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response factor (area/ppm) for each gas, as
well as the overall mean of the response fac-
tor values. The instrument lineavity is ac-
ceptable if the average response factor of
each calibration gas is within 2.5 percent of
the overall mean valope and if the relative
standard deviation (calculated in section 12.8
of Method 25) for each set of triplicate injec-
tions is less than 2 percent. Record the over-
all mean of the response factor values as the
calibiration response factor (R).

11.0 Analytical Procedure

11.1 Preparation for Analysis. Before put-
ting the GC analyzer into routine operation,
conduct the calibration procedures listed in
section 10.0. Establish an appropriate carrier
flow rate and detector temperature for the
specific instrument used.

11.2 Sample Analysis. Purge the sample
loop with sample, and then inject the sam-
ple. Analyze each sample in triplicate, and
caleulate the average sample area (A). Deter-
mine the bag CO concentration according to
section 12.2.

12.0 Calculations and Data Analysis

Carry out calculations retaining at least
one extra significant figure beyond that of
the acquired data. Hound off results only
after the final calculation.

12.1 Nomenclature.

A = Average sample area.

B. = Mopisture content in the bag sample,
fraction.

C = CO concentration in the stack gas, dry
basis, ppm.

Cy = CO concentration in the bag sample, dry
basis, ppm.

F = Volume fraction of CO-. in the stack.
fraction.

P = Barometric pressure, mm He.

P, = Vapor pressure of the H.O in the bag
(from Table 10A-2, Method 10A), mm Hg.

B = Mean calibration response factov, area/
ppm.

12.2 CO Concentration in the Bag, Cal-
culate Gy, using Eguations 10B-1 and 10B-2, If
condensate is visible in the bag, caleulate B,
using Table 10A-2 of Method 10A and the
temperature and barometric pressure in the
analysis room. If condensate is not visible,
calculate By, using the temperature and baro-
metric pressure at the sampling site.

B, =% Eq 10B-1
Pbar
A
C,=———= . 10B-2
"“R(1-B,) b
12.3 CO Concentration in the Stack
C=C, (1-F)  Eq. 10B-3
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13.0 Method Performance [Reserved]
14.0 Pollution Prevention [Reserved]
15,0 Waste Managemeni [Reserved]

16.0 References

Same as in Method 25, section 16.0, with
the addition of the following:

1., Butler., F.E. J.E. Knoll., and M.R.
Midgett. Development and Evaluation of
Methods for Determining Carbon Monoxide
Emissions. Quality Assurance Division, En-
yvironmental Monitoring Systems Labora-
tory, U.S. Environmental Protection Agen-
cy, Research Triangle Park, NC, June 1985. 33
pp.

17.0 Tables, Diagrams, Flowcharts, and
Validation Date [Reserved)

[36 FR 24877, Dec. 23, 1971)

EDITORIAL NOTE: For FEDERAL REGISTER ci-
tations affecting appendix A-4 to part 60, see
the List of CFR sections Affected, which ap-
pears in the Finding Aids section of the
printed volume and at www.fdsys.gon.

APPENDIX A-b TO PART 60—TEST
METHODS 11 THROUGH 15A

Method 11—Determination of hydrogen sul-
fide content of fuel gas streams in petro-
leum refineries

Method 12—Determination of inorganic lead
emissions from stationary sources

Method 13A—Determination of total fluoride
emissions [rom etationary sources—
SPADNS zirconium lake method

Method 13B—Determination of total fluoride
emissions from stationary sources—Spe-
cific ion electrode method

Method 14—Determination of fluoride emis-
sions from potroom roof monitors for pri-
mary aluminum plants

Method 14A—Determination of Total Fluo-
ride Emissions from Selected Sources at
Primary Aluminum Production Facili-
ties

Method 15—Determination of hydrogen sul-
fide, carbonyl sulfide, and carbon disul-
fide emissions from stationary sources

Method 15A—Determination of total reduced
sulfur emissions from sulfur recovery
plants in petroleam refineries

The test methods in this appendix are re-
ferred to in §60.8 (Performance Tests) and

§60.11 (Compliance With Standards and

Maintenance Requirements) of 40 CFR part

60, subpart A (General Provisions). Specific

uses of theze test methods are described in

the standards of performance contained in

the subparts. beginning with Subpart D.

Within each standard of performance, a
section title “'Test Methods and Progedures”
is provided to: (1) Identify the test methods
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Lo be used as reference methods to the facil-
ity subject to the respective standard and (2)
identify any special instructions or condi-
tions to be followed when applying a method
to the respective facility. Such instructions
(for example, establish sampling rates, vol-
umes, or temperatures) are to be used either
in addition to, or as a substitute for proce-
dures in a test method. Similarly. for
sources subject to emission monitoring re-
quirements, specific instructions pertaining
to any use of a test method as a reference
method are provided in the subpart or in Ap-
pendix B,

Inclusion of methods in vthis appendix is
not intended as an endorsement or denial of
their applicability to sources that are not
subject to standards of performance, The
methods are potentially applicable to other
sources: however, applicability should be
confirmed by careful and appropriate evalua-
tion of the conditions prevalent at such
sources,

The approach followed in the formulation
of the test methods involves specifications
for equipment. procedures, and performance.
In concept, a performance specification ap-
proach would be preferable in all methods
beoause this allows the greatest flexibility
to the usger, In practice. however, this ap-
proach is impractical in most cases because
performance specifications cannot be estab-
lished. Most of the methods described herein,
therefore, involve specific equipment speci-
fications and procedures, and only a few
methods in this appendix rely on perform-
ance criteria.

Minor changes in the test methods should
not necessarily affect the validity of the re-
sults and it is recognived that alternative
and equivalent methods exist. section 60.8
provides authority for the Administrator to
specify or approve (1) equivalent methods, (2)
alternative methods. and (3) minor changes
in the methodology of the test methods. It
should be clearly understood that unless oth-
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ministrator, An owner employing such meth-
ods or deviations from the test methods
without obtaining prior approval does s0 at
the risk of subsequent disapproval and re-
testing with approved methods.

Within the test methods, certain specilic
equipment or procedures are recognized as
being acceptable or potentially acceptable
and are specifically identified in the meth-
ods. The items identified as acceptable op-
tions may be used without approval but
must be identified in the test report. The po-
tentially approvable options are cited as
‘subject to the approval of the Adminis-
trator” or as “‘or egquivalent.”’ Such poten-
tially approvable techniques ov alternatives
may be used at the discretion of the owner
without prior approval. However, detailed
descriptions for applying these potentially
approvable technigques or alternatives are
not provided in the test methods. Also, the
potentially approvable options are not nec-
pssarily acceptable in  all applications.
Therefore, an owner electing to use such po-
tentially approvable techniques or alter-
natives is responsible for: (1) assuring that
the techniques or alternatives are in fact ap-
plicable and are properly executed; (2) in-
oluding a written description of the alter-
native method in the test report (the written
method mugt be clear and must be capable of
being performed without additional instruec-
tion, and the degree of detail should be simi-
lar to the detail contained in the test meth-
ods); and (3) providing any rationale or sup-
porting data necessary to show the validity
of the alternative in the particular applica-
tion. Failure to meet these requirements can
result in the Administrator's disapproval of
the alternative.

METHOD 11—DETERMINATION 0OF HYDROGEN
SULFIDE CONTENT OF FUEL GAS STREAMS IN
PETROLEUM REFINERIES

1.0 Scope and Application

erwise identified all such methods and
changes must have prior approval of the Ad- 1.1 Analytes.
Analyte CAS No. Sensitivity
Hydrogen sulfide (H2S) 7783-06-4 | 8 mg/m3—740 mg/m?, (6 ppm—520 ppm).

1.2 Applicability. This method is applicable
for the determination of the H-S content of
fuel gas streams at petroleam refineries.

1.3 Data Quality Objectives, Adherence to
the requirements of this method will en-
hance the quality of the data obtained from
air pollutant sampling methods.

2.0 Summary of Method

2.1 A sample is extracted from a source and
passed through a series of midget impingers
containing a cadmium salfate (CdS0.) solu-

tion; H.S is absorbed, forming cadmium sul-
fide (CdS). The latter compound is then
measurad iodometrically.

3.0 Definitions [Reserved]

4.0 Interferences

4.1 Any compound that reduces iodine (1:)
or oxidizes the jodide ion will interfere in
this procedure, provided it is collected in the
Cds0y impingers. Sulfur dioxide in con-
centrations of up to 2.600 mg/m? is removed
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with an impinger containing a hydrogen per-
oxide (H202) solution. Thiols precipitate with
H:5. In the absence of H.8, only traces of
thiols are collected. When methane-and eth-
ane-thiols at a total level of 300 mg/m? are
present in addition to H.S, the results vary
from 2 percent low at an H.S concentration
of 400 mg/m? to 14 percent high at an H.S
concentration of 100 mg/m?. Carhony! sulfide
at a concentration of 20 percent does not
interfere. Certain carbonyl-containing com-
pounds react with iodine and produce recur-
ring end points. However, acetaldehyde and
acetone at concentrations of 1 and 3 percent,
respectively, do not interfere,

4.2 Entrained H,O, produces a negative in-
terference equivalent to 100 percent of that
of an equimolar guantity of H.S. Aveid the
ejection of H.O; into the CdS0, impingers,

5.0 Safety

5.1 Disclaimer. This method may involve
hazardous materials, operations, and equip-
ment. This test method may not address all
of the safety problems associated with its
use, It is the responsibility of the user of this
test method to establish appropriate safety
and health practices and determine the ap-
plicability of regulatory limitations prior to
performing this test method.

5.2 Corrosive reagents. The following re-
agents are hazardous. Personal protective
equipment and safe procedures are useful in
preventing chemical splaghes. If contact oc-
curs. immediately flush with ocopious
amounts of water for at least 15 minutes. Re-
move clothing under shower and decontami-
nate. Treat residual chemical burns as ther-
mal burns,

5.2.1 Hydrogen Peroxide. Irritating to eyes,
skin, nose, and lungs. 30% MH.0. is a strong
oxidizing agent., Avoid contact with skin,
eyes, and combustible material, Wear gloves
when handling,

5.2.2 Hydrochloric Acid. Highly toxic. Va-
pors are highly irritating to eyes, skin, nose.
and lungs, causing severe damage. May cause
bronchitis, pneumonia, or edema of lungs.
Exposure to concentrations of 0.13 to 0.2 per-
cent can be lethal in minntes. Will react
with metals. producing hydrogen.

6.0 Equipment and Supplies

6.1 Sample Collection. The following items
are needed for sample collection:

6.1.1 Sampling Line. Teflon tubing, 6- to 7-
mm (¥-in.} ID, to connect the sampling train
to the sampling valve.

6.1.2 Impingers. Five midget impingers,
each with 30-ml capacity. The internal di-
ameter ol the impinger tip must be 1 mm
40.05 mm. The impinger tip must be posi-
tioned 4 to 6 mm from the bottom of the im-
pinger.

6.1.3 Tubing. Glass or Teflon connecting
tubing for the impingers.
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6.1.4 Ice Water Bath. To maintain absorb-
ing solution at a low temperature.

6.1.5 Drying Tube, Tube packed with 6- to
16~ mesh indicating-type silica gel. or equiv-
alent, to dry the gas sample and protect the
meter and pump. If the gilica gel has been
used previously, dry at 176 °C (350 °F) for 2
hours. New silica gel may be used as re-
ceived. Alternatively, other types of
desiccants (equivalent or better) may be
uged, subject to approval of the Adminis-
trator.

NoTE: Do not use more than 30 g of silica
gel. Silica gel adsorbs gases such as propane
from the fuel zas stream, and nse of exces-
sive amounts of silica gel could result in er-
rors in the determination of sample volume.

6.1.6 Sampling Valve. Needle wvalve, or
equivalent, to adjust gas flow rate. Stainless
steel or other corrosion-resistant material.

6.1.7 Volume Meter. Dry gas meter (DGM),
sufficiently accurate to measure the sample
volume within 2 percent, calibrated at the
selected flow rate (about 1.0 liter/min) and
conditions actually encountersd during sam-
pling. The meter shall be equipped with a
temperature sensor (dial thermometer or
equivalent) capable of measuring tempera-
ture to within 3 °C (5.4 “F). The gas meter
should have a petcock, or equivalent, on the
outlet connector which can be closed during
the leak-check. Gas volume for one revolu-
tion of the meter must not be more than 10
liters.

6.1.8 Rate Meter. Rotameter, or eqgaivalent,
to measure flow rates in the range from 0.5
to 2 liters/min (1 to 4 {t9/hr).

6.1.9 Graduated Cylinder. 25-ml size.

6.1.10 Barometer. Mercury, aneroid, or
other barometer capable of measuring at-
mospheric pressure to within 2.5 mm Hg (0.1
in. Hg). In many cases, the barometric read-
ing may be obtained from a nearby National
Weather Service station, in which case, the
station value (which is the absolute baro-
metric pressure) shall be requested and an
adjustment for elevation differences between
the weather station and the sampling point
shall be applied at a rate of minus 2.5 mm Hg
(0.1 in Hg) per 30 m (100 ft) elevation increase
or vice-versa for elevation decrease,

6.1.11 U-tube Manometer. 0-; to 30-cm water
column, for leak-check proceduare.

6.1.12 Ruhber Squeeze Bulb. Tao pressurize
train for leak-check.

6.1.13 Tee, Pinchelamp, and Connecting
Tubing, For leak-checlk.

6.1.14 Purp. Diaphragm pump, or eguiva-
lent. Insert a small surge tank between the
pump and rate meter to minimize the pulsa-
tion elfect ol the diaphragm pump on the
rate meter. The pump is used for the air
purge at the end of the sample run; the pump
is not ordinarily used during sampling, be-
cauze fuel gas streams are usually suffi-
ciently pressurized to force sample pas

351



Pt. 60, App. A-5, Meth. 11

through the train at the required flow rate.
The pump need not be leak-free unless it is
used for sampling.

6.1,15 Needle Valve or Critical Orifice, To
set air purge flow to 1 liter/min.

6.1.16 Tube Packed with Active Carbon. To
filter air during purge.

6.1.17 Volumetric Flask. One 1000-ml.

6.1.18 Volumetric Pipette. One 15-ml.

6.1.19 Pressure-Reduction Regulator. De-
pending on the sampling stream pressure, a
pressure-reduction regulator may be needed
to reduce the pressure of the gas stream en-
tering the Teflon sample line to a safe level,

6.1.20 Cold Trap. If condensed water or
amine is present in the sample stream. a cor-
rosion-resistant cold trap shall be used im-
mediately after the sample tap. The trap
shall not be operated helow 0 °C (32 “F) to
avold condensation of C; or C, hydrocarbons.

6.2 Sample Recovery. The following items
are needed for sample recovery:

6.2.1 Sample Container. Iodine flask, glass-
stoppered, 500-m1 size.

6.2.2 Volumetric Pipette. One 50-ml.

6.2.3 Graduated Cylinders. One each 25- and
250-ml.

6.2.4 Erlenmeyer Flasks. 125-ml.

6.2.0 Wash Bottle,

£.2.6 Volumetric Flasks. Three 1000-ml.

6.3 Sample Analysis. The following items
are needed for sample analysis:

6.3.1 Flask. Glass-gstoppered iodine flask,
500-ml.

6.3.2 Burette. 50-ml.

6.3.3 Erlenmeyer Flask. 125-ml.

6.2.4 Volumetric Pipettes. One 25-ml: two
each 50- and 100-ml.

6.3.5 Volumetric Flasks. One 1000-ml; two
500-ml.

6.3.6 Graduated Cylinders, One each 10- and
100-ml.

7.0 Reagents and Standards

NoTE: Unless otherwise indicated, it is in-
tended that all reagents conform to the gpec-
ifications established hy the Committee on
Analytical Reagents of the American Chem-
ical Society, where such specifications are
available, Otherwise, use the best available
grade.

7.1 Sample Collection, The f(ollowing re-
agents are required for sample collection:

7.1,1 CA80, Absorbing Solution, Dissolve 41
g of 3Cd30,8H-0 and 15 ml of 0.1 M sulfuric
acid in a 1-liter volumetric flask that con-
tains approximately 24 liter of water. Dilute
to volume with deionized. distilled water.
Mix thoroughly. The pH should be 3 +0.1. Add
10 drops of Dow-Corning Antifoam B. Shake
well before use. This solution is stable for at
least one month, If Antifoam B is not used,
a more labor-intensive sample recovery pro-
cedure is required (see section 11.2).

7.1,2 Hydrogen Peroxide, 3 Percent. Dilute
30 percent H.0: to 3 percent as needed. Pre-
pare fresh daily.
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7.1.3 Water. Deionized distilled to conform
to ASTM D 1183-77 or 91, Type 3 (incor-
porated by reference—see §60.17). The KMnO,
test. for oxidizable organic matter may be
omitted when high concentrations of organic
matter are not expected to be present.

7.2 Bample Recovery. The following re-
agents are needed for sample recovery:

T7.2.1 Water. Same as section 7.1.3.

7.2.2 Hydrochloric Acid (HC1) Solution, 3 M.
Add 240 ml of concentrated HC1 (specific
gravity 1.19) to 500 ml of water in a 1-liter
volumetric flask. Dilute to 1 liter with
water. Mix thoroughly.

7.2.3 Todine (I») Solution, 0.1 N. Dissolve 24
g of potassium iodide (KI) in 30 ml of water.
Add 12,7 g of resublimed iodine (1) to the KI
solution, Shake the mixture until the I, is
completely dissolved. If possible, let the so-
lution stand overnight in the dark. Slowly
dilute the solution to 1 liter with water, with
swirling, Filter the solution if it is cloudy.
Store solution in a brown-glass reagent bot-
tle.

7.24 Standard I, Solution, 0,01 N. Pipette
100.0 m] of the 0.1 N iodine solution into a 1-
liter volumetric flask, and dilute to volume
with water. Standardize daily as in section
10.2.1. This solution must he protected from
light. Reagent bottles and flasks must he
kept tightly stoppered.

7.3 Sample Analysis. The following re-
agents and standards are needed for sample
analysis:

7.3.1 Water. Same as in section 7.1.3.

7.3.2 Btandard Sodium Thiosulfate Solu-
tion, 0.1 N. Dissolve 248 g of sodimm
thiosulfate pentahydrate (Na.S.0.0H.07 or
15.8 g of anhydrous sodium thiosulfate
(Na.S,05) in 1 liter of water, and add 0.01 g of
anhydrous sodium carbonate (Na-CO;) and 0.4
ml of chloroform (CHCl:) to stabilize. Mix
thoroughly by shaking or by aerating with
nitrogen for approximately 15 minutes, and
store in a glass-stoppered, reagent bottle,
Standardize as in section 10.2.2.

7.3.3 Standard Sodium Thiosulfate Solu-
tion, 0.01 N. Pipette 50.0 ml of the standard
0.1 N Na.S:0; solution into a volumetric
flask, and dilute to 500 ml with water,

Nore: A 0.001 N phenylarsine oxide
(CeHsAs0) solution may be prepared instead
of 0.01 N Na:5.0; (see section 7.3.4).

7.3.4 Standard Phenylarsine Oxide Solu-
tion, 0.01 N. Dissolve 1.80 g of (C,H:As0) in
150 ml of 0.3 N sodium hydroxide, After set-
tling, decant 140 ml of this solution into BOD
ml of water. Bring the solution to pH 6-7
with 8 N HCI, and dilute to 1 liter with
water. Standardize a8 in section 10.2.3.

7.3.5 Starch Indicator Solution. Suspend 10
g of soluble starch in 100 ml of water, and
add 15 g of potassium hydroxide (KOH) pel-
lets. Stir until dissolved, dilute with 900 ml
of water, and let stand for 1 hour. Neutralize
the alkali with concentrated HCI, using an
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indicator paper similar to Alkacid test rib-
bon, then add 2 ml of glacial acetic acid as a
mreservative.

Note: Test starch indicator solution for de-
composition by titrating with 0.01 N I, sola-
tion, 4 ml of starch solution in 200 ml of
water that contains 1 g of KI. If more than 4
drops of the 0,01 N I, solution are required to
obtain the blue color, a fresh solution must
be prepared,

4.0 Sumple Collection, Preservation, Storage,
and Transport

8,1 Sampling Train Preparation. Assemble
the sampling train as shown in Figure 11-1.
connecting the five midget impingers in se-
ries. Place 15 ml of 3 percent H-0; solution in
the first impinger. Leave the second im-
pinger empty. Place 15 ml of the CdSO, solu-
tion in the third, fourth, and fifth impingers.
Place the impinger assembly in an ice water
bath container, and place water and crushed
ice around the impingers. Add more ice dar-
ing the run, if needed.

8.2 Leak-Check Procedure.

8.2,1 Connect the rubber bulh and manom-
eter to the first impinger, as shown in Figure
11-1. Close the petcock on the DGM outlet.
Pressurize the train to 26 em water with the
bull, and close off the tubing connected to
the rubber bulb, The train must hold 25 cm
water pressure with not more than a 1 cm
drop in pressure in a l-minute interval. Stop-
cock grease is acceptable for sealing ground
glass joints,

8.2.2 If the pump is used for sampling, it is
recommended, but not required, that the
pump he leak-checked separately, either
prior to or after the sampling run. To lealk-
check the pump, proceed as follows: Dis-
connect the drying tube from the impinger
assembly. Place a vacuum gauge at the inlet
to either the drying tube or the pump, pull a
vacuwm of 250 mm Hg (10 in, Hg), plug or
pinch off the outlet of the flow meter, and
then turn off the pump. The vacuum should
remain stable for at least 30 seconds. If per-
formed prior to the sampling run, the pump
leak-check should precede the leak-check of
the sampling train described immediately
above; if performed after the sampling run,
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the pump leak-check should follow the sam-
pling train leak-check.

8.3 Purge the connecting line between the
sampling valve and the first impinger by dis-
connecting the line from the first impinger,
opening the sampling valve, and allowing
process gas to flow through the line for one
to two minutes. Then, close the sampling
valve, and reconnect the line to the impinger
train. Open the petcock on the dry gas meter
outlet. Record the initial DGM reading.

8.4 Open the sampling valve, and then ad-
just the valve to obtain a rate of approxi-
mately 1 litermin (0.085 cfm). Maintain a
constant (+10 percent) flow rate during the
test. Record the DGM temperature.

8.5 Bample for at least 10 minutes. At the
end of the sampling time, cloge the sampling
valve, and record the final volume and tem-
perature readings. Conduact a leak-check as
described in Section 8.2, A yellow color in
the final cadmiwm sulfate impinger indicates
depletion of the absorbing solution. An addi-
tional cadmium sulfate impinger should be
added for subsequent samples and the sample
with yellow color in the final impinger
should be voided.

8.6 Disconnect the impinger train from the
sampling line. Connect the charcoal tube and
the pump as shown in Figure 11-1. Purge the
train [at a rate of 1 liter/min (0.035 ft3min)]
with clean ambient air for 15 minutes to en-
sure that all H,8 is removed from the H.O..
For sample recovery. cap the open ends, and
remove the impinger train to a clean area
that is away from sources of heat. The area
should be well lighted, but not exposed to di-
rect sunlight.

8.7 Sample Recovery.

8.7.1 Discard the contents of the HiD. im-
pinger. Carefully rinse with water the con-
tents of the third. fourth, and fifth impingers
into a 500-ml iodine flask.

Nore: The impingers normally have only a
thin film of CdS remaining after a water
rinse, If Antifoam B was not used or if sig-
nificant quantities of yellow CdS remain in
the impingers, the alternative recovery pro-
cedure in section 11.2 must be nsed.

8.7.2 Proceed to section 11 for the analysis

.0 Quality Control

Section Quality control measure Effect
82,101 ... | Sampling squipment leak-check and calibra- | Ensure accurate measurement of sample valume,
tion,
11.2 ... | Replicate titrations of blanks Ensure p of litration determinations.

10.0 Calibration and Standardization

NoTE: Maintain a log of all calibrations.

10.1 Calibration, Calibrate the sample col-
lection equipment as follows.

10.1.1 Dry Gas Meter.

10.1.1.1 Initial Calibration. The DGM shall
be calibrated before its initial use in the
field. Proceed as follows: First, assemble the
following components in series: Drying tube,
needle valve, pump, rotameter, and DGM.
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Then, leak-check the metering system as fol-
lows: Place a vacuum gauge (at least 760 mm
Hg) at the inlet to the drying tube, and pull
a vacuum of 250 mm Hg (10 in. He): plug or
pinch off the outlet of the flow meter, and
then turn off the pump, The vacuum shall re-
main stable for at least 30 seconds. Carefully
release the vacuum gauge before releasing
the flow meter end. Next, calibrate the DGM
(at the sampling flow rate specified by the
method) as follows: Connect an appropriately
sized wet-test meter (e.g.. 1 liter per revolu-
tion) to the inlet of the drying tube, Make
three independent calibration runs. using at
least five revolutions of the DGM per run.
Calculate the calibration factor, Y (wet-test
meter calibration volume divided by the
DGM volume, both volomes adjusted to the
same reference temperature and pressurg),
for each run, and average the results, If any
Y wvalue deviates by more than 2 percent
from the average, the DGM is unacceptable
for use. Otherwise, use the average as the
calibration factor for subsequent test runs.

10.1.1.2 Post-Test Calibration Check. After
each field test series, conduct a calibration
check as in section 10.1.1.1, above. except for
the following two wariations: (a) three or
more revolutions of the DGM may be used
and (b) only two independent rung need be
made. If the calibration factor does not devi-
ate by more than 5 percent from the initial
calibration factor (determined in section
10.1.1.1), then the DGM wvolumes obtained
during the test series are acceptable. If the
calibration factor deviates by more than 5
percent, recalibrate the DGM as in section
10.1.1.1, and for the calculations, use the cali-
bration factor (initial or recalibration) that
yvields the lower gas volume for sach test
ran.

10.1.2 Temperature Seneors. Calibrate
against mercury-in-glass thermometers. An
alternative mercury-free thermometer may
be used if the thermometer is at a minimum
equivalent in terms of performance or suit-
ably effective for the specific temperature
measurement application.

10.1.3 Rate Meter. The rate meter need not
be calibrated., but should be cleaned and
maintained according to the manufacturer’'s
instructions.

10.1.4 Barometer. Calibrate against a mer-
cury barometer.

10.2 Standardization.

10.21 Todine Solution Standardization.
Standardize the 0.01 N I. solution daily as
follows: Pipette 25 ml of the I. solution into
a 126-ml Erlenmeyer flazk. Add 2 ml of 3 M
HCL. Titrate rapidly with standard 0.01 N
Na-5-0; solution or with 0.01 N C.H:Az0
until the solution is light wyellow. using
gentle mixing. Add four drops of starch indi-
cator solution. and continue titrating slowly
until the blue color just disappears. Record
the volume of Na.8.0; solution used, Vs, or
the volume of C.H-As0D solution used, V.. in
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ml, Repeat until replicate values agree with-
in 0.05 ml. Average the replicate titration
values which agree within 0.06 ml. and cal-
culate the exact normality of the I: solution
using Equation 11-3. Repeat the standardiza-
tion daily.

10.2.2 Sodium Thiosulfate Solution Stand-
ardization. Standardize the 0.1 N Na-.5.0; so-
lution as follows: Oven-dry potassium di-
chromate (K.Cr.0;) at 180 to 200 °C (360 to 390
°F). To the nearest milligram, weigh 2 g of
the dichromate (W), Transfer the dichromate
to a 500-ml volumetrie flask, dissolve in
water, and dilute to exactly 500 ml. Tn a 500-
ml iodine flask, dissolve approximately 3 g of
KI in 45 ml of water, then add 10 ml of 3 M
HC1 solution. Pipette 50 ml of the dichro-
mate solution into this mixture. CGently
swirl the contents of the flask once. and
allow it to stand in the dark for 5 minutes,
Dilute the solution with 100 to 200 ml of
water, washing down the sides of the fask
with part of the water. Titrate with 0.1 N
Na»5:0; until the solution is light yellow.
Add 4 ml of starch indicator and continue
titrating slowly to a green end point. Record
the volume of Na-S:0: solution used. Vs, in
ml, Repeat until replicate values agree with-
in 0.05 ml. Calculate the normality using
Eguation 11-1. Repeat the standardization
each week or after each test series, which-
ever tirme is shorter.

10.2.3 Phenylarsine Oxide Solution Stand-
ardization. Standardize the 0,01 N C,HsAsO
(it applicable) as follows: Oven-dry K,Cr.0;
at 180 to 200 °C (360 to 390 "F). To the nearest
milligram. weigh 2 g of the dichromate (W).
Transfer the dichromate to a 500-ml volu-
metric flask, dissolve in water, and dilute to
exactly 500 ml. In a 500-ml iodine flask, dis-
solve approximately 0.8 g of KI in 45 ml of
water, then add 10 ml of 3 M HCI1. Pipette 5
ml of the dichromate solution into the iodine
flagk, Gently swirl the contents of the flask
onee, and allow it to stand in the dark for 5
minutes. Dilute the solution with 100 to 200
ml of water., washing down the sides of the
flask with part of the water. Titrate with
0.01 N CsHsAs80 until the solution is light yel-
low. Add 4 ml of starch indicator, and con-
tinue titrating slowly to a green end point.
Record the volume of CsHsASQ used, Vu, in
ml. Repeat until replicate analvses agree
within 0,05 ml. Calculate the normality using
Equation 11-Z. Hepeat the standardization
each week or after each test series, which-
ever time is shorter.

11.0 Analytical Procedure

Conduct the titration analyses in a clean
area away from direct sunlight.

11.1 Pipette exactly 50 ml of 0.01 N I, solu-
tion into a 125-ml Erlenmeyer flask. Add 10
ml of 3 M HCI to the solution. Quantitatively
rinse the acidified I, into the iodine flask.
Stopper the flask immediately, and shake
briefly.
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11.2 Use these alternative procedures if
Antifoam B was not used or if significant
guantities of wellow CdS remain in the
impingers. Extract the remaining CdS from
the thirvd, fourth, and fifth impingers using
the acidified I solution. Immediately after
pouring the acidified I, into an impinger,
stopper it and shake for a few moments. then
transfer the liquid to the iodine flask. Do not
transfer any rinse portion from one impinger
to another; transfer it directly to the iodine
flask. Once the acidified I, solution has heen
poured into any glassware containing CdS,
the container must be tightly stoppered at
all times except when adding more solution,
and thig must be done as quickly and cale-
lully as possible. After adding any acidified
L solution to the iodine flask, allow a few
minutes for absorption of the H.S before add-
ing any further rinses. Repeat the T extrac-
tion until all CdS is removed from the
impingers. Extract that part of the con-
necting glassware that contains visible Cds.
Quantitatively rinse all the I. from the
impingers. connectors, and the beaker into
the iodine flask using water, Stopper the
fMask and shake brielly.

11.3 Allow the iodine flask to stand about
30 minutes in the dark for absorption of the
H.S into the I, then complete the titration
analysis as outlined in sections 11.5 and 11.6.

NoTE: Iodine evaporates from acidified I.
solutions, Samples to which acidified I, has
heen added may not be stored, but must be
analyzed in the time schedule stated above.

11.4 Prepare a blank by adding 45 ml of
CdSO, absorbing solution to an iodine [lask.
Pipette exactly 50 mil of 0.01 N I, solution
into a 125-ml Erlenmeyer {lask. Add 10 ml ol
3 M HC1, Stopper the flask, shake briefly. let
stand 30 minutes in the dark. and titrate
with the samples.

Nore: The blank must be handled by ex-
actly the same procedure as that used for the
samples.

11.5 Using 0.01 N Na.8.0; solution (or 0.01 N
CH.As0, if applicable), vapidly titrate each
sample in an iodine flask using gentle mix-
ing, until zolution is lizht yellow, Add 4 ml
of starch indicator solution, and continue
titrating slowly until the blue color just dis-
appears. Record the volume of Na.S:0s solu-
tion used, Vyp, or the volume of CsHsAsO so-
lution used, Vay, in ml.

11.6 Titrate the blanks in the same manner
as the samples. Run blanks each day until
replicate values agree within 0.05 ml. Aver-
age the replicate titration values which
agree within 0.05 ml.

12.0 Data Analysis and Calculations

Carry out caleulations, retaining at least
one extra significant figure beyond that of
the acquired data. Round off figures only
after the final calculation,

12.1 Nomenclature.

Pt. 60, App. A-5, Meth. 11

Chzs = Concentration of H:8 at standard con-
ditions. mg/dsem.

N. = Normality of standard C.HsAs0 solu-
tion. g-eq/liter.

Ny = Normality of standard I. solution, g-eq/
liter.

Ny = Normality of standard (=0.1 N} Na,S.0;
solution, g-eq/liter,

Ny = Normality of standard (=0.01 N) Na,3.0,
golution, assumed to be 0.1 N8, g-eq/liter.

P, = Barometric pressure at the sampling
site, mm Hg.

P,y = Standard absolute pressure, 760 mm

Hg.

Ty, = Average DGM temperature, °K,

T4 = Standard absolute temperature, 293 °K.

Va = Volume of CiHsAs0 selution used for
standardization, ml,

Vai = Volume of standard C.HsAs0 solution
used for titration analysis, ml.

Vi = Volume of standard I, solution used for
standardization, ml,

Vi = Volume of standard I, solution used for
titration analysis, normally 50 ml.

Vi = Volume of gas sample at meter condi-
tions, liters.

Vasan = Volume of gas sample at standard
conditions, liters.

Vg = Volume of 0.1 N Na;=3:0;3 solution used
for standardization, ml.

Vi = Volume of standard (=0.01 N) Na.S.0;
solution used in standardizing iodine so-
lution (see section 10.2.1), ml.

Vyr = Volume of standard (<0.01 N) Na.S:04
solution used for titration analysis, ml.

W = Weight of K.Cr:0; used to standardize
Na,s.0; or CoH:As0 solutions, as applica-
ble (see gections 10.2.2 and 10.2.3), 2.

Y = DGM ealibration factor,

12.2 Normality of the Standard (=0.1 N) So-
dium Thiosulfate Solution.,

2.039 W

. 11-1

NS =
Where:
2.039 = Conversion factor
= (6 g-eq Iymole K,Cr.O;) (1,000 mlliter)
(294.2 & K.Cr:0y/mole) (10 aliquot factor)
12.3 Normality of Standard Phenylarsine
Oxide Solution (if applicable),

0.2039 W

N =
A VA

Eq. 11-2
Where:
0.2039 = Conversion factor.
= (f gz-pq L/mole K.Cra0q) (1.000 mlliter)
(294.2 g K:Cr,0;/mole) (100 aliguot factor)

124 Normality of Standard Iodine Solu-
tion.

_NiVp

N;
Vi

Eq. 11-3

355



Pt. 60, App. A-5, Meth. 11

Norg: If CyHsAsO is used instead of
Nua5:04, replace Ny and Ve in Egquation 11-3
with N, and Vs, respectively (see sections
10.2.1 and 10.2.3).

12,5 Dry Gas Volume. Correct the sample
volume measured by the DGM to standard
conditions (20 "C and 760 mm Hg').

(VirN; = VaNy)

sample

40 CFR Ch. | (7-1-17 Edition)

T P
= —std  _ bar
2YVLY 2

m std
12.6 Concentration of H:3. Calculate the

concentration of H.8 in the gas stream at
standard conditions using Equation 11-5:

AY Eq. 11-4

mistd)

_(VITN1 _VTTNT)hIank

Cyy,s =17.04 x 107

Where:
17.04 % 10° = Conversion factor
= (34.07 g/mole H.S) (1,000 liters/m)
(1,000me/g /(1,000 miditer) (2H.S eq/male)
NoTi: If C.H:As0 is used Iinstead of
NaS:20s, replace Ny and Vap in Eguation 11-
5 with N, and V., respectively (see sections
11.5 and 10.2.3).

13.0 Method Performance

13.1 Precision. Collaborative testing has
shown the intra-laboratory precision to be
2.2 percent and the inter-lahoratory preci-
sion to be 5 percent.

13.2 Bias. The method bias was shown to be
- 4.8 percent when only H,S was present. In
the presence of the interferences cited in sec-
tion 4.0, the bias was positive at low H.S con-
centration and negative at higher concentra-
tiong. At 230 mg H,S/m#, the level of the com-
pliance standard. the bias was + 2.7 percent.
Thiols had no effect on the precision.

14.0 Pollution Prevention [Reserved]
15.0 Waste Management [Reserved]
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Silica Gel Tube

Y in. Teflon Sampling Line

i

Pump

Figure 11-1.

METHOD 12—DETERMINATION OF INORGANIC
LEAD EMISSIONS FROM STATIONARY SOURCES

NoOTE: This method does not include all of
the specifications (e.g., equipment and sup-
plies) and procedures (e.g., sampling and ana-
Iytical) essential to its performance. Some
material 18 incorporated by reference from
other methods in this part. Therefore, to ob-

Hydrogen Sulfide Sampling Train.

tain reliable results, persons using this
method should have a thorough knowledge of
at least the following additional test meth-
ods: Method 1, Method 2, Method 3, and
Method 5.

1.0 Scope and Application
1.1 Analytes.
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Analyte

CAS No. Sensitivity

Inorganic Lead Compounds as lead (Ph) ...

7439-92-1 see section 13.3.

1.2 Applicability. This method is applicable
for the determination of inorganic learld emis-
sions from stationary sources, only as speci-
fied in an applicable subpart of the regula-
tiens.

1.3 Data Quality Objectives. Adherence to
the requirements of this method will en-
hance the quality of the data obtained from
air pollutant sampling methods.

2.0 Summary of Method

2.1 Particulate and gaseous Pl emissions
are withdrawn isokinetically from the source
and are collected on 4 filter and in dilute ni-
tric acid, The collected samples are digested
in acid solution and are analyzed by atomic
absorption spectrophotometry using an air/
acetylene flame,

a0 Definitions [Reserved]

4.0 Interferences

4.1 Copper. High concentrations of copper
may interfere with the analysis of Phat 217.0
nm. This interference can be avoided by ana-
lyzing the samples at 283.3 nm,

4.2 Matrix Effects. Analysis for Ph by
flame atomic absorption spectrophotometry
is sensitive to the chemical composition and
to the physical properties (e.g., viscosity, pH)
of the sample. The analytical procedure re-
quires the use of the Method of Standard Ad-
ditions to check for these matrix effects, and
requires sample analysis using the Method pf
Standard Additions if significant matrix ef-
fects are found to be present.

5.0 Safely

5.1 Disclaimer. This method may involve
hazardous materials. operations. and equip-
ment, This test method may not address all
of the safety problems associated with its
use. It is the responsibility of the user of this
test method to establish appropriate safety
and health practices and to determine the
applicability of regulatory limitations prior
to performing this test method.

5.2 Corrosive Reagents. The following re-
agents are hazardous. Personal protective
equipment, and safe procedures are useful in
preventing chemical splasghes. If contact oe-
curs, immediately flush with coplous
amounts of water at least 15 minutes. Re-
move clothing under shower and decontami-
nate. Treat residual chemical burn as ther-
mal bhurn.

5,21 Hydrogen Peroxide (H,0.). Irritating
to eyes, skin. nose. and lungs.

5.2.2 Nitric Acid (HNO,). Highly corrosive
to eyes, skin, nose, and lungs. Vapors cause
bronchitis, pneumonia, or edema of lungs.

Reaction to inhalation may be delayved as
long as 30 hours and etill be fatal. Provide
ventilation to limit exposuare. Strong oxi-
dizer. Hazardous reaction may occur with or-
ganic materials such as solvents.

6.0 Equipment and Supplies

6.1 Sample Collection. A schematic of the
sampling train used in performing this meth-
od is shown in Figure 12-1 in section 18.0; it
is similar to the Method 5 train. The fol-
lowing items are needed for sample collec-
tion:

6.1.1 Probe Nozzle. Probe Liner, Pitot
Tube, Differential Pressure Gauge, Filter
Holder, Filter Heating SBystem, Temperature
Sensor, Metering System, Barometer, and
Gas Density Determination Equipment.
Same as Method 5. sections 6.1.1.1 through
6.1.1.7. 8.1.1.9. 6.1.2, and 6.1.3, respectively.

6.1.2 Impingers. Four impingers connected
in series with leak-free ground glass fittings
or any similar leak-free noncontaminating
fittings are needed. For the first, third, and
fourth impingers, use the Greenburz-Smith
design, modified by replacing the tip with a
1.3 em (% in.) ID glass tube extending to
about 1.8 em (% in.) from the bottom of the
flask. For the second impinger, use the
Greenburg-Smith design with the standard
tip.

6.1.3 Temperature Sensor, Place a tempera-
ture sensor, capable of measuring tempera-
ture to within 1 °C (2 °F) at the outlet of the
fourth impinger for monitoring purposes.

6.2 Sample Recovery. The following items
are needed for sample recovery:

6.2.1 Probe-Liner and Probe-Nozzle Brush-
es, Petri Dishes, Graduated Cylinder and/or
Balance, Plastic Storage Containers, and
Funnel and Rubber Policeman. Same as
Method 5. sections 6.2.1 and 6.2.4 through
6.2.7, respectively.

6.2.2 Wush Bottles, Glass (2).

6.2.3 Sample BStorage Containers. Chemi-
cally resistant, borosilicate glass bottles, for
0.1 W nitric acid (HNOs) impinger and probe
solutions and washes, 1000-ml. Use screw-cap
liners that are either rubber-backed Teflon
or leak-free and resistant to chemical attack
by 0.1 N HNO;, (Narrow mouth glass hottles
have been found to be less prone to leakage.)

6.2.4 Funnel. Glass, to aid in sample recov-
ery.

6.3 Sample Analysis. The following items
are needed for sample analysis:

6.3.1 Atomic Absorption Spectrophotom-
eter. With lead hollow cathode lamp and
burner for airvacetylene flame.

i.3.2 Hot Plate.
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6,3.3 Erlenmeyer Flasks. 24/40
standard taper.

6.3.4 Membrane Filters. Millipora SCWPO
4700, or equivalent.

6.3.5 Filtration Apparatus. Millipore vacu-
um filtration unit. or eguivalent, for use
with the above membrane filter.

6.3.6 Volumetric Flasks. 100-ml, 250-ml, and
1000-m1l.

125-ml,

7.0 Reagents and Standards

NoTE: Unless otherwise indicated, it is in-
tended that all reagents conform to the spec-
ifications established by the Committee on
Analytical Reagents of the American Chem-
ical Society, where such specifications are
available: otherwise, use the best available
grade.

7.1 Sample Collection. The following re-
agents are needed for sample collection:

T7.1.1 Filter. Gelman Spectro Grade, Reeve
Angel 934 AH, MSA 1106 BH, all with lot
assay for Ph, or other high-purity glass fiber
filters. without organic binder, exhibiting at
least 99.95 percent efficiency (<0,05 percent
penetration) on 0.3 micron dioctyl phthalate
smoke particles. Conduct the filter effi-
ciency test using ASTM D 2986-71, 78, or 95a
(incorporated by reference—see §60.17) or use
test data from the supplier's guality control
program.

7.1.2 Silica Gel, Crushed Ice, and Stopcock
Grease. Same as Method 5, sections 7.1.2,
7.1.4, and 7.1.5, respectively.

7.1,3 Water. Deionized distilled, to conform
to ASTM D 1193-77 or 91, Type 3 (incor-
paorated by reference—see §60.17). If high con-
centrations of organic matter are not ex-
pected to De present. the potassium per-
manganate test for oxidizable organic mat-
ter may be omitted.

7.1.4 Nitric Acid, 0.1 N. Dilute 6.5 ml of con-
centrated HNO, to 1 liter with water. (Tt may
be desirable to ruon blanks before field use to
eliminate a high blank on test samples.)

7.2 Sample Recovery. 0.1 N HNO; (Same as
in section 7.1.4 above).

7.8 Bample Analysis, The following re-
agents and standards are needed for sample
analysis:

7.3.1 Water. Same as In section 7.1.3.

7.3.2 Nitric Acid, Concentrated,

7.3.3 Nitric Acid, 50 Percent (v/iwv). Dilute
500 ml of concentrated HNO; to 1 liter with
water,

7.3.4 Stock Lead Standard Solution, 1000 pg
Plyml. Dissolve 0.1598 g of lead nitrate
[PBiNO;):] in about 60 ml water, add 2 ml
concentrated HNO;, and dilute to 100 ml with
water.

7.3.5 Working Lead Standards. Pipet 0.0.
L0, 2.0, 3.0, 4.0, and 5.0 ml of the stock lead
standard solution (Section 7.3.4) into 250-ml
volumetric flasks. Add 5 ml of concentrated
HNO: to each flask, and dilute to volume
with water. These working standards contain

Pt. 60, App. A-5, Meth. 12

0.0, 4.0, 8.0, 12.0, 16.0, and 20.0 pg Pb/ml, re-
spectively. Prepare, as needed. additional
standards at other concentrations in a simi-
lar manner.

7.2.6 Alr. Buitable gquality for atomic ab-
sorption spectrophotometry.

7.3.7 Acetylene, Suitable quality for atomic
absorption spectrophotometry.

7.3.8 Hydrogen Peroxide, 3 Percent (v/ivh
Dilute 10 ml of 30 percent H.0- to 100 m] with
water.

8.0 Sample Collection, Preservalion, Storage,
and Transport

B.1 Pretest Preparation. Follow the same
general proosdure given in Method 5, section
B.1, except that the filter need not be
weighed.

8.2 Preliminary Determinaltions, Follow
the same general procedure given in Method
5, section 8.2,

8.3 Preparation of Sampling Train. Follpw
the same general procedure given in Method
5, section 8.3, except place 100 ml of 0.1 N
HNO; (instead of water) in each of the first
two impingers. As in Method 5, leave the
third impinger empty and transfer approxi-
mately 200 to 300 g of preweighed silica gel
from its container to the fourth impinger.
Set up the train as shown in Figure 12-1.

8.4 Leak-Check Procedures. Same as Meth-
od 5, section 8.4.

8.5 Sampling Train Operation.
Method 5, section 8.5.

8.6 Calculation of Percent Isokinetic. Same
as Method 5, section 8.6,

8.7 Sample Recovery. Same as Method 5.
sections 8.7.1 through 8.7.6.1, with the addi-
tion of the following:

B.7.1 Container No. 2 (Probe).

B.7.1.1 Taking care that dust on the outside
of the probe or other exterior surfaces does
not get into the sample, quantitatively re-
cover sample matter and any condensate
from the probe nozzle, probe fitting, probe
liner, and front half of the filter holder by
washing these components with 0.1 N HNO;
and placing the wash into a glass sample
storage container. Measure and record (to
the nearest 2 ml) the total amount of 0.1 N
HNO; used for these rinses, Perform the 0.1 N
HNO; rinses as follows:

8.7.1.2 Carefully remove the probe nozzle,
and rinse the inside surfaces with 0.1 W HNO;
from a wash bottle while brushing with a
stainless steel, Nylon-bristle brush. Brush
until the 0.1 N HNO; rinse shows no vigihle
particles, then make a final rinse of the in-
side surface with 0.1 N HNO..

8.7.1.8 Brush and rinse with (L1 N HNO; the
ingide parts of the Swagelok fitting in a
similar way until no visible particles re-
main.

8.7.1.4 Rinse the probe liner with 0.1 N
HNO;. While rotating the probe so that all
ingide surfaces will be ringed with 0.1 N
HNO;, tilt the probe, and sguirt 0.1 N HNO,

Same as
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into its upper end. Let the 0.1 N HNO; drain
from the lower end into the sample con-
tainer. A glass funnel may be used to aid in
transferring liguid washes to the container.
Follow the rinse with a probe hrush. Hold the
probe in an inclined position, squirt 0.1 N
HNO; into the upper end of the probe as the
probe brush is being pushed with a twisting
action through the probe; hold the sample
container underneath the lower end of the
probe, and catch any 0.1 N HNO, and sample
matter that is brushed from the probe. Run
the brush through the probe three times or
more until no visible sample matter is car-
ried out with the 0.1 N HNO; and none re-
mains on the probe liner on visual inspec-
tion, With stainless steel or other metal
probes, run the brush through in the above
prescribed manner at least six times. since
metal probes have small erevices in which
sample matter can be entrapped. Rinse the
brush with 0.1 N HNO., and guantitatively
collect these washings in the sample con-
tainer. After the brushing, make a final rinse
of the probe as described above.

8.7.1.5 1t is recommended that two people
clean the probe to minimize loss of sample.
Between sampling runs. keep brushes clean
and protected from contamination.

8.7.1.8 After ensuring that all joints are
wiped clean of silicone grease, brush and
rinse with 0.1 N HNOj the inside of the from
half of the filter holder, Brush and rinse each
surface three times or more, if needed, to re-
move vigible sample matter., Make a final
ringe of the brush and filter holder, After all
0.1 N HNO:; washings and sample matter are
collected in the sample container. tighten
the lid on the sample container so that the
fluid will not leak out when it ig shipped to
the laboratory. Mark the height of the fluid
level to determine whether leakage occurs
during transport. Label the container to
identify its contents clearly.

8.7.2 Container No. 3 (Silica Gel). Note the
color of the indicating silica gel to deter-
mine if it has been completely spent, and
make a notation of its condition. Transfer
the silica gel from the fourth impinger to the
original container, and seal. A funnel may be
used to pour the silica gel from the impinger
and a rublber policeman may be used to re-
move the silica gel from the impinger. It is
not necessary to remove the small amount of
particles that may adhere to the walls and
are difficult to remove. Since the gain in
weight is to be wnsed for moisture caleuala-
tions. do not use any water or other liguids
to transfer the silica gel. If a balance is
available in the field, follow the procedure
for Container No. 3 in section 11.4.2.

8.7.3 Container No. 4 (Impingers). Due to
the large quantity of liguid involved. the im-
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pinger solutions may be placed in several
containers. Clean each of the first three
impingers and connecting glassware in the
following manner:

8.7.3.1. Wipe the impinger ball joints free of
silicone grease, and cap the joints.

8.7.3.2. Rotate and agitate each impinger,
g0 that the impinger contents might serve as
a rinse solotion,

8.7.3.3. Transfer the contents of the
impingers to a 5H00-ml graduated cylinder.
Remove the outlet ball joint cap, and drain
the contents through this opening. Do not
separate the impinger parts (inner and outer
tnbes) while transferring their contents to
the eylinder. Measure the liguid volume to
within 2 ml. Alternatively, determine the
weight of the liguid to within 0.5 g. Record in
the log the volume or weight of the liguid
present, along with a notation of any color
or film observed in the impinger catch. The
liguid volume or weight is needed. along
with the silica zel data, to calculate the
stack gas moisture content (see Method 5,
Figure 5-6).

8.7.3.4. Transfer the contents to Container
No. 4.

Nore: In sections 8.7.8.5 and 8.7.3.6, meas-
ure and record the total amount of 0.1 N
HNOs used for rinsing.

8.7.3.5. Pour approximately 30 ml of 0.1 N
HNO; into each of the lirst three impingers
and agitate the impingers. Drain the 0.1 N
HNO, through the outlet arm of each im-
pinger into Container No. 4. Repeat this op-
eration a second time; inspect the impingers
for any abnormal conditions.

8.7.3.6. Wipe the ball joints of the glassware
connecting the impingers free of silicone
grease and rinse each piece of glassware
twice with 0.1 N HNO.; transfer this rinse
into Container No. 4. Do not rinse or brush
the glass-fritted filter support, Mark the
height of the fluid Ievel to determine wheth-
er leakage occurs during transport. Label
the container to identify its contents clear-
1y.

8.8 Blanks,

8.8.1 Nitric Acid. Save 200 ml of the 0.1 N
HNO; nsed for sampling and cleanup as a
blank. Take the solution directly from the
bottle being used and place into a glass sam-
ple container labeled *'0.1 N HNO; blank.”

8.8.2 Filter. Save two filters from each lot
of filters used in sampling. Place these fil-
ters in a container labeled “filter blank.”

9.0 Quality Control

9.1 Migecellaneous Quality Control Meas-
ures.
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Section Quality control measure Effect
B4, 100 v rusreibasaians Sampling equipment |eak-checks and | Ensure accuracy and precision of sampling measure-
calibration, ments.
10.2 Sp p ymeter calibration .. Ensure linearity of spectrophotometer response to
standards.
11.5 Check for matrix effects _..........ooo- | Eliminate matrix effects,

9.2 Volume Metering System Checks. Same
as Method 5. section 9.2,

10,0 Calibration and Standaydizations

NoTE: Maintain a laboratory log of all cali-
brations.

10.1 Sampling Equipment, Same as Method
5, section 10.0.

10.2 Spectrophotometer.

10.2,1 Measure the absorbance of the stand-
ard scolutions using the instrument settings
recommended by the spectrophotometer
manufacturer. Repeat until good agreement
(+3 percent) is obtained between two con-
secutive readings, Plot the absorbance (y-
axis) versus concentration in pg Pbiml (x-
axis). Draw or compute & straight line
through the linear portion of the curve. Do
not force the calibration curve through zero,
but if the curve does not pass through the or-
igin or at least lie closer to the origin than
+0,003 absorbance units, check for incorrectly
prepared standards and for carvature in the
calibration curve.,

10.2.2 To determing stability of the calibra-
tion eurve, run a blank and a standard after
every five samples, and recalibrate as nec-
ESSATY.

11.0 Analytical Procedures

11.1 Sample Loss Check. Prior to analysis,
check the liquid level in Containers Number
2 and Number 4. Note on the analytical data
sheet. whether leakage occurred during
transport, If a noticeable amount of leakage
ooccurred, either wvoid the sample or take
steps. subject to the approval of the Admin-
istrator, to adjust the final results.

11.2 Sample Preparation.

11.2.1 Container No, 1 (Filter), Cut the fil-
ter into strips and transfer the strips and all
loose particulate matter into a 1256-ml Erlen-
meyer flask. Rinse the petri dish with 10 ml
of 50 percent HNO; to ensure a gquantitative
transfer, and add to the flask.

NoTe: 1f the total volume required in sec-
tion 11.2.3 is expected to exceed 80 ml, use a
250l flask in place of the 125-ml flask.

11.2.2 Containers No. 2 and No. 4 (Probe and
Impingers). Combine the contents of Con-
tainers No. 2 and No. 4. and evaporate to dry-
ness on a hot plate.

11.2.3 SBample Extraction for Lead.

11.2.3.1 Based on the approximate stack gas
particulate concentration and the total vol-
ume of stack gas sampled, estimate the total

weight of particulate sample collected. Next,
transfer the residue from Containers No, 2
and No. 4 to the 125-ml Erlenmeyer flask
that contains the sampling filter using a
rubber policeman and 10 ml of 50 percent
HNO; for every 100 mg of sample collected in
the train or a minimum of 30 ml of 50 percent
HNO;. whichever is larger.

11.2.3.2 Place the Erlenmeyer flask on a hot
plate, and heat with periodic stirring for 30
minutes at a temperature just below boiling,
If the sample volume falls below 15 ml, add
more 50 percent HNO;. Add 10 ml of 3 percent
H.0., and continue heating for 10 minutes.
Adad 50 ml of hot (80 "C. 176 °F) water, and
heat for 20 minutes. Remove the flask from
the hot plate, and allow to cool. Filter the
sample through a Millipore membrane filter,
or equivalent, and transfer the filtrate to a
250-m1 volumetric flagk. Dilute to volume
with water.

11.24 Filter Blank. Cut each [ilter into
strips, and place each filter in a separate 125-
ml Erlenmeyer flask, Add 15 ml of 50 percent
HNO,. and treat as desoribed in section 11.2.3
using 10 ml of 3 percent H-0. and &0 ml of hot
water, Filter and dilute to a total volume of
100 ml using water.

11.2.5 Nitric Acid Blank, 0.1 N. Take the en-
tire 200 ml of 0.1 N HNO: to dryness on a
steam bath, add 15 ml of 50 percent HNOs,
and treat as described in section 11.2.3 using
10 ml of 3 percent H.0: and 50 ml of hot
water. Dilute to a total volume of 100 ml
using water.

11.3 Spectrophotometer Preparation. Turn
on the power: set the wavelength, slit width,
and lamp current; and adjust the background
corrector as instructed by the manufactur-
er's manual for the particular atomic absorp-
tion spectrophotometer. Adjust the burner
and flame characteristics as necessary.

11.4 Analysis.

11.4.1 Lead Determination. Calibrate the
spectrophotometer as outlined in section
10,2, and determine the absorbance for each
source sample, the filter blank, and 0.1 N
HNO; blank. Analyze each sample three
times in this manner. Make appropriate dilu-
tions, as needed, to bring all sample Ph con-
centrations into the lingar absorbance range
of the spectrophotormeter. Because instru-
ments vary between manufacturers, no de-
tailed operating instructions will be given
here. Instead. the instructions provided with
the particular instrument should he fol-
lowed. If the Ph concentration of a sample is
at the low end of the calibration curve and
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high accuracy is required, the sample can be
taken to dryness on a hot plate and the res-
idue dissolved in the appropriate volume of
water to bring it into the optimum range of
the calibration curve.

11.4.2 Container No. 3 (Silica Gel). This
step may be conducted in the field. Weigh
the spent silica gel (or gilica gel plos im-
pinger) to the nearest 0.5 g: record this
weight.

11.5 Check for Matrix Effects. Use the
Method of Standard Additions as follows to
check at least one sample from each source
for matrix effects on the Pb results:

11.5.1 Add or spike an equal volume ol
standard solution to an aliquot of the sample
solution.

11.5.2 Measure the absorbance of the result-
ing solution and the abgorbance of an aliquot
of unspiked sample.

11.5.3 Calculate the Pb concentration C, in
ug/ml of the sample solution using Equation
12-1 in section 12.5.

Volume corrections will not be required if
the solutions as analyvzed have bheen made to
the same final volume. Therefore, C, and C,
represent Pb concentration before dilutions.

Method of Standard Additions procedures
described on pages 9-4 and 9-5 of the gection
entitled “General Information” of the
Perkin Elmer Corporation Atomic Absorp-
tion Spectrophotometry Manual, Nuomber
303-0152 (Reference 1 in section 17.0) may also
be used. In any event. if the results of the
Method of Standard Additions procedure
used on the single soorce sample do not
agree to within +5 percent of the value ob-
tained by the routine atomic absorption
analysis, then reanalyze all samples from the
source using the Method of Standard Addi-
tions procedure.

12.0 Data Analysis and Caleulations

12.1 Nomenclature,

Ay = Absorbance of the sample solution.
A, = Cross-sectional area of nozzle, m? (ft4).

A, Absorbance of the spiked sample solu-
tion.

By, = Water in the gag stream, proportion hy
volume.

C, = Lead concentration in standard solu-
tion, pg/ml,

C,, = Lead concentration in sample solution
analyzed during check for matrix effects,
pg/ml.

C. = Lead concentration in stack gas, dry
basis, converted to standard conditions,
mg/dsem (gr/dsch).

I = Percent of isokinetic sampling.

L, = Individual leakage rate observed during
the leak-check conducted prior to the
first component change, m¥min (ft%/min)

L, = Maximum acceptable leakage rate for
either a pretest leak-check or for a leak-
check following a component change;
equal to 0.00057 m¥min (0.020 chm) or 4
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percent of the average sampling rate,
whichever is less.

L, = Individual leakage rate observed during
the leak-check conducted prior to the
“ith™ eomponent change (1 =1, 2,3 * * *
n), m¥min (efm).

L, = Leakage rate observed during the post-
test leak-check, m¥ymin (¢fm).

m, = Total weight of lead collected in the
sample, pg.

M, = Molecular weight of water, 18.0 g/g-
mole (18.0 1v/1h-mole).

P = Barometric pressure at the sampling
gite, mm Hg (in. Hg).

P, = Absolute stack gas pressure, mm Hg (in.
Hg).

P = Standard ahsolute pressure, 760 mm Hg
(29.92 in. Hg).

R = Ideal gas constant, 0.06236 [(mm Hg)
(mH][{"K) (g-mole)] {21.85 [(in. Hg) (ft3))/
[("R) (Ib-moleil).

T, = Absolute average dry gas meter tem-
perature (see Figare 5-3 of Method 5), °K
("R,

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

v, = Btack gas velocity, m/sec (ft/sec).

Vw = Volume of gas sample as measured hy
the dry gas meter, dry basis, m® ({t7),
Vaiaty = Volume of gas sample as measured
by the dry gas meter, corrected to stand-

ard conditions, m? (7).

Vg = Volume of water vapor collected in
the sampling train, corrected Lo standard
conditions, m* (ft).

Y = Dry gas meter calibration factor.

AH = Average pressure differential across the
orvifice meter (see Figure 5-3 of Method
5), mm H:0 (in. H-0).

f = Total sampling time. min.

B = Sampling time interval, from the begin-
ning of a run until the first component
change, min.

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

B, = Sampling time interval, from the final
(nth) component change until the end of
the sampling run, min.

pw = Density of water, 0.9982 g/ml (0.002201 1y
ml).

12.2 Average Dry Gas Meter Temperatures
(T,,) and Average Orifice Pressure Drop (AH).
See data sheet (Figure 5-3 of Method b).

12.3 Dry Gas Volume., Volume of Water
Vapor, and Moisture Content. Using data ob-
tained in this test, calculate Vi, Vs,
and B,. according to the procedures outlined
in Method 5, sections 12.3 through 12.5.

12.4 Total Lead in Source Sample. For each
source sample. correct the average absorb-
ance for the contribution of the filter hlank
and the 0.1 N HNO; blank. Use the calibra-
tion eurve and this corrected absorbance to
determine the Pb concentration in the sam-
ple aspirated into the spectrophotometer.
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Calculate the total Pb content m, (in pg) in
the original source sample; correct for all
the dilutions that were made to bring the Ph
concentration of the sample into the linear
range of the spectrophotometer.

12,5 Sample Lead Concentration. Calculate
the Pb concentration of the sample using the
following equation:

A
G =G —2—
Al _Arn
12.6 Lead Concentration. Calculate the

stack zas Pb concentration €, using Egqua-
tion 12-2:

Eq. 12-1

m
CS = K3 1l
misid)

Eq. 12-2

Where:
K3 = 0.001 mg/pg for metric units.

= 1.54 » 105 gr/ug for English units

12.7 Stack Gas Velocity and Volometric
Flow Rate, Calculate the average stack gas
velocity and volumetric flow rate using data
obtained in this method and the equations in
sections 12.2 and 12.3 of Method 2.

12.8 Isokinetic Variation. Same as Method
5, section 12.11.

13.0 Method Performance

13.1 Precision, The within-laboratory preci-
sion, as measured by the coefficient of vari-
ation, ranges from 0.2 to 9.5 percent relative
to a run-mean concentration. These values
were based on tests conducted at a gray iron
foundry. a lead storage battery manufac-
turing plant, a secondary lead smelter, and a
lead recovery furnace of an alkyl lead manu-
facturing plant. The concentrations encoun-
tered during these tests ranged from 0.61 to
123.3 mg Ph/m?3.

13.2 Analytical Range. For a minimum an-
alytical accuracy of +10 percent, the lower
limit of the range is 100 yg. The upper limit
can be extended considerably by dilution.

13.3 Analytical Sensitivity, Typical sen-
sitivities for a l-percent change in absorp-
tion (0.0044 absorbance units) are 0.2 and 0.5
g Ph/ml for the 217.0 and 283.3 nm lines, re-
spectively,

14.0 Pollution Prevention [Reserved)
15.0 Waste Managemen! [Reserved]

16.0 Alternative Procedures

16.1 Simultanegous Determination of Par-
ticulate Matter and Lead Emissions. Method
12 may be used to simultaneously determine
Pl provided:

(1) Acetone is used to remove particulate
from the probe and inside of the filter holder
as specified by Method 5,

(2) 0.1 N HNO, is used in the impingers,

Pt. 60, App. A-5, Meth. 12

{3) A glass liber filter with a low Pb hack-
ground is used, and

(4) The entirve train contents, including the
impingers, are treated and analyzed for Ph as
described in Sections 8.0 and 11.0 of this
method.

16.2 Filter Location. A filter may be used
between the third and fourth impingers pro-
vided the filter is included in the analysis for
Ph.

16.3 In-Stack Filter. An in-staclk filter may
be used provided: (1) A glass-lined probe and
at least two impingers, each containing 100
ml of 0.1 N HNO; after the in-stack filter, are
used and (2) the probe and impinger contents
are recovered and analyzed for Pb. Recover
sample from the nozzle with acetone if a par-
ticulate analysis is to be made.

164 Inductively Coupled Plasma-Atomic
Emission Spectrometry (ICP-AES) Analysis.
ICP-AES may be used as an alternative to
atomic absorption analysis provided the fol-
lowing conditions are met:

16.4.1 Sample collection, sample prepara-
tion, and analytical preparation procedures
are as defined in the method except as nec-
esgary for the ICP-AES application.

16.4.2 The limit of guantitation for the
ICP-AES must be demonstrated, and the
sample concentrations reported should be no
less than two times the limit ol guantita-
tion. The limit of quantitation is defined as
ten times the standard deviation of the
blank value. The standard deviation of the
blank value is determined from the analysis
of seven blanks. It has heen reported that for
mercury and those elements that form hy-
drides, a continuous-flow generator coupled
to an ICP-AES offers detection limits com-
parable to cold vapor atomic absorption.

16.5 Inductively Coupled Plasma-Mass
Spectrometry (ICP-MS) Analysis. ICP-MS
may be used as an alternative to atomic ab-
sorption analvsis,

16.6 Cold Vapor Atomic Fluorescence
Spectrometry (CVAFS) Analysis. CVAFS
may be used as an alternative to atomic ab-
sorption analysis.

17.0 References

Same as Method 5, section 17.0, References
2,3, 4, 5, and 7, with the addition of the fol-
lowing:

1. Perkin Elmer Corporation. Analytical
Methords for Atomic Absorption
Spectrophotometry. Norwalk, Connecticut,
September 1976.

2. American Society for Testing and Mate-
rials. Annual Book of ASTM Standards, Part
31: Water, Atmospheric Analysis. Philadel-
phia, PA 1974, p. 40-42.

3. Kelin, R.. and C. Hach. Standard Addi-
tions—ses and Limitations in
Spectrophotometric Analyeis. Amer. Lab.
9:21-27. 1977,
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4. Mitchell, W.J., and M.R. Midgett. Deter-
mining Inorganic and Alkyl Lead Emissions
from Stationary Sources. U.S. Environ-
mental Protection Agency. Emission Moni-
toring and Support Laboratory. Research
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Triangle Park, NC. (Presented at National
APCA Meeting, Houston. June 26, 1978).

18.0 Tables, Diagrams, Flowcharts, and
Validation Data
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Figure 12-1.
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Inorganic Lead Sampling Train.



