7, 1 3) A,It target
metal concentratlons shal[ be iess than 1 ng/ml ' g

- 4.2.3 - Nitric _Ac:d .

" Concentrated, Baker instra-analyzed or é-qui\'/a;lént'."

424 Hydrochloric Acid

. Concentratéd. VB'aker. Instra-analyzed or'équ-i\(arl'e'r}t._

4,25 Hydrogen Peroxide

Thirty Percent (V/V}.
4.2.6 Potassium Peir‘manganate:
4.27  Sulfuric Acid |

Concentrated.
4.2.8 Silica Gel and Crushed Ice

Same‘as ARB Method 5_, Sections 3.1.2 and 3.1.4 respectively.
4.3 SAMPLING REAGENT PREPARATION

4.3.1 Nitric Acid {HNO3)/Hydrogen Peroxide (H,0,} Absorbing Sclution, 5 Percent
: HNO,/10 Percent H,0,

Add carefully with stirring 50 ml of concentrated HNO3 to a 1000-m! volumetric
flask or graduated cylinder containing approximately 500 ml of water, and then
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4.3.2

4.3.3

4.3.4

4.3.5

4.4

4.4.1

4.4.2

add 333 mi of 30 percent H,0,. Dilute to volume with water. Mix well. The
reagent shall contain less than 2 ng/mi of each target metal.

10 Percent H,80, (V/V)

Mix carefully, with stirring, 100 mL of concentrated H,SO, into 800 mL of
water, and add water with stirring to make a volume of 1 L: this sclution is 10
percent H,S0, (V/V).

Acidic Potassium Permanganate lKMn04i Absorbing Solution, 4 Percent KMnO,
(W/V}, 10 Percent H,S0O, (V/V}

Prepare fresh daily. Dissolve, with stirring, 40 g of KMnO, in sufficient 10
percent H,SO, to make 1 liter. Prepare and store in glass bottles to prevent
degradation. The reagent shall contain less than 2 ng/mL of Hg.

Precaution: To prevent autocatalytic decomposition of the permanganate
solution, filter the solution through Whatman 541 filter paper. Also, due to the
potential reaction of KMnQ, with H,S0,, there could be pressure buildup in the
solution storage bottle. Therefore, these bottles shall not be fully filled and shall
be vented to relieve excess pressure and reduce explosion potential. Venting
should be performed in a manner that will not allow contamination of the
solution. A No. 70-72 hole drilled in the container cap and Tefion liner has been
used.

Nitric Acid (HNO;), 0.1 N

Carefully add, with stirring, 6.3 mL of concentrated HNO5 (70 percent) to a
graduated cylinder containing approximately 900 mL of water. Dilute to 1000
mL with water. Mix well. The reagent shali contain less than 2 ng/mL of each
target metal.

Hydrochloric Acid (HCI), 8 N
Carefully add, with stirring, 690 mL of concentrated HCI to a graduated cylinder

containing 250 mL of water. Dilute to 1000 mL with water. Mix well, The
reagent shall contain less than 2 ng/mL of Hg.

GLASSWARE CLEANING REAGENTS

Nitric Acid, Concentrated
Fisher ACS grade or equivalent.
Water

As specified in Section 4.2.2.
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4.4.3

45

4.5.1

45.2

4.5.3

4.5.4

4585

45.6
4.5.7

4.5.8

Nitric Acid, 10 Percent {V/V)

Carefully add, with stirring, 500 mL of concentrated HNO; to a graduated
cylinder containing approximately 4000 mL of water. Dilute to 5000 mL with
water. Mix well. This reagent shall contain less than 2 ng/m! of each target
‘metal. ' - I

'SAMPLE DIGESTION AND ANALYSIS REAGENTS

Target metals standards, except Hg, may also be made from solid chemicals as
described in EPA Methods 6010 or 7470 (SW-8486). Refer to Citations 1, 3 or 4 of
the Bibliography for additional information on Hg standards. The 1000 #lel Hg
stock solution standard: may be made accordmg to Section 6.2.5 of ARB Method
101A. : .

Hydroch_loric Acid, Concentrated :

Hydrofluoric Acid, Concehtrated. g

Nitric Acid, Concentrated

Baker Instra;analyzéd or equivalent.

Nitric. Acld 5O Percent (VN) '

Carefuily, with stirring, ‘add 125 mL of concen‘trated HN03 to 100 mL of water

Dilute to 250 mL with water. Mix well. Reagent shali contain less than 2

ng/mL of each target metal. :

Nitric Acid, 5 Percent (V/V}

Carefuily, with stirring, add 50 mL of concentrated HNO3 to 800 mL of water.

Dilute to 1000 mL with water. Reagent shall contain less than 2 ng/mL of each

target metal.

Water

As specified in Section 4.1.2.

Hydroxylamine Hydrochloride and Sodium Chloride Solution

See EPA SW 846, Method 7470 for preparation.

Stannous Chloride

See EPA SW 846, Method 7470 for preparation.
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4.5.9

4.5.10

4.5.11

4.5.12

4.5.13

4.5.14

4.5.15

4.5.16

4.5.17

4.5.18

4.5.19

45.20

4.5.21

45.22

4.5.23
4.5.24
4.5.25
4.5.26
4.5.27
4.5.28
4.5.29

4,5.30

Potassium Permanganate, 5 Percent (W/V)

See EPA SW 846, Method 7470 for preparatiori.

Sulfuric Acid, Concentrated

Potassium Persulfate, 5 Percent (W/V)

See EPA SW 846, Method 7470 for preparation.

Nicke! Nitrate, Ni(NO3}, 6H,0

Lanthanum Oxide, Lay,05

Al Standard (AAS Grade), 1000 ug/ml

Ag Standard {AAS Grade), 1000 ug/ml
As Standard {(AAS Grade}, 1000 ug/ml

Ba Standard (AAS Grade), 1000 ug/ml

Be Standard {AAS Grade), 1000 ug/ml

Cd Standard {AAS Grade), 1000 ug/ml’

Co Standard (AAS Grade), 1000 ug/m!

Cr Standard (AAS Grade}, 1000 ug/ml

'Cu Standard (AAS Grade), 1000 ug/ml

' Fe Standard (AAS Grade), 1000 ug/ml -

Hg Standard {AAS Grade), 1000 ug/m!

Mn Standard (AAS Grade), 1000 ug/mi
Ni Standard (AAS Grade), 1000 ug/m! ~

P Standard (AAS Grade}, 1000 ug/ml

Pb Standard {AAS Grade), 1000 ug/ml
Sb Standard (AAS Grade), 1000 ug/ml

Se Standard {AAS Grade}, 1000 ug/m!
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4531

4533

4534

4.5.35 -

Tl Standard (AAS Grade), 1000 ug/ml

Vn Standard (AAS Grade), 1000 ug/m|

Zn Standard (AAS Grade), 1._060 ug/ml

Mercury Standardé and Quality.Cont.roI Samples

Prepare fresh weekly a TOpg!th intermediate mercury standard by adding 5 mL

of 1000 ,_ug/mL'mer'cury stock solution to a 500 mL volumetric flask; dilute to
500 mL by first adding 20 mL of 15 percent HNOj and then adding water to the

" 500 ml volume. Prepare a 200 ng/mL working mercury standard solution fresh

daily: add 5 mL of the 10 yg/mL intermediate standard to a 250 mL volumetric
flask and dilute to 250 mL with 5 ml of 4 percent KMnO4, 5 mL of 15 percent
HN03, and then water.

Use at least five separate aliquots of the working me'rcury standard solution and

" a blank to prepare the standard curve in the linear range of the instrument.

These aliquots and blank shall contain 0.0, 1.0, 2.0, 3.0, 4.0 and 5.0 mi of the
working standard solution containing 0, 200, 400, 800, 800, and 1000 ng Hg,
respectively. Prepare quality control samples by makmg a separate 10 pgfml
standard and dxiutmg until in the calibratlon range.

ICP Standards and Quality Control Samples

Calibration standards for ICP analysis can be combined into four different mixed
standard solutions as follows:

So!ut:on Elements _ ‘

MIXED STANDARD SOLUTIONS FOR ICP ANALYSIS

P : As, Be, Cd, Mn, Pb, Se, Zn

I | Ba, Co, Cu, Fe,

mo | Al Cr, Ni

v Ag, P, Sb, TI

Prepare these standards by combining and diluting the appropriate volumes of
the 1000 ug/mL solutions with 5 percent nitric acid. Use a minimum of one
standard and a blank to form each calibration curve. Also prepare a separate
quality control sample spiked with known amounts of the target metals in
quantities in the midrange of the calibration curve. Suggested standard levels
are 25 ug/mL for Al, Cr and Pb, 15 ug/mL for Fe, and 10 pg/mL for the
remaining elements. Standards containing less than 1 pyg/mL of metal should be
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4.5.36

4.5.37

4.5.37.1

4.5.37.2

4.5.37.3

4.5.38

prepared daily. Standards containing greater than 1 upg/mb of metal are typically

stable for a minimum of 1 to 2 weeks. For ICPMS, follow Method 6020 in SW-
846. :

Graphite Furnace AAS Standards for Ahtimony, Arsenic, Cadmium, Cobalt,

-Lead, ‘Selenium, and Thallium

Prepare a 10 ug/mL standard by adding 1 mL of 1000 gg/mL standard to a 100
mL volumetric flask. Dilute to 100 mL with 10 percent nitric acid. For graphite
furnace AAS, the standards must be matrix matched; e.g., if the samples
contain 6 percent nitric acid and 4 percent hydrofluoric acid, the standards
should also be made up with 6 percent nitric acid and 4 percent hydrofluoric
acid. Prepare a 100 ng/mL standard by adding 1 mL of the 10 ug mL standard
to a 100 mL volumetric flask and dilute to 100 mL with the appropriate matrix
solution. Prepare other standards by dilution of the 100 ng/mL standards. At
least five standards should be used to make up the standard curve. Suggested
levels are 0, 10, 50, 75, and 100 ng/ml. Prepare quality control samples by
making a separate 10 ug/mL standard and diluting until it is in the range of the
samples. Standards containing less than 1 yg/mL of metal should be prepared
daily. Standards containing greater than 1 ug/mL of metal are typically stable
for a minimum of 1 to 2 weeks. '

Matrix Modifiers
Nickel Nitrate, 1 Percent {V/V)

Dissolve 4.956 g of Ni(NO3), * 6H,0 in approximately 50 mL of water in a
100 mL volumetric flask. Dilute to 100 mL with water.

Nickel Nitrate, One tenth {0.1) Percent (V/V)
Dilute 10 mbL of 1 percent nickel nitrate solution to 100 mL with water.
Inject an equal amount of sample and this modifier into the graphite furnace
during GFAAS analysis for As. :
Lanthanum
Carefully dissolve 0.5864 g of La,04in 10 mL of concentrated HNO4 and
dilute the solution by adding it with stirring to approximately 50 mL of water
and then dilute to 100 mL with water. Mix well. Inject an equal amount of
sample and this modifier into the graphite furnace during GFAAS analysis for
Pb. '

Whatman 40 and 541 Filter Papers (or equiva’ient)

For filtration of digested samples.
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4.6

 SAMPLE RECOVERY APPARATUS

Same as ARB Method 5, Sections 2.2.1-through 2.2.8 {Nonmetallic Probe-Liner and

. -Probe-Nozzle Brushes or Swabs, Wash Bottles, Sample Storage C_ontair_'lers, Petri
‘Dishes, Glass Graduated Cylinder, Plastic Storage Containers, Funne! and Rubber

461

4.6.2°

4.6.3°

4.6.4

4.6.5

4.6.6

4.7

4.7.1

4.7.2

Policeman. and Glass Funnel), respectively, with the following exceptions and
additions: . ' : SR '

Nonmetallic Probe-ll.'ine__r‘and.Probe-NozzIe Brushes or Swabs

For quantitative recovery of materials collected in the front half of the sampling .
train, . : o '

| Sé.m;.:rl'e Storage Coﬁtéiners
G'iésé bottiés (see the_‘p_recaution in Section 4.3.3 of this Methd) with Teflon-
. lined caps that are nbn-reactive_to the oxidizing solutions, with capacities of
500 ml and 1 OQ'O mi, shall be used fqr storage_of'acidiﬁed KMnO, containin_g
_ samplgs and blanks. Giass or polyethylene bott!es may be us_ed for other_ sample
- types.. E . : : ‘ _
_ GradUated-CyIinder
- {lass or équivalen'.c.'
. Funnel
Glass or equivalent.
Labels |
For identification of Vsa.nmples..
Polypiopylene Twee.zers and/or Plastic Gloves
| For recovery of'the fitter from the sampling train filter holder.
SAMPLE PREPARATION AND ANALYTICAL EQUIPMENT
Volumetric Flasks, 100 ml, 250 mi, and 1000 ml
For prepérétion of standards énd sample dilution.

Graduated Cylinders

For preparation of reagents.
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4.7.3 Parr® Bombs or Microwave Pressure Relief Vessels wnth Capping Station (CEM
Corporation model or equivalent)

For sample digestion.
4.7.4 Beakers and Watchglasses
250 mL beakers for sample digestion with watchglasses to cover the tops.
4,75 Ring Stands and Clamps
For securing equipment such as filtration apparatus.
4.7;'6 Filter Funnels | |
| For holding filter paper.
4.7.7 Whatman 541 Filter Paper {or equivalent)
For filtration of digested samples.
4.7.8 Disposable Pasteur Pipets and Bulbs
4.7.9 Volumetric Pipets
4.7.10  Analytical Balance
Accurate to within 0.1 mag.
4.7.11  Microwave or Conventional Oven
For heating samples at fixed power levels or temperatures.
4.7.12  Hot Plates |
4,713  Atomic Absorption Spectrometer (AAS)
Equipped With a background corrector.
4.7.13.1 Graphite Furnace Attachment
With antimony, arsenic, cadmium, lead, selenium, thallium,_and hollow
cathode lamps (HCLs) or electrodeless discharge lamps (EDLs). _Same as
EPA Methods 7041 (antimony}, 7080 (arsenic), 71371 {cadmium), 7421 .

{lead), 7740 (selenium), and 7841 {thallium). Pyrolytically-treated graphite
platforms and tubes are recommended.
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4.7.13.2

4.7.14

Cold Vapor Mercury Attachment

'With a mercury hollow cathode lamp or electrodeless discharge lamp. The
equipment needed for the cold vapor mercury attachment includes an air .
recirculation pump, a quartz cell, an aerator apparatus, and a heat lamp or.

" 'desiccator tube. - The heat lamp should be capable of raising the ambient
temperature at the quartz cell by 10 °C such that no condensation forms on

" the wall of the quartz cell. Same as EPA Methed 7470. See Note No. 2t -

 Section 7.3 for other acceptable approaches for analysis of Hg in Which -
analytical detection fimits of 0.02 ug Hg/ml were obtained.

inductively Couﬁlgd Plasma. Spectrometer -

With either a direct or sequential reader and an _alumina'torch. Same as EPA
Method 6G10.

5 -_.SAMPLE COLLECTION AND RECOVERY PRQCEDURES

“The complexny of this method is such that, to obtaln rellable results, tester and
analyst must be tramed and experienced with the test procedures, including source
sampling; reagent preparation and handiing; sample handiing; safety equipment; . ‘

.~ -analytical caicu!atlons reportmg ‘and the specrﬁc procedural descnptlons throughout
o this method.. - : : :

51 SAMPLING

5.1.1

5.1.2

5.1.3

August 9,

Numbear of Sazﬁpie Runs

The number of sampling runs must be sufficient to provide minimal statistical”
data and in no case shall be less than three (3).

Sample Train Preparation
Follow the same general procedure given in ARB Method 5, Section 4.1.1,

except that the filter nead not be desiccated or weighed. First rinse all sampling
train glassware {including filter support) with hot tap water and then wash in

hot soapy water. Next, rinse glassware three times with tap water, followed by

three additional rinses with water. Then soak all glassware in a 10 percent
(V/V) nitric acid solution for a minimum of 4 hours, rinse three times with water
and allow to air dry. Glassware may be dried in oven if desired. Cover all-
glassware openings where contamination can occur with a non- contaminating
material {do not use aluminum foil) until the sampling train is assembled for
sampling.

Preliminary Determinations

Same as ARB Method 5, Section 4.1.2.
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514

5.1.5

5.1.5.1

5.1.6.2

5.1.5.3

Sample Train Assembly

Assemble the sampling train as shown in Figure 1. Follow the same general
procedures given in ARB Method 5, Section 4.1.3 except place 100 mL of
HNO4/H,0, solution {Section 4.3.1) in each of the second and third impingers
as shown in Figure 1. Place 100 mL of the acidic KMnQ, absorbing solution

" (Section 4.3.3) in each of the fifth and sixth impingers as shown in Figure 1,

and transfer approximately 200 to 300 g of preweighed silica gel from its
container to the last impinger or cartridge. Alternatively, the silica gel may be
weighed directly in the impinger or cartridge just prior to train assembly. It is
recommended that each impinger also be weighed just prior to train assembly to
allow weight difference determinations for moisture calculations. Use the
sampling train set-up and recovery sheet shown in Figure 5 or similar data form
to record set-up parameters. :

Sample Train Configuration Options

" . Several options are available to the tester based on the source specific sampling

requirements and conditions.
Elimination of First Impinger

The use of an empty first impinger can be eliminated if the moisture to be
_collected in the impingers is calculated or determined to be less than 100 ml.

Mercury Determination

The tester shall include an empty fourth impinger between the two HNO5
{H,0, impingers and the two impingers containing acidic potassium
permanganate solution for all test runs for which mercury is to be :
determined. Use the procedure described in Section 7.1.1 of ARB Method
101A, if necessary, to maintain the desired color in the last permanganate
impinger. Mercury emissions can be measured, alternatively, in a separate
train using ARB Method 101A.

Precaution: Take extreme care to prevent contamination within the train.
Prevent the mercury collection reagent {acidic potassium permanganate)
from contacting any glassware of the train which is washed and analyzed for
Mn. Prevent acidic hydrogen peroxide from mixing with the acidic potassium
permanganate. ' \ ' '

Preseparator

Subject to the approvat of the Executive Officer, a glass cyclone may be
used between the probe and the filter holder when the total particulate catch
is expected to exceed 100 mg or when water droplets are present in the'
stack gas. :
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5.1.5.4

5.1.6

5.1.7

Teflon Tape

Teflon tape or seals or other non- con'taminating material should be used if
necessary 1o ensure leak-free sampling train connectlons The use of :
sahcone grease is prohibited.

Leak-Check Procedures
Follow the leak-check procedures given in ARB Method 5, Section 4.1.4.1

(Pretest Leak-Check), Section 4.1.4.2 (Leak-Checks During the Sample Run)
and Sectlon 4.1.4.3 (Post-Test Leak- Checks)

Samplmg Traun Operatuon

Follow the procedures given in ARB Method 5, Sectzon 4.1.5. For gach run,

" record the data required on a data sheet such as the one shown i in Figure 5-2 of .
" ARB Method 5. _

" Note: When sampllng for Hg, the tester must take steps to maintain the desired

" . color of the acidified permanganate solution.in the last impinger, such as

5.1.8

5.1.9

-described in Section 7.1.1 of ARB Method 101A. Alternatively, the tester may

replace the last impinger, as necessary, with an impinger containing 100 mi of

fresh acidified permanganate soiution to prevent discoloration. If additional

permanganate solution is used during a sampie run, it must be comblned Wlth-

the ongmai permanganate SO|LItIOl'I dunng sample recovery.

Fieid B!ank Train

Each source test must include at least one field blank train. Prepare and
configure the blank train in a manner identical to the actual sampling trains. The
field biank train shali be taken through all of the steps from preparation through
leak check without actual sampling. Upon completion of the leak check, the
entrance and exit of the blank train shall be sealed with non-contaminating
material and the blank train must remain in the test area for a length of time
equivalent to an actual Method 4368 sampling period.

Recover the field blank train in the same manner as described for stack samples

-in Section 5.2,

Calculation of Percent isokinetic

Same as ARB Method b, Section 4.1.6.

5.2 SAMPLE RECOVERY

Begin cleanup procedures as soon as the probe is removed from the stack at the
end of a sampling period. Record all post-test sample recovery parameters on the
set-up and recovery sheet shown in Figure 5 or a similar data sheet.
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5.2.1

" Allow the probe to cool prior to sample recovery. When it can be safely handled,

wipe off all external particulate matter near the tip of the probe nozzle and place a
rinsed, non-contaminating cap over the probe nozzie to prevent losing or gaining

. particulate matter. Do not cap the probe tip tightly while the sampling train is

cooling. This normally causes a vacuum to form in the fiiter holder, withZthe
undesired result of drawing fiquid from the impingers into the filter or commingting
of the impinger contents.

The tester may opt to disassemble the sampling train into components before
moving the sampling train from the sampling area to the cleanup site. If so, remove
the probe or probe-filter assembly from the sampling train and cap the open outlet.
Be careful not to lose any condensate that might be present. Cap the filter inlet
where the probe was fastened. Remove the umbilical cord from the last impinger
and cap the impinger. Cap off the filter holder outlet and impinger inlet. Use non-
contaminating caps, whether ground-glass stoppers, plastic caps, serum caps, or
Teflon tape to close these openings.

Alternatively, the train can be disassembled before the probe and filter holder/oven
are completely cooled, if this procedure is followed: Initially disconnect the filter
holder outlet/impinger iniet and loosely cap the open ends. Then disconnect the
probe from the filter holder or cyclone inlet and loosely cap the open ends. Cap the
probe tip and remove the umbilical cord as previously described.

Transfer the probe and filter-impinger assembly to a cleanup area that is clean and
protected from the wind and other potential causes of contamination or loss of
sample. Inspect the train before and during disassembly and note any abnormal
conditions.

The sample is recovered and treated according to the schematic shown in Figure 2.
Assure that all items necessary for recovery of the sample do not contaminate the
sample. Do not use any metal-containing tools or materials when recovering the
train. '

' Note: some gloves may contain dust which is high in zinc and may contaminate

samples.
Container No. 1 (Filter)

Carefully remove the filter from the filter holder and place it in its labeled petri
dish container. Use acid-washed polypropylene or Teflon coated tweezers or
clean, single-use surgical gloves rinsed with water to handle the filters. If itis
necessary to fold the filter, make certain the particulate cake is inside the fold.
Carefully transfer the filter and any particulate matter or filter fibers that adhere
to the filter holder gasket to the petri dish by using a dry {acid-cleaned) nylofi’
bristle brush. Do not use any metal-containing materials when recovering the
filter. Seal the labeled petri dish. '
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5.2.2

5.2.3

5.2.4

Container No. 2 {(Probe and Filter Hoider Front Half Rinses}

Quantitatively recover material deposited in the nozzle, probe liner and front half
of the filter holder by thoroughly rinsing and brushing with a measured volume -
of 0.1 N nitric acid and place the wash into a tared, labeled sample storage -
container. Perform the rinses as described in ARB Method 5, Section 4.2 using
0.1 N nitric acid in place of acetone. ‘It is recommended that two people
recover the probe to minimize sample losses. Brush until the 0.1 N nitric acid

tinse shows no visible particles, after which make a final rinse of the inside

surface with 0.1 N nitric acid.

" Record the volume of the combined rinse to the nearest 2 ml. Mark the helght

of the fluid level on the outside of the storage container and use this mark to.
determine if leakage occurs during transport. Seal the coritainer and clearly label

. the contents. Finally, rinse the nozzle, probe Imer, and front half of the fllter

holder w:th water and dlscard these rinses.
Comamer No. 3 (Impingers 1 through 3, Contents and Rinses)

Due to the large quantity of Ilqmd mvolved the tester may place the i impmger

-~ solutions in more than one container.

" Wipe off the outside of sach nmplnger to remove excess water and other

material. Record the weight of each impinger or measure the liguid in the first
three impingers volumetrically to within 0.5 mL using a graduated cylinder and
record the volume of liquid. This infermation is required to calcuiate the
moisture content of the sampled fiue gas. Clean each of the first three
impingers, the filter support, the back half of the filter housing, and connecting
glassware by thoroughly rinsing with a measured volume of 0.1 N nitric acid.
Repeat this rinsing, then inspect the impingers for any abnormal conditions.
Rinse each piece of glassware used to connect the impingers twice with a
measured volume of 0.1 N HNOjg; transfer this rinse into a tared labeled
Container No. 3. Record the total rinse volume. Combine the rinses and
impinger solutions, measure and record the final weight or final voiume of
Centainer 3. Mark the height of the fluid level on the outside of the container to
determine if leakage occurs during transport Seal the container and clearly labe!
the contents, .

Container No. 4 {impinger 4 - Middle knock-out)

Wipe off the outside of the impinger to remove excess water and other material.
Record the weight of the fourth {previously empty) impinger or measure the
volume to within 0.5 ml. This information is required to calculate the moisture
content of the sampled flue gas. Quantitatively rinse the impinger with a
measured volume of 0.1 N HNO,. Record the volume of rinse used. Add the
rinse and impinger catch to a tared, labeled Container 4, seal the container and
mark the fluid level. Record the final weight of the container or record the final
velume of its contents,
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5.2.5

5.2.6

- ‘Containers Nos. 5A and 5B (Acidified Potassium Permanganate Solution and
Rinses, Impingers No. 5 & 6)

Wipe off the outside of each impinger to remove excess water and other
material. Record the weights of the permanganate impingers (fifth and sixth) or
measure the volume to within 0.5 ml. This information is required to calculate
the moisture content of the sampled flue gas. '

Place the contents of impinger 5 into a labeled glass storage bottle identified as
container 5A. Using measured volumes of fresh KMnQ,, rinse impinger 5 and
its and connecting glassware a minimum of three times and pour the rinses into
container bA, Using 50 ml total of water, rinse impinger 5 and its connecting
glassware a minimum of three times and pour the rinses into container 5A,
carefully assuring transfer of any loose precipitated material. Record all rinse
volumes and the final weight or final volume of container No. BA, Mark the
height of the fluid level on the outside of the bottle to determine if leakage
occurs during transport. See the following note and the Precaution in Paragraph
4.3.3 and property seal the bottle and clearly label the contents.

Place the contents of impinger 6 into a labeled glass storage bottle identified as
container 5B. Using measured volumes of fresh KMnQy,, rinse impinger 6 and
its and connecting glassware a minimum of three times and pour the rinses into
container 5B. Using 50 ml total of water, rinse impinger 6 and its connecting
glassware a minimum of three times and pour the rinses into container 58,
carefully assuring transfer of any loose precipitated material. Record all rinse
volumes and the final weight or final volume of container No. 5B. Mark the
height of the fluid level on the outside of the bottle to determine if leakage
occurs during transport. See the following note and the Precaution in Paragraph
4.3.3 and properly seal the bottle and clearly label the contents. '

Note: Due to the potential reaction of the potassium permanganate with the
acid, there may be pressure buildup in the sample storage bottles. These bottles
should not be filled full and should be vented to relieve excess pressure.

Venting is highly recommended. A No. 70-72 hole drilied in the container cap
and Teflon liner has been found to allow adequate venting without loss of
sample.

Do NOT rinse with 8 N HCi if no visible deposits remain after rinsing with the
fresh KMnQO,.

Container No. 6 {HCI Rinse)

Examine impingers 5 and 6 for sample residue. [f residue is observed, rinse
these impingers with 25 mL of 8 N HCI. First, place 200 ml of water in the
container. Then wash the impinger walls and stem with the HCI by turning the
impinger on its side and rotating it so that the HC! contacts all inside surfaces.
Use a total of only 25 ml of 8 N HCI for rinsing both permanganate impingers
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5.2.7

5.2.8

' _‘combined. Rinse the first impinger, then pour the actual rinse used for the first

impinger into the second impinger for its-rinse. Finally, pour the 25 ml of 8 N
HCI rinse carefully into the container. Mark the height of the fluid level on the.
outside of the container to determine if leakage occurs during transport.
Properly seal and label container No. 6.

: _Container No 7 (S;Isca Gei)

Observe the color of the and:catmg silica gel to determlne whether it has been

- completely spent and make a notation of its condition. If a balance is available

in the field, record the weight of the spent silica gel (or siica gel plus impinger
or cartridge) to the nearest 0.5 g. Alternatively, transfer the silica gel from its
impinger to its original container and seal. The tester may use a funnel to pour
the silica gel and a rubber policeman to remove the silica gel from the impinger.
The small amount of particles that may adhere to the impinger wall need not be

- removed. Do not use water or other liquids to transfer the silica gel since
weight gained in the silica gel impinger is used for moisture calculations.

Container No. 8 (0.1 N Nitric.Adid Blank)

At Jeast once during each field test, place 100 mL of the 0 N nitric acid -
solution used in the sample recovery process into a labeled container for use as
‘a field reagent biank Seal the container and make the appropriate entries in the

T reagent blank field data sheet shown in Flgure 8.

| 5.2.9

5.2.10

' 5.2.11

Container No. 9 (5% N:tnc Acid/10% Hydrogen Percxide Blank)

At least once during each field test, place 200 mL of 5% nitric acid/10%
hydrogen peroxide sclution used as the nitric acid impinger reagent into a
labeled container for use as a field reagent blank. - Seal the container and make
the appropriate entries in the reagent biank field data sheet shown in Figure 6.

Container No. 10 {Acidified Potassium_Permanganate Blank}

At least once during each field test place 100 mL of the acidified potassium
permangante solution used as the impinger solution and in the sample recovery
process into a labeled container for use in the back half field reagent blank for -
mercury analysis. Seal the container and make the appropriate entries in the
reagent blank field data sheet shown in Figure 6.

Note: This container should be vented, as descrlbed in Section 5.2.4, to relieve
excess pressure,

Container No. 11 (8 N HCI Blank)

Collect only if HC! rinse described in Section 5.2.6 was conducted. Atleast
once during each field test, place carefully and with stirring, 25 mL of the 8 N
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5.2.12

5.3

5.3.1

5.3.2

6.1

6.1.1

hydrochloric acid used to rinse the acidified potassium permanganate impingers
intc 200 mL water in a labeled container for use in the back half figld reagent
blank for mercury and make the appropriate entries in the reagent blank field
data sheet shown in Figure 6.

Container No. 12 {Filter Blank)

. Once during each field test, place an unused filter from the same lot as the
sampling filters in a labeled petri dish. Seal the petri dish and make the
appropriate entries in the reagent blank field data sheet shown in Figure 8,

Store and transport on wet ice together with the sample filters. This will be
used as the field reagent blank.

SAMPLE STORAGE
Filters
All filters shall be stored in their labelled petri dish away from possibie
contamination sources. Source filters should be separated from fleld and
reagent blank filters to prevent cross contamination.
Liquid Samples
All liquid samples shall be stored in their respective labelled sample jars away
from possible contamination sources. Source samples should be separated from
field and reagent blank samples to prevent cross contamination., The tester
should also consider separating the acidified KMnO,4 samples due to their volatile
nature. :

ANALYTICAL PREPARATION

FIELD SAMPLES AND REAGENT BLANKS

Note the level of the liquid in each of the containers and determine if any sample
was lost during shipment. If leakage has occurred, either void the sample or use
methods, subject to the approval of the Executive Officer, to correct the final
results. A diagram illustrating sample preparation and analysis procedures for each
of the sample train components is shown in Figure 3. Record the data necessary to
process, digest and prepare the sample containers for analysis using the data sheets
supplied in Figure 7 through Figure 11.

Container No. 1 {Filter)

. Divide the filter with its filter catch into portions weighing approximately 0.5 g

each. Place the filter pieces into the analyst s choice of either individual -
microwave pressure relief vessels or Parrf® Bombs. Add 6 mL of concentrated
nitric acid and 4 mL of concentrated hydrofluoric acid to each vessel. For
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6.1.2

microwave heating, microwave the sample vessels for approximately 12 to 15
minutes of total heating time at 600 watts in intervals as follows: heat for 2 to -
3 minutes, then turn off the microwave for 2 to 3 minutes, then heat for 2 to 3

- minutes, etc., continue this alternation until the 12 to 15 minutes total heating

time are completed (this procedure shouid comprise approximately 24 to 30 .
minutes at 600 watts). -For conventional heating, heat the Parr® Bombs at 140
°C (285 °F) for 6 hours. Then cool the samples to room temperature and
combine with the acid digested probe rinse as required in Section 5.3.2, below.. .

Notes: 1. Suggested microwave heating times are approximate and are
dependent upon the number of samples being digested. Sufﬁment heating is
e\ndenced by sorbent reﬂux W|th|n the vessel,

- 2. If the sampling train uses an optional cyclone, the cyclone catch should be

prepared and digested using the same procedures descnbed for the filters and

‘combined with the digested filter samples.

Container No. 2 {Probe Rinse)

.- Determine the pH of this sample. If the pH is higher than 2, acidify the sample

© 'with concentrated nitric acid to pH 2 or lower within five (8) days of sample .
~collection. Then rinse the sample intc a beaker with water and cover the beaker
~ with a ribbed watchgiass. Reduce the sample volume to approximately 20 mL

S by heating on a hot plate at a temperature just below boiling. Alternatively, the

6.1.3

- sample volumes may be reduced by heating the original sample containers
“covered by a rlbbed watchglass on a hot plate. Digest the sample in microwave

vessels or Parr® Bombs by carefully adding & mL of concentrated nitric acid and
4 mL of concentrated hydrefluoric acid and then continuing to follow the
procedures described in Section 6.1.1; then combine the resultant sample
directly with the acid digested portions of the filter prepared previously in-
Section 6.1.1. The resultant combined sampie is referred to as Fraction 1.
Fiiter the combined solution of the acid digested filter and probe rinse samples
using Whatman 541 filter paper. Dilute to 150 mL {or the appropriate volume
for the expected metals concentration) with water. Measure and record the

- combined volume of the Fraction 1 solution to within 0.1 ml. Quantitatively

remove a 15 mL aliquot {or 10% of the Fraction 1 volume) and label as Fraction
1B. Label the remaining 135 mL portion {or 90% of the Fraction 1 volume) as
Fraction 1A. Analytical Fraction 1A is analyzed using ICP or AAS for all metals
except Hg. Analytical Fraction 1B is analyzed using CVAAS for front half Hg.

Container No. 3 {impingers 1-3)

Measure and record the total volume of this sample (Fraction 2} to within 0.5
mi., Remove an aliquot equal in volume to Analytical Fraction 1B for mercury
analysis and fabel as Fraction 2B. Label the remaining portion of Container No.
4 as Fraction 2A. Combine Analytical Fractions 1B and 2B to create Analytlcal
Fraction B.
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6.1.3.1

6.1.3.2

6.1.4

Determine the pH of Fraction 2A within five (5) days of sample collection. 1f
necessary, acidify using concentrated nitric acid to pH 2 or lower. Rinse the
sample into a beaker with water and cover with a ribbed watchglass. Reduce
the sample volume to approximately 20 mL by heating on a hot plate at a
temperature just below boiting. Alternatively, the sampte volumes may be

- reduced by heating the original sample containers covered by a ribbed

watchglass on a hot plate. Then follow either of the digestion procedures
described in Sections 6.1.3,1 and 6.1.3.2 below.

Conventional Digestion Procedure

Add 30 mL of 50 percent nitric acid and heat for 30 minutes on a hot plate
to just below boiling. Add 10 mL of 3 percent hydrogen peroxide and heat
for 10 more minutes. Add 50 mL of hot water and heat the sample for an
additional 20 minutes. Cool, filter the sample, and dilute to 150 mL {or the
appropriate volume for the expected metals concentrations) with water.

Microwave Digestion Procedure

Add 10 mL of 50 percent nitric acid and heat for € minutes total heating
time in alternating intervals of 1 to 2 minutes at 600 Watts followed by 1 to
2 minutes with no power, etc., similar to the procedure described in Section
6.1.1. Allow the sample to cool. Add 10 mL of 3 percent hydrogen
peroxide and heat for 2 more minutes. Add 50 mL of hot water and heat for
an additional 5 minutes. Cool, filter the sample, and dilute to 150 ml. {or the
appropriate volume for the expected metals concentrations) with water.

Note: All microwave heating times given are approximate and are dependent
upon the number of samples being digested at a time. Heating times as
given above have been found acceptable for simultaneous digestion of up to
12 individual samples. Sufficient heating is evidenced by sclvent reflux
within the vessel.

Fraction 1A is combined with Fraction 2A to form Analytical Fraction A and
analyzed using ICP or AAS for all metals except Hg. Fraction 1B is combined
with Fraction 2B to form Analytical Fraction B and analyzed using CVAAS to
determine front half mercury.

Container No. 4 (Impinger 4)
Measure and record the volume of impinger 4 to within 0.5 ml and place in

Container No. 4. Label the contents of container No. 4 as Analytical Fraction E.
Analytical Fraction E will be separately analyzed for Hg using CVAAS.
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6.1.5

6.1.6

6.1.7

6.1.8

Container Nos. 5A and 58 {Impingers 5 & 6)

Measure and record the volume of impin'ger 5 to within 0.5 ml and place in
Container No. 5A. Measure and record the volume of impinger 6 to within 0.5
ml and place in Container No. 5B. Keep the samp}es in containers Nos. 5A and

5B separate from each other.

To remove any brown MnO, precipitate from the contents of Container No. BA,
filter its contents through Whatman 40 filter paper into a 500 mi volumetric
flask and dilute to volume with water. Save the filter for digestion of the brown

‘MnQ, precipitate. Label the 500 ml filtrate from Container No. 5A to be

Analytical Fraction C. Analyze Analytlca! Fraction C for Hg within 48 hours of
the filtration step.

Place the saved filter, which was used to remove the brown MnG,- prec:pltate,
into an approprlatety sized vented container, which will allow release of any- _
gases including chlorine formed when the filter is digested. In a laboratory hood

‘which will remove any gas produced by the digestion of the MnO,, add 25 mi of

8 N HCIi to the filter and allow to digest for a minimum of 24 hours at room

temperature

~ Filter the contents 'o'f'Cbntainer No. 5B through a Whatman 40 fiiter.ihilo' a
- 500-mi volumetric flask. Then filter the result of the digestion of the brown

MnO, from Container No. 5A through a Whatman 40 filter into the same
500-ml volumetric flask, and dilute and mix well to volume with water.’
Discard the Whatman 40 filter. Mark this combined 500-m! dilute HCI
solution as Analytical Fraction D. Analyze Analytical Fractions C, D and E
according to the procedures in Section 7.3.

Container No. 6 {HCI Rinse}
This sample will exist only if the HCl rinse was necessary. Measure and record

the total volume of this sample to within 0.5 ml. This sample is referred to as
Fraction F. This sample is analyzed as described in Section 7.3.

. Contaziner No. 7 (Silica Gel)

Weigh the spent silica gel {or silica gel plus impinger or cartridgé) to the nearest
0.5 g using a balance (this step may be conducted in the field).

Field Reagent Blanks

The field reagent blank samples in Container Numbers 8 through 12 produced
previously in Sections 5.2.8 through 5.2.12, respectively, are used to correct
sample values when authorized by the Executive Gfficer. These field reagent
bianks shall be processed, digested, and analyzed as shown in Figure 4 and
described as follows. Digest and process Container No. 12 contents per Section
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5.3.1. Combine Container No. 8 with the contents of Container No. 9 and digest
and process the resultant volume per Section 5.3.3. Combine the diluted
digestates from: Containers 8, 9 and 12. Use aliguots as Fractions A and B
Blanks. Container No. 10 and Container No. 11 contents are Fraction C Blank
and Fraction E Blank respectively. Analyze Fraction: C and E Blanks (if
applicable} per Section 7.3. ‘

7 SAMPLE ANALYSIS

For each sampling train, four to six individual samples are generated for analysis. A
schematic identifying each sample and the prescribed sample preparation and
analysis scheme is shown in Figure 3. Fractions A and B consist of the digested
samples for the train from the probe rinse through impinger 3. Fraction A is for
ICPAES, ICPMS or AAS analysis as described in Sections 7.1 and/or 7.2. Fraction
B is for determination of front half mercury as described in Secticn 7.3.

Fraction C consists of the impinger contents and rinses from permanganate
impinger 5. Fraction D consists of the impinger contents and rinses from
permanganate Impinger 6 combined with the digested MnO, precipatate from
impinger 5. These samples are analyzed for mercury as described in Section 7.3.
Depending on the test, there may be a separate sample from Impinger 4 (Fraction E)
and/or an HCI rinse {Fraction F), These samples should be analyzed for mercury and
inciuded in the total back half mercury catch. The totai back half mercury catch is
determined from the sum of Fraction C, Fraction D, Fraction E and Fraction F.
Report the analytical results on the Laboratory Analytical Resuits data sheet shown
in Figure 12. ' '
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7.1

7.2

ICPAES AND ICPMIS ANALYSIS

' Analyze analytical fraction A by ICPAES using Method 6010 or Method 200.7 {40

CFR 136, Appendix C). Calibrate the ICP, and set up an analysis program as

~ described in Method 6010 or Method 200.7. Follow the quality control procedures
described in Section 8.4.1. Recommended wavel_engths for analysis are as follows:

Element : Wavelength (nm)
Aluminum : - 308.21B _ :
- Antimony : S 206.833
Arsenic , 193.696

Barium : ‘ -~ 455,403

" Beryllium ' ' 313.042
Cadmium =~ N ) - 226.502
Chromium ' ' 267.716

Cobalt ' I 228.616

Copper SR ' . 324,754

ron L - 259.940

Lead = . o 220.353
Manganese =~ o - - 267.810
Nickel i . - 231.604
Phosphorous =~ ' '214.914
Sefenium - ' . 196.026

Silver ' , C . 328.068
Thallium : 190.864

Zing ‘ 213.8586

These wavelengths represent the best combination of specificity and potential

- detection limit. Other wavelengths may be substituted if they can provide the

needed specificity and detection limit, and are treated with the same corrective
techniques for spectral interference. Initially, analyze all samples for the target
metals (except Hg) plus Fe and Al If Fe and Al are present, the sample might have
to be diluted so that each of these elements is at a concentration of less than

50 ppm so as to reduce their spectral interferences on As, Cd, Cr, and Pb. Perform
ICPMS analysis by following Method 6020 in SW-846. :

NOTE: When analyzing samples in a HF matrix, an alumina torch shouid be used;
since all front-haif samples will contain HF, use an alumina torch.

AAS by Direct Aspiration and/or Graphite Furnace

Analysis of metals in Fraction A using graphite furnace or direct aspiration AAS is
often a preferred option. Use Table 2 to determine which techniques and methods
should be applied for each target metal. Table 2 aiso lists possible interferences
and ways to minimize these interferences. Calibrate the instrument according to
Section 8.3 and follow the quality control procedures specified in Section 9.4.2.
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7.3

Cold Vapor AAS Mercury Analysis

- Analyze analytical fractions B, C, D {if applicable) and E {if applicable) separately for

Hg using CVAAS following the method outlined in EPA SW-846 Method 7470 or in
Standard Methods for Water and Wastewater Analysis, 15th Edition, Method 303F,
or, optionally using NOTE No. 2 at the end of this section. Set up the calibration
curve (zero to 1000 ng) as described in SW-846 Method 7470 or similar to Method
303F using 300-m} BOD bottles instead of Erlenmeyers. Perform the following for
each Hg analysis. From sach original sample, select and record an aliquot in the
size range from 1 ml to 10 ml. Dilute the aliquot to 100 ml with water. If no prior
knowledge of the expected amount of Hg in the sample exists, a 5 ml aliquot is
suggested for the first dilution to 100 ml (see NOTE No. 1 at end of this Section).
The tota! amount of Hg in the aliquot shall be less than 1 pg and within the range
{zero to 1000 ng) of the calibration curve. Place each sample aliquot into a
separate 300-ml BOD bottle, and add enough water to make a total volume of 100
mi. Next add to it sequentiaily the sample digestion solutions and perform the
sample preparation described in the procedures of SW-846 Method 7470 or Method
303F. (See NOTE No. 2 at the end of this Section). 1f the maximum readings are
off-scale {because Hg in the aliguot exceeded the calibration range; including the
situation where only a 1-mi aliquot of the original sample was digested}, then dilute
the original sample {or a portion of it} with 0.15 percent HNO3 (1.5 ml concentrated
HNO, per liter aqueous solution} so that when a 1- to 10-ml aliquot of the "0.156
HNO 5 percent dilution of the original sample” is digested and analyzed by the
procedures described above, it will yield an analysis within the range of the
¢alibration curve.

NOTE No. 1: When Hg levels in the sample fractions are below the RLs given in

Table 1, select a 10 m! aliquot for digestion and analysis as
described.

NOTE No. 2: Optionally, Hg can be analyzed by using the CVAAS analytical
procedures given by some instrument manufacturer's directions.
These include calibration and quality control procedures for the
Leeman Model PS200, the Perkin Elmer FIMS systems, and similar
models, if available, of other instrument manufacturers. For
digestion and analyses by these instruments, perform the following
two steps: (1), Digest the sample afiquot through the addition of the
aqueous hydroxylamine hydrochloride/sodium chloride solution the
same as described in this Section 5.4.3.: {The Leeman, Perkin
Elmer, and similar instruments described in this note add
automatically the necessary stannous chloride solution during the
automated analysis of Ha.); (2), Upon completion of the digestion
described in (1}, analyze the sample according to the instrument
manufacturer's directions. This approach allows multiple {including
duplicate) automated analyses of a digested sample aliquot.
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o1 .

8.2

8.3

9.2

CALIBRATION |

Maintain a _la‘_bpratory log cﬁ all calibrations.

Sampling Train Calibration

éaiibréte' the .sampling ﬁrjain compdnénts accoraing to the in‘di.cated's'ecti.ons of ARB
Method 5: Probe Nozzle (Section 5.1); Pitot Tube.(Section 5.2}; Metering System

(Section 5.3); Probe Heater {Section 5.4); Temperature Gauges (Section 5.5); Leak-
Check of the Metering System {Section 5.6); and Barometer {Secticn 5.7).

7 inductively Coupled Piasma Spectrometer_ Caiibration

Prepare'étandards as outlined in Section 4.5. Profile and calibrate the instrument
accerding to the instrument manufacturer’'s recommended procedures using the

- above standards. Check the instrument calibration.once per hour. If the instrument

does not reproduce the concentraticns of the standard within 10 percent; the -
complete calibration procedures should be performed Perform {CPMS caiubratton by
following Method 6020 in SW-8486.

Atomic Absorption Spectrometer - Direct Aspa. ation, Graphnte Fu nace a*’sd Co!d
Vapor Mercury Analyses

" “Prepare the standards as outlined in Section 4.5 and use them to calibrate the

spectrometer. Calibration procedures are also outlined in the EPA methods referred
to in Tabie 29-2 and in SW-848 Method 7470 or in Standard Methods for Water
and Wastewater Method 303F {for Hg). Run each standard curve in duplicate and
use the mean values to calculate the calibration line. Recalibrate the instrument
approximately once every 10 to 12 samples.

QUALITY CONTROL

PRE-TEST DETERMINATIONS (RECOMMENDED)

Determine the linear range and minimum detectable and quantifiable limits of the
analytical instrument selected for the respective target metals. Determine the
reporting limit, minimum samplie volume, planned sample volume and planned
sample time according to Section 3 of this method.

FIELD REAGENT BLANKS (IF ANALYZED)

Follow the steps in Figure 4 of this method,
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9:.2.1

8.2.2

9.2.3

9.3

9.3.1

9.3.2

9.3.3

9.4

9.4.1

Filter, Front and Back Half

Combine one filter from the sarhe fot as those used for sample collection
(Container No. 12) with the reduced digestate from container 8. Combine 15 mi
of this sample with a 15 m! aliguot from Container No. 9 and analyze for Hg.
Cornbine the remainder of this sample with digested portion of Container No. 9
dand analyze for multimetals.

Potassium Permanganate and Hydrochloric Acid

Analyze the conténts of Container No. 10 and Contairier No. 11 {if applicable)
for Hag. '
Reagent Water Check

Analyze a minimum of triplicates of the water descrlbed in Section 4.1.2 for
coricentrations of target metals. All target metal cohcentrations shall be less
than 1 ng/ml.

SAMPLING

Number of Sample Runs

The number of sampling runs must be sufficient to provide minimal statistical
data and in no case shall be less than three (3).

Blank Train

At least one blank train per field test shall be prepared, leak-checked and
recovered in the field. The blank train shall be labelled and analyzed as if it were
a sample train. The blank train results are used primarily for determining
reporting limits (RL's) and as a check for on-site contamination. They also
provide information regarding the magnitude of source emissions rélative to
background.

Dedicated Impirigers
Impingers should be coded for easy identification. lmpmgers used for potassium

permanganate should not be used as nitric acid 1mp1ngers for othier tésts to
avoid contamination.

SAMPLE HANDLING

Holding Times

Store all liquid samples in acid solutions of pH 2 or lower as sdon as practicable
after sampling. It is recommended that pH paper bé used in the field after
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9.5

95.1"

9.5.2

recovery of the sample train to verify pH 2 or lower condition. Five days is the
maximum time allowed between sampling and storage in pH 2 acid solutions.
All liquid samples should be stored in a secure location immediately after sample
train recovery. '

" Analyze appropriate sample fractions for mercury within 28 days of sample
.date. Analyze Fraction A for target metals other than mercury within two

months ¢f sampling date.

7 ANALYT!CAL Qc

Anafytlca! QA/OC requirements for ICP and AA analysis are summarized in Figure

ICPAES and ICPMS Anaiysis

Follow the respective quality control descriptions in Section 8 of Methods 6010
and 6020 of SW-846. For the purposes of & three run test series, these
requirements have been modified as follows: two instrument check standard
runs, two calibration blank runs, one interference check sample at the beginnlng

- of the analysis {must be within 25% or analyze by standard addition}, one
~ quality control sample to check the accuracy of the calibration standards (rnust

be within 25% of calibration), and one duplicate analysis {must be within 20%
of average or repeat all analysis).  All reagent blank vaiues shall be reported

- with.sample values to allow project engineer to calculate blank cerrections,

when appropriate, or Reporting Limits in instances when no pre-test analyses
were performed or field blank analytical results in excess of the Method
Detection Limit. Laboratories may make laboratory method blank corrections to
sample data, but shall flag each sampie value which received a laboratery
method blank correction and report the magnitude of the correction applied.

Diract Aspiration and/or Graphite Furnace AAS Analysis for Antimony, Arsenic,
Barium, Beryliium, Cadmium, Copper, Chromium, lLead, Nickel, Manganese,
Mercury, Phosphorus, Selenium, Silver, Thallium, and Zinc

Analyze ail samples in duplicate. Perform a matrix spike on one sampie. If
recoveries of iess than 75 percent or greater than 125 percent are obtained for
the matrix spike, analyze each sample by the method of standard additions.:
Analyze a quality control sample to check the accuracy of the calibration
standards. The resuits must be within 20 percent or the calibration repeated.
All reagent blank values shall be reported with sample values to allow project
engineer to calculate blank corrections, when appropriate, or Reporting Limits in
instances when no pre-test analyses were performed or field biank analytical
results in excess of the Method Detection Limit. Laboratories may make
laboratory method blank corrections to sample data, but shall flag each sample
value which received a laboratory method blank correction and report the
magnitude of the correction applied.
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9.5.3

10

10.1

10.2

10.3

Cold Vapor AAS Analysis for Mercury

Analyze all samples in duplicate. Analyze a quality control sample to check the
‘accuracy of the calibration standards (within 15% or repeat calibration).
Perform a matrix spike on one sample from the nitric impinger portion {must be
within 25% or samples must be analyzed by the method of standard additions).
Additional information on quality control can be obtained from EPA SW-846
Method 7470 or in Standard Methods for Water and Wastewater Method 303F
Fraction B blank, fraction C blank and fraction E blank {if applicable) values shall
be reported with sampie values to allow project engineer to calculate blank
corrections, when appropriate, or Reporting Limits in instances when no pre-test
analyses were performed or field blank analytical results in excess of the Method
Detection Limit. Laboratories may make laboratory method blank corrections to
sample data, but shall flag each sample value which received a laboratory
method blank correction and report the magnitude of the correction applied.

CALCULATIONS
DRY GAS VOLUME

Using the data from this test, calculate V g the dry gas sample volume at
standard conditions as outlined in Section 6.3 of ARB Method 5.

VOLUME OF WATER VAPOR AND MOISTURE CONTENT

Using the total volume of condensate collected during the source sampling,
calculate the volume of water vapor V4 and the moisture content B, of the
stack gas. Use Equations 5-2 and 5-3 of ARB Method 5,

STACK GAS VELOCITY

Using the data from this test and Equation 2-9 of ARB Method 2, calculate the
average stack gas velocity. '
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10.4 METALS (Except Hg) IN SOURCE SAMPLE

10.4.1 Total Metals '(except'Hg); Analytical Fraction A

Calculate separately the amount of each metal collected in Anatytical Fract:on A
of the samplmg train using the following equation:

MA = Ca-] Fd VSOH"I,T o Eq. 436-8
_where:
M, = Total mass of each metal (except Hg) collected in the front

_ half of the sampling train (An’alytic'a! Fraction A, ug.

'_C.a1 =

a
0o

Concentration of metal in Analytical Fractmn A as read _
from the standard curve, ug/m! :

'Dil_ution factor (Fd"_= the inverse of the fractionat portion

 of the concentrated sample in the solution actually used in

soin,1 =

the instrument to produce the reading C,,. For example, if

"a'2 mi aliquot of Analytical Fraction A is diluted to 10 ml

to place it in the calib'ration'range,-' Fd = B).

_' Total volume of chgested front halt sample solutmn {sum

o of Analyttca! Fractions 1A and 2A), mi.

10.4.2 - Total Metals {Fraction A, Method Blank Corrected {except Hg)

In cases when the Executive Officer allows correction of analytical results for
method {!aboratory) blank metals concentrations, calculate the total amount of
each of the quantified metals collected in the sampling train as follows:

M, =
where:
M, =

Map=

10.5 Hg IN SOURCE SAMPLE

(Mp-My) . Eq. 4369

Total mass of each metal {separately stated for each
metal) collected in the sampling train, ug.

~ Blank correction value for mass of metal detected in
the Fraction A method {laboratory) blank, ug.

10.5.1 Front-Half Hg: Analytical Fraction B

Calculate the amount of Hg collected in the filter and probe rinse combined with
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impingets 1 through 3 to form Analytical Fraction B of the sampling train by
using Equation 436-10: ' '

Hgg = —2 (Vsoin,8) Eq. 436-10
Vs .
where:
Hgq, = Total mass of Hg collected in Analytical Fraction B {filter, probe

rinse and first three impingers of the sampling train); ug.

Qg = Quantity of Hg, yg, TOTAL in the ALIQUOT of Analytical Fraction
B analyzed . NOTE: For example, if a 10 mi aliquot of Analytical
Fraction B is digested, but only 1 ml is analyzed (according to
Section 7.3 and its NOTES Nos. 1 and 2}, then calculate and use
the total amount of Hg in the 10 mi aliquot for Qg.

soing = Total volume of Analytical Fraction B, ml.

Vg = Volume of aliquot of Analytical Fraction B analyzed, ml. Note:

- For example, if the 10 ml aliquot of Analytical Fraction B
mentioned above was first diluted to 50 ml with 0.15 percent
HNO; as described in Section 5.4.3 to bring it into the proper
analytical range, and then 1 ml of that 50-ml was digested
according to Section 7.3 and analyzed, Vg would be 0.2 m| {10
ml/50 ml).

10.5.2  Back Half Hg; Analytical Fractions C, D and E
10.5.2.1 Calculate the amount of Hg collected in Analytical Fraction C (imipinger 5)

and Analytical Fraction D {impinger 6) by using Equation 436-11:

. o . )
Hge,p = 5~2 Waoinc.0) Eq. 436-11
c.D
where:

Hgc p = Total mass of Hg collected in Analytical Fraction C or
D, ug.

Qune = Quantity of Hg, g, TOTAL in the ALIQUOT of
Analytical Fraction C or D analyzed. NOTE: For

August 9, 1996 _ Proposed M-436 Page 42



example, if a 10 mt aliquot of Analytical Fraction Cris
digested, but only 5 ml is analyzed {according to
Section 7.3 and its NOTES Nos. 1 and 2}, then

_ calculate and use the total amount of Hg in the 5 mi
~ aliquot for Q. =

Veolncp™ Tota[‘ volume of Ana'lytica] Fraction C'or D, mi,

Vep =

“Volume of Analytical Fraction C or D analyzed, ml.
Note: For exampise, if the 10 ml aliquot of Analytical
Fraction C mentioned above was first diluted to 100
m! with 0.15 percent HNO5 as described in Section
7.3 to bring it into the proper analytical range, and
then 5 mi of that' 100ml was digested and analyzed

: :VC would be 0.1 mi (10 ml/100 ml)

10.5.2.2 - Calculate each of the back-half Hg values for Analytical Fractions E (middle
: knockout impinger} and F (HCI rinse) by using Equation 436-12: -

- . | : o
HQE,F_;'V?; {(Vsomie.A) Eq. 436-12

© - where:

Hag r =

Qg r =

Veolnie,F) =

August 9, 1996

¥

Total mass of Hg collected separate!y in Fraction E -

or F, ug.

Quantity of Hg, ug, TOTAL, separately, in the
ALIQUOT of Analvtical Fraction E, or F analyzed,

{see previous notes in Sections 10.5.1 and 10.5.2
describing the quantity "Q" and calculate similarly).

Volume, separately, of Analytical Fraction Eor F
analyzed, ml {see previous notes in Sections 10.5.1
and 10.5.2, describing the quantity "V" and
calculate similariy). ‘

Total volume, separately, of Anaiytical Fraction E or
F, mlL
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10.56.2.3 .Calculate the total amount of Hg collected in the back-half of the sampling
train by using Equation 436-13:

Hgpy = Hge + Hgp + Hgg +Hge Eq. 436-13

where:

Hgyn, = Total mass of Hg coltected in the back-half of the
sampling train, ug.

10.5.3 Total Train Hg Catch. Calculate the total amount of Hg collected in the
sampling train by using Equation 436-14:

Note: Blank corrections may only be applied with the approval of the

Executive Officer or his or her authorized representative.

Hg, = (Hgy - Hogy) + (Hagp - Hoprw  Eq. 436-14
where:
| Hg,.= Total mass of Hg collected in the sampling train, ug.

Hagp = Blank carrection value (if applicable) for mass of Hg
detected in front half method blank, ug.

Hgpnp = Blank correction value {if applicable) for mass of Hg
detected in back-half method blank, ug.

Note: If the total of the measured blank values [Hgg,, + Hgyp! is in the
range of 0.0 to 0.6 ug, then use the total to correct the sample value (Hgg,
+ Hgyp); if it exceeds 0.6 pg, use the greater of I. or II:

I. 0.6 ug.

l. the lesser of {a) (Hgg,, + Hgppy). or (b) 5 percent of
the sample value {(Hgq, + Hgyp)-
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10.6 INDIVIDUAL METAL CONCENT?ATIONS IN STACK GAS

Calculate the concentration of each metal in the stack gas (dry basas adjusted to
standard conditions} by usmg Equation 436-16:

Com . Eq. 436-15

Vimiste)
where
Cs =  Concentration of a metal in the stack gas, ugldscm.
M, =  Total mass of that metal collected in the sampllmg traln LG
{substitute Hg, for M, for the Hg calculation).
Vistgy = Volume of gas sample as measured by the dry gas meter, correcfed_

to dry standard conditibns, dscm,
10.7  ISOKINETIC VAREATEON.-AN.D .ACCEPTABLE .RE§ULT-S
Same- as Method 5, Sectuons 6. 11 and 6 12, resp ctiveiy.'
1.1 REPORTFNG REQUHREMENTS

At a minimum, any test report must include all of the calculations described in
Section 10 and all of the sampling and laboratory data resulting from Section 5.
Example forms for documenting fieid testing and laboratory work are provided as
Figures b through 12. The quality assurance data required by Section 9 must be
reported in detail (see Figure 13). This test report shall be maintained by the tester
for at least three years. For ali tests required or requested by the local Air Pollution
Control District/Air Quality Management District, ARB, U.S. EPA or other
government agency, these records shall be made avarlable to the Executive Officer
upon request,

12 ALTERNATIVE TEST METHODS

Alternative test methods may be used provided that they are equivalent to Method
436 and approved in writing by the Executive Officer of the Air Resources Board.
The ARB Executive Officer may require the submittai of test data or other
information to demonstrate equivalency.
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FIGURE 5 .
RUN SET.UP AND RECQOVERY SHEET

PROJECT NO:
Meéthod # Set-up. date: ~ Recov. d:a:cee'
Run 10~ ‘ Set-up time: Recov. time:
Set-up by: ‘ " Recov. by:
Probe 0 ‘ Probe liner material
Filter Box 1D:
Filter hoider 1D:
Fiiter Fii‘ter_ [ Filter |} Appearance ' | Container |
Brand & Model |  LotNo. | Size | After Samptin_g, - ID
Filter
‘Rinse Solution . !
and Ame. (ml} Appearance Container |D
Front ‘
Half ]
Wt after { Wt. differ. Rinse
Imp. imp. initial Initial Sampling | for moisture | Soln. and | Container
Type | Soln. | Vol. imL) | Wt (g} {g)* {g)* Amt. (mt}] 1D
Imp. 1 ‘
19 )
Imp. 2
1D
Imp. 3
1D
Imp. 4
ID
Imp. 5
iD
Imp. &
1D
HCl rinse
Silica gel S

*can use volume differences
in place of wt. differances if desired

COMMENTS:
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FIGURE 6

REAGENT BLANKS - FIELD DATA SHEETS

PROJECT NO.
CONTAINER |- .~ = | - | PREP. | ~AMOUNT | SAMPLE B
NUMBER | - REAGENT - DATE BY | . {mh iD NOTES
8 C.I0HNOZ | = | L :
R E b {100 mit
K §% HNO3/ R
10% H202 (200 mi) -
10 KMnO4/ S il vent if -
- H2504 (200 mi) necessary
11 - ' only # HCI
8 N HCI (28 mlin rinse used
200 mi H20)
12 Filtar

August 9, 1996

Reagent blanks must be taken from same lot of reagents used
1o prepare and recover sampling trains
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FIGURE 10

METHOD 436
FINAL DIGESTATE VOLUMES

Project No.

Sampie Date:
- Final Final
Digestate | Digestate
Volume | 1D -

DATE TIME | INITIALS | 'LABID |SAMPLE ID|MICROVESSEL ID] _ (ml)

Comments:

August 8, 19986

ASM 1/96
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FIGURE t.1.

METHOD 436:
POST MICROWAVE DIGESTION, PRE-ANALYSIS,

SAMPLE TRAIN FLOWGHAF

GRS

T IS VERY IMPORTANT THAT GONTAINERS FROM THE SAME SAMPLE TRAIN;BE COMBINED; FOR:ANALYSIS 111

SAMPLE TRAIN RUN.1D;

Container 1 Contsiner 2 Container. 3
TESTER 1D . ._ rester o ] T

T

LAB 1D gl { T LAB.ID
Final Digest. Vol. " Final Digast. Vol. " Final Digest. Vol.

L m] L m ] b ]

Combine and filter,
Dilute to 150 mi (unless I Dilute to
other vol. s_pceiﬁ_od by tester} 135 ml unless

‘ T ) othar volums
FRACTION 1 specified by
Combined volumae atter dilution tester

Fraction. 18 Fraction 1A 'Fractlon'_ 2A
TESTER-IQ e — T e rester w[ —
o T

E—— [

Analyza for Hyg. only

Combine
FRACTION A
A
i |

Analyze for multimetals

ASM 196
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FIGURE 12

LABORATORY RESULTS Regort date:

Sample date:

Company name:

Address: _ Samgle Recv. Date:
: Repart #:
Page:
Attn:

£.0. Number:

Location:
Analysis Performag: ' { 1 ICP/AES : 1 ] ICP/MS [ }-GFAAS [ 1 DAAAS
Sample Train ID: - ) B o '7 : - o L [ | CVAAS
FIELD COMPOSITE 1D
LAB 1D
Metai : units .
Aluminum - i ug/mi
Antimony- - P ug/mi
Arsanic : - ugiml
Bariym uglm!_
Bery!lium ioug/mi
Cadmium P ug/mi
Chromium i ug/mi
Cobalt i ug/mi
[Copper ug/mi
wg/mi
.
- ugfihg
ug/mi
ua/ml

“uglmt

_S_Janium
Silver
Sadufm
SeeongivET
Thallium
Vanadium
Zinc

Data certified by:

Repoert approved by: ASM 1/96

-~
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FIGURE 13

ANALYTICAL QA/QC

ICP/AES: (EPA Method 6010}

REQUIREMENT

"CRITERIA

2 instrurnent check standard runs

2 calibration. blank ryns

or repeat calibration

_1interference check sample

“within 25% of true value

1 quality control sample

within 25% of calibration curve

1 duplicate analysis

‘within 20% or repeat all analyses

__within 10% or repeat calibration
within 3 std. dev. of mean blank value

AA: [EPA Method 7000 series)
) ' REQUIREMENT )
Analyze all samples in duplicate
1 sample matrix spike S
1 quality control sampie

CRITERIA

within 25% or methad of stand. add.
_' _within 20% or repeat calibration

DEFINITIONS

Instrument check standards: prepared by combining compatible elements at
concentrations equivalent to the midpoint of their respective calibration curves.

Calibration blanks: prepared by diluting 2 mL of {1:1) HNO3 and 10 mL {1:1} HCI
to 100 mL with Type !l water.

Interferance check sample: prepared to contain known concentrations of
interfering elements that will provide an adequate test of correction factors.

Quality control sample; prepared in the same acid matrix as the caiibration
standards at 10 times the instrumental detection limits and in accordance
with the instructians provided by the supplier.
ASM 1/98
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