California Environmental Protection. Agency
AIR RESOURCES BOARD

Notice of Public Availability of Modified Text

NOTICE OF PUBLIC HEARING TO CONSIDER THE AMENDMENT AND'ADOPfION OF
REGULATIONS REGARDING STATIONARY SOQURCE TEST METHODS

‘Public Hearing Date: September 26, 1996
 Public Availability Date: April 1, 1997
Deadline for Public Comment: April 15, 1997

At a public hearing held September 26, 1996, the Air Resources Board {the "ARB”
or "Board") considered the amendment of six existing test methods and the adoption of
‘one new test method for determining emissions from nonvehicular, or stationary sources.
The proposed regulatory action is described in the "Staff Report: Initial Statement of
Reascns for a Proposed Public Hearing to Consicer the Amendment and Adoption of
Stationary Source Test Methods" released to the public on August 9; 1998.

At tﬁe hearing, the Board adopted Resolution 96-46 to amend and adopt the -
_stationary source test methods, specifically amending Title 17, California Code of

" Regulations, Sections 94105, 94107, 94114, 94135, 94141, and 84143 and adopting

~ Title 17, California Code of Regulations, Section 84161, and the incorporated test .
methods, Methods 5, 7, 100, 425, 429, 431, and 436, respectively. The Board also
directed the Executive Officer to' make minor modifications to the test methods for:

“stationary sources, provided that the Executive Officer determines that such modifications
are necessary. The Board resolution is appended to this notice as Attachment A.

In accordance with Section 11346.8 of the Government Code, the Board has
directed the Executive Officer to adopt the new and amended stationary source test
methods after making the modified language available for a period of at Jeast fifteen (15}
days. The Executive Officer was also directed to consider such written comments as may
be submitted during the period, to make such modifications as may be appropriate in light
of the comments received, and to present the test methods to the Board for further '
consideration if he determines that this is warranted.

By this notice, the modifications to the stationary source test methods are being
- made available for public comment prior 10 final action by the 'Board's Executive Officer. -
The modified text is appended to this notice as Attachment B.

Written comments must be submitted to the following address, no later than April
15, 1997, for consideration by the Executive Officer prior to final action:

Clerk of the Board

Air Resources-Board

P.0. Box 2815 .
Sacramento, CA 95812

The Executive Officer will consider only comments relating to the modifications
which are described in this notice.

Attachments



ATTACHMENT A

State of California
California Environmental Protection Agency
AIR RESOURCES BOARD

Resolution 96-46
September 26, 1996
'Ag'enda Item: 96-7-2

' WHEREAS, Sections 39600 and 39601 of the Health and Safety Code authorize the R
- Air Resources Board (“Board™) to adopt standards, rules, and regulations and to do such acts
as may be necessary for the proper execution of the powers and duties granted to, and imposed’

upon, the Board by law;

 WHEREAS, Section 39607(d) of the Health and Safety Code requires the Board to adopt test

- procedures to measure compliance with its nonvehicular, or stationary source, emission standards -

" and those of the air _polluti_on‘ control and air quality management districts (“districts™);

WHEREAS, the Board’s staff has identified improved test methods for six existing stationary
source test methods, Methods 5, 7, 100, 425, 429, and 431, and has identified one new test
method, Method 436; '

WHEREAS, the Board’s staff has proposed amendments to Sections 94105, 94107, 94114,
94135, 94141, and 94143, and has proposed adoption of Section 94161 of Title 17, California
Code of Regulations, which incorporate by reference the identified improved and new stationary
source test methods, Methods 5, 7, 100, 425, 429, 431, and 436, 1espectively;

WHEREAS, the proposed amendments and adoption are reasonable and necessary to achieve and
maintain applicable ambient air quality standards;

WHEREAS, the California Environmental Quality Act and Board regulations require that no-
project having significant adverse enviropmental impacts be adopted as originally proposed if
feasible alternatives or mitigation measures are available which wouid substantially reduce or
avoid such impacts; : '

WHEREAS, a public hearing and other administrative proceedings have been held in accordance
with the provisions of the Administrative Procedure Act (Government Code, Title 2, Division 3,
Part 1, Chapter 3.5); '

' WHEREAS, the Board has considered the impact of the proposed regulatory action on the
economy of the state; and



!

Resolution 96-46 -2-

WHEREAS, the Board finds that:

Amendment and adoption of the provisions of Title 17, California Code of Regulations,
as set forth in Attachment 1 hereto, and the incorporation of the proposed new and
amended test methods for stationary sources as set forth in Attachment 2 hereto, are

‘necessary and appropriate to satisfy the requirements of Sections 39601 and 39607(d) of
the Health and Safety Code; and

The actions approved herein will have no significant adverse environmental impacts, and
will have no, or an insignificant, impact on California business enterprises; and

There is no alternative considered by the Board which would be more effective and less
burdensome to public agencies, small businesses, or private persons or businesses, other
than small businesses, than the proposed action.

NOW, THEREFORE, BE IT RESOLVED that the Board hereby approves the amendment of
Title 17, California Code of Regulations, Sections 94105, 94107, 94114, 94135, 94141, and
94143 and the adoption of Title 17, California Code of Regulations, Section 94161, as set forth _
in Attachment 1 hereto, and the amendment and adoption of the incorporated test methods for
stationary sources, Methods 5, 7, 100, 425, 429, 431, and 436, respectively, as set forth in
Attachment 2, hereto. - '

BE IT FURTHER RESOLVED, that the Board directs the Executive Officer to make minor -
modifications to the test methods for stationary sources, provided that the Executive Officer
determines that such modifications are necessary. The Executive Officer shall make such

~ modifications available to the public for a period of 15 days, as required by Government Code

Section 11346.8, shall consider such written comments as may be submitted during this period,

. shall make modifications as may be appropriate in light of the comments received, and shall

present the modifications to the Board for further consideration if he determines this is
warranted. : '

I hereby certify that the above is a true and correct
. copy of Resolution 96-46, as adopted by the Air
'Resources Board. ' : :

C: Zr Za@//zg)
Pat Hutchens, Clerk of the Board




California Environmental Protection Agency
AIR RESOURCES BOARD

 Attachment B -
STATIONARY SOURCE TEST METHODS
Proposed "F_ifteen Day Changes" for |

_ September 26, 1996 Public Hearing

7 I

- Attached are the proposed modifications to the text of ARB Test Methods 5, 100, 425,
429, 431 and 436, as originally set forth in the Staff Report released on August 9, 1996.
Only those pages or portions of the test method containing the proposed modificationg are
included. For Methods 100, 425, 429, 431 and 436, proposed additions to the original
new and revised methods are noted by underline and proposed deletions are noted by
Ui, For Method 5, proposed additions are noted by ftalic and proposed
deletions are noted by strikeeut. : :

March 31,1997




.  State of California |
California Environmental Protection Agency
" 'Air Resources Board

‘Method 5 |

* Determination of Particulate Matter Emissions
- from Stationary Sources

Adopted: June 29, 1983
Amended: March 28, 1986
Amended: January 7, 1988
Amended:

This document includes the text of Method 5, as proposed in the Staff Report released
August 9, 1996. Proposed deletions were noted by 4447 4 Jagh; and proposed additions

were noted by underline. Additional proposed modifscatons ae indicated as follows:
Proposed deletions are noted by strikeeut and proposed additions are noted by italic.




059 using a balance. This step may be conducted in the field.

" Acatone Blank” Container. Measure acetone in this container either volumetrically-or
gravimetrically. Transfer the acetone 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.

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 boiling 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 highly
flammable and has a low flash point. : S

4.3.1  Impinger Catch and Extract

4.3.1.1 - The impinger catch consists of the water and organic solvent? rinsings from
- L the sample train cqnnections between the i '

y filter and impingers, plus the
' |mp|n%er Contents. Gty girEr 1D %// vz, /"’:%s"-’;f"’.’/b‘/'

- Field Blapks of water and methylene chloride described in 4.2.1 shall be
.. analyzed for solids content by gvaporation. The impinger catch and_jmpinger
catch extract residue weights shall be corrected based on these analyses and
the total volume of each reagent used. Accordingly, determine the amount
9f water and solvent in_the sample containers before proceeding. 71

4::12“/';-3-:»';::; HAaiiAa iesn an e Laractiny eWal sten brive 7 5’1=2=7{2'9 %

The residues of the A4 solvent extract and impinger catch are to

~ be weighed to a constant weight as defined earfier.

g

4.3.1.2 Combine the catch in a_separatory funnel of suitable size. The Masenjar
' sample container is to be rinsed with methylene chloride into the separatory
funnel. '
4.3.1.3 Extract the aqueous catch three times with 50 ml portions of methylene

chioride {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 emuision formation). Drain the CH,Cl; layers into a beaker
of suitable size through a short stem funnel containing a cotton plug, to

2 Methylene Chloride (CH,Cl,) unless the source being evaiuated dictateg
alternate solvent may be used subject to approval of the Execuytive Officer/ /5]

e

March 31, 1997 o | ' - Proposed M-5 Page 17




PROPOSED

Appendix A of Method 5
Guidelines for Field Calculation of Target Vaiues for Dnand 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

moisture content may vary and can not be anticipated completely or accommodated
instantaneously.

The principie means of keeping sampling rates near true isokinetic are;

(1) selection of an appropriate nozzle diameter D
(2) adjustment of console valves to keep AH (orifice meter differential pressure in inches of
water) at or near a calculated appropriate value. '

Rapid and reliable calculation of target. values for these parameters in the field is facilitated by
use of nomographs, special slide rules or pre-programmed portable calculators or computers,
Calculators 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
purpose of this appendix is to present equations which can be programmed into a portable
calculator or computer. Because different programming languages are used by or available on
different calculators and computers it is impractical and beyond the scope of this appendix to
present complete programs for the execution of these calculations.

Estimation of Orifice Differential Pressure from Pitot Pressure -
AH = [846.72 D7 AHgCF(1-B, "My MXT,, [T)(P, IP,) ] Ap

Estimation of |deal Nozzle Diameter .
By = 10035 Q Py, (1B} /(T,.C,(1-B,)P® [T,M, /(P,Ap)°

Nomenclature -
The nomenclature for these equations is the same as as defined in Section 6.1 of Method 5 except
that :

P, = meter pressure = Pparr + AH /13,8,

Q,,, = orifice meter ﬂogvsrate
=[0.9244 IAH@ M [ThAH (P M

M., = molecular weight of metered gas stream, approximately the same as M.

Equations are’ from the APTI Course 450 instructor's rﬁanual.

March 31, 1997 - ‘ Proposed M-5 Page 35



- State of California |
California Environmental Protection Agency
. Air Resources Board o

Method 100

- Procedures for Continuo_us-Ghsedu's
Emission Stack Sampling -

Adopted: June 29, 1983
Amended:

s proposed in the Staff Report released

s are indicated as follows:
1 and proposed additions are noted by

This document inciudes the text of Method 100, a

August 9, 1996. Additional proposedymodification
Proposed deletions are noted by :

underline. .




5 SAMPLE COLLECTION ... ..... . SR e .9

6 POST TEST PERFORMANCE CHECKS ... ... S, R AU 9
6.1.- ZERO AND CALIBRATION DRIFT . e U .9
6.2 SAMPLING SYSTEM BIAS . SO i ... 10
7 CALCULATIONS ........ P e T S Lo
7.4 POLLUTANT CONCENTRATION . ... oocenussnsssseessn e 1
72 MIASS EMISSION RATE -« o nsieeneeannsanesne s sisstses 1
73 POLLUTANT CONCENTRATION FOR 12% CO, OR 3% O - ovvvovnee - 12
TABLE 100.1 GAS ANALYZER SPECIFICATIONS ... cvvcosnnnnerss - ... 13
FIGURE 100.1 METHOD 100 SAMPLE TRAIN ASSEMBLY ... c.oovowe s T

Loy 100 4’:0;‘%:” OO GF (85 1) IATHON xS e e i o V)
Sl i ST RRE "4

March 31, 1997 : Proposed M-100 Page ii



222

2.2.3

2.24

2.2.5°

2.2.6

2.2.7

2.2.8

* gas.

The analyzers shall be housed in a temperature-controlled, vibration-freg
gnvironment. : :

Carbon Dioxide and Cérbon Monoxide |

Nondispersive infrared analyzers are acceptable.

~Oxygen
" A paramagnetic analyzer or an electrochemical {fuel cell) analyzer is acceptable.
" Total Hydrocarbons

- An analyzer uSing a flams ionization detector (FID) or a nondispersive.infraréd

analy;/er (NDIR) is acceptable. Propane or methane is usually used as a span
%4, The hydrocarbon species should be characterized prior to the
sQurce t i hat the detector will respond predictably to the

 organic compounds gregent'. ‘Compound-specific calibration curves must be
" determined for use of either the FID or the NDIR analyzer to measure specific
organic compounds. - | .

- Oxides of Nitrogen

An analyzer using chemiluminescence is acceptable. The NQ, to NO converter. .
must have at least a 90% efficiency in converting nitrogen 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 (maximum
350°C) converter must be used when NHj is present. A high temperature
(650°C) stainless stee! converter may be used when no NHjy is present.

If data are not available 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 the NO, converter must be conducted prior to each source test.
Sulfur Dioxide .

An analyzer using infrared or ultraviolet absorption or fluorescence is acceptable.
Other Analyzers

An analyzer opar'ating by measurement principles not listed in Table 100.1 may

be used, if its performance meets the requirements of Table 100.1.

‘Data Acquisition System/Data Recorder

rt rec

frovide a permanent record of gas analyzer data using a strip cha
WMW _:J;z:, ot :,-w_:.—az:;:w At 16
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second interval, . <ot / SYom strip.chart, as well as the
data acquisition system, must have a resclution of 0.5 percent of the analyzer

range. Data reporting includes the following information: pollutant, 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

2.3.2

2.3.3

Stack Gas Flowrate 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. ' '

Barometer

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

Vacuum Gauge or Flowmeter

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

March 31, 1997 - Proposed M-100 Page 6



3 CALIBRATION GASES
3.1 Calibration Gases

The calibration gases must be certified according to EPA Traceability _P_rotocol". :

Alternately the calibration gases must be certified to an analytical accuracy of £2
. percent, traceable to a reference material approved by the National Institute of. -

Standards and Technology (NIST), and recertified annually. S

Multi-component gas mixtures certified according to EPA Protocol are acceptable.
‘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 x 2 percent, each c_ompone'nt-must be traceable to a NIST
standard, and the mixture must be recertified semi-annually. o

A permeation tube may he used as a calibration standard in place of the calibration
gas, provided the following requirements of EPA Method 16 (CFR 60 Appendix A)

- -are met for use of permeation tubes: Section 5.5 for the calibration system.
Section 6.5 for the calibration gases, Sections 8.2 and 8.3 on pretest calibration,
and Sections 10.2 and 10.3 on post test calibration. S :

- For each pollutant to be measured, use the'-fol‘lbwing' three calibration gases:

ot

2.1.1  High-Range Gas
The concentration should be between 80 and 100 percent of 'tHe ahaly’zer rahge.
3.1.2 . Mid-range Gas

The concentration should be between 40 and ) percent of the analyzer _range.'

3.1.3 Zero Gas

Purified air or, if appropriate, nitrogen with a contaminant concentration less
than 0.25% of the analyzer range for the appropriate poliutant gas may be
used. C

3.2 GAS DILUTION SYSTEM

AW gas dilution system which meets the requirements of EPA Method

205, Verification of Gas Dilution Systems for Field Instrument Calibrations, CFR 40,
 Part 51, Appendix M. % may be used to _providelow-level calibration gases f[/om a

high-level calibration gas. The celibration gas used with a gas dilution system 4

- 7% S A 7%
should be an EPA Protocol gas. #14 aarely T s A0 I B s

1 "EPA Traceability Protocol for Assay and Certification of Gaseous Calibration Standards,” EPA-
" 600/R93/224, Revised September 1983,

March 31, 1997 | - Proposed M-100 Page 7
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7 i g
W/ ////’%/ gas dilution system which meets the requirements of EPA
Method 205 may be used for all analyzer calibrations and sampling system bias
checks.

% pLenly

5
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12
3

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 prior 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 ciosest 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 to achieve proper calibration gas
flow rate. Determine the sampling system response time.

March 31, 1997 o Proposed M-100 Page 8



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 gither the
zero or upscale calibration gas, the bias check is invalid. |f needed, take corrective
action before repeating the sample system bias check. If the analyzeris adjusted,
repeat the analyzer calibration error check before repeating the bias check. '

4.5 DETERMINATION OF SAMPLING TRAVERSE POINTS

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 is
less than 10% different from that at any single 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 required, the sampling time at each traverse point is
constant. Sample for at least the sampling system response time plus one minute, .
_aliowing enough time for the system to be flushed and the instruments to respond fully.
Move probe to next position and repeat. Continue until the stack has been fully - :
traversed. S ' ' S

. A test shall include at least three sample runs. Each sample run shall be the length of .
time specified in the applicable smission limit regulation. As a minimum, the sampling
time must be such that the emission test is conducted during representative operating
conditions of the source. For a sample run W exceeding two hours, conduct
sampling system bias checks every two hours. Record performance check data. As
necessary, back flush through the probe to prevent particulate build-up on the probe
fiter. Periodically check the sample conditioner and remove condensate as needed.

If adjustments to the sampling train are necessary during 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 sampling system bias check shall be
performed prior to continuation of the test run.

6 POST TEST PERFORMANCE CHECKS

At the end of the sample run, conduct a sampling system bias check for ail 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 flow rates through the sampling
system to the gas analyzer.

March 31, 1997 " Proposed M-100 Page 9



Table 100.1 (page 2 of 3)
Gas Analyzer Specifications

SULFUR OXIDES OF CARBON CARBON
DIOXIDE NITROGEN MONOXIDE . DIOXIDE HYDROCARBONS OXYGEN

Repeatabllity, % of 1% 1% 1% 1% 1% 1%
range?

Zero Drift after 24 <t 1% <% 1% <+ 1% <% 1% <t1% <:1%
hours of unadjusted
continuous

operation, % range

Span Drift after 24 <% 1% <+1% <+ 1% ‘ <+ 1% <+ 1% <t 1%
hours of unadjusted
continuous

operation, % range

Interference of a <:5% . <x5% <:5% <+5% <x5% ] <25%
component other :

than the target
component
measured by the
gas analyzer, % of
range

Analyzer response v v v v v v
to temperature . i )
variation®

12% of the analyzer range is the maximum absolute difference between replicate resuits which may be expected with
a probability of 95%. :

When sampling zero or span gas, the analyzer response shall not change more than + 2% of ranige when the ambient
temperature changes + 10°C from 25°C.

March 31, 1997 Proposed M-100 Page 14



FIGURE 100.1 o
Method 100 Sample Train Assembly

 tostripchatt

" to'data storage 4

1&

sample .
| @S s0, |- _
~analyzer | .. 1
: callb, gas - .
stack L _ .
wall " E ﬁowt-f8 c| g
calibration gas meisr - - % NOx
y sample ' ~ | analyzer - N
e : condin%ner L . s
probe - :
E ' temperaturs - | wrogs _
gauge - : . Co -
- o e e _+— analyzer PR
' PR | caib.gas - -
' ) ) : , zarﬁ_ga_s L
* Details not shown include calibration gas plumbing, heated ' Dg,]'__- CIOa'
hydrocarbon sample line, optional gas dilution system, analyzer anayzer |
exhaust plumbing, and optional pitot and thermocouple arrangements. calib. gas
B 2910 gas
g,
- _ | analyzer
L calibgas T

March 31, 1997

Proposed M-100 Page 16



"

%{7135 ;

// CYes

A
mz/u

7

.

o

7
izt

/
.

et

3
Sars

7

.

/%
"

R
RN

Ryt
//Wm, NE
e

o /

3

v
W

a,;//:/f%jr

7

7z "

S i
Gisint g uisien
Z

(e

it

B

"/d/}’ hz

a3

Y

ah
.

7
U

7

4k

Propsed M-100 Page A-1

March 31, 1997



G

. i 4 thicion :,_',::.;- jy /// I: :-:. 23 // Tuizi ,9-:1,4'; v/ﬁ:’:';r/--z:??,:'wv e fue aaie iy :
/ et v i re ? fa’ f il sha s AL ok

W g ’I///V

Ch 2 X iy srass :o-f jdiee ’:7:;'//,:2‘:;; Cadciniaii: g
Us T s
.-,,4,;.../4-”:,/.4'/ oAt a/f; LesE AR naIrs BHeciay DIgUatiinG Fenany

,,,,,

$ s

s
!1

@ia s 2 151

Bt 2igz - ?'/ D) Giebeiits IS L A MO Sy st
/ £ 275 .

%t
ey TR %3

o

X

5
et
P ATy

P 7, Z 4 7 P G 4
Sranrate A a2 olniste: Ao f,’-/-s;;—:;/iwﬁ:?/é_/./f’l’ g5k
L y
e raricle oY D S % IV .

G SEAREIOAS

i

T AR aliA) Sraz/}{%//:%}é/’/?% 2 ks '///7/2/;/7///—//‘/?1;://}://%2/}2}/:;;/{7

7
4 et AT ekl =S4 =l . /,
SERHPEL 1) P Ay a3 o LA o H‘u‘_ A

Ao

N

I

i

// Gaiuun i preaii g A

s

7 [E ':-:.7 it r,,-;: s sy sis ; :aas,: AL AT -r:-::w:z,i';::rz/’.,_ﬁ,::;'..:/:n:"=r4.;71§:z,;'r-: e

e THpt i%

/%%}%/MQ&WVW‘ 1%% .f %7
(313 137 & satiputilssi e NPT

= L s e 4% i aniiar
9/{/':///5/?./?%{////’;-;;,2’ SCEe e 2 %

March 31, 1997 - Propsed M-100 Page A-2



Iyt

I

i ilats B BroE Feliram it i LR ot Cires

% % iy 4 ,9/%2/’////; % o z <57 %3 oL Z2
ML S Vel Pt S 227, r 7ozl g Sy BN e 7

Y LIS 24

4 HRPOOtC e Vs vrrldanirnt v s;‘.,ul a.,‘ S :; 2 SIS Zer Bunas e tha v

e Ly s

% 4 4

L T
E' e ane Ao e g a4 s': 2 .9 ::n:r i :!::::v it ANe nae il BTSRRI iy
-
Sl s e e

March 31, 1997 - Propsed M-100 Page A-3



o _ State of California
California Environmental Protection Agency
Air Resources Board -

Method 425

Determmatlon of Total Chromlum and Hexavalent Chromlum L
Emissions from Statlonary Sources

Adopted: January 22, 1987
Amended: September 12, 1990
Amended:

This document 1ncludes the text of Method 425, as proposed in the Staff Report released
August 9, 1996. Additional proposed modifications are indicated as follows:
Proposed delenons are noted by ; and proposed additions are noted by

underline,



2.4  Limit of Detection

The limit of detection (LOD) is a limit of the performance of the analytical
‘procedures below which quantitative results must not be reported. The LOD is
based on the absolute value of the x-intercept of the calibration plot for .
“absorbance versus concentration adjusted by three times the standard deviation
of the absorbance for a mid-point concentration. - ' '

'2._5' : Réporting Limit

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 _
collected in the sampling train to allow detection by the laboratory according to
the reguirements of this method. Such mass is the product of the LOD and the
" liquid volume used to collect the analyte. in the sampling train.. ' :

2.6 .S_ource Reporting Limit
T he source reporting limit {SRL) is a limit of' thé péfformance of the entire test
' ._method below which guantitative emission results must not be reported.
'3 ° PRE-TEST PROTOCOL
3.1 Responsibilities of the End User and Tester
3.1.1 The End User |
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
guidelines of § 3.2.1.
The end user shall approve the pre-test protocol after reviewing the
document and determining that the minimum requirements for the pre-test
protocol (8§ 3._2) have been met.
3.1.2 '~ The Tester
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.

The tester shall be responsibie for seiection of an analyst qualified for use

of the method. The tester shall make that decision based on information
supplied by the analyst.
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3.5.5

3.5.6

Planned Sampling Time (PST}
The planned sampling time (PST) is calculated 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)

- 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 Shalj be used to calculate the SRL,

RL

SRL = __—_ "425-8
PSV
Where:
SRL =  Source concentration reporting limit, ng/dscm
RL = analytical mass reporting limit, ng '
PSv =

‘planned sampling volume, dscm

4  BIASES AND INTERFERENCES

4.1

4.2

Sample 'Instability

Chromium is subject to changes in valence state during the time between _
sampling and % ¢ recovery # - 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.

Recovery of trains shall take place within 24 _hours of sampling.  Storage between
recovery and analysis shall be at or below 4C and shail be limjted to two weeks.

cie IC-C lriterferences

A high ionic 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
diphenyicarbazide post-column reagent to form a colored product absorbiqg at
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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 analytical team.

5.2 Cr6 M-C Sensitivity
‘Based on the procedures given in the "Pre-Test Protocol,” an LOD -és_l_o_w as
4.0 ng/mL has been observed; this is'not a default value as achievement of such
low levels depends upon the skill of the analytical team. )

5.3 Cr GF-AA Sensitivity
£PA Method 3086, Determination of Chromium Emissiohs from Decorative and
Hard Chromium Electroplating and Anodizing QOperations, reports a vaiue -of

1.0 ng/mL, based on method 7191 of SW-846. For some sample matrices, the €r
. GF-AA sensitivity can be lower than the Cr6 C-C sensitivity. -

6 RANGE

: 61‘1 _ . - Cr6 1C-C Range

' Using sarﬁple loops of 10 uL to 250 uL, .tﬁé Iinear_' range' of this probeduf'e without
dilution or concentration of the sample is approximately 0.5 ng Cr6/mL to 40 ug
Cré/mL. ‘ e ' e

6.2 Cr6 M-C Range

A straight line response curve was obtained in the rangs 0.5 ug Cr6 /50 mLto 3.0°

pg Cré /50 mL {10 to 60 ng/mL). The range can be expanded to 0.5 to 50 .
pg/mL, provided that the residuals are less than 10%. 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. :

6.3 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., based on method 7191 of SW-846. For some sample
matrices, the Cr GF-AA range can be broader than the Cr6 IC-C range.

7  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.
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9.3.1

9.3.2

9.3.3

9.3.4

9.3.6

9.3.6

9.4

Batcﬁ of 0.1N NaOHM Solution

See "PREPARATION OF REAGENTS." .

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 1 193. Use of ASTM

Type | reagent water% shall be an acceptabie alternative.

Eluent

Dissolve 33 g of ammonium 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 prépared eluent is 250 mM (NH,4)»,50,4 and 100 mM
NH4OH.

Post-Column Reageént

Dissolve 0.5 g of 1,56 diphenylcarbazide in 100 mL of glass distilled HPLC
grade methanol. Add to approximately 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, pressurizing the reagent
reservoir with nitrogen, and shielding it fromlight.

Cr6 Stock Solution

Prepare a standard solution containing 1000 ug 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,05 in water in a class A volumetric flask and make to volume
with water. -Alternatively, obtain a chromate standard solution in water
prepared specifically for use in ion chromatography.

Sforaqe shall be at or below 4°C and shall pe limited to four weeks.

Regenerant Solution for the DIONEX MPIC-NG1. Guard Column
{or equivalent) g

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 shall be flushed
from the column periodically using a 70-80% solution of acetonitrile or
methano! in water.

Cr6 M-C Analytical Réagents
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‘Inject a series of Cr6 calibration standards which brackets the sample :

. concentrations. Alsg, use a zero standard. 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 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. lf 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 to establish & calibration curve
‘which is used to quantitate the Cré concentration in the samples. -

“lhiect a check standard prior 1o the tenth run of the instrument _since its tast
calibratign run.

114 Cr6 M-C Analytical Calibration Procedure

{1) 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 shall be repaired and recalibrated. Once the wavelength
scalg of the spectrophotometer is in proper calibration, use 540 nm as the
optimum wavelength for the measurement of the absorbance of the
standards and samples. : :

(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 530 and 550 nm using a 50
ug Cré standard solution in the sample cell and a reagent blank solution in
the reference cell. if a peak does not occur, 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 shall be the
optimum wavelength for the measurement of absorbance of both the
standards and the samples. For a singie-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) Either (1) run a series of 410 6 chromium calibration 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 absorbance.’
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(4)

(5)

Freshly make up each standard for Cré in a separate 50 mL volumetric flask
starting with 35 mL of the same batch of NaOH solution reserved for its
sampie set. Then add an appropriate amount of Cré to each calibration
standard, starting with none for the zero standard. Then add 6N sulfuric
acid and diphenyicarbazide solution in the same manner as in sampie
preparation.

Inject a check standard prior to the tenth run of the instrument since its last
calibration run. : )

11.5 Cr GF-AA Analytical Calibration Procedure

(1)

(2)

(3)

(4}

(5}

(6)

(7)

.
Q7 i iai gl iy

Calibration standards for total chromium shall start with 1% v/v HNQ 3 with
no chromium for the reagent blank with appropriate increases in total
chromium concentration in the other calibration standards. The calibration
standards shall be prepared following the steps outlined for sample
preparation in the analytical procedures.

Check standards shali be prepared in the same manner as calibration
standards. Check standards shall be prepared separately and independently
from the calibration standards and shall 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 assufance/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 -geadout; All dilution or concentration factors shall be taken

into account. Ernantintici - fRErr sy Ty ;;;425’2”‘:?,;,,;,;,.; iy /

Calibration curves shail 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. ' .
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15.1.2

" For each preparation, transfer 35 mL of solution to a 100 mL beakei‘, a'd]ust

the pH to 1.0 + 0.2 with 6N sulfuric acid, add 1.0 mL of diphenylcarbazide
solution, dilute to volume with water in a 50 mL volumetric flask, and let

color develop for 10 minutes.

Hexavalent Chromium Sample Preparation

For each preparétion,"transfer 35 mL of 'solution to a 100 mL beaker, adjust
the pH to 1.0 + 0.2 with 6N sulfuric acid, add 1.0 mL of diphenylcarbazide .

‘solution, dilute to volume with water in.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 sample split shall be known at this
point.). R : '

15.2 M-C Analysis

(1)

@

-(3)
{(4)

(5)

5L Sy B I s st 108 Ty 81 oy , Fil;ration shall
e an ion for nal hi in pending on the turbidity of the
prepared sample, Medium retention filtar paper shall be used. The filter

%
?

T

. paper shall be pre-wetted with a few mL of reagent blank and sample _
preparation. This will prime the _filter_ so that it won't absorb color complex.

'.Trans_fer a portion of the filtered prepar_atibn_irito a 5 cm absorption ceu.'

Measure the abSOrbénce at the optimum wavelength of 540 nm.
Subtract the sample blank absorbance"réading to obtain a net readihg. o
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 15 mL remaining at this point.) '

16 CrGE-AA ANALYTICAL PROCEDURES

16.1 Cr GF-AA Preparation ‘

16.1.1

16.1.2

Cr Reagent Blank Preparation
For total chromium, the reagent blank is an aliquot of 1% HNO3.
Cr Sample Preparation .

In a beaker, add 10 ml of concenirated nitric acid to the sample aliquot taken
for analysis. Cover the beaker with a digestion coverglass . Place the
beaker on a hot plate and reflux the sample down to near dryness. Add
another 5 mL 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 remove silicates and other insoluble material that could

March 31, 1997 . . - ‘ - Proposed M425 - Page 2_4



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.

These are zero standards.
See below for determination of net values,
19.1.2 Cr6é M-C Analytical Calculations

‘Report these calculations based on net values using Equation 425-11. Report
all instrument blank values, too. ' :

Net Value = Sample Train Component Value - iastrument Zero Blank Value  425-11
19.2 Total Cr in the Sample Train (mCr)

Calculate and report mCr, the total 1g 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 thé necessary dilutions when

calculating out mCr.

Calculatidns shall include only sample portions which have values above the LOD,

Do not subtract the LOD from the sample train values.

Report these calculations based on net values, and report all instrument blank
values, too..

See above for determination of net values.
19.3 Method 5 Testing Parameters

Except where otherwise noted in this method, follow the procedures of
ARB Method 5 to determine: :

(1) Standard Volume of Gas Sample = {Vsample)
Typical units for Vsample are dry stanﬂard cubic meters, dscm.
(2) Isokinetic Variation
(3) Standard Volumetric Flow Rate of Stack Gas = (Qstack) -
| Typical units for Qstack are dry sfandard cubic meters per hour, dscm/hour.
19.4 Cré Mass Emission Conceﬁtratipn = 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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21.3 | Total Chromium Determination by Flame Atomic Absorpti'on Spectroscdby

For high total chromium concentrations which are within the detection range of -
flame atomic absorption spectroscopy, this analytical method may be used instead
of the furnace type method specified in these pages. This option applies only to

~ the analysis of total chromium. The remainder of the test method shall be
performed as specified. ' . '

214 Other Methods

Alternative test methods may be used provided that they are equivalent to

Method 425 and approved in writing by the Executive Officer of the California Air

Resources Board. The ARB Executive Officer may require the submittal of test
data or other information to demonstrate equivalency.

22 REFERENCES
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7 ////,,(_1_1 EPA Method 5," Determination of Particulate Emissions from Stati_d'nar_y'
Sources, CFR 40, Part 60, Appendix A. - ‘ :

¢ //,(21 (Draft) Laboratory and Field Evaluations of Methodology for Determining
Hexavalent Chromium Emissions from Stationary Sources; Prepared by:
Anna C. Carver, Entropy Environmentalists, Inc., Research Triangle Park, NC: L
27709; EPA Contract No. 68-02-4550; Prepared for: Dr. Joseph E. Knoll,

United States Environmental Protection Agency, Quality Assurance Division, .
Research Triangle Park, North Carolina 27711, UNDATED. '

23 FIGURES

The following 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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4.1

4.1.1

4.1.2

©* SAMPLING APPARATUS, MATERIALS AND REAGENTS

" $AMPLING APPARATUS

The sampling train components listed below are required. All surfaces which
may come in contact with the sample or recovery solvents shall be of quartz,

‘borosilcate alass or Teflon. 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 mathpd. ' '

Mention of trade names or specific products does not constitute endorsemen't by

" . the California Air Resources Board. In all cases,. equivalent items from other

suppliers may be used.

A schematic of the sampling 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 content, a water trap may be placed between

| ~ the heated filter and the sorbent module. Additional impingers may also be N
" placed after the sorbent module. If 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.
following sections.

Probe Nozzle

Quartz, or borosilicate glass with sharp, tapered leading edge. The angle of
taper shall be 30° and the taper shall be on the outside to preserve a
constant internal diameter. The probe nozzle shall be of the Button-hook or
elbow design, uniess otherwise approved by the Executive Officer.

A range of sizes suitable for isokinetic sampling should be available, e.g.,
0.32 to 1.27 e¢m (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
Section 5.1 of ARB method 5. '

Probe

The probe %444 must be lined or ma qu
glassp. ‘ ?7,/;://///?/:' ACATie 20 ey /-:-4://,4‘: 7z %

Vit s Qther inert materials may. be used only if they have been
approved by the Executive Officer. The liner or probe extends past the
retaining nut into the stack. A temperature-controlled 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 connection.

without the use of sealing greases.

de of Tefion, quartz, or borosilicate

e
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4.1.3

4.1.4

4.1.5

4.1.6

4.1.7

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 inert materials may
be used subject to approval by the Executive Officer.

Filter Holder

The filter holder shall be constriicted of borosilicate glass, with a Teflon 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.
Whenegver "0" ring seals are used, they shall be of Teflon or Teflon coated
material. Other inert 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. o ' :

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 samipling. All sorbent modules must be maintained in the
vertical position during sampling. '
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418

41.9

4110 .

4.1.11

4.1.12

" Impinger Train

Connect three or more impingers in saries with ground glass fittings able to

.. form leak-free, vacuum tight seals without sealant greases. Whenever "O”

ring seals are used, they shail be of Teflon or Teflon coated material. All '

. _impingers shail be of the Greenburg-Smith design modified by replacing the -

tip with a 1.3 cm (1/2 in.) 1.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

(NaHCO3) and 2.4 mM sodium carbonate Na,CO3) (Section 4.2.5). This is

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 10 hold 200
- to 300 gm of silica gel. : - -

Pitot Tube

- Type S, as described in Section 2.1 of ARB Method 2 or other devi_cés

approved by the Executive Officer. The pitot tube shall be attached to the
probe extension to allow constant monitoring of the stack gas velocity as
required by Section 2.1.3 of ARB Method 5. When the pitot tube occurs
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 S pitot tubes having external tubing diameters
between 0.48 and 0.95 cm {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 10 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 requirements stated in Section 2.1.8 of ARB Method 5. '
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4.1.13

4.1.14

4.1.15

" 4.1.16

4.2

4.2.1

4.2.1.1

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) shalil
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) elevation increase or vice versa for
elevation decrease. :

Gas Density Detérmination 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.

Filter Heating System

The heating system must be capable of maintaining a tempefature around the
filter holder during sampling 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 ¢an be regulated and
monitored during sampling.

Balance

To weigh the impingers and silica gel cartridge to within 0.5 g.

SAMPLING MATERIALS AND REAGENTS

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 0.2 micron dioctyl phthalate smoke particles.
The filter efficiency test shall be conducted in accordance with ASTM
standard Method D 2986-71 (Reapproved 1978). Test data from the
supplier's quality control program are sufficient for this purpose. Record the
manufacturer's lot number.

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 ng 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.
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The fiiters shall be cleaned in batches not t0 exceed 5O filters. To clean
the filters, shake for one hour in methyiene chloride 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). :

Blank value _ Total mass (ng) of analyte - 429-8

per_filte_r_ ~ 7 No. filters extracted

The _acceptance'criteria for filter cleanliness 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. ' :

tf 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 ievel is
achieved. Store the remainder tightly wrapped in clean hexane-rinsed

~ aluminum foil as described in Section 4.3.3.

Record the date of the last cleaning of the filters and the date of th'ei
PAH analysis, and prepare a laboratory report of the .analytical results
that includes all of the information required by Section 10.2.

The tester shall obtain this laboratory report with the date of cleaning 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-2 Resin

The XAD-2 resin must be purchased precteaned and then cleaned again as
_ described below before use in the sampling train. '

4.2.2.1

‘March 31, 1997

Cleaning XAD-2 Resin

This procedure must be carried out ina E;% Soxhlet extractor which
will hold enough XAD-2 for several sorbent traps, method blanks and Qc
samples. Use an all glass thimble containing an extra coarse frit for
extraction of the XAD-2. The fritis 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 floating on the methylene
chloride.

Clean the resin by two seqﬁential 24 hour Soxhlet extractions with
methylene chloride. Replace with fresh methylene chioride after the first
24 hour period. .
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4.2.3

4.2.4

4.2.5

4.2.6

4.2.7

4.2.8

4.3

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.

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 rhethylene 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 bicarbonate (NaHCO3) and 1.0176 g of sodium carbonate
(Na;COg) in reagent water (4.2.4), and dilute to 4 ljters.

Crushed Ice
Place crushed ice in the water bath around the impingers.

| Glass Wool

i
15

‘ ’/.;/;:;;:44/'4;' Baptias ar BSIn in b slaiinge ot 1 e et 11 4 /4/"’

Clean by methylene chloride soxhlet extraction for 16 hours. Air dry in a
clean container in a clean hood. Store in methylene chloride 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 rr_1L 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. :
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4.4.4 Train Operation

No smoking is allowed.
- 4.44.1 Sampiing 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 428-4) to
collect the targat sample mass in the estimated sampling time. [f 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 sheet 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
~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. I ' '

L.evel and zero the manometer. Because' the manometer level and zero may
drift due to vibrations and temperature changes, make periodic checks during
the traverse. o "

" 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 vgarify
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. -

Immediately 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 {Cp) is 0.85+0.02,
and the stack gas equivalent density (dry molecular weight) (My) is equal to
29+4. APTD-0576 (Reference 11.7) details the procedure for using the
nomographs. If C,and M;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 probeA is in posiﬁon, block off the openings around the probe and
porthole to prevent unrepresentative dilutipn of the gas stream.
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4.6

5.1

- 5.1.1

5.1.2

5.1.3

5.14

5.1.5

5.1.6

5.1.7

5.1.8

5.1.9

March 31, 1997

ISOKINETIC CRITERIA -
If 90 percent < | < 110 percent, the isokinstic results are acceptable. If there
is a bias to the resuits 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.

SAMPLE RECOVERY

SAMPLE RECOVERY APPARATUS

. Probe Nozzle Brush

748, Teflon brush with Teflon

Wit bristi ¥ s 35 e Witk ¥l
handle. The brush shall b properly sized and shaped to brush out the probe
nozzle. : .

Wash Bottles
Teflon wash bottles are required; Teflon FEP .
Glass Sample Storage Containers

Precteaned narrow mouth amber glass bottles, 500 mL or 1000 mL. Screw
cap liners shall be Teflon. T o

Filter Storage Containers

. Sealed filter holder or precleaned, wide-mouth amber glass ‘containers with
Teflon-lined screw caps.

Balance

To measurs condensed water to within 0.5 g.
Silica Gel Storage Containers

Air tight metal containers to store silica gel.
Funnlel_ and Rubber Policeman

To aid in transfer of silica gel to container; not necessary if silica gel is
weighed in the field. ‘

Funnel

- ' ‘ ®
To aid in sample recovery. Glass or Teflon must be used.

Ground Glass Caps or Hexane Rinsed Aluminum Foil -
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- 5.3.6

5.3.7

5.3.8

5.4

6.1

Sample Container No. 4 (Impinger contents)

~ 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. '

Sample Container No. 5 (impinger riﬁses)

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. o : -

Weighing Silica Gel

Weigh the spent silica gel to the nearest 0.5 g using a baiance. Record the
weight. Calculate and then record the weight of fiquid collected 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 ANb HANDLING

From the time of collection to extraction, maintain all samples (Sections 5.3.1 10
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 capillary column gas chromatography/mass
spectrometry and skilled in the interpretation of mass spectra. Each analyst
must demonstrate the ability to generate 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 responsible
for maintaining a current file of OSHA regulations regarding the safe handling of
the chemicals specified in this method. A reference file of material safety data

. sheets should also be made available to all parsonnel involved in the
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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 pracision for the initial LCS samples is a relative standard
deviation (RSD) of 30 percent or jess.

Acceptable precision for the ongoing analysis of duplicate samples is a
relative percent difference of 50 percent or less.

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. : . A
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 calculate MDLs for
the remaining targe 4 W S :

t PAH compounds. 2 iy
P 5% The analvst may use any of the five approaches

described in Appendix A{A1.1) to estimate an initial spike level for the MDL

determination. One of the suggested approaches is based on.-a theoretical

method quantitation limit {TMQL) estimated according to Equation 429-186;

b

TMOL = C x % X 100 x 2 429-16

C = the concentration of the PAH in the lowest concentration calibration
standard used in the initial calibration, {(ng/ul)

V = the final extract volume, (ul)
P = the assumed pe'rcent recovery (50%) of the internal standard
2 = a factor 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.
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: EXAMPLE OF PRE-TEST CALCULATIONS FOR PAH EMISSIONS TEST

FIGURE 9

6 hours .

PST =
o , PSV = 180 dscf
POL - STC MSV - MST SRL
(ng/sample) | (ng/dscm) (dscf) {hours} F- {ng/dscm})
Naphthalene 2400 <1500 >56.5 >1.89 NA 471
2-Methylnaphthalene 330 NA NA NA NA 64.7
Acenaphthylene 5.0 180 0.98 0.03i 183 0.98
| Acenaphthene 5.0 6 29.4 - 0.98 8 0.98 -
{ Fluorene’ 83 <6 i>489 >16.3 NA 16.3
Phenanthrene 110 120 32.4 1.08 6 21.6
Anthracene 5.0 <6 >29.4 >0.98 NA 0.98
Fluoranthene 5.0 46 3.8 0.13 47 0.98
Pyrene . 5.0 . 46 - 3.8 0.13 47 0.98
Benzo{a)anthracene 5.0 <6 >29.4 >0.98 NA - 0.98
Chrysene 5.0 42 4.2 0.14 43 0.98
Benzoib)fluoranthene - B0 50 3.5 0.12 51’ 0.98
Benzolk)fluoranthene 5.0 50 3.5 0.12 b1~ - 0.98
Benzole)pyrene 5.0 NA NA NA NA 0.98
Benzo{a}pyrene 5.0 <6 >29.4 >0.98 ‘NA 0.98
Perylene 5.0 - NA NA NA NA 0.98
indeno(1,2,3-c,dipyrene 5.0 <6 >29.4 >0.98 NA 0.98
Dibenzo{a, hianthracene 5.0 <8 >29.4 >0.98 NA 0.98 |
Benzolg.h,ilperylene 5.0 '] >29.4 >0.98 NA 0.98 |-

Average Volumetric Samplhing Rate (VSR) =

0.5 dscfm = 30 dscf/hr.

PQL
STC

MSV -

(MSV = PQL + STC}

MST

Minimum sample time require

(MST = MSV + VSR}

PST

Planned sampling time {

Practical quantitation limit for analyte (bas
Source target concentration for analyte.

- were analyzed by HRGC/LRMS).
Minimum sample volume require

time for the planned emissions test)

PSV
F

o

Planned sample volume {(PSV = PS
Safety factor (> 1) that allows for d

conditions. (F = PSV + MSV)

SRL

Source reporting limit if the target ana

parameters. (SRL = PQL + PSV)

NA

STC is a detection limit.

1 PSV is lower than the MSV. Therefore,
is present at the target concentrations.
concentration is %é

‘March 21, 1997

7%

/&% higher

This calculation is not applicable either be

T x VSR)
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Equation 429-4 .
eviation from ideal sampling and analytical
Equation 429-5
lyte cannot be detected with the planned test
Equation 423-7
cause there is no STC value available or the

ed on pre-test analysis of XAD-2 resin)
(From previous emissions test. Sampies

d to collect detectable levels of target analyte.
Equation 429-1

d to collect detectable levels of target analyte at VSR.
Equation 429-2

6 hours chosen as the longest practical sampling

the analyte is not expected to be detected if it
It will only be detected if the actual
than the indicated SRL.
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This document mcludes text of Method 431, as proposed in the Staff Report released
August 9, 1996. Additional proposed modifications are indicated as follows:
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Ethylene oxide - ' _ METHOD: 431

'REAGENTS: .' . EQUIPMENT:

1. Ethylene oxide in compressed gas 1. Gas chromatograph, flame io'nizatidn o
cylinders at levels bracketing the detector, integrator, and columns.

sample concentrations. Sterilant
diluent gas may be included in the gas
mixtures at levels expected in the
emission matrix.

2. Hefium, 99.899%, and FID grade 2. Sample loops .50, 1.0, and 2.0 cc.
hydrogen 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 -

L . performed in a well ventilated fume hood.  For specific regulatory
requirements refer to the California Labor Code, Part 10, Section .
9020; Titie 8, California Code of Regulations, Section 5220. '

CALIBRATION AND QUALITY CONTROL:

Refer to Appendix E for multipoint and daily calibration and quality control probedures. Refer to -
Appendix E for calibration procedures specific to the direct-interface gas chromatography.

LIST OF APPENDICES:

Appendix A: Testing Procedures for Sterilizers with Catalytic Oxidation or Hydrolytic
Scrubber Type Control Units

Appendix B: Procedures for Estimating Mass of EtO atl the Control Unit inlet

Appendix c: Testing Procedures for Aeration Chambers

Appendix‘ D: Doé:urﬁentation of the Probe Position at the Inlet of Cafa!ytic Oxidation Units
Appendix E: Calibration and Quality Control Proéedures .

Appendix F: - Calculations

Appendix G: Reporting Requirements

Appendix H: Method Limitations

Appendix I: | Tedlar Bag Sampling and Quality Control Procedures

Appendix J: Definitions o
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APPENDIX A
TESTING PROCEDURES FOR STERILIZERS WITH
CATALYTIC OXIDATION OR HYDROLYTIC SCRUBBER
TYPE CONTROL UNITS

" The following procedures shall be used to determine the efficiency of catalytic oxidation and
hydrolytic scrubber types of control devices used in controlling emissions from an ethylene
oxide sterilizer. The foliowing aspects of the ethylene oxide compliance test are discussed

 below in this Appendix: '

-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
~ Ethylene Oxide Airborne Toxic Control Measure for Sterilizers and Aerators (17 CCR, Section
'93108). As described below, stack gas moisture and volumetric flow rate determination
may not 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 Moisture

iite sure

Protocol reviewer the moisture content o t"he exhauét’gas may be measured using ARB
Method 4 during the evacuation and wash stages of at least one cycle (out of the three).

Stack Gas Flow Rate

If volumetric flow measurements are required, measure the volumetric flow rate of the
contro! device exhaust continuously 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 flow rate measurements for hydrolytic
scrubber and catalytic oxidation type control devices.

. ARB Method 2A is required for measuring flow rates

from hydrolytic scrubber type control units. It may be necessary to have muitiple meters
available in order to cover the expected range of flow rates. To calculate the molecular
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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 balance of the control unit emission gas is
sterilant balance gas (if any) plus the #§ ¢ moisture content. If there is any dilution of
the sterilant gas though, the diluent gas concentration will have to be reasured along with
the concentration of EtQ 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 zera. 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 flow rate in units of standard cubic feet per minute for the run as outlined in’
the test methods listed in this paragraph. '

Qalﬁllﬂn.axﬂanmp_e_mnmuus Volumetric flow measurements may not be necessary

for compliance testing of catalytic oxidation control units. In those systems that meet the
following criteria the destruction efficiency calculation can be based solely on 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 throughout 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 procedures 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-installed 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 coimplete
velocity traverse of the exhaust duct will be conducted in a manner consistent 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 sampling and analysis of
EtO emission. 4. Velocity pressure measurements will be made concurrently with each
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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 contro! 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.

- The Tedlar bag sampling 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, Iniet Estimation, is used then the entire 1st gvacuation 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. ‘

the inlet and outlet monitoring will be

If Option 2, Inlet Measurement, is perfo

| d th
_ conducted simultaneously. : s

i#8% Sampling will
be initiated for the first evacuation when the pressure in the sterilizer is re eas’led.

ARB staff recommends that one of the fest 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 Tedlar 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.

is: 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
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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 Et0 before the control unit. These estimation procedures
shall be performed using an-empty sterilization chamber. A short exposure stage, e.g.,
manually aborted, shouid be used to minimize leak and chamber losses. "For those
sterilization systems where sterilant gas is also added as "make-up” during the éxposure
stage, the cycle shall be aborted and the chamber exhausted before such "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 cartridge 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 calculation. Or, '

2) Weighing the ethylene oxide gas cylinder(s) used to charge the sterilizer before and after
charging. Record these weights to the nearest 0.1 Ib. Muitiply the tatal mass of gas
charged by the weight percent ethylene oxide present in the gas. Or, C

3) Calculating the mass based on the conditions of the chamber immediately after it has
been charged and using the following equation. A calibrated differential pressure gauge
shall be used to monitor the chamber pressure.

W, = MWxMxPxV

RxT
where:
A = weight of gthylen’e oxide charged to the. chamber, in poun._ds (grams)
Mw = Molecular weight of ethylene oxide, 44.05 ib/mol {gr/gr-mole}
M = mole fraction of ethylene oxide
P = chamber pressure, psi'a {atm)
\% = chamber volume, ft*(L) .
R | = gas constant, 10.73 (psia*ft)*/(mol*R) {{.08205 L*atm)/(g-mole *K))
T = temperature, R (K) |
S = standard conditions are 68°F (°R or °K) and 1 atm.
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APPENDIX C

TEQTING 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 placing a normal load ‘of previously-sterilized equipment into
the aeration room. The exposure stage §ht £ cannqt be shortened or aborted. - -

The measurement procedures in Appendix A shall be used to determine the volumetric flow
rate and EtO concentration at the inlet and outlet of the control device. (The inlet
estimation technique cannot be used.) : - -

If using the direct GC. samplin'g and analysis procedure, sample and analyze a'_s[ipstream of
the outiet concentration of EtO once every 3 minutes continuously for 1-hour. :

The emissions test shall be conducted in the hour immediately foliowing the ioading 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 shall be documented and reported with
the final test results. ‘ : |

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). Procedurés
for insuring the correct probe position are listed in Appendix D. "This documentation shall be
reported along with the test final results.
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APPENDIX D

DOCUMENTATION OF INLET PROBE POSITION
FOR CATALYTIC OXIDATION UNITS

For catalytic oxidation control units, if the mass of EtQ 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. Install the sampling probe in the control unit inlet,

2. 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).

3. Calculate the total amount of EtO delivered to the control unit. These
calculations are outlined in Appendix F,
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4.1 Multipoint calibration

4.1.1 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 anaiyses must be documented
and shall include data on intercept, slope, correlation of fit, relative
standard deviations, range of concentrations tested, response factor and
limit of detection calculations. '

4.1.2 Option 1, Least Squares Fit. The least squares analysis of the data should
produce a correiation coefficient of at least 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 reviewed for possible system contamination or other

problems.

-4.1.3 Standard deviationﬁs‘fggf__tbg_ﬁ_c_ngLmes_LaLea_cﬂ.uDIﬂ are calculated at
. each level of the multipoint and must be [-45

- 4.1.4 Option 2, Response Factor. For each calibration target compound,

- * calculate the pooled mean response factor (RF) from the set of four
multipoint levels. Calculate the standard deviation and the percent relative
standard deviation. The laboratory 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 factor is listed below.

proolad= (RF1,+ RF1h+ RF1°+ RF2.+ ...... RF4b+ RF4°) l 12

where 1a through 4c represent the individual response factors calculated '
from the 12 multipoint runs. A

4.1.5 Analytical Limits of' Detection (LOD) must be calculated. The LOD for
each method must be calculated by the following equation:

LOD =|A| + 3S
where

A is the least squares x-intercept, in units of ppmV, calculated from the
multipoint data {section 4.1.1).
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S is the standard deviation of replicate determinations of the lowest
standards, j ipoij

E" ‘ g .
S = {Y-bl/m

hzlhﬂ-lﬁaﬂ_sagams_Y_imm
- Im = the least squares slope

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:

S =RSDx 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 = 3.3xLOD
No analysis results will be reported below the LOQ.

5. ROUTINE CALIBRATION PROCEDURE

Routine users of the method;; i1 will use one of the following options for
calibrations and result calculations. Compound concentrations used in the 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.

5.1 Option 1, Least Squarés Fit

A least squares fit, i.e. as determined with the initial multipoint calibration, must be
used for sample quantitative cafculations. A calibration check must be performed
every 8i55¢ ten 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.
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5.2 Optioh 2, Response F_actor

The average response factors, i.e. as determined with the multipoint calibration,
- must be used for sample quantitative calculations. A calibration check must be
" performed every &i§iif ten hours, or every ten sample analyses, whichever is more
frequent. Use the midpoint calibration (see section 4.1) as a check. The measured
REs must be within 10% of the mean values established in the multipoint
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 instrument 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 samples. Either linear regression or mean response factor
calculations can be used. The initial performance evaluation is still required.

6. ROUTINE QU_ALITY CONTROL
6.1 Léboratory Blanks |

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 to contain less than the analytical limit of detection (LOD}
of the analytes of interest. The laboratory blank volume must be equai to the '
sample volumes being processed. Laboratory blanks are analyzed each shift before
the analysis of samples may proceed. A blank is also analyzed after the analysis of
a sample containing components with concentrations greater than the most ‘
concentrated standard used. The laboratory blank results 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 10 measure the precision of an analysis. Ten percent of all
samples, or at least one sample per batch, will be analyzed 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 performance
evaluation. : ' ‘ '

6.3 Calibration Check Sample
The midpoint standard used in multipoint 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
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values established in the multipoint 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 quality, performance evaluation samples may be analyzed
periodically. At the discretion of the Executive Officer, periodic analysis of
performance evaluation 'samples may be required. " If analysis of performaiice
evaluation samples is required by the Executive Officer, the analyses shall 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 analyzed 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 210% 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 available to the Executive
Officer upon request. All performance evaluation samples will be labeled with an
expiration date and may be re-certified by the vendor if they contain sufficient
volume {i.e.. greater then 60% residual).. . : -

6.5 Qualitative Analysis Criteria

The retention time of the target compound must be within 0.06 RRT units of the
_standard RRT. :

6.6 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 limit for the lowest 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. ANALYTICAL REPORTING REQUIREMENTS

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 Complete identification of the samples analyzed (sample numbers and source).
Pertinent information shouid be submitted to the analytical laboratory via a chain of
custody record.

March 31,1997 : Proposed M-431 Page 17



7.2 Date of submittal of the sample, date and time of GC analysis. 'The latter should -
- appear on each chromatogram included with the report.

'7.3 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 field
spike sample analyses, and any other QA or performance evaluation samples
analyzed in conjunction with the actual sample set(s).

7.4 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 § 10-hour period of operation or with each separate set ‘
of samples analyzed. . o . ' : *

7.5 All relevant data used to define the reporting limit will be reported. This will
inciude 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. . : IR

‘8. DIRECT SAMPLING CALiBRATlON AND QUALITY CONTROL PROCEDURES

‘Due to the nature of direct sampling routine calibration procedures are somewhat
different. The sequence of in-field calibration, QC, and sample runs listed below is
recommended when performing on-site analyses. :

1. Run 2 3 point calibration (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 quantitation of the cycle samples as well as
determination of the limit of quantitation.

2. Run a field blank, through the entire sampling train, using zero air (ambiént air
normally can be used for this purpose for ethylene oxide sampling}.

3. Run a field spike, through the entire sampling train, using the calibration standard
closest to the sample concentrations. The spike gas introduced at the transfer line
inlet should be at ambient pressure. :

4. Analyze the field samples.

5. Run standard checks after sample analyses are complete for each cycle test.
Standard check results must be within 10% of the pretest average values.
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APPENDIX G
REPORTING REQUIREMENTS

The following outline of reporting requirements is meant to be used as a general guide for
EtO source test report reviewing purposes. '

Sterilizer: manufacturer and model number, volume of the chamber, the type of sterilant
gas used, the type of materials sterilized, a cycle process diagram, e.g., a piot of chamber
pressure. vs. time including footnotes 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 EtO charged to the chamber then chamber pressure sensor calibration data shall
be included in the report.

Control 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 inlet of
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), resuits 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 results, and all chromatograms (refer to

Requirements”). 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 (sample 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 wili
also be reported for the duplicate analyses, laboratory and field blank analyses, the field
spike sample analyses, and any other QA or performance evaluation samples analyzed 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 term 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 Sampling
Tedlar bag samples must be analyzed within 24 hours of end of the sampling périod.

Tedlar bags with fittings other than:those listed may not be suitabie 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 stabil'ity studies for EtO in dilute-acid hydrolytic
scrubber emissions. ' - .

- The integrated Tedliar 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. : - B

Ethylene oxide may decay if exposed to sunlight. Thus, Tedlar bag samples and standards
should be protected from sunlight exposure.

On-Site GC

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, adeq power be difficult to get at some facilities. M
addition to the equipment required, perrormance f on-site GC requires that an experienced
chemist be involved in the field operations. '
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| I E . ) .

The inlet estimation procedure assumes that there is no loss of EtO to the chamber,
chamber contents, transfer plumbing or pumps and that there are no leaks before the
control unit.

Use of the inlet estimation technique assumes that the composition of the sterilant gas is -
accurately defined and consistent in individual cylinders/cartridges. Thus at the discretion
of the District, a sample from the gas cylinder(s) used during the test &k d may be
analyzed to verify the exact sterilant gas composition for the inlet estimation.

Accurate estimates rely on accurate volume measurements and calibrated pressure gauges.
Thus, manufacturer's chamber volume specifications should always be double checked and
system pressure monitoring devices should be evaluated for accuracy,

Some sterilization systems add sterilant gas as needed to the chamber during the exposure
stage because the chamber pressure may decrease slightly after initial pressurizationi. This
addition 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 should be aborted
after no more than 10 minutes. : '

Since the estimation technique can only be used for empty chamber tests, an exposed
chamber load will not be available 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
cycle with unaborted exposure stage would have to be run to provide the materials to be -
aerated. Furthermore, the inlet EtQ concentrations must be physically measured 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._ '

Acid Scrubber
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 oxid h
matrix should be conducted and results i i j

o 8 included in the test report,

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 units will be approximately 27%
and 100% by volume for systems using 12/88-and 100% EtO sterilant gases, respectively,
Due to the safety concerns associated with the high inlet EtO concentrations, it is
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5.2 - Assemble the sampling train at the sambiing site as shown in Figu.re 1.

5.3 Leak check the sample train. To start the leak check, connect the sample line 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,0 is maintained. Make sure that the probe line is not plugged
and that the ON/OFF valve is open. If a leak 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 reading of 15 inches H,0 is
maintained. If a leak greater than 5% of the sampling flow rate is found, then
th blem must be located and fixed before sampling continues. |
T W

5.4 Break the vacuum on the rigid container. Unplug the end of the probe and place
the end of the probe in the stack away from the walls. Care should be taken to
avoid dilution of the stack gas sample with ambient air by sealing the open port -
area around the probe, especially in stacks with negative static pressure.

- 5.5 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.

5.6 Monitorthe 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 half full. if
condensation occurs, discard sample and resample as per 5.1.1.

5.7 After sample purge is complete, close the ON/OFF valve, turn the pump off,
break the vacuum on the rigid container and close the mininert valve on the bag.

5.8 Attach a label to each Tedlar bag sample (and impinger if used) containing the
: foliowing information: » ’

Job #

Date

Time ,

Sample/Run #

Piant Name

Sample Location

Log #

Initials of Sampler Operator
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APPENDIX K

JOSLYN RECOVERY TYPE CONTROL UNITS

it seints f 10 evision from

1 Becovery compressor “burps” which are routed to an acid scrubber. These burps are

March 31,1997

0 e _In - Mation Nialle g DO 1N Appendix B, to

Ihﬁ_mais_giEtO delivered to the mlet of the recoveryf/control system.

Rlausible case calculations) of mass of EtQ emitted from the acid scrubber.
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State of Callfornia '
Cahforma Environmental Protection Agency
~Air Resourcas Board :

Propos'ed"
Method 436

' Determination of Multiple Metal_s B
Emissions from Stationary Sources

Adopted:

It is proposed that the content of ARB Method 436, Determination of Multiple Metals
Emissions from Stationary Sources, be adopted as shown in the following text.

Proposed deletions are noted by W proposed additions are noted by underling.



2.1

2.2

2.3

The reporting limit (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 Iaporator operation within _

isi i i i The YL il b ralc 60

=

RANGE, PRECISION, METHOD DETECTION LIMIT, REPORTING LIMIT AND

INTERFERENCES

ANALYTICAL RANGE

For the analyses described in this methodology and for similar analyse's. the ICPAES

response is linear over several orders of magnitude. Samples containing metal
concentrations in the nanograms per milliliter (ng/ml) to micrograms per milliliter
(ug/ml) range in the final analytical solution can be analyzed using this technique.
Samples containing greater than approximately 50 ug/ml of chromium, lead, or
arsenic should be diluted to that level or lower for final analysis. Sampies -
containing greater than approximately 20 pg/mi of cadmium should be diluted to
that ievel before analysis. . -

METHOD PRECISION

" The precision (relative standard deviation) for each metal detected in an EPA

method development test at a sewage sludge incinerator, are as foliows: Sb -
(12.7%), As (13.5%}, Ba {20.6%), Cd {11.5%), Cr (11.2%), Cu (1 1.5%), Pb
(11.6%), 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. Beryilium,
manganese and silver were not detected in the tests; however, based on the
analytical sensitivity of the ICP for these metals, it is assumed that their precisions
should be similar to those for the other metals, when detected at similar levels.

METHOD DETECTION LIMIT (MDL)

Method detection limits for the target metals using the various analytical techniques .
referenced in this method are 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 is reduced from 300 ml to 30 mi, 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. :

ICPAES method W 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/mi), Be (0.3 ng/ml), Cd (4 ng/ml}), Cr (7 ng/mi), Co (7 ng/ml), Cu {6 ng/mi),
Pb (42 ng/ml), Mn (2 ng/ml), Ni (15 ng/mil), P (75 ng/ml), Se (75 ng/ml), Ag (7
ng/ml), Tl {40 ng/ml), and Zn (2 ng/ml). ICPMS =¢ i-al detection limits

\ e
shown in Table 1 are estimated MDL's and generally #;"” A
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2.4

2.5

2.5.1

 are lower ZEHAZYL by a factor of ten or more. Y s

. The actual sample method % # detection limits are sample dependent
and may vary due to the sample matrix..

The analytical detection limits for analysis by direct aspiration AAS (based on Sw-
846, Method 7000 series) are approximately as follows: Sb (200 ng/mi), As (2
ng/ml), Ba (100 ng/m!), Be {5 ng/ml), Cd (5 ng/ml), Cr (50 ng/ml), Co (50 ng/mi),
Cu {20 ng/ml), Pb {100 ng/mi), Mn (10 ng/mi), Ni (40 ng/ml), Se (2 ng/ml), Ag (10
ng/mi}, TI (100 ng/mi), and Zn {5 ng/mi). =~ ' -

The detection limit for Hg by CVAAS {on the resultént volume of the digestion of
the aliquots taken for Hg analyses) can be approximately 0.02 to 0.2 ng/mi,
depending upon the type of CVAAS analytical instrument used. :

The use of GFAAS can enhance the detection limits compared to direct aépiration
AAS as follows: Sbh (3 ng/ml), As (1 ng/ml), Be {0.2 ng/ml), Cd (0.1 ng/mi), Cr {1
ng/ml), Co (1 ng/ml), Pb (1 ng/mi), Se (2 ng/ml}, and Ti (1 ng/mi).

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 blank analytical results yield unacceptable RLs, then the field reagent blanks
may be analyzed to calculate RLs.

The RL is a required parameter for pre-tast 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 Tabie 1 or 5 times the MDL estimated by the laboratory performing
sample analysis. : ' _

5 times the M ) is greater, determined for the

field blank sample train. If the field blank detection levels yield unacceptable

RLs, then the RLs may be established by analysis of the field reagent blank
samples. - : '

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
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" by a factor of three. The actual sample analytical detection limits are sample

dependent and may vary due to the sample matrix.

The analytical detection limits for analysis by direct aspiration AAS (based on SW- '

' 846, Method 7000 series) are approximately as follows: Sb (200 ng/ml), As (2
“ng/mi), Ba (100 ng/ml), Be (5 ng/mi}, Cd (5 ng/ml), Cr (50 ng/m!), Co (50 ng/mi),

Cu (20 ng/ml), Pb {100 ng/mi), Mn (10 ng/ml), Ni {40 ng/ml), Se (2 ng/mi), Ag (10"
ng/ml), Tt (100 ng/mi), and Zn (5 ng/mi). ' _ -

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 t0 0.2 ng/ml,
~ depending upon the type of CVAAS analytical instrument used.

24

'T_hé_- use of GFAAS can enhance the detection limits compared to direct aspiration
 AAS as follows: Sb (3 ng/ml), As {1 ng/ml), Be (0.2 ng/ml), Cd (0.1 ng/mi), Cr (1.
~ ng/ml), Co (1 ng/ml), Pb {1 ng/ml), Se (2 ng/ml), and Tl {1 ng/ml). o

REPORTING LIMIT (RL}

_ The tester shall calculate the reporting limits (RLs) for the target metals. This value

2.5

2.5.1

wili be 5 times the MDL determined for the pre-test blank contamination checks or
5 times the field biank sampie resuits if no pre-test analyses are performed. If the
field blank analytical results yield unacceptable RLs, then the field reagent blanks .
may be analyzed to calculate RLs. o

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. - a

Note:

If reagent blanks are not analyzed grior to testing, the Ris are calculated as
5 times the MDL or detection level, whichever is greater, determined for the

field blank sample train._If the field blank detection levels vield unacceptable
RLs. then the RLs mav be established by analysis of the field reaaent blank

samples.

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
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4.1.7

4.1.8

first impinger is used as a water knockout, it shall be of the Greenburg-Smith

design modified to have sither a short or long stem, appropriately sized for the
pxpec;edquisture catch and installed empty. The second impinger % 1

] . 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
and contain 100 ml of 5% HNO3/10% H,0, solution (Section 4.3.1). The third
impinger (or the impinger used as the second HNO3/H,0, impinger} shall be of
the Greenburg-Smith design with the standard tip as described for the second
impinger in ARB Method 5, Paragraph 2.1.7 and contain 100 m! of 5%
HNO,/10% H,0,_solution (Section 4.3.1). -

The fourth impinger shall be installed empty and shall be of the Greenburg-Smith
design miodified to have a short stem. The function of the fourth impinger is to
prevent commingling of the solution 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 each
contain 100 mi # m of acidic potassium permanganate (4%
KMn0,/10% H,S0,) solution (Section 4.3.3). A thermometer capable of
measuring to within 19C (29F) 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 impingers and the empty impinger preceding them are
removed. . . : ' '

In summary, the optional first impinger is empty, the second and third shall each
contain 100 ml kaawn 4 7 aes of a nitric acid/hydrogen: peroxide solution

(5% HNO3/10% H»0,, Section 4.3.1), the fourth shall be empty, the fifth and
sixth shall gach contain 100 ml % 2 of acidic potassium
permanganate solution {4% KMnQ,/10% H,S0,, Section 4.3.3). A .
thermometer. capable of measuring to within 1°C {29F) shall be placed at the
outlet of the last 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 remioved. :

Silica Gel Cartridge

A silica gel cartridge or impinger shall be piéced at the exit of the sixth (last)

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 8, 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
constant monitoring of the stack gas velocity as required by Section 2.1.3 of
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4.2.2 -

423

4.2.4

4.2.5

4.2.6

4.2.7

4.2.8

4.3

4.3.1

SAMPLING REAGENT PREPARATION

' Filters shall contain less th-én 1.3 ,ur.g/in2 of each of the métals_ to be measured.

Analytical results provided by filter manufacturers are acceptable. However, if

_no such results are available, fiiter blanks should be analyzed for each target

metal prior to emission testing. Quartz fiber or glass fiber filters without organic

" pinders such as the Pallflex 2500QAT-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 99.85 percent efficiency (< 0.05 percent '

~ penetration) on 0.3 micron dioctyl phthalate smoke particles.

Water

Deionized, distilled. Water conforming to ASTM Specification D1193-77, Type
Il (incorporated by reference) is recommended. ' If necessary, analyze hé%
Giidid iy iy W for all target metals prior to field use (see
Sections 7.1 through 7.3). All target metal concentrations shall be less than 1

-ng/ml,

Nitric Acid -

" ‘Concentrated. Baker instr_-é-an_a_lyz‘ed-or_equi_vaient.;_ '

Hydrochloric Acid - -

Conc.e.ntr'ated. ‘Baker instra-analyzed or eduivalent, '
Hydrogen Peroxide

Thirty Percent (V/V).

Potassium Permanganate

" Sulfuric Acid

Concentrated.
Silica Gel and Crushed lce
Same as ARB Method 5, Sections 3.1.2 and 3.1.4 respectively.

»

Nitric Acid {HNO;)/Hydrogen Peroxide (H,0,} Absorbing Solution, 5 Percent
HNQ,/10 Percent Hy0,

Add carefully with stirring 50 ml of concentrated HNO3 to a 1000-ml! volumetric
flask or graduated cylinder containing approximately 500 mi of water, and then
add 333 ml of 30 percent H,0,. Dilute to volume with water. Mix well. The
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4.5.31
4.5.32
4,5.33

4.5.34

4.5.35

Tl Standard (AAS Grade), 1000 ug/ml

- V Standard (AAS Grade), 1000 ug/m!

Zn Standard (AAS Grade), 1000 ug/ml
Mercury Standards and Quality Control Samples

Prepare fresh weekly a 10 #g/mL intermediate mercury standard by adding 5 mL
of 1000 ug/mL mercury stock solution {(see EPA SW-846 Method 7470A,
Section 5.9 for preparation} to a 500 mL volumetric flask; dilute to 500 mL by -
first adding 20 mL of 15 percent HNO3 and then adding water to the 500 mi
volume. Prepare a 200 ng/mL working mercury standard solution fresh daily:
add 5 mL of the 10 ug/mL intermediate standard to a 250 ml. volumetric flask
and dilute to 250 mL with 5 mL of 5 % percent (wiv} KMnO, (Section 4.5.9) , 5
mL of 15 percent HNO5, and then water.

Use at least five separate aliquots of the working mercury 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, 600, 800, and 1000 ng Hg,
respectively. Prepare quality control samples by making a separate 10 ug/ml
standard and diluting until in the calibration range. ' -

ICP Standards and Quality Control Samples

Calibration standards for ICP analysis can be combined into four differant mixed
standard solutions as follows:

| MIXED STANDARD SOLUTIONS FOR ICP ANALYSIS -
_—

, Solution Elements

I | | As, Be, Cd, Mn, Pb, Se, zn I

] ' Ba, Co, Cu, Fe,

m Al, Cr, Ni

v ' " |Ag, P, Sb, TI

Prepare these standards by combining and diluting the appropriate volumes of
the 1000 xg/mL solutiohs with § 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 pg/mL for Al, Crand Pb, 15 ug/mL for Fe, and 10 ug/imL for the
remaining elements. Standards containing less than 1 ug/mL of metal should be
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4.5.36

prepared daily. Standards containing greafef than 1 pg/mL of metal are typically
stable for a minimum of 1 to 2 weeks. For ICPMS, follow Method 6020 in SW-
846. . o

PP

Graphite Furnace AAS Standards for Antimony, Arsenic, Cadmium, Cobalt,
Lead, Selenium, and Thallium -

| Prepare a 10 pg/mL standard by adding 1 mL of 1000 pg/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

~toa 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/mi. Prepare quality control samples by

-making a separate 10 yg/mbL standard and diluting until it is in the range of the

samples. Standards containing less than 1 pg/mL of metal should be prepared

" daily. Standards containing greater than 1 pg/mL of metal are typically stable

. 4.5.37

4.5.37.1

4.5.37.2

4.5.37.3

 4.5.38

for a minimum of 1 to 2 weeks.

‘Matrix Modifiers

Nickel Nitrate, 1 Percent {VIlV)

Dissolve 4.956 g of Ni(NO4), * 6H,0 in approximately 50 mL of water ina
100 mL volumetric flask. Dilute to 100 mL with water. :

Nickel Nitrate, One tenth (0.1) Percent {V/V)
Dilute 10 mL of 1 percent nickel nitrate solution (Section'4.5.37.n 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;03in 10 mL of concentrated HNO3 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 equivalent)

For filtration of digested sampies.
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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.
4.7.5 Ring Stands and Clamps |
Forlsec'uring equipment such as filtration épparatus.
4.7.6 Filter Funnels
For holding filter paper.
4.7.7 Whatman 541 Filter Paper (or equi\;alent)
For filtration of digeésted samples-;
4.7.8 Disposable Pasteur Pipets and Bul.b's
4.7.9 Volumetric Pipet§ J
4.7.10  Analytical Balance
Aécurate to within 0.1 mg.
- 4.7.11  Microwave or Conventional Oven
For heating samples at fixed"power levels or temperatures.
4.7.12 . Hot Plates | |
4.7.13  Atomic Absorption Spectrometer (AAS)
Equippéd with a backgr~ound.corrector.
4.7.13.1 Graphite Furnace Attachment
| With antimony, érseﬁic, cadmium, lead, selenium, thallium, and hollow
cathode lamps (HCLs) or electrodeless discharge lamps (EDLs). Same as
‘EPA SW846, Methods 7041 {antimony), 7060 (arsenic), 7131 (cadmium),
7421 (lead), 7740 (selenium), and 7841 (thallium). Pyrolytically-treated

graphite platforms and tubes are recommended.

4.7.13.2 Cold Vapor Mercury Attachment
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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 oc such that no condensation forms on
the wall of the quartz cell. Same as EPA SW846, Method 7470. See Note
No. 2: Section 7.3 for other acceptable approaches for analysis of Hg in
Which analytical detection limits of 0.02 ug Hg/ml were obtained.

4.7.14 Inductively Coupled Plasma Spectrometer

With either a direct or sequential reader and an alumina torch. Same as EPA
Method 6010.

5 SAMPLE COLLECTION AND RECOVERY PROCEDURES o =

The complexity of this method is such that, to obtain reliable results, tester and
analyst must be trained and experienced with the test procedures, including source
sampling; reagent preparation and handiing; sample handling; safety equipment;
analytical calculations; reporting and the specific procedural descriptions throughout’
‘this method. ' ' :

5.1 SAMPLING
5.1.1 | 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). : .

5.1.2 Sample Train and Sa'mgl_e Recovery Apparatus Preparation’

Follow the same general procedure given in ARB Method &, Section 4.1.1,

" except that the filter need not be desiccated or weighed. First rinse all sampling
train glassware (including filter support), funnels, flasks, beakers and.sample

rage containers (if previously used) 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 assembiled for
sampling. '

5.1.3 Preliminary Determinations

Same as ARB Method 5, Section 4.1.2.

5.1.4 Saniple Train Assembly_
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5.1.6

5.1.7.

5.1.8

5.1.9

5.2

Teflon tape or seals or other non-contaminating miaterial should be used if
necessary to ensure leak-free sampling train connections. The use of
. silicone grease is prohibited.

: Leék-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 Section 4.1.4.3 (Post-Test Leak-Checks). -

Sampling Train Operation

Follow the procedures given in ARB Method 5, Section 4.1.5. For each run,
record the data required on a data sheet such as the one shown in Figure 5-2 of
ARB Method 5.

Note: When sampling for Hg, the tester must take steps to maintain the desired
color of the acidified permanganate solution in the last impinger, such as
described in Section 7.1.1 of ARB Method 10TA. Alternatively, the tester may
replace the last impinger, as necessary, with an impinger containing 100 ml of
fresh acidified permanganate solution to prevent discoloration. If additional
Permanganate solution is used during a sample run, it must be combined with
the original permanganate solution during sample recovery.

Field Blank Train

There shallf be at least one field blank train for each series. of three tests

or fewer. For sources at which emissions are sampled at more than one
mpling | ion, there shall be at least one blank train as. embled at

each location for each set of three tests or fewer.

o

ST O

configure the blank train in a manner identical to the actual sampling trains. The
field blank train shall be taken through all of the steps from preparation-through
leak check without actual sampling. Upon completion of the leak check, the

entrance ;nd exit of the blank train shail be sealed with non-contaminatin
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Recover the field b‘lank-train in the same manner as described for stack samples

in Section 5.2. Foliow all subsequent sections for digestion. analysis and_data

reporting.

Calculation of Percent Isokinetic

Same as ARB Method 5, Section 4.1.6.

SAMPLE RECOVERY
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5.2.4

- 5.2.5

~ content of the sampled flue gas. Clyuantitativel

Container No. 4 {Impinger 4 - Middie 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

voiume to within 0.5 ml.- This information is required to calculate the moisture

rinse the impinger with a
measured volume of 0.1 N HNO3. Begon, it ~ Add the -

rinse and impinger catch to a tared, labe ed Container No. 4. Determine the pH
of this sample. 1f the pH is greater than 2. acidify the sample with a measured
volume of concentrated nitric acid to pH 2 or less. ' |

 Record the total rinse volume and_concentrated nitric acid used for pH

adiustment {when applicabie). Seal the container and mark the fluid
level. Record the final weight of the container or record the final volume

. of its contents.

" Containerd No¥. SK/A4 5k (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 both %'permanganate impingers (fifth and
sixth) or measure the volume to within 0.5 mi. This information is required to
calculate the moisture content of the sampled flue gas. '

Combine %the contents of impingers 5 and 6 into a labeled glass storage - '
bottle identified as container 5%. ‘Using measured volumes of fresh KMnO,,
rinse impingers 5 and 6 and their % | connecting glassware a minimum of
three times and pour the rinsés into container 5%. Similarly, usin ‘measured .o
volumes W of water, rinse impingers 5 and € and their i conngcting
glassware a minimum of three times and pour the rinses into container 5%,
carefully assuring transfer of any loose precipitated material. Record all rinse
volumes and the final weight or final volume of container No. Sg 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 bottie and clearly label the contents. '
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Note: Due to the potential reaction of the potassium permanganate with the
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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 drilled in the container cap
and Teflon liner has been found to allow adequate venting without loss of
sample, : :

Do NOT rinse with 8 N HC! if no visible deposits remain after rinsing with the
fresh KMnO,,. '

5.2.6 - Container No. 6 {HCI Rinse)

Examine impingers 5 and 6 for sample residue. If residue is observed, rinse
these impingers with 25 mL of 8 N HCI. First, place 200 m! 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 MCI contacts all inside surfaces.
Use a total of only 25 mi of 8 N HCI for rinsing both permanganate impingers
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
HCl rinse carefully into the container. Mark the height of the fluid level on the
outside of the container to determine if leaakage occurs during transport.
Properly seal and label container No. 6, : ‘ :

5.2.7 Container No. 7 (Silica Gel)

“Observe the color of the indicating silica gel to determine whethér 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 silica 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 1o 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 calculdtions.

5.2.8 Container No. 8 (0.1 N Nitric Acid Field Reagent Blank)

At least once during each field test, place 100 mL. of the 0.1 N nitric acid
solution used in the sample recovery process into a labeled container for use as
a field reagent blank. Seal the container and make the appropriate entries in the
reagent blank field data sheet shown in Figure 6. :

5.2.9 Container No. 9 (5% Nitric Acid/10% Hydrogen Peroxide Field Reagent Blank)
At least once during each field test, place 200 mL of 5% nitric acid/10%
hydrogen peroxide solution 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 blank field data sheet shown in Figure 6.
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5.2.10

5.2.11

‘Container No. 10 {Acidified Potassium Permanganate Field Reagent Blank}

At least once during eaCh fieid test place 100 mL of the acidified potassitm
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 described in Section 5.2.4, to reiieve
excess pressure. :

_Container No. 11 (8 N HCI Field Reagent Blank) =

' Collect only if HCI rinse described in 'Secti'on 5.2.6 was conducted. Atleast

5.2.12

once during each field test, place carefully and with stirring, 25 mL of the 8 N .
hydrochloric acid used to rinse the acidified potassium permanganate impingers

" into 200 mL water in a labeled container for use in the back half field 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 6. -
Store and transport on wet ice together with the sample filters. This will be
used as the field reagent blank. ‘ ; '

5.3 SAMPLE STORAGE

5.3.1

5.3.2-

Filters

" All filters shall be stored in their labelled petri dish away from possible

contamination sources. Source filters should be separated from field and -
reagent blank filters to prevent cross contamination.

Liquid Samples

All liguid samples shall be stored in their respective labelied 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, samples due to their volatile
nature.

6 ANALYTICAL PREPARATION

6.1 FIELD SAMPLES AND REAGENT BLANKS
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6.1.1

6.1.2

Note the level of the liquid in each of the containers and determine if any sample
was lost during shipment. If leakage has occurred, sither 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 ParrP Bombs. Add 6 mL of concentrated
nitric acid and 4 mL of concentrated hydrofluoric acid to each vessel.- For
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 should comprise approximately 24 to 30
minutes at 600 watts). For conventionai 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. Sufficient heating is
evidenced by sorbent reflux within the vassel.

2. If the sampling train uses an optional cycione, the cyclone eatch should be
prepared and digested using the same procedures described for the filters and
combined with the digested filter samples.

Container No. 2 {Probe Rinse)
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Rinse the sample into a beaker with water-and cover the

beaker with a ribbed watchglass. Reduce the sample volume to approximately
20 mL by heating on a hot plate at a temperature just below boiling.
Alternatively, the sample volumes may be reduced by heating the original
sample containers covered by a ribbed watchglass on a hot plate. Digest the
sample in microwave vessels or Parrf Bombs by carefully adding 6 mL of
concentrated nitric acid and 4 mL of concentrated hydrofluoric 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 sample is referred
to as Fraction 1. Filter 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
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- 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. ' '

6.1.3 Container No. 3 {impingers 1-3)
Measure and record the total volume of this sample (Fraction 2) to within 0.5
ml. Remove an aliguot equal in volume to Analytical Fraction 1B for mercury
anyalysis and label as VFraction 28. Label the remaining portion of Container No.
3 as Fraction 2A. Uonbing grvsuicsl ¢ cHetinre i anog e 0 Draat -

b
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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 ata
temperature just below boiling. Alternatively, the sample volumes may be -
“reduced by heating the original sample containers covered by a ribbed .

watchgiass on a hot piate. Then follow either of the digestion procedures .

described in Sections 6.1.3.1 and 6.1.3.2 below. o

Fraction 2A is combined with Fraction 1A to form Analytical Fraction Aand
analyzed using ICP or AAS for ali metals except Hg. Fraction 2B-is combined
with Fraction 1B to form Analytical Fraction B and analyzed using CVAAS to
determine front half mercury.

6.1.3.1 Conventional Digestion Proceduré

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.

6.1.3.2 Microwave Digestion Procedure

Add 10 mL of 50 percent nitric acid and heat for 6 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.
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Note: All microwave heating times given are approximate and are dependsnt
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 solvent reflux
within the vessel. -

6.1.4 Container No. 4 {Impinger 4)

Measure and record the volume of impinger 4 to within 0.5 mi and place in
Container No. 4. Label tpe contents of container No. 4 as Analytical Fraction C
ﬁ. Analytical Fraction C g will be separately analyzed for Hg using CVAAS.

6.1.5 Contaiher Nos. 5% and 6 % (Impingers 5, 6 and HCI Rinse, If Necessary)

o . . .

e

N

kil o
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To remove any brown MnQ, precipitate from the contents of Container No. 55
filter its contents through Whatman 40 filter paper into-.a 500 ml 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. 5% to be
Analytical Fraction D . Analyze Analytical Fraction D Z for Hg within 48 hours
-of the fiitration step. : '

Place the saved filter, which was used to remove the brown MnQ, precipitate,
into an appropriately 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 ml of
8 N HCI to the filter and allow to digest for a minimum of 24 hours at room
temperature.

Filter the contents of Container No. 8 %% through a Whatman 40 filter into a
500-ml voiumetric flask. Then filter the result of the digestion of the brown
MnO, from Container No. 5% through a Whatman 40 filter into-the same
500-ml voiumetric 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 E % Analyze Analytical Fractions C,DandE
according to the procedures in Section 7.3. .
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6.1.6% Container No. 7 (Silica Gel)
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Weigh the spent silica gel (or silica gel plus impinger o‘r cartridge) to the nearest
0.5 g using a balance (thi_s step may be conducted in the field).

611% Field Réageﬁt 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 Officer. These field reagent '
blanks shall be processed, digested, and analyzed as shown in Figure 4 and
described as follows. Digest and process Container No. 12 contents per Section
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 aliquots 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 five % individual samples are generated for
analysis. Three to four of these samples are specific to mercury, the remaining
sample is specific to all other target metals. A schematic identifying each sample
and the prescribed sample preparation and analysis scheme is shown in Figure 3.

Eractions 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 Section 7.3. Fraction C consists of the impinger contents and rinses

from impinger 4 {middie knockout impinger}. Fraction D¢ consists of the impin ar -

i G ina . Bracticri by oo tts 0
mercury as described in Section 7.3. ,

samples are analyzed for

Depending on the test, there may be a separate sample from W%/,W
44414 an HCI rinse of impingers 5 and 6 combined with the digested MnO,
precipatate from Fraction D. This % sample% should be analyzed for mercury
and included in the total back half mercury catch. The total back half mercury
catch is determined from the sum of Fraction C, Fraction D and Fraction E Gin

f ~. Report the analytical results on the Laboratory Analytical Results data
sheet shown in Figure 12.

- 7.1 ICPAES AND ICPMS 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 9.4.1. Recommended wavelengths for analysis are as follows:
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7.2

7.3

March 31, 1997

Element

Wavelength {(nm)

Aluminum 308.218
Antimony 206.833
Arsenic 183.696
Barium 455.403
Beryllium 313.042
Cadmium 226.502
Chromium - 267.716
Cobalit 228.616
Copper 324.754
Iron 259.940
Lead 220.353
Manganese _ . 257.610
Nickel 231.604
Phosphorous 214.914
Selenium 196.026
Silver 328.068
Thallium 190.864

Zinc 213.856

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 should be used:
since all front-half 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 also lists possible interferences
and ways to minimize these interferences. Calibrate the instrument according to
Section 8.3 and follow the quality control procedures speécified in Section 9.4.2.

Cold Vapor AAS Mercury Analysis

Analyze analytical fractions B, C, D (jf 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-848 Method 7470, Section 4.5.34 of
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8.1

this method or similar to Method 303F using 300-mi BOD bottles instead of

- Erlenmeyers. Perform the following for each Hg analysis. From each 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 total amount of Hg in the aliquot shall
be less than 1 ug 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 te make a total volume of 100 ml. Next add to it sequentially the sample

digestion solutions and perform the sampie preparation described in the procedures
of SW-846 Method 7470 or Method 303F. (See NOTE No. 2 at the end of this
Section). |f the maximum readings are off-scale (because Hg in the aliquot
exceeded the calibration range; including the situation where oniy a 1-ml aliquot of

-the original sample was digested), then dilute the original sample (or a portion of it}

with 0.15 percent HNO;3 (1.5 mi concentrated HNOj per liter aqueous solution) so
that when a 1- to 10-ml aliquot of the "0.15 HNO4 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 calibration curve. '

NOTE No. 1: When Hg levels in the sample fractions are below the RLs given in
o Table 1, select a 10 ml aliquot for digestion DR
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 FIAS systems, and similar
models, if availabie, of other instrument manufacturers. For .
digestion and analyses by these instruments, perform the following
two steps: {1}, Digest the sample aliguot through the addition of the
aqueous hydroxylamine hydrochloride/sodium chloride solution the
same as described in 9% Section 4.5.7 944 (The Leeman, Perkin
Elmer, and similar instruments described in this note add
automatically the necessary stannous chloride solution during the
automated analysis of Hg.); (2}, Upon completion of the digestion
described in (1), analyze the sampie according to the instrument
manufacturer's directions. This approach allows multiple (including
duplicate) automated analyses of a digested sample aliquot.

CALIBRAflON

Maintain a laboratory 'Iog. of all calibrations. -

Sampling Train Calibration

Calibrate the sampling train components accbrding to the indicated sections 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-
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8.2

8.3

Check of the Metering System {Section 5.6); and Barometer (Section 5.7).
Inductively Coupled Plasma Spectrometer Calibration

Prepare standards as outlined in Section 4.5.. Profile and calibrate the instrument
according to the instrument manufacturer's recommended procedures using the
above standards. Check the instrument calibration once per hour. If thHe instrument
does not reproduce the concentrations of the standard within 10 percent, the
complete calibration procedures should be performed. Perform ICPMS calibration by
following Method 6020 in SW-846. ' - :

Atomic Absorption Spectrometer - Direct Aspiration, Graphite Furnace and Cold

. Vapor Mercury Analyses

9.1

9.2

9.2.1

9.2.2

9.2.3

Prepare the standards as outiined in Section 4.5 and use them to calibrate the
Spectrometer. Calibration procedures are also outlined in the EPA methods referred
to in Table 29-2 and in SW-846 Method 7470 or in Standard Methods for Water
and Wastewater Method 303F {for Hg).: Run each standard curve ini duplicate and
use the mean values to calculate the calibration line. Recalibrate the instrumernit
approximately once every 10 to 12 samples.

QUALITY CONTROL
PRE-TEST DETERMINATIONS {RECOMMENDED)
Determine the linear range and minimum detectable and quanﬁfiab!e limits of the
analytical instrument selected for the respective target metals. Determine the
reporting limit, minimum sample 'volume, planned sample volume and ptanned
sample time according to Section 3 of this method.
FIELD REAGENT BLANKS (IF ANALYZED)
Foliow the steps in Figure 4 of this method.
Filter, Front and Back Half
Combine one fiiter from the same lot as those used for sample collection
{(Container No. 12) with the reduced digestate from container 8. .Combine 15 m!
of this sample with a 15 m| aliquot from Container No. 9 and analyze for Hg.
Combine the remainder of this sample with digested portion of Container No. 9
and analyze for multimetals.

Potassium Permanganate and Hydrochloric Acid

Analyze the contents of Container No. 10 and Container No. 11 (if applicable)
for Hg.

Reagent Water Check
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Analyze a minimum of triplicates of the water described in Section 4.2.2 1
for concentrations of target metals. All target metal concentrations shall be less
than 1 ng/mi. - ' '

9.3 SAMPLING
9.3.1 " 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).

.9.3.2- - Blank Tr_ain

At least one blank train per field test shall be prepared, leak-checked and _
recovered in the fieid. 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 relative to
background. '

_ 9.3.3'_' ' Dedicated Impingers

impingers should be coded for easy identification. Impingers used for potassium
permanganate should not be used as nitric acid impingers for other tests to
avoid contamination. :

9.4 SAMPLE HANDLING

9.4.1 Storage and Holding Times

Adjust the pH of %4 all liguid samples in acid solutions to 2% pH 2 or lower

g!! i a D eco Y. 85 A00 a8 LAt anle oiar s
fing sample focover /W%/{/%/%%/%%é thie earpnie

. 2 f-/./z’zgaﬁj.. o T 4
oA : ///Z// All liquid samples should
be stored in a secure location immediately after sample train recovery. :

Iecommended that pH paper be used
Gair to verify pH 2 ar lower condition
7 /

2 7 77

%% A 7
[ 1 Ao b

57

Analyze appropriate sample fractions for mercury within 28 days of sample
gate. Analyze Fraction A for target metals other than mercury within sixty days
Yl i of sampling date. )

9.5 ANALYTICAL QC

Analytical QA/QC requirements for ICP and AA analysis are summarized in Figure
13. '

9.5.1 ICPAES and ICPMS ﬁn_alysis :
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‘Follow the respective quality control descriptions in Section 8 of Methods 6010
and 6020 of SW-846. For the purposes of a 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 beginning
of the analysis (must be within 25% or'analyze by standard addition), one
quality control sample to check the accuracy of the calibration standards (must
be within 25% of calibration), and ons duplicate. analysis (must be within 20%
of average or repeat all analysis). 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 blank analytical resuits in excess of the Methad
Detection Limit. Laboratories may make laboratory method biank 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.

9.5.2 Direct Aspiration and/or Graphite Furnace AAS Analysis for Antimony, Arsenii:,
Barium, Berylium, Cadmium, Copper, Chromium, Lead, Nickel, Manganese,
Mercury, Phosphorus, Selenium, Silver, Thallium, and Zinc

Analyze all samples in duplicate. Perform a matrix spike on one sample. if
recoveries of less 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 guality control sample to check the accuracy of the calibration
standards. The results must be within.20 percent or the calibration repeated.
Ali 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 blank anaiytical
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 taboratory method blank correction and report the
magnitude of the correction applied.

9.5.3 Cold Vapor AAS Analysis for Mercury

Analyze ail 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 controf can be obtained from EPA SW-846 7
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 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 fieid blank analyticai 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 laboratory
 method blank correction and report the magnitude of the correction applied.
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‘method {laboratory) blank metals concentrations, calculate the total amount of
each of the quantified metals collected in the sampling train as follows:

M, = (Mg - Mgy . Eqg. 436-9

w'here: ' :
M, = Total mass of each metal (separately stated for each
metal) collected in the sampling train, yg. -

Map= = Blank correction value for mass of metal detected in
the Fraction A method (laboratory) blank, ug. '

10.5 Hg IN SOURCE SAMPLE

10.5.1 = Front-Half Hg; Analytical Fraction B

~ Calculate the amount of Hg collected in the filter and probe rinse combinéd with
impingers 1 through 3 to form Analytical Fraction B of the sampling train by
~ using Equation 436-10: ' - : BT

where:

Hgfh

March 31, 1997

Hgfh = %'-(Vsoln,B) s Eg. 43.6'19

Total mass of Hg collected in Analytical Fraction B (filter, probe
rinse and first three impingers of the sampling train}, yg.

Quantity of Hg, ug, TOTAL in the ALIQUOT of Analytical Fraction
B analyzed . NOTE: For example, if a 10 ml aliquot of Analytical
Fraction B is digested, but only 1 miis 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.

Total volume of -Analytical Fraction B, ml. -

Volume of aliquot of Analytical Fraction B analyzed, mi. Note:
For example, if the 10 ml aliquot of Analytical Fraction B
mentioned above was first diluted to 50 ml with 0.15 percent
HNO5 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 0.2ml (10
mi/50 ml). . : .
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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 {middle
knockout impinger 4 %), % Analytical Fraction D (impingers 5 and %) and

Analytical Fraction E (HCI rinse} by using Equation 436-11: o

Hocoe = Vg'z'f__: WVsomn,c.0,) Eq. 436-11
where:
Hocoe = . Total mass of Hg collected-in

Analytical Fraction C, D or E Hg.

QC,D,E = Quantity of Hg, 1g, TOTAL in the
. ALIQUOT of Analytical Fraction C. D

or E apalyzed. NOTE: For example,
if a 10 ml aliquot of Analytical
Fraction C is 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 ml aliquot for Q.

Vsoin,c,p,e=Total volume of Analytical Fraction-C, D or E, ml

Vepe = : Volume of Analytical Fraction C, D or.
E anaiyzed, ml. Note: For example, if
the 10 mi aliquot of Analytical
~ Fraction C mentioned above was first

diluted to 100 ml with 0.15 percent
‘ "HNO, as described in Section 7.3 to

' bring it into the proper analytical

range, and then 5 ml of that 100ml
was digested and analyzed, Ve would
be 0.7 ml (10 mI/100 ml).
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O 10.5.2.;%' Cﬁlculate the total amount of Hg collected in the back-half of the sampling
. train by using Equation 436-13: '

Mgy, = Hge + Hap + Hoe %M  Ea 436-124

where: |

‘Hgyy, = Total mass of Hg collected in the back-half of the
sampling train, ug.

10.5.3 Total Train Hg Catch. Calculate the total amount of Hg collectéd in the
' sampling train by using Equation 436-1 4:

Note: Blank corrections may only be applied with the approval of the
Executive Officer or his or her authorized representative.

Mg, = (Hg - Homp) + (HOpn - Hopre)  EQ. 436-134
where: ' |

Hg, = Total mass of Hg collected in the sampling train, yg.

Hgqy, = Blank correction value (if applicable) for mass of Hg
detected in front half method biank, gg.

Hgphp = Biank correction value (if épplicable) for mass of Hg
detected in back-half method blank, ug.

Note: If the total of the measured blank values (Hggy, + HQphy) iS in the
range of 0.0 to 0.6 ug, then use the total to correct the sample vaiue (Hgy,
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+ Hgyy); if it exceeds 0.6 H9, use the greater of |. or II:
I. 0.6 ug.

1. the lesser of (a) (Hagry, + Hgghy), or (b) 5 percent of
the sample value (Hgg, + Hgy,).

10.6 INDIVIDUAL METAL CONCENTRATIONS IN STACK GAS

Calculate the concentration of each metal in the stack gas {(dry basis, adjusted to
standard conditions) by using Equation 436-15:

C = Eg. 436-14
Vm{std) .
where:
Cs = ' Concentration of a metal in the stack gas, pg/dscm.
M; = Total mass of that metal collected in the--safnp!ing train, ug;
(substitute Hg, for M, for the Hg calculation).
- t t ;
Vmistgg = Volume of gas sample as measured by the dry gas meter, corrected

to dry standard conditions, dscm.

10.7 ISOKINETIC VARIATION AND ACCEPT-ABLE RESULTS

11

12

Same as Method 5, Sections 6.11 and 6.12, respectively.

' REPORTING REQUIREMENTS

At a minimum, any test report must include al! of the calculations described in
Section 10 and all of the sampling and laboratory data resuiting from Section 5.
Example forms for documenting field testing and laboratory work are provided as
Figures 5 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 the period of time required by the appropriate Air Pollution Control District
APCD) or Air lity Management District (AQMD). A4/ Hi2Z; b6t o4 Forall
tests required or requested by the local APCD/AQMD, ARB, U.S. EPA or other
government agency, these records shall be made availabie to the Executive Officer
upon request.

ALTERNATIVE TEST METHODS

Alternative test methods may be used provided that they are equivalent to Method
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TABLE 1

MINIMUM DETECTION AND REPORTING GUAKHITATIONK LIMITS (ug/sample)
USING ICP, GFAAS, DAAAS AND CVAAS '
ASSUMING INSTRUMENT DETECTION LIMITS PUBLISHED IN EPA SW-846*

CVAAS

March 31, 1997

ANALYTICAL ICPAES ICPMS GFAAS DAAAS

METHOD - S |
LEVEL OF mMbL | RL | mpL | BRL | mMDL [ RL | mMDL | RL | MDL | RL
SENSITIVITY ' - o . - -
METAL

Aluminum (Al) = - 0.10 0.51 -- - - -~ “e -
Antimony (Sb) 9.6 |48 0.027 | 013 | 09 | 45 |60. 300. | - --
Arsenic (As) 16 80. 0.37 1.8 | 03 1 15 06 | 3 - -
Barium (Ba). 0.6 3. | o0.009|0.043 | - - 30.0 |150. - -
Beryllium (Be) 0.09 | 0.45 | 0.011 | 0.055 | 0.06 | 0.3 1.5 | 75 | - -
Cadmium (Cd) 1.2 | 6 0.002 | 0010 603 | 015} 15 | 75 | - -
Cobalt {Co} 2.1 |10.5 | 0.001 | 0.005 | 0.3 1.5 |15 75 - -
Chromium (Cr) 21 |105 | 026 | 1.3 | 03 15 |15 |75 - -
Copper (Cu) 1.8 9 0.009 | 0.045 | - - 6.0 | 30. - -
Lead (Pb) 12.6 | 63 0.002| 001 | 03 1.5 | 30.0° [150. - -
Manganese (Mn} 0.6 3 0.005 0.,0_23 = - 3.0 15 - -
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Mercury (Hg)

10.014

k.

Nickel (Ni) 45 | 225 0.070 | - - 12 60. - -
Phosphorous (P) | 22,6 11125 | 1.77 | 8.83 | - - - - - -
Selenium (Se} | 22.5 1125 | 0.19 | 0.95 | 0.6 3 0.6 3 - -
Silver {Ag) 21 (105 |0.013 | 0.063 | - - 3.0 |15 - -
Thallium (T1) 12 ' 60. 0.16 | 0.79 | 0.3 1. 30.0 [150. - -
Vanadium {V) —— - 0.83 4.1 - -- - -- - -~
Zinc (Zn) 0.6 3 0.027 | 0.14 | -- - 1.5 7.5 - -

* assumes volume of sample from total train = 300 ml prior to aliquot for analysis

@assumes instrument detection limit of 0.2 ng Hg/ml

- MDL - Minimum detection limit

RL - Reporting limit = MDL x 5

March 31, 1997
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FIGURE 13

METHOD 436 MULTIPLE METALS
ANALYTICAL QA/QC' REQUIREMENTS

ICPAES: (EPA Method 6010)

REQUIREMENT

CRITERIA

2 instrument check standard runs

within 10% or repeat calibration

2 calibration blank runs

within 3 std. dev. of mean blank value
or repeat calibration

.1 interference check sample

within 25% of true value

-1 gquality control sample

within 25% of calibration curve

1 duplicate analysis

within 20% or repeat all analyses

AA: (EPA Method 7000 series)

REQUIREMENT _

Analyze all samples in duplicate

i sample matrix spike

within 25% orm

1 quality control sample . -

within 20% or repeat calibration

" ICPMS: (EPA Method 6020)

REQUIREMENT

CRITERIA

Quality Contol Sample_

Mean Within 10% of True Value

Calibration Blank

Within 20% of the Analyte MDL

Laboratory Control Sample

One per 20 Sampies

Calibration Blank Sampies

Less than 3 Times Analyte IDL

Calibration Verification Samples

within 10% of calibration standards

Post Digestion Spike Sample

Within 25% of Spike Value

interference Check Sample

Within 20% of True Value

Mass Calibration Check

Mass Within 0.1 AMU of True Value

Mass Resolution Check

Peak Width 0.9 AMU at 10% Height

instrument Stability Check

" RSD for 4 Replicates Within 5%

Duplicate Sample

RSD Less Than 20%

DEFINITIONS

Instrument check standards: prepared by combining compatible elements at
concentrations equivalent to the midpoint of their respective calibration curves.

Calibration bianks: prepared by diluting 2 mL of (1 :1) HNO3 and 10 mL {1:1} HCI

to 100 mL with Type 1l water.

Interference 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 calibration
standards at approximately the calibration mid-paint and in accordance with

the instructions provided by the supplier.
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