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Figure 25E-1. Schematic of Sampling Apparatus

[36 FR 24877, Dec. 23, 1971]

EDITORIAL NOTE: For FEDERAL REGISTER citations affecting appendix A-7 to part 60, see the
List of CFR sections Affected, which appears in the Finding Aids section of the printed vol-
ume and at www.govinfo.gov.

APPENDIX A-8 TO PART 60—TEST Method 26A—Determination of hydrogen ha-

METHODS 26 THROUGH 30B lide and halogen emissions from sta-
tionary sources—isokinetic method

Method 26—Determination of Hydrogen Chlo-
ride Emissions From Stationary Sources
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Method 27—Determination of vapor tightness
of gasoline delivery tank using pressure-
vacuum test

Method 28—Certification and auditing of
wood heaters

Method 28A—Measurement of air to fuel
ratio and minimum achievable burn
rates for wood-fired appliances

Method 29—Determination of metals emis-
sions from stationary sources

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 these 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 Procedures’
is provided to: (1) Identify the test methods
to 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 this 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
because this allows the greatest flexibility
to the user. 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 recognized 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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erwise identified all such methods and
changes must have prior approval of the Ad-
ministrator. An owner employing such meth-
ods or deviations from the test methods
without obtaining prior approval does so at
the risk of subsequent disapproval and re-
testing with approved methods.

Within the test methods, certain specific
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 equivalent.”” Such poten-
tially approvable techniques or alternatives
may be used at the discretion of the owner
without prior approval. However, detailed
descriptions for applying these potentially
approvable techniques or alternatives are
not provided in the test methods. Also, the
potentially approvable options are not nec-
essarily 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-
cluding a written description of the alter-
native method in the test report (the written
method must be clear and must be capable of
being performed without additional instruc-
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 26—DETERMINATION OF HYDROGEN
HALIDE AND HALOGEN EMISSIONS FROM STA-
TIONARY SOURCES NON-ISOKINETIC METHOD

1.0 Scope and Application
1.1 Analytes.

Analytes CAS No.
Hydrogen Chloride (HCI) .. 7647-01-0
Hydrogen Bromide (HBr) .. 10035-10-6
Hydrogen Fluoride (HF) .... 7664-39-3
Chlorine (CL) .. 7882-50-5
Bromine (Br,) .. 7726-95-6

1.2 Applicability. This method is applicable
for determining emissions of hydrogen
halides (HX) (HCl, HBr, and HF) and
halogens (X,) (Cl, and Br,) from stationary
sources when specified by the applicable sub-
part. Sources, such as those controlled by
wet scrubbers, that emit acid particulate
matter must be sampled using Method 26A.

553



Pt. 60, App. A-8, Meth. 26

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 An integrated sample is extracted from
the source and passed through a prepurged
heated probe and filter into dilute sulfuric
acid and dilute sodium hydroxide solutions
which collect the gaseous hydrogen halides
and halogens, respectively. The filter col-
lects particulate matter including halide
salts but is not routinely recovered and ana-
lyzed. The hydrogen halides are solubilized
in the acidic solution and form chloride
(C17), bromide (Br—), and fluoride (F~) ions.
The halogens have a very low solubility in
the acidic solution and pass through to the
alkaline solution where they are hydrolyzed
to form a proton (H * ), the halide ion, and
the hypohalous acid (HCI1O or HBrO). Sodium
thiosulfate is added in excess to the alkaline
solution to assure reaction with the
hypohalous acid to form a second halide ion
such that 2 halide ions are formed for each
molecule of halogen gas. The halide ions in
the separate solutions are measured by ion
chromatography (IC).

3.0 Definitions [Reserved]

4.0 Interferences

4.1 Volatile materials, such as chlorine di-
oxide (Cl0,) and ammonium chloride
(NH4C1), which produce halide ions upon dis-
solution during sampling are potential
interferents. Interferents for the halide
measurements are the halogen gases which
disproportionate to a hydrogen halide and a
hydrohalous acid upon dissolution in water.
However, the use of acidic rather than neu-
tral or basic solutions for collection of the
hydrogen halides greatly reduces the dissolu-
tion of any halogens passing through this so-
lution.

4.2 The simultaneous presence of HBr and
CL, may cause a positive bias in the HCL re-
sult with a corresponding negative bias in
the Cl, result as well as affecting the HBr/Br,
split.

4.3 High concentrations of nitrogen oxides
(NOx) may produce sufficient nitrate (NO;—
to interfere with measurements of very low
Br-— levels.

4.4 A glass wool plug should not be used to
remove particulate matter since a negative
bias in the data could result.

4.5 There is anecdotal evidence that HF
may be outgassed from new teflon compo-
nents. If HF is a target analyte, then pre-
conditioning of new teflon components, by
heating should be considered.
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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 to es-
tablish appropriate safety and health prac-
tices and determine the applicability of reg-
ulatory limitations before 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 splashes. If contact oc-
curs, immediately flush with copious
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 Sodium Hydroxide (NaOH). Causes se-
vere damage to eyes and skin. Inhalation
causes irritation to nose, throat, and lungs.
Reacts exothermically with limited amounts
of water.

5.2.2 Sulfuric Acid (H»SO,). Rapidly de-
structive to body tissue. Will cause third de-
gree burns. Eye damage may result in blind-
ness. Inhalation may be fatal from spasm of
the larynx, usually within 30 minutes. May
cause lung tissue damage with edema. 1 mg/
m3 for 8 hours will cause lung damage or, in
higher concentrations, death. Provide ven-
tilation to limit inhalation. Reacts violently
with metals and organics.

6.0 Equipment and Supplies

NOTE: Mention of trade names or specific
products does not constitute endorsement by
the Environmental Protection Agency.

6.1 Sampling. The sampling train is shown
in Figure 26-1, and component parts are dis-
cussed below.

6.1.1 Probe. Borosilicate glass, approxi-
mately 3/8-in. (9-mm) I.D. with a heating sys-
tem capable of maintaining a probe gas tem-
perature during sampling between 120 and 134
°C (248 and 273 °F) to prevent moisture con-
densation; or Teflon where stack probes are
below 210 °C. If HF is a target analyte, then
preconditioning of new teflon components by
heating should be considered to prevent po-
tential HF outgassing. A Teflon-glass filter
in a mat configuration should be installed to
remove particulate matter from the gas
stream.

6.1.2 Three-way Stopcock. A borosilicate-
glass three-way stopcock with a heating sys-
tem to prevent moisture condensation. The
heated stopcock should connect to the outlet
of the heated filter and the inlet of the first
impinger. The heating system should be ca-
pable of preventing condensation up to the
inlet of the first impinger. Silicone grease
may be used, if necessary, to prevent leak-
age.
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6.1.3 Impingers. Four 30-ml midget
impingers with leak-free glass connectors.
Silicone grease may be used, if necessary, to
prevent leakage. For sampling at high mois-
ture sources or for sampling times greater
than one hour, a midget impinger with a
shortened stem (such that the gas sample
does not bubble through the collected con-
densate) should be used in front of the first
impinger.

6.1.4 Drying Tube or Impinger. Tube or im-
pinger, of Mae West design, filled with 6- to
16-mesh indicating type silica gel, or equiva-
lent, to dry the gas sample and to protect
the dry gas meter and pump. If the silica gel
has been used previously, dry at 1756 °C (350
°F) for 2 hours. New silica gel may be used as
received. Alternatively, other types of
desiccants (equivalent or better) may be
used.

6.1.6 Heating System. Any heating system
capable of maintaining a temperature
around the probe and filter holder between
120 and 134 °C (248 and 273 °F) during sam-
pling, or such other temperature as specified
by an applicable subpart of the standards or
approved by the Administrator for a par-
ticular application.

6.1.6 Filter Holder and Support. The filter
holder shall be made of Teflon or quartz. The
filter support shall be made of Teflon. All
Teflon filter holders and supports are avail-
able from Savillex Corp., 5326 Hwy 101,
Minnetonka, MN 55345.

6.1.7 Sample Line. Leak-free, with compat-
ible fittings to connect the last impinger to
the needle valve.

6.1.8 Rate Meter. Rotameter, or equivalent,
capable of measuring flow rate to within 2
percent of the selected flow rate of 2 liters/
min (0.07 ft3/min).

6.1.9 Purge Pump, Purge Line, Drying
Tube, Needle Valve, and Rate Meter. Pump
capable of purging the sampling probe at 2 1i-
ters/min, with drying tube, filled with silica
gel or equivalent, to protect pump, and a
rate meter capable of measuring 0 to 5 liters/
min (0.2 ft3/min).

6.1.10 Stopcock Grease, Valve, Pump, Vol-
ume Meter, Barometer, and Vacuum Gauge.
Same as in Method 6, sections 6.1.1.4, 6.1.1.7,
6.1.1.8, 6.1.1.10, 6.1.2, and 6.1.3.

6.1.11 Temperature Measuring Devices.
Temperature sensors to monitor the tem-
perature of the probe and to monitor the
temperature of the sampling system from
the outlet of the probe to the inlet of the
first impinger.

6.1.12 Ice Water Bath. To minimize loss of
absorbing solution.

6.2 Sample Recovery.

6.2.1 Wash Bottles. Polyethylene or glass,
500-m1l or larger, two.

6.2.2 Storage Containers. 100- or 250-ml,
high-density polyethylene or glass sample
storage containers with Teflon screw cap lin-
ers to store impinger samples.
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6.3 Sample Preparation and Analysis. The
materials required for volumetric dilution
and chromatographic analysis of samples are
described below.

6.3.1 Volumetric Flasks. Class A, 100-ml
size.

6.3.2 Volumetric Pipets. Class A, assort-
ment. To dilute samples to the calibration
range of the ion chromatograph.

6.3.3 Ion Chromatograph (IC). Suppressed
or non-suppressed, with a conductivity de-
tector and electronic integrator operating in
the peak area mode. Other detectors, strip
chart recorders, and peak height measure-
ments may be used.

7.0 Reagents and Standards

NOTE: Unless otherwise indicated, all re-
agents must conform to the specifications
established by the Committee on Analytical
Reagents of the American Chemical Society
(ACS reagent grade). When such specifica-
tions are not available, the best available
grade shall be used.

7.1 Sampling.

7.1.1 Filter. A 25-mm (1 in) (or other size)
Teflon glass mat, Pallflex TX40HI75 (Pallflex
Inc., 1256 Kennedy Drive, Putnam, CT 06260).
This filter is in a mat configuration to pre-
vent fine particulate matter from entering
the sampling train. Its composition is 75%
Teflon/25% borosilicate glass. Other filters
may be used, but they must be in a mat (as
opposed to a laminate) configuration and
contain at least 75% Teflon. For practical
rather than scientific reasons, when the
stack gas temperature exceeds 210 °C (410 °F)
and the HCI concentration is greater than 20
ppm, a quartz-fiber filter may be used since
Teflon becomes unstable above this tempera-
ture.

7.1.2 Water. Deionized, distilled water that
conforms to American Society of Testing
and Materials (ASTM) Specification D 1193-
77 or 91, Type 3 (incorporated by reference—
see §60.17).

7.1.3 Acidic Absorbing Solution, 0.1 N Sul-
furic Acid (H,SO4). To prepare 100 ml of the
absorbing solution for the front impinger
pair, slowly add 0.28 ml of concentrated
H,S04 to about 90 ml of water while stirring,
and adjust the final volume to 100 ml using
additional water. Shake well to mix the solu-
tion.

7.1.4 Silica Gel. Indicating type, 6 to 16
mesh. If previously used, dry at 180 °C (350
°F) for 2 hours. New silica gel may be used as
received. Alternatively, other types of
desiccants may be used, subject to the ap-
proval of the Administrator.

7.1.5 Alkaline Adsorbing Solution, 0.1 N So-
dium Hydroxide (NaOH). To prepare 100 ml of
the scrubber solution for the third and
fourth impinger, dissolve 0.40 g of solid NaOH
in about 90 ml of water, and adjust the final
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solution volume to 100 ml using additional
water. Shake well to mix the solution.

7.1.6 Sodium Thiosulfate (Na,S,03 5 H,O)

7.2 Sample Preparation and Analysis.

7.2.1 Water. Same as in section 7.1.2.

7.2.2 Absorbing Solution Blanks. A sepa-
rate blank solution of each absorbing rea-
gent should be prepared for analysis with the
field samples. Dilute 30 ml of each absorbing
solution to approximately the same final
volume as the field samples using the blank
sample of rinse water.

7.2.3 Halide Salt Stock Standard Solutions.
Prepare concentrated stock solutions from
reagent grade sodium chloride (NaCl), so-
dium bromide (NaBr), and sodium fluoride
(NaF). Each must be dried at 110 °C (230 °F)
for two or more hours and then cooled to
room temperature in a desiccator imme-
diately before weighing. Accurately weigh 1.6
to 1.7 g of the dried NaCl to within 0.1 mg,
dissolve in water, and dilute to 1 liter. Cal-
culate the exact Cl- concentration using
Equation 26-1 in section 12.2. In a similar
manner, accurately weigh and solubilize 1.2
to 1.3 g of dried NaBr and 2.2 to 2.3 g of NaF
to make 1-liter solutions. Use Equations 26—
2 and 26-3 in section 12.2, to calculate the
Br— and F~ concentrations. Alternately, so-
lutions containing a nominal certified con-
centration of 1000 mg/l NaCl are commer-
cially available as convenient stock solu-
tions from which standards can be made by
appropriate volumetric dilution. Refrigerate
the stock standard solutions and store no
longer than one month.

7.2.4 Chromatographic Eluent. Effective
eluents for nonsuppressed IC using a resin-or
silica-based weak ion exchange column are a
4 mM potassium hydrogen phthalate solu-
tion, adjusted to pH 4.0 using a saturated so-
dium borate solution, and a 4 mM 4-hydroxy
benzoate solution, adjusted to pH 8.6 using 1
N NaOH. An effective eluent for suppressed
ion chromatography is a solution containing
3 mM sodium bicarbonate and 2.4 mM sodium
carbonate. Other dilute solutions buffered to
a similar pH and containing no interfering
ions may be used. When using suppressed ion
chromatography, if the ‘“‘water dip’’ result-
ing from sample injection interferes with the
chloride peak, use a 2 mM NaOH/2.4 mM so-
dium bicarbonate eluent.

8.0 Sample Collection, Preservation, Storage,
and Transport

NOTE: Because of the complexity of this
method, testers and analyst should be
trained and experienced with the procedure
to ensure reliable results.

8.1 Sampling.

8.1.1 Preparation of Collection Train. Pre-
pare the sampling train as follows: Pour 15
ml of the acidic absorbing solution into each
one of the first pair of impingers, and 15 ml
of the alkaline absorbing solution into each
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one of the second pair of impingers. Connect
the impingers in series with the knockout
impinger first, if used, followed by the two
impingers containing the acidic absorbing
solution and the two impingers containing
the alkaline absorbing solution. Place a
fresh charge of silica gel, or equivalent, in
the drying tube or impinger at the end of the
impinger train.

8.1.2 Adjust the probe temperature and
the temperature of the filter and the stop-
cock (i.e., the heated area in Figure 26-1) to
a temperature sufficient to prevent water
condensation. This temperature must be
maintained between 120 and 134 °C (248 and
273 °F). The temperature should be mon-
itored throughout a sampling run to ensure
that the desired temperature is maintained.
It is important to maintain a temperature
around the probe and filter in this range
since it is extremely difficult to purge acid
gases off these components. (These compo-
nents are not quantitatively recovered and,
hence, any collection of acid gases on these
components would result in potential
undereporting of these emissions. The appli-
cable subparts may specify alternative high-
er temperatures.)

8.1.3 Leak-Check Procedure.

8.1.3.1 Sampling Train. A leak-check prior
to the sampling run is optional; however, a
leak-check after the sampling run is manda-
tory. The leak-check procedure is as follows:
Temporarily attach a suitable [e.g., 0-40 cc/
min (0-2.4 in3/min)] rotameter to the outlet
of the dry gas meter and place a vacuum
gauge at or near the probe inlet. Plug the
probe inlet, pull a vacuum of at least 250 mm
Hg (10 in. Hg), and note the flow rate as indi-
cated by the rotameter. A leakage rate not
in excess of 2 percent of the average sam-
pling rate is acceptable.

NoTE: Carefully release the probe inlet
plug before turning off the pump.

8.1.3.2 Pump. It is suggested (not manda-
tory) that the pump be leak-checked sepa-
rately, either prior to or after the sampling
run. If done prior to the sampling run, the
pump leak-check shall precede the leak-
check of the sampling train described imme-
diately above; if done after the sampling run,
the pump leak-check shall follow the train
leak-check. To leak-check the pump, proceed
as follows: Disconnect the drying tube from
the probe-impinger assembly. Place a vacu-
um gauge at the inlet to either the drying
tube or pump, pull a vacuum of 250 mm (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
sec. Other leak-check procedures may be
used, subject to the approval of the Adminis-
trator, U.S. Environmental Protection Agen-
cy.
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8.1.4 Purge Procedure. Immediately before
sampling, connect the purge line to the stop-
cock, and turn the stopcock to permit the
purge pump to purge the probe (see Figure
1A of Figure 26-1). Turn on the purge pump,
and adjust the purge rate to 2 liters/min (0.07
ft3/min). Purge for at least 5 minutes before
sampling.

8.1.5 Sample Collection. Turn on the sam-
pling pump, pull a slight vacuum of approxi-
mately 256 mm Hg (1 in Hg) on the impinger
train, and turn the stopcock to permit stack
gas to be pulled through the impinger train
(see Figure 1C of Figure 26-1). Adjust the
sampling rate to 2 liters/min, as indicated by
the rate meter, and maintain this rate to
within 10 percent during the entire sampling
run. Take readings of the dry gas meter vol-
ume and temperature, rate meter, and vacu-
um gauge at least once every five minutes
during the run. A sampling time of one hour
is recommended. Shorter sampling times
may introduce a significant negative bias in
the HCI concentration. At the conclusion of
the sampling run, remove the train from the
stack, cool, and perform a leak-check as de-
scribed in section 8.1.3.1.

8.2 Sample Recovery.

8.2.1 Disconnect the impingers after sam-
pling. Quantitatively transfer the contents
of the acid impingers and the knockout im-
pinger, if used, to a leak-free storage bottle.
Add the water rinses of each of these
impingers and connecting glassware to the
storage bottle.

8.2.2 Repeat this procedure for the alkaline
impingers and connecting glassware using a
separate storage bottle. Add 25 mg of sodium
thiosulfate per the product of ppm of halogen
anticipated to be in the stack gas times the
volume (dscm) of stack gas sampled (0.7 mg
per ppm-dsct).

NOTE: This amount of sodium thiosulfate
includes a safety factor of approximately 5
to assure complete reaction with the
hypohalous acid to form a second Cl- ion in
the alkaline solution.

8.2.3 Save portions of the absorbing re-
agents (0.1 N H,SO, and 0.1 N NaOH) equiva-
lent to the amount used in the sampling
train (these are the absorbing solution
blanks described in section 7.2.2); dilute to
the approximate volume of the cor-
responding samples using rinse water di-
rectly from the wash bottle being used. Add
the same amount of sodium thiosulfate solu-
tion to the 0.1 N NaOH absorbing solution
blank. Also, save a portion of the rinse water
used to rinse the sampling train. Place each
in a separate, prelabeled storage bottle. The
sample storage bottles should be sealed,
shaken to mix, and labeled. Mark the fluid
level.

8.3 Sample Preparation for Analysis. Note
the liquid levels in the storage bottles and
confirm on the analysis sheet whether or not
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leakage occurred during transport. If a no-
ticeable leakage has occurred, either void
the sample or use methods, subject to the ap-
proval of the Administrator, to correct the
final results. Quantitatively transfer the
sample solutions to 100-ml volumetric flasks,
and dilute to 100 ml with water.

9.0 Quality Control [Reserved]

10.0 Calibration and Standardication

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

10.1 Volume Metering System, Tempera-
ture Sensors, Rate Meter, and Barometer.
Same as in Method 6, sections 10.1, 10.2, 10.3,
and 10.4.

10.2 Ion Chromatograph.

10.2.1 To prepare the calibration standards,
dilute given amounts (1.0 ml or greater) of
the stock standard solutions to convenient
volumes, using 0.1 N H,SO, or 0.1 N NaOH, as
appropriate. Prepare at least four calibration
standards for each absorbing reagent con-
taining the appropriate stock solutions such
that they are within the linear range of the
field samples.

10.2.2 Using one of the standards in each se-
ries, ensure adequate baseline separation for
the peaks of interest.

10.2.3 Inject the appropriate series of cali-
bration standards, starting with the lowest
concentration standard first both before and
after injection of the quality control check
sample, reagent blanks, and field samples.
This allows compensation for any instru-
ment drift occurring during sample analysis.
The values from duplicate injections of these
calibration samples should agree within 5
percent of their mean for the analysis to be
valid.

10.2.4 Determine the peak areas, or heights,
for the standards and plot individual values
versus halide ion concentrations in pg/ml.

10.2.5 Draw a smooth curve through the
points. Use linear regression to calculate a
formula describing the resulting linear
curve.

11.0 Analytical Procedures

11.1 Sample Analysis.

11.1.1 The IC conditions will depend upon
analytical column type and whether sup-
pressed or non-suppressed IC is used. An ex-
ample chromatogram from a non-suppressed
system using a 150-mm Hamilton PRP-X100
anion column, a 2 ml/min flow rate of a 4 mM
4-hydroxy benzoate solution adjusted to a pH
of 8.6 using 1 N NaOH, a 50 ul sample loop,
and a conductivity detector set on 1.0 uS full
scale is shown in Figure 26-2.

11.1.2 Before sample analysis, establish a
stable baseline. Next, inject a sample of
water, and determine if any C1-, Br—, or F—
appears in the chromatogram. If any of these
ions are present, repeat the load/injection
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procedure until they are no longer present.
Analysis of the acid and alkaline absorbing
solution samples requires separate standard
calibration curves; prepare each according to
section 10.2. Ensure adequate baseline sepa-
ration of the analyses.

11.1.3 Between injections of the appropriate
series of calibration standards, inject in du-
plicate the reagent blanks, quality control
sample, and the field samples. Measure the
areas or heights of the Cl—, Br—, and F—-
peaks. Use the mean response of the dupli-
cate injections to determine the concentra-
tions of the field samples and reagent blanks
using the linear calibration curve. The val-
ues from duplicate injections should agree
within 5 percent of their mean for the anal-
ysis to be valid. If the values of duplicate in-
jections are not within 5 percent of the
mean, the duplicate injections shall be re-
peated and all four values used to determine
the average response. Dilute any sample and
the blank with equal volumes of water if the
concentration exceeds that of the highest
standard.

12.0 Data Analysis and Calculations

NOTE: Retain at least one extra decimal
figure beyond those contained in the avail-

ug C1™/ml = g of NaCl x 10* x 35.453/58.44
g Br™/ml= g of NaBr x 10% % 79.904/102.90
ug F~/ml =g of NaF x10° x18.998/41.99

12.3 Sample Volume, Dry Basis, Corrected
to Standard Conditions. Calculate the sam-
ple volume using Eq. 6-1 of Method 6.

Myx = KHC],Hbr,HFVs(S{

12.5 Total ug CL, or Br, Per Sample.

M,, = Vs(sx7 - Bxf)

12.6 Concentration of Hydrogen Halide or
Halogen in Flue Gas.

C = KmXH,levm(std) Eq. 26—6
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able data in intermediate calculations, and
round off only the final answer appro-
priately.

12.1 Nomenclature.

Bx~ = Mass concentration of applicable ab-
sorbing solution blank, pg halide ion
(C1-, Br—, F~) /ml, not to exceed 1 ug/ml
which is 10 times the published analyt-
ical detection limit of 0.1 pg/ml.

C = Concentration of hydrogen halide (HX)
or halogen (X,), dry basis, mg/dscm.

K =103 mg/ug.

Kuo = 1.028 (ug
mole).

Kys: = 1.013 (ug HBr/ug-mole)/(ug Br—/ug-
mole).

Kur = 1.053 (ug HF/ug-mole)/(ug F ~/ug-mole).

mux = Mass of HC1, HBr, or HF in sample, ug.

mx, = Mass of Cl, or Br, in sample, ug.

Sx~ = Analysis of sample, ng halide ion (Cl1—,
Br—, F~)/ml.

Vimnesay = Dry gas volume measured by the dry
gas meter, corrected to standard condi-
tions, dscm.

V, = Volume of filtered and diluted sample,
ml.

12.2 Calculate the exact Cl-, Br—, and F~
concentration in the halide salt stock stand-
ard solutions using the following equations.

HCl/ug-mole)/(ug Cl-/ug-

Eq. 26-1
Eq. 26-2
Eq. 26-3

12.4 Total pg HCI1, HBr, or HF Per Sample.

_BX*)

Eq. 26-4

Eq. 26-5

13.0 Method Performance

13.1 Precision and Bias. The within-labora-
tory relative standard deviations are 6.2 and
3.2 percent at HCIl concentrations of 3.9 and
15.3 ppm, respectively. The method does not
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exhibit a bias to Cl, when sampling at con-
centrations less than 50 ppm.

13.2 Sample Stability. The collected
Cl-samples can be stored for up to 4 weeks.

13.3 Detection Limit. A typical IC instru-
mental detection limit for Cl— is 0.2 pg/ml.
Detection limits for the other analyses
should be similar. Assuming 50 ml liquid re-
covered from both the acidified impingers,
and the basic impingers, and 0.12 dscm (4.24
dscf) of stack gas sampled, then the analyt-
ical detection limit in the stack gas would
be about 0.05 ppm for HCl and Cl,, respec-
tively.

14.0 Pollution Prevention [Reserved]
15.0 Waste Management [Reserved]

16.0 Alternative Procedures

Method 26A. Method 26A, which uses
isokinetic sampling equipment, is an accept-
able alternative to Method 26.
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Figure 26-2.

METHOD 26A—DETERMINATION OF HYDROGEN
HALIDE AND HALOGEN EMISSIONS FROM STA-
TIONARY SOURCES ISOKINETIC METHOD

NOTE: This method does not include all of
the specifications (e.g., equipment and sup-
plies) and procedures (e.g., sampling and ana-
lytical) essential to its performance. Some
material is incorporated by reference from
other methods in this part. Therefore, to ob-
tain reliable results, persons using this
method should have a thorough knowledge of
at least the following additional test meth-
ods: Method 2, Method 5, and Method 26.

1.0 Scope and Application
1.1 Analytes.

Analytes CAS No.
Hydrogen Chloride (HCI) 7647-01-0
Hydrogen Bromide (HBr) .. 10035-10-6
Hydrogen Fluoride (HF) 7664-39-3
Chlorine (CL) .. 7882-50-5
Bromine (Br,) .. 7726-95-6

1.2 This method is applicable for deter-
mining emissions of hydrogen halides (HX)
[HC1, HBr, and HF] and halogens (X,) [Cl,
and Br;] from stationary sources when speci-
fied by the applicable subpart. This method
collects the emission sample isokinetically
and is therefore particularly suited for sam-

Example Chromatogram.

pling at sources, such as those controlled by
wet scrubbers, emitting acid particulate
matter (e.g., hydrogen halides dissolved in
water droplets).

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 Principle. Gaseous and particulate pol-
lutants are withdrawn isokinetically from
the source and collected in an optional cy-
clone, on a filter, and in absorbing solutions.
The cyclone collects any liquid droplets and
is not necessary if the source emissions do
not contain them; however, it is preferable
to include the cyclone in the sampling train
to protect the filter from any liquid present.
The filter collects particulate matter includ-
ing halide salts but is not routinely recov-
ered or analyzed. Acidic and alkaline absorb-
ing solutions collect the gaseous hydrogen
halides and halogens, respectively. Fol-
lowing sampling of emissions containing lig-
uid droplets, any halides/halogens dissolved
in the liquid in the cyclone and on the filter
are vaporized to gas and collected in the
impingers by pulling conditioned ambient
air through the sampling train. The hydro-
gen halides are solubilized in the acidic solu-
tion and form chloride (Cl1—), bromide (Br—),

561



Pt. 60, App. A-8, Meth. 26A

and fluoride (F~) ions. The halogens have a
very low solubility in the acidic solution and
pass through to the alkaline solution where
they are hydrolyzed to form a proton
(H+), the halide ion, and the hypohalous
acid (HC1O0 or HBrO). Sodium thiosulfate is
added to the alkaline solution to assure reac-
tion with the hypohalous acid to form a sec-
ond halide ion such that 2 halide ions are
formed for each molecule of halogen gas. The
halide ions in the separate solutions are
measured by ion chromatography (IC). If de-
sired, the particulate matter recovered from
the filter and the probe is analyzed following
the procedures in Method 5.

NoOTE: If the tester intends to use this sam-
pling arrangement to sample concurrently
for particulate matter, the alternative Tef-
lon probe liner, cyclone, and filter holder
should not be used. The Teflon filter support
must be used. The tester must also meet the
probe and filter temperature requirements of
both sampling trains.

3.0 Definitions [Reserved]

4.0 Interferences

4.1 Volatile materials, such as chlorine di-
oxide (Cl0,) and ammonium chloride
(NH,4C1), which produce halide ions upon dis-
solution during sampling are potential
interferents. Interferents for the halide
measurements are the halogen gases which
disproportionate to a hydrogen halide and a
hypohalous acid upon dissolution in water.
The use of acidic rather than neutral or
basic solutions for collection of the hydrogen
halides greatly reduces the dissolution of
any halogens passing through this solution.

4.2 The simultaneous presence of both HBr
and Cl, may cause a positive bias in the HCI
result with a corresponding negative bias in
the Cl, result as well as affecting the HBr/Br,
split.

4.3 High concentrations of nitrogen oxides
(NOx) may produce sufficient nitrate (NO3—)
to interfere with measurements of very low
Br— levels. Dissociating chloride salts (e.g.,
ammonium chloride) at elevated tempera-
tures interfere with halogen acid measure-
ment in this method. Maintaining particu-
late probe/filter temperatures between 120 °C
and 134 °C (248 °F and 273 °F) minimizes this
interference.

4.4 There is anecdotal evidence that HF
may be outgassed from new Teflon compo-
nents. If HF is a target analyte then pre-
conditioning of new Teflon components, by
heating, should be considered.

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 to es-
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tablish appropriate safety and health prac-
tices and determine the applicability of reg-
ulatory limitations before 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 splashes. If contact oc-
curs, immediately flush with copious
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 Sodium Hydroxide (NaOH). Causes se-
vere damage to eyes and skin. Inhalation
causes irritation to nose, throat, and lungs.
Reacts exothermically with limited amounts
of water.

5.2.2 Sulfuric Acid (H>SO,). Rapidly de-
structive to body tissue. Will cause third de-
gree burns. Eye damage may result in blind-
ness. Inhalation may be fatal from spasm of
the larynx, usually within 30 minutes. May
cause lung tissue damage with edema. 1 mg/
m3 for 8 hours will cause lung damage or, in
higher concentrations, death. Provide ven-
tilation to limit inhalation. Reacts violently
with metals and organics.

6.0. Equipment and Supplies

NOTE: Mention of trade names or specific
products does not constitute endorsement by
the Environmental Protection Agency.

6.1 Sampling. The sampling train is shown
in Figure 26A-1; the apparatus is similar to
the Method 5 train where noted as follows:

6.1.1 Probe Nozzle. Borosilicate or quartz
glass; constructed and calibrated according
to Method 5, sections 6.1.1.1 and 10.1, and
coupled to the probe liner using a Teflon
union; a stainless steel nut is recommended
for this union. When the stack temperature
exceeds 210 °C (410 °F'), a one-piece glass noz-
zle/liner assembly must be used.

6.1.2 Probe Liner. Same as Method 5, sec-
tion 6.1.1.2, except metal liners shall not be
used. Water-cooling of the stainless steel
sheath is recommended at temperatures ex-
ceeding 500 °C (932 °F). Teflon may be used in
limited applications where the minimum
stack temperature exceeds 120 °C (250 °F) but
never exceeds the temperature where Teflon
is estimated to become unstable [approxi-
mately 210 °C (410 °F)].

6.1.3 Pitot Tube, Differential Pressure
Gauge, Filter Heating System, Metering Sys-
tem, Barometer, Gas Density Determination
Equipment. Same as Method b5, sections
6.1.1.3,6.1.1.4,6.1.1.6, 6.1.1.9, 6.1.2, and 6.1.3.

6.1.4 Cyclone (Optional). Glass or Teflon.
Use of the cyclone is required only when the
sample gas stream is saturated with mois-
ture; however, the cyclone is recommended
to protect the filter from any liquid droplets
present.
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6.1.5 Filter Holder. Borosilicate or quartz
glass, or Teflon filter holder, with a Teflon
filter support and a sealing gasket. The seal-
ing gasket shall be constructed of Teflon or
equivalent materials. The holder design shall
provide a positive seal against leakage at
any point along the filter circumference. The
holder shall be attached immediately to the
outlet of the cyclone.

6.1.6 Impinger Train. The following system
shall be used to determine the stack gas
moisture content and to collect the hydro-
gen halides and halogens: five or six
impingers connected in series with leak-free
ground glass fittings or any similar leak-free
noncontaminating fittings. The first im-
pinger shown in Figure 26A-1 (knockout or
condensate impinger) is optional and is rec-
ommended as a water knockout trap for use
under high moisture conditions. If used, this
impinger should be constructed as described
below for the alkaline impingers, but with a
shortened stem, and should contain 50 ml of
0.1 N H,SO0,. The following two impingers
(acid impingers which each contain 100 ml of
0.1 N H,S0,) shall be of the Greenburg-Smith
design with the standard tip (Method 5, sec-
tion 6.1.1.8). The next two impingers (alka-
line impingers which each contain 100 ml of
0.1 N NaOH) and the last impinger (con-
taining silica gel) shall be of the modified
Greenburg-Smith design (Method 5, section
6.1.1.8). The condensate, acid, and alkaline
impingers shall contain known quantities of
the appropriate absorbing reagents. The last
impinger shall contain a known weight of
silica gel or equivalent desiccant. Teflon
impingers are an acceptable alternative.

6.1.7 Heating System. Any heating system
capable of maintaining a temperature
around the probe and filter holder between
120 and 134 °C (248 to 273 °F) during sam-
pling, or such other temperature as specified
by an applicable subpart of the standards or
approved by the Administrator for a par-
ticular application.

6.1.8 Ambient Air Conditioning Tube (Op-
tional). Tube tightly packed with approxi-
mately 150 g of fresh 8 to 20 mesh sodium hy-
droxide-coated silica, or equivalent,
(Ascarite II has been found suitable) to dry
and remove acid gases from the ambient air
used to remove moisture from the filter and
cyclone, when the cyclone is used. The inlet
and outlet ends of the tube should be packed
with at least 1-cm thickness of glass wool or
filter material suitable to prevent escape of
fines. Fit one end with flexible tubing, etc.
to allow connection to probe nozzle following
the test run.

6.2 Sample Recovery.

6.2.1 Probe-Liner and Probe-Nozzle Brush-
es, Wash Bottles, Petri Dishes, Graduated
Cylinder and/or Balance, and Rubber Police-
man. Same as Method 5, sections 6.2.1, 6.2.2,
6.2.4, 6.2.5, and 6.2.7.
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6.2.2 Plastic Storage Containers. Screw-cap
polypropylene or polyethylene containers to
store silica gel. High-density polyethylene
bottles with Teflon screw cap liners to store
impinger reagents, 1-liter.

6.2.3 Funnels. Glass or high-density poly-
ethylene, to aid in sample recovery.

6.2.4 Sample Storage Containers. High-den-
sity polyethylene or glass sample storage
containers with Teflon screw cap liners to
store impinger samples.

6.3 Sample Preparation and Analysis.

6.3.1 Volumetric Flasks. Class A, various
sizes.

6.3.2 Volumetric Pipettes. Class A, assort-
ment. To dilute samples to calibration range
of the ion chromatograph (IC).

6.3.3 Ion Chromatograph (IC). Suppressed
or nonsuppressed, with a conductivity detec-
tor and electronic integrator operating in
the peak area mode. Other detectors, a strip
chart recorder, and peak heights may be
used.

7.0 Reagents and Standards

NOTE: Unless otherwise indicated, all re-
agents must conform to the specifications
established by the Committee on Analytical
Reagents of the American Chemical Society
(ACS reagent grade). When such specifica-
tions are not available, the best available
grade shall be used.

7.1 Sampling.

7.1.1 Filter. Teflon mat (e.g., Pallflex
TX40HI45) filter. When the stack gas tem-
perature exceeds 210 °C (410 °F) a quartz fiber
filter may be used.

7.1.2 Water. Deionized, distilled water that
conforms to American Society of Testing
and Materials (ASTM) Specification D 1193-
T7 or 91, Type 3 (incorporated by reference—
see §60.17).

7.1.3 Acidic Absorbing Solution, 0.1 N Sul-
furic Acid (H,SO,). To prepare 1 L, slowly
add 2.80 ml of concentrated 17.9 M H2S04 to
about 900 ml of water while stirring, and ad-
just the final volume to 1 L using additional
water. Shake well to mix the solution.

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

7.1.5 Alkaline Absorbing Solution, 0.1 N So-
dium Hydroxide (NaOH). To prepare 1 L, dis-
solve 4.00 g of solid NaOH in about 900 ml of
water and adjust the final volume to 1 L
using additional water. Shake well to mix
the solution.

7.1.6 Sodium Thiosulfate, (Na,S,033.5 H,O).

7.2 Sample Preparation and Analysis.

7.2.1 Water. Same as in section 7.1.2.

7.2.2 Absorbing Solution Blanks. A sepa-
rate blank solution of each absorbing rea-
gent should be prepared for analysis with the
field samples. Dilute 200 ml of each absorb-
ing solution (250 ml of the acidic absorbing
solution, if a condensate impinger is used) to
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the same final volume as the field samples
using the blank sample of rinse water. If a
particulate determination is conducted, col-
lect a blank sample of acetone.

7.2.3 Halide Salt Stock Standard Solutions.
Prepare concentrated stock solutions from
reagent grade sodium chloride (NaCl), so-
dium bromide (NaBr), and sodium fluoride
(NaF). Each must be dried at 110 °C (230 °F)
for two or more hours and then cooled to
room temperature in a desiccator imme-
diately before weighing. Accurately weigh 1.6
to 1.7 g of the dried NaCl to within 0.1 mg,
dissolve in water, and dilute to 1 liter. Cal-
culate the exact Cl-concentration using
Equation 26A-1 in section 12.2. In a similar
manner, accurately weigh and solubilize 1.2
to 1.3 g of dried NaBr and 2.2 to 2.3 g of NaF
to make 1-liter solutions. Use Equations
26A-2 and 26A-3 in section 12.2, to calculate
the Br—and F-concentrations. Alternately,
solutions containing a nominal certified con-
centration of 1000 mg/L. NaCl are commer-
cially available as convenient stock solu-
tions from which standards can be made by
appropriate volumetric dilution. Refrigerate
the stock standard solutions and store no
longer than one month.

7.2.4 Chromatographic Eluent.
Method 26, section 7.2.4.

7.2.5 Water. Same as section 7.1.1.

7.2.6 Acetone. Same as Method 5, section
7.2.

Same as

8.0 Sample Collection, Preservation, Storage,
and Transport

NOTE: Because of the complexity of this
method, testers and analysts should be
trained and experienced with the procedures
to ensure reliable results.

8.1 Sampling.

8.1.1 Pretest Preparation. Follow the gen-
eral procedure given in Method 5, section 8.1,
except the filter need only be desiccated and
weighed if a particulate determination will
be conducted.

8.1.2 Preliminary Determinations. Same as
Method 5, section 8.2.

8.1.3 Preparation of Sampling Train. Fol-
low the general procedure given in Method 5,
section 8.1.3, except for the following vari-
ations: Add 50 ml of 0.1 N H,SO4 to the con-
densate impinger, if used. Place 100 ml of 0.1
N H,SO, in each of the next two impingers.
Place 100 ml of 0.1 N NaOH in each of the fol-
lowing two impingers. Finally, transfer ap-
proximately 200-300 g of preweighed silica gel
from its container to the last impinger. Set
up the train as in Figure 26A-1. When used,
the optional cyclone is inserted between the
probe liner and filter holder and located in
the heated filter box.

8.1.4 Leak-Check Procedures. Follow the
leak-check procedures given in Method 5,
sections 8.4.2 (Pretest Leak-Check), 8.4.3
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(Leak-Checks During the Sample Run), and
8.4.4 (Post-Test Leak-Check).

8.1.5 Sampling Train Operation. Follow
the general procedure given in Method 5,
Section 8.5. It is important to maintain a
temperature around the probe, filter (and cy-
clone, if used) between 120 and 134 °C (248 and
273 °F) since it is extremely difficult to purge
acid gases off these components. (These com-
ponents are not quantitatively recovered and
hence any collection of acid gases on these
components would result in potential
undereporting these emissions. The applica-
ble subparts may specify alternative higher
temperatures.) For each run, record the data
required on a data sheet such as the one
shown in Method 5, Figure 5-3. If the conden-
sate impinger becomes too full, it may be
emptied, recharged with 50 ml of 0.1 N
H2S04, and replaced during the sample run.
The condensate emptied must be saved and
included in the measurement of the volume
of moisture collected and included in the
sample for analysis. The additional 50 ml of
absorbing reagent must also be considered in
calculating the moisture. Before the sam-
pling train integrity is compromised by re-
moving the impinger, conduct a leak-check
as described in Method 5, Section 8.4.2.

8.1.6 Post-Test Moisture Removal (Op-
tional). When the optional cyclone is in-
cluded in the sampling train or when liquid
is visible on the filter at the end of a sample
run even in the absence of a cyclone, perform
the following procedure. Upon completion of
the test run, connect the ambient air condi-
tioning tube at the probe inlet and operate
the train with the filter heating system be-
tween 120 and 134 °C (248 and 273 °F) at a low
flow rate (e.g., AH = 1 in. H,0) to vaporize
any liquid and hydrogen halides in the cy-
clone or on the filter and pull them through
the train into the impingers. After 30 min-
utes, turn off the flow, remove the condi-
tioning tube, and examine the cyclone and
filter for any visible liquid. If liquid is visi-
ble, repeat this step for 15 minutes and ob-
serve again. Keep repeating until the cyclone
is dry.

NoOTE: It is critical that this procedure is
repeated until the cyclone is completely dry.

8.2 Sample Recovery. Allow the probe to
cool. When the probe can be handled safely,
wipe off all the external surfaces of the tip of
the probe nozzle and place a cap loosely over
the tip to prevent gaining or losing particu-
late matter. Do not cap the probe tip tightly
while the sampling train is cooling down be-
cause this will create a vacuum in the filter
holder, drawing water from the impingers
into the holder. Before moving the sampling
train to the cleanup site, remove the probe
from the sample train, wipe off any silicone
grease, and cap the open outlet of the im-
pinger train, being careful not to lose any
condensate that might be present. Wipe off
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any silicone grease and cap the filter or cy-
clone inlet. Remove the umbilical cord from
the last impinger and cap the impinger. If a
flexible line is used between the first im-
pinger and the filter holder, disconnect it at
the filter holder and let any condensed water
drain into the first impinger. Wipe off any
silicone grease and cap the filter holder out-
let and the impinger inlet. Ground glass
stoppers, plastic caps, serum caps, Teflon
tape, Parafilm, or aluminum foil may be
used to close these openings. Transfer the
probe and filter/impinger assembly to the
cleanup area. This area should be clean and
protected from the weather to minimize
sample contamination or loss. Inspect the
train prior to and during disassembly and
note any abnormal conditions. Treat samples
as follows:

8.2.1 Container No. 1 (Optional; Filter
Catch for Particulate Determination). Same
as Method 5, section 8.7.6.1, Container No. 1.

8.2.2 Container No. 2 (Optional; Front-Half
Rinse for Particulate Determination). Same
as Method 5, section 8.7.6.2, Container No. 2.

8.2.3 Container No. 3 (Knockout and Acid
Impinger Catch for Moisture and Hydrogen
Halide Determination). Disconnect the
impingers. Measure the liquid in the acid and
knockout impingers to #1 ml by using a
graduated cylinder or by weighing it to 0.5
g by using a balance. Record the volume or
weight of liquid present. This information is
required to calculate the moisture content of
the effluent gas. Quantitatively transfer this
liquid to a leak-free sample storage con-
tainer. Rinse these impingers and connecting
glassware including the back portion of the
filter holder (and flexible tubing, if used)
with water and add these rinses to the stor-
age container. Seal the container, shake to
mix, and label. The fluid level should be
marked so that if any sample is lost during
transport, a correction proportional to the
lost volume can be applied. Retain rinse
water and acidic absorbing solution blanks
to be analyzed with the samples.

8.2.4 Container No. 4 (Alkaline Impinger
Catch for Halogen and Moisture Determina-
tion). Measure and record the liquid in the
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alkaline impingers as described in section
8.2.3. Quantitatively transfer this liquid to a
leak-free sample storage container. Rinse
these two impingers and connecting glass-
ware with water and add these rinses to the
container. Add 25 mg of sodium thiosulfate
per ppm halogen anticipated to be in the
stack gas multiplied by the volume (dscm) of
stack gas sampled (0.7 mg/ppm-dscf). Seal
the container, shake to mix, and label; mark
the fluid level. Retain alkaline absorbing so-
lution blank to be analyzed with the sam-
ples.

NOTE: 25 mg per sodium thiosulfate per
ppm halogen anticipated to be in the stack
includes a safety factor of approximately 5
to assure complete reaction with the
hypohalous acid to form a second Cl- ion in
the alkaline solution.

8.2.5 Container No. 5 (Silica Gel for Mois-
ture Determination). Same as Method 5, sec-
tion 8.7.6.3, Container No. 3.

8.2.6 Container Nos. 6 through 9 (Reagent
Blanks). Save portions of the absorbing re-
agents (0.1 N H,SO4 and 0.1 N NaOH) equiva-
lent to the amount used in the sampling
train; dilute to the approximate volume of
the corresponding samples using rinse water
directly from the wash bottle being used.
Add the same ratio of sodium thiosulfate so-
lution used in container No. 4 to the 0.1 N
NaOH absorbing reagent blank. Also, save a
portion of the rinse water alone and a por-
tion of the acetone equivalent to the amount
used to rinse the front half of the sampling
train. Place each in a separate, prelabeled
sample container.

8.2.7 Prior to shipment, recheck all sample
containers to ensure that the caps are well-
secured. Seal the lids of all containers
around the circumference with Teflon tape.
Ship all liquid samples upright and all par-
ticulate filters with the particulate catch
facing upward.

9.0 Quality Control

9.1 Miscellaneous Quality Control Meas-
ures.

Section Quality control measure

Effect

bration.

Sampling equipment leak-check and cali-

Ensure accurate measurement of stack gas flow rate,
sample volume.

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

10.0 Calibration and Standardication

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

10.1 Probe Nozzle, Pitot Tube Assembly,

Dry Gas Metering System, Probe Heater,
Temperature Sensors, Leak-Check of Meter-

ing System, and Barometer. Same as Method
5, sections 10.1, 10.2, 10.3, 10.4, 10.5, 8.4.1, and
10.6, respectively.

10.2 Ion Chromatograph.

10.2.1 To prepare the calibration standards,
dilute given amounts (1.0 ml or greater) of
the stock standard solutions to convenient
volumes, using 0.1 N H,SO,4 or 0.1 N NaOH, as
appropriate. Prepare at least four calibration
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standards for each absorbing reagent con-
taining the three stock solutions such that
they are within the linear range of the field
samples.

10.2.2 Using one of the standards in each se-
ries, ensure adequate baseline separation for
the peaks of interest.

10.2.3 Inject the appropriate series of cali-
bration standards, starting with the lowest
concentration standard first both before and
after injection of the quality control check
sample, reagent blanks, and field samples.
This allows compensation for any instru-
ment drift occurring during sample analysis.
The values from duplicate injections of these
calibration samples should agree within 5
percent of their mean for the analysis to be
valid.

10.2.4 Determine the peak areas, or height,
of the standards and plot individual values
versus halide ion concentrations in pg/ml.

10.2.5 Draw a smooth curve through the
points. Use linear regression to calculate a
formula describing the resulting linear
curve.

11.0 Analytical Procedures

NOTE: The liquid levels in the sample con-
tainers and confirm on the analysis sheet
whether or not leakage occurred during
transport. If a noticeable leakage has oc-
curred, either void the sample or use meth-
ods, subject to the approval of the Adminis-
trator, to correct the final results.

11.1 Sample Analysis.

11.1.1 The IC conditions will depend upon
analytical column type and whether sup-
pressed or non-suppressed IC is used. An ex-
ample chromatogram from a non-suppressed
system using a 150-mm Hamilton PRP-X100
anion column, a 2 ml/min flow rate of a 4 mM
4-hydroxy benzoate solution adjusted to a pH
of 8.6 using 1 N NaOH, a 50 ul sample loop,
and a conductivity detector set on 1.0 uS full
scale is shown in Figure 26-2.

11.1.2 Before sample analysis, establish a
stable baseline. Next, inject a sample of
water, and determine if any C1-, Br—, or F~
appears in the chromatogram. If any of these
ions are present, repeat the load/injection
procedure until they are no longer present.
Analysis of the acid and alkaline absorbing
solution samples requires separate standard
calibration curves; prepare each according to
section 10.2. Ensure adequate baseline sepa-
ration of the analyses.

11.1.3 Between injections of the appropriate
series of calibration standards, inject in du-

ug CI™/ml = g of NaCl x10° x 35.453/58.44
ug Br™/ml = g of NaBr x 10* x 79.904/102.90
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plicate the reagent blanks, quality control
sample, and the field samples. Measure the
areas or heights of the Cl—, Br—, and F—
peaks. Use the mean response of the dupli-
cate injections to determine the concentra-
tions of the field samples and reagent blanks
using the linear calibration curve. The val-
ues from duplicate injections should agree
within 5 percent of their mean for the anal-
ysis to be valid. If the values of duplicate in-
jections are not within 5 percent of the
mean, the duplicator injections shall be re-
peated and all four values used to determine
the average response. Dilute any sample and
the blank with equal volumes of water if the
concentration exceeds that of the highest
standard.

11.2 Container Nos. 1 and 2 and Acetone
Blank (Optional; Particulate Determina-
tion). Same as Method 5, sections 11.2.1 and
11.2.2, respectively.

11.3 Container No. 5. Same as Method 5,
section 11.2.3 for silica gel.

12.0 Data Analysis and Calculations

NOTE: Retain at least one extra decimal
figure beyond those contained in the avail-
able data in intermediate calculations, and
round off only the final answer appro-
priately.

12.1 Nomenclature. Same as Method 5, sec-
tion 12.1. In addition:

Bx- = Mass concentration of applicable ab-
sorbing solution blank, pg halide ion
(Cl-, Br—, F~)/ml, not to exceed 1 pug/ml
which is 10 times the published analyt-
ical detection limit of 0.1 pg/ml. (It is
also approximately 5 percent of the mass
concentration anticipated to result from
a one hour sample at 10 ppmv HC1.)

C = Concentration of hydrogen halide (HX)
or halogen (X,), dry basis, mg/dscm.

K =103 mg/ug.

Kya = 1.028 (ug HCl/ug-mole)/(ug Cl—/ug-
mole).

Kys: = 1.013 (ug HBr/ug-mole)/(ug Br—/ug-
mole).

Kur = 1.053 (ug HF/ug-mole)/(ug F —/ug-mole).
mpx = Mass of HC1, HBr, or HF in sample, ug.
my> = Mass of Cl, or Br, in sample, ug.
Sx_ = Analysis of sample, ug halide ion (Cl1—,
Br—, F~)/ml.
Vs = Volume of filtered and diluted sample,
ml.
12.2 Calculate the exact Cl-, Br—, and F~
concentration in the halide salt stock stand-
ard solutions using the following equations.

Eq. 26A-1
Eq. 26A-2
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ug F~/ml = g of NaF x10° x18.998/41.99

12.3 Average Dry Gas Meter Temperature
and Average Orifice Pressure Drop. See data
sheet (Figure 5-3 of Method 5).

12.4 Dry Gas Volume. Calculate V) and
adjust for leakage, if necessary, using the
equation in section 12.3 of Method 5.

12.5 Volume of Water Vapor and Moisture
Content. Calculate the volume of water
vapor Vysay and moisture content By from
the data obtained in this method (Figure 5-

Myx = KHCl,Hbr,HFVs(SX—

12.9 Total ug CL, or Br, Per Sample.

Mx2 = VS(SX‘ _BX‘)

12.10 Concentration of Hydrogen Halide or
Halogen in Flue Gas.

Eq. 26A-5

C=Kmyxx2/Vipay  Eq. 26A-6

12.11 Stack Gas Velocity and Volumetric
Flow Rate. Calculate the average stack gas
velocity and volumetric flow rate, if needed,
using data obtained in this method and the
equations in sections 12.3 and 12.4 of Method
2.

13.0 Method Performance

13.1 Precision and Bias. The method has a
possible measurable negative bias below 20
ppm HCI perhaps due to reaction with small
amounts of moisture in the probe and filter.
Similar bias for the other hydrogen halides
is possible.

13.2 Sample Stability. The collected ClI-
samples can be stored for up to 4 weeks for
analysis for HC1 and C12.

13.3 Detection Limit. A typical analytical
detection limit for HCI is 0.2 ug/ml. Detec-
tion limits for the other analyses should be
similar. Assuming 300 ml of liquid recovered
for the acidified impingers and a similar
amounts recovered from the basic impingers,
and 1 dscm of stack gas sampled, the analyt-
ical detection limits in the stack gas would
be about 0.04 ppm for HCl and Cl2, respec-
tively.

Pt. 60, App. A-8, Meth. 26A
Eq. 26A-3

3 of Method 5); use Equations 5-2 and 5-3 of
Method 5.

12.6 Isokinetic Variation and Acceptable
Results. Use Method 5, section 12.11.

12.7 Acetone Blank Concentration, Acetone
Wash Blank Residue Weight, Particulate
Weight, and Particulate Concentration. For
particulate determination.

12.8 Total ug HC1, HBr, or HF Per Sample.

—BX,) Eq. 26A-4

14.0 Pollution Prevention [Reserved]
15.0 Waste Management [Reserved]
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METHOD 27—DETERMINATION OF VAPOR TIGHT-
NESS OF GASOLINE DELIVERY TANK USING
PRESSURE VACUUM TEST

1.0 Scope and Application

1.1 Applicability. This method is applicable
for the determination of vapor tightness of a
gasoline delivery collection equipment.

Sampling Train

2.0 Summary of Method

2.1 Pressure and vacuum are applied alter-
nately to the compartments of a gasoline de-
livery tank and the change in pressure or
vacuum is recorded after a specified period of
time.
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3.0 Definitions

3.1 Allowable pressure change (Ap) means the
allowable amount of decrease in pressure
during the static pressure test, within the
time period t, as specified in the appropriate
regulation, in mm H,0.

3.2 Allowable vacuum change (Av) means the
allowable amount of decrease in vacuum dur-
ing the static vacuum test, within the time
period t, as specified in the appropriate regu-
lation, in mm H,O.

3.3 Compartment means a liquid-tight divi-
sion of a delivery tank.

3.4 Delivery tank means a container, includ-
ing associated pipes and fittings, that is at-
tached to or forms a part of any truck, trail-
er, or railcar used for the transport of gaso-
line.

3.6 Delivery tank vapor collection equipment
means any piping, hoses, and devices on the
delivery tank used to collect and route gaso-
line vapors either from the tank to a bulk
terminal vapor control system or from a
bulk plant or service station into the tank.

3.6 Gasoline means a petroleum distillate or
petroleum distillate/alcohol blend having a
Reid vapor pressure of 27.6 kilopascals or
greater which is used as a fuel for internal
combustion engines.

3.7 Initial pressure (P;) means the pressure
applied to the delivery tank at the beginning
of the static pressure test, as specified in the
appropriate regulation, in mm H,O.

3.8 Initial vacuum (V;) means the vacuum
applied to the delivery tank at the beginning
of the static vacuum test, as specified in the
appropriate regulation, in mm Hj.

3.9 Time period of the pressure or vacuum test
(t) means the time period of the test, as spec-
ified in the appropriate regulation, during
which the change in pressure or vacuum is
monitored, in minutes.

4.0 Interferences [Reserved]

5.0 Safety

5.1 Gasoline contains several volatile or-
ganic compounds (e.g., benzene and hexane)
which presents a potential for fire and/or ex-
plosions. It is advisable to take appropriate
precautions when testing a gasoline vessel’s
vapor tightness, such as refraining from
smoking and using explosion-proof equip-
ment.

5.2 This method may involve hazardous
materials, operations, and equipment. This
test method may not address all of the safe-
ty 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 applicability of
regulatory limitations prior to performing
this test method

Pt. 60, App. A-8, Meth. 27

6.0 Equipment and Supplies

The following equipment and supplies are
required for testing:

6.1 Pressure Source. Pump or compressed
gas cylinder of air or inert gas sufficient to
pressurize the delivery tank to 500 mm (20
in.) H,O above atmospheric pressure.

6.2 Regulator. Low pressure regulator for
controlling pressurization of the delivery
tank.

6.3 Vacuum Source. Vacuum pump capable
of evacuating the delivery tank to 250 mm
(10 in.) H,O below atmospheric pressure.

6.4 Pressure-Vacuum Supply Hose.

6.5 Manometer. Liquid manometer, or
equivalent instrument, capable of measuring
up to 500 mm (20 in.) H,O gauge pressure with
+2.5 mm (0.1 in.) H,O precision.

6.6 Pressure-Vacuum Relief Valves. The
test apparatus shall be equipped with an
inline pressure-vacuum relief valve set to ac-
tivate at 675 mm (26.6 in.) H,O above atmos-
pheric pressure or 250 mm (10 in.) H20 below
atmospheric pressure, with a capacity equal
to the pressurizing or evacuating pumps.

6.7 Test Cap for Vapor Recovery Hose. This
cap shall have a tap for manometer connec-
tion and a fitting with shut-off valve for con-
nection to the pressure-vacuum supply hose.

6.8 Caps for Liquid Delivery Hoses.

7.0 Reagents and Standards [Reserved]

8.0 Sample Collection, Preservation, Storage,
and Transport

8.1 Pretest Preparations.

8.1.1 Summary. Testing problems may
occur due to the presence of volatile vapors
and/or temperature fluctuations inside the
delivery tank. Under these conditions, it is
often difficult to obtain a stable initial pres-
sure at the beginning of a test, and erroneous
test results may occur. To help prevent this,
it is recommended that prior to testing,
volatile vapors be removed from the tank
and the temperature inside the tank be al-
lowed to stabilize. Because it is not always
possible to completely attain these pretest
conditions, a provision to ensure reproduc-
ible results is included. The difference in re-
sults for two consecutive runs must meet the
criteria in sections 8.2.2.5 and 8.2.3.5.

8.1.2 Emptying of Tank. The delivery tank
shall be emptied of all liquid.

8.1.3 Purging of Vapor. As much as possible
the delivery tank shall be purged of all vola-
tile vapors by any safe, acceptable method.
One method is to carry a load of non-volatile
liquid fuel, such as diesel or heating oil, im-
mediately prior to the test, thus flushing out
all the volatile gasoline vapors. A second
method is to remove the volatile vapors by
blowing ambient air into each tank compart-
ment for at least 20 minutes. This second
method is usually not as effective and often
causes stabilization problems, requiring a
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much longer time for stabilization during
the testing.

8.1.4 Temperature Stabilization. As much
as possible, the test shall be conducted under
isothermal conditions. The temperature of
the delivery tank should be allowed to
equilibrate in the test environment. During
the test, the tank should be protected from
extreme environmental and temperature
variability, such as direct sunlight.

8.2 Test Procedure.

8.2.1 Preparations.

8.2.1.1 Open and close each dome cover.

8.2.1.2 Connect static electrical ground con-
nections to the tank. Attach the liquid deliv-
ery and vapor return hoses, remove the lig-
uid delivery elbows, and plug the liquid de-
livery fittings.

NOTE: The purpose of testing the liquid de-
livery hoses is to detect tears or holes that
would allow liquid leakage during a delivery.
Liquid delivery hoses are not considered to
be possible sources of vapor leakage, and
thus, do not have to be attached for a vapor
leakage test. Instead, a liquid delivery hose
could be either visually inspected, or filled
with water to detect any liquid leakage.

8.2.1.3 Attach the test cap to the end of the
vapor recovery hose.

8.2.1.4 Connect the pressure-vacuum supply
hose and the pressure-vacuum relief valve to
the shut-off valve. Attach a manometer to
the pressure tap.

8.2.1.5 Connect compartments of the tank
internally to each other if possible. If not
possible, each compartment must be tested
separately, as if it were an individual deliv-
ery tank.

8.2.2 Pressure Test.

8.2.2.1 Connect the pressure source to the
pressure-vacuum supply hose.

8.2.2.2 Open the shut-off valve in the vapor
recovery hose cap. Apply air pressure slowly,
pressurize the tank to P;, the initial pressure
specified in the regulation.

8.2.2.3 Close the shut-off and allow the
pressure in the tank to stabilize, adjusting
the pressure if necessary to maintain pres-
sure of P;. When the pressure stabilizes,
record the time and initial pressure.

8.2.2.4 At the end of the time period (t)
specified in the regulation, record the time
and final pressure.
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8.2.2.5 Repeat steps 8.2.2.2 through 8.2.2.4
until the change in pressure for two consecu-
tive runs agrees within 12.56 mm (0.5 in.) H,O.
Calculate the arithmetic average of the two
results.

8.2.2.6 Compare the average measured
change in pressure to the allowable pressure
change, Ap, specified in the regulation. If the
delivery tank does not satisfy the wvapor
tightness criterion specified in the regula-
tion, repair the sources of leakage, and re-
peat the pressure test until the criterion is
met.

8.2.2.7 Disconnect the pressure source from
the pressure-vacuum supply hose, and slowly
open the shut-off valve to bring the tank to
atmospheric pressure.

8.2.3 Vacuum Test.

8.2.3.1 Connect the vacuum source to the
pressure-vacuum supply hose.

8.2.3.2 Open the shut-off valve in the vapor
recovery hose cap. Slowly evacuate the tank
to Vi, the initial vacuum specified in the reg-
ulation.

8.2.3.3 Close the shut-off valve and allow
the pressure in the tank to stabilize, adjust-
ing the pressure if necessary to maintain a
vacuum of V;. When the pressure stabilizes,
record the time and initial vacuum.

8.2.3.4 At the end of the time period speci-
fied in the regulation (t), record the time and
final vacuum.

8.2.3.5 Repeat steps 8.2.3.2 through 8.2.3.4
until the change in vacuum for two consecu-
tive runs agrees within 12.5 mm (0.5 in.) H,O.
Calculate the arithmetic average of the two
results.

8.2.3.6 Compare the average measured
change in vacuum to the allowable vacuum
change, Av, as specified in the regulation. If
the delivery tank does not satisfy the vapor
tightness criterion specified in the regula-
tion, repair the sources of leakage, and re-
peat the vacuum test until the criterion is
met.

8.2.3.7 Disconnect the vacuum source from
the pressure-vacuum supply hose, and slowly
open the shut-off valve to bring the tank to
atmospheric pressure.

8.2.4 Post-Test Clean-up. Disconnect all
test equipment and return the delivery tank
to its pretest condition.

9.0 Quality Control

Section(s) Quality control measure

Effect

8.225,8335 ..o

in.) H.0.

Repeat test procedures until change in
pressure or vacuum for two consecu-
tive runs agrees within £12.5 mm (0.5

Ensures data precision.
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10.0 Calibration and Standardization
[Reserved]

11.0 Analytical Procedures [Reserved]
12.0 Data Analysis and Calculations [Reserved]

13.0 Method Performance

13.1 Precision. The vapor tightness of a
gasoline delivery tank under positive or neg-
ative pressure, as measured by this method,
is precise within 12.56 mm (0.5 in.) H,O

13.2 Bias. No bias has been identified.

14.0 Pollution Prevention [Reserved]
15.0 Waste Management [Reserved]

16.0 Alternative Procedures

16.1 The pumping of water into the bottom
of a delivery tank is an acceptable alter-
native to the pressure source described
above. Likewise, the draining of water out of
the bottom of a delivery tank may be sub-
stituted for the vacuum source. Note that
some of the specific step-by-step procedures
in the method must be altered slightly to ac-
commodate these different pressure and vac-
uum sources.

16.2 Techniques other than specified above
may be used for purging and pressurizing a
delivery tank, if prior approval is obtained
from the Administrator. Such approval will
be based upon demonstrated equivalency
with the above method.

17.0 References [Reserved]

18.0 Tables, Diagrams, Flowcharts, and
Validation Data [Reserved]

METHOD 28—CERTIFICATION AND AUDITING OF
WoOoD HEATERS

NoOTE: This method does not include all of
the specifications (e.g., equipment and sup-
plies) and procedures (e.g., sampling and ana-
lytical) essential to its performance. Some
material is incorporated by reference from
other methods in this part. Therefore, to ob-
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, Method 4,
Method 5, Method 5G, Method 5H, Method 6,
Method 6C, and Method 16A.

1.0 Scope and Application

1.1 Analyte. Particulate matter (PM). No
CAS number assigned.

1.2 Applicability. This method is applicable
for the certification and auditing of wood
heaters, including pellet burning wood heat-
ers.

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.
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2.0 Summary of Method

2.1 Particulate matter emissions are meas-
ured from a wood heater burning a prepared
test fuel crib in a test facility maintained at
a set of prescribed conditions. Procedures for
determining burn rates and particulate emis-
sion rates and for reducing data are pro-
vided.

3.0 Definitions

3.1 2 x4 or 4 x4 means two inches by four
inches or four inches by four inches (50 mm
by 100 mm or 100 mm by 100 mm), as nominal
dimensions for lumber.

3.2 Burn rate means the rate at which test
fuel is consumed in a wood heater. Measured
in kilograms or lbs of wood (dry basis) per
hour (kg/hr or 1b/hr).

3.8 Certification or audit test means a series
of at least four test runs conducted for cer-
tification or audit purposes that meets the
burn rate specifications in section 8.4.

3.4 Firebor means the chamber in the wood
heater in which the test fuel charge is placed
and combusted.

3.5 Height means the vertical distance ex-
tending above the loading door, if fuel could
reasonably occupy that space, but not more
than 2 inches above the top (peak height) of
the loading door, to the floor of the firebox
(i.e., below a permanent grate) if the grate
allows a 1l-inch diameter piece of wood to
pass through the grate, or, if not, to the top
of the grate. Firebox height is not nec-
essarily uniform but must account for vari-
ations caused by internal baffles, air chan-
nels, or other permanent obstructions.

3.6 Length means the longest horizontal
fire chamber dimension that is parallel to a
wall of the chamber.

3.7 Pellet burning wood heater means a wood
heater which meets the following criteria: (1)
The manufacturer makes no reference to
burning cord wood in advertising or other
literature, (2) the unit is safety listed for pel-
let fuel only, (3) the unit operating and in-
struction manual must state that the use of
cordwood is prohibited by law, and (4) the
unit must be manufactured and sold includ-
ing the hopper and auger combination as in-
tegral parts.

3.8 Secondary air supply means an air sup-
ply that introduces air to the wood heater
such that the burn rate is not altered by
more than 25 percent when the secondary air
supply is adjusted during the test run. The
wood heater manufacturer can document
this through design drawings that show the
secondary air is introduced only into a mix-
ing chamber or secondary chamber outside
the firebox.

3.9 Test facility means the area in which the
wood heater is installed, operated, and sam-
pled for emissions.
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3.10 Test fuel charge means the collection of
test fuel pieces placed in the wood heater at
the start of the emission test run.

3.11 Test fuel crib means the arrangement of
the test fuel charge with the proper spacing
requirements between adjacent fuel pieces.

3.12 Test fuel loading density means the
weight of the as-fired test fuel charge per
unit volume of usable firebox.

3.13 Test fuel piece means the 2 x4 or 4 x 4
wood piece cut to the length required for the
test fuel charge and used to construct the
test fuel crib.

3.14 Test run means an individual emission
test which encompasses the time required to
consume the mass of the test fuel charge.

3.15 Usable fireboxr volume means the volume
of the firebox determined using its height,
length, and width as defined in this section.

3.16 Width means the shortest horizontal
fire chamber dimension that is parallel to a
wall of the chamber.

3.17 Wood heater means an enclosed,
woodburning appliance capable of and in-
tended for space heating or domestic water
heating, as defined in the applicable regula-
tion.

4.0 Interferences [Reserved]

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 to determine the
applicability of regulatory limitations prior
to performing this test method.

6.0 Equipment and Supplies

Same as section 6.0 of either Method 5G or
Method bH, with the addition of the fol-
lowing:

6.1 Insulated Solid Pack Chimney. For in-
stallation of wood heaters. Solid pack insu-
lated chimneys shall have a minimum of 2.5
cm (1 in.) solid pack insulating material sur-
rounding the entire flue and possess a label
demonstrating conformance to U.L. 103 (in-
corporated by reference—see §60.17).

6.2 Platform Scale and Monitor. For moni-
toring of fuel load weight change. The scale
shall be capable of measuring weight to
within 0.05 kg (0.1 1b) or 1 percent of the ini-
tial test fuel charge weight, whichever is
greater.

6.3 Wood Heater Temperature Monitors.
Seven, each capable of measuring tempera-
ture to within 1.5 percent of expected abso-
lute temperatures.

6.4 Test Facility Temperature Monitor. A
thermocouple located centrally in a
vertically oriented 150 mm (6 in.) long, 50
mm (2 in.) diameter pipe shield that is open
at both ends, capable of measuring tempera-
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ture to within 1.5 percent of expected tem-
peratures.

6.5 Balance (optional). Balance capable of
weighing the test fuel charge to within 0.05
kg (0.1 1b).

6.6 Moisture Meter. Calibrated electrical
resistance meter for measuring test fuel
moisture to within 1 percent moisture con-
tent.

6.7 Anemometer. Device capable of detect-
ing air velocities less than 0.10 m/sec (20 ft/
min), for measuring air velocities near the
test appliance.

6.8 Barometer. Mercury, aneroid or other
barometer capable of measuring atmospheric
pressure to within 2.5 mm Hg (0.1 in. Hg).

6.9 Draft Gauge. Electromanometer or
other device for the determination of flue
draft or static pressure readable to within
0.50 Pa (0.002 in. H,0).

6.10 Humidity Gauge. Psychrometer or hy-
grometer for measuring room humidity.

6.11 Wood Heater Flue.

6.11.1 Steel flue pipe extending to 2.6 +0.15
m (8.5 0.5 ft) above the top of the platform
scale, and above this level, insulated solid
pack type chimney extending to 4.6 £0.3 m (15
+1 ft) above the platform scale, and of the
size specified by the wood heater manufac-
turer. This applies to both freestanding and
insert type wood heaters.

6.11.2 Other chimney types (e.g., solid pack
insulated pipe) may be used in place of the
steel flue pipe if the wood heater manufac-
turer’s written appliance specifications re-
quire such chimney for home installation
(e.g., zero clearance wood heater inserts).
Such alternative chimney or flue pipe must
remain and be sealed with the wood heater
following the certification test.

6.12 Test Facility. The test facility shall
meet the following requirements during test-
ing:

6.12.1 The test facility temperature shall be
maintained between 18 and 32 °C (65 and 90
°F) during each test run.

6.12.2 Air velocities within 0.6 m (2 ft) of
the test appliance and exhaust system shall
be less than 0.25 m/sec (50 ft/min) without
fire in the unit.

6.12.3 The flue shall discharge into the
same space or into a space freely commu-
nicating with the test facility. Any hood or
similar device used to vent combustion prod-
ucts shall not induce a draft greater than
1.256 Pa (0.0056 in. H>O) on the wood heater
measured when the wood heater is not oper-
ating.

6.12.4 For test facilities with artificially in-
duced barometric pressures (e.g., pressurized
chambers), the barometric pressure in the
test facility shall not exceed 775 mm Hg (30.5
in. Hg) during any test run.
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7.0 Reagents and Standards

Same as section 6.0 of either Method 5G or
Method bH, with the addition of the fol-
lowing:

7.1 Test Fuel. The test fuel shall conform
to the following requirements:

7.1.1 Fuel Species. Untreated, air-dried,
Douglas fir lumber. Kiln-dried lumber is not
permitted. The lumber shall be certified C
grade (standard) or better Douglas fir by a
lumber grader at the mill of origin as speci-
fied in the West Coast Lumber Inspection
Bureau Standard No. 16 (incorporated by ref-
erence—see §60.17).

7.1.2 Fuel Moisture. The test fuel shall
have a moisture content range between 16 to
20 percent on a wet basis (19 to 256 percent dry
basis). Addition of moisture to previously
dried wood is not allowed. It is recommended
that the test fuel be stored in a temperature
and humidity-controlled room.

7.1.3 Fuel Temperature. The test fuel shall
be at the test facility temperature of 18 to 32
°C (65 to 90 °F).

7.1.4 Fuel Dimensions. The dimensions of
each test fuel piece shall conform to the
nominal measurements of 2 x4 and 4 x 4 lum-
ber. Each piece of test fuel (not including
spacers) shall be of equal length, except as
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necessary to meet requirements in section
8.8, and shall closely approximate % the di-
mensions of the length of the usable firebox.
The fuel piece dimensions shall be deter-
mined in relation to the appliance’s firebox
volume according to guidelines listed below:

7.1.4.1 If the usable firebox volume is less
than or equal to 0.043 m3 (1.5 ft3), use 2 x 4
lumber.

7.1.4.2 If the usable firebox volume is great-
er than 0.043 m3 (1.5 ft3) and less than or
equal to 0.085 m3 (3.0 ft3), use 2 x4 and 4 x 4
lumber. About half the weight of the test
fuel charge shall be 2 x 4 lumber, and the re-
mainder shall be 4 x4 lumber.

7.1.4.3 If the usable firebox volume is great-
er than 0.085 m3 (3.0 ft3), use 4 x4 lumber.

7.2 Test Fuel Spacers. Air-dried, Douglas
fir lumber meeting the requirements out-
lined in sections 7.1.1 through 7.1.3. The spac-
ers shall be 130 x40 x 20 mm (5 x 1.5 x 0.75 in.).

8.0 Sample Collection, Preservation, Storage,
and Transport

8.1 Test Run Requirements.

8.1.1 Burn Rate Categories. One emission
test run is required in each of the following
burn rate categories:

BURN RATE CATEGORIES
[Average kg/hr (Ib/hr), dry basis]

Category 1 Category 2 Category 3 Category 4
0.80 to 1.25 1.25 to 1.90 Maximum.
(1.76 to 2.76) .. (2.76 t0 4.19) ... burn rate.

8.1.1.1 Maximum Burn Rate. For Category
4, the wood heater shall be operated with the
primary air supply inlet controls fully open
(or, if thermostatically controlled, the ther-
mostat shall be set at maximum heat out-
put) during the entire test run, or the max-
imum burn rate setting specified by the
manufacturer’s written instructions.

8.1.1.2 Other Burn Rate Categories. For
burn rates in Categories 1 through 3, the
wood heater shall be operated with the pri-
mary air supply inlet control, or other me-
chanical control device, set at a predeter-
mined position necessary to obtain the aver-
age burn rate required for the category.

8.1.1.3 Alternative Burn Rates for
Rate Categories 1 and 2.

8.1.1.3.1 If a wood heater cannot be oper-
ated at a burn rate below 0.80 kg/hr (1.76 1b/
hr), two test runs shall be conducted with
burn rates within Category 2. If a wood heat-
er cannot be operated at a burn rate below
1.25 kg/hr (2.76 1b/hr), the flue shall be
dampered or the air supply otherwise con-
trolled in order to achieve two test runs
within Category 2.

Burn

8.1.1.3.2 Evidence that a wood heater can-
not be operated at a burn rate less than 0.80
kg/hr shall include documentation of two or
more attempts to operate the wood heater in
burn rate Category 1 and fuel combustion
has stopped, or results of two or more test
runs demonstrating that the burn rates were
greater than 0.80 kg/hr when the air supply
controls were adjusted to the lowest possible
position or settings. Stopped fuel combus-
tion is evidenced when an elapsed time of 30
minutes or more has occurred without a
measurable (<0.05 kg (0.1 1b) or 1.0 percent,
whichever is greater) weight change in the
test fuel charge. See also section 8.8.3. Re-
port the evidence and the reasoning used to
determine that a test in burn rate Category
1 cannot be achieved; for example, two un-
successful attempts to operate at a burn rate
of 0.4 kg/hr are not sufficient evidence that
burn rate Category 1 cannot be achieved.

NoTE: After July 1, 1990, if a wood heater
cannot be operated at a burn rate less than
0.80 kg/hr, at least one test run with an aver-
age burn rate of 1.00 kg/hr or less shall be
conducted. Additionally, if flue dampering
must be used to achieve burn rates below 1.25
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kg/hr (or 1.0 kg/hr), results from a test run
conducted at burn rates below 0.90 kg/hr need
not be reported or included in the test run
average provided that such results are re-
placed with results from a test run meeting
the criteria above.

8.2 Catalytic Combustor and Wood Heater
Aging. The catalyst-equipped wood heater or
a wood heater of any type shall be aged be-
fore the certification test begins. The aging
procedure shall be conducted and docu-
mented by a testing laboratory accredited
according to procedures in §60.535 of 40 CFR
part 60.

8.2.1 Catalyst-equipped Wood Heater. Oper-
ate the catalyst-equipped wood heater using
fuel meeting the specifications outlined in
sections 7.1.1 through 7.1.3, or cordwood with
a moisture content between 15 and 25 percent
on a wet basis. Operate the wood heater at a
medium burn rate (Category 2 or 3) with a
new catalytic combustor in place and in op-
eration for at least 50 hours. Record and re-
port hourly catalyst exit temperature data
(Section 8.6.2) and the hours of operation.

8.2.2 Non-Catalyst Wood Heater. Operate
the wood heater using the fuel described in
section 8.4.1 at a medium burn rate for at
least 10 hours. Record and report the hours
of operation.

8.3 Pretest Recordkeeping. Record the test
fuel charge dimensions and weights, and
wood heater and catalyst descriptions as
shown in the example in Figure 28-1.

8.4 Wood Heater Installation. Assemble the
wood heater appliance and parts in conform-
ance with the manufacturer’s written instal-
lation instructions. Place the wood heater
centrally on the platform scale and connect
the wood heater to the flue described in sec-
tion 6.11. Clean the flue with an appro-
priately sized, wire chimney brush before
each certification test.

8.5 Wood Heater Temperature Monitors.

8.56.1 For catalyst-equipped wood heaters,
locate a temperature monitor (optional)
about 26 mm (1 in.) upstream of the catalyst
at the centroid of the catalyst face area, and
locate a temperature monitor (mandatory)
that will indicate the catalyst exhaust tem-
perature. This temperature monitor is cen-
trally located within 256 mm (1 in.) down-
stream at the centroid of catalyst face area.
Record these locations.

8.56.2 Liocate wood heater surface tempera-
ture monitors at five locations on the wood
heater firebox exterior surface. Position the
temperature monitors centrally on the top
surface, on two sidewall surfaces, and on the
bottom and back surfaces. Position the mon-
itor sensing tip on the firebox exterior sur-
face inside of any heat shield, air circulation
walls, or other wall or shield separated from
the firebox exterior surface. Surface tem-
perature locations for unusual design shapes
(e.g., spherical, etc.) shall be positioned so
that there are four surface temperature mon-

40 CFR Ch. I (7-1-19 Edition)

itors in both the vertical and horizontal
planes passing at right angles through the
centroid of the firebox, not including the fuel
loading door (total of five temperature mon-
itors).

8.6 Test Facility Conditions.

8.6.1 Locate the test facility temperature
monitor on the horizontal plane that in-
cludes the primary air intake opening for the
wood heater. Locate the temperature mon-
itor 1 to 2 m (3 to 6 ft) from the front of the
wood heater in the 90° sector in front of the
wood heater.

8.6.2 Use an anemometer to measure the
air velocity. Measure and record the room
air velocity before the pretest ignition pe-
riod (Section 8.7) and once immediately fol-
lowing the test run completion.

8.6.3 Measure and record the test facility’s
ambient relative humidity, barometric pres-
sure, and temperature before and after each
test run.

8.6.4 Measure and record the flue draft or
static pressure in the flue at a location no
greater than 0.3 m (1 ft) above the flue con-
nector at the wood heater exhaust during the
test run at the recording intervals (Section
8.8.2).

8.7 Wood Heater Firebox Volume.

8.7.1 Determine the firebox volume using
the definitions for height, width, and length
in section 3. Volume adjustments due to
presence of firebrick and other permanent
fixtures may be necessary. Adjust width and
length dimensions to extend to the metal
wall of the wood heater above the firebrick
or permanent obstruction if the firebrick or
obstruction extending the length of the
side(s) or back wall extends less than one-
third of the usable firebox height. Use the
width or length dimensions inside the
firebrick if the firebrick extends more than
one-third of the usable firebox height. If a
log retainer or grate is a permanent fixture
and the manufacturer recommends that no
fuel be placed outside the retainer, the area
outside of the retainer is excluded from the
firebox volume calculations.

8.7.2 In general, exclude the area above the
ash lip if that area is less than 10 percent of
the usable firebox volume. Otherwise, take
into account consumer loading practices.
For instance, if fuel is to be loaded front-to-
back, an ash lip may be considered usable
firebox volume.

8.7.3 Include areas adjacent to and above a
baffle (up to two inches above the fuel load-
ing opening) if four inches or more hori-
zontal space exist between the edge of the
baffle and a vertical obstruction (e.g., side-
walls or air channels).

8.8 Test Fuel Charge.

8.8.1 Prepare the test fuel pieces in accord-
ance with the specifications outlined in sec-
tions 7.1 and 7.2. Determine the test fuel
moisture content with a calibrated electrical
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resistance meter or other equivalent per-
formance meter. If necessary, convert fuel
moisture content values from dry basis
(%Mg) to wet basis (%M,) in section 12.2
using Equation 28-1. Determine fuel mois-
ture for each fuel piece (not including spac-
ers) by averaging at least three moisture
meter readings, one from each of three sides,
measured parallel to the wood grain. Aver-
age all the readings for all the fuel pieces in
the test fuel charge. If an electrical resist-
ance type meter is used, penetration of insu-
lated electrodes shall be one-fourth the
thickness of the test fuel piece or 19 mm (0.75
in.), whichever is greater. Measure the mois-
ture content within a 4-hour period prior to
the test run. Determine the fuel temperature
by measuring the temperature of the room
where the wood has been stored for at least
24 hours prior to the moisture determina-
tion.

8.8.2 Attach the spacers to the test fuel
pieces with uncoated, ungalvanized nails or
staples as illustrated in Figure 28-2. Attach-
ment of spacers to the top of the test fuel
piece(s) on top of the test fuel charge is op-
tional.

8.8.3 To avoid stacking difficulties, or when
a whole number of test fuel pieces does not
result, all piece lengths shall be adjusted
uniformly to remain within the specified
loading density. The shape of the test fuel
crib shall be geometrically similar to the
shape of the firebox volume without resort-
ing to special angular or round cuts on the
individual fuel pieces.

8.8.4 The test fuel loading density shall be
112 £11.2 kg/m3 (7 +0.7 1b/ft3) of usable firebox
volume on a wet basis.

8.9 Sampling Equipment. Prepare the sam-
pling equipment as defined by the selected
method (i.e., either Method 5G or Method
bH). Collect one particulate emission sample
for each test run.

8.10 Secondary Air Adjustment Validation.

8.10.1 If design drawings do not show the
introduction of secondary air into a chamber
outside the firebox (see ‘‘secondary air sup-
ply”’ under section 3.0, Definitions), conduct
a separate test of the wood heater’s sec-
ondary air supply. Operate the wood heater
at a burn rate in Category 1 (Section 8.1.1)
with the secondary air supply operated fol-
lowing the manufacturer’s written instruc-
tions. Start the secondary air validation test
run as described in section 8.8.1, except no
emission sampling is necessary and burn rate
data shall be recorded at 5-minute intervals.
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8.10.2 After the start of the test run, oper-
ate the wood heater with the secondary air
supply set as per the manufacturer’s instruc-
tions, but with no adjustments to this set-
ting. After 25 percent of the test fuel has
been consumed, adjust the secondary air sup-
ply controls to another setting, as per the
manufacturer’s instructions. Record the
burn rate data (5-minute intervals) for 20
minutes following the air supply adjustment.

8.10.3 Adjust the air supply control(s) to
the original position(s), operate at this con-
dition for at least 20 minutes, and repeat the
air supply adjustment procedure above. Re-
peat the procedure three times at equal in-
tervals over the entire burn period as defined
in section 8.8. If the secondary air adjust-
ment results in a burn rate change of more
than an average of 25 percent between the 20-
minute periods before and after the sec-
ondary adjustments, the secondary air sup-
ply shall be considered a primary air supply,
and no adjustment to this air supply is al-
lowed during the test run.

8.10.4 The example sequence below de-
scribes a typical secondary air adjustment
validation check. The first cycle begins after
at least 25 percent of the test fuel charge has
been consumed.

Cycle 1
Part 1, sec air adjusted to final position—
20 min
Part 2, sec air adjusted to final position—
20 min
Part 3, sec air adjusted to final position—
20 min
Cycle 2
Part 1, sec air adjusted to final position—
20 min
Part 2, sec air adjusted to final position—
20 min
Part 3, sec air adjusted to final position—
20 min
Cycle 3
Part 1, sec air adjusted to final position—
20 min
Part 2, sec air adjusted to final position—
20 min
Part 3, sec air adjusted to final position—
20 min

Note that the cycles may overlap; that is,
Part 3 of Cycle 1 may coincide in part or in
total with Part 1 of Cycle 2. The calculation
of the secondary air percent effect for this
example is as follows:

BR, - BR,

%BRSCC =

1,3

x 100 Eq. 28-1
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8.11 Pretest Ignition. Build a fire in the
wood heater in accordance with the manu-
facturer’s written instructions.

8.11.1 Pretest Fuel Charge. Crumpled news-
paper loaded with kindling may be used to
help ignite the pretest fuel. The pretest fuel,
used to sustain the fire, shall meet the same
fuel requirements prescribed in section 7.1.
The pretest fuel charge shall consist of whole
2 x 4’s that are no less than ¥ the length of
the test fuel pieces. Pieces of 4 x 4 lumber in
approximately the same weight ratio as for
the test fuel charge may be added to the pre-
test fuel charge.

8.11.2 Wood Heater Operation and Adjust-
ments. Set the air inlet supply controls at
any position that will maintain combustion
of the pretest fuel load. At least one hour be-
fore the start of the test run, set the air sup-
ply controls at the approximate positions
necessary to achieve the burn rate desired
for the test run. Adjustment of the air sup-
ply controls, fuel addition or subtractions,
and coalbed raking shall be kept to a min-
imum but are allowed up to 15 minutes prior
to the start of the test run. For the purposes
of this method, coalbed raking is the use of
a metal tool (poker) to stir coals, break
burning fuel into smaller pieces, dislodge
fuel pieces from positions of poor combus-
tion, and check for the condition of uniform
charcoalization. Record all adjustments
made to the air supply controls, adjustments
to and additions or subtractions of fuel, and
any other changes to wood heater operations
that occur during pretest ignition period.
Record fuel weight data and wood heater
temperature measurements at 10-minute in-
tervals during the hour of the pretest igni-
tion period preceding the start of the test
run. During the 15-minute period prior to the
start of the test run, the wood heater loading
door shall not be open more than a total of
1 minute. Coalbed raking is the only adjust-
ment allowed during this period.

NOTE: One purpose of the pretest ignition
period is to achieve uniform charcoalization
of the test fuel bed prior to loading the test
fuel charge. Uniform charcoalization is a
general condition of the test fuel bed evi-
denced by an absence of large pieces of burn-
ing wood in the coal bed and the remaining
fuel pieces being brittle enough to be broken
into smaller charcoal pieces with a metal
poker. Manipulations to the fuel bed prior to
the start of the test run should be done to
achieve uniform charcoalization while main-
taining the desired burn rate. In addition,
some wood heaters (e.g., high mass units)
may require extended pretest burn time and
fuel additions to reach an initial average
surface temperature sufficient to meet the
thermal equilibrium criteria in section 8.3.

8.11.3 The weight of pretest fuel remaining
at the start of the test run is determined as
the difference between the weight of the
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wood heater with the remaining pretest fuel
and the tare weight of the cleaned, dry wood
heater with or without dry ash or sand added
consistent with the manufacturer’s instruc-
tions and the owner’s manual. The tare
weight of the wood heater must be deter-
mined with the wood heater (and ash, if
added) in a dry condition.

8.12 Test Run. Complete a test run in each
burn rate category, as follows:

8.12.1 Test Run Start.

8.12.1.1 When the kindling and pretest fuel
have been consumed to leave a fuel weight
between 20 and 25 percent of the weight of
the test fuel charge, record the weight of the
fuel remaining and start the test run. Record
and report any other criteria, in addition to
those specified in this section, used to deter-
mine the moment of the test run start (e.g.,
firebox or catalyst temperature), whether
such criteria are specified by the wood heat-
er manufacturer or the testing laboratory.
Record all wood heater individual surface
temperatures, catalyst temperatures, any
initial sampling method measurement val-
ues, and begin the particulate emission sam-
pling. Within 1 minute following the start of
the test run, open the wood heater door, load
the test fuel charge, and record the test fuel
charge weight. Recording of average, rather
than individual, surface temperatures is ac-
ceptable for tests conducted in accordance
with §60.533(0)(3)(1) of 40 CFR part 60.

8.12.1.2 Position the fuel charge so that the
spacers are parallel to the floor of the fire-
box, with the spacer edges abutting each
other. If loading difficulties result, some fuel
pieces may be placed on edge. If the usable
firebox volume is between 0.043 and 0.085 m3
(1.5 and 3.0 ft3), alternate the piece sizes in
vertical stacking layers to the extent pos-
sible. For example, place 2 x 4’s on the bot-
tom layer in direct contact with the coal bed
and 4 x 4’s on the next layer, etc. (See Figure
28-3). Position the fuel pieces parallel to
each other and parallel to the longest wall of
the firebox to the extent possible within the
specifications in section 8.8.

8.12.1.3 Load the test fuel in appliances
having unusual or unconventional firebox de-
sign maintaining air space intervals between
the test fuel pieces and in conformance with
the manufacturer’s written instructions. For
any appliance that will not accommodate
the loading arrangement specified in the
paragraph above, the test facility personnel
shall contact the Administrator for an alter-
native loading arrangement.

8.12.1.4 The wood heater door may remain
open and the air supply controls adjusted up
to five minutes after the start of the test run
in order to make adjustments to the test fuel
charge and to ensure ignition of the test fuel
charge has occurred. Within the five minutes
after the start of the test run, close the wood
heater door and adjust the air supply con-
trols to the position determined to produce
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the desired burn rate. No other adjustments
to the air supply controls or the test fuel
charge are allowed (except as specified in
sections 8.12.3 and 8.12.4) after the first five
minutes of the test run. Record the length of
time the wood heater door remains open, the
adjustments to the air supply controls, and
any other operational adjustments.

8.12.2 Data Recording. Record on a data
sheet similar to that shown in Figure 28-4, at
intervals no greater than 10 minutes, fuel
weight data, wood heater individual surface
and catalyst temperature measurements,
other wood heater operational data (e.g.,
draft), test facility temperature and sam-
pling method data.

8.12.3 Test Fuel Charge Adjustment. The
test fuel charge may be adjusted (i.e., reposi-
tioned) once during a test run if more than
60 percent of the initial test fuel charge
weight has been consumed and more than 10
minutes have elapsed without a measurable
(<0.05 kg (0.1 1b) or 1.0 percent, whichever is
greater) weight change. The time used to
make this adjustment shall be less than 15
seconds.

8.12.4 Air Supply Adjustment. Secondary
air supply controls may be adjusted once
during the test run following the manufac-
turer’s written instructions (see section
8.10). No other air supply adjustments are al-
lowed during the test run. Recording of wood
heater flue draft during the test run is op-
tional for tests conducted in accordance with
§60.533(0)(3)(1) of 40 CFR part 60.

8.12.5 Auxiliary Wood Heater Equipment
Operation. Heat exchange blowers sold with
the wood heater shall be operated during the
test run following the manufacturer’s writ-
ten instructions. If no manufacturer’s writ-
ten instructions are available, operate the
heat exchange blower in the ‘‘high’’ position.
(Automatically operated blowers shall be op-
erated as designed.) Shaker grates, by-pass
controls, or other auxiliary equipment may
be adjusted only one time during the test
run following the manufacturer’s written in-
structions.

Record all adjustments on a wood heater
operational written record.

NoOTE: If the wood heater is sold with a
heat exchange blower as an option, test the
wood heater with the heat exchange blower
operating as described in sections 8.1
through 8.12 and report the results. As an al-
ternative to repeating all test runs without
the heat exchange blower operating, one ad-
ditional test run may be without the blower
operating as described in section 8.12.5 at a
burn rate in Category 2 (Section 8.1.1). If the
emission rate resulting from this test run
without the blower operating is equal to or
less than the emission rate plus 1.0 g/hr
(0.0022 1b/hr) for the test run in burn rate
Category 2 with the blower operating, the
wood heater may be considered to have the
same average emission rate with or without

Pt. 60, App. A-8, Meth. 28

the blower operating. Additional test runs
without the blower operating are unneces-
sary.

8.13 Test Run Completion. Continue emis-
sion sampling and wood heater operation for
2 hours. The test run is completed when the
remaining weight of the test fuel charge is
0.00 kg (0.0 1b). End the test run when the
scale has indicated a test fuel charge weight
of 0.00 kg (0.0 1b) or less for 30 seconds. At the
end of the test run, stop the particulate sam-
pling, and record the final fuel weight, the
run time, and all final measurement values.

8.14 Wood Heater Thermal Equilibrium.
The average of the wood heater surface tem-
peratures at the end of the test run shall
agree with the average surface temperature
at the start of the test run to within 70 °C
(126 °F).

8.15 Consecutive Test Runs. Test runs on a
wood heater may be conducted consecutively
provided that a minimum one-hour interval
occurs between test runs.

8.16 Additional Test Runs. The testing lab-
oratory may conduct more than one test run
in each of the burn rate categories specified
in section 8.1.1. If more than one test run is
conducted at a specified burn rate, the re-
sults from at least two-thirds of the test
runs in that burn rate category shall be used
in calculating the weighted average emission
rate (see section 12.2). The measurement
data and results of all test runs shall be re-
ported regardless of which values are used in
calculating the weighted average emission
rate (see note in section 8.1).

9.0 Quality Control

Same as section 9.0 of either Method 5G or
Method 5H.

10.0 Calibration and Standardizations

Same as section 10.0 of either Method 5G or
Method 5H, with the addition of the fol-
lowing:

10.1 Platform Scale. Perform a multi-point
calibration (at least five points spanning the
operational range) of the platform scale be-
fore its initial use. The scale manufacturer’s
calibration results are sufficient for this pur-
pose. Before each certification test, audit
the scale with the wood heater in place by
weighing at least one calibration weight
(Class F) that corresponds to between 20 per-
cent and 80 percent of the expected test fuel
charge weight. If the scale cannot reproduce
the value of the calibration weight within
0.056 kg (0.1 1b) or 1 percent of the expected
test fuel charge weight, whichever is greater,
recalibrate the scale before use with at least
five calibration weights spanning the oper-
ational range of the scale.

10.2 Balance (optional). Calibrate as de-
scribed in section 10.1.
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10.3 Temperature Monitor. Calibrate as in
Method 2, section 4.3, before the first certifi-
cation test and semiannually thereafter.

10.4 Moisture Meter. Calibrate as per the
manufacturer’s instructions before each cer-
tification test.

10.5 Anemometer. Calibrate the anemom-
eter as specified by the manufacturer’s in-
structions before the first certification test
and semiannually thereafter.

10.6 Barometer. Calibrate against a mer-
cury barometer before the first certification
test and semiannually thereafter.

10.7 Draft Gauge. Calibrate as per the man-
ufacturer’s instructions; a liquid manometer
does not require calibration.

10.8 Humidity Gauge. Calibrate as per the
manufacturer’s instructions before the first
certification test and semiannually there-
after.

11.0 Analytical Procedures

Same as section 11.0 of either Method 5G or
Method 5H.

12.0 Data Analysis and Calculations

Same as section 12.0 of either Method 5G or
Method bH, with the addition of the fol-
lowing:

12.1 Nomenclature.

BR = Dry wood burn rate, kg/hr (1b/hr)

E; = Emission rate for test run, i, from Meth-
od 5G or 5H, g/hr (1b/hr)

E, = Weighted average emission rate, g/hr
(Ib/hr)

k; = Test run weighting factor=P; . | — Pi_,
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%M,y = Fuel moisture content, dry basis, per-
cent.

%M,, = Average moisture in test fuel charge,
wet basis, percent.

n = Total number of test runs.

P; = Probability for burn rate during test
run, i, obtained from Table 28-1. Use lin-
ear interpolation to determine prob-
ability values for burn rates between
those listed on the table.

Wwa = Total mass of wood burned during the
test run, kg (1b).

12.2 Wet Basis Fuel Moisture Content.

_ 100(%M,)

Y100+ %M,

12.3 Weighted Average Emission Rate. Cal-
culate the weighted average emission rate
(Ey) using Equation 28-1:

Eq. 28-2

(¢

n

2 (KiE)

Ew — i=1
2K
i=1

NoOTE: P, always equals 0, Py + 1), always
equals 1, P; corresponds to the probability of
the lowest recorded burn rate, P, cor-
responds to the probability of the next low-
est burn rate, etc. An example calculation is
in section 12.3.1.

12.3.1 Example Calculation of Weighted Av-
erage Emission Rate.

Eq. 28-3

Bum rate category Test | Bumrale | Emissions
1. 1 0.65 5.0
21 2 0.85 6.7
2. 3 0.90 4.7
2. 4 1.00 5.3
3. 5 1.45 3.8
4. 6 2.00 5.1

1As permitted in section 6.6, this test run may be omitted from the calculation of the weighted average emission rate because

three runs were conducted for this burn rate category.

Test No. Burn rate Pi E; Ki
0 ettt | eerenei e 0.000 | .o | e
1. 0.65 0.121 5.0 0.300
2 .. 0.90 0.300 4.7 0.259
3 .. 1.00 0.380 5.3 0.422
4 .. 1.45 0.722 3.8 0.532
5 .. 2.00 0.912 5.1 0.278
<SSO OSSOSO PUPI PP URRTOPIVEURN EPRORITRORRROINY 1.000 | oo | e

Ki =P, — Po=0.300 — 0 =0.300

K, =P; — P; =0.381 — 0.121 = 0.259
K3 =Py — P> =0.722 — 0.300 = 0.422
Ky=Ps — P;=0.912 — 0.380 = 0.532
Ks =Ps — P4 =1.000 — 0.722 = 0.278
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Weighted Average Emission Rate, Ey, Calculation

D (KiE)

(0.3)(5.0) +(0.259)(4.7) +(0.422)(5.3) +(0.532)(3.8) + (0.278)(5.1)

=4.69g/hr

12.4 Average Wood Heater Surface Tem-
peratures. Calculate the average of the wood
heater surface temperatures for the start of
the test run (Section 8.12.1) and for the test
run completion (Section 8.13). If the two av-
erage temperatures do not agree within 70 °C
(125 °F), report the test run results, but do

— 60 Wwd

100— %M,

1.791

not include the test run results in the test
average. Replace such test run results with
results from another test run in the same
burn rate category.

12.5 Burn Rate. Calculate the burn rate
(BR) using Equation 28-3:

BR
0

12.6 Reporting Criteria. Submit both raw
and reduced test data for wood heater tests.

12.6.1 Suggested Test Report Format.

12.6.1.1 Introduction.

12.6.1.1.1 Purpose of test-certification,
audit, efficiency, research and development.

12.6.1.1.2 Wood heater identification-manu-
facturer, model number, catalytic/noncata-
lytic, options.

12.6.1.1.3 Laboratory-name, location (alti-
tude), participants.

12.6.1.1.4 Test information-date wood heat-
er received, date of tests, sampling methods
used, number of test runs.

12.6.1.2 Summary and Discussion of Results

12.6.1.2.1 Table of results (in order of in-
creasing burn rate)-test run number, burn
rate, particulate emission rate, efficiency (if
determined), averages (indicate which test
runs are used).

12.6.1.2.2 Summary of other data-test facil-
ity conditions, surface temperature aver-
ages, catalyst temperature averages, pretest
fuel weights, test fuel charge weights, run
times.

12.6.1.2.3 Discussion-Burn rate categories
achieved, test run result selection, specific
test run problems and solutions.

12.6.1.3 Process Description.

12.6.1.3.1 Wood heater dimensions-volume,
height, width, lengths (or other linear di-
mensions), weight, volume adjustments.

12.6.1.3.2 Firebox configuration-air supply
locations and operation, air supply introduc-
tion location, refractory location and dimen-
sions, catalyst location, baffle and by-pass
location and operation (include line draw-
ings or photographs).

Eq. 28-3

100

12.6.1.3.3 Process operation during test-air
supply settings and adjustments, fuel bed ad-
justments, draft.

12.6.1.3.4 Test fuel-test fuel properties
(moisture and temperature), test fuel crib
description (include line drawing or photo-
graph), test fuel loading density.

12.6.1.4 Sampling Locations.

12.6.1.4.1 Describe sampling location rel-
ative to wood heater. Include drawing or
photograph.

12.6.1.5 Sampling and Analytical Proce-
dures

12.6.1.5.1 Sampling methods-brief reference
to operational and sampling procedures and
optional and alternative procedures used.

12.6.1.5.2 Analytical methods-brief descrip-
tion of sample recovery and analysis proce-
dures.

12.6.1.6 Quality Control and Assurance Pro-
cedures and Results

12.6.1.6.1 Calibration procedures and re-
sults-certification procedures, sampling and
analysis procedures.

12.6.1.6.2 Test method quality control pro-
cedures-leak-checks, volume meter checks,
stratification (velocity) checks, proportion-
ality results.

12.6.1.7 Appendices

12.6.1.7.1 Results and Example Calcula-
tions. Complete summary tables and accom-
panying examples of all calculations.

12.6.1.7.2 Raw Data. Copies of all uncor-
rected data sheets for sampling measure-
ments, temperature records and sample re-
covery data. Copies of all pretest burn rate
and wood heater temperature data.

579



Pt. 60, App. A-8, Meth. 28

12.6.1.7.3 Sampling and Analytical Proce-
dures. Detailed description of procedures fol-
lowed by laboratory personnel in conducting
the certification test, emphasizing par-
ticular parts of the procedures differing from
the methods (e.g., approved alternatives).

12.6.1.7.4 Calibration Results. Summary of
all calibrations, checks, and audits pertinent
to certification test results with dates.

12.6.1.7.5 Participants. Test personnel,
manufacturer representatives, and regu-
latory observers.

12.6.1.7.6 Sampling and Operation Records.
Copies of uncorrected records of activities
not included on raw data sheets (e.g., wood
heater door open times and durations).

12.6.1.7.7 Additional Information. Wood
heater manufacturer’s written instructions
for operation during the certification test.

12.6.2.1 Wood Heater Identification. Report
wood heater identification information. An
example data form is shown in Figure 28-4.

12.6.2.2 Test Facility Information. Report
test facility temperature, air velocity, and
humidity information. An example data
form is shown on Figure 28-4.

12.6.2.3 Test Equipment Calibration and
Audit Information. Report calibration and
audit results for the platform scale, test fuel
balance, test fuel moisture meter, and sam-
pling equipment including volume metering
systems and gaseous analyzers.

12.6.2.4 Pretest Procedure Description. Re-
port all pretest procedures including pretest
fuel weight, burn rates, wood heater tem-
peratures, and air supply settings. An exam-
ple data form is shown on Figure 28-4.

12.6.2.5 Particulate Emission Data. Report
a summary of test results for all test runs
and the weighted average emission rate. Sub-
mit copies of all data sheets and other
records collected during the testing. Submit
examples of all calculations.

13.0 Method Performance [Reserved]
14.0 Pollution Prevention [Reserved]
15.0 Waste Management [Reserved]

16.0 Alternative Procedures

16.1 Pellet Burning Heaters. Certification
testing requirements and procedures for pel-
let burning wood heaters are identical to
those for other wood heaters, with the fol-
lowing exceptions:

16.1.1 Test Fuel Properties. The test fuel
shall be all wood pellets with a moisture con-
tent no greater than 20 percent on a wet
basis (25 percent on a dry basis). Determine
the wood moisture content with either
ASTM D 2016-74 or 83, (Method A), ASTM D
4444-92, or ASTM D 4442-84 or 92 (all noted
ASTM standards are incorporated by ref-
erence—see §60.17).

16.1.2 Test Fuel Charge Specifications. The
test fuel charge size shall be as per the man-

40 CFR Ch. | (7-1-19 Edition)
ufacturer’s written instructions for main-
taining the desired burn rate.

16.1.3 Wood Heater Firebox Volume. The
firebox volume need not be measured or de-
termined for establishing the test fuel
charge size. The firebox dimensions and
other heater specifications needed to iden-
tify the heater for certification purposes
shall be reported.

16.1.4 Heater Installation. Arrange the
heater with the fuel supply hopper on the
platform scale as described in section 8.6.1.

16.1.5 Pretest Ignition. Start a fire in the
heater as directed by the manufacturer’s
written instructions, and adjust the heater
controls to achieve the desired burn rate. Op-
erate the heater at the desired burn rate for
at least 1 hour before the start of the test
run.

16.1.6 Test Run. Complete a test run in
each burn rate category as follows:

16.1.6.1 Test Run Start. When the wood
heater has operated for at least 1 hour at the
desired burn rate, add fuel to the supply hop-
per as necessary to complete the test run,
record the weight of the fuel in the supply
hopper (the wood heater weight), and start
the test run. Add no additional fuel to the
hopper during the test run.

Record all the wood heater surface tem-
peratures, the initial sampling method meas-
urement values, the time at the start of the
test, and begin the emission sampling. Make
no adjustments to the wood heater air sup-
ply or wood supply rate during the test run.

16.1.6.2 Data Recording. Record the fuel
(wood heater) weight data, wood heater tem-
perature and operational data, and emission
sampling data as described in section 8.12.2.

16.1.6.3 Test Run Completion. Continue
emission sampling and wood heater oper-
ation for 2 hours. At the end of the test run,
stop the particulate sampling, and record the
final fuel weight, the run time, and all final
measurement values, including all wood
heater individual surface temperatures.

16.1.7 Calculations. Determine the burn
rate using the difference between the initial
and final fuel (wood heater) weights and the
procedures described in section 12.4. Com-
plete the other calculations as described in
section 12.0.

17.0 References

Same as Method 5G, with the addition of
the following:

1. Radian Corporation. OMNI Environ-
mental Services, Inc., Cumulative Prob-
ability for a Given Burn Rate Based on Data
Generated in the CONEG and BPA Studies.
Package of materials submitted to the Fifth
Session of the Regulatory Negotiation Com-
mittee, July 16-17, 1986.

18.0 Tables, Diagrams, Flowcharts, and
Validation Data
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TABLE 28—-1—BURN RATE WEIGHTED PROBABILITIES FOR CALCULATING WEIGHTED AVERAGE
EMISSION RATES

Burn rate Cumulative Burn rate Cumulative Burn rate Cumulative

(kg/hr-dry) probability (P) (kg/hr-dry) probability (P) (kg/hr-dry) probability (P)
0.00 ... 0.000 1.70 0.840 3.40 0.989
0.05 ... 0.002 1.75 0.857 3.45 0.989
0.10 ... 0.007 1.80 0.875 3.50 0.990
0.15 ... 0.012 1.85 0.882 3.55 0.991
0.20 ... 0.016 1.90 0.895 3.60 0.991
0.25 .. 0.021 1.95 0.906 3.65 0.992
0.30 ... 0.028 2.00 0.912 3.70 0.992
0.35 .. 0.033 2.05 0.920 3.75 0.992
0.40 ... 0.041 210 0.925 3.80 0.993
0.45 .. 0.054 215 0.932 3.85 0.994
0.50 ... 0.065 2.20 0.936 3.90 0.994
0.55 ... 0.086 225 0.940 3.95 0.994
0.60 ... 0.100 2.30 0.945 4.00 0.994
0.65 ... 0.121 2.35 0.951 4.05 0.995
0.70 ... 0.150 2.40 0.956 4.10 0.995
0.75 ... 0.185 2.45 0.959 415 0.995
0.80 ... 0.220 2.50 0.964 4.20 0.995
0.85 ... 0.254 2.55 0.968 4.25 0.995
0.90 ... 0.300 2.60 0.972 4.30 0.996
0.95 .. 0.328 2.65 0.975 4.35 0.996
1.00 ... 0.380 2.70 0.977 4.40 0.996
1.05 .. 0.407 2.75 0.979 4.45 0.996
1.10 .. 0.460 2.80 0.980 4.50 0.996
1.15 ... 0.490 2.85 0.981 4.55 0.996
1.20 ... 0.550 2.90 0.982 4.60 0.996
1.25 .. 0.572 2.95 0.984 4.65 0.996
1.30 ... 0.620 3.00 0.984 4.70 0.996
1.35 .. 0.654 3.05 0.985 4.75 0.997
1.40 .. 0.695 3.10 0.986 4.80 0.997
1.45 .. 0.722 3.15 0.987 4.85 0.997
1.50 ... 0.750 3.20 0.987 4.90 0.997
155 ... 0.779 3.25 0.988 4.95 0.997
1.60 ... 0.800 3.30 0.988 >5.00 1.000
1.65 .. 0.825 3.35 0.989 | i | s
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40 CFR Ch. | (7-1-19 Edition)

Appliance ldentification
Appliance Manufacturer

Address

Agent and phone number
Name and Model number

Weight

Serial number

Catalytic
Insert

Materials of construction:

Woodheater Description: (Attach figure showing air supplies and firebox configuration)

Nencatalytic
Freestanding

Air Introduction System:

Combustion Control Mechanisms:

Internal Baffles:

Other Features:

Catalyst Specifications
Manufacturer
Serial Number
Age
Dimensions

(Hours)
(in.)

Test Fuel Information
(for each Tes- Run)
Weight of Test Change
Number of 2 x 4's
Numger of &4 % 4's
Length of test pieces
Fuel Grade (Certification)
Moisture Content (%)

[43.)]

(in.)
Fuel

Firebox Dimensions

Volume (ft')
Length {in.}
Width {in.}
Height in.y
Adjustments (Describe) {in.)

Diagram or Photograph of Test Fuel Crib

Figure 28-1.

582

Wood Heater and Test Fuel Information.



Environmental Protection Agency Pt. 60, App. A-8, Meth. 28

e

Dimansianal
4xd

Figure 28-2. Test Fuel Spacer Dimensions.

2x4 and 4x4

Figure 28-3. Test Fuel Crib Arrangements.
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Date

Operator

Sampling Methed

Wood Heater Information

Manufacturer

Model

Primary Air Setting
Secondary Air Setting
Thermostat Setting
Other Settings

Burn Rate
Room Temperature
Barometric Pressure
Relative Humidity

Room Air Velocity

40 CFR Ch. | (7-1-19 Edition)

Sheet of

Test Run Information

Test Run No.

beforefafter ___ [
beforefafter [/
before/after N
before/after i

Surface Temp Average Pretest end

Test Run Time Test Fuel Surface Temperature Catalyst Temperature Flue
(minutes) Scale E Draft
Reading (1b) Inlet Outlet (in. HO)
(*F) (°F)

(Pretest Period)

(Test Run Start)

Figure 28-4.

METHOD 28A—MEASUREMENT OF AIR- TO-FUEL
RATIO AND MINIMUM ACHIEVABLE BURN
RATES FOR WOOD-FIRED APPLIANCES

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

Test Run Wood Heater Operation Data Sheet.

tain reliable results, persons using this
method should also have a thorough knowl-
edge of at least the following additional test
methods: Method 3, Method 3A, Method 5H,
Method 6C, and Method 28.

1.0 Scope and Application

1.1 Analyte. Particulate matter (PM). No
CAS number assigned.
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1.2 Applicability. This method is applicable
for the measurement of air-to-fuel ratios and
minimum achievable burn rates, for deter-
mining whether a wood-fired appliance is an
affected facility, as specified in 40 CFR
60.530.

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 gas sample is extracted from a loca-
tion in the stack of a wood-fired appliance
while the appliance is operating at a pre-
scribed set of conditions. The gas sample is
analyzed for carbon dioxide (CO,), oxygen
(0,), and carbon monoxide (CO). These stack
gas components are measured for deter-
mining the dry molecular weight of the ex-
haust gas. Total moles of exhaust gas are de-
termined stoichiometrically. Air-to-fuel
ratio is determined by relating the mass of
dry combustion air to the mass of dry fuel
consumed.

3.0 Definitions

Same as Method 28, section 3.0, with the
addition of the following:

3.1 Air-to-fuel ratio means the ratio of the
mass of dry combustion air introduced into
the firebox to the mass of dry fuel consumed
(grams of dry air per gram of dry wood
burned).

4.0 Interferences [Reserved]

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 to determine the
applicability of regulatory limitations prior
to performing this test method.

6.0 Equipment and Supplies

6.1 Test Facility. Insulated Solid Pack
Chimney, Platform Scale and Monitor, Test
Facility Temperature Monitor, Balance,
Moisture Meter, Anemometer, Barometer,
Draft Gauge, Humidity Gauge, Wood Heater
Flue, and Test Facility. Same as Method 28,
sections 6.1, 6.2, and 6.4 to 6.12, respectively.

6.2 Sampling System. Probe, Condenser,
Valve, Pump, Rate Meter, Flexible Bag,
Pressure Gauge, and Vacuum Gauge. Same
as Method 3, sections 6.2.1 to 6.2.8, respec-
tively. Alternatively, the sampling system
described in Method 5H, section 6.1 may be
used.

6.3 Exhaust Gas Analysis. Use one or both
of the following:

Pt. 60, App. A-8, Meth. 28A

6.3.1 Orsat Analyzer. Same as Method 3,
section 6.1.3

6.3.2 Instrumental Analyzers. Same as
Method 5H, sections 6.1.3.4 and 6.1.3.5, for CO,
and CO analyzers, except use a CO analyzer
with a range of 0 to 5 percent and use a CO,
analyzer with a range of 0 to 5 percent. Use
an O, analyzer capable of providing a meas-
ure of O, in the range of 0 to 25 percent by
volume at least once every 10 minutes.

7.0 Reagents and Standards

7.1 Test Fuel and Test Fuel Spacers. Same
as Method 28, sections 7.1 and 7.2, respec-
tively.

7.2 Cylinder Gases. For each of the three
analyzers, use the same concentration as
specified in sections 7.2.1, 7.2.2, and 7.2.3 of
Method 6C.

8.0 Sample Collection, Preservation, Storage,
and Transport

8.1 Wood Heater Air Supply Adjustments.

8.1.1 This section describes how dampers
are to be set or adjusted and air inlet ports
closed or sealed during Method 28A tests.
The specifications in this section are in-
tended to ensure that affected facility deter-
minations are made on the facility configu-
rations that could reasonably be expected to
be employed by the user. They are also in-
tended to prevent circumvention of the
standard through the addition of an air port
that would often be blocked off in actual use.
These specifications are based on the as-
sumption that consumers will remove such
items as dampers or other closure mecha-
nism stops if this can be done readily with
household tools; that consumers will block
air inlet passages not visible during normal
operation of the appliance using aluminum
tape or parts generally available at retail
stores; and that consumers will cap off any
threaded or flanged air inlets. They also as-
sume that air leakage around glass doors,
sheet metal joints or through inlet grilles
visible during normal operation of the appli-
ance would not be further blocked or taped
off by a consumer.

8.1.2 It is not the intention of this section
to cause an appliance that is clearly de-
signed, intended, and, in most normal instal-
lations, used as a fireplace to be converted
into a wood heater for purposes of applica-
bility testing. Such a fireplace would be
identifiable by such features as large or mul-
tiple glass doors or panels that are not
gasketed, relatively unrestricted air inlets
intended, in large part, to limit smoking and
fogging of glass surfaces, and other aesthetic
features not normally included in wood heat-
ers.

8.1.3 Adjustable Air Supply Mechanisms.
Any commercially available flue damper,
other adjustment mechanism or other air
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inlet port that is designed, intended or oth-
erwise reasonably expected to be adjusted or
closed by consumers, installers, or dealers
and which could restrict air into the firebox
shall be set so as to achieve minimum air
into the firebox (i.e., closed off or set in the
most closed position).

8.1.3.1 Flue dampers, mechanisms and air
inlet ports which could reasonably be ex-
pected to be adjusted or closed would in-
clude:

8.1.3.1.1 All internal or externally adjust-
able mechanisms (including adjustments
that affect the tightness of door fittings)
that are accessible either before and/or after
installation.

8.1.3.1.2 All mechanisms, other inlet ports,
or inlet port stops that are identified in the
owner’s manual or in any dealer literature as
being adjustable or alterable. For example,
an inlet port that could be used to provide
access to an outside air duct but which is
identified as being closable through use of
additional materials whether or not they are
supplied with the facility.

8.1.3.1.3 Any combustion air inlet port or
commercially available flue damper or
mechanism stop, which would readily lend
itself to closure by consumers who are handy
with household tools by the removal of parts
or the addition of parts generally available
at retail stores (e.g., addition of a pipe cap or
plug, addition of a small metal plate to an
inlet hole on a nondecorative sheet metal
surface, or removal of riveted or screwed
damper stops).

8.1.3.1.4 Any flue damper, other adjustment
mechanisms or other air inlet ports that are
found and documented in several (e.g., a
number sufficient to reasonably conclude
that the practice is not unique or uncom-
mon) actual installations as having been ad-
justed to a more closed position, or closed by
consumers, installers, or dealers.

8.1.4 Air Supply Adjustments During Test.
The test shall be performed with all air in-
lets identified under this section in the
closed or most closed position or in the con-
figuration which otherwise achieves the low-
est air inlet (i.e., greatest blockage).

NOTE: For the purposes of this section, air
flow shall not be minimized beyond the point
necessary to maintain combustion or beyond
the point that forces smoke into the room.

8.1.5 Notwithstanding section 8.1.1, any flue
damper, adjustment mechanism, or air inlet
port (whether or not equipped with flue
dampers or adjusting mechanisms) that is
visible during normal operation of the appli-
ance and which could not reasonably be
closed further or blocked except through
means that would significantly degrade the
aesthetics of the facility (e.g., through use of
duct tape) will not be closed further or
blocked.

8.2 Sampling System.

40 CFR Ch. I (7-1-19 Edition)

8.2.1 Sampling Location. Same as Method
b5H, section 8.1.2.

8.2.2 Sampling System Set Up. Set up the
sampling equipment as described in Method
3, section 8.1.

8.3 Wood Heater Installation, Test Facility
Conditions, Wood Heater Firebox Volume,
and Test Fuel Charge. Same as Method 28,
sections 8.4 and 8.6 to 8.8, respectively.

8.4 Pretest Ignition. Same as Method 28,
section 8.11. Set the wood heater air supply
settings to achieve a burn rate in Category 1
or the lowest achievable burn rate (see sec-
tion 8.1).

8.5 Test Run. Same as Method 28, section
8.12. Begin sample collection at the start of
the test run as defined in Method 28, section
8.12.1.

8.5.1 Gas Analysis.

8.5.1.1 If Method 3 is used, collect a min-
imum of two bag samples simultaneously at
a constant sampling rate for the duration of
the test run. A minimum sample volume of
30 liters (1.1 ft3) per bag is recommended.

8.5.1.2 If instrumental gas concentration
measurement procedures are used, conduct
the gas measurement system performance
tests, analyzer calibration, and analyzer
calibration error check outlined in Method
6C, sections 8.2.3, 8.2.4, 8.5, and 10.0, respec-
tively. Sample at a constant rate for the du-
ration of the test run.

8.5.2 Data Recording. Record wood heater
operational data, test facility temperature,
sample train flow rate, and fuel weight data
at intervals of no greater than 10 minutes.

8.5.3 Test Run Completion. Same as Meth-
od 28, section 8.13.

9.0 Quality Control

9.1 Data Validation. The following quality
control procedure is suggested to provide a
check on the quality of the data.

9.1.1 Calculate a fuel factor, F,,
Equation 28A-1 in section 12.2.

9.1.2 If CO is present in quantities measur-
able by this method, adjust the O, and CO,
values before performing the calculation for
F, as shown in section 12.3 and 12.4.

9.1.3 Compare the calculated F, factor with
the expected F, range for wood (1.000-1.120).
Calculated F, values beyond this acceptable
range should be investigated before accept-
ing the test results. For example, the
strength of the solutions in the gas analyzer
and the analyzing technique should be
checked by sampling and analyzing a known
concentration, such as air. If no detectable
or correctable measurement error can be
identified, the test should be repeated. Alter-
natively, determine a range of air-to-fuel
ratio results that could include the correct
value by using an F, value of 1.05 and calcu-
lating a potential range of CO, and O, values.
Acceptance of such results will be based on
whether the calculated range includes the

using
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exemption limit and the judgment of the Ad-
ministrator.

9.2 Method 3 Analyses. Compare the results
of the analyses of the two bag samples. If all
the gas components (O,, CO, and CO,) values
for the two analyses agree within 0.5 percent
(e.g., 6.0 percent O, for bag 1 and 6.5 percent
O, for bag 2, agree within 0.5 percent), the re-
sults of the bag analyses may be averaged for
the calculations in section 12. If the analysis
results do not agree within 0.5 percent for
each component, calculate the air-to-fuel
ratio using both sets of analyses and report
the results.

10.0 Calibration and Standardization
[Reserved]

11.0 Analytical Procedures

11.1 Method 3 Integrated Bag Samples.
Within 4 hours after the sample collection,
analyze each bag sample for percent CO,, O,,
and CO using an Orsat analyzer as described
in Method 3, section 11.0.

11.2 Instrumental Analyzers. Average the
percent CO,, CO, and O, values for the test
run.

12.0 Data Analyses and Calculations

Carry out calculations, retaining at least
one extra significant figure beyond that of
the acquired data. Round off figure after the
final calculation. Other forms of the equa-
tions may be used as long as they give equiv-
alent results.

12.1 Nomenclature.

M,y = Dry molecular weight, g/g-mole (1b/1b-
mole).

%COZ( )= %CO, +%CO

adj

12.4 Adjusted %O0,. Use Equation 28A-3 to
adjust O, value if measurable CO is present.

%05ua)

12.5 Dry Molecular Weight. Use Equation
28A—-4 to calculate the dry molecular weight
of the stack gas.

M, = 0.440(%CO, ) +0.320(%0, ) + 0.280(%N, + %CO)

NoTE: The above equation does not con-
sider argon in air (about 0.9 percent, molec-

= %0, —0.5%CO
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Nr = Total gram-moles of dry exhaust gas
per kg of wood burned (1b-moles/lb).

%CO, = Percent CO, by volume (dry basis).

%CO = Percent CO by volume (dry basis).

%N, = Percent N> by volume (dry basis).

%0, = Percent 02 by volume (dry basis).

Yuc = Assumed mole fraction of HC (dry as
CH,) = 0.0088 for catalytic wood heaters;
= 0.0132 for noncatalytic wood heaters. =
0.0080 for pellet-fired wood heaters.

Yco = Measured mole fraction of CO (e.g., 1
percent CO = .01 mole fraction), g/g-mole
(1b/1b-mole).

Yco> = Measured mole fraction of COco» (e.g.,
10 percent CO, = .10 mole fraction), g/g-
mole (1b/1b-mole).

0.280 = Molecular weight of N, or CO, divided
by 100.

0.320 = Molecular weight of O, divided by 100.

0.440 = Molecular weight of CO, divided by
100.

20.9 = Percent O, by volume in ambient air.

42.5 = Gram-moles of carbon in 1 kg of dry
wood assuming 51 percent carbon by
weight dry basis (.0425 1b/1b-mole).

510 = Grams of carbon in exhaust gas per kg
of wood burned.

1,000 = Grams in 1 kg.

12.2 Fuel Factor. Use Equation 28A-1 to
calculate the fuel factor.

_209-%0,

° %CO,
12. 3 Adjusted %CO,. Use Equation 28A-2 to

Eq. 28A-1

adjust CO, values if measurable CO is
present.

Eq. 28A-2

Eq. 28A-3

Eq. 28A-4

ular weight of 39.9). A negative error of
about 0.4 percent is introduced. Argon may
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be included in the analysis using procedures
subject to approval of the Administrator.

12.6 Dry Moles of Exhaust Gas. Use Equa-
tion 28A-5 to calculate the total moles of dry
exhaust gas produced per kilogram of dry
wood burned.

Ny = 425

) (Yco2 +Yco + YHC)

12.7 Air-to-Fuel Ratio. Use Equation 28A-6
to calculate the air-to-fuel ratio on a dry
mass basis.

(NpxMy)-510
1,000

12.8 Burn Rate. Calculate the fuel burn
rate as in Method 28, section 12.4.

Eq. 28A-5

A/F= Eq. 28A-6

13.0 Method Performance [Reserved]
14.0 Pollution Prevention [Reserved]
15.0 Waste Management [Reserved]

16.0 References

Same as section 16.0 of Method 3 and sec-
tion 17 of Method 5G.

17.0 Tables, Diagrams, Flowcharts, and
Validation Data [Reserved]

TEST METHOD 28R FOR CERTIFICATION AND
AUDITING OF WOOD HEATERS

1.0 Scope and Application

1.1 This test method applies to certifi-
cation and auditing of wood-fired room heat-
ers and fireplace inserts.

1.2 The test method covers the fueling
and operating protocol for measuring partic-
ulate emissions, as well as determining burn
rates, heat output and efficiency.

1.3 Particulate emissions are measured by
the dilution tunnel method as specified in
ASTM E2515-11 Standard Test Method for De-
termination of Particulate Matter Emissions
Collected in a Dilution Tunnel (IBR, see
§60.17). Upon request, four-inch filters may
be used. Upon request, Teflon membrane fil-
ters or Teflon-coated glass fiber filters may
be used.

2.0 Procedures

2.1 This method incorporates the provi-
sions of ASTM E2780-10 (IBR, see §60.17) ex-
cept as follows:

2.1.1 The burn rate categories, low burn
rate requirement, and weightings in Method
28 shall be used.

2.1.2 The startup procedures shall be the
same as in Method 28.
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2.1.3 Manufacturers shall not specify a
smaller volume of the firebox for testing
than the full usable firebox.

2.1.4 Prior to testing, the heater must be
operated for a minimum of 50 hours using a
medium burn rate. The conditioning may be
at the manufacturer’s facility prior to the
certification test. If the conditioning is at
the certification test laboratory, the pre-
burn for the first test can be included as part
of the conditioning requirement.

2.2 Manufacturers may use ASTM E871-82
(reapproved 2013) (IBR, see §60.17) as an al-
ternative to the procedures in Method 5H or
Method 28 for determining total weight basis
moisture in the analysis sample of particu-
late wood fuel.

TEST METHOD 28WHH FOR MEASUREMENT OF
PARTICULATE EMISSIONS AND HEATING EFFI-
CIENCY OF WOOD-FIRED HYDRONIC HEATING
APPLIANCES

1.0 Scope and Application

1.1 This test method applies to wood-fired
hydronic heating appliances. The units typi-
cally transfer heat through circulation of a
liquid heat exchange media such as water or
a water-antifreeze mixture.

1.2 The test method measures particulate
emissions and delivered heating efficiency at
specified heat output rates based on the ap-
pliance’s rated heating capacity.

1.3 Particulate emissions are measured by
the dilution tunnel method as specified in
ASTM E2515-11 Standard Test Method for De-
termination of Particulate Matter Emissions
Collected in a Dilution Tunnel (IBR, see
§60.17). Upon request, four-inch filters may
be used. Upon request, Teflon membrane fil-
ters or Teflon-coated glass fiber filters may
be used. Delivered efficiency is measured by
determining the heat output through meas-
urement of the flow rate and temperature
change of water circulated through a heat
exchanger external to the appliance and de-
termining the input from the mass of dry
wood fuel and its higher heating value. De-
livered efficiency does not attempt to ac-
count for pipeline loss.

1.4 Products covered by this test method
include both pressurized and non-pressurized
heating appliances intended to be fired with
wood. These products are wood-fired
hydronic heating appliances that the manu-
facturer specifies for indoor or outdoor in-
stallation. They are often connected to a
heat exchanger by insulated pipes and nor-
mally include a pump to circulate heated lig-
uid. They are used to heat structures such as
homes, barns and greenhouses and can heat
domestic hot water, spas or swimming pools.

1.5 Distinguishing features of products
covered by this standard include:

1.56.1 Manufacturer specifies for indoor or
outdoor installation.
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1.5.2 A firebox with an access door for
hand loading of fuel.

1.56.3 Typically, an aquastat that controls
combustion air supply to maintain the liquid
in the appliance within a predetermined
temperature range provided sufficient fuel is
available in the firebox.

1.5.4 A chimney or vent that exhausts
combustion products from the appliance.

1.6 The values stated are to be regarded as
the standard whether in I-P or SI units. The
values given in parentheses are for informa-
tion only.

2.0 Summary of Method and References

2.1 Particulate matter emissions are
measured from a wood-fired hydronic heat-
ing appliance burning a prepared test fuel
crib in a test facility maintained at a set of
prescribed conditions. Procedures for deter-
mining burn rates, and particulate emissions
rates and for reducing data are provided.

2.2 Referenced Documents

2.2.1 EPA Standards

2.2.1.1 Method 28 Certification and Audit-
ing of Wood Heaters

2.2.2 Other Standards

2.2.2.1 ASTM  E2515-11—Standard Test
Method for Determination of Particulate Matter
Emissions Collected in a Dilution Tunnel (IBR,
see §60.17).

2.2.2.2 CSA-B415.1-10 Performance Testing
of Solid-Fuel-Burning Heating Appliances (IBR,
see §60.17).

3.0 Terminology

3.1 Definitions.

3.1.1 Hydronic Heating—A heating system
in which a heat source supplies energy to a
liquid heat exchange media such as water
that is circulated to a heating load and re-
turned to the heat source through pipes.

3.1.2 Aquastat—A control device that
opens or closes a circuit to control the rate
of fuel consumption in response to the tem-
perature of the heating media in the heating
appliance.

3.1.3 Delivered Efficiency—The percent-
age of heat available in a test fuel charge
that is delivered to a simulated heating load
as specified in this test method.

3.1.4 Manufacturer’s Rated Heat Output
Capacity—The value in Btu/hr (MJ/hr) that
the manufacturer specifies that a particular
model of hydronic heating appliance is capa-
ble of supplying at its design capacity as
verified by testing, in accordance with Sec-
tion 13.

3.1.5 Burn Rate—The rate at which test
fuel is consumed in an appliance. Measured
in pounds (Ibs) or kilograms of wood (dry
basis) per hour (1b/hr or kg/hr).

3.1.6 Firebox—The chamber in the appli-
ance in which the test fuel charge is placed
and combusted.
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3.1.7 Test Fuel Charge—The collection of
test fuel layers placed in the appliance at the
start of the emission test run.

3.1.8 Test Fuel Layer—Horizontal ar-
rangement of test fuel units.

3.1.9 Test Fuel Unit—One or more test
fuel pieces with 34 inch (19 mm) spacers at-
tached to the bottom and to one side. If com-
posed of multiple test fuel pieces, the bottom
spacer may be one continuous piece.

3.1.10 Test Fuel Piece—A single 4 x 4 (4
+0.25 inches by 4 #0.25 inches) [100 £6 mm by
100 +6 mm] white or red oak wood piece cut
to the length required.

3.1.11 Test Run—An individual emission
test that encompasses the time required to
consume the mass of the test fuel charge.

3.1.12 Overall Efficiency (SLM)—The effi-
ciency for each test run as determined using
the CSA B415.1-10 (IBR, see §60.17) stack loss
method.

3.1.13 Thermopile—A device consisting of
a number of thermocouples connected in se-
ries, used for measuring differential tem-
perature.

4.0 Summary of Test Method

4.1 Dilution Tunnel. Emissions are deter-
mined using the ‘‘dilution tunnel” method
specified in ASTM E2515-11 Standard Test
Method for Determination of Particulate Matter
Emissions Collected in a Dilution Tunnel (IBR,
see §60.17). The flow rate in the dilution tun-
nel is maintained at a constant level
throughout the test cycle and accurately
measured. Samples of the dilution tunnel
flow stream are extracted at a constant flow
rate and drawn through high efficiency fil-
ters. The filters are dried and weighed before
and after the test to determine the emissions
catch and this value is multiplied by the
ratio of tunnel flow to filter flow to deter-
mine the total particulate emissions pro-
duced in the test cycle.

4.2 Efficiency. The efficiency test proce-
dure takes advantage of the fact that this
type of appliance delivers heat through cir-
culation of the heated liquid (water) from
the appliance to a remote heat exchanger
and back to the appliance. Measurements of
the water temperature difference as it enters
and exits the heat exchanger along with the
measured flow rate allow for an accurate de-
termination of the useful heat output of the
appliance. The input is determined by weight
of the test fuel charge, adjusted for moisture
content, multiplied by the higher heating
value. Additional measurements of the appli-
ance weight and temperature at the begin-
ning and end of a test cycle are used to cor-
rect for heat stored in the appliance. Overall
efficiency (SLM) is determined using the
CSA B415.1-10 (IBR, see §60.17) stack loss
method for data quality assurance purposes.

4.3 Operation. Appliance operation is con-
ducted on a hot-to-hot test cycle meaning
that the appliance is brought to operating
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temperature and a coal bed is established
prior to the addition of the test fuel charge
and measurements are made for each test
fuel charge cycle. The measurements are
made under constant heat draw conditions
within predetermined ranges. No attempt is
made to modulate the heat demand to simu-
late an indoor thermostat cycling on and off
in response to changes in the indoor environ-
ment. Four test categories are used. These
are:

4.3.1 Category I: A heat output of 15 per-
cent or less of manufacturer’s rated heat
output capacity.

4.3.2 Category II: A heat output of 16 per-
cent to 24 percent of manufacturer’s rated
heat output capacity.

4.3.3 Category III: A heat output of 25 per-
cent to 50 percent of manufacturer’s rated
heat output capacity.

4.3.4 Category IV: Manufacturer’s rated
heat output capacity.

5.0 Significance and Use

5.1 The measurement of particulate mat-
ter emission rates is an important test meth-
od widely used in the practice of air pollu-
tion control.

5.1.1 These measurements, when approved
by state or federal agencies, are often re-
quired for the purpose of determining com-
pliance with regulations and statutes.

5.1.2 The measurements made before and
after design modifications are necessary to
demonstrate the effectiveness of design
changes in reducing emissions and make this
standard an important tool in manufactur-
ers’ research and development programs.

5.2 Measurement of heating efficiency
provides a uniform basis for comparison of
product performance that is useful to the
consumer. It is also required to relate emis-
sions produced to the useful heat production.

5.3 This is a laboratory method and is not
intended to be fully representative of all ac-
tual field use. It is recognized that users of
hand-fired, wood-burning equipment have a
great deal of influence over the performance
of any wood-burning appliance. Some com-
promises in realism have been made in the
interest of providing a reliable and repeat-
able test method.

6.0 Test Equipment

6.1 Scale. A platform scale capable of
weighing the appliance under test and asso-
ciated parts and accessories when com-
pletely filled with water to an accuracy of
+1.0 pound (#0.5 kg).

6.2 Heat Exchanger. A water-to-water
heat exchanger capable of dissipating the ex-
pected heat output from the system under
test.

6.3 Water Temperature Difference Meas-
urement. A Type—T ’special limits’ thermo-
pile with a minimum of 5 pairs of junctions
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shall be used to measure the temperature
difference in water entering and leaving the
heat exchanger. The temperature difference
measurement uncertainty of this type of
thermopile is equal to or less than +0.50 °F
(£0.25 °C). Other temperature measurement
methods may be used if the temperature dif-
ference measurement uncertainty is equal to
or less than +0.50 °F (+0.25 °C).

6.4 Water Flow Meter. A water flow meter
shall be installed in the inlet to the load side
of the heat exchanger. The flow meter shall
have an accuracy of +1 percent of measured
flow.

6.4.1 Optional—Appliance Side Water
Flow Meter. A water flow meter with an ac-
curacy of +1 percent of the flow rate is rec-
ommended to monitor supply side water flow
rate.

6.5 Optional Recirculation Pump. Circu-
lating pump used during test to prevent
stratification of liquid being heated.

6.6 Water Temperature Measurement—
Thermocouples or other temperature sensors
to measure the water temperature at the
inlet and outlet of the load side of the heat
exchanger. Must meet the calibration re-
quirements specified in section 10.1.

6.7 Wood Moisture Meter—Calibrated
electrical resistance meter capable of meas-
uring test fuel moisture to within 1 percent
moisture content. Must meet the calibration
requirements specified in section 10.4.

6.8 Flue Gas Temperature Measurement—
Must meet the requirements of CSA B415.1-10
(IBR, see §60.17), clause 6.2.2.

6.9 Test Room Temperature Measure-
ment—Must meet the requirements of CSA
B415.1-10 (IBR, see §60.17), clause 6.2.1.

6.10 Flue Gas Composition Measurement—
Must meet the requirements of CSA B415.1-10
(IBR, see §60.17), clauses 6.3.1 through 6.3.3.

7.0 Safety

7.1 These tests involve combustion of
wood fuel and substantial release of heat and
products of combustion. The heating system
also produces large quantities of very hot
water and the potential for steam production
and system pressurization. Appropriate pre-
cautions must be taken to protect personnel
from burn hazards and respiration of prod-
ucts of combustion.

8.0 Sampling, Test Specimens and Test
Appliances

8.1 Test specimens shall be supplied as
complete appliances including all controls
and accessories necessary for installation in
the test facility. A full set of specifications
and design and assembly drawings shall be
provided when the product is to be placed
under certification of a third-party agency.
The manufacturer’s written installation and
operating instructions are to be used as a
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guide in the set-up and testing of the appli-
ance.

9.0 Preparation of Test Equipment

9.1 The appliance is to be placed on a
scale capable of weighing the appliance fully
loaded with a resolution of +1.0 1b (0.5 kg).

9.2 The appliance shall be fitted with the
type of chimney recommended or provided
by the manufacturer and extending to 15 +0.5
feet (4.6 +0.15 m) from the upper surface of
the scale. If no flue or chimney system is
recommended or provided by the manufac-
turer, connect the appliance to a flue of a di-
ameter equal to the flue outlet of the appli-
ance. The flue section from the appliance
flue collar to 8 +0.5 feet above the scale shall
be single wall stove pipe and the remainder
of the flue shall be double wall insulated
class A chimney.

9.3 Optional Equipment Use

9.3.1 A recirculation pump may be in-
stalled between connections at the top and
bottom of the appliance to minimize thermal
stratification if specified by the manufac-
turer. The pump shall not be installed in
such a way as to change or affect the flow
rate between the appliance and the heat ex-
changer.

9.3.2 If the manufacturer specifies that a
thermal control valve or other device be in-
stalled and set to control the return water
temperature to a specific set point, the valve
or other device shall be installed and set per
the manufacturer’s written instructions.

9.4 Prior to filling the tank, weigh and
record the appliance mass.

9.5 Heat Exchanger

9.5.1 Plumb the unit to a water-to-water
heat exchanger with sufficient capacity to
draw off heat at the maximum rate antici-
pated. Route hoses, electrical cables, and in-
strument wires in a manner that does not in-
fluence the weighing accuracy of the scale as
indicated by placing dead weights on the
platform and verifying the scale’s accuracy.

9.5.2 Locate thermocouples to measure
the water temperature at the inlet and out-
let of the load side of the heat exchanger.

9.5.3 Install a thermopile meeting the re-
quirements of section 6.3 to measure the
water temperature difference between the
inlet and outlet of the load side of the heat
exchanger.

9.5.4 Install a calibrated water flow meter
in the heat exchanger load side supply line.
The water flow meter is to be installed on
the cooling water inlet side of the heat ex-
changer so that it will operate at the tem-
perature at which it is calibrated.

9.5.5 Place the heat exchanger in a box
with 2 in. (50 mm) of expanded polystyrene
(EPS) foam insulation surrounding it to min-
imize heat losses from the heat exchanger.

9.5.6 The reported efficiency and heat out-
put rate shall be based on measurements
made on the load side of the heat exchanger.
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9.5.7 Temperature instrumentation per
section 6.6 shall be installed in the appliance
outlet and return lines. The average of the
outlet and return water temperature on the
supply side of the system shall be considered
the average appliance temperature for cal-
culation of heat storage in the appliance
(TFave and TI,,.). Installation of a water flow
meter in the supply side of the system is op-
tional.

9.6 Fill the system with water. Determine
the total weight of the water in the appli-
ance when the water is circulating. Verify
that the scale indicates a stable weight
under operating conditions. Make sure air is
purged properly.

10.0 Calibration and Standardization

10.1 Water Temperature Sensors. Tem-
perature measuring equipment shall be cali-
brated before initial use and at least semi-
annually thereafter. Calibrations shall be in
compliance with National Institute of Stand-
ards and Technology (NIST) Monograph 175,
Standard Limits of Error.

10.2 Heat Exchanger Load Side Water
Flow Meter.

10.2.1 The heat exchanger load side water
flow meter shall be calibrated within the
flow range used for the test run using NIST
traceable methods. Verify the calibration of
the water flow meter before and after each
test run and at least once during each test
run by comparing the water flow rate indi-
cated by the flow meter to the mass of water
collected from the outlet of the heat ex-
changer over a timed interval. Volume of the
collected water shall be determined based on
the water density calculated from section 13,
Eq. 8, using the water temperature measured
at the flow meter. The uncertainty in the
verification procedure used shall be 1 percent
or less. The water flow rate determined by
the collection and weighing method shall be
within 1 percent of the flow rate indicated by
the water flow meter.

10.3 Scales. The scales used to weigh the
appliance and test fuel charge shall be cali-
brated using NIST traceable methods at
least once every 6 months.

10.4 Moisture Meter. The moisture meter
shall be calibrated per the manufacturer’s
instructions and checked before each use.

10.5 Flue Gas Analyzers—In accordance
with CSA B415.1-10 (IBR, see §60.17), clause
6.8.

11.0 Conditioning

11.1 Prior to testing, the appliance is to
be operated for a minimum of 50 hours using
a medium heat draw rate. The conditioning
may be at the manufacturer’s facility prior
to the certification test. If the conditioning
is at the certification test laboratory, the
pre-burn for the first test can be included as
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part of the conditioning requirement. If con-
ditioning is included in pre-burn, then the
appliance shall be aged with fuel meeting the
specifications outlined in sections 12.2 with a
moisture content between 19 and 25 percent
on a dry basis. Operate the appliance at a
medium burn rate (Category II or III) for at
least 10 hours for noncatalytic appliances
and 50 hours for catalytic appliances. Record
and report hourly flue gas exit temperature
data and the hours of operation. The aging
procedure shall be conducted and docu-
mented by a testing laboratory.

12.0 Procedure

12.1 Appliance Installation. Assemble the
appliance and parts in conformance with the
manufacturer’s written installation instruc-
tions. Clean the flue with an appropriately
sized, wire chimney brush before each cer-
tification test series.

12.2 Fuel. Test fuel charge fuel shall be
red (Quercus ruba L.) or white (Quercus alba)
oak 19 to 25 percent moisture content on a
dry basis. Piece length shall be 80 percent of
the firebox depth rounded down to the near-
est 1 inch (26mm) increment. For example, if
the firebox depth is 46 inches (1168mm) the 4
x 4 piece length would be 36 inches (46 inches
x 0.8 = 36.8 inches rounded down to 36 inches).
Pieces are to be placed in the firebox parallel
to the longest firebox dimension. For
fireboxes with sloped surfaces that create a
non-uniform firebox length, the piece length
shall be adjusted for each layer based on 80
percent of the length at the level where the
layer is placed. Pieces are to be spaced %
inches (19 mm) apart on all faces. The first
fuel layer may be assembled using fuel units
consisting of multiple 4 x 4s consisting of
single pieces with bottom and side spacers of
3 or more pieces if needed for a stable layer.
The second layer may consist of fuel units
consisting of no more than two pieces with
spacers attached on the bottom and side. The
top two layers of the fuel charge must con-
sist of single pieces unless the fuel charge is
only three layers. In that instance only the
top layer must consist of single units. Three-
quarter inch (19 mm) by 1.5 inch (38 mm)
spacers shall be attached to the bottom of
piece to maintain a 34 inch (19 mm) separa-
tion. When a layer consists of two or more
units of 4 x 4s an additional 34 inch (19 mm)
thick by 1.5 inch (38 mm) wide spacer shall
be attached to the vertical face of each end
of one 4 x 4, such that the 34 inch (19 mm)
space will be maintained when two 4 x 4
units or pieces are loaded side by side. In
cases where a layer contains an odd number
of 4 x 4s one piece shall not be attached, but
shall have spacers attached in a manner that
will provide for the % inch (19 mm) space to
be maintained (See Figure 1). Spacers shall
be attached perpendicular to the length of
the 4 x 4s such that the edge of the spacer is
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1 £0.25 inch from the end of the 4 x 4s in the
previous layers. Spacers shall be red or white
oak and will be attached with either nails
(non-galvanized), brads or oak dowels. The
use of kiln-dried wood is not allowed.

12.2.1 TUsing a fuel moisture meter as spec-
ified in section 6.7 of the test method, deter-
mine the fuel moisture for each test fuel
piece used for the test fuel load by averaging
at least five fuel moisture meter readings
measured parallel to the wood grain. Pene-
tration of the moisture meter insulated elec-
trodes for all readings shall be ¥4 the thick-
ness of the fuel piece or 19 mm (3 in.),
whichever is lesser. One measurement from
each of three sides shall be made at approxi-
mately 3 inches from each end and the cen-
ter. Two additional measurements shall be
made centered between the other three loca-
tions. Each individual moisture content
reading shall be in the range of 18 to 28 per-
cent on a dry basis. The average moisture
content of each piece of test fuel shall be in
the range of 19 to 25 percent. It is not re-
quired to measure the moisture content of
the spacers. Moisture shall not be added to
previously dried fuel pieces except by stor-
age under high humidity conditions and tem-
perature up to 100 °F. Fuel moisture shall be
measured within 4 hours of using the fuel for
a test.

12.2.2 Firebox Volume. Determine the
firebox volume in cubic feet. Firebox volume
shall include all areas accessible through the
fuel loading door where firewood could rea-
sonably be placed up to the horizontal plane
defined by the top of the loading door. A
drawing of the firebox showing front, side
and plan views or an isometric view with in-
terior dimensions shall be provided by the
manufacturer and verified by the laboratory.
Calculations for firebox volume from com-
puter aided design (CAD) software programs
are acceptable and shall be included in the
test report if used. If the firebox volume is
calculated by the laboratory the firebox
drawings and calculations shall be included
in the test report.

12.2.3 Test Fuel Charge. Test fuel charges
shall be determined by multiplying the fire-
box volume by 10 pounds (4.54 kg) per ft3
(28L), or a higher load density as rec-
ommended by the manufacturer’s printed op-
erating instructions, of wood (as used wet
weight). Select the number of pieces of
standard fuel that most nearly match this
target weight. This is the standard fuel
charge for all tests. For example, if the fire-
box loading area volume is 10 ft3 (280L) and
the firebox depth is 46 inches (1168 mm), test
fuel charge target is 100 1bs (45 kg) minimum
and the piece length is 36 inches (914 mm). If
eight 4 x 4s, 36 inches long weigh 105 1bs (48
kg), use 8 pieces for each test fuel charge. All
test fuel charges will be of the same configu-
ration.
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12.3 Sampling Equipment. Prepare the
particulate emission sampling equipment as
defined by ASTM E2515-11 Standard Test
Method for Determination of Particulate Matter
Emissions Collected in a Dilution Tunnel (IBR,
see §60.17). Upon request, four-inch filters
may be used. Upon request, Teflon mem-
brane filters or Teflon-coated glass fiber fil-
ters may be used.

12.4 Appliance Startup. The appliance
shall be fired with wood fuel of any species,
size and moisture content at the labora-
tories’ discretion to bring it up to operating
temperature. Operate the appliance until the
water is heated to the upper operating con-
trol limit and has cycled at least two times.
Then remove all unburned fuel, zero the
scale and verify the scales accuracy using
dead weights.

12.4.1 Pretest Burn Cycle. Reload appli-
ance with oak wood and allow it to burn
down to the specified coal bed weight. The
pretest burn cycle fuel charge weight shall
be within +10 percent of the test fuel charge
weight. Piece size and length shall be se-
lected such that charcoalization is achieved
by the time the fuel charge has burned down
to the required coal bed weight. Pieces with
a maximum thickness of approximately 2
inches have been found to be suitable.
Charcoalization is a general condition of the
test fuel bed evidenced by an absence of
large pieces of burning wood in the coal bed
and the remaining fuel pieces being brittle
enough to be broken into smaller charcoal
pieces with a metal poker. Manipulations to
the fuel bed prior to the start of the test run
are to be done to achieve charcoalization
while maintaining the desired heat output
rate. During the pre-test burn cycle and at
least one hour prior to starting the test run,
adjust water flow to the heat exchanger to
establish the target heat draw for the test.
For the first test run the heat draw rate
shall be equal to the manufacturer’s rated
heat output capacity.

12.4.1.1 Allowable Adjustments. Fuel addi-
tion or subtractions, and coal bed raking
shall be kept to a minimum but are allowed
up to 15 minutes prior to the start of the test
run. For the purposes of this method, coal
bed raking is the use of a metal tool (poker)
to stir coals, break burning fuel into smaller
pieces, dislodge fuel pieces from positions of
poor combustion, and check for the condi-
tion of charcoalization. Record all adjust-
ments to and additions or subtractions of
fuel, and any other changes to the appliance
operations that occur during pretest ignition
period. During the 15-minute period prior to
the start of the test run, the wood heater
loading door shall not be open more than a
total of 1 minute. Coal bed raking is the only
adjustment allowed during this period.

12.4.2 Coal Bed Weight. The appliance is
to be loaded with the test fuel charge when
the coal bed weight is between 10 percent and
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20 percent of the test fuel charge weight.
Coals may be raked as necessary to level the
coal bed but may only be raked and stirred
once between 15 to 20 minutes prior to the
addition of the test fuel charge.

12.5 Test Runs. For all test runs, the re-
turn water temperature to the hydronic
heater must be equal to or greater than 120
°F. Aquastat or other heater output control
device settings that are adjustable shall be
set using manufacturer specifications, either
as factory set or in accordance with the own-
er’s manual, and shall remain the same for
all burn categories.

Complete a test run in each heat output
rate category, as follows:

12.5.1 Test Run Start. Once the appliance
is operating normally and the pretest coal
bed weight has reached the target value per
section 12.4.2, tare the scale and load the full
test charge into the appliance. Time for
loading shall not exceed 5 minutes. The ac-
tual weight of the test fuel charge shall be
measured and recorded within 30 minutes
prior to loading. Start all sampling systems.

12.5.1.1 Record all water temperatures,
differential water temperatures and water
flow rates at time intervals of one minute or
less.

12.5.1.2 Record particulate emissions data
per the requirements of ASTM E2515 (IBR,
see §60.17).

12.5.1.3 Record data needed to determine
overall efficiency (SLM) per the require-
ments of CSA B415.1-10 (IBR, see §60.17),
clauses 6.2.1, 6.2.2, 6.3, 8.5.7, 10.4.3 (a), 10.4.3(f),
and 13.7.9.3

12.5.1.3.1 Measure and record the test
room air temperature in accordance with the
requirements of CSA B415.1-10 (IBR, see
§60.17), clauses 6.2.1, 8.5.7 and 10.4.3 (g).

12.5.1.3.2 Measure and record the flue gas
temperature in accordance with the require-
ments of CSA B415.1-10 (IBR, see §60.17),
clauses 6.2.2, 8.5.7 and 10.4.3 (f).

12.5.1.3.3 Determine and record the carbon
monoxide (CO) and carbon dioxide (CO,) con-
centrations in the flue gas in accordance
with CSA B415.1-10 (IBR, see §60.17), clauses
6.3, 8.5.7 and 10.4.3 (i) and (j).

12.5.1.3.4 Measure and record the test fuel
weight per the requirements of CSA B415.1-10
(IBR, see §60.17), clauses 8.5.7 and 10.4.3 (h).

12.5.1.3.5 Record the test run time per the
requirements of CSA B415.1-10 (IBR, see
§60.17), clauses 10.4.3 (a).

12.5.1.4 Monitor the average heat output
rate on the load side of the heat exchanger.
If the heat output rate gets close to the
upper or lower limit of the target range (5
percent) adjust the water flow through the
heat exchanger to compensate. Make
changes as infrequently as possible while
maintaining the target heat output rate. The
first test run shall be conducted at the Cat-
egory IV heat output rate to validate that
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the appliance is capable of producing the
manufacturer’s rated heat output capacity.

12.5.2 Test Fuel Charge Adjustment. It is
acceptable to adjust the test fuel charge (i.e.,
reposition) once during a test run if more
than 60 percent of the initial test fuel charge
weight has been consumed and more than 10
minutes have elapsed without a measurable
(11b or 0. 5 kg) weight change while the oper-
ating control is in the demand mode. The
time used to make this adjustment shall be
less than 60 seconds.

12.5.3 Test Run Completion. The test run
is completed when the remaining weight of
the test fuel charge is 0.0 1b (0.0 kg). End the
test run when the scale has indicated a test
fuel charge weight of 0.0 1b (0.0 kg) or less for
30 seconds.

12.5.3.1 At the end of the test run, stop the
particulate sampling train and overall effi-
ciency (SLM) measurements, and record the
run time, and all final measurement values.

12.5.4 Heat Output Capacity Validation.
The first test run must produce a heat out-
put rate that is within 10 percent of the man-
ufacturer’s rated heat output capacity (Cat-
egory IV) throughout the test run and an av-
erage heat output rate within 5 percent of
the manufacturer’s rated heat output capac-
ity. If the appliance is not capable of pro-
ducing a heat output within these limits, the
manufacturer’s rated heat output capacity is
considered not validated and testing is to be
terminated. In such cases, the tests may be
restarted using a lower heat output capacity
if requested by the manufacturer.

12.5.56 Additional Test Runs. Using the
manufacturer’s rated heat output capacity
as a basis, conduct a test for additional heat
output categories as specified in section 4.3.
It is not required to run these tests in any
particular order.

12.5.6 Alternative Heat Output Rate for
Category 1. If an appliance cannot be oper-
ated in the Category I heat output range due
to stopped combustion, two test runs shall
be conducted at heat output rates within
Category II, provided that the completed
test run burn rate is no greater than the
burn rate expected in home use. If this rate
cannot be achieved, the test is not valid.

When the alternative heat output rate is
used, the weightings for the weighted aver-
ages indicated in Table 2 shall be the average
of the Category I and II weightings and shall
be applied to both Category II results. The
two completed runs in Category II will be
deemed to meet the requirement for runs
completed in both Category I and Category
II. Appliances that are not capable of oper-
ation within Category II (<25 percent of max-
imum) cannot be evaluated by this test
method. The test report must include full
documentation and discussion of the at-
tempted runs, completed rums and calcula-
tions.
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12.5.6.1 Stopped Fuel Combustion. Evi-
dence that an appliance cannot be operated
at a Category I heat output rate due to
stopped fuel combustion shall include docu-
mentation of two or more attempts to oper-
ate the appliance in burn rate Category I and
fuel combustion has stopped prior to com-
plete consumption of the test fuel charge.
Stopped fuel combustion is evidenced when
an elapsed time of 60 minutes or more has
occurred without a measurable (1 1b or 0.5
kg) weight change in the test fuel charge
while the appliance operating control is in
the demand mode. Report the evidence and
the reasoning used to determine that a test
in burn rate Category I cannot be achieved.
For example, two unsuccessful attempts to
operate at an output rate of 10 percent of the
rated output capacity are not sufficient evi-
dence that burn rate Category I cannot be
achieved. Note that section 12.5.6 requires
that the completed test run burn rate can be
no greater than the burn rate expected in
home use. If this rate cannot be achieved,
the test is not valid.

12.5.7 Appliance Overheating. Appliances
shall be capable of operating in all heat out-
put categories without overheating to be
rated by this test method. Appliance over-
heating occurs when the rate of heat with-
drawal from the appliance is lower than the
rate of heat production when the unit con-
trol is in the idle mode. This condition re-
sults in the water in the appliance con-
tinuing to increase in temperature well
above the upper limit setting of the oper-
ating control. Evidence of overheating in-
cludes: 1 hour or more of appliance water
temperature increase above the upper tem-
perature set-point of the operating control,
exceeding the temperature limit of a safety
control device (independent from the oper-
ating control), boiling water in a non-pres-
surized system or activation of a pressure or
temperature relief valve in a pressurized sys-
tem.

12.6 Additional Test Runs. The testing
laboratory may conduct more than one test
run in each of the heat output categories
specified in section 4.3.1. If more than one
test run is conducted at a specified heat out-
put rate, the results from at least two-thirds
of the test runs in that heat output rate cat-
egory shall be used in calculating the
weighted average emission rate (See section
14.1.14). The measurement data and results of
all test runs shall be reported regardless of
which values are used in calculating the
weighted average emission rate.

13.0 Calculation of Results

13.1 Nomenclature

Er—Total particulate emissions for the full
test run as determined per ASTM E2515—
11 (IBR, see §60.17) in grams
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E.nmy—Emissions rate in grams per megajoule
of heat output

Eimmw  OUutput—Emissions rate in pounds
per million Btu of heat output

Eq.x,—Emissions factor in grams per Kkilo-
gram of dry fuel burned

Egn—Emissions factor in grams per hour

HHV—Higher heating value of fuel = 8600
Btw1lb (19.990 MJ/kg)

LHV—Lower heating value of fuel = 7988 Btu/
1b (18.567 MJ/kg)

AT—Temperature difference between water
entering and exiting the heat exchanger

Qou—Total heat output in BTU’s
(megajoules)

Qin—Total heat input available in test fuel
charge in BTU (megajoules)

M—Mass flow rate of water in lb/min (kg/
min)

Tlaye — (T1 4 T2)/2 at the start of the test, °F

TF...—Average temperature of the appliance
and water at the end of the test

TFae — (T1 + T2)/2 at the end of the test, °F

MC—Fuel moisture content in percent dry
basis

MC,—Average moisture content of individual
4 x 4 fuel pieces in percent dry basis

MC,,—Moisture content of spacers assumed
to be 10 percent dry basis

o—Density of water in pounds per gallon

C,—Specific heat of water in Btu/lb, °F

Cyeer—Specific heat of steel (0.1 Btu/lb, °F)

Wrer—Fuel charge weight in pounds (kg)

W;—Weight of individual fuel 4 x 4 pieces in
pounds (kg)

MCave =[[ £ Wix MC;i] + [ Wep x MCp 1] + Wiiel, %

13.4 Determine heat input

Qin = (Wre/(1+(MC/100))) x HHV, BTU

Qincnv = (Wre/(1++(MC/100))) x LHV, BTU

13.5 Determine Heat Output and Efficiency

13.5.1 Determine heat output as:

Pt. 60, App. A-8, Meth. 28WHH

Vi—Volume of water indicated by a total-
izing flow meter at the ith reading in
gallons (liters)

Vi—Volumetric flow rate of water in heat ex-
change system in gallons per minute (li-
ters/min)

©—Total length of test run in hours

ti—Data sampling interval in minutes

nee—Delivered heating efficiency in percent

Fi—Weighting factor for heat output cat-
egory i (See Table 2)

T1—Temperature of water at the inlet on the
supply side of the heat exchanger

T2—Temperature of the water at the outlet
on the supply side of the heat exchanger

T3—Temperature of water at the inlet to the
load side of the heat exchanger

TIavg—Average temperature of the appli-
ance and water at start of the test

Eq.1

Eq.2

W,,—Weight of all spacers used in a fuel load
in pounds (kg)
Wapp—Weight of empty appliance in pounds
Wwa—Weight of water in supply side of the
system in pounds
13.2 After the test is completed, deter-
mine the particulate emissions Er in accord-
ance with ASTM E2515-11 (IBR, see §60.17).

13.3 Determine Average Fuel Load Moisture
Content

Eq.3

Eq. 4

Eq.5

Qowt = X [Heat output determined for each
sampling time interval] + Change in heat
stored in the appliance.
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Qm,; = [Z (Clr;r' » "A;r: 9 M:’ . 'ta' )] + (”/‘WJ . CSM'! 7k Clr)ﬁ J/Vn'rr.'er) . (TF:ng . T"{:u'g ) . BTU Eq 6

NoTE: The subscript (i) indicates the pa- M; = Mass flow rate = gal/min x density of
rameter value for sampling time interval t;. water (1b/gal) = 1b/min

M; =Vi* g;, Ib/min Eq.7
6, = (62.56 + (-.0003413 x T3;) + ( -.00006225 x T3;*)) 0.1337, Ibs/gal Eq. 8
Cp=1.0014 + ( -.000003485 x T3;) Btw/lb, °F Eq.9

Ciieer = 0.1 Btu/lb, °F

Cpa = 1.0014 + (-.000003485 X (Tlayg +TFayg)/2), Btw/lb-°F Eq. 10
Vi = (Vi—Via)/(ti-ti1), gal/min Eq. 11
NoTE: Vi is the total water volume at the 13.5.2 Determine heat output rate as:

end of interval i and Vi-1 is the total water
volume at the beginning of the time interval.
This calculation is necessary when a total-
izing type water meter is used.

Heat Output Rate = Qu/@, BTU/hr Eq. 12

13.5.3 Determine emission rates and
emission factors as:

Een = Er/(Qoux 0.001055), g/MJ Eq. 13
Enwv 57U ouput = (E1/453.59)/(Qoupur x 10°%), Ib/mmBtu Out Eq. 14
Eeke = ET/(Wre/(1+MC/100)), g/dry kg Eq, 15
Eene = E1/O, g/hr Eq. 16

13.56.4 Determine delivered efficiency as:
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Tldcl = (Quut;"rQin} X 100.. %
Neel Lty = (Qou/Qin Liiv) x 100, %

13.5.5 Determine nsp.m—Overall Efficiency
(SLM) using Stack Loss

For determination of the average overall
thermal efficiency (nspm) for the test run, use
the data collected over the full test run and
the calculations in accordance with CSA
B415.1-10 (IBR, see §60.17), clause 13.7 except
for 13.7.2 (e), (f), (g), and (h), use the fol-
lowing average fuel properties for oak: per-
cent C = 50.0, percent H = 6.6, percent O =
43.2, percent ash = 0.2 percent. The averaging
period for determination of efficiency by the
stack loss method allows averaging over 10
minute time periods for flue gas tempera-
ture, flue gas CO,, and flue gas CO for the de-
termination of the efficiency. However,
under some cycling conditions the ‘‘on’ pe-
riod may be short relative to this 10 minute
period. For this reason, during cycling oper-
ation the averaging period for these param-
eters may not be longer than the burner on
period divided by 10. The averaging period
need not be shorter than one minute. During
the off period, under cycling operation, the
averaging periods specified may be used.
Where short averaging times are used, how-
ever, the averaging period for fuel consump-

Weighted average delivered efficiency: Naye = ZNixF, %

Weighted average emissions: E,y, = ZEix Fi, %

13.7 Average Heat Output (Qoucsn) and Ef-
ficiency ((Mave-snr) fOr 8 hour burn time.

13.7.1 Units tested under this standard
typically require infrequent fuelling, 8 to 12
hours intervals being typical. Rating unit’s

Qoul-Shr S,

Nave-she = Ndett T { (8- Y1) X [ (Maetz - Meenn )/ (Y2-Y1) ]}, %

Where:

Y1 = Test duration just above 8 hrs
Y2 = Test duration just below 8 hrs
X1 = Actual load for duration Y1
X2 = Actual load for duration Y2

X1+{(8-Y1)x[(X2-X1)/(Y2-Y1)]}%

Pt. 60, App. A-8, Meth. 28WHH

Eq. 17
Eq. 18

tion may still be at 10 minutes. This average
wood consumption rate shall be applied to
all of the smaller time intervals included.

13.5.,56.1 Whenever the CSA B415.1-10 (IBR,
see §60.17) overall efficiency is found to be
lower than the overall efficiency based on
load side measurements, as determined by
Eq. 16 of this method, section 14.1.7 of the
test report must include a discussion of the
reasons for this result.

13.6 Weighted Average Emissions and
Efficiency

13.6.1 Determine the weighted average
emission rate and delivered efficiency from
the individual tests in the specified heat out-
put categories. The weighting factors (Fi)
are derived from an analysis of ASHRAE bin
data which provides details of normal build-
ing heating requirements in terms of percent
of design capacity and time in a particular
capacity range—or ‘‘bin’’—over the course of
a heating season. The values used in this
method represent an average of data from
several cities located in the northern United
States.

Eq. 19
Eq. 20

based on an average output sustainable over

an 8 hour duration will assist consumers in

appropriately sizing units to match the theo-

retical heat demand of their application.
13.7.2 Calculations:

Eq. 21

Eq. 22

neen = Average delivered efficiency for dura-
tion Y1

Naeiz = Average delivered efficiency for dura-
tion Y2

597



Pt. 60, App. A-8, Meth. 28WHH

13.7.2.1 Determine the test durations and
actual load for each category as recorded in
Table 1A.
13.7.2.2 Determine the data point that has
the nearest duration greater than 8 hrs.
X1 = Actual load,
Y1 = Test duration, and
Naen = Average delivered efficiency for this
data point
13.7.2.3 Determine the data point that has
the nearest duration less than 8 hours.
X2 = Actual load,
Y2 = Test duration, and
Neez = Average delivered efficiency for this
data point

13.7.2.4 Example:

CATEGORY ACTUAL LOAD DURATION
[Category Actual Load Duration ndel]

(Btu/Hr) (Hr) (%)
115,000 ... . 10.2 70.0
2 26,000 ... 8.4 755

COymin = Oy * CO; - 3.30x10°7

Total CO emissions for each of the three
test periods (CO_;, CO_,, CO_3) shall be cal-
culated as the sum of the emission rates for
each of the 1 minute intervals.

Total CO emission for the test run, COr,
shall be calculated as the sum of CO_;, CO_,,
and CO_3.

14.0 Report

14.1.1 The report shall include the fol-
lowing.

14.1.2 Name and location of the laboratory
conducting the test.

14.1.3 A description of the appliance test-
ed and its condition, date of receipt and
dates of tests.

14.1.4 A statement that the test results
apply only to the specific appliance tested.

14.1.5 A statement that the test report
shall not be reproduced except in full, with-
out the written approval of the laboratory.

14.1.6 A description of the test procedures
and test equipment including a schematic or
other drawing showing the location of all re-
quired test equipment. Also, a description of
test fuel sourcing, handling and storage
practices shall be included.

14.1.7 Details of deviations from, addi-
tions to or exclusions from the test method,
and their data quality implications on the
test results (if any), as well as information
on specific test conditions, such as environ-
mental conditions.

14.1.8 A list of participants and observers
present for the tests.
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CATEGORY ACTUAL LOAD DURATION—
Continued
[Category Actual Load Duration ndel]

(Btu/Hr) (H) (%)

3 50,000 .... 6.4 80.1
4 100,000 .. 4.7 80.9

Category 2 duration is just above 8 hours,
therefore: X1 = 26,000 Btwhr, Nnage1 = 75.5% and
Y1 =28.4hrs

Category 3 duration is just below 8 hours,
therefore: X2 = 50,000 Btw/hr, Nnge» = 80.1% and
Y2 =6.4 hrs

Qout-snr = 26,000 + {(8—8.4) x [(50,000—26,000)/
(6.4—8.4)]1} = 30,800 BTU/hr

MNave-she = 15.5 + {(8—8.4) x [(80.1—75.5)/(6.4—
8.4)]} = 76.4%

13.8 Carbon Monoxide Emissions

For each minute of the test period, the car-
bon monoxide emission rate shall be cal-
culated as:

Eq. 23

14.1.9 Data and drawings indicating the
fire box size and location of the fuel charge.

14.1.10 Drawings and calculations used to
determine firebox volume.

14.1.11 Information for each test run fuel
charge including piece size, moisture con-
tent, and weight.

14.1.12 All required data for each test run
shall be provided in spreadsheet format. For-
mulae used for all calculations shall be ac-
cessible for review.

14.1.13 Test run duration for each test.

14.1.14 Calculated results for delivered ef-
ficiency at each burn rate and the weighted
average emissions reported as total emis-
sions in grams, pounds per mm Btu of deliv-
ered heat, grams per MJ of delivered heat,
grams per Kkilogram of dry fuel and grams
per hour. Results shall be reported for each
heat output category and the weighted aver-
age.

14.1.15 Tables 1A, 1B, 1C and Table 2 must
be used for presentation of results in test re-
ports.

14.1.16 A statement of the estimated un-
certainty of measurement of the emissions
and efficiency test results.

14.1.17 Raw data, calibration records, and
other relevant documentation shall be re-
tained by the laboratory for a minimum of 7
years.

15.0 Precision and Bias

15.1 Precision—It is not possible to speci-
fy the precision of the procedure in Method
28WHH because the appliance operation and
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fueling protocols and the appliances them-
selves produce variable amounts of emissions
and cannot be used to determine reproduc-
ibility or repeatability of this measurement
method.

15.2 Bias—No definitive information can
be presented on the bias of the procedure in
Method 28WHH for measuring solid fuel

Table 1A. Data Summary Part A

Pt. 60, App. A-8, Meth. 28WHH

burning hydronic heater emissions because
no material having an accepted reference
value is available.

16.0 Keywords

16.1 Solid fuel, hydronic heating appli-
ances, wood-burning hydronic heaters.

(6] Wluel MCa-ae Qn Qoul
Load % Test Wood
Category | Run Mo | Capacity | Target Load | Actual Load | Act Load | Duration Wood Wt | M Heat Input | Heat Output
BTUMr BTUMr | % of max hrs Ib % DB BTU BTU
< 15% of
| max
16-24%
L of max
| 25-50%
[} of max
| Max
v capacity
Table 1B. Data Summary Part B
T2 Min Er E E Eome Eonp Nael Nsww
Load % | Min Return | Total PM PM Output | PM Output Delivered | Stack Loss
Category | Run Ne | Capacity | Water Temp. | Emissions Based Based PM Rate |PM Factor| Efficiency Efficiency
°F 9 BumeTy ou g g/hr g/kg % %
< 15% of
I max
16-24%
il of max
25-50%
il of max
| Max
N capacity
Table 1C: Hangtag Information (optional)
MANUFACTURER:
MODEL NUMBER:
MAXIMUM OUTPUT RATING: Qmax BTU/HR
ANNUAL EFFICIENCY RATING: Nave (Using higher heating value)
PARTICLE EMISSIONS: B GRAMS/HR (average)
LBS/MILLION BTU OUTPUT
CARBON MONOXIDE: | COg/MIN GRAMS/MINUTE
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Table 2. Annual Weighting

Weighting

Category Factor (F)) NeetiX Fi | EgnniX Fi | Egrgix F Eimmb oui X Fi Egneix Fi
I 0.437
11 0.238
111 0.275
v 0.050
Totals 1.000
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Figure 1. Typical Test Fuel Piece

Test Fuel Spacer Configuration
4 x4 0ak

=== 24" x 1-1/2" Spacers

Test Fuel Units (1, 2, 3 and 4 pieces)

e I =
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Typical Test Fuel Charge Configurations

> ...~y Third and Subsequent Layers ( single piece Test Fuel Units only |
4 / Second Layer ( Test Fuel Units up to 2 pieces allowed )
/

Base Layer | Uniized for stability )

77
.

7
. o g e

iy

i

el

If less than Four Layers, then only Top Layer is required to be
single piece Test Fuel Units

A
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TEST METHOD 28WHH FOR CERTIFICATION OF
CORD WOOD-FIRED HYDRONIC HEATING AP-
PLIANCES WITH PARTIAL THERMAL STORAGE:
MEASUREMENT OF PARTICULATE MATTER
(PM) AND CARBON MONOXIDE (CO) EMIS-
SIONS AND HEATING EFFICIENCY OF WOOD-
FIRED HYDRONIC HEATING APPLIANCES WITH
PARTIAL THERMAL STORAGE

1.0 Scope and Application

1.1 This test method applies to wood-fired
hydronic heating appliances with heat stor-
age external to the appliance. The units
typically transfer heat through circulation
of a liquid heat exchange media such as
water or a water-antifreeze mixture.
Throughout this document, the term
“water” will be used to denote any of the
heat transfer liquids approved for use by the
manufacturer.

1.2 The test method measures PM and CO
emissions and delivered heating efficiency at
specified heat output rates referenced
against the appliance’s rated heating capac-
ity as specified by the manufacturer and
verified under this test method.

1.3 PM emissions are measured by the di-
lution tunnel method as specified in the EPA
Method 28WHH and the standards referenced
therein with the exceptions noted in section
12.5.9. Delivered efficiency is measured by de-
termining the fuel energy input and appli-
ance output. Heat output is determined
through measurement of the flow rate and
temperature change of water circulated
through a heat exchanger external to the ap-
pliance and the increase in energy of the ex-
ternal storage. Heat input is determined
from the mass of dry wood fuel and its high-
er heating value (HHV). Delivered efficiency
does not attempt to account for pipeline
loss.

1.4 Products covered by this test method
include both pressurized and non-pressurized
hydronic heating appliances intended to be
fired with wood and for which the manufac-
turer specifies for indoor or outdoor installa-
tion. The system, which includes the heating
appliance and external storage, is commonly
connected to a heat exchanger by insulated
pipes and normally includes a pump to cir-
culate heated liquid. These systems are used
to heat structures such as homes, barns and
greenhouses. They also provide heat for do-
mestic hot water, spas and swimming pools.

1.5 Distinguishing features of products
covered by this standard include:

1.5.1 The manufacturer specifies the ap-
plication for either indoor or outdoor instal-
lation.

1.5.2 A firebox with an access door for
hand loading of fuel.

1.56.3 Typically an aquastat mounted as
part of the appliance that controls combus-
tion air supply to maintain the liquid in the
appliance within a predetermined tempera-
ture range provided sufficient fuel is avail-

40 CFR Ch. I (7-1-19 Edition)

able in the firebox. The appliance may be
equipped with other devices to control com-
bustion.

1.5.4 A chimney or vent that exhausts
combustion products from the appliance.

1.5.5 A liquid storage system, typically
water, which is not large enough to accept
all of the heat produced when a full load of
wood is burned and the storage system starts
a burn cycle at 125 °F.

1.56.6 The heating appliances require exter-
nal thermal storage and these units will only
be installed as part of a system which in-
cludes thermal storage. The manufacturer
specifies the minimum amount of thermal
storage required. However, the storage sys-
tem shall be large enough to ensure that the
boiler (heater) does not cycle, slumber, or go
into an off-mode when operated in a Cat-
egory III load condition (See section 4.3).

1.6 The values stated are to be regarded as
the standard whether in I-P or SI units. The
values given in parentheses are for informa-
tion only.

2.0 Summary of Method and References

2.1 PM and CO emissions are measured
from a wood-fired hydronic heating appli-
ance burning a prepared test fuel charge in a
test facility maintained at a set of pre-
scribed conditions. Procedures for deter-
mining heat output rates, PM and CO emis-
sions, and efficiency and for reducing data
are provided.

2.2 Referenced Documents

2.2.1 EPA Standards

2.2.1.1 Method 28 Certification and Audit-
ing of Wood Heaters

2.2.1.2 Method 28WHH Measurement of
Particulate Emissions and Heating Effi-
ciency of Wood-Fired Hydronic Heating Ap-
pliances and the Standards Referenced there-
in.

2.2.2 Other Standards

2.2.2.1 CSA-B415.1-10 Performance Testing
of Solid-Fuel-Burning Heating Appliances

3.0 Terminology

3.1 Definitions

3.1.1 Hydronic Heating—A heating system
in which a heat source supplies energy to a
liquid heat exchange media such as water
that is circulated to a heating load and re-
turned to the heat source through pipes.

3.1.2 Aquastat—A control device that
opens or closes a circuit to control the rate
of fuel consumption in response to the tem-
perature of the heating media in the heating
appliance.

3.1.3 Delivered Efficiency—The percent-
age of heat available in a test fuel charge
that is delivered to a simulated heating load
or the storage system as specified in this
test method.
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3.1.4 Emission Factor—The emission of a
pollutant expressed in mass per unit of en-
ergy (typically) output from the boiler/heat-
er.
3.1.5 Emission Index—The emission of a
pollutant expressed in mass per unit mass of
fuel used.

3.1.6 Emission Rate—The emission of a
pollutant expressed in mass per unit time

3.1.7 Manufacturer’s Rated Heat Output
Capacity—The value in Btu/hr (MJ/hr) that
the manufacturer specifies that a particular
model of hydronic heating appliance is capa-
ble of supplying at its design capacity as
verified by testing, in accordance with sec-
tion 12.5.4.

3.1.8 Heat Output Rate—The average rate
of energy output from the appliance during a
specific test period in Btu/hr (MdJ/hr).

3.1.9 Firebox—The chamber in the appli-
ance in which the test fuel charge is placed
and combusted.

3.1.10 NIST—National Institute of Stand-
ards and Technology.

3.1.11 Test Fuel Charge—The collection of
test fuel placed in the appliance at the start
of the emission test run.

3.1.12 Test Run—An individual emission
test which encompasses the time required to
consume the mass of the test fuel charge.
The time of the test run also considers the
time for the energy to be drawn from the
thermal storage.

3.1.13 Test Run Under ‘Cold-to-Cold”
Condition—Under this test condition the test
fuel is added into an empty chamber along
with kindling and ignition materials (paper).
The boiler/heater at the start of this test is
typically 125° to 130 °F.

3.1.14 Test Run Under ‘‘Hot-to-Hot”’ Con-
dition—Under this test condition the test
fuel is added onto a still-burning bed of char-
coals produced in a pre-burn period. The boil-
er/heater water is near its operating control
limit at the start of the test.

3.1.15 Overall Efficiency, also known as
Stack Loss Efficiency—The efficiency for
each test run as determined using the CSA
B415.1-10 (IBR, see §60.17) stack loss method
(SLM).

3.1.16 Phases of a Burn Cycle—The
‘“‘startup phase’ is defined as the period from
the start of the test until 15 percent of the
test fuel charge is consumed. The ‘‘steady-
state phase’ is defined as the period from
the end of the startup phase to a point at
which 80 percent of the test fuel charge is
consumed. The ‘‘end phase’ is defined as the
time from the end of the steady-state period
to the end of the test.

3.1.17 Thermopile—A device consisting of
a number of thermocouples connected in se-
ries, used for measuring differential tem-
perature.

3.1.18 Slumber Mode—This is a mode in
which the temperature of the water in the
boiler/heater has exceeded the operating con-
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trol limit and the control has changed the
boiler/heater fan speed, dampers, and/or
other operating parameters to minimize the
heat output of the boiler/heater.

4.0 Summary of Test Method

4.1 Dilution Tunnel. Emissions are deter-
mined using the ‘‘dilution tunnel” method
specified in EPA Method 28WHH and the
standards referenced therein. The flow rate
in the dilution tunnel is maintained at a
constant level throughout the test cycle and
accurately measured. Samples of the dilu-
tion tunnel flow stream are extracted at a
constant flow rate and drawn through high
efficiency filters. The filters are dried and
weighed before and after the test to deter-
mine the emissions collected and this value
is multiplied by the ratio of tunnel flow to
filter flow to determine the total particulate
emissions produced in the test cycle.

4.2 Efficiency. The efficiency test proce-
dure takes advantage of the fact that this
type of system delivers heat through circula-
tion of the heated liquid (water) from the
system to a remote heat exchanger (e.g.
baseboard radiators in a room) and back to
the system. Measurements of the cooling
water temperature difference as it enters and
exits the test system heat exchanger along
with the measured flow rate allow for an ac-
curate determination of the useful heat out-
put of the appliance. Also included in the
heat output is the change in the energy con-
tent in the storage system during a test run.
Energy input to the appliance during the
test run is determined by weight of the test
fuel charge, adjusted for moisture content,
multiplied by the higher heating value. Addi-
tional measurements of the appliance weight
and temperature at the beginning and end of
a test cycle are used to correct for heat
stored in the appliance. Overall efficiency
(SLM) is determined using the CSA B415.1-10
(IBR, see §60.17) stack loss method for data
quality assurance purposes.

4.3 Operation. Four test categories are de-
fined for use in this method. These are:

4.3.1 Category I: A heat output of 15 per-
cent or less of manufacturer’s rated heat
output capacity.

4.3.2 Category II: A heat output of 16 per-
cent to 24 percent of manufacturer’s rated
heat output capacity.

4.3.3 Category III: A heat output of 25 per-
cent to 50 percent of manufacturer’s rated
heat output capacity.

4.3.4 Category IV: Manufacturer’s Rated
Heat Output Capacity. These heat output
categories refer to the output from the sys-
tem by way of the load heat exchanger in-
stalled for the test. The output from just the
boiler/heater part of the system may be high-
er for all or part of a test, as part of this
boiler/heater output goes to storage.

For the Category IIT and IV runs, appliance
operation is conducted on a hot-to-hot test
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cycle meaning that the appliance is brought
to operating temperature and a coal bed is
established prior to the addition of the test
fuel charge and measurements are made for
each test fuel charge cycle. The measure-
ments are made under constant heat draw
conditions within pre-determined ranges. No
attempt is made to modulate the heat de-
mand to simulate an indoor thermostat cy-
cling on and off in response to changes in the
indoor environment.

For the Category I and II runs, the unit is
tested with a ‘‘cold start.” At the manufac-
turer’s option, the Category II and III runs
may be waived and it may be assumed that
the particulate emission values and effi-
ciency values determined in the startup,
steady-state, and end phases of Category I
are applicable in Categories IT and III for the
purpose of determining the annual averages
in 1b/mmBtu and g/MJ (See section 13). For
the annual average in g/hr, the length of
time for stored heat to be drawn from ther-
mal storage shall be determined for the test
load requirements of the respective cat-
egory.

All test operations and measurements
shall be conducted by personnel of the lab-
oratory responsible for the submission of the
test report.

5.0 Significance and Use

5.1 The measurement of particulate mat-
ter emission and CO rates is an important
test method widely used in the practice of
air pollution control.

5.1.1 These measurements, when approved
by state or federal agencies, are often re-
quired for the purpose of determining com-
pliance with regulations and statutes.

5.1.2 The measurements made before and
after design modifications are necessary to
demonstrate the effectiveness of design
changes in reducing emissions and make this
standard an important tool in manufactur-
ers’ research and development programs.

5.2 Measurement of heating efficiency
provides a uniform basis for comparison of
product performance that is useful to the
consumer. It is also required to relate emis-
sions produced to the useful heat production.

5.3 This is a laboratory method and is not
intended to be fully representative of all ac-
tual field use. It is recognized that users of
hand-fired, wood-burning equipment have a
great deal of influence over the performance
of any wood-burning appliance. Some com-
promises in realism have been made in the
interest of providing a reliable and repeat-
able test method.

6.0 Test Equipment

6.1 Scale. A platform scale capable of
weighing the boiler/heater under test and as-
sociated parts and accessories when com-
pletely filled with water to an accuracy of

40 CFR Ch. I (7-1-19 Edition)

+1.0 pound (+0.5 kg) and a readout resolution
of +0.2 pound (+0.1 kg).

6.2 Heat Exchanger. A water-to-water
heat exchanger capable of dissipating the ex-
pected heat output from the system under
test.

6.3 Water Temperature Difference Meas-
urement. A Type—T ’special limits’ thermo-
pile with a minimum of 5 pairs of junctions
shall be used to measure the temperature
difference in water entering and leaving the
heat exchanger. The temperature difference
measurement uncertainty of this type of
thermopile is equal to or less than +0.50 °F
(+0.25 °C). Other temperature measurement
methods may be used if the temperature dif-
ference measurement uncertainty is equal to
or less than #0.50 °F (+0.25 °C). This measure-
ment uncertainty shall include the tempera-
ture sensor, sensor well arrangement, piping
arrangements, lead wire, and measurement/
recording system. The response time of the
temperature measurement system shall be
less than half of the time interval at which
temperature measurements are recorded.

6.4 Water Flow Meter. A water flow meter
shall be installed in the inlet to the load side
of the heat exchanger. The flow meter shall
have an accuracy of +1 percent of measured
flow.

6.4.1 Optional—Appliance Side Water
Flow Meter. A water flow meter with an ac-
curacy of £1 percent of the flow rate is rec-
ommended to monitor supply side water flow
rate.

6.5 Optional Recirculation Pump. Circu-
lating pump used during test to prevent
stratification, in the boiler/heater, of liquid
being heated.

6.6 Water Temperature Measurement.
Thermocouples or other temperature sensors
to measure the water temperature at the
inlet and outlet of the load side of the heat
exchanger must meet the calibration re-
quirements specified in 10.1 of this method.

6.7 Lab Scale. For measuring the mois-
ture content of wood slices as part of the
overall wood moisture determination. Accu-
racy of £0.01 pounds.

6.8 Flue Gas Temperature Measurement.
Must meet the requirements of CSA B415.1-10
(IBR, see §60.17), clause 6.2.2.

6.9 Test Room Temperature Measure-
ment. Must meet the requirements of CSA
B415.1-10 (IBR, see §60.17), clause 6.2.1.

6.10 Flue Gas Composition Measurement.
Must meet the requirements of CSA B415.1-10
(IBR, see §60.17), clauses 6.3.1 through 6.3.3.

6.11 Dilution Tunnel CO Measurement. In
parallel with the flue gas composition meas-
urements, the CO concentration in the dilu-
tion tunnel shall also be measured and re-
ported at time intervals not to exceed one
minute. This analyzer shall meet the zero
and span drift requirements of CSA B415.1-10
(IBR, see §60.17). In addition the measure-
ment repeatability shall be better than +15
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ppm over the range of CO levels observed in
the dilution tunnel.

7.0 Safety

7.1 These tests involve combustion of
wood fuel and substantial release of heat and
products of combustion. The heating system
also produces large quantities of very hot
water and the potential for steam production
and system pressurization. Appropriate pre-
cautions must be taken to protect personnel
from burn hazards and respiration of prod-
ucts of combustion.

8.0 Sampling, Test Specimens and Test
Appliances

8.1 Test specimens shall be supplied as
complete appliances, as described in mar-
keting materials, including all controls and
accessories necessary for installation in the
test facility. A full set of specifications, in-
stallation and operating instructions, and
design and assembly drawings shall be pro-
vided when the product is to be placed under
certification of a third-party agency. The
manufacturer’s written installation and op-
erating instructions are to be used as a guide
in the set-up and testing of the appliance and
shall be part of the test record.

8.2 The size, connection arrangement, and
control arrangement for the thermal storage
shall be as specified in the manufacturer’s
documentation. It is not necessary to use the
specific storage system that the boiler/heat-
er will be marketed with. However, the ca-
pacity of the system used in the test cannot
be greater than that specified as the min-
imum allowable for the boiler/heater.

8.3 All system control settings shall be
the as-shipped, default settings. These de-
fault settings shall be the same as those
communicated in a document to the in-
staller or end user. These control settings
and the documentation of the control set-
tings as to be provided to the installer or end
user shall be part of the test record.

8.4 Where the manufacturer defines sev-
eral alternatives for the connection and
loading arrangement, one shall be defined in
the appliance documentation as the default
or standard installation. It is expected that
this will be the configuration for use with a
simple baseboard heating system. This is the
configuration to be followed for these tests.
The manufacturer’s documentation shall de-
fine the other arrangements as optional or
alternative arrangements.

9.0 Preparation of Test Equipment

9.1 The appliance is to be placed on a
scale capable of weighing the appliance fully
loaded with a resolution of +0.2 1b (0.1 kg).

9.2 The appliance shall be fitted with the
type of chimney recommended or provided
by the manufacturer and extending to 15 +0.5
feet (4.6 £0.15 m) from the upper surface of
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the scale. If no flue or chimney system is
recommended or provided by the manufac-
turer, connect the appliance to a flue of a di-
ameter equal to the flue outlet of the appli-
ance. The flue section from the appliance
flue collar to 8 0.5 feet above the scale shall
be single wall stove pipe and the remainder
of the flue shall be double wall insulated
class A chimney.

9.3 Optional Equipment Use

9.3.1 A recirculation pump may be in-
stalled between connections at the top and
bottom of the appliance to minimize thermal
stratification if specified by the manufac-
turer. The pump shall not be installed in
such a way as to change or affect the flow
rate between the appliance and the heat ex-
changer.

9.3.2 If the manufacturer specifies that a
thermal control valve or other device be in-
stalled and set to control the return water
temperature to a specific set point, the valve
or other device shall be installed and set per
the manufacturer’s written instructions.

9.4 Prior to filling the boiler/heater with
water, weigh and record the appliance mass.

9.5 Heat Exchanger

9.5.1 Plumb the unit to a water-to-water
heat exchanger with sufficient capacity to
draw off heat at the maximum rate antici-
pated. Route hoses and electrical cables and
instrument wires in a manner that does not
influence the weighing accuracy of the scale
as indicated by placing dead weights on the
platform and verifying the scale’s accuracy.

9.5.2 Locate thermocouples to measure
the water temperature at the inlet and out-
let of the load side of the heat exchanger.

9.5.3 Install a thermopile (or equivalent
instrumentation) meeting the requirements
of section 6.3 to measure the water tempera-
ture difference between the inlet and outlet
of the load side of the heat exchanger

9.5.4 Install a calibrated water flow meter
in the heat exchanger load side supply line.
The water flow meter is to be installed on
the cooling water inlet side of the heat ex-
changer so that it will operate at the tem-
perature at which it is calibrated.

9.5.5 Place the heat exchanger in a box
with 2 in. (50 mm) of expanded polystyrene
(EPS) foam insulation surrounding it to min-
imize heat losses from the heat exchanger.

9.5.6 The reported efficiency and heat out-
put rate shall be based on measurements
made on the load side of the heat exchanger.

9.5.7 Temperature instrumentation per
section 6.6 shall be installed in the appliance
outlet and return lines. The average of the
outlet and return water temperature on the
supply side of the system shall be considered
the average appliance temperature for cal-
culation of heat storage in the appliance
(TFay and TI,,). Installation of a water flow
meter in the supply side of the system is op-
tional.
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9.6 Storage Tank. The storage tank shall
include a destratification pump as illus-
trated in Figure 1. The pump will draw from
the bottom of the tank and return to the top
as illustrated. Temperature sensors (T'S1 and
TS2 in Figure 1) shall be included to measure
the temperature in the recirculation loop.
The valve plan in Figure 1 allows the tank
recirculation loop to operate and the boiler/
heater-to-heat exchanger loop to operate at
the same time but in isolation. This would
typically be done before the start of a test or
following completion of a test to determine
the end of test average tank temperature.
The nominal flow rate in the storage tank
recirculation loop can be estimated based on
pump manufacturers’ performance curves
and any significant restriction in the recir-
culation loop.

9.7 Fill the system with water. Determine
the total weight of the water in the appli-
ance when the water is circulating. Verify
that the scale indicates a stable weight
under operating conditions. Make sure air is
purged properly.

10.0 Calibration and Standardization

10.1 Water Temperature Sensors. Tem-
perature measuring equipment shall be cali-
brated before initial use and at least semi-
annually thereafter. Calibrations shall be in
compliance with National Institute of Stand-
ards and Technology (NIST) Monograph 175,
Standard Limits of Error.

10.2 Heat Exchanger Load Side Water
Flow Meter.

10.2.1 The heat exchanger load side water
flow meter shall be calibrated within the
flow range used for the test run using NIST-
traceable methods. Verify the calibration of
the water flow meter before and after each
test run and at least once during each test
run by comparing the water flow rate indi-
cated by the flow meter to the mass of water
collected from the outlet of the heat ex-
changer over a timed interval. Volume of the
collected water shall be determined based on
the water density calculated from section 13,
Eq. 12, using the water temperature meas-
ured at the flow meter. The uncertainty in
the verification procedure used shall be 1
percent or less. The water flow rate deter-
mined by the collection and weighing meth-
od shall be within 1 percent of the flow rate
indicated by the water flow meter.

10.3 Scales. The scales used to weigh the
appliance and test fuel charge shall be cali-
brated using NIST-traceable methods at
least once every 6 months.

10.4 Flue Gas Analyzers—In accordance
with CSA B415.1-10 (IBR, see §60.17), clause
6.8.

11.0 Conditioning

11.1 Prior to testing, an appliance is to be
operated for a minimum of 50 hours using a
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medium heat draw rate. The conditioning
may be at the manufacturer’s facility prior
to the certification test. If the conditioning
is at the certification test laboratory, the
pre-burn for the first test can be included as
part of the conditioning requirement. If con-
ditioning is included in pre-burn, then the
appliance shall be aged with fuel meeting the
specifications outlined in section 12.2 with a
moisture content between 19 and 25 percent
on a dry basis. Operate the appliance at a
medium heat output rate (Category II or III)
for at least 10 hours for non-catalytic appli-
ances and 50 hours for catalytic appliances.
Record and report hourly flue gas exit tem-
perature data and the hours of operation.
The aging procedure shall be conducted and
documented by a testing laboratory.

12.0 Procedure

12.1 Appliance Installation. Assemble the
appliance and parts in conformance with the
manufacturer’s written installation instruc-
tions. Clean the flue with an appropriately
sized, wire chimney brush before each cer-
tification test series.

12.2 Fuel. Test fuel charge fuel shall be
red (Quercus ruba L.) or white (Quercus Alba)
oak 19 to 25 percent moisture content on a
dry basis. Piece length shall be 80 percent of
the firebox depth rounded down to the near-
est 1 inch (26mm) increment. For example, if
the firebox depth is 46 inches (1168mm) the
piece length would be 36 inches (46 inches x
0.8 = 36.8 inches, rounded down to 36 inches).
Pieces are to be placed in the firebox parallel
to the longest firebox dimension. For
fireboxes with sloped surfaces that create a
non-uniform firebox length, the piece length
shall be adjusted for each layer based on 80
percent of the length at the level where the
layer is placed. The test fuel shall be cord
wood with cross section dimensions and
weight limits as defined in CSA B415.1-10
(IBR, see §60.17), section 8.3, Table 4. The use
of dimensional lumber is not allowed.

12.2.1 Select three pieces of cord wood
from the same batch of wood as the test fuel
and the same weight as the average weight
of the pieces in the test load +1.0 1b. From
each of these three pieces, cut three slices.
Each slice shall be %2 inch to % inch thick.
One slice shall be cut across the center of the
length of the piece. The other two slices
shall be cut half way between the center and
the end. Immediately measure the mass of
each piece in pounds. Dry each slice in an
oven at 220 °F for 24 hours or until no further
weight change occurs. The slices shall be ar-
ranged in the oven so as to provide separa-
tion between faces. Remove from the oven
and measure the mass of each piece again as
soon as practical, in pounds.

The moisture content of each slice, on a
dry basis, shall be calculated as:
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MCgice = 100 - (WS‘M'(’H’E’! = WWE{'{*D:‘}')

WS‘H('(!DJ:I'

Where:

Wsiicewer = Weight of the slice before drying in
pounds

Wesiicepry = Weight of the slice after drying in
pounds

MCgi.. = moisture content of the slice in %
dry basis

The average moisture content of the entire
test load (MC) shall be determined using Eq.
6. Each individual slice shall have a moisture
content in the range of 18 percent to 28 per-
cent on a dry basis. The average moisture
content for the test fuel load shall be in the
range of 19 percent to 25 percent. Moisture
shall not be added to previously dried fuel
pieces except by storage under high humid-
ity conditions and temperature up to 100 °F.
Fuel moisture measurement shall begin
within 4 hours of using the fuel batch for a
test. Use of a pin-type meter to estimate the
moisture content prior to a test is rec-
ommended.

12.2.2 Firebox Volume. Determine the
firebox volume in cubic feet. Firebox volume
shall include all areas accessible through the
fuel loading door where firewood could rea-
sonably be placed up to the horizontal plane
defined by the top of the loading door. A
drawing of the firebox showing front, side
and plan views or an isometric view with in-
terior dimensions shall be provided by the
manufacturer and verified by the laboratory.
Calculations for firebox volume from com-
puter aided design (CAD) software programs
are acceptable and shall be included in the
test report if used. If the firebox volume is
calculated by the laboratory the firebox
drawings and calculations shall be included
in the test report.

12.2.3 Test Fuel charge. Test fuel charges
shall be determined by multiplying the fire-
box volume by 10 pounds (4.54 kg) per ft3
(28L.), or a higher load density as rec-
ommended by the manufacturer’s printed op-
erating instructions, of wood (as used wet
weight). Select the number of pieces of cord
wood that most nearly match this target
weight. However, the test fuel charge cannot
be less than the target of 10 pounds (4.54 kg)
per ft3 (28L).

12.3 Sampling Equipment. Prepare the
particulate emission sampling equipment as
defined by EPA Method 28WHH and the
standards referenced therein.

12.4 Appliance Startup. The appliance
shall be fired with wood fuel of any species,
size and moisture content, at the labora-
tory’s discretion, to bring it up to operating
temperature. Operate the appliance until the

water is heated to the upper operating con-
trol limit and has cycled at least two times.
Then remove all unburned fuel, zero the
scale and verify the scales accuracy using
dead weights.

12.4.1 Startup Procedure for Category IIT
and IV Test Runs, ‘‘Hot-to-Hot.”

12.4.1.1 Pretest t Burn Cycle. Following
appliance startup (section 12.4), reload appli-
ance with oak cord wood and allow it to burn
down to the specified coal bed weight. The
pre-test burn cycle fuel charge weight shall
be within £10 percent of the test fuel charge
weight. Piece size and length shall be se-
lected such that charcoalization is achieved
by the time the fuel charge has burned down
to the required coal bed weight. Pieces with
a maximum thickness of approximately 2
inches have been found to be suitable.
Charcoalization is a general condition of the
test fuel bed evidenced by an absence of
large pieces of burning wood in the coal bed
and the remaining fuel pieces being brittle
enough to be broken into smaller charcoal
pieces with a metal poker. Manipulations to
the fuel bed prior to the start of the test run
are to be done to achieve charcoalization
while maintaining the desired heat output
rate. During the pre-test burn cycle and at
least one hour prior to starting the test run,
adjust water flow to the heat exchanger to
establish the target heat draw for the test.
For the first test run the heat draw rate
shall be equal to the manufacturer’s rated
heat output capacity.

12.4.1.2 Allowable Adjustments. Fuel addi-
tion or subtractions, and coal bed raking
shall be kept to a minimum but are allowed
up to 15 minutes prior to the start of the test
run. For the purposes of this method, coal
bed raking is the use of a metal tool (poker)
to stir coals, break burning fuel into smaller
pieces, dislodge fuel pieces from positions of
poor combustion, and check for the condi-
tion of charcoalization. Record all adjust-
ments to and additions or subtractions of
fuel, and any other changes to the appliance
operations that occur during pretest ignition
period. During the 15-minute period prior to
the start of the test run, the wood heater
loading door shall not be open more than a
total of 1 minute. Coal bed raking is the only
adjustment allowed during this period.

12.4.1.3 Coal Bed Weight. The appliance is
to be loaded with the test fuel charge when
the coal bed weight is between 10 percent and
20 percent of the test fuel charge weight.
Coals may be raked as necessary to level the
coal bed but may only be raked and stirred

607



Pt. 60, App. A-8, Meth. 28WHH-PTS

once between 15 to 20 minutes prior to the
addition of the test fuel charge.

12.4.1.4 Storage. The Category III and IV
test runs may be done either with or without
the thermal storage. If thermal storage is
used, the initial temperature of the storage
must be 125 °F or greater at the start of the
test. The storage may be heated during the
pre-test burn cycle or it may be heated by
external means. If thermal storage is used,
prior to the start of the test run, the storage
tank destratification pump, shown in Figure
1, shall be operated until the total volume
pumped exceeds 1.5 times the tank volume
and the difference between the temperature
at the top and bottom of the storage tank
(TS, and TS,) is less than 1 °F. These two
temperatures shall then be recorded to deter-
mine the starting average tank temperature.
The total volume pumped may be based on
the nominal flow rate of the destratification
pump (See section 9.6). If the Category III
and IV runs are done with storage, it is rec-
ognized that during the last hour of the pre-
burn cycle the storage tank must be mixed
to achieve a uniform starting temperature
and cannot receive heat from the boiler/heat-
er during this time. During this time period,
the boiler/heater might cycle or go into a
steady reduced output mode. (Note—this
would happen, for example, in a Category IV
run if the actual maximum output of the
boiler/heater exceed the manufacturer’s
rated output.) A second storage tank may be
used temporarily to enable the boiler/heater
to operate during this last hour of the pre-
burn period as it will during the test period.
The temperature of this second storage tank
is not used in the calculations but the return
water to the boiler/heater (after mixing de-
vice if used) must be 125 °F or greater.

12.4.2 Startup Procedure for Category I
and II Test Runs, ‘‘Cold-to-Cold.”

12.4.2.1 Initial Temperatures. This test
shall be started with both the boiler/heater
and the storage at a minimum temperature
of 125 °F. The boiler/heater maximum tem-
perature at the start of this test shall be 135
°F. The boiler/heater and storage may be
heated through a pre-burn or it may be heat-
ed by external means.

12.4.2.2 Firebox Condition at Test Start.
Prior to the start of this test remove all ash
and charcoal from the combustion cham-
ber(s). The loading of the test fuel and kin-
dling should follow the manufacturer’s rec-
ommendations, subject to the following con-
straints: Up to 10 percent kindling and paper
may be used which is in addition to the fuel
load. Further, up to 10 percent of the fuel
load (i.e., included in the 10 1b/ft3) may be
smaller than the main fuel. This startup fuel
shall still be larger than 2 inches.

12.4.2.3 Storage. The Category I and II
test runs shall be done with thermal storage.
The initial temperature of the storage must
be 125 °F or greater at the start of the test.
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The storage may be heated during the pre-
test burn cycle or it may be heated by exter-
nal means. Prior to the start of the test run,
the storage tank destratification pump,
shown in Figure 1, shall be operated until
the total volume pumped exceeds 1.5 times
the tank volume and the difference between
the temperature at the top and bottom of
the storage tank (T'S; and TS,) is less than 1
°F. These two temperatures shall then be re-
corded to determine the starting average
tank temperature. The total volume pumped
may be based on the nominal flow rate of the
destratification pump (See section 9.6).

12.5 Test Runs. For all test runs, the re-
turn water temperature to the hydronic
heater must be equal to or greater than 120
°F (this is lower than the initial tank tem-
perature to allow for any pipeline losses).
Where the storage system is used, flow of
water from the boiler/heater shall be divided
between the storage tank and the heat ex-
changer such that the temperature change of
the circulating water across the heat ex-
changer shall be 30 5 °F, averaged over the
entire test run. This is typically adjusted
using the system valves.

Complete a test run in each heat output
rate category, as follows:

12.5.1 Test Run Start. For Category III
and IV runs: Once the appliance is operating
normally and the pretest coal bed weight has
reached the target value per section 12.4.1,
tare the scale and load the full test charge
into the appliance. Time for loading shall
not exceed 5 minutes. The actual weight of
the test fuel charge shall be measured and
recorded within 30 minutes prior to loading.
Start all sampling systems.

For Category I and II runs: Once the appli-
ance has reached the starting temperature,
tare the scale and load the full test charge,
including kindling into the appliance. The
actual weight of the test fuel charge shall be
measured and recorded within 30 minutes
prior to loading. Light the fire following the
manufacturer’s written normal startup pro-
cedure. Start all sampling systems.

12.5.1.1 Record all water temperatures,
differential water temperatures and water
flow rates at time intervals of one minute or
less.

12.5.1.2 Record particulate emissions data
per the requirements of EPA Method 28WHH
and the standards referenced therein.

12.5.1.3 Record data needed to determine
overall efficiency (SLM) per the require-
ments of CSA B415.1-10 (IBR, see §60.17)
clauses 6.2.1, 6.2.2, 6.3, 8.5.7, 10.4.3(a), 10.4.3(f),
and 13.7.9.3

12.5.1.3.1 Measure and record the test
room air temperature in accordance with the
requirements of CSA B415.1-10 (IBR, see
§60.17), clauses 6.2.1, 8.5.7 and 10.4.3(g).
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12.5.1.3.2 Measure and record the flue gas
temperature in accordance with the require-
ments of CSA B415.1-10 (IBR, see §60.17),
clauses 6.2.2, 8.5.7 and 10.4.3(f).

12.5.1.3.3 Determine and record the carbon
monoxide (CO) and carbon dioxide (CO,) con-
centrations in the flue gas in accordance
with CSA B415.1-10 (IBR, see §60.17), clauses
6.3, 8.5.7 and 10.4.3(1) and (j).

12.5.1.3.4 Measure and record the test fuel
weight per the requirements of CSA B415.1-10
(IBR, see §60.17), clauses 8.5.7 and 10.4.3(h).

12.5.1.3.5 Record the test run time per the
requirements of CSA B415.1-10 (IBR, see
§60.17), clause 10.4.3(a).

12.5.1.3.6 Record and document all set-
tings and adjustments, if any, made to the
boiler/heater as recommended/required by
manufacturer’s instruction manual for dif-
ferent combustion conditions or heat loads.
These may include temperature setpoints,
under and over-fire air adjustment, or other
adjustments that could be made by an oper-
ator to optimize or alter combustion. All
such settings shall be included in the report
for each test run.

12.5.1.4 Monitor the average heat output
rate on the load side of the heat exchanger
based on water temperatures and flow. If the
heat output rate over a 10 minute averaging
period gets close to the upper or lower limit
of the target range (#5 percent), adjust the
water flow through the heat exchanger to
compensate. Make changes as infrequently
as possible while maintaining the target
heat output rate. The first test run shall be
conducted at the Category IV heat output
rate to validate that the appliance is capable
of producing the manufacturer’s rated heat
output capacity.

12.5.2 Test Fuel Charge Adjustment. It is
acceptable to adjust the test fuel charge (i.e.,
reposition) once during a test run if more
than 60 percent of the initial test fuel charge
weight has been consumed and more than 10
minutes have elapsed without a measurable
(1 1b or 0.5 kg) weight change while the oper-
ating control is in the demand mode. The
time used to make this adjustment shall be
less than 60 seconds.

12.5.3 Test Run Completion. For the Cat-
egory IIT and IV, ‘“hot-to-hot’ test runs, the
test run is completed when the remaining
weight of the test fuel charge is 0.0 1b (0.0
kg). (Wrueisurmea = Wryer) End the test run when
the scale has indicated a test fuel charge
weight of 0.0 1b (0.0 kg) or less for 30 seconds.

For the Category I and II ‘‘cold-to-cold”
test runs, the test run is completed; and the
end of a test is defined at the first occur-
rence of any one of the following:

(a) The remaining weight of the test fuel
charge is less than 1 percent of the total test
fuel weight (Wruesumea > 0.99 © Wheer);

(b) The automatic control system on the
boiler/heater switches to an off mode. In this
case, the boiler/heater fan (if used) is typi-
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cally stopped and all air flow dampers are
closed by the control system. Note that this
off mode cannot be an ‘“‘overheat’ or emer-
gency shutdown which typically requires a
manual reset; or

(c) If the boiler/heater does not have an
automatic off mode: After 90 percent of the
fuel load has been consumed and the scale
has indicated a rate of change of the test fuel
charge of less than 1.0 1b/hr for a period of 10
minutes or longer. Note—this is not consid-
ered ‘‘stopped fuel combustion,” See section
12.5.6.1.

12.5.3.1 At the end of the test run, stop the
particulate sampling train and overall effi-
ciency (SLM) measurements, and record the
run time, and all final measurement values.

12.5.3.2 At the end of the test run, con-
tinue to operate the storage tank
destratification pump until the total volume
pumped exceeds 1.5 times the tank volume.
The maximum average of the top and bottom
temperatures measured after this time may
be taken as the average tank temperature at
the end of the tests (TFSavg, See section
13.1). The total volume pumped may be based
on the mnominal flow rate of the
destratification pump (See section 9.6).

12.5.3.3 For the Category I and II test
runs, there is a need to determine the energy
content of the unburned fuel remaining in
the chamber if the remaining mass in the
chamber is greater than 1 percent of the test
fuel weight. Following the completion of the
test, as soon as safely practical, this remain-
ing fuel is removed from the chamber, sepa-
rated from the remaining ash and weighed.
This separation could be implemented with a
slotted ‘‘scoop’ or similar tool. A V4 inch
opening size in the separation tool shall be
used to separate the ash and charcoal. This
separated char is assigned a heating value of
12,500 Btu/lb.

12.5.4 Heat Output Capacity Validation.
The first test run must produce a heat out-
put rate that is within 10 percent of the man-
ufacturer’s rated heat output capacity (Cat-
egory IV) throughout the test run and an av-
erage heat output rate within 5 percent of
the manufacturer’s rated heat output capac-
ity. If the appliance is not capable of pro-
ducing a heat output within these limits, the
manufacturer’s rated heat output capacity is
considered not validated and testing is to be
terminated. In such cases, the tests may be
restarted using a lower heat output capacity
if requested by the manufacturer. Alter-
natively, during the Category IV run, if the
rated output cannot be maintained for a 15
minute interval, the manufacturer may elect
to reduce the rated output to match the test
and complete the Category IV run on this
basis. The target outputs for Categories I, II,
and IIT shall then be recalculated based on
this change in rated output capacity.

12.5.5 Additional Test Runs. Using the
manufacturer’s rated heat output capacity
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as a basis, conduct a test for additional heat
output categories as specified in section 4.3.
It is not required to run these tests in any
particular order.

12.5.6 Alternative Heat Output Rate for
Category 1. If an appliance cannot be oper-
ated in the Category I heat output range due
to stopped combustion, two test runs shall
be conducted at heat output rates within
Category II. When this is the case, the
weightings for the weighted averages indi-
cated in section 14.1.15 shall be the average
of the Category I and II weighting’s and shall
be applied to both Category II results. Appli-
ances that are not capable of operation with-
in Category II (<25 percent of maximum)
cannot be evaluated by this test method.

12.5.6.1 Stopped Fuel Combustion. Evi-
dence that an appliance cannot be operated
at a Category I heat output rate due to
stopped fuel combustion shall include docu-
mentation of two or more attempts to oper-
ate the appliance in heat output rate Cat-
egory I and fuel combustion has stopped
prior to complete consumption of the test
fuel charge. Stopped fuel combustion is evi-
denced when an elapsed time of 60 minutes or
more has occurred without a measurable (1
1b or 0.5 kg) weight change in the test fuel
charge while the appliance operating control
is in the demand mode. Report the evidence
and the reasoning used to determine that a
test in heat output rate Category I cannot be
achieved. For example, two unsuccessful at-
tempts to operate at an output rate of 10 per-
cent of the rated output capacity are not suf-
ficient evidence that heat output rate Cat-
egory I cannot be achieved.

12.5.7 Appliance Overheating. Appliances
with their associated thermal storage shall
be capable of operating in all heat output
categories without overheating to be rated
by this test method. Appliance overheating
occurs when the rate of heat withdrawal
from the appliance is lower than the rate of
heat production when the unit control is in
the idle mode. This condition results in the
water in the appliance continuing to in-
crease in temperature well above the upper
limit setting of the operating control. Evi-
dence of overheating includes: 1 hour or
more of appliance water temperature in-
crease above the upper temperature set-point
of the operating control, exceeding the tem-
perature limit of a safety control device
(independent from the operating control—
typically requires manual reset), boiling
water in a non-pressurized system or activa-
tion of a pressure or temperature relief valve
in a pressurized system.

12.5.8 Option to Eliminate Tests in Cat-
egory II and III. Following successful com-
pletion of a test run in Category I, the manu-
facturer may eliminate the Category II and
IIT tests. For the purpose of calculating the
annual averages for particulates and effi-
ciency, the values obtained in the Category I
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run shall be assumed to apply also to Cat-
egory II and Category III. It is envisioned
that this option would be applicable to sys-
tems which have sufficient thermal storage
such that the fuel load in the Category I test
can be completely consumed without the
system reaching its upper operating tem-
perature limit. In this case, the boiler/heater
would likely be operating at maximum ther-
mal output during the entire test and this
output rate may be higher than the manu-
facturer’s rated heat output capacity. The
Category II and III runs would then be the
same as the Category I run. It may be as-
sumed that the particulate emission values
and efficiency values determined in the
startup, steady-state, and end phases of Cat-
egory I are applicable in Categories II and
III, for the purpose of determining the an-
nual averages in lb/mmBtu and g/MJ (See
section 13). For the annual average in g/hr,
the length of time for stored heat to be
drawn from thermal storage shall be deter-
mined for the test load requirements of the
respective category.

12.5.9 Modification to Measurement Pro-
cedure in EPA Method 28WHH to Determine
Emissions Separately During the Startup,
Steady-State and End Phases. With one of
the two particulate sampling trains used, fil-
ter changes shall be made at the end of the
startup phase and the steady-state phase
(See section 3.0). This shall be done to deter-
mine the particulate emission rate and par-
ticulate emission index for the startup,
steady-state, and end phases individually.
For this one train, the particulates measured
during each of these three phases shall be
added together to also determine the partic-
ulate emissions for the whole run.

12.5.10 Modification to Measurement Pro-
cedure in EPA Method 28WHH and the
Standards Referenced therein on Averaging
Period for Determination of Efficiency by
the Stack Loss Method. The methods cur-
rently defined in Method 28WHH allow aver-
aging over 10-minute time periods for flue
gas temperature, flue gas CO,, and flue gas
CO for the determination of the efficiency
with the stack loss method. However, under
some cycling conditions the ‘“‘on’’ period may
be short relative to this 10-minute period.
For this reason, during cycling operation the
averaging period for these parameters may
not be longer than the burner on period di-
vided by 10. The averaging period need not be
shorter than one minute. During the off pe-
riod, under cycling operation, averaging pe-
riods as specified in EPA Method 28WHH and
the standards referenced therein, may be
used. Where short averaging times are used,
however, the averaging period for fuel con-
sumption may still be at 10 minutes. This av-
erage wood consumption rate shall be ap-
plied to all of the smaller time intervals in-
cluded.
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12.6 Additional Test Runs. The testing
laboratory may conduct more than one test
run in each of the heat output categories
specified in section 4.3. If more than one test
run is conducted at a specified heat output
rate, the results from at least two-thirds of
the test runs in that heat output rate cat-
egory shall be used in calculating the
weighted average emission rate. The meas-
urement data and results of all test runs
shall be reported regardless of which values
are used in calculating the weighted average
emission rate.

13.0 Calculation of Results

13.1 Nomenclature

CO—Carbon monoxide measured in the dilu-
tion tunnel at arbitrary time in ppm dry
basis.

COgmin—Carbon monoxide emission rate in g/
min.

COr—Total carbon monoxide emission for
the full test run in grams.

CO__ ,—Startup period carbon monoxide emis-
sions in grams.

CO_,—Steady-state period carbon monoxide
emission in grams.

CO_3—End period carbon monoxide emission
in grams.

Er—Total particulate emissions for the full
test run as determined per EPA Method
28WHH and the standards referenced
therein in grams.

E,—Startup period particulate emissions in
grams.

E,—Steady-state period particulate emis-
sions in grams.

E;—End period particulate emissions in
grams.

E,_gre—Startup period particulate emission
index in grams per kg fuel.

E, o .—Steady-state period particulate
emission index in grams per kg fuel.

E;_gxe—End period particulate emission
index in grams per kg fuel.

E,_gn—Startup period particulate emission
rate in grams per hour.

B, n—Steady-state period particulate
emission rate in grams per hour.

Es;_gn—End period particulate emission rate
in grams per hour.

E.nv—Emission rate in grams per MJ of heat
output.

Eib/mmBu oupur—EmMissions rate in pounds per
million Btu of heat output.

Eg.—Emissions factor in grams per Kilo-
gram of dry fuel burned.

Egn—Emission factor in grams per hour.

Tl — (T5 + T6)/2 at the start of the test, °F.
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HHV—Higher heating value of fuel = 8600
Btw1lb (19.990 MJ/kg).

LHV—Lower heating value of fuel = 7988 Btu/
1b (18.567 MJ/kg).

AT—Temperature difference between cooling
water entering and exiting the heat ex-
changer.

Qou—Total heat output in Btu (MJ).

Qin—Total heat input available in test fuel
charge in Btu’s (MJ).

Qua—Volumetric flow rate in dilution tunnel
in dscfm.

M—Mass flow rate of water in lb/min (kg/
min).

Vi—Volume of water indicated by a total-
izing flow meter at the iy, reading in gal-
lons (liters).

Vi—Volumetric flow rate of water in heat ex-
change system in gallons per minute (li-
ters/min).

©—Total length of burn period in hours (©; +
0, + 03).

©,—Length of time of the startup period in
hours.

©,—Length of time of the steady-state period
in hours.

O;—Length of time of the end period in
hours.

©,—Length of time for stored heat to be used
following a burn period in hours.

ti—Data sampling interval in minutes.

nee—Delivered heating efficiency in percent.

Fi—Weighting factor for heat output cat-
egory i. (See Table 2.)

T1—Temperature of water at the inlet on the
supply side of the heat exchanger, °F.
T2—Temperature of the water at the outlet
on the supply side of the heat exchanger,

°F.

T3—Temperature of cooling water at the
inlet to the load side of the heat ex-
changer, °F.

T4—Temperature of cooling water at the
outlet of the load side of the heat ex-
changer, °F.

Tbh—Temperature of the hot water supply as
it leaves the boiler/heater, °F.

T6—Temperature of return water as it enters
the boiler/heater, °F.

T7—Temperature in the boiler/heater op-
tional destratification loop at the top of
the boiler/heater, °F.

T8—Temperature in the boiler/heater op-
tional destratification loop at the bot-
tom of the boiler/heater, °F.

TI..—Average temperature of the appliance
and water at start of the test.

Eq. 1
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TF...—Average temperature of the appliance
and water at the end of the test.
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TFue — (T5 + T6)/2 at the end of the test, °F.

TIS,—Temperature at the inlet to the stor-
age system at the start of the test.

TIS,—Temperature at the outlet from the
storage system at the start of the test.

TFS,—Temperature at the inlet to the stor-
age system at the end of the test.

TISave — (TIS; + TIS;)/2 at the end of the test.

TFS..—Average temperature of the storage
system at the end of the test.

TFSave — (TFS; + TFS2)/2.

MC—Fuel moisture content in percent dry
basis.

o—Density of water in pounds per gallon.

Omiia—Density of water in the boiler/heater
system at the start of the test in pounds
per gallons.

Ghoilerheater—DeNsity of water in the boiler/
heater system at an arbitrary time dur-
ing the test in pounds per gallon.

Cp,—Specific heat of water in Btu/lb, °F.

Ciee—Specific heat of steel (0.1 Btu/lb, °F).

Vioilerheater—t0tal volume of water in the boil-
er/heater system on the weight scale in
gallons.

Wre—Fuel charge weight, as-fired or ‘“‘wet’’,
in pounds (kg).

Wil 1—Fuel consumed during the startup
period in pounds (kg).

Wil o—Fuel consumed during the steady
state period in pounds (kg).

Wruel3—Fuel consumed during the end period
in pounds (kg).

WeuelBumea—Weight of fuel that has been
burned from the start of the test to an
arbitrary time, including the needed cor-
rection for the change in density and
weight of the water in the boiler/heater
system on the scale in pounds (kg).

Wl-hvﬁfm'm'd = (H/S}'uh'hrfﬁnf— ”/.\'('uh') -+ V.Br;a'f(’r',']fuwrm' % (ijairfrxf O‘hrn'h'r'.-?uwn.':')

Water density, o, is calculated using Equa-
tion 12.
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Eq. 2

TFS,—Temperature at the outlet from the
storage system at the end of the test.
TIS...—Average temperature of the storage

system at the start of the test.

Eq. 3

Eq. 4

Wremainingruer—Weight of unburned fuel sepa-
rated from the ash at the end of a test.
Useful only for Category I and Category
II tests.

Wapp—Weight of empty appliance in pounds
(kg).

Wya—Weight of water in supply side of the
system in pounds (kg).

Wscalemiia—Weight reading on the scale at the
start of the test, just after the test load
has been added in pounds (kg).

Wscae—Reading of the weight scale at an ar-
bitrary time during the test run in
pounds (kg).

WstorageTank—Weight of the storage tank empty
in pounds (kg).

Wwaterstorage—Weight of the water in the stor-
age tank at TIS,,, in pounds (kg).

13.2 After the test is completed, deter-
mine the particulate emissions Er in accord-
ance with EPA Method 28WHH and the
standards referenced therein.

13.3 Determination of the weight of fuel
that has been burned at an arbitrary time.

For the purpose of tracking the consump-
tion of the test fuel load during a test run
the following may be used to calculate the
weight of fuel that burned since the start of
the test:

Eq. 5

13.4 Determine Average Fuel Load Moisture
Content.
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MC =Y Wiicewer i— MCiice i s

Y Wsiicewer_i

13.5 Determine Heat Input.

Qin = (Wre/(1+(MC/100))) x HHV, Btu (MJ). Eq.7

Qin LHY = (Wj“_,c];"( ]+( MC”GO})) X LHV, Btu (MJ)‘ Eq. 8

13.5.1 Correction to Qi, for the Category I percent of the test fuel charge in the cham-
and II tests, where there is greater than 1 ber at the end of the test period.

an('urrw!ul = Qin - WR:'}Jrru'm'u;: ) 121500 % Eq 9

13.6 Determine Heat Output, Efficiency, Qo = X [Heat output determined for each

and Emissions. sampling time interval] + Change in heat

13.6.1 Determine heat output as: stored in the appliance + Change in heat in
storage tank.

Qout = X[Cpi AT My 1] + W * Cuicet + Waater* Cpa) * (TFavg — Tlayg)

& (Wﬁ'rr}rugr?h.-rk y C.\'n-m’ + Wll‘d.'cr.\‘mmgc 3 ij} ‘ (TFSH\'g - Tl’Sm'g} Btu (MJ) Eq 10

NOTE: The subscript (i) indicates the pa- ti.M; = Mass flow rate = gal/min x density of
rameter value for sampling time interval water (1b/gal) = 1b/min.

Mi:Vﬁ * Oi, lb;’mln‘

Eq. 11
0;=(62.56+(-.0003413 x T3; ) + ( -.00006225 x T:’n2 )) 0.1337, Ib/gal. Eq. 12
C,=1.0014 + ( -.000003485 x T3; ) Btw/lb, -°F. Eq. 13
Csea = 0.1 Btu/lb, -°F.
Cpa = 1.0014 + (-.000003485 X (Tlu, +TFu)/2), Btu/lb, °F. Eq. 14
Vi = (Vi =Vi.)/(ti-ti.)), gal/min. Eq. 15

NOTE: V; is the total water volume at the This calculation is necessary when a total-
end of interval i and Vi, is the total water izing type water meter is used.
volume at the beginning of the time interval. 13.6.2 Determine Heat Output Rate Over

Burn Period (0, + O, + ©3) as:
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Heat Qutput Rate = Q,,/@, Btu/hr (MJ/hr).

13.6.3 Determine
Emission Factors as:

Emission Rates and

Eoms = E1/(Qou x 0.001055), g/MJ.

Eipnvint Bru output = (E1/453.59)/(Qoue X }0"5), Ib/mmBtu out.

Egie = ET/(Wre/(1+-MC/100)), g/dry kg.

Eg,.-hr= E1/(©+ O+ O3+ Oy), g/hr.

@42 (IVS'.rm'ugcﬁmk 3 (:x.rfr_'f T W!lh.rch.rw'agr 3 (-‘pa) : (TFS:n'g =

If thermal storage is not used in a Cat-
egory III or IV run, then ©4 = 0.

Ei_oxe = E/(Wper—1/(1 + MC/100)), g/dry kg.
E> one = Bo/(Wiie—2/(1 + MC/100)), g/dry kg.

ntiu] s (anfQ;n( '(Jm:ctcnl] X ]009 ‘}U.

Nael LHY = (Qout/Qin Luv) x 100, %.

13.6.5 Determine nsum—Overall Efficiency,
also known as Stack Loss Efficiency, using
stack loss method (SLM).

For determination of the average overall
thermal efficiency (nsLm) for the test run, use
the data collected over the full test run and
the calculations in accordance with CSA
B415.1-10 (IBR, see §60.17), clause 13.7 except
for 13.7.2(e), (f), (g), and (h), use the following
average fuel properties for oak: %C = 50.0,
%H = 6.6, %0 = 43.2, %Ash = 0.2.

13.6.5.1 Whenever the CSA B415.1-10 (IBR,
see §60.17) overall efficiency is found to be
lower than the overall efficiency based on
load side measurements, as determined by
Eq. 22 of this method, section 14.1.7 of the
test report must include a discussion of the
reasons for this result. For a test where the
CSA B415.1-10 overall efficiency SLM is less
than 2 percentage points lower than the

COumin = Oua - CO, - 3.30x107

Total CO emissions for each of the three
test periods (CO_,;, CO_,, CO_3) shall be cal-
culated as the sum of the emission rates for
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Eq. 16

Eq. 17
Eq. 18
Eq. 19
Eq. 20

TISave)(Qow /O) Eq. 21

E37g/kg = B3/ (Wper3/(1 + MC/100)), g/dry kg.
Ei_gne = Ei/Oy, g/hr.

E> omr = Eo/O,, g/hr.

E37g/h,- = K3/0s, g/hr.

13.6.4 Determine delivered efficiency as:

Eq. 22

Eq. 23

overall efficiency based on load side meas-
urements, the efficiency based on load side
measurements shall be considered invalid.
[Note on the rationale for the 2 percentage
points limit. The SLM method does not in-
clude boiler/heater jacket losses and, for this
reason, should provide an efficiency which is
actually higher than the efficiency based on
the energy input and output measurements
or ‘‘delivered efficiency.” A delivered effi-
ciency that is higher than the efficiency
based on the SLM could be considered sus-
pect. A delivered efficiency greater than 2
percentage points higher than the efficiency
based on the SLM, then, clearly indicates a
measurement error.]

13.6.6 Carbon Monoxide Emissions

For each minute of the test period, the car-
bon monoxide emission rate shall be cal-
culated as:

Eq. 24

each of the l-minute intervals. Total CO
emission for the test run, COr, shall be cal-
culated as the sum of CO_,;, CO_,, and CO_s.
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13.7 Weighted Average Emissions and Effi-
ciency.

13.7.1 Determine the weighted average
emission rate and delivered efficiency from
the individual tests in the specified heat out-
put categories. The weighting factors (F;) are
derived from an analysis of ASHRAE bin
data which provides details of normal build-

Weighted average delivered efficiency: Ny =

Weighted average emissions: E,., = Z E; x F;,

If, as discussed in section 12.5.8, the option
to eliminate tests in Category II and III is
elected, the values of efficiency and particu-
late emission rate as measured in Category I,
shall be assigned also to Category II and IIT
for the purpose of determining the annual
averages.

14.0 Report

14.1.1 The report shall include the fol-
lowing:

14.1.2 Name and location of the laboratory
conducting the test.

14.1.3 A description of the appliance test-
ed and its condition, date of receipt and
dates of tests.

14.1.4 A description of the minimum
amount of external thermal storage that is
required for use with this system. This shall
be specified both in terms of volume in gal-
lons and stored energy content in Btu with a
storage temperature ranging from 125 °F to
the manufacturer’s specified setpoint tem-
perature.

14.1.5 A statement that the test results
apply only to the specific appliance tested.

14.1.6 A statement that the test report
shall not be reproduced except in full, with-
out the written approval of the laboratory.

14.1.7 A description of the test procedures
and test equipment including a schematic or
other drawing showing the location of all re-
quired test equipment. Also, a description of
test fuel sourcing, handling and storage
practices shall be included.

14.1.8 Details of deviations from, addi-
tions to or exclusions from the test method,
and their data quality implications on the
test results (if any), as well as information
on specific test conditions, such as environ-
mental conditions.

14.1.9 A list of participants and their roles
and observers present for the tests.

14.1.10 Data and drawings indicating the
fire box size and location of the fuel charge.

14.1.11 Drawings and calculations used to
determine firebox volume.
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ing heating requirements in terms of percent
of design capacity and time in a particular
capacity range—or ‘‘bin’’—over the course of
a heating season. The values used in this
method represent an average of data from
several cities located in the northern United
States.

Zni x F;, %. Eq. 25

% Eq. 26

14.1.12 Information for each test run fuel
charge including piece size, moisture content
and weight.

14.1.13 All required data and applicable
blanks for each test run shall be provided in
spreadsheet format both in the printed re-
port and in a computer file such that the
data can be easily analyzed and calculations
easily verified. Formulas used for all cal-
culations shall be accessible for review.

14.1.14 For each test run, ©,,0,, Os, the
total CO and particulate emission for each of
these three periods, and O..

14.1.15 Calculated results for delivered ef-
ficiency at each heat output rate and the
weighted average emissions reported as total
emissions in grams, pounds per mm Btu of
delivered heat, grams per MJ of delivered
heat, grams per kilogram of dry fuel and
grams per hour. Results shall be reported for
each heat output category and the weighted
average.

14.1.16 Tables 1A, 1B, 1C, 1D, 1E and Table
2 must be used for presentation of results in
test reports.

14.1.17 A statement of the estimated un-
certainty of measurement of the emissions
and efficiency test results.

14.1.18 A plot of CO emission rate in
grams/minute vs. time, based on 1 minute
averages, for the entire test period, for each
run.

14.1.19 A plot of estimated boiler/heater
energy release rate in Btu/hr based on 10
minute averages, for the entire test period,
for each run. This will be calculated from the
fuel used, the wood heating value and mois-
ture content, and the SLM efficiency during
each 10 minute period.

14.1.20 Raw data, calibration records, and
other relevant documentation shall be re-
tained by the laboratory for a minimum of 7
years.

15.0 Precision and Bias

15.1 Precision—It is not possible to speci-
fy the precision of the procedure in this test
method because the appliance operation and
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fueling protocols and the appliances them-
selves produce variable amounts of emissions
and cannot be used to determine reproduc-
ibility or repeatability of this test method.
15.2 Bias—No definitive information can
be presented on the bias of the procedure in
this test method for measuring solid fuel
burning hydronic heater emissions because

Pt. 60, App. A-8, Meth. 28WHH-PTS

no material having an accepted reference
value is available.

16.0 Keywords

16.1 Solid fuel, hydronic heating appli-
ances, wood-burning hydronic heaters, par-
tial thermal storage.
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Table 1A. Data Summary Part A

] wfu:l Mca\c Qiu Qout

Wood
Run Load % |Target|Actual] Actual | Test Weight | Wood Heat | Heat
Category | No Capacity | Load | Load | Load |Duration| as-fired [Moisture | Input |Output

Btu/hr Bw/ | Btw/' | % of
hr hr max hrs Ib %DB Btu Btu

< 15% of
1 max

16-24% of
11 max

25-50% of
111 max

Max
v capacity

Table 1B. Data Summary Part B

T2

Min Er B E Egne | Egng Téel Hgpwm
Min Stack
Return PM PM

Run | Load% | Water | Total PM| Output | Output | PM | PM | Delivered| Loss
Category | No | Capacity | Temp. |[Emissions| Based Based | Rate |Factor | Efficiency|Efficiency

Ib/mm
°F il BtuOut | gMI | ghr | ghkg % %o

1 < 15% of

max
1 16-24%

of max
111 25-50%

of max
v Max

capacity

618



Environmental Protection Agency

Table 1C. Data Summary Part C

Pt. 60, App. A-8, Meth. 28WHH-PTS

@, (23 @, Cco, Cco CO COy
Steady Startup Steady
Run | Load% | Startup | State End co State CO | End CO |Total CO
Category | No | Capacity | Time. | Time | Time | emission | emission | emission |emission
min min min g g g a
1 < 15% of
max
11 16-24% of
max
111 25-50% of
max
v Max
capacity
Table 1D. Data Summary Part D
E, E; E; El‘g-l:u E:‘_g kg E.‘_su‘ks
Steady
Startup | Sjare PM
PM emission End PM
Run | Load% | Startup | Steady emission emission
Category | No | Capacity PM State PM | End PM index index index
g g g ghkefuel | gkgfuel | glkg fuel
| < 15% of
max
11 16-24% of
max
11 25-50% of
max
v Max
capacity
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Table 1E: Label Summary Information

40 CFR Ch. | (7-1-19 Edition)

MANUFACTURER:

MODEL NUMBER:

ANNUAL EFFICIENCY RATING:

Nave

(Using higher heating value)

PARTICLE EMISSIONS:

E:wg

grams/hr (Average)

Ibs/mmBtu/hr Output

Table 2. Annual Weighting

Category

Weighting
Factor (F;)

MNaeri X Fj

Epnnix F

Eg_-kg.g X Fi

Eipmmbu oui X Fi EgneiX Fi

0.437

0.238

0.275

0.050

Totals

1.000
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Figure 1. Schematic of Equipment Test Setup
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Figure 2. Schematic of Test Equipment Set-up

40 CFR Ch. | (7-1-19 Edition)
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METHOD 29—DETERMINATION OF METALS
EMISSIONS FROM STATIONARY SOURCES

NoTE: This method does not include all of
the specifications (e.g., equipment and sup-
plies) and procedures (e.g., sampling and ana-
lytical) essential to its performance. Some
material is incorporated by reference from
other methods in this part. Therefore, to ob-
tain reliable results, persons using this
method should have a thorough knowledge of
at least the following additional test meth-
ods: Method 5 and Method 12.

1.0 Scope and Application
1.1 Analytes.

Analyte CAS No.
Antimony (Sb) . 7440-36-0
Arsenic (As) ... 7440-38-2
Barium (Ba) ... 7440-39-3
Beryllium (Be) . 7440-41-7
Cadmium (Cd) ... 7440-43-9
Chromium (Cr) 7440-47-3
Cobalt (Co) ..... 7440-48—4
Copper (Cu) ... 7440-50-8
Lead (Pb) ... 7439-92-1
Manganese (MN) .......cccceoininimiiencneeeeeene 7439-96-5
Mercury (Hg) ... 7439-97-6
Nickel (Ni) ... 7440-02-0
Phosphorus ( 7723-14-0

Analyte CAS No.
Selenium (Se) 7782-49-2
Silver (Ag) . 7440-22-4
Thallium (T1) coeeeeeeeeeeeeseeeee s 7440-28-0
Zinc (Zn) ... 7440-66-6

1.2 Applicability. This method is applicable
to the determination of metals emissions
from stationary sources. This method may
be used to determine particulate emissions
in addition to the metals emissions if the
prescribed procedures and precautions are
followed.

1.2.1 Hg emissions can be measured, alter-
natively, using EPA Method 101A of Appen-
dix B, 40 CFR Part 61. Method 101-A meas-
ures only Hg but it can be of special interest
to sources which need to measure both Hg
and Mn emissions.

2.0 Summary of Method

2.1 Principle. A stack sample is withdrawn
isokinetically from the source, particulate
emissions are collected in the probe and on a
heated filter, and gaseous emissions are then
collected in an aqueous acidic solution of hy-
drogen peroxide (analyzed for all metals in-
cluding Hg) and an aqueous acidic solution of
potassium permanganate (analyzed only for
Hg). The recovered samples are digested, and
appropriate fractions are analyzed for Hg by
cold vapor atomic absorption spectroscopy
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(CVAAS) and for Sb, As, Ba, Be, Cd, Cr, Co,
Cu, Pb, Mn, Ni, P, Se, Ag, T1, and Zn by in-
ductively coupled argon plasma emission
spectroscopy (ICAP) or atomic absorption
spectroscopy (AAS). Graphite furnace atom-
ic absorption spectroscopy (GFAAS) is used
for analysis of Sh, As, Cd, Co, Pb, Se, and Tl
if these elements require greater analytical
sensitivity than can be obtained by ICAP. If
one so chooses, AAS may be used for anal-
ysis of all listed metals if the resulting in-
stack method detection limits meet the goal
of the testing program. Similarly, induc-
tively coupled plasma-mass spectroscopy
(ICP-MS) may be used for analysis of Sh, As,
Ba, Be, Cd, Cr, Co, Cu, Pb, Mn, Ni, Ag, T1 and
Zn.

3.0 Definitions [Reserved]

4.0 Interferences

4.1 Iron (Fe) can be a spectral interference
during the analysis of As, Cr, and Cd by
ICAP. Aluminum (Al) can be a spectral inter-
ference during the analysis of As and Pb by
ICAP. Generally, these interferences can be
reduced by diluting the analytical sample,
but such dilution raises the in-stack detec-
tion limits. Background and overlap correc-
tions may be used to adjust for spectral
interferences. Refer to Method 6010 of Ref-
erence 2 in section 16.0 or the other analyt-
ical methods used for details on potential
interferences to this method. For all GFAAS
analyses, use matrix modifiers to limit
interferences, and matrix match all stand-
ards.

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 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 splashes. If contact oc-
curs, immediately flush with copious
amounts of water at least 15 minutes. Re-
move clothing under shower and decontami-
nate. Treat residual chemical burn as ther-
mal burn.

5.2.1 Nitric Acid (HNOs;). Highly corrosive
to eyes, skin, nose, and lungs. Vapors cause
bronchitis, pneumonia, or edema of lungs.
Reaction to inhalation may be delayed as
long as 30 hours and still be fatal. Provide
ventilation to limit exposure. Strong oxi-
dizer. Hazardous reaction may occur with or-
ganic materials such as solvents.

5.2.2 Sulfuric Acid (H>SO,). Rapidly de-
structive to body tissue. Will cause third de-
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gree burns. Eye damage may result in blind-
ness. Inhalation may be fatal from spasm of
the larynx, usually within 30 minutes. May
cause lung tissue damage with edema. 1 mg/
m3 for 8 hours will cause lung damage or, in
higher concentrations, death. Provide ven-
tilation to limit inhalation. Reacts violently
with metals and organics.

5.2.3 Hydrochloric Acid (HC1). Highly cor-
rosive liquid with toxic vapors. Vapors 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 to humans in a few min-
utes. Provide ventilation to limit exposure.
Reacts with metals, producing hydrogen gas.

5.2.4 Hydrofluoric Acid (HF'). Highly corro-
sive to eyes, skin, nose, throat, and lungs.
Reaction to exposure may be delayed by 24
hours or more. Provide ventilation to limit
exposure.

5.2.5 Hydrogen Peroxide (H,O,). Irritating
to eyes, skin, nose, and lungs. 30% H,O0, is a
strong oxidizing agent. Avoid contact with
skin, eyes, and combustible material. Wear
gloves when handling.

5.2.6 Potassium Permanganate (KMnO,).
Caustic, strong oxidizer. Avoid bodily con-
tact with.

5.2.7 Potassium Persulfate. Strong oxi-
dizer. Avoid bodily contact with. Keep con-
tainers well closed and in a cool place.

5.3 Reaction Pressure. Due to the potential
reaction of the potassium permanganate
with the acid, there could be pressure build-
up in the acidic KMnO, absorbing solution
storage bottle. Therefore these bottles shall
not be fully filled and shall be vented to re-
lieve excess pressure and prevent explosion
potentials. Venting is required, but not in a
manner that will allow contamination of the
solution. A No. 70-72 hole drilled in the con-
tainer cap and Teflon liner has been used.

6.0 Equipment and Supplies

6.1 Sampling. A schematic of the sampling
train is shown in Figure 29-1. It has general
similarities to the Method 5 train.

6.1.1 Probe Nozzle (Probe Tip) and
Borosilicate or Quartz Glass Probe Liner.
Same as Method 5, sections 6.1.1.1 and 6.1.1.2,
except that glass nozzles are required unless
alternate tips are constructed of materials
that are free from contamination and will
not interfere with the sample. If a probe tip
other than glass is used, no correction to the
sample test results to compensate for the
nozzle’s effect on the sample is allowed.
Probe fittings of plastic such as Teflon, poly-
propylene, etc. are recommended instead of
metal fittings to prevent contamination. If
one chooses to do so, a single glass piece con-
sisting of a combined probe tip and probe
liner may be used.
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6.1.2 Pitot Tube and Differential Pressure
Gauge. Same as Method 2, sections 6.1 and
6.2, respectively.

6.1.3 Filter Holder. Glass, same as Method
b, section 6.1.1.5, except use a Teflon filter
support or other non-metallic, non-contami-
nating support in place of the glass frit.

6.1.4 Filter Heating System. Same as Meth-
od 5, section 6.1.1.6.

6.1.5 Condenser. Use the following system
for condensing and collecting gaseous metals
and determining the moisture content of the
stack gas. The condensing system shall con-
sist of four to seven impingers connected in
series with leak-free ground glass fittings or
other leak-free, non-contaminating fittings.
Use the first impinger as a moisture trap.
The second impinger (which is the first
HNO5/H,O, impinger) shall be identical to the
first impinger in Method 5. The third im-
pinger (which is the second HNOs/H,0, im-
pinger) shall be a Greenburg Smith impinger
with the standard tip as described for the
second impinger in Method 5, section 6.1.1.8.
The fourth (empty) impinger and the fifth
and sixth (both acidified KMnO,4) impingers
are the same as the first impinger in Method
5. Place a temperature sensor capable of
measuring to within 1 °C (2 °F) at the outlet
of the last impinger. If no Hg analysis is
planned, then the fourth, fifth, and sixth
impingers are not used.

6.1.6 Metering System, Barometer, and Gas
Density Determination Equipment. Same as
Method 5, sections 6.1.1.9, 6.1.2, and 6.1.3, re-
spectively.

6.1.7 Teflon Tape. For capping openings and
sealing connections, if necessary, on the
sampling train.

6.2 Sample Recovery. Same as Method 5,
sections 6.2.1 through 6.2.8 (Probe-Liner and
Probe-Nozzle Brushes or Swabs, Wash Bot-
tles, Sample Storage Containers, Petri
Dishes, Glass Graduated Cylinder, Plastic
Storage Containers, Funnel and Rubber Po-
liceman, and Glass Funnel), respectively,
with the following exceptions and additions:

6.2.1 Non-metallic Probe-Liner and Probe-
Nozzle Brushes or Swabs. Use non-metallic
probe-liner and probe-nozzle brushes or
swabs for quantitative recovery of materials
collected in the front-half of the sampling
train.

6.2.2 Sample Storage Containers. Use glass
bottles (see section 8.1 of this Method) with
Teflon-lined caps that are non-reactive to
the oxidizing solutions, with capacities of
1000- and 500-ml, for storage of acidified
KMnO,—containing samples and blanks.
Glass or polyethylene bottles may be used
for other sample types.

6.2.3 Graduated Cylinder. Glass or equiva-
lent.

6.2.4 Funnel. Glass or equivalent.

6.2.5 Liabels. For identifying samples.
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6.2.6 Polypropylene Tweezers and/or Plastic
Gloves. For recovery of the filter from the
sampling train filter holder.

6.3 Sample Preparation and Analysis.

6.3.1 Volumetric Flasks, 100-ml, 250-ml, and
1000-ml. For preparation of standards and
sample dilutions.

6.3.2 Graduated Cylinders. For preparation
of reagents.

6.3.3 Parr Bombs or Microwave Pressure
Relief Vessels with Capping Station (CEM
Corporation model or equivalent). For sam-
ple digestion.

6.3.4 Beakers and Watch Glasses. 250-ml
beakers, with watch glass covers, for sample
digestion.

6.3.5 Ring Stands and Clamps. For securing
equipment such as filtration apparatus.

6.3.6 Filter Funnels. For holding filter
paper.

6.3.7 Disposable Pasteur Pipets and Bulbs.

6.3.8 Volumetric Pipets.

6.3.9 Analytical Balance. Accurate to with-
in 0.1 mg.

6.3.10 Microwave or Conventional Oven.
For heating samples at fixed power levels or
temperatures, respectively.

6.3.11 Hot Plates.

6.3.12 Atomic Absorption Spectrometer
(AAS). Equipped with a background cor-
rector.

6.3.12.1 Graphite Furnace Attachment.
With Sb, As, Cd, Co, Pb, Se, and T1 hollow
cathode lamps (HCLs) or electrodeless dis-
charge lamps (EDLs). Same as Reference 2 in
section 16.0. Methods 7041 (Sb), 7060 (As), 7131
(Cd), 7201 (Co), 7421 (Pb), 7740 (Se), and 7841
(T1).

6.3.12.2 Cold Vapor Mercury Attachment.
With a mercury HCL or EDL, an air recir-
culation pump, a quartz cell, an aerator ap-
paratus, and a heat lamp or desiccator tube.
The heat lamp shall be capable of raising the
temperature at the quartz cell by 10 °C above
ambient, so that no condensation forms on
the wall of the quartz cell. Same as Method
7470 in Reference 2 in section 16.0. See note 2:
section 11.1.3 for other acceptable approaches
for analysis of Hg in which analytical detec-
tion limits of 0.002 ng/ml were obtained.

6.3.13 Inductively Coupled Argon Plasma
Spectrometer. With either a direct or se-
quential reader and an alumina torch. Same
as EPA Method 6010 in Reference 2 in section
16.0.

6.3.14 Inductively Coupled Plasma-Mass
Spectrometer.

Same as EPA Method 6020 in Reference 2 in
section 16.0.

7.0 Reagents and Standards

7.1 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
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available. Otherwise, use the best available
grade.

7.2 Sampling Reagents.

7.2.1 Sample Filters. Without organic bind-
ers. The filters shall contain less than 1.3 pg/
in.2 of each of the metals to be measured.
Analytical results provided by filter manu-
facturers stating metals content of the fil-
ters are acceptable. However, if no such re-
sults are available, analyze filter blanks for
each target metal prior to emission testing.
Quartz fiber filters meeting these require-
ments are recommended. However, if glass
fiber filters become available which meet
these requirements, they may be used. Filter
efficiencies and unreactiveness to sulfur di-
oxide (S0O,) or sulfur trioxide (SOs) shall be
as described in section 7.1.1 of Method 5.

7.2.2 Water. To conform to ASTM Speci-
fication D1193-77 or 91, Type II (incorporated
by reference—see §60.17). If necessary, ana-
lyze the water for all target metals prior to
field use. All target metals should be less
than 1 ng/ml.

7.2.3 HNOj;, Concentrated. Baker Instra-
analyzed or equivalent.

7.2.4 HC1, Concentrated. Baker Instra-ana-
lyzed or equivalent.

7.2.5 H>0,, 30 Percent (V/V).

7.2.6 KMnO,.

7.2.71 H,SO,4, Concentrated.

7.2.8 Silica Gel and Crushed Ice. Same as
Method 5, sections 7.1.2 and 7.1.4, respec-
tively.

7.3 Pretest Preparation of Sampling Re-
agents.

7.3.1 HNO3/H,0, Absorbing Solution, 5 Per-
cent HNO5/10 Percent H,0,. Add carefully
with stirring 50 ml of concentrated HNO; to
a 1000-ml volumetric flask containing ap-
proximately 500 ml of water, and then add
carefully with stirring 333 ml of 30 percent
H,0,. Dilute to volume with water. Mix well.
This reagent shall contain less than 2 ng/ml
of each target metal.

7.3.2 Acidic KMnO, Absorbing Solution, 4
Percent KMnO, (W/V), 10 Percent H,SO, (V/
V). Prepare fresh daily. Mix carefully, with
stirring, 100 ml of concentrated H,SO, into
approximately 800 ml of water, and add
water with stirring to make a volume of 1
liter: this solution is 10 percent H>SO, (V/V).
Dissolve, with stirring, 40 g of KMnO, into 10
percent H>SO,4 (V/V) and add 10 percent H>SO4
(V/V) with stirring to make a volume of 1
liter. Prepare and store in glass bottles to
prevent degradation. This reagent shall con-
tain less than 2 ng/ml of Hg.

Precaution: To prevent autocatalytic de-
composition of the permanganate solution,
filter the solution through Whatman 541 fil-
ter paper.

7.3.3 HNO;, 0.1 N. Add with stirring 6.3 ml
of concentrated HNO; (70 percent) to a flask
containing approximately 900 ml of water.
Dilute to 1000 ml with water. Mix well. This
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reagent shall contain less than 2 ng/ml of
each target metal.

7.3.4 HC1, 8 N. Carefully add with stirring
690 ml of concentrated HCl to a flask con-
taining 250 ml of water. Dilute to 1000 ml
with water. Mix well. This reagent shall con-
tain less than 2 ng/ml of Hg.

7.4 Glassware Cleaning Reagents.

7.4.1 HNO;, Concentrated. Fisher ACS
grade or equivalent.

7.4.2 Water. To conform to ASTM Speci-
fications D1193, Type II.

7.4.3 HNOs, 10 Percent (V/V). Add with stir-
ring 500 ml of concentrated HNO; to a flask
containing approximately 4000 ml of water.
Dilute to 5000 ml with water. Mix well. This
reagent shall contain less than 2 ng/ml of
each target metal.

7.5 Sample Digestion and Analysis Re-
agents. The metals standards, except Hg,
may also be made from solid chemicals as
described in Reference 3 in section 16.0. Refer
to References 1, 2, or 5 in section 16.0 for ad-
ditional information on Hg standards. The
1000 pg/ml Hg stock solution standard may be
made according to section 7.2.7 of Method
101A.

7.5.1 HC1, Concentrated.

7.5.2 HF, Concentrated.

7.5.3 HNOs, Concentrated. Baker Instra-
analyzed or equivalent.

7.5.4 HNOs, 50 Percent (V/V). Add with stir-
ring 125 ml of concentrated HNOs; to 100 ml of
water. Dilute to 250 ml with water. Mix well.
This reagent shall contain less than 2 ng/ml
of each target metal.

7.5.5 HNOs3, 5 Percent (V/V). Add with stir-
ring 50 ml of concentrated HNO; to 800 ml of
water. Dilute to 1000 ml with water. Mix
well. This reagent shall contain less than 2
ng/ml of each target metal.

7.5.6 Water. To conform to ASTM Speci-
fications D1193, Type II.

7.5.7 Hydroxylamine Hydrochloride and So-
dium Chloride Solution. See Reference 2 In
section 16.0 for preparation.

7.5.8 Stannous Chloride. See Reference 2 in
section 16.0 for preparation.

7.5.9 KMnO4, 5 Percent (W/V). See Ref-
erence 2 in section 16.0 for preparation.

7.5.10 H>SO,4, Concentrated.

7.5.11 Potassium Persulfate, 5 Percent (W/
V). See Reference 2 in section 16.0 for prepa-
ration.

7.5.12 Nickel Nitrate, Ni(N0s) » 6H-0.

7.5.13 Lanthanum Oxide, La0s.

7.5.14 Hg Standard (AAS Grade), 1000 ug/ml.

7.5.15 Pb Standard (AAS Grade), 1000 pg/ml.

7.5.16 As Standard (AAS Grade), 1000 ug/ml.

7.56.17 Cd Standard (AAS Grade), 1000 pg/ml.

7.5.18 Cr Standard (AAS Grade), 1000 ug/ml.

7.5.19 Sb Standard (AAS Grade), 1000 pg/ml.

7.5.20 Ba Standard (AAS Grade), 1000 ug/ml.

7.5.21 Be Standard (AAS Grade), 1000 pg/ml.

7.5.22 Co Standard (AAS Grade), 1000 pg/ml.

7.5.23 Cu Standard (AAS Grade), 1000 pg/ml.
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7.5.24 Mn Standard (AAS Grade), 1000 pg/
ml.

7.5.256 Ni Standard (AAS Grade), 1000 ug/ml.

7.5.26 P Standard (AAS Grade), 1000 pug/ml.

7.5.27 Se Standard (AAS Grade), 1000 ug/ml.

7.5.28 Ag Standard (AAS Grade), 1000 ug/ml.

7.5.29 T1 Standard (AAS Grade), 1000 ug/ml.

7.5.30 Zn Standard (AAS Grade), 1000 ug/ml.

7.5.31 Al Standard (AAS Grade), 1000 ug/ml.

7.5.32 Fe Standard (AAS Grade), 1000 ug/ml.

7.56.33 Hg Standards and Quality Control
Samples. Prepare fresh weekly a 10 ug/ml in-
termediate Hg standard by adding 5 ml of
1000 pg/ml Hg stock solution prepared ac-
cording to Method 101A to a 500-ml volu-
metric flask; dilute with stirring to 500 ml
by first carefully adding 20 ml of 15 percent
HNO; and then adding water to the 500-ml
volume. Mix well. Prepare a 200 ng/ml work-
ing Hg standard solution fresh daily: add 5
ml of the 10 pg/ml intermediate standard to
a 250-ml volumetric flask, and dilute to 250
ml with 5 ml of 4 percent KMnO,, 5 ml of 15
percent HNOs, and then water. Mix well. Use
at least five separate aliquots of the working
Hg standard solution and a blank to prepare
the standard curve. These aliquots and blank
shall contain 0.0, 1.0, 2.0, 3.0, 4.0, and 5.0 ml
of the working standard solution containing
0, 200, 400, 600, 800, and 1000 ng Hg, respec-
tively. Prepare quality control samples by
making a separate 10 ug/ml standard and di-
luting until in the calibration range.

7.56.34 ICAP Standards and Quality Control
Samples. Calibration standards for ICAP
analysis can be combined into four different
mixed standard solutions as follows:

MIXED STANDARD SOLUTIONS FOR ICAP
ANALYSIS

Solution Elements

As, Be, Cd, Mn, Pb, Se, Zn.
Ba, Co, Cu, Fe.

Al, Cr, Ni.

Ag, P, Sb, TI.

Prepare these standards by combining and
diluting the appropriate volumes of the 1000
ug/ml solutions with 5 percent HNOs;. A min-
imum of one standard and a blank can be
used to form each calibration curve. How-
ever, prepare a separate quality control sam-
ple spiked with known amounts of the target
metals in quantities in the mid-range of the
calibration curve. Suggested standard levels
are 25 pg/ml for Al, Cr and Pb, 15 pg/ml for
Fe, and 10 pg/ml for the remaining elements.
Prepare any standards containing less than 1
ug/ml of metal on a daily basis. Standards
containing greater than 1 ug/ml of metal
should be stable for a minimum of 1 to 2
weeks. For ICP-MS, follow Method 6020 in
EPA Publication SW-846 Third Edition (No-
vember 1986) including updates I, II, ITA, IIB
and III, as incorporated by reference in
§60.17(1).
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7.5.35 GFAAS Standards. Sb, As, Cd, Co,
Pb, Se, and T1. Prepare a 10 ug/ml standard
by adding 1 ml of 1000 ug/ml standard to a
100-m1 volumetric flask. Dilute with stirring
to 100 ml with 10 percent HNO;. For GFAAS,
matrix match the standards. Prepare a 100
ng/ml standard by adding 1 ml of the 10 pg/ml
standard to a 100-ml volumetric flask, and
dilute to 100 ml with the appropriate matrix
solution. Prepare other standards by diluting
the 100 ng/ml standards. Use at least five
standards to make up the standard curve.
Suggested levels are 0, 10, 50, 75, and 100 ng/
ml. Prepare quality control samples by mak-
ing a separate 10 pg/ml standard and diluting
until it is in the range of the samples. Pre-
pare any standards containing less than 1 pg/
ml of metal on a daily basis. Standards con-
taining greater than 1 ug/ml of metal should
be stable for a minimum of 1 to 2 weeks.

7.5.36 Matrix Modifiers.

7.5.36.1 Nickel Nitrate, 1 Percent (V/V).
Dissolve 4.956 g of Ni(N03),-6H,0 or other
nickel compound suitable for preparation of
this matrix modifier in approximately 50 ml
of water in a 100-ml volumetric flask. Dilute
to 100 ml with water.

7.56.36.2 Nickel Nitrate, 0.1 Percent (V/V).
Dilute 10 ml of 1 percent nickel nitrate solu-
tion to 100 ml with water. Inject an equal
amount of sample and this modifier into the
graphite furnace during GFAAS analysis for
As.

7.5.36.3 Lanthanum. Carefully dissolve
0.5864 g of La,0; in 10 ml of concentrated
HNO0;, and dilute the solution by adding it
with stirring to approximately 50 ml of
water. Dilute to 100 ml with water, and mix
well. Inject an equal amount of sample and
this modifier into the graphite furnace dur-
ing GFAAS analysis for Pb.

7.56.37 Whatman 40 and 541 Filter Papers (or
equivalent). For filtration of digested sam-
ples.

8.0 Sample Collection, Preservation, Transport,
and Storage

8.1 Sampling. The complexity of this meth-
od is such that, to obtain reliable results,
both testers and analysts must be trained
and experienced with the test procedures, in-
cluding source sampling; reagent prepara-
tion and handling; sample handling; safety
equipment and procedures; analytical cal-
culations; reporting; and the specific proce-
dural descriptions throughout this method.

8.1.1 Pretest Preparation. Follow the same
general procedure given in Method 5, section
8.1, except that, unless particulate emissions
are to be determined, the filter need not be
desiccated or weighed. First, rinse all sam-
pling train glassware with hot tap water and
then wash in hot soapy water. Next, rinse
glassware three times with tap water, fol-
lowed by three additional rinses with water.
Then soak all glassware in a 10 percent (V/V)
nitric acid solution for a minimum of 4
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hours, rinse three times with water, rinse a
final time with acetone, and allow to air dry.
Cover all glassware openings where contami-
nation can occur until the sampling train is
assembled for sampling.

8.1.2 Preliminary Determinations. Same as
Method 5, section 8.1.2.

8.1.3 Preparation of Sampling Train.

8.1.3.1 Set up the sampling train as shown
in Figure 29-1. Follow the same general pro-
cedures given in Method 5, section 8.3, except
place 100 ml of the HNOs/H,0, solution (Sec-
tion 7.3.1 of this method) in each of the sec-
ond and third impingers as shown in Figure
29-1. Place 100 ml of the acidic KMnO, ab-
sorbing solution (Section 7.3.2 of this meth-
od) in each of the fifth and sixth impingers
as shown in Figure 29-1, and transfer ap-
proximately 200 to 300 g of pre-weighed silica
gel from its container to the last impinger.
Alternatively, the silica gel may be weighed
directly in the impinger just prior to final
train assembly.

8.1.3.2 Based on the specific source sam-
pling conditions, the use of an empty first
impinger can be eliminated if the moisture
to be collected in the impingers will be less
than approximately 100 ml.

8.1.3.3 If Hg analysis will not be performed,
the fourth, fifth, and sixth impingers as
shown in Figure 29-1 are not required.

8.1.3.4 To insure leak-free sampling train
connections and to prevent possible sample
contamination problems, use Teflon tape or
other non-contaminating material instead of
silicone grease.

Precaution: Exercise extreme care to pre-
vent contamination within the train. Pre-
vent the acidic KMnO, from contacting any
glassware that contains sample material to
be analyzed for Mn. Prevent acidic H,O, from
mixing with the acidic KMnO,.

8.1.4 Leak-Check Procedures. Follow the
leak-check procedures given in Method 5,
section 8.4.2 (Pretest Leak-Check), section
8.4.3 (Leak-Checks During the Sample Run),
and section 8.4.4 (Post-Test Leak-Checks).

8.1.5 Sampling Train Operation. Follow the
procedures given in Method 5, section 8.5.
When sampling for Hg, use a procedure anal-
ogous to that described in section 8.1 of
Method 101A, 40 CFR Part 61, Appendix B, if
necessary to maintain the desired color in
the last acidified permanganate impinger.
For each run, record the data required on a
data sheet such as the one shown in Figure
5-3 of Method 5.

8.1.6 Calculation of Percent Isokinetic.
Same as Method 5, section 12.11.

8.2 Sample Recovery.

8.2.1 Begin cleanup procedures as soon as
the probe is removed from the stack at the
end of a sampling period. The probe should
be allowed to cool prior to sample recovery.
When it can be safely handled, wipe off all
external particulate matter near the tip of
the probe nozzle and place a rinsed, non-con-
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taminating cap over the probe nozzle to pre-
vent losing or gaining particulate matter. Do
not cap the probe tip tightly while the sam-
pling train is cooling; a vacuum can form in
the filter holder with the undesired result of
drawing liquid from the impingers onto the
filter.

8.2.2 Before moving the sampling train to
the cleanup site, remove the probe from the
sampling train and cap the open outlet. Be
careful not to lose any condensate that
might be present. Cap the filter inlet where
the probe was fastened. Remove the umbil-
ical cord from the last impinger and cap the
impinger. Cap the filter holder outlet and
impinger inlet. Use non-contaminating caps,
whether ground-glass stoppers, plastic caps,
serum caps, or Teflon® tape to close these
openings.

8.2.3 Alternatively, the following procedure
may be used to disassemble the train before
the probe and filter holder/oven are com-
pletely cooled: Initially disconnect the filter
holder outlet/impinger inlet and loosely cap
the open ends. Then disconnect the probe
from the filter holder or cyclone inlet and
loosely cap the open ends. Cap the probe tip
and remove the umbilical cord as previously
described.

8.2.4 Transfer the probe and filter-impinger
assembly to a cleanup area that is clean and
protected from the wind and other potential
causes of contamination or loss of sample.
Inspect the train before and during dis-
assembly and note any abnormal conditions.
Take special precautions to assure that all
the items necessary for recovery do not con-
taminate the samples. The sample is recov-
ered and treated as follows (see schematic in
Figures 29-2a and 29-2b):

8.2.5 Container No. 1 (Sample Filter). Care-
fully remove the filter from the filter holder
and place it in its labeled petri dish con-
tainer. To handle the filter, use either acid-
washed polypropylene or Teflon coated
tweezers or clean, disposable surgical gloves
rinsed with water and dried. If it is necessary
to fold the filter, make certain the particu-
late cake is inside the fold. Carefully trans-
fer the filter and any particulate matter or
filter fibers that adhere to the filter holder
gasket to the petri dish by using a dry (acid-
cleaned) nylon bristle brush. Do not use any
metal-containing materials when recovering
this train. Seal the labeled petri dish.

8.2.6 Container No. 2 (Acetone Rinse). Per-
form this procedure only if a determination
of particulate emissions is to be made. Quan-
titatively recover particulate matter and
any condensate from the probe nozzle, probe
fitting, probe liner, and front half of the fil-
ter holder by washing these components with
a total of 100 ml of acetone, while simulta-
neously taking great care to see that no dust
on the outside of the probe or other surfaces
gets in the sample. The use of exactly 100 ml
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is necessary for the subsequent blank correc-
tion procedures. Distilled water may be used
instead of acetone when approved by the Ad-
ministrator and shall be used when specified
by the Administrator; in these cases, save a
water blank and follow the Administrator’s
directions on analysis.

8.2.6.1 Carefully remove the probe nozzle,
and clean the inside surface by rinsing with
acetone from a wash bottle while brushing
with a non-metallic brush. Brush until the
acetone rinse shows no visible particles, then
make a final rinse of the inside surface with
acetone.

8.2.6.2 Brush and rinse the sample exposed
inside parts of the probe fitting with acetone
in a similar way until no visible particles re-
main. Rinse the probe liner with acetone by
tilting and rotating the probe while squirt-
ing acetone into its upper end so that all in-
side surfaces will be wetted with acetone.
Allow the acetone to drain from the lower
end into the sample container. A funnel may
be used to aid in transferring liquid washings
to the container. Follow the acetone rinse
with a non-metallic probe brush. Hold the
probe in an inclined position, squirt acetone
into the upper end as the probe brush is
being pushed with a twisting action three
times through the probe. Hold a sample con-
tainer underneath the lower end of the
probe, and catch any acetone and particulate
matter which is brushed through the probe
until no visible particulate matter is carried
out with the acetone or until none remains
in the probe liner on visual inspection. Rinse
the brush with acetone, and quantitatively
collect these washings in the sample con-
tainer. After the brushing, make a final ace-
tone rinse of the probe as described above.

8.2.6.3 It is recommended that two people
clean the probe to minimize sample losses.
Between sampling runs, keep brushes clean
and protected from contamination. Clean the
inside of the front-half of the filter holder by
rubbing the surfaces with a non-metallic
brush and rinsing with acetone. Rinse each
surface three times or more if needed to re-
move visible particulate. Make a final rinse
of the brush and filter holder. After all ace-
tone washings and particulate matter have
been collected in the sample container,
tighten the lid so that acetone will not leak
out when shipped to the laboratory. Mark
the height of the fluid level to determine
whether or not leakage occurred during
transport. Clearly label the container to
identify its contents.

8.2.7 Container No. 3 (Probe Rinse). Keep
the probe assembly clean and free from con-
tamination during the probe rinse. Rinse the
probe nozzle and fitting, probe liner, and
front-half of the filter holder thoroughly
with a total of 100 ml of 0.1 N HNOs;, and
place the wash into a sample storage con-
tainer. Perform the rinses as applicable and
generally as described in Method 12, section
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8.7.1. Record the volume of the rinses. Mark
the height of the fluid level on the outside of
the storage container and use this mark to
determine if leakage occurs during trans-
port. Seal the container, and clearly label
the contents. Finally, rinse the nozzle, probe
liner, and front-half of the filter holder with
water followed by acetone, and discard these
rinses.

NoOTE: The use of a total of exactly 100 ml
is necessary for the subsequent blank correc-
tion procedures.

8.2.8 Container No. 4 (Impingers 1 through
3, Moisture Knockout Impinger, when used,
HNOs/H,0, Impingers Contents and Rinses).
Due to the potentially large quantity of lig-
uid involved, the tester may place the im-
pinger solutions from impingers 1 through 3
in more than one container, if necessary.
Measure the liquid in the first three
impingers to within 0.5 ml using a graduated
cylinder. Record the volume. This informa-
tion is required to calculate the moisture
content of the sampled flue gas. Clean each
of the first three impingers, the filter sup-
port, the back half of the filter housing, and
connecting glassware by thoroughly rinsing
with 100 ml of 0.1 N HNO; using the proce-
dure as applicable in Method 12, section 8.7.3.

NoOTE: The use of exactly 100 ml of 0.1 N
HNO; rinse is necessary for the subsequent
blank correction procedures. Combine the
rinses and impinger solutions, measure and
record the final total volume. Mark the
height of the fluid level, seal the container,
and clearly label the contents.

8.2.9 Container Nos. 5A (0.1 N HNO;), 5B
(KMnO4/H,S0, absorbing solution), and 5C (8
N HCI rinse and dilution).

8.2.9.1 When sampling for Hg, pour all the
liquid from the impinger (normally impinger
No. 4) that immediately preceded the two
permanganate impingers into a graduated
cylinder and measure the volume to within
0.5 ml. This information is required to cal-
culate the moisture content of the sampled
flue gas. Place the liquid in Container No.
5A. Rinse the impinger with exactly 100 ml of
0.1 N HNO; and place this rinse in Container
No. 5A.

8.2.9.2 Pour all the liquid from the two per-
manganate impingers into a graduated cyl-
inder and measure the volume to within 0.5
ml. This information is required to calculate
the moisture content of the sampled flue gas.
Place this acidic KMnO4 solution into Con-
tainer No. 5B. Using a total of exactly 100 ml
of fresh acidified KMnO, solution for all
rinses (approximately 33 ml per rinse), rinse
the two permanganate impingers and con-
necting glassware a minimum of three times.
Pour the rinses into Container No. 5B, care-
fully assuring transfer of all loose precip-
itated materials from the two impingers.
Similarly, using 100 ml total of water, rinse
the permanganate impingers and connecting
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glass a minimum of three times, and pour
the rinses into Container 5B, carefully assur-
ing transfer of any loose precipitated mate-
rial. Mark the height of the fluid level, and
clearly label the contents. Read the Pre-
caution: in section 7.3.2.

NoTE: Due to the potential reaction of
KMnO, with acid, pressure buildup can occur
in the sample storage bottles. Do not fill
these bottles completely and take pre-
cautions to relieve excess pressure. A No. 70—
72 hole drilled in the container cap and Tef-
lon liner has been used successfully.

8.2.9.3 Wash the two permanganate
impingers with 26 ml of 8 N HCI, and place
the wash in a separate sample container la-
beled No. 5C containing 200 ml of water.
First, place 200 ml of water in the container.
Then wash the impinger walls and stem with
the 8 N HC1 by turning the impinger on its
side and rotating it so that the HCI contacts
all inside surfaces. Use a total of only 25 ml
of 8 N HC1 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 256 ml of 8 N HCI rinse
carefully into the container with the 200 ml
of water. Mark the height of the fluid level
on the outside of the container in order to
determine if leakage occurs during trans-
port.

8.2.10 Container No. 6 (Silica Gel). Note the
color of the indicating silica gel to deter-
mine whether it has been completely spent
and make a notation of its condition. Trans-
fer the silica gel from its impinger to its
original container and seal it. The tester
may use a funnel to pour the silica gel and
a rubber policeman to remove the silica gel
from the impinger. The small amount of par-
ticles that might 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 im-
pinger is used for moisture calculations. Al-
ternatively, if a balance is available in the
field, record the weight of the spent silica gel
(or silica gel plus impinger) to the nearest 0.5

g.

8.2.11 Container No. 7 (Acetone Blank). If
particulate emissions are to be determined,
at least once during each field test, place a
100-m1 portion of the acetone used in the
sample recovery process into a container la-
beled No. 7. Seal the container.

8.2.12 Container No. 8A (0.1 N HNO; Blank).
At least once during each field test, place 300
ml of the 0.1 N HNO; solution used in the
sample recovery process into a container la-
beled No. 8A. Seal the container.

8.2.13 Container No. 8B (Water Blank). At
least once during each field test, place 100 ml
of the water used in the sample recovery
process into a container labeled No. 8B. Seal
the container.
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8.2.14 Container No. 9 (5 Percent HNO3/10
Percent H,O, Blank). At least once during
each field test, place 200 ml of the 5 Percent
HNO3/10 Percent H,O, solution used as the ni-
tric acid impinger reagent into a container
labeled No. 9. Seal the container.

8.2.15 Container No. 10 (Acidified KMnO,4
Blank). At least once during each field test,
place 100 ml of the acidified KMnO, solution
used as the impinger solution and in the
sample recovery process into a container la-
beled No. 10. Prepare the container as de-
scribed in section 8.2.9.2. Read the Pre-
caution: in section 7.3.2 and read the note in
section 8.2.9.2.

8.2.16 Container No. 11 (8 N HCI1 Blank). At
least once during each field test, place 200 ml
of water into a sample container labeled No.
11. Then carefully add with stirring 25 ml of
8 N HCI. Mix well and seal the container.

8.2.17 Container No. 12 (Sample Filter
Blank). Once during each field test, place
into a petri dish labeled No. 12 three unused
blank filters from the same lot as the sam-
pling filters. Seal the petri dish.

8.3 Sample Preparation. Note the level of
the liquid in each of the containers and de-
termine if any sample was lost during ship-
ment. If a noticeable amount of leakage has
occurred, either void the sample or use
methods, subject to the approval of the Ad-
ministrator, to correct the final results. A
diagram illustrating sample preparation and
analysis procedures for each of the sample
train components is shown in Figure 29-3.

8.3.1 Container No. 1 (Sample Filter).

8.3.1.1 If particulate emissions are being de-
termined, first desiccate the filter and filter
catch without added heat (do not heat the
filters to speed the drying) and weigh to a
constant weight as described in section 11.2.1
of Method 5.

8.3.1.2 Following this procedure, or ini-
tially, if particulate emissions are not being
determined in addition to metals analysis,
divide the filter with its filter catch into
portions containing approximately 0.5 g
each. Place the pieces in the analyst’s choice
of either individual microwave pressure re-
lief vessels or Parr Bombs. Add 6 ml of con-
centrated HNOs and 4 ml of concentrated HF
to each vessel. For microwave heating,
microwave the samples for approximately 12
to 15 minutes total heating time 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 alter-
nation until the 12 to 15 minutes total heat-
ing time are completed (this procedure
should comprise approximately 24 to 30 min-
utes at 600 watts). Microwave heating times
are approximate and are dependent upon the
number of samples being digested simulta-
neously. Sufficient heating is evidenced by
sorbent reflux within the vessel. For conven-
tional heating, heat the Parr Bombs at 140 °C
(285 °F) for 6 hours. Then cool the samples to
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room temperature, and combine with the
acid digested probe rinse as required in sec-
tion 8.3.3.

8.3.1.3 If the sampling train includes an op-
tional glass cyclone in front of the filter,
prepare and digest the cyclone catch by the
procedures described in section 8.3.1.2 and
then combine the digestate with the digested
filter sample.

8.3.2 Container No. 2 (Acetone Rinse). Note
the level of liquid in the container and con-
firm on the analysis sheet whether or not
leakage occurred during transport. If a no-
ticeable amount of leakage has occurred, ei-
ther void the sample or use methods, subject
to the approval of the Administrator, to cor-
rect the final results. Measure the liquid in
this container either volumetrically within 1
ml or gravimetrically within 0.5 g. Transfer
the contents to an acid-cleaned, tared 250-ml
beaker and evaporate to dryness at ambient
temperature and pressure. If particulate
emissions are being determined, desiccate
for 24 hours without added heat, weigh to a
constant weight according to the procedures
described in section 11.2.1 of Method 5, and
report the results to the nearest 0.1 mg. Re-
dissolve the residue with 10 ml of con-
centrated HNO;. Quantitatively combine the
resultant sample, including all liquid and
any particulate matter, with Container No. 3
before beginning section 8.3.3.

8.3.3 Container No. 3 (Probe Rinse). Verify
that the pH of this sample is 2 or lower. If it
is not, acidify the sample by careful addition
with stirring of concentrated HNO; to pH 2.
Use water to rinse the sample into a beaker,
and cover the beaker with a ribbed watch
glass. Reduce the sample volume to approxi-
mately 20 ml by heating on a hot plate at a
temperature just below boiling. Digest the
sample in microwave vessels or Parr Bombs
by quantitatively transferring the sample to
the vessel or bomb, carefully adding the 6 ml
of concentrated HNO;, 4 ml of concentrated
HF, and then continuing to follow the proce-
dures described in section 8.3.1.2. Then com-
bine the resultant sample directly with the
acid digested portions of the filter prepared
previously in section 8.3.1.2. The resultant
combined sample is referred to as ‘‘Sample
Fraction 1. Filter the combined sample
using Whatman 541 filter paper. Dilute to 300
ml (or the appropriate volume for the ex-
pected metals concentration) with water.
This diluted sample is ‘“‘Analytical Fraction
1. Measure and record the volume of Ana-
lytical Fraction 1 to within 0.1 ml. Quan-
titatively remove a 50-ml aliquot and label
as ‘“‘Analytical Fraction 1B”. Label the re-
maining 250-ml portion as ‘‘Analytical Frac-
tion 1A”°. Analytical Fraction 1A is used for
ICAP or AAS analysis for all desired metals
except Hg. Analytical Fraction 1B is used for
the determination of front-half Hg.

8.3.4 Container No. 4 (Impingers 1-3). Meas-
ure and record the total volume of this sam-
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ple to within 0.5 ml and label it “Sample
Fraction 2. Remove a 75- to 100-ml aliquot
for Hg analysis and label the aliquot “Ana-
lytical Fraction 2B’’. Label the remaining por-
tion of Container No. 4 as ““Sample Fraction
24, Sample Fraction 2A defines the volume
of Analytical Fraction 2A prior to digestion.
All of Sample Fraction 2A is digested to
produce “Analytical Fraction 2A”’. Analytical
Fraction 2A defines the volume of Sample
Fraction 2A after its digestion and the vol-
ume of Analytical Fraction 2A is normally
150 ml. Analytical Fraction 2A is analyzed
for all metals except Hg. Verify that the pH
of Sample Fraction 2A is 2 or lower. If nec-
essary, use concentrated HNOs; by careful ad-
dition and stirring to lower Sample Fraction
2A to pH 2. Use water to rinse Sample Frac-
tion 2A into a beaker and then cover the
beaker with a ribbed watchglass. Reduce
Sample Fraction 2A to approximately 20 ml
by heating on a hot plate at a temperature
just below boiling. Then follow either of the
digestion procedures described in sections
8.3.4.1 or 8.3.4.2.

8.3.4.1 Conventional Digestion Procedure.
Add 30 ml of 50 percent HNO3, and heat for 30
minutes on a hot plate to just below boiling.
Add 10 ml of 3 percent H,O, 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. This di-
lution produces Analytical Fraction 2A.
Measure and record the volume to within 0.1
ml.

8.3.4.2 Microwave Digestion Procedure. Add
10 ml of 50 percent HNO; and heat for 6 min-
utes total heating time in alternations 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 8.3.1. Allow
the sample to cool. Add 10 ml of 3 percent
H,0, 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 1560 ml (or the appropriate volume for the
expected metals concentrations) with water.
This dilution produces Analytical Fraction
2A. Measure and record the volume to within
0.1 ml.

NoOTE: All microwave heating times given
are approximate and are dependent upon the
number of samples being digested at a time.
Heating times as given above have been
found acceptable for simultaneous digestion
of up to 12 individual samples. Sufficient
heating is evidenced by solvent reflux within
the vessel.

8.3.5 Container No. 5A (Impinger 4), Con-
tainer Nos. 5B and 5C (Impingers 5 and 6).
Keep the samples in Containers Nos. bA, 5B,
and 5C separate from each other. Measure
and record the volume of 5A to within 0.5 ml.
Label the contents of Container No. 5A to be
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Analytical Fraction 3A. To remove any
brown MnO, precipitate from the contents of
Container No. 5B, filter its contents through
Whatman 40 filter paper into a 500 ml volu-
metric flask and dilute to volume with
water. Save the filter for digestion of the
brown MnO, precipitate. Label the 500 m1 fil-
trate from Container No. 5B to be Analytical
Fraction 3B. Analyze Analytical Fraction 3B
for Hg within 48 hours of the filtration step.
Place the saved filter, which was used to re-
move the brown MnO, 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 256 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 Con-
tainer No. 5C through a Whatman 40 filter
into a 500-ml volumetric flask. Then filter
the result of the digestion of the brown MnO,
from Container No. 5B through a Whatman
40 filter into the same 500-ml volumetric
flask, and dilute and mix well to volume
with water. Discard the Whatman 40 filter.
Mark this combined 500-ml dilute HC1 solu-
tion as Analytical Fraction 3C.

8.3.6 Container No. 6 (Silica Gel). Weigh the
spent silica gel (or silica gel plus impinger)
to the nearest 0.5 g using a balance.

9.0 Quality Control

9.1 Field Reagent Blanks, if analyzed. Per-
form the digestion and analysis of the blanks
in Container Nos. 7 through 12 that were pro-
duced in sections 8.2.11 through 8.2.17, respec-
tively. For Hg field reagent blanks, use a 10
ml aliquot for digestion and analysis.

9.1.1 Digest and analyze one of the filters
from Container No. 12 per section 8.3.1, 100
ml from Container No. 7 per section 8.3.2, and
100 ml from Container No. 8A per section
8.3.3. This step produces blanks for Analyt-
ical Fractions 1A and 1B.

9.1.2 Combine 100 ml of Container No. 8A
with 200 ml from Container No. 9, and digest
and analyze the resultant volume per section
8.3.4. This step produces blanks for Analyt-
ical Fractions 2A and 2B.

9.1.3 Digest and analyze a 100-ml portion of
Container No. 8A to produce a blank for Ana-
lytical Fraction 3A.

9.1.4 Combine 100 ml from Container No. 10
with 33 ml from Container No. 8B to produce
a blank for Analytical Fraction 3B. Filter
the resultant 133 ml as described for Con-
tainer No. 5B in section 8.3.5, except do not
dilute the 133 ml. Analyze this blank for Hg
within 48 hr of the filtration step, and use 400
ml as the blank volume when calculating the
blank mass value. Use the actual volumes of
the other analytical blanks when calculating
their mass values.

9.1.5 Digest the filter that was used to re-
move any brown MnO, precipitate from the
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blank for Analytical Fraction 3B by the
same procedure as described in section 8.3.5
for the similar sample filter. Filter the
digestate and the contents of Container No.
11 through Whatman 40 paper into a 500-ml
volumetric flask, and dilute to volume with
water. These steps produce a blank for Ana-
lytical Fraction 3C.

9.1.6 Analyze the blanks for Analytical
Fraction Blanks 1A and 2A per section 11.1.1
and/or section 11.1.2. Analyze the blanks for
Analytical Fractions 1B, 2B, 3A, 3B, and 3C
per section 11.1.3. Analysis of the blank for
Analytical Fraction 1A produces the front-
half reagent blank correction values for the
desired metals except for Hg; Analysis of the
blank for Analytical Fraction 1B produces
the front-half reagent blank correction value
for Hg. Analysis of the blank for Analytical
Fraction 2A produces the back-half reagent
blank correction values for all of the desired
metals except for Hg, while separate anal-
yses of the blanks for Analytical Fractions
2B, 3A, 3B, and 3C produce the back-half rea-
gent blank correction value for Hg.

9.2 Quality Control Samples. Analyze the
following quality control samples.

9.2.1 ICAP and ICP-MS Analysis. Follow
the respective quality control descriptions in
section 8 of Methods 6010 and 6020 in EPA
Publication SW-846 Third Edition (November
1986) including updates I, II, ITA, IIB and III,
as incorporated by reference in §60.17(i). For
the purposes of a source test that consists of
three sample runs, modify those require-
ments to include the following: two instru-
ment check standard runs, two calibration
blank runs, one interference check sample at
the beginning of the analysis (analyze by
Method of Standard Additions unless within
25 percent), one quality control sample to
check the accuracy of the calibration stand-
ards (required to be within 25 percent of cali-
bration), and one duplicate analysis (re-
quired to be within 20 percent of average or
repeat all analyses).

9.2.2 Direct Aspiration AAS and/or GFAAS
Analysis for Sb, As, Ba, Be, Cd, Cu, Cr, Co,
Pb, Ni, Mn, Hg, P, Se, Ag, Tl, and Zn. Ana-
lyze all samples in duplicate. Perform a ma-
trix spike on at least one front-half sample
and one back-half sample, or one combined
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
quality control sample to check the accu-
racy of the calibration standards. If the re-
sults are not within 20 percent, repeat the
calibration.

9.2.3 CVAAS Analysis for Hg. Analyze all
samples in duplicate. Analyze a quality con-
trol sample to check the accuracy of the
calibration standards (if not within 15 per-
cent, repeat calibration). Perform a matrix
spike on one sample (if not within 25 percent,
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analyze all samples by the Method of Stand-
ard Additions). Additional information on
quality control can be obtained from Method
7470 in EPA Publication SW-846 Third Edi-
tion (November 1986) including updates I, II,
ITA, IIB and III, as incorporated by reference
in §60.17(i), or in Standard Methods for Water
and Wastewater Method 303F.

10.0 Calibration and Standardication

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

10.1 Sampling Train Calibration. Calibrate
the sampling train components according to
the indicated sections of Method 5: Probe
Nozzle (Section 10.1); Pitot Tube (Section
10.2); Metering System (Section 10.3); Probe
Heater (Section 10.4); Temperature Sensors
(Section 10.5); Leak-Check of the Metering
System (Section 8.4.1); and Barometer (Sec-
tion 10.6).

10.2 Inductively Coupled Argon Plasma
Spectrometer Calibration. Prepare standards
as outlined in section 7.5. Profile and cali-
brate the instrument according to the manu-
facturer’s recommended procedures using
those standards. Check the calibration once
per hour. If the instrument does not repro-
duce the standard concentrations within 10
percent, perform the complete calibration
procedures. Perform ICP-MS analysis by fol-
lowing Method 6020 in EPA Publication SW-
846 Third Edition (November 1986) including
updates I, I, ITA, IIB and III, as incorporated
by reference in §60.17(i).

10.3 Atomic Absorption Spectrometer—Di-
rect Aspiration AAS, GFAAS, and CVAAS
analyses. Prepare the standards as outlined
in section 7.5 and use them to calibrate the
spectrometer. Calibration procedures are
also outlined in the EPA methods referred to
in Table 29-2 and in Method 7470 in EPA Pub-
lication SW-846 Third Edition (November
1986) including updates I, II, IIA, IIB and III,
as incorporated by reference in §60.17(i), or
in Standard Methods for Water and Wastewater
Method 303F (for Hg). Run each standard
curve in duplicate and use the mean values
to calculate the calibration line. Recalibrate
the instrument approximately once every 10
to 12 samples.

10.4 Field Balance Calibration Check.
Check the calibration of the balance used to
weigh impingers with a weight that is at
least 500g or within 50g of a loaded impinger.
The weight must be ASTM E617-13 ‘‘Stand-
ard Specification for Laboratory Weights
and Precision Mass Standards’ (incorporated
by reference-see 40 CFR 60.17) Class 6 (or bet-
ter). Daily before use, the field balance must
measure the weight within +0.5g of the cer-
tified mass. If the daily balance calibration
check fails, perform corrective measures and
repeat the check before using balance.

10.5 Analytical Balance Calibration. Per-
form a multipoint calibration (at least five
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points spanning the operational range) of the
analytical balance before the first use, and
semiannually thereafter. The calibration of
the analytical balance must be conducted
using ASTM E617-13 ‘‘Standard Specification
for Laboratory Weights and Precision Mass
Standards’ (incorporated by reference—see
40 CFR 60.17) Class 2 (or better) tolerance
weights. Audit the balance each day it is
used for gravimetric measurements by
weighing at least one ASTM E617-13 Class 2
tolerance (or better) calibration weight that
corresponds to 50 to 150 percent of the weight
of one filter or between 1g and 5g. If the scale
cannot reproduce the value of the calibration
weight to within 0.5 mg of the certified mass,
perform corrective measures, and conduct
the multipoint calibration before use.

11.0 Analytical Procedure

11.1 Sample Analysis. For each sampling
train sample run, seven individual analytical
samples are generated; two for all desired
metals except Hg, and five for Hg. A sche-
matic identifying each sample container and
the prescribed analytical preparation and
analysis scheme is shown in Figure 29-3. The
first two analytical samples, labeled Analyt-
ical Fractions 1A and 1B, consist of the di-
gested samples from the front-half of the
train. Analytical Fraction 1A is for ICAP,
ICP-MS or AAS analysis as described in sec-
tions 11.1.1 and 11.1.2, respectively. Analyt-
ical Fraction 1B is for front-half Hg analysis
as described in section 11.1.3. The contents of
the back-half of the train are used to prepare
the third through seventh analytical sam-
ples. The third and fourth analytical sam-
ples, labeled Analytical Fractions 2A and 2B,
contain the samples from the moisture re-
moval impinger No. 1, if used, and HNOs/H,0,
impingers Nos. 2 and 3. Analytical Fraction
2A is for ICAP, ICP-MS or AAS analysis for
target metals, except Hg. Analytical Frac-
tion 2B is for analysis for Hg. The fifth
through seventh analytical samples, labeled
Analytical Fractions 3A, 3B, and 3C, consist
of the impinger contents and rinses from the
empty impinger No. 4 and the H,SO,/KMnO,
Impingers Nos. 5 and 6. These analytical
samples are for analysis for Hg as described
in section 11.1.3. The total back-half Hg
catch is determined from the sum of Analyt-
ical Fractions 2B, 3A, 3B, and 3C. Analytical
Fractions 1A and 2A can be combined propor-
tionally prior to analysis.

11.1.1 ICAP and ICP-MS Analysis. Analyze
Analytical Fractions 1A and 2A by ICAP
using Method 6010 or Method 200.7 (40 CFR
136, Appendix C). Calibrate the ICAP, and set
up an analysis program as described in Meth-
od 6010 or Method 200.7. Follow the quality
control procedures described in section 9.2.1.
Recommended wavelengths for analysis are
as shown in Table 29-2. These wavelengths
represent the best combination of specificity
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and potential detection limit. Other wave-
lengths may be substituted if they can pro-
vide the needed specificity and detection
limit, and are treated with the same correc-
tive techniques for spectral interference. Ini-
tially, 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 ICP-MS analysis by fol-
lowing Method 6020 in EPA Publication SW—
846 Third Edition (November 1986) including
updates I, I, ITA, IIB and III, as incorporated
by reference in §60.17(i).

NOTE: When analyzing samples in a HF ma-
trix, an alumina torch should be used; since
all front-half samples will contain HF, use
an alumina torch.

11.1.2 AAS by Direct Aspiration and/or
GFAAS. If analysis of metals in Analytical
Fractions 1A and 2A by using GFAAS or di-
rect aspiration AAS is needed, use Table 29—
3 to determine which techniques and proce-
dures to apply for each target metal. Use
Table 29-3, if necessary, to determine tech-
niques for minimization of interferences.
Calibrate the instrument according to sec-
tion 10.3 and follow the quality control pro-
cedures specified in section 9.2.2.

11.1.3 CVAAS Hg analysis. Analyze Analyt-
ical Fractions 1B, 2B, 3A, 3B, and 3C sepa-
rately for Hg using CVAAS following the
method outlined in Method 7470 in EPA Pub-
lication SW-846 Third Edition (November
1986) including updates I, II, ITA, IIB and III,
as incorporated by reference in §60.17(i), or
in Standard Methods for Water and Wastewater
Analysis, 16th Edition, Method 303F, or, op-
tionally using note no. 2 at the end of this
section. Set up the calibration curve (zero to
1000 ng) as described in Method 7470 or simi-
lar to Method 303F using 300-ml BOD bottles
instead of Erlenmeyers. Perform the fol-
lowing for each Hg analysis. From each
original sample, select and record an aliquot
in the size range from 1 ml to 10 ml. 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 pg and within the range (zero to 1000
ng) of the calibration curve. Place the sam-
ple aliquot into a separate 300-ml BOD bot-
tle, and add enough water to make a total
volume of 100 ml. Next add to it sequentially
the sample digestion solutions and perform
the sample preparation described in the pro-
cedures of Method 7470 or Method 303F. (See
note no. 2 at the end of this section). If the
maximum readings are off-scale (because Hg
in the aliquot exceeded the calibration
range; including the situation where only a
1-ml aliquot of the original sample was di-
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gested), then dilute the original sample (or a
portion of it) with 0.15 percent HNO; (1.5 ml
concentrated HNO; per liter aqueous solu-
tion) so that when a 1- to 10-ml aliquot of the
¢0.15 HNO; percent dilution of the original
sample’’ is digested and analyzed by the pro-
cedures 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 in-stack detection
limit given in Table 29-1, select a 10 ml ali-
quot for digestion and analysis as described.

NOTE No. 2: Optionally, Hg can be analyzed
by using the CVAAS analytical procedures
given by some instrument manufacturer’s di-
rections. These include calibration and qual-
ity control procedures for the Leeman Model
PS200, the Perkin Elmer FIAS systems, and
similar models, if available, of other instru-
ment manufacturers. For digestion and anal-
yses by these instruments, perform the fol-
lowing two steps: (1), Digest the sample ali-
quot through the addition of the aqueous hy-
droxylamine hydrochloride/sodium chloride
solution the same as described in this sec-
tion: (The Leeman, Perkin Elmer, and similar
instruments described in this note add automati-
cally the mecessary stannous chloride solution
during the automated analysis of Hg.); (2),
Upon completion of the digestion described
in (1), analyze the sample according to the
instrument manufacturer’s directions. This
approach allows multiple (including dupli-
cate) automated analyses of a digested sam-
ple aliquot.

12.0 Data Analysis and Calculations

12.1 Nomenclature.

A = Analytical detection limit, pg/ml.

B = Liquid volume of digested sample prior
to aliquotting for analysis, ml.

C = Stack sample gas volume, dsms3.

C.i = Concentration of metal in Analytical
Fraction 1A as read from the standard
curve, ug/ml.

C.> = Concentration of metal in Analytical
Fraction 2A as read from the standard
curve, (ug/ml).

C, = Concentration of a metal in the stack
gas, mg/dscm.

D = In-stack detection limit, ug/ms.

F. = Aliquot factor, volume of Sample Frac-
tion 2 divided by volume of Sample Frac-
tion 2A (see section 8.3.4.)

F4 = Dilution factor (Fyq = the inverse of the
fractional portion of the concentrated
sample in the solution actually used in
the instrument to produce the reading
C.i. For example, if a 2 ml aliquot of Ana-
lytical Fraction 1A is diluted to 10 ml to
place it in the calibration range, Fq = 5).

Hgy,n = Total mass of Hg collected in the
back-half of the sampling train, pg.

Hgwno = Total mass of Hg collected in Sample
Fraction 2, ug.
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Hgunia,s.c) = Total mass of Hg collected sepa-
rately in Fraction 3A, 3B, or 3C, ug.

Hgww, = Blank correction value for mass of
Hg detected in back-half field reagent
blanks, ug.

Hgp = Total mass of Hg collected in the
front-half of the sampling train (Sample
Fraction 1), ng.

Hgmp = Blank correction value for mass of Hg
detected in front-half field reagent
blank, ug.

Hg, = Total mass of Hg collected in the sam-
pling train, pg.

M,, = Total mass of each metal (except Hg)
collected in the back-half of the sam-
pling train (Sample Fraction 2), pug.

My = Blank correction value for mass of
metal detected in back-half field reagent
blank, ug.

M;j, = Total mass of each metal (except Hg)
collected in the front half of the sam-
pling train (Sample Fraction 1), ug.

Mp, = Blank correction value for mass of
metal detected in front-half field reagent
blank, ug.

M, = Total mass of each metal (separately
stated for each metal) collected in the
sampling train, pg.

M, = Total mass of that metal collected in
the sampling train, pg; (substitute Hg
for M, for the H, calculation).

Qon2 = Quantity of Hg, ug, TOTAL in the ALI-
QUOT of Analytical Fraction 2B selected
for digestion and analysis .

NOTE: For example, if a 10 ml aliquot of
Analytical Fraction 2B is taken and digested
and analyzed (according to section 11.1.3 and
its notes nos. 1 and 2), then calculate and use
the total amount of Hg in the 10 ml aliquot
for Quna.

Qbh3a.o) = Quantity of Hg, ug, TOTAL, sepa-
rately, in the ALIQUOT of Analytical Frac-
tion 34, 3B, or 3C selected for digestion and
analysis (see notes in sections 12.7.1 and
12.7.2 describing the quantity “Q” and
calculate similarly).

Qm = Quantity of Hg, pg, TOTAL in the ALI-
QUOT of Analytical Fraction 1B selected
for digestion and analysis.

NoTE: For example, if a 10 ml aliquot of
Analytical Fraction 1B is taken and digested
and analyzed (according to section 11.1.3 and
its notes nos. 1 and 2), then calculate and use
the total amount of Hg in the 10 ml aliquot
for th.

V. = Total volume of digested sample solu-
tion (Analytical Fraction 2A), ml (see
section 8.3.4.1 or 8.3.4.2, as applicable).

Vs = Volume of aliquot of Analytical Frac-
tion 1B analyzed, ml.

NOTE: For example, if a 1 ml aliquot of An-
alytical Fraction 1B was diluted to 50 ml
with 0.15 percent HNO; as described in sec-
tion 11.1.3 to bring it into the proper analyt-
ical range, and then 1 ml of that 50-ml was
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digested according to section 11.1.3 and ana-
lyzed, Vg would be 0.02 ml.

Ve = Volume of Analytical Fraction 2B ana-
lyzed, ml.

NoOTE: For example, if 1 ml of Analytical
Fraction 2B was diluted to 10 ml with 0.15
percent HNO; as described in section 11.1.3 to
bring it into the proper analytical range, and
then 5 ml of that 10 ml was analyzed, Vs
would be 0.5 ml.

V.o = Volume, separately, of Analytical
Fraction 3A, 3B, or 3C analyzed, ml (see
previous notes in sections 12.7.1 and
12.7.2, describing the quantity “V’’ and
calculate similarly).

Vmesay = Volume of gas sample as measured
by the dry gas meter, corrected to dry
standard conditions, dscm.

Vsom1 = Total volume of digested sample so-
lution (Analytical Fraction 1), ml.

Viom,1 = Total volume of Analytical Fraction
1, ml.

Viomz = Total volume of Sample Fraction 2,
ml.

Veomsape = Total volume, separately, of
Analytical Fraction 3A, 3B, or 3C, ml.

K4 = 1073 mg/ug.

12.2 Dry Gas Volume. Using the data from
this test, calculate Vi), the dry gas sample
volume at standard conditions as outlined in
section 12.3 of Method 5.

12.3 Volume of Water Vapor and Moisture
Content. Using the total volume of conden-
sate collected during the source sampling,
calculate the volume of water vapor Vysua
and the moisture content B, of the stack
gas. Use Equations 5-2 and 5-3 of Method 5.

12.4 Stack Gas Velocity. Using the data
from this test and Equation 2-9 of Method 2,
calculate the average stack gas velocity.

12.5 In-Stack Detection Limits. Calculate
the in-stack method detection limits shown
in Table 29-4 using the conditions described
in section 13.3.1 as follows:

B
Ax—=D  Eq.29-1
C
12.6 Metals (Except Hg) in Source Sample.
12.6.1 Analytical Fraction 1A, Front-Half,
Metals (except Hg). Calculate separately the
amount of each metal collected in Sample
Fraction 1 of the sampling train using the
following equation:

Mg, = CyFq Vo Eq. 29-2

NoTE: If Analytical Fractions 1A and 2A
are combined, use proportional aliquots.
Then make appropriate changes in Equations
29-2 through 29-4 to reflect this approach.

12.6.2 Analytical Fraction 2A, Back-Half,
Metals (except Hg). Calculate separately the
amount of each metal collected in Fraction
2 of the sampling train using the following
equation:

634



Environmental Protection Agency

M,, =C,EV,  Eq.293

M, = (th _Mmb)+(Mbh _Mbhb)

NoTE: If the measured blank value for the
front half (Mg,) is in the range 0.0 to “A’ g
(where “A” pg equals the value determined
by multiplying 1.4 pg/in.2 times the actual
area in in.2 of the sample filter), use Mgy to
correct the emission sample value (Mpy); if
M, exceeds ‘A’ ug, use the greater of I or
II:

I. “A” ug.

II. The lesser of (a) My, or (b) 5 percent of
M. If the measured blank value for the
back-half (Mpny) is in the range 0.0 to 1 nug,
use My to correct the emission sample
value (Mpn); if Mpw, exceeds 1 ug, use the
greater of I or II:

I.1pg.

II. The lesser of (a) Mpw, Or (b) 5 percent of
Mhh.

12.7 Hg in Source Sample.

Hgyhsa.0) = Viano

12.7.2.3 Calculate the total amount of Hg
collected in the back-half of the sampling
train by using Equation 29-8:

Hgy, = Hgpno + HEpnsa + Hepnsp + Hepnse

12.7.3 Total Train Hg Catch. Calculate the
total amount of Hg collected in the sampling
train by using Equation 29-9:

Hg, = (Hgm _Hgfhb)+(Hgbh _Hgbhb)

NoTE: If the total of the measured blank
values (Hgmp + Hgpnp) is in the range of 0.0 to
0.6 ng, then use the total to correct the sam-
ple value (Hgm + Hguh); if it exceeds 0.6 pg,
use the greater of 1. or II:

I. 0.6 ug.

Q
bh3(A,B,C) (V
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12.6.3 Total Train, Metals (except Hg). Cal-
culate the total amount of each of the quan-
tified metals collected in the sampling train
as follows:

Eq. 29-4

12.7.1 Analytical Fraction 1B; Front-Half
Hg. Calculate the amount ofHg collected in
the front-half, Sample Fraction 1, of the
sampling train by using Equation 29-5:

Q
Hep =™ (Voma)  Eg. 29-5
VﬂB
12.7.2 Analytical Fractions 2B, 3A, 3B, and
3C; Back Half Hg.
12.7.2.1 Calculate the amount of Hg col-
lected in Sample Fraction 2 by using Equa-
tion 29-6:

Q
Hgypo = _Vbh2 (Vsoln,Z) Eq. 29-6
2B

12.7.2.2 Calculate each of the back-half Hg
values for Analytical Fractions 3A, 3B, and
3C by using Equation 29-7:

soln,3(A,B,C)) Eq. 29-7

Eq. 29-8

Eq. 29-9

II. The lesser of (a) (Hgmb» + Hbn»), or (b) 5
percent of the sample value (Hgm + HZpn).

12.8 Individual Metal Concentrations in
Stack Gas. Calculate the concentration of
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each metal in the stack gas (dry basis, ad-
justed to standard conditions) by using
Equation 29-10:

KM kg 2010

Vm(std)

12.9 Isokinetic Variation and Acceptable
Results. Same as Method 5, sections 12.11 and
12.12, respectively.

13.0 Method Performance

13.1 Range. For the analysis described and
for similar analyses, the ICAP response is
linear over several orders of magnitude.
Samples containing metal concentrations in
the nanograms per ml (ng/ml) to micrograms
per ml (ug/ml) range in the final analytical
solution can be analyzed using this method.
Samples containing greater than approxi-
mately 50 ug/ml As, Cr, or Pb should be di-
luted to that level or lower for final analysis.
Samples containing greater than approxi-
mately 20 ug/ml of Cd should be diluted to
that level before analysis.

13.2 Analytical Detection Limits.

NOTE: See section 13.3 for the description
of in-stack detection limits.

13.2.1 ICAP analytical detection limits for
the sample solutions (based on SW-846, Meth-
od 6010) are approximately as follows: Sb (32
ng/ml), As (63 ng/ml), Ba (2 ng/ml), Be (0.3 ng/
ml), Cd (4 ng/ml), Cr (7 ng/ml), Co (7 ng/ml),
Cu (6 ng/ml), Pb (42 ng/ml), Mn (2 ng/ml), Ni
(156 ng/ml), P (75 ng/ml), Se (75 ng/ml), Ag (7
ng/ml), T1 (40 ng/ml), and Zn (2 ng/ml). ICP-
MS analytical detection limits (based on
SW-846, Method 6020) are lower generally by
a factor of ten or more. Be is lower by a fac-
tor of three. The actual sample analytical
detection limits are sample dependent and
may vary due to the sample matrix.

13.2.2 The analytical detection limits for
analysis by direct aspiration AAS (based on
SW-846, Method 7000 series) are approxi-
mately as follows: Sb (200 ng/ml), As (2 ng/
ml), Ba (100 ng/ml), Be (b ng/ml), Cd (6 ng/ml),
Cr (50 ng/ml), Co (50 ng/ml), Cu (20 ng/ml), Pb
(100 ng/ml), Mn (10 ng/ml), Ni (40 ng/ml), Se (2
ng/ml), Ag (10 ng/ml), T1 (100 ng/ml), and Zn
(5 ng/ml).

13.2.3 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 to 0.2 ng/ml, depending
upon the type of CVAAS analytical instru-
ment used. 13.2.4 The use of GFAAS can en-
hance the detection limits compared to di-
rect aspiration AAS as follows: Sb (3 ng/ml),
As (1 ng/ml), Be (0.2 ng/ml), Cd (0.1 ng/ml), Cr
(1 ng/ml), Co (1 ng/ml), Pb (1 ng/ml), Se (2 ng/
ml), and T1 (1 ng/ml).

13.3 In-stack Detection Limits.

13.3.1 For test planning purposes in-stack
detection limits can be developed by using
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the following information: (1) The proce-
dures described in this method, (2) the ana-
lytical detection limits described in section
13.2 and in SW-846,(3) the normal volumes of
300 ml (Analytical Fraction 1) for the front-
half and 150 ml (Analytical Fraction 2A) for
the back-half samples, and (4) a stack gas
sample volume of 1.25 m3. The resultant in-
stack method detection limits for the above
set of conditions are presented in Table 29-1
and were calculated by using Eq. 29-1 shown
in section 12.5.

13.3.2 To ensure optimum precision/resolu-
tion in the analyses, the target concentra-
tions of metals in the analytical solutions
should be at least ten times their respective
analytical detection limits. Under certain
conditions, and with greater care in the ana-
lytical procedure, these concentrations can
be as low as approximately three times the
respective analytical detection limits with-
out seriously impairing the precision of the
analyses. On at least one sample run in the
source test, and for each metal analyzed,
perform either repetitive analyses, Method
of Standard Additions, serial dilution, or ma-
trix spike addition, etc., to document the
quality of the data.

13.3.3 Actual in-stack method detection
limits are based on actual source sampling
parameters and analytical results as de-
scribed above. If required, the method in-
stack detection limits can be improved over
those shown in Table 29-1 for a specific test
by either increasing the sampled stack gas
volume, reducing the total volume of the di-
gested samples, improving the analytical de-
tection limits, or any combination of the
three. For extremely low levels of Hg only,
the aliquot size selected for digestion and
analysis can be increased to as much as 10
ml, thus improving the in-stack detection
limit by a factor of ten compared to a 1 ml
aliquot size.

13.3.3.1 A nominal one hour sampling run
will collect a stack gas sampling volume of
about 1.25 m3. If the sampling time is in-
creased to four hours and 5 m? are collected,
the in-stack method detection limits would
be improved by a factor of four compared to
the values shown in Table 29-1.

13.3.3.2 The in-stack detection limits as-
sume that all of the sample is digested and
the final liquid volumes for analysis are the
normal values of 300 ml for Analytical Frac-
tion 1, and 150 ml for Analytical Fraction 2A.
If the volume of Analytical Fraction 1 is re-
duced from 300 to 30 ml, the in-stack detec-
tion limits for that fraction of the sample
would be improved by a factor of ten. If the
volume of Analytical Fraction 2A is reduced
from 150 to 25 ml, the in-stack detection lim-
its for that fraction of the sample would be
improved by a factor of six. Matrix effect
checks are necessary on sample analyses and
typically are of much greater significance
for samples that have been concentrated to
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less than the normal original sample vol-
ume. Reduction of Analytical Fractions 1
and 2A to volumes of less than 30 and 25 ml,
respectively, could interfere with the redis-
solving of the residue and could increase in-
terference by other compounds to an intoler-
able level.

13.3.3.3 When both of the modifications de-
scribed in sections 13.3.3.1 and 13.3.3.2 are
used simultaneously on one sample, the re-
sultant improvements are multiplicative.
For example, an increase in stack gas vol-
ume by a factor of four and a reduction in
the total liquid sample digested volume of
both Analytical Fractions 1 and 2A by a fac-
tor of six would result in an improvement by
a factor of twenty-four of the in-stack meth-
od detection limit.

13.4 Precision. The precision (relative
standard deviation) for each metal detected
in a method development test performed at a
sewage sludge incinerator were found to be
as follows:

Sb (12.7 percent), As (13.5 percent), Ba (20.6
percent), Cd (11.5 percent), Cr (11.2 percent),
Cu (11.5 percent), Pb (11.6 percent), P (14.6
percent), Se (15.3 percent), T1 (12.3 percent),
and Zn (11.8 percent). The precision for Ni
was 7.7 percent for another test conducted at
a source simulator. Be, Mn, and Ag were not
detected in the tests. However, based on the
analytical detection limits of the ICAP for
these metals, their precisions could be simi-
lar to those for the other metals when de-
tected at similar levels.
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14.0 Pollution Prevention [Reserved]
15.0 Waste Management [Reserved]

16.0 Alternative Procedures

16.1 Alternative Analyzer. Samples may
also be analyzed by cold vapor atomic fluo-
rescence spectrometry.

16.2 [Reserved]
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18.0 Tables, Diagrams, Flowcharts, and
Validation Data

TABLE 29—1—IN STACK METHOD DETECTION LIMITS (UG/M3) FOR THE FRONT-HALF, THE BACK HALF,
AND THE TOTAL SAMPLING TRAIN USING ICAP, GFAAS, AND CVAAS

Front-half: Back-half: Back-half: .
Metal profkiJl?e?nd imp?r?tersa1—3 m;ﬂrégaers Total train
Antimony ... 17.7(0.7) 13.8 (0.4) 111.5 (1.1)
Arsenic ....... 112.7 (0.3) 16.4 (0.1) 119.1 (0.4)
Barium ....... 0.5 0.3 0.8
Beryllium .... 10.07 (0.05) 10.04 (0.03) 10.11 (0.08)
Cadmium ... 11.0 (0.02) 10.5 (0.01) 11.5 (0.03)
Chromium .. 11.7 (0.2) 10.8 (0.1) 12.5(0.3)
Cobalt ....... 11.7 (0.2) 10.8 (0.1) 12.5 (0.3)
Copper ........ 1.4 0.7 2.1
Lead ......... 110.1 (0.2) 15.0 (0.1) 115.1 (0.3)
Manganese . 10.5(0.2) 10.2 (0.1) 10.7 (0.3)
Mercury ..... 20.06 20.56
Nickel ......... 3.6 5.4
Phosphorus . 18 27
Selenium ... 118 (0.5) 127 (0.8)
Silver .......... 1.7 2.6
Thallium ...... 19.6 (0.2) 114.4 (0.3)
ZinC ... 0.5 0.8

aMercury analysis only.

1 Detection limit when analyzed by ICAP or GFAAS as shown in parentheses (see section 11.1.2).
2Detection limit when anaylzed by CVAAS, estimated for Back-half and Total Train. See sections 13.2 and 11.1.3. Note: Ac-
tual method in-stack detection limits may vary from these values, as described in section 13.3.3.
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TABLE 29—2—RECOMMENDED WAVELENGTHS
FOR ICAP ANALYSIS

40 CFR Ch. | (7-1-19 Edition)

TABLE 29-2—RECOMMENDED WAVELENGTHS
FOR ICAP ANALYSIS—Continued

Analyte Warelenth Analyte Wavelength

Aluminum (Al) .. 308.215 Lead (Pb) 220.353
Antimony (Sb) 206.833  \anganese (Mn) 257.610
Arsenic (As) 193.696 Nickel (Ni) 231.604
Barium (Ba) 455408 oo :
Beryllium (Be) .. 313.042 osphorus (P) . 214914
Cadmium (Cd) . 226.502 Selenium (Se) ... 196.026
Chromium (Cr) . 267.716  Silver (Ag) .. 328.068
Cobalt (Co) ... 228.616  Thallium (T;) 190,864
Copper (Cu) .. 328754 Zinc (zn) 213,856
Iron (Fe) ..... 259.940

TABLE 29—-3—APPLICABLE TECHNIQUES, METHODS AND MINIMIZATION OF INTERFERENCES FOR AAS

ANALYSIS
SW-8461 Interferences
Metal Technique Methods Wa\{ﬁ:ﬁ?gth
No. Cause Minimization

Fe ... Aspiration ... 7380 248.3 | Contamination Great care taken to avoid contamination.

Pb . Aspiration ... 7420 283.3 | 217.0 nm alternate . Background correction required.

Pb ... Furnace ...... 7421 283.3 | Poor recoveries .. Matrix modifier, add 10 pl of phosphorus
acid to 1 ml of prepared sample in
sampler cup.

Aspiration ... 7460 279.5 | 403.1 nm alternate .... . | Background correction required.
Aspiration ... 7520 232.0 | 352.4 nm alternate Fe, Co, | Background correction required. Matrix
and Cr. matching or nitrous-oxide/acetylene
Nonlinear response ... flame
Sample dilution or use 352.3 nm line

Se . Furnace ...... 7740 196.0 | Volatility .......c.cccoevviiiiinnnns Spike samples and reference materials
and add nickel nitrate to minimize vola-
tilization.

Adsorption & scatter ......... Background correction is required and
Zeeman background correction can be
useful.

Ag s Aspiration ... 7760 328.1 | Adsorption & scatter AgCl | Background correction is required. Avoid

insoluble. hydrochloric acid unless silver is in so-
lution as a chloride complex. Sample
and standards monitored for aspiration
rate.

Tl .. Aspiration ... 7840 276.8 Background correction is required. Hydro-
chloric acid should not be used.

Tl s Furnace ...... 7841 276.8 | Hydrochloric acid or chlo- Background correction is required. Verify

ride. that losses are not occurring for vola-
tilization by spiked samples or standard
addition; Palladium is a suitable matrix
modifier.

Zn .. Aspiration ... 7950 213.9 | High Si, Cu, & P Contami- | Strontium removes Cu and phosphate.

nation. Great care taken to avoid contamination.

Sb o Aspiration ... 7040 217.6 | 1000 mg/ml Pb, Ni, Cu, or | Use secondary wavelength of 231.1 nm;

acid. match sample & standards acid con-
centration or use nitrous oxide/acety-
lene flame.

Sb o Furnace ...... 7041 217.6 | High Pb oo Secondary wavelength or Zeeman cor-
rection.

As oo Furnace ...... 7060 193.7 | Arsenic Volatilization Alu- Spike samples and add nickel nitrate so-

minum. lution to digestates prior to analysis.
Use Zeeman background correction.
Ba ... Aspiration ... 7080 553.6
Calcium.
Barium lonization .............. High hollow cathode current and narrow
band set.
2 ml of KCI per 100 m1 of sample.
Be .......... Aspiration ... 7090 234.9 | 500 ppm Al. High Mg and | Add 0.1% fluoride.
Si.
Be ... Furnace ...... 7091 234.9 | Be in optical path .............. Optimize parameters to minimize effects.
Cd ... Aspiration ... 7130 228.8 | Absorption and light scat- Background correction is required.
tering.
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TABLE 29—-3—APPLICABLE TECHNIQUES, METHODS AND MINIMIZATION OF INTERFERENCES FOR AAS
ANALYSIS—Continued

SW-8461 Interferences
Metal Technique Methods Wa\(/g:ﬁ;]gth
No. Cause Minimization

Cd ........... Furnace ...... 7131 228.8 | As above ... As above.

Excess Chloride ................ Ammonium phosphate used as a matrix
modifier.
Pipet Tips Use cadmium-free tips.

Croveee Aspiration ... 7190 357.9 | Alkali metal .... KCI ionization suppressant in samples
and standards—Consult mfgs’ lit-
erature.

Furnace ...... 7201 240.7 | Excess chloride Use Method of Standard Additions.

Furnace ...... 7191 357.9 | 200 mg/L Caand P . All calcium nitrate for a know constant ef-
fect and to eliminate effect of phos-
phate.

CU .o Aspiration ... 7210 324.7 | Absorption and Scatter ..... Consult manufacturer's manual.

1Refer to EPA publication SW-846 (Reference 2 in section 16.0).
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* Number in parentheses indicated container number

Figure 29-2a. Sample Recovery Scheme.
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METHOD 30A—DETERMINATION OF TOTAL
VAPOR PHASE MERCURY EMISSIONS FROM
STATIONARY SOURCES (INSTRUMENTAL ANA-
LYZER PROCEDURE)

1.0 Scope and Application
What Is Method 30A?

Method 30A is a procedure for measuring
total vapor phase mercury (Hg) emissions

Sample Preparation and Analysis Scheme.

from stationary sources using an instru-
mental analyzer. This method is particularly
appropriate for performing emissions testing
and for conducting relative accuracy test au-
dits (RATAs) of mercury continuous emis-
sions monitoring systems (Hg CEMS) and
sorbent trap monitoring systems at coal-
fired combustion sources. Quality assurance
and quality control requirements are in-
cluded to assure that you, the tester, collect
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data of known and acceptable quality for
each testing site. This method does not com-
pletely describe all equipment, supplies, and
sampling procedures and analytical proce-
dures you will need but refers to other test
methods for some of the details. Therefore,
to obtain reliable results, you should also
have a thorough knowledge of these addi-
tional methods which are also found in ap-
pendices A-1 and A-3 to this part:

(a) Method 1—Sample and Velocity Tra-
verses for Stationary Sources.

(b) Method 4—Determination of Moisture
Content in Stack Gases.

1.1 Analytes. What does this method deter-
mine? This method is designed to measure
the mass concentration of total vapor phase
Hg in flue gas, which represents the sum of
elemental Hg (Hg?) and oxidized forms of Hg
(Hg*2), in mass concentration units of
micrograms per cubic meter (ug/ms3).

Analyte CAS No. Sensitivity

Elemental Hg (HgO) .. 7439-97-6 | Typically <2% of
Calibration Span.

(Same).

Oxidized Hg (Hg*2)

1.2 Applicability. When is this method re-
quired? Method 30A is offered as a reference
method for emission testing and for RATAs
of Hg CEMS and sorbent trap monitoring
systems at coal-fired boilers. Method 30A
may also be specified for other source cat-
egories in the future, either by New Source
Performance Standards (NSPS), National
Emission Standards for Hazardous Air Pol-
lutants (NESHAP), emissions trading pro-
grams, State Implementation Plans (SIP), or
operating permits that require measurement
of Hg concentrations in stationary source
emissions to determine compliance with an
applicable emission standard or limit, or to
conduct RATAs of Hg CEMS and sorbent
trap monitoring systems.

1.3 Data Quality Objectives (DQO). How
good must my collected data be? Method 30A
has been designed to provide data of high and
known quality for Hg emission testing and
for relative accuracy testing of Hg moni-
toring systems including Hg CEMS and sor-
bent trap monitoring systems. In these and
other applications, the principle objective is
to ensure the accuracy of the data at the ac-
tual emission levels encountered. To meet
this objective, calibration standards pre-
pared according to an EPA traceability pro-
tocol must be used and measurement system
performance tests are required.

2.0 Summary of Method

In this method, a sample of the effluent
gas is continuously extracted and conveyed
to an analyzer capable of measuring the
total vapor phase Hg concentration. Ele-
mental and oxidized mercury (i.e., Hg® and
Hg *2) may be measured separately or simul-
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taneously but, for purposes of this method,
total vapor phase Hg is the sum of Hg? and
Hg*2. You must meet the performance re-
quirements of this method (i.e., system cali-
bration, interference testing, dynamic spik-
ing, and system integrity/drift checks) to
validate your data. The dynamic spiking re-
quirement is deferred until January 1, 2009.

3.0 Definitions

3.1 Calibration Curve means the relationship
between an analyzer’s response to the injec-
tion of a series of calibration gases and the
actual concentrations of those gases.

3.2 Calibration Gas means a gas standard
containing Hg? or HgCl, at a known con-
centration that is produced and certified in
accordance with an EPA traceability pro-
tocol for certification of Hg calibration
standards.

3.2.1 Zero Gas means a calibration gas with
a concentration that is below the level de-
tectable by the measurement system.

3.2.2 Low-Level Gas means a calibration gas
with a concentration that is 10 to 30 percent
of the calibration span.

3.2.3 Mid-Level Gas means a calibration gas
with a concentration that is 40 to 60 percent
of the calibration span.

3.2.4 High-Level Gas means a calibration gas
whose concentration is equal to the calibra-
tion span.

3.3 Converter means a device that reduces
oxidized mercury (Hg*2) to elemental mer-
cury (Hgo).

3.4 Calibration Span means the upper limit
of valid instrument response during sam-
pling. To the extent practicable the meas-
ured emissions are to be between 10 and 100
percent of the selected calibration span (i.e.,
the measured emissions should be within the
calibrated range determined by the Low- and
High-Level gas standards). It 1is rec-
ommended that the calibration span be at
least twice the native concentration to ac-
commodate the dynamic spiking procedure.

3.5 Centroidal Area means the central area
that has the same shape as the stack or duct
cross section and is no greater than one per-
cent of the stack or duct total cross-sec-
tional area.

3.6 Data Recorder means the equipment
that permanently records the concentrations
reported by the analyzer.

3.7 Drift Check means the test to determine
the difference between the measurement sys-
tem readings obtained in a post-run system
integrity check and the prior pre-run system
integrity check at a specific calibration gas
concentration level (i.e., zero, mid-level, or
high-level).

3.8 Dynamic Spiking means a procedure in
which a known mass or concentration of
vapor phase HgCl, is injected into the probe
sample gas stream at a known flow rate, in
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order to assess the effects of the flue gas ma-
trix on the accuracy of the measurement
system.

3.9 Gas Analyzer means the equipment that
detects the total vapor phase Hg being meas-
ured and generates an output proportional to
its concentration.

3.10 Interference Test means the test to de-
tect analyzer responses to compounds other
than Hg, usually gases present in the meas-
ured gas stream, that are not adequately ac-
counted for in the calibration procedure and
may cause measurement bias.

3.11 Measurement System means all of the
equipment used to determine the Hg con-
centration. The measurement system may
generally include the following major sub-
systems: sample acquisition, Hg+2 to Hgo®
converter, sample transport, sample condi-
tioning, flow control/gas manifold, gas ana-
lyzer, and data recorder.

3.12 Native Concentration means the total
vapor phase Hg concentration in the effluent
gas stream.

3.13 NIST means the National Institute of
Standards and Technology, located in Gai-
thersburg, Maryland.

3.14 Response Time means the time it takes
for the measurement system, while oper-
ating normally at its target sample flow rate
or dilution ratio, to respond to a known step
change in gas concentration (from a low-
level to a high-level gas) and to read within
5 percent of the stable high-level gas re-
sponse.

3.16 Run means a series of gas samples
taken successively from the stack or duct. A
test normally consists of a specific number
of runs.

3.16 System Calibration Error means the dif-
ference between the measured concentration
of a low-, mid-, or high-level Hg? calibration
gas and the certified concentration of the
gas when it is introduced in system calibra-
tion mode.

3.17 System Calibration Mode means intro-
ducing the calibration gases into the meas-
urement system at the probe, upstream of all
sample conditioning components.

3.18 Test refers to the series of runs re-
quired by the applicable regulation.

4.0 Interferences

Interferences will vary among instruments
and potential instrument-specific spectral
and matrix interferences must be evaluated
through the interference test and the dy-
namic spiking tests.

5.0 Safety

What safety measures should I consider when
using this method?

This method may require you to work with
hazardous materials and in hazardous condi-
tions. You are encouraged to establish safety
procedures before using the method. Among

Pt. 60, App. A-8, Meth. 30A

other precautions, you should become famil-
iar with the safety recommendations in the
gas analyzer user’s manual. Occupational
Safety and Health Administration (OSHA)
regulations concerning use of compressed gas
cylinders and noxious gases may apply.

6.0 Equipment and Supplies

6.1 What do I need for the measurement
system? This method is intended to be appli-
cable to multiple instrumental technologies.
You may use any equipment and supplies
that meet the following specifications.

6.1.1 All wetted sampling system compo-
nents, including probe components prior to
the point at which the calibration gas is in-
troduced, must be chemically inert to all Hg
species. Materials such as perfluoroalkoxy
(PFA) TeflonT™, quartz, treated stainless
steel (SS) are examples of such materials.
[NOTE: These materials of construction are
required because components prior to the
calibration gas injection point are not in-
cluded in the system calibration error, sys-
tem integrity, and interference tests.]

6.1.2 The interference, system calibration
error, system integrity, drift and dynamic
spiking test criteria must all be met by the
system used.

6.1.3 The system must be capable of meas-
uring and controlling sample flow rate.

6.1.4 All system components prior to the
Hg "2 to Hg® converter must be maintained at
a sample temperature above the acid gas dew
point.

6.2 Measurement System Components. Fig-
ure 30A-1 in section 17.0 is an example sche-
matic of a Method 30A measurement system.

6.2.1 Sample Probe. The probe must be
made of the appropriate materials as noted
in section 6.1.1, heated when necessary (see
section 6.1.4), configured with ports for intro-
duction of calibration and spiking gases, and
of sufficient length to traverse all of the
sample points.

6.2.2 Filter or Other Particulate Removal
Device. The filter or other particulate re-
moval device is considered to be a part of the
measurement system, must be made of ap-
propriate materials as noted in section 6.1.1,
and must be included in all system tests.

6.2.3 Sample Line. The sample line that
connects the probe to the converter, condi-
tioning system and analyzer must be made of
appropriate materials as noted in section
6.1.1.

6.2.4 Conditioning Equipment. For dry
basis measurements, a condenser, dryer or
other suitable device is required to remove
moisture continuously from the sample gas.
Any equipment needed to heat the probe, or
sample line to avoid condensation prior to
the moisture removal component is also re-
quired. For wet basis systems, you must
keep the sample above its dew point either
by: (1) Heating the sample line and all sam-
ple transport components up to the inlet of
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the analyzer (and, for hot-wet extractive sys-
tems, also heating the analyzer) or (2) by di-
luting the sample prior to analysis using a
dilution probe system. The components re-
quired to do either of the above are consid-
ered to be conditioning equipment.

6.2.5 Sampling Pump. A pump is needed to
push or pull the sample gas through the sys-
tem at a flow rate sufficient to minimize the
response time of the measurement system. If
a mechanical sample pump is used and its
surfaces are in contact with the sample gas
prior to detection, the pump must be leak
free and must be constructed of a material
that is non-reactive to the gas being sampled
(see section 6.1.1). For dilution-type meas-
urement systems, an ejector pump (eductor)
may be used to create a sufficient vacuum
that sample gas will be drawn through a crit-
ical orifice at a constant rate. The ejector
pump may be constructed of any material
that is non-reactive to the gas being sam-
pled.

6.2.6 Calibration Gas System(s). One or
more systems may be needed to introduce
calibration gases into the measurement sys-
tem. A system should be able to flood the
sampling probe sufficiently to prevent entry
of gas from the effluent stream.

6.2.7 Dynamic Spiking Port. For the pur-
poses of the dynamic spiking procedure de-
scribed in section 8.2.7, the measurement
system must be equipped with a port to
allow introduction of the dynamic spike gas
stream with the sample gas stream, at a
point as close as possible to the inlet of the
probe so as to ensure adequate mixing. The
same port used for system calibrations and
calibration error checks may be used for dy-
namic spiking purposes.

6.2.8 Sample Gas Delivery. The sample line
may feed directly to a converter, to a by-
pass valve (for speciating systems), or to a
sample manifold. All valve and/or manifold
components must be made of material that
is non-reactive to the gas sampled and the
calibration gas, and must be configured to
safely discharge any excess gas.

6.2.9 Hg Analyzer. An instrument is re-
quired that continuously measures the total
vapor phase Hg in the gas stream and meets
the applicable specifications in section 13.0.

6.2.10 Data Recorder. A recorder, such as a
computerized data acquisition and handling
system (DAHS), digital recorder, strip chart,
or data logger, is required for recording
measurement data.

6.3 Moisture Measurement System. If cor-
rection of the measured Hg emissions for
moisture is required (see section 8.5), either
Method 4 in appendix A-3 to this part or
other moisture measurement methods ap-
proved by the Administrator will be needed
to measure stack gas moisture content.
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7.0 Reagents and Standards

7.1 Calibration Gases. What calibration
gases do I need? You will need calibration
gases of known concentrations of Hg® and
HgCl,. Special reagents and equipment may
be required to prepare the HgCl2 gas stand-
ards (e.g., a NIST-traceable solution of HgCl,
and a gas generator equipped with mass flow
controllers).

The following calibration gas concentra-
tions are required:

7.1.1 High-Level Gas. Equal to the selected
calibration span.

7.1.2 Mid-Level Gas. 40 to 60 percent of the
calibration span.

7.1.3 Low-Level Gas. 10 to 30 percent of the
calibration span.

7.1.4 Zero Gas. No detectable Hg.

7.1.6 Dynamic Spike Gas. The exact con-
centration of the HgCl, calibration gas used
to perform the pre-test dynamic spiking pro-
cedure described in section 8.2.7 depends on
the native Hg concentration in the stack The
spike gas must produce a spiked sample con-
centration above the native concentration,
as specified in section 8.2.7.2.2.

7.2 Interference Test. What reagents do I
need for the interference test? Use the appro-
priate test gases listed in Table 30A-3 in sec-
tion 17.0 (i.e., the potential interferents for
the source to be tested, as identified by the
instrument manufacturer) to conduct the in-
terference check. These gases need not be of
protocol gas quality.

8.0 Sample Collection

Emission Test Procedure

Figure 30A-2 in section 17.0 presents an
overview of the test procedures required by
this method. Since you may choose different
options to comply with certain performance
criteria, you must identify the specific op-
tions and associated frequencies you select
and document your results in regard to the
performance criteria.

8.1 Selection of Sampling Sites and Sam-
pling Points. What sampling site and sam-
pling points do I select?

8.1.1 When this method is used solely for
Hg emission testing (e.g., to determine com-
pliance with an emission standard or limit),
use twelve sampling points located according
to Table 1-1 or Table 1-2 of Method 1 in ap-
pendix A-1 to this part. Alternatively, you
may conduct a stratification test as de-
scribed in section 8.1.3 to determine the
number and location of the sampling points.

8.1.2 When this method is used for relative
accuracy testing of a Hg CEMS or sorbent
trap monitoring system, follow the sampling
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site selection and sampling point layout pro-
cedures for gas monitor RATA testing de-
scribed in the appropriate performance speci-
fication or applicable regulation (e.g., Per-
formance Specification 2, section 8.1.3 of ap-
pendix B to this part or section 6.5.6 of ap-
pendix A to part 75 of this chapter), with one
exception. If you elect to perform stratifica-
tion testing as part of the sampling point se-
lection process, perform the testing in ac-
cordance with section 8.1.3 of this method
(see also ““Summary Table of QA/QC Require-
ments’ in section 9.0).

8.1.3 Determination of Stratification. If
you elect to perform stratification testing as
part of the sampling point selection process
and the test results show your effluent gas
stream to be wunstratified or minimally
stratified, you may be allowed to sample at
fewer points or at different points than
would otherwise be required.

8.1.3.1 Test Procedure. To test for strati-
fication, use a probe of appropriate length to
measure the total vapor phase Hg concentra-
tion at twelve traverse points located ac-
cording to Table 1-1 or Table 1-2 of Method
1 in appendix A-1 to this part. Alternatively,
for a sampling location where stratification
is expected (e.g., after a wet scrubber or at a
point where dissimilar gas streams are com-
bined together), if a 12-point Hg stratifica-
tion test has been previously performed at
that location and the results of the test
showed the location to be minimally strati-
fied or unstratified according to the criteria
in section 8.1.3.2, you may perform an abbre-
viated 3-point or 6-point Hg stratification
test at the points specified in section
6.5.6.2(a) of appendix A to part 75 of this
chapter in lieu of performing the 12-point
test. Sample for a minimum of twice the sys-
tem response time (see section 8.2.6) at each
traverse point. Calculate the individual
point and mean Hg concentrations.

8.1.3.2 Acceptance Criteria and Sampling
Point Location.

8.1.3.2.1 If the Hg concentration at each
traverse point differs from the mean con-
centration for all traverse points by no more
than: (a) 5 percent of the mean concentra-
tion; or (b) £0.2 pg/ms3 (whichever is less re-
strictive), the gas stream is considered to be
unstratified and you may collect samples
from a single point that most closely
matches the mean.

8.1.3.2.2 If the 5 percent or 0.2 ug/ms3 cri-
terion in section 8.1.3.2.1 is not met, but the
Hg concentration at each traverse point dif-
fers from the mean concentration for all tra-
verse points by no more than: (a)*10 percent
of the mean; or (b)x0.5 pug/m3 (whichever is
less restrictive), the gas stream is considered
to be minimally stratified, and you may take
samples from three points, provided the
points are located on the measurement line
exhibiting the highest average Hg concentra-
tion during the stratification test. If the
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stack diameter (or equivalent diameter, for a
rectangular stack or duct) is greater than 2.4
meters (7.8 ft), locate the three sampling
points at 0.4, 1.0, and 2.0 meters from the
stack or duct wall. Alternatively, if a RATA
required by part 75 of this chapter is being
conducted, you may locate the three points
at 4.4, 14.6, and 29.6 percent of the duct di-
ameter, in accordance with Method 1 in ap-
pendix A-1 to this part. For stack or duct di-
ameters of 2.4 meters (7.8 ft) or less, locate
the three sampling points at 16.7, 50.0, and
83.3 percent of the measurement line.

8.1.3.2.3 If the gas stream is found to be
stratified because the 10 percent or 0.5 ng/m3
criterion in section 8.1.3.2.2 is not met, then
either locate three sampling points at 16.7,
50.0, and 83.3 percent of the measurement
line that exhibited the highest average Hg
concentration during the stratification test,
or locate twelve traverse points for the test
in accordance with Table 1-1 or Table 1-2 of
Method 1 in appendix A-1 to this part; or, if
a RATA required by part 75 of this chapter is
being conducted, locate six Method 1 points
along the measurement line that exhibited
the highest average Hg concentration.

8.1.3.3 Temporal Variations. Temporal vari-
ations in the source Hg concentration during
a stratification test may complicate the de-
termination of stratification. If temporal
variations are a concern, you may use the
following procedure to normalize the strati-
fication test data. A second Hg measurement
system, i.e., either an installed Hg CEMS or
another Method 30A system, is required to
perform this procedure. Position the sam-
pling probe of the second Hg measurement
system at a fixed point in the stack or duct,
at least one meter from the stack or duct
wall. Then, each time that the Hg concentra-
tion is measured at one of the stratification
test points, make a concurrent measurement
of Hg concentration at the fixed point. Nor-
malize the Hg concentration measured at
each traverse point, by multiplying it by the
ratio of Cga,, to Cg, where Cg is the cor-
responding fixed-point Hg concentration
measurement, and Cga is the average of all
of the fixed-point measurements over the du-
ration of the stratification test. Evaluate
the results of the stratification test accord-
ing to section 8.1.3.2, using the normalized
Hg concentrations.

8.1.3.4 Stratification Testing Exemption.
Stratification testing need not be performed
at a test location where it would otherwise
be required to justify using fewer sample
points or different sample points, if the
owner or operator documents that the Hg
concentration in the stack gas is expected to
be 3 ug/m3 or less at the time of a Hg moni-
toring system RATA or an Hg emissions test.
To demonstrate that a particular test loca-
tion qualifies for the stratification testing
exemption, representative Hg emissions data
must be collected just prior to the RATA or
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emissions test. At least one hour of Hg con-
centration data is required for the dem-
onstration. The data used for the demonstra-
tion shall be recorded at process operating
conditions that closely approximate the op-
erating conditions that will exist during the
RATA or emissions test. It is recommended
that collection of the demonstration data be
integrated with the on-site pretest proce-
dures required by the reference method being
used for the RATA or emissions test (wheth-
er this method or another approved Hg ref-
erence method is used). Quality-assured data
from an installed Hg monitoring system may
also be used for the demonstration. If a par-
ticular test location qualifies for the strati-
fication testing exemption, sampling shall be
performed at three points, as described in
section 8.1.3.2.2 of this method. The owner or
operator shall fully document the method
used to collect the demonstration data and
shall keep this documentation on file with
the data from the associated RATA or Hg
emissions test.

8.1.3.56 Interim Alternative Stratification
Test Procedures. In the time period between
the effective date of this method and Janu-
ary 1, 2009, you may follow one of the fol-
lowing two procedures. Substitute a strati-
fication test for sulfur dioxide (SO,) for the
Hg stratification test described in section
8.1.3.1. If this option is chosen, follow the
test procedures in section 6.5.6.1 of appendix
A to part 75 of this chapter. Evaluate the
test results and determine the sampling
point locations according to section 6.5.6.3 of
appendix A to part 75 of this chapter. If the
sampling location is found to be minimally
stratified or unstratified for SO,, it shall be
considered minimally stratified or
unstratified for Hg. Alternatively, you may
forgo stratification testing, assume the gas
stream is minimally stratified, and sample
at three points as described in section
8.1.3.2.2 of this method.

8.2 Initial Measurement System Perform-
ance Tests. What initial performance cri-
teria must my system meet before I begin
sampling? Before measuring emissions, per-
form the following procedures:

(a) Interference Test;

(b) Calibration Gas Verification;

(c) Measurement System Preparation;

(d) 3-Point System Calibration Error Test;

(e) System Integrity Check;

(f) Measurement System Response Time
Test; and

(g) Dynamic Spiking Test.

8.2.1 Interference Test (Optional). Your
measurement system should be free of
known interferences. It is recommended that
you conduct this interference test of your
measurement system prior to its initial use
in the field to verify that the candidate test
instrument is free from inherent biases or
interferences resulting from common com-
bustion emission constituents. If you have
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multiple measurement systems with compo-
nents of the same make and model numbers,
you need only perform this interference
check on one system and you may also rely
on an interference test conducted by the
manufacturer on a system having compo-
nents of the same make and model(s) of the
system that you use. The interference test
procedure is found in section 8.6 of this
method.

8.2.2 Calibration Gas Verification. How
must I verify the concentrations of my cali-
bration gases?

8.2.2.1 Cylinder Gas Standards. When cyl-
inder gas standards are used for Hg?, obtain
a certificate from the gas manufacturer and
confirm that the documentation includes all
information required by an EPA traceability
protocol (see section 16). Confirm that the
manufacturer certification is complete and
current. Ensure that the calibration gas cer-
tifications have not expired.

8.2.2.2 Other Calibration Standards. All
other calibration standards for HgCl, and
Hg?, such as gas generators, must meet the
requirements of an EPA traceability pro-
tocol (see section 16), and the certification
procedures must be fully documented in the
test report.

8.2.2.3 Calibration Span. Select the calibra-
tion span (i.e., high-level gas concentration)
so that the measured source emissions are 10
to 100 percent of the calibration span. This
requirement is waived for applications in
which the Hg concentrations are consist-
ently below 1 ug/ms3; however, the calibration
span for these low-concentration applica-
tions shall not exceed 5 pg/ms3.

8.2.3 Measurement System Preparation.
How do I prepare my measurement system
for use? Assemble, prepare, and precondition
the measurement system according to your
standard operating procedure. Adjust the
system to achieve the correct sampling rate
or dilution ratio (as applicable). Then, con-
duct a 3-point system calibration error test
using Hgo as described in section 8.2.4, an ini-
tial system integrity check using HgCl, and
a zero gas as described in section 8.2.5, and a
pre-test dynamic spiking test as described in
section 8.2.7.

8.2.4 System Calibration Error Test. Con-
duct a 3-point system calibration error test
before the first test run. Use HgO standards
for this test. Introduce the low-, mid-, and
high-level calibration gases in any order, in
system calibration mode, unless you desire
to determine the system response time dur-
ing this test, in which case, inject the gases
such that the high-level injection directly
follows the low-level injection. For non-dilu-
tion systems, you may adjust the system to
maintain the correct flow rate at the ana-
lyzer during the test, but you may not make
adjustments for any other purpose. For dilu-
tion systems, you must operate the measure-
ment system at the appropriate dilution
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ratio during all system calibration error
checks, and you may make only the adjust-
ments necessary to maintain the proper
ratio. After each gas injection, wait until a
stable response has been obtained. Record
the analyzer’s final, stable response to each
calibration gas on a form similar to Table
30A-1 in section 17.0. For each calibration
gas, calculate the system calibration error
using Equation 30A-1 in section 12.2. The
calibration error specification in section 13.1
must be met for the low-, mid-, and high-
level gases. If the calibration error specifica-
tion is not met for all three gases, take cor-
rective action and repeat the test until an
acceptable 3-point calibration is achieved.

8.2.5 System Integrity Check. Perform a
two-point system integrity check before the
first test run. Use the zero gas and either the
mid- or high-level HgCl, calibration gas for
the check, whichever one best represents the
total vapor phase Hg concentration levels in
the stack. Record the data on a form similar
to Table 30A-2 in section 17.0. The system in-
tegrity check specification in section 13.2
must be met for both the zero gas and the
mid- or high-level gas. If the system integ-
rity specification is not met for both gases,
take corrective action and repeat the test
until an acceptable system integrity check
is achieved.

8.2.6 Measurement System Response Time.
The measurement system response time is
used to determine the minimum sampling
time for each sampling point and is equal to
the time that is required for the measured
Hg concentration to increase from the stable
low-level calibration gas response to a value
within 5 percent of the stable high-level cali-
bration gas response during the system cali-
bration error test in section 8.2.4. Round off
the measured system response time to the
nearest minute.

8.2.7T Dynamic Spiking Test. You must per-
form dynamic spiking prior to the first test
run to validate your test data. The purpose
of this procedure is to demonstrate that the
site-specific flue gas matrix does not ad-
versely affect the accuracy of the measure-
ment system. The specifications in section
13.56 must be met to validate your data. If
these specifications are not met for the pre-
test dynamic spiking, you may not proceed
with the test until satisfactory results are
obtained. For the time period between the ef-
fective date of this method and January 1,
2009, the dynamic spiking requirement is
waived.

8.2.7.1 How do I perform dynamic spiking?
Dynamic spiking is a gas phase application
of the method of standard additions, which
involves injecting a known quantity of Hg
into the measurement system upstream of
all sample conditioning components, similar
to system calibration mode, except the probe
is not flooded and the resulting sample
stream includes both effluent gas and the
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spike gas. You must follow a written proce-
dure that details how the spike is added to
the system, how the spike dilution factor
(DF) is measured, and how the Hg concentra-
tion data are collected and processed.

8.2.7.2 Spiking Procedure Requirements.

8.2.7.2.1 Spiking Gas Requirements. The
spike gas must also be a HgCl, calibration
gas certified by an EPA traceability pro-
tocol. You must choose concentrations that
can produce the target levels while being in-
jected at a volumetric flow rate that is <20
percent of the total volumetric flow rate
through the measurement system (i.e., sam-
ple flow rate plus spike gas flow rate).

8.2.7.2.2 Target Spiking Level. The target
level for spiking must be 150 to 200 percent of
the native Hg concentration; however, if the
native Hg concentration is <1 pg/ms3, set the
target level to add between 1 and 4 pg/m3
Hg "2 to the native concentration. Use Equa-
tion 30A-5 in section 12.5 to calculate the ac-
ceptable range of spike gas concentrations at
the target level. Then select a spike gas con-
centration in that range.

8.2.7.2.3 Spike Injections. You must inject
spikes in such a manner that the spiking
does not alter the total volumetric sample
system flow rate and dilution ratio (if appli-
cable). You must collect at least 3 data
points, and the relative standard deviation
(RSD) specification in section 13.5 must be
met. Each data point represents a single
spike injection, and pre- and post-injection
measurements of the native Hg concentra-
tion (or diluted native concentration, as ap-
plicable) are required for each spike injec-
tion.

8.2.7.2.4 Spike Dilution Factor (DF). For
each spike injection, DF, the dilution factor
must be determined. DF is the ratio of the
total volumetric flow rate of gas through the
measurement system to the spike gas flow
rate. This factor must be >5. The spiking
mass balance calculation is directly depend-
ent on the accuracy of the DF determina-
tion. As a result, high accuracy total volu-
metric flow rate and spike gas flowrate
measurements are required. These flow rates
may be determined by direct or indirect
measurement. Calibrated flow meters,
venturies, orifices or tracer gas measure-
ments are examples of potential flow meas-
urement techniques.

8.2.7.2.5 Concentrations. The measurement
system must record total vapor phase Hg
concentrations continuously during the dy-
namic spiking procedure. It is possible that
dynamic spiking at a level close to 200 per-
cent of the native Hg concentration may
cause the measured Hg concentration to ex-
ceed the calibration span value. Avoid this
by choosing a lower spiking level or by re-
calibration at a higher span. The measure-
ments shall not exceed 120 percent of the
calibration span. The ‘‘baseline’” measure-
ments made between spikes may represent
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the native Hg concentration (if spike gas
flow is stopped between injections) or the na-
tive Hg concentration diluted by blank or
carrier gas flowing at the same rate as the
spike gas (if gas flow cannot be stopped be-
tween injections). Each baseline measure-
ment must include at least 4 readings or 1
minute (whichever is greater) of stable re-
sponses. Use Equation 30A-10 or 30A-11 in
section 12.10 (as applicable) to convert base-
line measurements to native concentration.

8.2.7.2.6 Recovery. Calculate spike recov-
eries using Equation 30A-7 in section 12.7.
Mass recoveries may be calculated from sta-
ble responses based on injected mass flows or
from integrated response peaks based on
total mass injected. Calculate the mean and
RSD for the three (or more) spike injections
and compare to the specifications in section
13.5.

8.2.7.2.7 Error Adjustment Option. You may
adjust the measurement data collected dur-
ing dynamic spiking for the system calibra-
tion error using Equation 30A-3 in section 12.
To do this, perform the initial system integ-
rity check prior to the dynamic spiking test,
and perform another system integrity check
following the dynamic spiking test and be-
fore the first test run. If you choose this op-
tion, you must apply Equation 30A-3 to both
the spiked sample concentration measure-
ment (Cy) and the baseline or native con-
centration measurement (Cpaive), €ach sub-
stituted in place of C,, in the equation.

8.2.7.3 Example Spiking Procedure Using a
Hot Vapor Calibration Source Generator.

(a) Introduce the spike gas into the probe
using a hot vapor calibration source gener-
ator and a solution of HgCl, in dilute HC1
and HNO;. The calibrator uses a mass flow
controller (accurate within 2 percent) to
measure the gas flow, and the solution feed
is measured using a top-loading balance ac-
curate to 0.01g. The challenges of injecting
oxidized Hg may make it impractical to stop
the flow of gas between spike injections. In
this case, operate the hot vapor calibration
source generator continuously during the
spiking procedure, swapping blank solutions
for HgCl, solutions when switching between
spiking and baseline measurements.

(b) If applicable, monitor the measurement
system to make sure the total sampling sys-
tem flow rate and the sample dilution ratio
do not change during this procedure. Record
all data on a data sheet similar to Table 30A-
5 in section 17.0. If the Hg measurement sys-
tem design makes it impractical to measure
the total volumetric flow rate through the
system, use a spike gas that includes a trac-
er for measuring the dilution factor, DF (see
Equation 30A-9 in section 12.9). Allow the
measurements to stabilize between each
spike injection, average the pre- and post-in-
jection baseline measurements, and cal-
culate the native concentration. If this
measurement shifts by more than 5 percent
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during any injection, it may be necessary to
discard that data point and repeat the injec-
tion to achieve the required RSD among the
injections. If the spikes persistently show
poor repeatability, or if the recoveries are
not within the range specified in section 13.5,
take corrective action.

8.2.8 Run Validation. How do I confirm that
each run I conduct is valid?

8.2.8.1 System Integrity Checks.

(a) Before and after each test run, perform
a two-point system integrity check using the
same procedure as the initial system integ-
rity check described in section 8.2.5. You
may use data from that initial system integ-
rity check as the pre-run data for the first
test run, provided it is the most recent sys-
tem integrity check done before the first
run. You may also use the results of a suc-
cessful post-run system integrity check as
the pre-run data for the next test run. Do not
make any adjustments to the measurement
system during these checks, other than to
maintain the target calibration gas flow rate
and the proper dilution ratio.

(b) As a time-saving alternative, you may,
at the risk of invalidating multiple test
runs, skip one or more integrity checks dur-
ing a test day. Provided there have been no
auto-calibrations or other instrument alter-
ations, a single integrity check may suffice
as a post-run check to validate (or invali-
date) as many consecutive test runs as can
be completed during a single test day. All
subsequent test days must begin with a pre-
run system integrity check subject to the
same performance criteria and corrective ac-
tion requirements as a post-run system in-
tegrity check.

(c) Each system integrity check must meet
the criteria for system integrity checks in
section 13.2. If a post-run system integrity
check is failed, all test runs since the last
passed system integrity check are invalid. If
a post-run or a pre-run system integrity
check is failed, you must take corrective ac-
tion and pass another 3-point Hg? system
calibration error test (Section 8.2.4) followed
by another system integrity check before
conducting any additional test runs. Record
the results of the pre- and post-run system
integrity checks on a form similar to Table
30A-2 in section 17.0.

8.2.8.2 Drift Check. Using the data from the
successful pre- and post-run system integrity
checks, calculate the zero and upscale drift,
using Equation 30A-2 in section 12.3. Exceed-
ing the section 13.3 specification does not in-
validate the run, but corrective action must
be taken and a new 3-point Hg° system cali-
bration error test and a system integrity
check must be passed before any more runs
are made.

8.3 Dilution-Type Systems—Special Con-
siderations. When a dilution-type measure-
ment system is used, there are three impor-
tant considerations that must be taken into

650



Environmental Protection Agency

account to ensure the quality of the emis-
sions data. First, the critical orifice size and
dilution ratio must be selected properly so
that the sample dew point will be below the
sample line and analyzer temperatures. Sec-
ond, a high-quality, accurate dilution con-
troller must be used to maintain the correct
dilution ratio during sampling. The dilution
controller should be capable of monitoring
the dilution air pressure, orifice upstream
pressure, eductor vacuum, and sample flow
rates. Third, differences between the molec-
ular weight of calibration gas mixtures, dilu-
tion air, and the stack gas molecular weight
must be considered because these can affect
the dilution ratio and introduce measure-
ment bias.

8.4 Sampling.

(a) Position the probe at the first sampling
point. Allow the system to flush and equili-
brate for at least two times the measure-
ment system response time before recording
any data. Then, traverse and record meas-
urements at all required sampling points.
Sample at each traverse point for an equal
length of time, maintaining the appropriate
sample flow rate or dilution ratio (as appli-
cable). For all Hg instrumental method sys-
tems, the minimum sampling time at each
sampling point must be at least two times
the system response time, but not less than
10 minutes. For concentrating systems, the
minimum sampling time must also include
at least 4 concentration measurement cycles.

(b) After recording data for the appropriate
period of time at the first traverse point, you
may move the sample probe to the next
point and continue recording, omitting the
requirement to allow the system to equili-
brate for two times the system response time
before recording data at the subsequent tra-
verse points. You must, however, sample at
this and all subsequent traverse points for
the required minimum amount of time speci-
fied in this section. If you must remove the
probe from the stack for any reason, you
must again allow the sampling system to
equilibrate for at least two times the system
response time prior to resuming data record-
ing.

(c) If at any point the measured Hg con-
centration exceeds the calibration span
value, you must at a minimum identify and
report this as a deviation from the method.
Depending on the data quality objectives of
the test, this event may require corrective
action before proceeding. If the average Hg
concentration for any run exceeds the cali-
bration span value, the run is invalidated.

8.6 Moisture Correction. If the moisture
basis (wet or dry) of the measurements made
with this method is different from the mois-
ture basis of either: (1) The applicable emis-
sion limit; or (2) a Hg CEMS or sorbent trap
monitoring system being evaluated for rel-
ative accuracy, you must determine the
moisture content of the flue gas and correct

Pt. 60, App. A-8, Meth. 30A

the measured gas concentrations to a dry
basis using Method 4 in appendix A-3 of this
part or other appropriate methods, subject
to the approval of the Administrator.

8.6 Optional Interference Test Procedure.

(a) Select an appropriate calibration span
that reflects the source(s) to be tested and
perform the interference check at 40 percent
of the lowest calibration span value antici-
pated, e.g., 10 ug/ms3. Alternatively, success-
fully conducting the interference test at an
absolute Hg concentration of 2 pg/m3 will
demonstrate performance for an equivalent
calibration span of 5 pug/m3, the lowest cali-
bration span allowed for Method 30A testing.
Therefore, performing the interference test
at the 2 wms3 level will serve to demonstrate
acceptable performance for all calibration
spans greater than or equal to 5 ug/ms3.

(b) Introduce the interference test gases
listed in Table 30A-3 in section 17.0 into the
measurement system separately or as a mix-
ture. The interference test gases HC1 and NO
must be introduced as a mixture. The inter-
ference test gases must be introduced into
the sampling system at the probe such that
the interference gas mixtures pass through
all filters, scrubbers, conditioners, and other
components as would be configured for nor-
mal sampling.

(c) The interference test must be per-
formed using HgCl,, and each interference
test gas (or gas mixture) must be evaluated
in triplicate. This is accomplished by meas-
uring the Hg response first with only the
HgCl, gas present and then when adding the
interference test gas(es) while maintaining
the HgCl, concentration of the test stream
constant. It is important that the equipment
used to conduct the interference test be of
sufficient quality so as to be capable of
blending the HgCl, and interference gases
while maintaining the Hg concentration con-
stant. Gas blending system or manifolds may
be used.

(d) The duration of each test should be for
a sufficient period of time to ensure the Hg
measurement system surfaces are condi-
tioned and a stable output is obtained. Meas-
ure the Hg response of the analyzer to these
gases in ug/m3. Record the responses and de-
termine the overall interference response
using Table 30A—4 in section 17.0 and the
equations presented in section 12.11. The
specification in section 13.4 must be met.

(e) A copy of these data, including the date
completed and a signed certification, must
be included with each test report. The intent
of this test is that the interference test re-
sults are intended to be valid for the life of
the system. As a result, the Hg measurement
system should be operated and tested in a
configuration consistent with the configura-
tion that will be used for field applications.
However, if the system used for field testing
is not consistent with the system that was
interference-tested, the interference test
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must be repeated before it is used for any
field applications. Examples of such condi-
tions include, but are not limited to: major
changes in dilution ratio (for dilution based

systems),

changes

in catalyst materials,

changes in filtering device design or mate-
rials, changes in probe design or configura-
tion, and changes in gas conditioning mate-
rials or approaches.
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9.0 Quality Control

What quality control measures must I take?

The table which follows is a summary of
the mandatory, suggested, and alternative
quality assurance and quality control meas-
ures and the associated frequency and ac-
ceptance criteria. All of the QC data, along
with the run data, must be documented and

included in the test report.

SUMMARY TABLE OF QA/QC REQUIREMENTS

Status !

Process or element

QA/QC specification

Acceptance criteria

Checking frequency

= =2

Identify Data User ...

Analyzer Design

Analyzer resolution
or sensitivity.

Interference re-
sponse.

Calibration Gases ...
High-level Hge gas ..

Mid-level Hg® gas ...
Low-level HgP gas ...

High-level HgCl, gas

Mid-level HgCl>

Zero gas

Dynamic spike gas
(Chative 21 ng/ma).

Dynamic spike gas
(Chative <1 pg/ma).

Data Recorder De-
sign.
Sample Extraction ...

Sample Extraction ...

Sample Extraction ...
Sample Extraction ...

Sample Extraction ...

Regulatory Agency
or other primary
end user of data.

Analyzer range ........

<2.0 % of full-scale
range.

Overall response
<3% of calibration
span.

Alternatively, overall
response <0.3 ug/
m3.

Traceability protocol

Equal to the calibra-
tion span.

40 to 60% of calibra-
tion span.

10 to 30% of calibra-
tion span.

Equal to the calibra-
tion span.

40 to 60% of calibra-
tion span.

Each system integ-
rity check..

A high-concentration
HgCl, gas, used
to produce a
spiked sample
concentration that
is 150 to 200% of
the native con-
centration.

A high-concentration
HgCl, gas, used
to produce a
spiked sample
concentration that
is 1 to 2 ug/m3
above the native
concentration.

Data resolution

Probe material .........

Probe, filter and
sample line tem-
perature.

Calibration valve
material.

Sample pump mate-
rial.

Manifold material

Before designing test..

Sufficiently >high-level gas to allow deter-
mination of system calibration error.
Manufacturer design..

Validation of concentration required.
Each calibration error test..

Each calibration error test..
Each calibration error test..

Each system integrity check (if it better
represents Chaive than the mid level
gas)..

Each system gas integrity check (if it bet-
ter represents Cuave than the high
level gas)..

Pre-test; dynamic spiking not required
until 1/1/09..

Pre-test; dynamic spiking not required
until 1/1/09..

<0.5% of full-scale ..........ccccovviiiiiicnnee

Inert to sample constituents (e.g., PFA
Teflon, or quartz if stack >500 °F).

For dry-basis analyzers, keep sample
above the dew point, by heating prior
to moisture removal.

For wet-basis analyzers, keep sample
above dew point at all times, by heat-
ing or dilution.

Inert to sample constituents (e.g., PFA
Teflon or PFA Teflon coated).

Inert to sample constituents

Inert to sample constituents
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Each run.

Each test.
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SUMMARY TABLE OF QA/QC REQUIREMENTS—Continued

Status !

Process or element

QA/QC specification

Acceptance criteria

Checking frequency

Particulate Removal

System Calibration
Performance.

System Calibration
Performance.

System Performance

System Performance

System Performance

System Performance

Sample Point Selec-
tion.

For Part 60 RATAs,
follow the proce-
dures in Perform-
ance Specification
2, section 8.1.3,
and for Part 75
RATASs, follow the
procedures in sec-
tion 6.5.6 of ap-
pendix A to Part
75. That is:

At any test loca-
tion, you may use
3 sample points
located at 16.7,
50.0, and 83.3%
of a “long” meas-
urement line pass-
ing through the
centroidal area; or
At any test loca-
tion, you may use
6 sample points
along a diameter,
located according
to Method 1 (Part
75 RATASs, only);
or

.

Filter inertness ........
System calibration
error (CE) test.

System integrity
check.

System response
time.

Drift ..

Minimum sampling
time.

Percentage spike re-
covery and rel-
ative standard de-
viation.

Number and Loca-
tion of Sample
Points.

Pass calibration error check .....................

CE <5.0 % of the calibration span for the
low-, mid-or high-level Hg° calibration
gas.

Alternative specification: <0.5 pg/m3 ab-
solute difference between system re-
sponse and reference value.

Error <5.0% of the calibration span for
the zero and mid- or high-level HgCl»
calibration gas.

Alternative specification: <0.5 pg/m3 ab-
solute difference between system re-
sponse and reference value.

Used to determine minimum sampling
time per point.

<8.0% of calibration span for the zero
and mid- or high-level gas.

Alternative specification: <0.3 ug/m® ab-
solute difference between pre- and
post-run system calibration error per-
centages..

The greater of two times the system re-
sponse time or 10 minutes. Concen-
trating systems must also include at
least 4 cycles.

Percentage spike recovery, at the target
level: 100 £10%.

Relative standard deviation: <5 percent ...

Alternative  specification: absolute dif-
ference between calculated and meas-
ured spike values <0.5 pug/ms.

For emission testing applications, use 12
points, located according to Method 1
in appendix A—1 to this part, unless the
results of a stratification test allow
fewer points to be used.
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Each calibration
error check.

Before initial run and
after a failed sys-
tem integrity
check or drift test.

Before initial run,
after each run, at
the beginning of
subsequent test
days, and after a
failed system in-
tegrity check or
drift test.

During initial 3-point
system calibration
error test.

At least once per
test day.

Each sampling point.

Before initial run; dy-
namic spiking not
required until 1/1/
09.

Prior to first run.
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SUMMARY TABLE OF QA/QC REQUIREMENTS—Continued

Status ! Process or element | QA/QC specification Acceptance criteria Checking frequency

¢ At a location
where stratification
is not expected
and the measure-
ment line is >2.4
m (7.8 ft), you
may use 3 sample
points located
along a “short”
measurement line
at 0.4, 1.0, and
2.0 m from the
stack or duct wall
or, for Part 75
only, sample
points may be lo-
cated at 4.4, 14.6,
and 29.6% of the
measurement line;
or

After a wet scrub-
ber or at a point
where dissimilar
gas streams are
combined, either
locate 3 sample
points along the
“long” measure-
ment line or locate
6 Method 1 points
along a diameter
(Part 75, only),
unless the results
of a stratification
test allow you to
use a “short” 3-
point measure-
ment line or to
sample at a single
point.

If it can be dem-
onstrated that
stack gas con-
centration is <3
ug/m3, then the
test site is ex-
empted from strat-
ification testing.
Use the 3-point
“short” measure-
ment line if the
stack diameter is
>2.4 m (7.8 ft) and
the 3-point “long”
line for stack di-
ameters <2.4 m
(7.8 ft).

.
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SUMMARY TABLE OF QA/QC REQUIREMENTS—Continued

Acceptance criteria Checking frequency

Status ! Process or element | QA/QC specification

A e Sample Point Selec- | Stratification Test

tion (See section
8.1.3)..

M .. Data Recording ....... Frequency ...............

S .. Data Parameters ..... Sample concentra-
tion and calibra-
tion span.

M s Data Parameters ..... Sample concentra-
tion and calibra-
tion span.

M Data Parameters ..... Sample concentra-
tion and calibra-
tion span.

Prior to first run.

Prior to 1/1/09, you
may (1) forgo
stratification test-
ing and use 3
sampling points
(as per section
8.1.3.2.2) or (2)
perform a SO,
stratification test
(see sections
6.5.6.1 and
6.5.6.3 of appen-
dix A to part 75),
in lieu of a Hg
stratification test.
If the test location
is unstratified or
minimally stratified
for SO, it can be
considered
unstratified or
minimally stratified

If the Hg concentration? at each traverse
point during the stratification test is:

e Within +5% of mean, use 1-point sam-
pling (at the point closest to the mean);
or.

e Not within +5% of mean, but is within
+10% of mean, use 3-point sampling.
Locate points according to section
8.1.3.2.2 of this method..

Alternatively, if the Hg concentration at
each point is:.

e Within £0.2 pug/m? of mean, use 1-point
sampling (at the point closest to the
mean); or.

o Not within 0.2 ng/m® of mean, but is
within £0.5 ug/m? of mean, use 3-point
sampling. Locate points according to
section 8.1.3.2.2 of this method..

for Hg also.
ONCe Per CYCle ..o During run.
All analyzer readings during each run | Each run.

within calibration span.

Al analyzer readings during dynamic
spiking tests within 120% of calibration
span.

Average Hg concentration for the run
<calibration span.

Each spike injection.

Each run.

1M = Mandatory; S = Suggested; A = Alternative.

2These may either be the unadjusted Hg concentrations or concentrations normalized to account for temporal variations.

10.0 Calibration and Standardization

What measurement system calibrations are
required?

Your analyzer must be calibrated with Hg°
standards. The initial 3-point system calibra-
tion error test described in section 8.2.4 is re-
quired before you start the test. Also, prior
to and following test runs, the two-point sys-
tem integrity checks described in sections
8.2.5 and 8.2.8 are required. On and after Jan-
uary 1, 2009, the pre-test dynamic spiking
procedure described in section 8.2.7 is also re-
quired to verify that the accuracy of the
measurement system is suitable and not ad-
versely affected by the flue gas matrix.

11.0 Analytical Procedures

Because sample collection and analysis are
performed together (see section 8), addi-
tional discussion of the analytical procedure
is not necessary.

12.0 Calculations and Data Analysis

You must follow the procedures for cal-
culations and data analysis listed in this sec-
tion.

12.1 Nomenclature. The terms used in the
equations are defined as follows:

Bws = Moisture content of sample gas as
measured by Method 4 in Appendix A-3
to this part, percent/100.

Cavg = Average unadjusted Hg concentration
for the test run, as indicated by the data
recorder pg/ms.

Chaseline = Average Hg concentration measured
before and after dynamic spiking injec-
tions, pg/ms.

Cq = Hg concentration, dry basis, ug/ms3.

Cair = Absolute value of the difference be-
tween the measured Hg concentrations of
the reference HgCl, calibration gas, with
and without the individual or combined
interference gases, pg/ms.

Cuair ave = Average of the 3 absolute values of
the difference between the measured Hg
concentrations of the reference HgCl,
calibration gas, with and without the in-
dividual or combined interference gases,
ug/ms3.

Cqas = Average Hg concentration in the efflu-
ent gas for the test run, adjusted for sys-
tem calibration error, pg/ms.
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Cint = Measured Hg concentration of the ref-
erence HgCl, calibration gas plus the in-
dividual or combined interference gases,
ug/ms.

Cm = Average of pre- and post-run system in-
tegrity check responses for the upscale
(i.e., mid- or high-level) calibration gas,
ug/ms3.

Cma = Actual concentration of the upscale
(i.e., mid- or high-level) calibration gas
used for the system integrity checks, pg/
ms3.

Co = Average of pre- and post-run system in-
tegrity check responses from the zero
gas, ug/ms.

Chative = Vapor phase Hg concentration in the
source effluent, ug/ms3.

C.t = Measured Hg concentration of the ref-
erence HgCl, calibration gas alone, in the
interference test, pg/ms.

C,; = Measured concentration of a calibration
gas (zero-, low-, mid-, or high-level),
when introduced in system calibration
mode, pug/ms.

Cspike = Actual Hg concentration of the spike
gas, ug/ms.

C*oie = Hg concentration of the spike gas re-
quired to achieve a certain target value
for the spiked sample Hg concentration,
ug/m3.

Css = Measured Hg concentration of the
spiked sample at the target level, ug/ms.

C*, = Expected Hg concentration of the
spiked sample at the target level, ug/ms.

Curgee = Target Hg concentration of the
spiked sample, ug/ms3.

Crnaive = Measured tracer gas concentration
present in native effluent gas, ppm.

Crair = Tracer gas concentration injected
with spike gas, ppm.

Cry = Diluted tracer gas concentration meas-
ured in a spiked sample, ppm.

C, = Certified Hg° or HgCl, concentration of
a calibration gas (zero, low, mid, or
high), pg/ms.

C,, = Hg concentration measured under moist
sample conditions, wet basis, ug/ms3.

Cgas = (Cavg - CO)

12.4 Moisture Correction. Use Equation
30A—-4a if your measurements need to be cor-
rected to a dry basis.

C
C :—W
¢ 1-B,,

Use Equation 30A—4b if your measurements
need to be corrected to a wet basis.

Eq. 30A-4a

40 CFR Ch. I (7-1-19 Edition)

CS = Calibration span, pg/m3.
D = Zero or upscale drift, percent of calibra-

tion span.

DF = Dilution factor of the spike gas,
dimensionless.

I = Interference response, percent of calibra-
tion span.

Qprobe = Total flow rate of the stack gas sam-
ple plus the spike gas, liters/min.

Qspike = Flow rate of the spike gas, liters/min.

R; = Individual injection spike recovery, %.

R = Mean value of spike recoveries at a par-
ticular target level, %.

RSD = Relative standard deviation, %;.

SCE = System calibration error, percent of
calibration span.

SCE; = Pre-run system calibration error dur-
ing the two-point system integrity
check, percent of calibration span.

SCE; = Post-run system calibration error
during the two-point system integrity
check, percent of calibration span.

12.2 System Calibration Error. Use Equa-
tion 30A-1 to calculate the system calibra-
tion error. Equation 30A-1 applies to: 3-point
system calibration error tests performed
with Hg° standards; and pre- and post-run
two-point system integrity checks performed
with HgCl,.

C

scE =SS 1100 Eq. 30A-1
CS

12.3 Drift Assessment. Use Equation 30A-2

to separately calculate the zero and upscale
drift for each test run.

D=|SCE, —SCE|  Eq.30A-2

12.3 Effluent Hg Concentration. For each
test run, calculate C.,, the arithmetic aver-
age of all valid Hg concentration values re-
corded during the run. Then, adjust the
value of C., for system calibration error,
using Equation 30A-3.

C
——m __ Eq.30A-3
C -C

C,=Cyx(1-B,)  Eq.30A-4b

12.5 Dynamic Spike Gas Concentrations.
Use Equation 30A-5 to determine the spike
gas concentration needed to produce a spiked
sample with a certain ‘‘target” Hg con-
centration.
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C*spike = DF(Ctarget

12.6 Spiked Sample Concentration. Use
Equation 30A-6 to determine the expected or

. (C

ss  “native

spike

12.7 Spike Recovery. Use Equation 30A-7 to
calculate the percentage recovery of each
spike.

_ DF (Css _Cnativc

R

- Cnative) + C

-C
DF

) + Cnativc X 100%

Pt. 60, App. A-8, Meth. 30A

Eq. 30A-5

native

theoretical Hg concentration of a spiked
sample.

native )

Eq. 30A-6

C

spike

12.8 Relative Standard Deviation. Use
Equation 30A-8 to calculate the relative

i=1

i (Ri - ﬁ)z

Eq. 30A-7

standard deviation of the individual percent-
age spike recovery values from the mean.

12.9 Spike Dilution Factor. Use Equation
30A-9 to calculate the spike dilution factor,

Eq. 30A-8

n—1

using either direct flow measurements or
tracer gas measurements.

Quove  Crar — Corpi
DF — probe _ Cler Tnative Eq 30A-9
Qspike Ttv ~ “~Tnative
12.10 Native Concentration. For spiking _
procedures that inject blank or carrier gases native = Cbaseline Eq. 30A-11

(at the spiking flow rate, Qi) between
spikes, use Equation 30A-10 to calculate the
native concentration.

@]

— baselineDF Eq 3OA-10
DF-1
For spiking procedures that halt all injec-
tions between spikes, the native concentra-
tion equals the average baseline concentra-
tion (see Equation 30A-11).

native

12.11 Overall Interference Response. Use
equation 30A-12 to calculate the overall in-
terference response.

Cy
I:—Z S22 %100
s

Where, for each interference gas (or mix-
ture):

Eq. 30A-12
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3
chif
1

C =1

difavg — 3

Eq. 30A-13

Cdif = |Cref - C

Eq. 30A-14

int

13.0 Method Performance

13.1 System Calibration Error Test. This
specification applies to the 3-point system
calibration error tests using Hg¢ At each
calibration gas level tested (low-, mid-, or
high-level), the calibration error must be
within +5.0 percent of the calibration span.
Alternatively, the results are acceptable if |
Cs — Cy | <0.5 ng/ms.

13.2 System Integrity Checks. This speci-
fication applies to all pre- and post-run 2-
point system integrity checks using HgCl,
and zero gas. At each calibration gas level
tested (zero and mid- or high-level), the error
must be within +5.0 percent of the calibra-
tion span. Alternatively, the results are ac-
ceptable if | C; — C, | 0.5 pg/ms3.

13.3 Drift. For each run, the low-level and
upscale drift must be less than or equal to 3.0
percent of the calibration span. The drift is
also acceptable if the pre- and post-run sys-
tem integrity check responses do not differ
by more than 0.3 ug/m3 (i.e., | Cs postrun — Cs
pre-run | 0.3 pg/ms).

13.4 Interference Test. Summarize the re-
sults following the format contained in
Table 30A-4. For each interference gas (or
mixture), calculate the mean difference be-
tween the measurement system responses
with and without the interference test
gas(es). The overall interference response for

40 CFR Ch. I (7-1-19 Edition)

the analyzer that was used for the test (cal-
culated according to Equation 30A-12), must
not be greater than 3.0 percent of the cali-
bration span used for the test (see section
8.6). The results of the interference test are
also acceptable if the sum of the absolute av-
erage differences for all interference gases
(i.e., X Cuir avg) does not exceed 0.3 ug/ms3.

13.5 Dynamic Spiking Test. For the pre-
test dynamic spiking, the mean value of the
percentage spike recovery must be 100 +10
percent. In addition, the relative standard
deviation (RSD) of the individual percentage
spike recovery values from the mean must be
<5.0 percent. Alternatively, if the mean per-
centage recovery is not met, the results are
acceptable if the absolute difference between
the theoretical spiked sample concentration
(see section 12.6) and the actual average
value of the spiked sample concentration is
<0.5 ug/ms.

14.0 Pollution Prevention [Reserved]
15.0 Waste Management [Reserved]

16.0 References

1. EPA Traceability Protocol for Qualifica-
tion and Certification of Elemental Mercury
Gas Generators, expected publication date
December 2008, see www.epa.gov/ttn/emc.

2. EPA Traceability Protocol for Qualifica-
tion and Certification of Oxidized Mercury
Gas Generators, expected publication date
December 2008, see www.epa.gov/ttn/emc.

3. EPA Traceability Protocol for Assay and
Certification of Gaseous Calibration Stand-
ards, expected revision publication date De-
cember 2008, see www.epa.gov/ttn/emc.

17.0 Figures and Tables
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Table 30A-1: 3-Point System Calibration Error Tests

a4t i Test Runs Covered:
Facility name: Analyzer make & model no.
Unit(s) tested: Serial no.
Test personnel: Calibration span (CS):
Date: System response time:
Time:
Calibration
Certified Gas System Error
Concentration Respon‘sc Absolute (% of
Calibration Gas Tevel (ng/m*) (ng/m’) Difference calibration
span)
1lA-BI]*100
A B |A-B| b
Low
Mid
High
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Table 30A-2: System Integrity Check and Drift Data

Facility name:
Unit(s) tested:
Test personnel:

Date(s):

Analyzer make & model:

Serial number:

Run number(s) covered:

Calibration span:

Calibration Certified Initial Final Drift

Gas Calibration | System | System (% of

Level Gas Value | Respons | Respons | Absolute calibration

(zero, mid, (ng/m’) e e Difference span)
(ugym’) | g/m’) | (ug/m’)

or high)

TABLE 30A—3—INTERFERENCE CHECK GAS

TABLE 30A—3—INTERFERENCE CHECK GAS
CONCENTRATIONS—Continued

CONCENTRATIONS

Concentration,

Concentration,
tentative—(balance N>)

ial i 1
tentative— (balance N,) Potential interferent gas

Potential interferent gas !

Other.

1Any of these specific gases can be tested at a lower level
if the manufacturer has provided reliable means for limiting or
scrubbing that gas to a specified level.

2HCI and NO must be tested as a mixture.

15% £1% CO,
100 +20 ppm
100 +20 ppm
250 +50 ppm
200 +20 ppm
3% +1% O,
10% £1% H,O
Balance

Nitrogen ..
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Table 30A-4: Example Interference Test Data Sheet

Date of Test:
Analyzer Type:
Model No.:
Serial No.:
Calibration Span:
Test Organization:
Test Personnel:

Interference Hg Concentration Hg Concen!tration Absolute Difference Average Absolute
Gas (ng/m’) il (ug/m®) Difference
wilnterference Gas (ng/m*)
Sum of Responses
% of Calibration Span
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METHOD 30B—DETERMINATION OF TOTAL
VAPOR PHASE MERCURY EMISSIONS FROM
COAL-FIRED COMBUSTION SOURCES USING
CARBON SORBENT TRAPS

1.0 Scope and Application

What is Method 30B?

Method 30B is a procedure for measuring
total vapor phase mercury (Hg) emissions
from coal-fired combustion sources using
sorbent trap sampling and an extractive or
thermal analytical technique. This method
is only intended for use only under relatively
low particulate conditions (e.g., sampling
after all pollution control devices). Quality
assurance and quality control requirements
are included to assure that you, the tester,
collect data of known and acceptable quality
for each testing program. This method does
not completely describe all equipment, sup-
plies, and sampling and analytical proce-
dures you will need, but instead refers to
other test methods for some of the details.
Therefore, to obtain reliable results, you
should also have a thorough knowledge of
these additional methods which are found in
Appendices A-1 and A-3 to this part:

(a) Method 1—Sample and Velocity Tra-
verses for Stationary Sources.

(b) Method 4—Determination of Moisture
Content in Stack Gases.

(c) Method 5—Determination of Particu-
late Matter Emissions from Stationary
Sources

1.1 Analytes. What does this method deter-
mine? This method is designed to measure
the mass concentration of total vapor phase
Hg in flue gas, including elemental Hg (Hg°)
and oxidized forms of Hg (Hg*2), in
micrograms per dry standard cubic meter
(ug/dscm).

Analytical range and

Analyte sensitivity

CAS No.

Elemental Hg (Hg©) .. | 7439-97-6 | Typically 0.1 pg/dscm

to >50 pg/dscm.

Oxidized Hg (Hg*2) ... (Same)

1.2 Applicability. When is this method re-
quired? Method 30B is a reference method for
relative accuracy test audits (RATAs) of
vapor phase Hg CEMS and sorbent trap mon-
itoring systems installed at coal-fired boilers
and is also appropriate for Hg emissions test-
ing at such boilers. It is intended for use
only under relatively low particulate condi-
tions (i.e., sampling after all pollution con-
trol devices); in cases where significant
amounts of particle-bound Hg may be
present, an isokinetic sampling method for
Hg should be used. Method 30B may also be
specified by New Source Performance Stand-
ards (NSPS), National Emission Standards
for Hazardous Air Pollutants (NESHAP),
emissions trading programs, State Imple-
mentation Plans (SIPs), and operating per-

Pt. 60, App. A-8, Meth. 30B

mits that require measurement of Hg con-
centrations in stationary source emissions,
either to determine compliance with an ap-
plicable emission standard or limit, or to
conduct RATAs of Hg CEMS and sorbent
trap monitoring systems.

1.3 Data Quality Objectives (DQO). How
good must my collected data be? Method 30B
has been designed to provide data of high and
known quality for Hg emissions testing and
for RATA testing of Hg monitoring systems,
including CEMS and sorbent trap monitors.
In these and other applications, the principal
objective is to ensure the accuracy of the
data at the actual emissions levels and in
the actual emissions matrix encountered. To
meet this objective, NIST-traceable calibra-
tion standards must be used and method per-
formance tests are required.

2.0 Summary of Method

Known volumes of flue gas are extracted
from a stack or duct through paired, in-
stack sorbent media traps at an appropriate
flow rate. Collection of mercury on the sor-
bent media in the stack mitigates potential
loss of mercury during transport through a
probe/sample line. For each test run, paired
train sampling is required to determine
measurement precision and verify accept-
ability of the measured emissions data. A
field recovery test which assesses recovery of
an elemental Hg spike to determine meas-
urement bias is also used to verify data ac-
ceptability. The sorbent traps are recovered
from the sampling system, prepared for anal-
ysis as needed, and analyzed by any suitable
determinative technique that can meet the
performance criteria.

3.0 Definitions

3.1 Analytical System is the combined equip-
ment and apparatus used to perform sample
analyses. This includes any associated sam-
ple preparation apparatus e.g., digestion
equipment, spiking systems, reduction de-
vices, etc., as well as analytical instrumen-
tation such as UV AA and UV AF cold vapor
analyzers.

3.2 Calibration Standards are the Hg con-
taining solutions prepared from NIST trace-
able standards and are used to directly cali-
brate analytical systems.

3.3 Independent Calibration Standard is a
NIST traceable standard obtained from a
source or supplier independent of that for
the calibration standards and is used to con-
firm the integrity of the calibration stand-
ards used.

3.4 Method Detection Limit (MDL) is the low-
est mass of Hg greater than zero that can be
estimated and reported by your candidate
analytical technique. The MDL is statis-
tically derived from replicate low level
measurements near your analytical instru-
ment’s detection level.
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3.5 NIST means the National Institute of
Standards and Technology, located in Gai-
thersburg, Maryland.

3.6 Run means a series of gas samples
taken successively from the stack or duct. A
test normally consists of a specific number
of runs.

3.7 Sorbent Trap means a cartridge or sleeve
containing a sorbent media (typically acti-
vated carbon treated with iodine or some
other halogen) with multiple sections sepa-
rated by an inert material such as glass
wool. These sorbent traps are optimized for
the quantitative capture of elemental and
oxidized forms of Hg and can be analyzed by
multiple techniques.

3.8 Test refers to the series of runs required
by the applicable regulation.

3.9 Thermal Analysis means an analytical
technique where the contents of the sorbent
traps are analyzed using a thermal technique
(desorption or combustion) to release the
captured Hg in a detectable form for quan-
tification.

3.10 Wet Analysis means an analytical tech-
nique where the contents of the sorbent tube
are first leached or digested to quan-
titatively transfer the captured Hg to liquid
solution for subsequent analysis.

4.0 Interferences

Interferences may result from the sorbent
trap material used as well as from the meas-
urement environment itself. The iodine
present on some sorbent traps may impart a
negative measurement bias. High levels of
sulfur trioxide (SOs) are also suspected to
compromise the performance of sorbent trap
Hg capture. These, and other, potential
interferences are assessed by performing the
analytical matrix interference, Hg? and
HgCl, analytical bias and field recovery
tests.

5.0 Safety

What safety measures should I consider
when using this method? This method may
require you to work with hazardous mate-
rials and in hazardous conditions. You are
encouraged to establish safety procedures
before using the method. Among other pre-
cautions, you should become familiar with
the safety recommendations in the gas ana-
lyzer user’s manual. Occupational Safety and
Health Administration (OSHA) regulations
concerning use of compressed gas cylinders
and noxious gases may apply.

5.1 Site Hazards. Prior to applying these
procedures/specifications in the field, the po-
tential hazards at the test site should be
considered; advance coordination with the
site is critical to understand the conditions
and applicable safety policies. At a min-
imum, portions of the sampling system will
be hot, requiring appropriate gloves, long
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sleeves, and caution in handling this equip-
ment.

5.2 Laboratory Safety. Policies should be
in place to minimize risk of chemical expo-
sure and to properly handle waste disposal in
the laboratory. Personnel shall wear appro-
priate laboratory attire according to a
Chemical Hygiene Plan established by the
laboratory.

5.3 Reagent Toxicity/Carcinogenicity. The
toxicity and carcinogenicity of any reagents
used must be considered. Depending upon the
sampling and analytical technologies se-
lected, this measurement may involve haz-
ardous materials, operations, and equipment
and this method does not address all of the
safety problems associated with imple-
menting this approach. It is the responsi-
bility of the user to establish appropriate
safety and health practices and determine
the applicable regulatory limitations prior
to performance. Any chemical should be re-
garded as a potential health hazard and ex-
posure to these compounds should be mini-
mized. Chemists should refer to the Material
Safety Data Sheet (MSDS) for each chemical
used.

5.4 Waste Disposal. Any waste generated by
this procedure must be disposed of according
to a hazardous materials management plan
that details and tracks various waste
streams and disposal procedures.

6.0 Equipment and Supplies

The following list is presented as an exam-
ple of key equipment and supplies likely re-
quired to measure vapor-phase Hg using a
sorbent trap sampling system. It is recog-
nized that additional equipment and supplies
may be needed. Collection of paired samples
is required.

6.1 Sorbent Trap Sampling System. A typ-
ical sorbent trap sampling system is shown
in Figure 30B-1 in section 17.0. The sorbent
trap sampling system shall include the fol-
lowing components:

6.1.1 Sorbent Traps. The sorbent media
used to collect Hg must be configured in a
trap with at least two distinct segments or
sections, connected in series, that are ame-
nable to separate analyses. section 1 is des-
ignated for primary capture of gaseous Hg.
section 2 is designated as a backup section
for determination of vapor phase Hg break-
through. Each sorbent trap must be in-
scribed or otherwise permanently marked
with a unique identification number, for
tracking purposes. The sorbent media may
be any collection material (e.g., carbon,
chemically-treated filter, etc.) capable of
quantitatively capturing and recovering for
subsequent analysis, all gaseous forms of Hg
in the emissions from the intended applica-
tion. Selection of the sorbent media shall be
based on the material’s ability to achieve
the performance criteria contained in this
method as well as the sorbent’s vapor phase
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Hg capture efficiency for the emissions ma-
trix and the expected sampling duration at
the test site. The sorbent media must be ob-
tained from a source that can demonstrate
their quality assurance and quality control
(see section 7.2). The paired sorbent traps are
supported on a probe (or probes) and inserted
directly into the flue gas stream.

6.1.2 Sampling Probe Assembly. Each probe
assembly shall have a leak-free attachment
to the sorbent trap(s). Each sorbent trap
must be mounted at the entrance of or with-
in the probe such that the gas sampled en-
ters the trap directly. Each probe/sorbent
trap assembly must be heated to a tempera-
ture sufficient to prevent liquid condensa-
tion in the sorbent trap(s). Auxiliary heating
is required only where the stack temperature
is too low to prevent condensation. Use a
calibrated thermocouple to monitor the
stack temperature. A single probe capable of
operating the paired sorbent traps may be
used. Alternatively, individual probe/sorbent
trap assemblies may be used, provided that
the individual sorbent traps are co-located to
ensure representative Hg monitoring.

6.1.3 Moisture Removal Device. A moisture
removal device or system shall be used to re-
move water vapor from the gas stream prior
to entering dry gas flow metering devices.

6.1.4 Vacuum Pump. Use a leak-tight, vacu-
um pump capable of operating within the
system’s flow range.

6.1.5 Gas Flow Meter. A gas flow meter
(such as a dry gas meter, thermal mass flow
meter, or other suitable measurement de-
vice) shall be used to determine the total
sample volume on a dry basis, in units of
standard cubic meters. The meter must be
sufficiently accurate to measure the total
sample volume to within 2 percent and must
be calibrated at selected flow rates across
the range of sample flow rates at which the
sampling train will be operated. The gas flow
meter shall be equipped with any necessary
auxiliary measurement devices (e.g., tem-
perature sensors, pressure measurement de-
vices) needed to correct the sample volume
to standard conditions.

6.1.6 Sample Flow Rate Meter and Con-
troller. Use a flow rate indicator and con-
troller for maintaining necessary sampling
flow rates.

6.1.7 Temperature Sensor. Same as section
6.1.1.7 of Method 5 in Appendix A-3 to this
part.

6.1.8 Barometer. Same as section 6.1.2 of
Method 5 in Appendix A-3 to this part.

6.1.9 Data Logger (optional). Device for re-
cording associated and necessary ancillary
information (e.g., temperatures, pressures,
flow, time, etc.).

6.2 Gaseous Hg? Sorbent Trap Spiking Sys-
tem. A known mass of gaseous Hg% must be
either present on or spiked onto the first sec-
tion of sorbent traps in order to perform the
Hg¢ and HgCl, analytical bias test and the
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field recovery study. Any approach capable
of quantitatively delivering known masses of
Hg? onto sorbent traps is acceptable. Several
spiking technologies or devices are available
to meet this objective. Their practicality is
a function of Hg mass spike levels. For low
levels, NIST-certified or NIST-traceable gas
generators or tanks may be suitable. An al-
ternative system, capable of delivering al-
most any mass required, makes use of NIST-
certified or NIST-traceable Hg salt solutions
(e.g., HgCl,, Hg(NO;),). With this system, an
aliquot of known volume and concentration
is added to a reaction vessel containing a re-
ducing agent (e.g., stannous chloride); the Hg
salt solution is reduced to Hg® and purged
onto the sorbent trap using an impinger
sparging system. When available, informa-
tion on example spiking systems will be
posted at http:/www.epa.gov/ttn/emc.

6.3 Sample Analysis Equipment. Any ana-
lytical system capable of quantitatively re-
covering and quantifying total Hg from the
sorbent media selected is acceptable pro-
vided that the analysis can meet the per-
formance criteria described in this method.
Example recovery techniques include acid
leaching, digestion, and thermal desorption/
direct combustion. Example analytical tech-
niques include, but are not limited to, ultra-
violet atomic fluorescence (UV AF), ultra-
violet atomic absorption (UV AA) with and
without gold trapping, and X-ray fluores-
cence (XRF) analysis.

6.3 Moisture Measurement System. If cor-
rection of the measured Hg emissions for
moisture is required (see section 8.3.3.7), ei-
ther Method 4 in Appendix A-3 to this part or
other moisture measurement methods ap-
proved by the Administrator will be needed
to measure stack gas moisture content.

7.0 Reagents and Standards

7.1 Reagents and Standards. Only NIST-
certified or NIST-traceable calibration
standards, standard reference materials, and
reagents shall be used for the tests and pro-
cedures required by this method.

7.2 Sorbent Trap Media. The sorbent trap
media shall be prepared such that the mate-
rial used for testing is of known and accept-
able quality. Sorbent supplier quality assur-
ance/quality control measures to ensure ap-
propriate and consistent performance such
as sorptive capacity, uniformity of prepara-
tion treatments, and background levels shall
be considered.

8.0 Sample Collection and Handling

This section presents the sample collection
and handling procedures along with the pre-
test and on-site performance tests required
by this method. Since you may choose dif-
ferent options to comply with certain per-
formance criteria, each test report must
identify the specific options selected and
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document the results with respect to the per-
formance criteria of this method.

8.1 Selection of Sampling Sites and Sam-
pling Points. What sampling site and sam-
pling points do I select? Same as section 8.1
of Method 30A of this appendix.

8.2 Measurement System Performance
Tests. What performance criteria must my
measurement system meet? The following
laboratory and field procedures and associ-
ated criteria of this section are designed to
ensure (1) selection of a sorbent and analyt-
ical technique combination capable of quan-
titative collection and analysis of gaseous
Hg, (2) collection of an adequate amount of
Hg on each sorbent trap during field tests,
and (3) adequate performance of the method
for each test program: The primary objec-
tives of these performance tests are to char-
acterize and verify the performance of your
intended analytical system and associated
sampling and analytical procedures, and to
define the minimum amount of Hg (as the
sample collection target) that can be quan-
tified reliably.

(a) Analytical Matrix Interference Test;

(b) Determination of Minimum Sample
Mass;

(c) Hg and HgCl, Analytical Bias Test;

(d) Determination of Nominal Sample Vol-
ume;

(e) Field Recovery Test.

8.2.1 Analytical Matrix Interference Test
and Minimum Sample Dilution.

(a) The analytical matrix interference test
is a laboratory procedure. It is required only
if you elect to use a liquid digestion analyt-
ical approach and needs to be performed only
once for each sorbent material used. The
purpose of the test is to verify the presence
or absence of known and potential analytical
matrix interferences, including the potential
negative bias associated with iodine common
to many sorbent trap materials. The analyt-
ical matrix interference test determines the
minimum dilution (if any) necessary to miti-
gate matrix effects on the sample digestate
solutions.

(b) The result of the analytical matrix in-
terference test, i.e., the minimum sample di-
lution required (if any) for all sample anal-
yses, is used to establish the minimum sam-
ple mass needed for the Hg® and HgCl, ana-
lytical bias test and to determine the nomi-
nal sample volume for a test run. The ana-
lytical matrix interference test is sorbent
material-specific and shall be performed for
each sorbent material you intend to use for
field sampling and analysis. The test shall be
performed using a mass of sorbent material
comparable to the sorbent mass typically
used in the first section of the trap for sam-
pling. Similar sorbent materials from dif-
ferent sources of supply are considered to be
different materials and must be tested indi-
vidually. You must conduct the analytical
matrix interference test for each sorbent
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material prior to the analysis of field sam-
ples.

8.2.1.1 Analytical Matrix Interference Test
Procedures. Digest and prepare for analysis a
representative mass of sorbent material
(unsampled) according to your intended lab-
oratory techniques for field samples. Analyze
the digestate according to your intended an-
alytical conditions at the least diluted level
you intend to use for sample analysis (e.g.,
undiluted, 1 in 10 dilution, etc.). Determine
the Hg concentration of the undiluted
digestate solution. Prepare a series of solu-
tions with a fixed final volume containing
graduated aliquots of the sample digestate
and, a fixed aliquot of a calibration standard
(with the balance being Hg-free reagent or
H,0) to establish solutions of varied digestate
dilution ratio (e.g., 1:2, 1:5, 1:10, 1:100, etc.—
see example in section 8.2.1.3, below). One of
these solutions should contain only the ali-
quot of the calibration standard in Hg-free
reagent or H,O. This will result in a series of
solutions where the amount of Hg is held rel-
atively constant and only the volume of
digestate diluted is varied. Analyze each of
these solutions following intended sample
analytical procedures and conditions, deter-
mining the concentration for each solution.

8.2.1.2 Analytical Matrix Interference Test
Acceptance Criteria. Compare the measured
concentration of each solution containing
digestate to the measured concentration of
the digestate-free solution. The lowest dilu-
tion ratio of any solution having a Hg con-
centration within +5 percent of the
digestate-free solution is the minimum dilu-
tion ratio required for analysis of all sam-
ples. If you desire to measure the digestate
without dilution, the +5 percent criterion
must be met at a dilution ratio of at least
9:10 (i.e., 290% digestate).

8.2.1.3 Example Analytical Matrix Inter-
ference Test. An example analytical matrix
interference test is presented below. Addi-
tional information on the conduct of the an-
alytical matrix interference test will be
posted at http:/www.epa.gov/ttn/emec. Deter-
mine the most sensitive working range for
the analyzer to be used. This will be a nar-
row range of concentrations. Digest and pre-
pare for analysis a representative mass of
sorbent material (unsampled) according to
your intended laboratory techniques for
sample preparation and analysis. Prepare a
calibration curve for the most sensitive ana-
lytical region, e.g., 0.0, 0.5, 1.0, 3.0, 5.0, 10 ppb.
Using the highest calibration standard, e.g.,
10.0 ppb, prepare a series of solutions by add-
ing successively smaller increments of the
digestate to a fixed volume of the calibration
standard and bringing each solution to a
final fixed volume with mercury-free deion-
ized water (diH,O). To 2.0 ml of the calibra-
tion standard add 18.0, 10.0, 4.0, 2.0, 1.0, 0.2,
and 0.0 ml of the digestate. Bring the final
volume of each solution to a total volume of
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20 ml by adding 0.0, 8.0, 14.0, 16.0, 17.0, 17.8,
and 18.0 ml of diH,O. This will yield solutions
with dilution ratios of 9:10, 1:2, 1:5, 1:10, 1:20,
1:100, and 0:10, respectively. Determine the
Hg concentration of each solution. The dilu-
tion ratio of any solution having a con-
centration that is within #5 percent of the
concentration of the solution containing 0.0
ml of digestate is an acceptable dilution
ratio for analyzing field samples. If more
than one solution meets this criterion, the
one with the lowest dilution ratio is the min-
imum dilution required for analysis of field
samples. If the 9:10 dilution meets this cri-
terion, then no sample dilution is required.

8.2.2 Determination of Minimum Sample
Mass. The minimum mass of Hg that must be
collected per sample must be determined.
This information is necessary in order to ef-
fectively perform the Hg? and HgCl, Analyt-
ical Bias Test, to estimate target sample
volumes/sample times for test runs, and to
ensure the quality of the measurements. The
determination of minimum sample mass is a
direct function of analytical technique,
measurement sensitivity, dilutions, etc. This
determination is required for all analytical
techniques. Based on the analytical approach
you employ, you should determine the most
sensitive calibration range. Based on a cali-
bration point within that range, you must
consider all sample treatments (e.g., dilu-
tions) to determine the mass of sample that
needs to be collected to ensure that all sam-
ple analyses fall within your calibration
curve.

8.2.2.1 Determination of Minimum Cali-
bration Concentration or Mass. Based on
your instrument’s sensitivity and linearity,
determine the calibration concentrations or
masses that make up a representative low
level calibration range. Verify that you are
able to meet the multipoint calibration per-
formance criteria in section 11.0 of this
method. Select a calibration concentration
or mass that is no less than 2 times the low-
est concentration or mass in your calibra-
tion curve. The lowest point in your calibra-
tion curve must be at least 5, and preferably
10, times the Method Detection Limit (MDL),
which is the minimum amount of the
analyte that can be detected and reported.
The MDL must be determined at least once
for the analytical system using an MDL
study such as that found in section 15.0 to
Method 301 of appendix A to part 63 of this
chapter.

NOTE TO SECTION 8.2.2.1: While it might be
desirable to base the minimum calibration
concentration or mass on the lowest point in
the calibration curve, selecting a higher con-
centration or mass is necessary to ensure
that all analyses of the field samples will fall
within the calibration curve. Therefore, it is
strongly recommended that you select a
minimum calibration concentration or mass
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that is sufficiently above the lowest point of
the calibration curve (see examples in sec-
tions 8.2.2.2.1 and 8.2.2.2.2 below).

8.2.2.2 Determination of Minimum Sample
Mass. Based on your minimum calibration
concentration or mass and other sample
treatments including, but not limited to,
final digestate volume and minimum sample
dilution, determine the minimum sample
mass. Consideration should also be given to
the Hg levels expected to be measured in sec-
tion 2 of the sorbent traps and to the break-
through criteria presented in Table 9-1.

8.2.2.2.1 Example Determination of Min-
imum Sample Mass for Thermal Desorption
Analysis. A thermal analysis system has
been calibrated at five Hg mass levels: 10 ng,
20 ng, 50 ng, 100 ng, 200 ng, and shown to meet
the calibration performance criteria in this
method. Based on 2 times the lowest point in
the calibration curve, 20 ng is selected as the
minimum calibration mass. Because the en-
tire sample is analyzed and there are no dilu-
tions involved, the minimum sample mass is
also 20 ng.

NoOTE: In this example, if the typical back-
ground (blank) Hg levels in section 2 were
relatively high (e.g., 3 to 5 ng), a sample
mass of 20 ng might not have been sufficient
to ensure that the breakthrough criteria in
Table 9-1 would be met, thereby necessi-
tating the use of a higher point on the cali-
bration curve (e.g., 50 ng) as the minimum
calibration and sample mass.

8.2.2.2.2 Example Determination of Min-
imum Sample Mass for Acid Leachate/
Digestate Analysis. A cold vapor analysis
system has been calibrated at four Hg con-
centration levels: 2 ng/L, 5 ng, 10 ng/L, 20 ng/
L, and shown to meet the calibration per-
formance criteria in this method. Based on 2
times the lowest point in the calibration
curve, 4 ng/LL was selected as the minimum
calibration concentration. The final sample
volume of a digestate is nominally 50 ml (0.05
L) and the minimum dilution necessary was
determined to be 1:100 by the Analytical Ma-
trix Interference Test of section 8.2.1. The
following calculation would be used to deter-
mine the minimum sample mass.

Minimum sample mass = (4 ng/L) x (0.05 L) x
(100) = 20 ng

NoOTE: In this example, if the typical back-
ground (blank) Hg levels in section 2 were
relatively high (e.g., 3 to 5 ng), a sample
mass of 20 ng might not have been sufficient
to ensure that the breakthrough criterion in
Table 9-1 would be met, thereby necessi-
tating the use of a higher point on the cali-
bration curve (e.g., 10 ng/L) as the minimum
calibration concentration.

8.2.3 Hg? and HgCl, Analytical Bias Test.
Before analyzing any field samples, the lab-
oratory must demonstrate the ability to re-
cover and accurately quantify Hg® and HgCl,
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from the chosen sorbent media by per-
forming the following analytical bias test for
sorbent traps spiked with Hg? and HgCl,. The
analytical bias test is performed at a min-
imum of two distinct sorbent trap Hg load-
ings that will: (1) Represent the lower and
upper bound of sample Hg loadings for appli-
cation of the analytical technique to the
field samples, and (2) be used for data valida-
tion.

8.2.3.1 Hg? and HgCl, Analytical Bias Test
Procedures. Determine the lower and upper
bound mass loadings. The minimum sample
mass established in section 8.2.2.2 can be
used for the lower bound Hg mass loading al-
though lower Hg loading levels are accept-
able. The upper bound Hg loading level
should be an estimate of the greatest mass
loading that may result as a function of
stack concentration and volume sampled. As
previously noted, this test defines the
bounds that actual field samples must be
within in order to be valid.

8.2.3.1.1 Hg® Analytical Bias Test. Analyze
the front section of three sorbent traps con-
taining Hg% at the lower bound mass loading
level and the front section of three sorbent
traps containing Hg? at the upper bound
mass loading level. In other words, analyze
each mass loading level in triplicate. You
may refer to section 6.2 for spiking guidance.
Prepare and analyze each spiked trap, using
the same techniques that will be used to pre-
pare and analyze the field samples. The aver-
age recovery for the three traps at each mass
loading level must be between 90 and 110 per-
cent. If multiple types of sorbent media are
to be analyzed, a separate analytical bias
test is required for each sorbent material.

8.2.3.1.2 HgCl, Analytical Bias Test. Ana-
lyze the front section of three sorbent traps
containing HgCl, at the lower bound mass
loading level and the front section of three
traps containing HgCl, at the upper bound
mass loading level. HgCl, can be spiked as a
gas, or as a liquid solution containing HgCl,.
However the liquid volume spiked must be
<100 pL. Prepare and analyze each spiked
trap, using the techniques that will be used
to prepare and analyze the field samples. The
average recovery for three traps at each
spike concentration must be between 90 and
110 percent. Again, if multiple types of sor-
bent media are to be analyzed, a separate an-
alytical bias test is required for each sorbent
material.

8.2.4 Determination of Target Sample Vol-
ume. The target sample volume is an esti-
mate of the sample volume needed to ensure
that valid emissions data are collected (i.e.,
that sample mass Hg loadings fall within the
analytical calibration curve and are within
the upper and lower bounds set by the ana-
lytical bias tests). The target sample volume
and minimum sample mass can also be deter-
mined by performing a diagnostic test run
prior to initiation of formal testing.
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Example: If the minimum sample mass is 50
ng and the concentration of mercury in the
stack gas is estimated to be 2 pg/m3 (ng/L)
then the following calculation would be used
to determine the target sample volume:
Target Sample Volume = (50 ng) / (2 ng/L) =

25 L

NOTE TO SECTION 8.2.4: For the purposes of
relative accuracy testing of Hg monitoring
systems under subpart UUUUU of part 63 of
this chapter and Performance Specifications
12A and 12B in appendix B to this part, when
the stack gas Hg concentration is expected
to be very low (<0.5 pg/dscm), you may esti-
mate the Hg concentration at 0.5 pg/dscm.

8.2.5 Determination of Sample Run Time.
Sample run time will be a function of min-
imum sample mass (see section 8.2.2), target
sample volume and nominal equipment sam-
ple flow rate. The minimum sample run time
for conducting relative accuracy test audits
of Hg monitoring systems is 30 minutes and
for emissions testing to characterize an
emission source is 1 hour. The target sample
run time can be calculated using the fol-
lowing example.

Example: If the target sample volume has
been determined to be 25 L, then the fol-
lowing formula would be used to determine
the sampling time necessary to acquire 25 L
of gas when sampling at a rate of 0.4 L/min.
Sampling time (min) = 25 L. / 0.4 L/min = 63

minutes

8.2.6 Field Recovery Test. The field recov-
ery test provides a test program-specific
verification of the performance of the com-
bined sampling and analytical approach.
Three sets of paired samples, one of each pair
which is spiked with a known level of Hg, are
collected and analyzed and the average re-
covery of the spiked samples is used to verify
performance of the measurement system
under field conditions during that test pro-
gram. The conduct of this test requires an
estimate or confirmation of the stack Hg
concentrations at the time of testing.

8.2.6.1 Calculation of Pre-sampling Spiking
Level. Determine the sorbent trap spiking
level for the field recovery test using esti-
mates of the stack Hg concentration, the
target sample flow rate, and the planned
sample duration. First, determine the Hg
mass expected to be collected in section 1 of
the sorbent trap. The pre-sampling spike
must be within 50 to 150 percent of this ex-
pected mass.

Example calculation: For an expected stack
Hg concentration of 5 ug/m3 (ng/L) a target
sample rate of 0.40 liters/min, and a sample
duration of 1 hour:

(0.40 L/min) * (60 min) * (5bng/L) = 120 ng

A Hg spike of 60 to 180 ng (50-150% of 120
ng) would be appropriate.

8.2.6.2 Procedures. Set up two identical
sampling trains. One of the sampling trains
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shall be designated the spiked train and the
other the unspiked train. Spike Hg® onto the
front section of the sorbent trap in the
spiked train before sampling. The mass of Hg
spiked shall be 50 to 150 percent of the mass
expected to be collected with the unspiked
train. Sample the stack gas with the two
trains simultaneously using the same proce-
dures as for the field samples (see section
8.3). The total sample volume must be within
+20 percent of the target sample volume for
the field sample test runs. Analyze the sor-
bent traps from the two trains utilizing the
same analytical procedures and instrumen-
tation as for the field samples (see section
11.0). Determine the fraction of spiked Hg re-
covered (R) using the equations in section
12.7. Repeat this procedure for a total of
three runs. Report the individual R values in
the test report; the average of the three R
values must be between 85 and 115 percent.

NOTE TO SECTION 8.2.6.2: It is acceptable to
perform the field recovery test concurrent
with actual test runs (e.g., through the use
of a quad probe). It is also acceptable to use
the field recovery test runs as test runs for
emissions testing or for the RATA of a Hg
monitoring system under subpart UUUUU of
part 63 of this chapter and Performance
Specifications 12A and 12B in appendix B to
this part, if certain conditions are met. To
determine whether a particular field recov-
ery test run may be used as a RATA run,
subtract the mass of the Hg® spike from the
total Hg mass collected in sections 1 and 2 of
the spiked trap. The difference represents
the mass of Hg in the stack gas sample. Di-
vide this mass by the sample volume to ob-
tain the Hg concentration in the effluent gas
stream, as measured with the spiked trap.
Compare this concentration to the cor-
responding Hg concentration measured with
the unspiked trap. If the paired trains meet
the relative deviation and other applicable
data validation criteria in Table 9-1, then
the average of the two Hg concentrations
may be used as an emissions test run value
or as the reference method value for a RATA
run.

8.3 Sampling. This section describes the
procedures and criteria for collecting the
field samples for analysis. As noted in sec-
tion 8.2.6, the field recovery test samples are
also collected using these procedures.

8.3.1 Pre-test leak check. Perform a leak
check of the sampling system with the sor-
bent traps in place. For each of the paired
sampling trains, draw a vacuum in the train,
and adjust the vacuum to ~15” Hg; and, using
the gas flow meter, determine leak rate. The
leak rate for an individual train must not ex-
ceed 4 percent of the target sampling rate.
Once the leak check passes this criterion,
carefully release the vacuum in the sample
train, then seal the sorbent trap inlet until

Pt. 60, App. A-8, Meth. 30B

the probe is ready for insertion into the
stack or duct.

8.3.2 Determination of Flue Gas Character-
istics. Determine or measure the flue gas
measurement environment characteristics
(gas temperature, static pressure, gas veloc-
ity, stack moisture, etc.) in order to deter-
mine ancillary requirements such as probe
heating requirements (if any), initial sam-
pling rate, moisture management, etc.

8.3.3 Sample Collection

8.3.3.1 Remove the plug from the end of
each sorbent trap and store each plug in a
clean sorbent trap storage container. Re-
move the stack or duct port cap and insert
the probe(s). Secure the probe(s) and ensure
that no leakage occurs between the duct and
environment.

8.3.3.2 Record initial data including the
sorbent trap ID, date, and the run start time.

8.3.3.3 Record the initial gas flow meter
reading, stack temperature, meter tempera-
tures (if needed), and any other appropriate
information, before beginning sampling.
Begin sampling and target a sampling flow
rate similar to that for the field recovery
test. Then, at regular intervals (<6 minutes)
during the sampling period, record the date
and time, the sample flow rate, the gas
meter reading, the stack temperature, the
flow meter temperatures (if using a dry gas
meter), temperatures of heated equipment
such as the vacuum lines and the probes (if
heated), and the sampling system vacuum
readings. Adjust the sampling flow rate as
necessary to maintain the initial sample
flow rate. Ensure that the total volume sam-
pled for each run is within 20 percent of the
total volume sampled for the field recovery
test.

8.3.3.4 Data Recording. Obtain and record
any essential operating data for the facility
during the test period, e.g., the barometric
pressure must be obtained for correcting
sample volume to standard conditions when
using a dry gas meter. At the end of the data
collection period, record the final gas flow
meter reading and the final values of all
other essential parameters.

8.3.3.5 Post-Test Leak Check. When sam-
pling is completed, turn off the sample
pump, remove the probe(s) with sorbent
traps from the port, and carefully seal the
end of each sorbent trap. Perform another
leak check of each sampling train with the
sorbent trap in place, at the maximum vacu-
um reached during the sampling period.
Record the leakage rates and vacuums. The
leakage rate for each train must not exceed
4 percent of the average sampling rate for
the data collection period. Following each
leak check, carefully release the vacuum in
the sample train.

8.3.3.6 Sample Recovery. Recover each sam-
pled sorbent trap by removing it from the
probe and sealing both ends. Wipe any depos-
ited material from the outside of the sorbent
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trap. Place the sorbent trap into an appro-
priate sample storage container and store/
preserve in appropriate manner (see section
8.3.3.8).

8.3.3.7 Stack Gas Moisture Determination.
If the moisture basis of the measurements
made with this method (dry) is different
from the moisture basis of either: (1) the ap-
plicable emission limit; or (2) a Hg CEMS
being evaluated for relative accuracy, you
must determine the moisture content of the
flue gas and correct for moisture using Meth-
od 4 in appendix A-3 to this part. If correc-
tion of the measured Hg concentrations for
moisture is required, at least one Method 4
moisture determination shall be made dur-
ing each test run.

8.3.3.8 Sample Handling, Preservation,
Storage, and Transport. While the perform-
ance criteria of this approach provides for
verification of appropriate sample handling,
it is still important that the user consider,
determine and plan for suitable sample pres-

ervation, storage, transport, and holding
times for these measurements. Therefore,
procedures in ASTM D6911-15 ‘‘Standard

Guide for Packaging and Shipping Environ-
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mental Samples for Laboratory Analysis’
(incorporated by reference-see 40 CFR 60.17)
shall be followed for all samples, where ap-
propriate. To avoid Hg contamination of the
samples, special attention should be paid to
cleanliness during transport, field handling,
sampling, recovery, and laboratory analysis,
as well as during preparation of the sorbent
cartridges. Collection and analysis of blank
samples (e.g., reagent, sorbent, field, etc.) is
useful in verifying the absence or source of
contaminant Hg.

8.3.3.9 Sample Custody. Proper procedures
and documentation for sample chain of cus-
tody are critical to ensuring data integrity.
The chain of custody procedures in ASTM
D4840-99 ‘‘Standard Guide for Sampling
Chain-of-Custody Procedures’” shall be fol-
lowed for all samples (including field sam-
ples and blanks).

9.0 Quality Assurance and Quality Control

Table 9-1 summarizes the QA/QC perform-
ance criteria that are used to validate the Hg
emissions data from Method 30B sorbent trap
measurement systems.

TABLE 9—1—QUALITY ASSURANCE/QUALITY CONTROL CRITERIA FOR METHOD 30B

QA/QC test or specification

Acceptance criteria

Frequency

Consequences if not met

Gas flow meter calibration (At
3 settings or points).

Gas flow meter post-test cali-
bration check (Single-point).

Temperature sensor calibration

Barometer calibration

Pre-test leak check ..................

Post-test leak check

Analytical matrix interference
test (wet chemical analysis,
only).

Analytical bias test ..................

Multipoint analyzer calibration

Analysis of independent cali-
bration standard.

Calibration factor (V;) at each
flow rate must be within
+2% of the average value
(Y).

Calibration factor (Y;) must be
within 5% of the Y value
from the most recent 3-
point calibration.

Absolute temperature meas-
ures by sensor within
+1.5% of a reference sen-
sor.

Absolute pressure measured
by instrument within £10
mm Hg of reading with a
mercury barometer or NIST
traceable barometer.

<4% of target sampling rate ..

<4% of average sampling rate
Establish minimum dilution (if
any) needed to eliminate

sorbent matrix interferences.

Average recovery between
90% and 110% for Hg® and
HgCl, at each of the 2
spike concentration levels.

Each analyzer reading within
+10% of true value and
r2>0.99.

Within £10% of true value

Prior to initial use and when
post-test check is not within
+5% of Y.

After each field test. For mass
flow meters, must be done
on-site, using stack gas.

Prior to initial use and before
each test thereafter.

Prior to initial use and before
each test thereafter.

Prior to sampling .......ccccceeeee.

After sampling

Prior to analyzing any field
samples; repeat for each
type of sorbent used.

Prior to analyzing field sam-
ples and prior to use of
new sorbent media.

On the day of analysis, before
analyzing any samples.

Following daily calibration,
prior to analyzing field sam-
ples.
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Recalibrate at 3 points until
the acceptance criteria are
met.

Recalibrate gas flow meter at
3 points to determine a new
value of Y. For mass flow
meters, must be done on-
site, using stack gas. Apply
the new Y value to the field
test data.

Recalibrate; sensor may not
be used until specification
is met.

Recalibrate; instrument may
not be used until specifica-
tion is met.

Sampling shall not commence
until the leak check is
passed.

Sample invalidated.*

Field sample results not vali-
dated.

Field samples shall not be
analyzed until the percent
recovery criteria has been
met.

Recalibrate until successful.

Recalibrate and repeat inde-
pendent standard analysis
until successful.
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TABLE 9—1—QUALITY ASSURANCE/QUALITY CONTROL CRITERIA FOR METHOD 30B—Continued

QA/QC test or specification

Acceptance criteria

Frequency

Consequences if not met

Analysis of continuing calibra-
tion verification standard
(CCVS).

Test run total sample volume ..

Sorbent trap section 2 break-
through.

Paired sorbent trap agreement

Sample analysis

Sample analysis .

Field recovery test

Within £10% of true value

Within +20% of total volume
sampled during field recov-
ery test.

For compliance/emissions
testing:

<10% of section 1 Hg
mass for Hg concentra-
tions >1 ug/dscm;.

<20% of section 1 Hg
mass for Hg concentra-
tions <1 ug/dscm.

<50% of section 1 Hg
mass if the stack Hg
concentration is <30%
of the Hg concentration
that is equivalent to the
applicable emission
limit.

For relative accuracy testing:

<10% of section 1 Hg
mass for Hg concentra-
tions >1 ug/dscm;.

<20% of section 1 Hg
mass for Hg concentra-
tions <1 ug/dscm and
>0.5 ug/dscm;.

<50% of section 1 Hg
mass for Hg concentra-
tions <0.5 pg/dscm
>0.1 pg/dscm;.

no criterion for Hg con-
centrations <0.1 ug/
dscm (must meet all
other QA/QC specifica-
tions).

<10% Relative Deviation (RD)
mass for Hg concentrations
>1 pg/dscm;

<20% RD or <0.2 pg/dscm
absolute difference for Hg
concentrations <1 pug/dscm.

Within valid calibration range
(within calibration curve).

Within bounds of Hg° and

HgCl, Analytical Bias Test.

Average recovery between
85% and 115% for HgO.

Following daily calibration,
after analyzing <10 field
samples, and at end of
each set of analyses.

Each individual sample

Every sample

Every run

All Section 1 samples where
stack Hg concentration is
>0.02 pg/dscm except in
case where stack Hg con-
centration is <30% of the
applicable emission limit.

All Section 1 samples where
stack Hg concentration is
>0.5 ug/dscm.

Once per field test

Recalibrate and repeat inde-
pendent standard analysis,
reanalyze samples until
successful, if possible; for
destructive techniques,
samples invalidated.

Sample invalidated.

Sample invalidated.*

Run invalidated.”

Reanalyze at more con-
centrated level if possible,
samples invalidated if not
within calibrated range.

Expand bounds of Hg° and
HgCl, Analytical Bias Test;
if not successful, samples
invalidated.

Field sample runs not vali-
dated without successful
field recovery test.

*And data from the pair of sorbent traps are also invalidated.

10.0 Calibration and Standardication

10.2 Gas Flow Meter Calibration.

10.1 Only NIST-certified and NIST-trace-
able calibration standards (i.e., calibration
gases, solutions, etc.) shall be used for the
spiking and analytical procedures in this
method.

10.2.1 Preliminaries. The manufacturer or
equipment supplier of the gas flow meter
should perform all necessary set-up, testing,
programming, etc., and should provide the
end user with any necessary instructions, to
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ensure that the meter will give an accurate
readout of dry gas volume in standard cubic
meters for this method.

10.2.2 Initial Calibration. Prior to its ini-
tial use, a calibration of the gas flow meter
shall be performed. The initial calibration
may be done by the manufacturer, by the
equipment supplier, or by the end user. If the
flow meter is volumetric in nature (e.g., a
dry gas meter), the manufacturer or end user
may perform a direct volumetric calibration
using any gas. For a mass flow meter, the
manufacturer, equipment supplier, or end
user may calibrate the meter using either:
(1) A bottled gas mixture containing 12 +0.5%
CO,, 7 £0.5% O,, and balance N, (when this
method is applied to coal-fired boilers); (2) a
bottled gas mixture containing CO,, O,, and
N, in proportions representative of the ex-
pected stack gas composition; or (3) the ac-
tual stack gas.

10.2.2.1 Initial Calibration Procedures. De-
termine an average calibration factor (Y) for
the gas flow meter by calibrating it at three
sample flow rate settings covering the range
of sample flow rates at which the sampling
system will be operated. You may either fol-
low the procedures in section 10.3.1 of Meth-
od 5 in appendix A-3 to this part or in section
16 of Method 5 in appendix A-3 to this part.
If a dry gas meter is being calibrated, use at
least five revolutions of the meter at each
flow rate.

10.2.2.2 Alternative Initial Calibration Pro-
cedures. Alternatively, you may perform the
initial calibration of the gas flow meter
using a reference gas flow meter (RGFM).
The RGFM may be: (1) A wet test meter cali-
brated according to section 10.3.1 of Method
5 in appendix A-3 to this part; (2) a gas flow
metering device calibrated at multiple flow
rates using the procedures in section 16 of
Method 5 in appendix A-3 to this part; or (3)
a NIST-traceable calibration device capable
of measuring volumetric flow to an accuracy
of 1 percent. To calibrate the gas flow meter
using the RGFM, proceed as follows: While
the Method 30B sampling system is sampling
the actual stack gas or a compressed gas
mixture that simulates the stack gas com-
position (as applicable), connect the RGFM
to the discharge of the system. Care should
be taken to minimize the dead volume be-
tween the gas flow meter being tested and
the RGFM. Concurrently measure dry stack
gas volume with the RGFM and the flow
meter being calibrated for at least 10 min-
utes at each of three flow rates covering the
typical range of operation of the sampling
system. For each set of concurrent measure-
ments, record the total sample volume, in
units of dry standard cubic meters (dscm),
measured by the RGFM and the gas flow
meter being tested.

10.2.2.3 Initial Calibration Factor. Cal-
culate an individual calibration factor Y; at
each tested flow rate from section 10.2.2.1 or
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10.2.2.2 of this method (as applicable) by tak-
ing the ratio of the reference sample volume
to the sample volume recorded by the gas
flow meter. Average the three Y; values, to
determine Y, the calibration factor for the
flow meter. Each of the three individual val-
ues of Y; must be within £0.02 of Y. Except as
otherwise provided in sections 10.2.2.4 and
10.2.2.5 of this method, use the average Y
value from the initial 3-point calibration to
adjust subsequent gas volume measurements
made with the gas flow meter.

10.2.2.4 Pretest On-Site Calibration Check
(Optional). For a mass flow meter, if the
most recent 3-point calibration of the flow
meter was performed using a compressed gas
mixture, you may want to conduct the fol-
lowing on-site calibration check prior to
testing, to ensure that the flow meter will
accurately measure the volume of the stack
gas: While sampling stack gas, check the
calibration of the flow meter at one inter-
mediate flow rate setting representative of
normal operation of the sampling system. If
the pretest calibration check shows that the
value of Y;, the calibration factor at the test-
ed flow rate, differs from the current value of
Y by more than 5 percent, perform a full 3-
point recalibration of the meter using stack
gas to determine a new value of Y, and (ex-
cept as otherwise provided in section 10.2.2.5
of this method) apply the new Y value to the
data recorded during the field test.

10.2.2.5 Post-Test Calibration Check. Check
the calibration of the gas flow meter fol-
lowing each field test at one intermediate
flow rate setting, either at, or in close prox-
imity to, the average sample flow rate dur-
ing the field test. For dry gas meters, ensure
at least three revolutions of the meter dur-
ing the calibration check. For mass flow me-
ters, this check must be performed before
leaving the test site, while sampling stack
gas. If a one-point calibration check shows
that the value of Y; at the tested flow rate
differs by more than 5 percent from the cur-
rent value of Y, repeat the full 3-point cali-
bration procedure to determine a new value
of Y, and apply the new Y value to the gas
volume measurements made with the gas
flow meter during the field test that was just
completed. For mass flow meters, perform
the 3-point recalibration while sampling
stack gas.

10.3 Thermocouples and Other Tempera-
ture Sensors. Use the procedures and criteria
in Section 10.3 of Method 2 in appendix A-1
to this part to calibrate in-stack tempera-
ture sensors and thermocouples. Dial ther-
mometers shall be calibrated against mer-
cury-in-glass thermometers or equivalent.
Calibrations must be performed prior to ini-
tial use and before each field test thereafter.
At each calibration point, the absolute tem-
perature measured by the temperature sen-
sor must agree to within +1.5 percent of the
temperature measured with the reference
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sensor, otherwise the sensor may not con-
tinue to be used.

10.4 Barometer. Calibrate against a mer-
cury barometer or other NIST-traceable ba-
rometer as per Section 10.6 of Method 5 in
appendix A-3 to this part. Calibration must
be performed prior to initial use and before
each test program, and the absolute pressure
measured by the barometer must agree to
within 10 mm Hg of the pressure measured
by the mercury or other NIST-traceable ba-
rometer, otherwise the barometer may not
continue to be used.

10.5 Other Sensors and Gauges. Calibrate
all other sensors and gauges according to the
procedures specified by the instrument man-
ufacturer(s).

10.6 Analytical System Calibration. See
section 11.1 of this method.

11.0 Analytical Procedures

The analysis of Hg in the field and quality
control samples may be conducted using any
instrument or technology capable of quanti-
fying total Hg from the sorbent media and
meeting the performance criteria in this
method. Because multiple analytical ap-
proaches, equipment and techniques are ap-
propriate for the analysis of sorbent traps, it
is not possible to provide detailed, tech-
nique-specific analytical procedures. As they
become available, detailed procedures for a
variety of candidate analytical approaches
will be posted at http:/www.epa.gov/ttn/emc.

11.1 Analytical System Calibration. Per-
form a multipoint calibration of the ana-
lyzer at three or more upscale points over
the desired quantitative range (multiple
calibration ranges shall be calibrated, if nec-
essary). The field samples analyzed must fall
within a calibrated, quantitative range and
meet the performance criteria specified
below. For samples suitable for aliquotting,
a series of dilutions may be needed to ensure
that the samples fall within a calibrated
range. However, for sorbent media samples
consumed during analysis (e.g., when using
thermal desorption techniques), extra care
must be taken to ensure that the analytical
system is appropriately calibrated prior to
sample analysis. The calibration curve
range(s) should be determined such that the
levels of Hg mass expected to be collected
and measured will fall within the calibrated
range. The calibration curve may be gen-
erated by directly introducing standard solu-
tions into the analyzer or by spiking the
standards onto the sorbent media and then
introducing into the analyzer after preparing
the sorbent/standard according to the par-
ticular analytical technique. For each cali-
bration curve, the value of the square of the
linear correlation coefficient, i.e., r2, must
be >0.99, and the analyzer response must be
within £10 percent of the reference value at
each upscale calibration point. Calibrations
must be performed on the day of the anal-
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ysis, before analyzing any of the samples.
Following calibration, an independent stand-
ard shall be analyzed. The measured value of
the independently prepared standard must be
within +10 percent of the expected value.

11.2 Sample Preparation. Carefully sepa-
rate the sections of each sorbent trap. Com-
bine for analysis all materials associated
with each section; any supporting substrate
that the sample gas passes through prior to
entering a media section (e.g., glass wool
separators, acid gas traps, etc.) must be ana-
lyzed with that segment.

11.3 Field Sample Analyses. Analyze the
sorbent trap samples following the same pro-
cedures that were used for conducting the
Hg? and HgCl, analytical bias tests. The indi-
vidual sections of the sorbent trap and their
respective components must be analyzed sep-
arately (i.e., section 1 and its components,
then section 2 and its components). All sor-
bent trap section 1 sample analyses must be
within the calibrated range of the analytical
system as specified in Table 9-1. For wet
analyses, the sample can simply be diluted
to fall within the calibrated range. However,
for the destructive thermal analyses, sam-
ples that are not within the calibrated range
cannot be re-analyzed. As a result, the sam-
ple cannot be validated, and another sample
must be collected. It is strongly suggested
that the analytical system be calibrated over
multiple ranges so that thermally analyzed
samples fall within the calibrated range. The
total mass of Hg measured in each sorbent
trap section 1 must also fall within the lower
and upper mass limits established during the
initial Hg? and HgCl, analytical bias test. If
a sample is analyzed and found to fall out-
side of these limits, it is acceptable for an
additional Hg? and HgCl, analytical bias test
to be performed that now includes this level.
However, some samples (e.g., the mass col-
lected in trap section 2), may have Hg levels
so low that it may not be possible to quan-
tify them in the analytical system’s cali-
brated range. Because a reliable estimate of
these low-level Hg measurements is nec-
essary to fully validate the emissions data,
the MDL (see section 8.2.2.1 of this method)
is used to establish the minimum amount
that can be detected and reported. If the
measured mass or concentration is below the
lowest point in the calibration curve and
above the MDL, the analyst must estimate
the mass or concentration of the sample
based on the analytical instrument response
relative to an additional calibration stand-
ard at a concentration or mass between the
MDL and the lowest point in the calibration
curve. This is accomplished by establishing a
response factor (e.g., area counts per Hg
mass or concentration) and estimating the
amount of Hg present in the sample based on
the analytical response and this response
factor.
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Example: The analysis of a particular sam-
ple results in a measured mass above the
MDL, but below the lowest point in the cali-
bration curve which is 10 ng. An MDL of 1.3
ng Hg has been established by the MDL
study. A calibration standard containing 5
ng of Hg is analyzed and gives an analytical
response of 6,170 area counts, which equates
to a response factor of 1,234 area counts/ng
Hg. The analytical response for the sample is
4,840 area counts. Dividing the analytical re-
sponse for the sample (4,840 area counts) by
the response factor gives 3.9 ng Hg, which is
the estimated mass of Hg in the sample.

11.4 Analysis of Continuing Calibration
Verification Standard (CCVS). After no more
than 10 samples and at the end of each set of
analyses, a continuing calibration
verification standard must be analyzed. The
measured value of the continuing calibration
standard must be within +10 percent of the
expected value.

11.5 Blanks. The analysis of blanks is op-
tional. The analysis of blanks is useful to
verify the absence of, or an acceptable level
of, Hg contamination. Blank levels should be
considered when quantifying low Hg levels
and their potential contribution to meeting
the sorbent trap section 2 breakthrough re-
quirements; however, correcting sorbent trap
results for blank levels is prohibited.

12.0 Calculations and Data Analysis

You must follow the procedures for cal-
culation and data analysis listed in this sec-
tion.

12.1 Nomenclature. The terms used in the
equations are defined as follows:

B = Breakthrough (%).

Bws = Moisture content of sample gas as
measured by Method 4, percent/100.

C. = Concentration of Hg for the sample col-
lection period, for sorbent trap ‘“‘a’ (ug/
dscm).

C, = Concentration of Hg for the sample col-
lection period, for sorbent trap ‘b’ (ug/
dscm).

Cq = Hg concentration, dry basis (ug/dscm).

Cwe = Concentration of spiked compound
measured (ug/m3).

C,, = Hg concentration, wet basis (ug/ms3).

m, = Mass of Hg measured on sorbent trap
section 1 (ug).

m, = Mass of Hg measured on sorbent trap
section 2 (ug).

Myecovered = Mass of spiked Hg recovered in An-
alytical Bias or Field Recovery Test (ug).

m, = Total mass of Hg measured on spiked
trap in Field Recovery Test (ug).

Mgpikea = Mass of Hg spiked in Analytical Bias
or Field Recovery Test (ug).

m, = Total mass of Hg measured on unspiked
trap in Field Recovery Test (ug).

R = Percentage of spiked mass recovered (%).

RD = Relative deviation between the Hg con-
centrations from traps “‘a’ and ‘b’ (%).
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vy = Volume of gas sampled, spiked trap in
Field Recovery Test (dscm).

V., = Total volume of dry gas metered during
the collection period (dscm); for the pur-
poses of this method, standard tempera-
ture and pressure are defined as 20 °C and
760 mm Hg, respectively.

v, = Volume of gas sampled, unspiked trap in
Field Recovery Test (dscm).

12.2 Calculation of Spike Recovery (Ana-
lytical Bias Test). Calculate the percent re-
covery of Hg? and HgCl, using Equation 30B-—
1.

R — mrccovcrcd X 100
m

Eq. 30B-1
spiked

12.3 Calculation of Breakthrough. Use
Equation 30B-2 to calculate the percent

breakthrough to the second section of the
sorbent trap.

B="24100
1’1’11

Eq. 30B-2

12.4 Calculation of Hg Concentration. Cal-
culate the Hg concentration measured with
sorbent trap ‘‘a’’, using Equation 30B-3.

_ (m, +m,)
! V,

t

C Eq. 30B-3

For sorbent trap ‘“b”’, replace “C, > with
“Cp 7 in Equation 30B-3. Report the average
concentration, i.e., 12 (C, + Cy).

12.5 Moisture Correction. Use Equation
30B—4 if your measurements need to be cor-
rected to a wet basis.

C,=Cyx(1-B,)  Eq.30B-4

12.6 Calculation of Paired Trap Agreement.
Calculate the relative deviation (RD) be-
tween the Hg concentrations measured with
the paired sorbent traps using Equation 30B-
5.

|Ca Cb|
RD="-_""x100  Eq.30B-5
C, +C,

12.7 Calculation of Measured Spike Hg Con-
centration (Field Recovery Test). Calculate
the measured spike concentration using
Equation 30B-6.

m m
— S u
Crcc - -
\% v

s u

Eq. 30B-6

Then calculate the spiked Hg recovery, R,
using Equation 30B-7.
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X

R=SeXY 100 Eq 3087
m

spiked

13.0 Method Performance

How do I validate my data? Measurement
data are validated using initial, one-time
laboratory tests coupled with test program-
specific tests and procedures. The analytical
matrix interference test and the Hg? and
HgCl, analytical bias test described in sec-
tion 8.2 are used to verify the appropriate-
ness of the selected analytical approach(es)
as well as define the valid working ranges for
sample analysis. The field recovery test
serves to verify the performance of the com-
bined sampling and analysis as applied for
each test program. Field test samples are
validated by meeting the above requirements
as well as meeting specific sampling require-
ments (i.e., leak checks, paired train agree-
ment, total sample volume agreement with
field recovery test samples) and analytical
requirements (i.e., valid calibration curve,
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continuing calibration performance, sample
results within calibration curve and bounds
of Hg? and HgCl, analytical bias test). Com-
plete data validation requirements are sum-
marized in Table 9-1.

14.0 Pollution Prevention [Reserved]
15.0 Waste Management [Reserved]

16.0 References

1. EPA Traceability Protocol for Qualifica-
tion and Certification of Elemental Mercury
Gas Generators, expected publication date
December 2008, see www.epa.gov/ttn/emc.

2. EPA Traceability Protocol for Qualifica-
tion and Certification of Oxidized Mercury
Gas Generators, expected publication date
December 2008, see www.epa.gov/ttn/emc.

3. EPA Traceability Protocol for Assay and
Certification of Gaseous Calibration Stand-
ards, expected revision publication date De-
cember 2008, see www.epa.gov/ttn/emc.
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[36 FR 24877, Dec. 23, 1971]

EDITORIAL NOTE: For FEDERAL REGISTER citations affecting appendix A-8 to part 60, see the
List of CFR sections Affected, which appears in the Finding Aids section of the printed vol-
ume and at www.govinfo.gov.
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