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SUMMARY

A gas sample is extracted isokinetically from the stack.
The sulfuric acid mist (including sulfur trioxide, or SO3) and
the 802 are separated, and both fractions are measured separ-
ately by the barium-thorin titration method. The barium ions
react preferentially with sulfate ions in solution to form a
highly insoluble barium sulfate precipitate. When the barium
has reacted with all sulfate ions, the excess barium reacts
with the thorin indicator to form a metal salt of the
indicator and to give a color change.

This method 1is applicable for the determination of
sulfuric acid mist (including SO3) emissions from stationary
sources. Collaborative tests have shown that the minimum
detectable 1limits of the method are 0.05 mg SO /m3 (0.03 x
1077 1b/ft3) and 1.2 mg 50,/m> (0.74 x 1077 1b/ft§). No upper
limits have been established. Based on theoretical calcula-
tions for 200 ml of 3% hydrogen peroxide solution, the upper
concentration limit in a 1.0 m3 (35.3 ft3) gas sample 1s about
12,500 mg SOz/m3 (7T % 1074 lb/ft3). The upper limit can be
extended by increasing the quantity of peroxide solution in
the impingers.

Possible interferences with this method are fluorides,
free ammonia, and dimethyl aniline. If any of these interfer-
ents are present (as determined by knowledge of the process),
alternative methods subject to the approval of the
administrator, U.S. Environmental Protection Agency, are
required. For example, if free ammonia 1s present, white
particulates can be seen in the probe and in the isopropanol
impinger.

Filterable particulate matter may be determined along
with SO, and 502 (subject to the approval of the administra-

3
tor); however, the procedure used for particulate matter must
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be consistent with the specifications and procedures given in
Method 5.

The Method 8 description which follows is based on the
Reference Method that was promulgated on August 18, 1977. A
complete copy of the Reference Method is in Section 3.7.10.
pata forms are provided in Subsection 12 for the convenience
of the Handbook user.

Reference 1 was used extensively in preparing the method
description. References 2 and 3 are the collaborative test
studies of this method and other relat.ed methods; data from
these test studies were used 1in establ ishing quality control
limits. References 4 and 5 were useQ extensively in those
sections which include the description, calibration, and
maintenance of the sampling train. All references are listed
in Section 3.7.11.

A collaborative test program was conducted at a sulfuric
acid (HZSO4) plant to determine the accuracy of Method 8. Six
laboratories simultaneously sampled the same stack, using two
Method 8 sampling trains per laboratory,6 The collaborative
test determined that the repeatability (within-laboratory
precision) of the method was 7.19 mg }5804/m3 and 22.30 mg
SOZ/m3 and that reproducibility (getween-laboratory precision)
of the method was 8.03 mg HZSO4/m and 31.10 mg SOZ/m3.6
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METHOD HIGHLIGHTS

Specifications described in Section 3.7 are for
sampling and analysis of sulfuric acid mist (including
sulfur trioxide) and sulfur dioxide emissions from
stationary sources. The sampling system consists of the EPA
Method 5 sampling train modified by placing the filter
(unheated) between the 2 ol o and second impingers.
Filterable particulate matter may be determined along with
SO3 and 802 (subject to the approval of the administrator);
however, the procedure used for particulate matter must be
consistent with the specifications and procedures given in
Method 5.

The results of collaborative tests have shown that the
overall precision of the test method 1is good if sound
quality assurance procedures are applied.6 On the basis of
these results these procedures are recommended:

] On-site checks of ‘the orifice and dry gas meter
calibration coefficients of all control consoles with a dry
gas meter that has been calibrated with a spirometer.

2 Certification that all reagent isopropyl alcohol
is peroxide-free prior to the test.

3. Leak checks are performed at the beginning and at
the end of each sampling run before and after every port
change. Care should be taken to be sure that the sulfur
dioxide absorbing reagent, hydrogen peroxide, does not
contact the filter when the leak check 1is conducted; 1if
peroxide does contact the filter, the filter should be
replaced before sampling is continued.

The five blank data forms at the end of the highlights
may be removed from the Handbook and used in the pretest,
test, and posttest operations. Each form has a subtitle
(e.g., Method 8, Figure 3.1) for helping the user find a
similar filled-in form in the method description (e.g., in
Section 3.7.3). On the blank and filled-in forms, the
items/parameters that can cause the most significant errors

are starred.
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1. Procurement of Equipment
Section 3.7.1 (Procurement of Apparatus and Supplies)
gives the specifications, criteria, and design features for

equipment and materials required for performing Method 8
tests. The sampling apparatus has the same design criteria as
Method 5, with the exception of the filter-impinger
arrangement. This section is designed as a guide in the
procurement and initial check of equipment and supplies. The
activity matrix (Table 1.1) at the end of Section 3.7.1 can be
used as a quick reference; it follows the same order as the

written descriptions in the main text.
2. Pretest Preparations

Section 3.7.2 (Calibration of Apparatus) provides a
step-by-step description of the required calibration
procedures. The calibration of the Method 8 equipment is
similar to that of Method 5, with the exception that the
Method 8 sampling rate is not to exceed 28.3 ¢/min (1 scfm),
and the stack thermometer need not be calibrated at the higher
temperatures if the equipment is used to measure acid plant
emissions only. The calibration section can be removed and
compiled, along with calibration sections from all other
methods, into a separate quality assurance reference manual

TR T

! for wuse by calibration personnel. A pretest checklist
(Figure 2.5 of Section 3.7.2) or similar form should be used to
i summarize the calibration data.

Section 3.7.3 (Presampling Operations) provides the
i tester with a guide for supplies and equipment preparation for
L field tests. Sample impingers may be charged in the base
f laboratory if testing is to be performed within 24 h of
! charging. The pretest preparation form (Figure 3.1 of Section
3.7.3) can be used as an equipment checkout and packing list.
The method for packing and the descriptions of the packing
containers should help protect the equipment, but are not

required.

T
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3. On-Site Measurements

Section 3.7.4 (On-Site Measurements) contains a
step-by-step procedure for performing sampling and sample
recovery. Testing is performed isokinetically and similarly
to Method 5, with the exception that the sample rate is not to
exceed 1 ft3/min. The most common error results when hydrogen
peroxide solution is allowed to backup, wet the filter, and
enter the isopropanol impinger. Also precautions must be
taken to ensure that the isopropanol does not have hydrogen
peroxide impurities and that the same pipette or graduated
cylinder is not used to charge both isopropanol and hydrogen
peroxide. The on-site measurement checklist (Figure 4.4 of
Section 3.7.4) is provided to assist the tester with a quick
method of checking requirements.
4. Posttest Operations

Section 3.7.5 (Postsampling Operations) gives the post-
test equipment check procedures and a step-by-step analytical

procedure. Figure 5.1 (Section 3.7.5) or a similar form
should be used to summarize the posttest calibration checks
and should be included in the emission test report. The

posttest operation form (Figure 5.4 of Section 3.7.5) will
provide the tester and laboratory personnel with key parame-
ters to be checked. The step-by-step analytical procedure de-
scription can be removed and made into a separate quality as-
surance analytical reference manual for laboratory personnel.
Analysis of a control sample is required prior to the analysis
of the field samples. This analysis of an independently pre-
pared known standard will provide the laboratory with a qual-
ity control check on the accuracy and precision of the analyt-
ical techniques.

Section 3.7.6 (Calculations) provides the tester with the
required equations, the nomenclature, and the suggested number
of significant digits. It 1is suggested that a programmed
calculator be used if available to reduce the chance of

calculation error.

LA
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Section 3.7.7 (Maintenance) provides the tester with a
guide for a routine maintenance program. This program is not
required, but should reduce equipment malfunctions.

5 Auditing Procedure
Section 3.7.8 (Auditing Procedure) provides a

description of necessary activities for conducting performance
and system audits. The performance audit of the analytical
phase can be conducted using an aqueous ammonium sulfate
solution. Performance audits for the analytical phase and the
data processing are described in Section 3.7.8. A checklist
for a systems audit is also included in this section.

Section 3.7.9 (Recommended Standards for Establishing
Traceability) recommends the primary standards to which the
working standards should be traceable.

6. References
Sections 3.7.10 and 3.7.11 contain the Reference Method

and the suggested references.

N

).
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PRETEST SAMPLING CHECKS
(Method 8, Figure 2.5)

Date Calibrated by _

Meter box number AH@

Dry Gas Meter*

Pretest calibration factor = (within $2% of the average
factor for each calibration run).

Impinger Thermometer

Was a pretest temperature correction used? yes no.
I1f yes, temperature correction (within $1°C (2°F) of re-
ference values for calibration and within *2°C (4°F) of re-
ference values for calibration check).

Dry Gas Meter Thermometer

Was a pretest temperature correction made? yes no.
If yes, temperature correction (within 13°C (5.4°F) of re-
ference values for calibration and 6°C (10.8°F) of reference
values for calibration check).

Barometer -

Was the pretest field barometer reading correct? yes no
(within #2.5 mm (0.1 in) Hg of mercury-in-glass barometer).

Most significant items/parameters to be checked.
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Apparatus check

Acceptable

Quantity

Yes No required

Ready Loaded

Yes No | and packed

Probe
Type glass liner

Borosilicate

Quartz
Heated
Leak checked

Nozzle
Glass

Stainless steel _

Other

Pitot Tube
Types

Other

Properly at-
tached

Modifications
C

p

Differential
Pressure Gauge

Inclined manome-
ter

Other

Filter Holder
Borosilicate glass
Glass frit

Gasket

Silicone
Teflon

Viton

(continued)
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Acceptable | Quantity Ready Loaded
Apparatus check Yes No required Yes No | and packed
Condenser
Impingers

Greenburg-Smith

Modified Green-
burg-Smith

Impinger Temper-
ature Sensor

Thermometer
Other
Calibrated

Other
Barometer
Mercury

Aneroid

Other
Calibrated* __

Stack Temperature
Sensor

Type
Calibrated*

Reagents
Distilled water

Hydrogen perox-
ide (30%)

Isopropanol (80%)
(checked for
peroxides)

Silica gel

Meter System

Pump leak free*
Orifice meter*
Dry gas meter*

* Most significant items/parameters to be checked.
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ON-SITE MEASUREMENTS
(Method 8, Figure 4.4)

Sampling

Impingers properly assembled?
Contents:* 1lst
2nd
3rd
4th
Cooling system
Filter between lst and 2nd impinger?
Proper connections?
Silicone grease added to all ground-glass joints?

Pretest leak check? (optional) Leakage?
Pitot tube lines checked for plugging or leaks?*
Meter box leveled? Periodically?

Manometers zeroed?*
Heat uniform along length of probe?*
AH@ from most recent calibration
Nomograph set up properly?
Care taken to avoid scraping sample port or stack wall?

Seal around in-stack probe effective?
Probe moved at proper time? r
Nozzle and Pitot tube parallel to stack wall at all times?

Data forms complete and data properly recorded?
Nomograph setting changed when stack temperature changes

significantly?

Velocity pressures and orifice pressure readings recorded
accurately?

Posttest leak check performed?* (mandatory)

Leakage rate*

Sampling Recovery

System purged at least 15 min at test sampling rate?*
Filter placed in lst impinger contents?
Ice removed before purging?
Contents of impingers placed in polyethylene bottles?

Glassware rinsed with distilled water?
Fluid level marked?*
Sample containers sealed and identified?*
Blanks obtained?*

* Most significant i1tems/parameters to be checked.

=~
o
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POSTTEST SAMPLING CHECKS
(Method 8, Figure 5.1)

Meter Box Number

Dry Gas Meter

Pretest calibration factor Y =

Posttest check Y., = (+5% of pretest factor)*

Recalibration re%u1red° §es

If yes, recalibration factor Y = (within +29% of average)

Lower calibration factor, Y = for pretest or posttest
calculations

Dry Gas Meter Thermometer

Was a pretest meter temperature correction used? ___ yes ___ no

If yes, temperature correction

Posttest comparison with mercury-in-glass thermometer

(within +6°C (10.8°F) of reference values)

Recalibration required? yes no

Recalibration temperature correction, if used (within +3°C
(5.4°F) of reference values)

If yes, no correction is needed whenever meter thermometer
temperature is higher

If recalibration temperature is higher, add correction to
average meter temperature for calculations

Barometer
Was pretest field barometer reading correct? yes no
Posttest comparison mm (in.) Hg (w1th1n 5.0 mm (O 2 in.)

Hg of mercury-in-glass barometer)

Was recalibration required? yes no

If yes, no correction is needed whenever the field barometer
has the lower reading

If the mercury-in-glass reading is lower, subtract the dif-
ference from the field data readings for the calculations

*Most significant items/parameters to be checked.
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POSTTEST OPERATIONS
(Method 8, Figure 5.4)

Reagents

Normality of sulfuric acid standard*

Date of purchase Date standardized

Normality of barium perchlorate titrant*

Date standardized

Normality of control sample*

Date prepared

Volume of burette* Graduations

Sample Preparation

Has liquid level noticeably changed?

Original volume Corrected volume

Sulfuric acid samples diluted to 250 ml?*
Sulfur dioxide samples diluted to 1000 ml?*

Analysis
Aliquot analyzed*

Do replicate titrant volumes agree within 1% or 0.2 ml?

Number of control samples analyzed

Are replicate control samples within 0.2 ml?

Is accuracy of control sample analysis +10%?%*

All data recorded? Reviewed

*
Most significant items/parameters to be checked.

=N, %
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1.0 PROCUREMENT OF APPARATUS AND SUPPLIES

A schematic of the sampling train used in Method 8 is
shown in Figure 1.1. It is similar to the Method 5 train, but
the filter position is different and the filter holder does
not have to be heated. Commercial models of this train are
available. For those who desire to build their own, complete
construction details are described in APTD-0581.% Changes
from the APTD-0581 document and allowable modifications to
Figure 1.1 are discussed in the following subsections.

The operating and maintenance procedures for the sampling

5 . .
Since correct usage 1s

train are described in APTD-0576.
important in obtaining valid results, all users should read
the APTD-0576 document and adopt the operating and maintenance
procedures therein, unless otherwise specified. Further
details and guidelines on operation and maintenance in Method
5 should be read and followed whenever they are applicable.
Maintenance of equipment is also covered in Section 3.7.7.

Specifications, criteria, and/or design features as
applicable, are given in this section to aid in the selection
of equipment to ensure the collection of data of good quality.
Procedures and, where applicable, limits for acceptance checks
are given. During the procurement of equipment and supplies,

it is suggested that a procurement log (Figure 1.2) be used to

record the descriptive title of the equipment; the
identification number, if applicable; and the results of
acceptance checks. Also, if calibration is required as part

of the acceptance check, the data are to be recorded in the
calibration log book. Table 1.1 at the end of this section
contains a summary of the quality assurance activities for
procurement and acceptance of apparatus and supplies.

'(?1//
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Figure 1.1.

Schematic of Method 8 sampling train.
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Determination of filterable particulate matter
simultaneously with sulfuric acid mist (and with 803 and SOZ)
will not be discussed in this subsection.

1.1 sampling
1slal Probe Liner - Borosilicate or quartz glass tubing

equipped with a heating system capable of preventing visible
condensation during sampling should be protected with an outer
sheath of stainless steel. Borosilicate or quartz probe
liners can be used for stack temperatures up to about 480°c
(900°F). Quartz liners should be used for high-temperature
probes for stacks with temperatures between 480° and 900°c
(900° and 1650°F). Both types of liners may be used at
temperatures higher than specified for short periods of time,
subject to the approval of the administrator. Metal probe
liners may not be used because of the requirement that the
liner material must not react with the gas constituents.

Upon receiving a new probe, it should be visually checked
for the 1length and composition ordered and for breaks or
cracks and then leak checked on a sampling train as shown in
Figure 1.1. Also the probe heating system should be checked
as follows:

1. Connect the probe with a nozzle attached to the
inlet of the pump.

2. Electrically connect and turn on the probe heater
for 2 or 3 min. It should become warm to the touch.

3r. Start the pump and adjust the needle valve‘until_a
flow rate of about 0.02 m3/min (0.75 ft3/min) is achieved.
4. Check the probe. It should remain warm to the touch.

The heater should be capable of maintaining the exit air at a
minimum of 100°C (212°F) under these conditions. If it cannot,
the probe should be repaired, returned to the supplier, or
rejected.
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1.1.2 Probe Nozzle - Same as Method 5, Section 3.4.2.

1.1.3 Pitot Tube - Same as Method 5, Section 3.4.2.

1.1.4 Differential Pressure Gauge = Same as Method 5,
Section 3.4.2.

1.1.5 Filter Holder - A borosilicate glass filter holder with
a glass frit filter support and a silicone rubber gasket is
required by the Reference Method. Other gasket materials
(e.g., Teflon or Viton) may be used, subject to the approval
of the administrator. The holder design must provide a
positive seal against leakage from the outside or around the
filter. A filter holder should be durable, easy to load, and
leak free in normal applications. The filter holder is placed
between the first and second impingers, and the filter is
located toward the direction of flow. Do not heat the filter
holder.

1.1.6 Impingers - Four impingers are required, as shown in
Figure 1.1. The first and third impinger must be of the
Greenburg-Smith design with standard tips. The second and
fourth should be of the Greenburg-Smith design, but modified
by replacing the insert with an approximately 13-mm (0.5-in.)
inside diameter (ID) glass tube having an unconstricted tip
located 13 mm (0.5 1in.) from the bottom of the flask.
Connections between impingers should be of glass. (Plastic or
rubber tubing is not permitted because of absorption and
desorption of gaseous species.) Silicone grease may be used,

if necessary, to prevent leakage.

Upon receipt of a new Greenburg-Smith impinger, fill the
inner impinger tube with water. If the water does not drain
through orifice within 6 to 8 s, the impinger tip should be
replaced or enlarged to prevent an excessive pressure drop in
the sampling system. Each impinger is checked visually for
damages such as breaks or cracks and for manufacturing flaws

such as poorly shaped connections.

,47"/_\‘ |
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Collection absorbers and flow rates other than the
specifed ones may be used subject to the approval of the
administrator. The collection efficiency must, however, be
shown to be at least 99% for each test run to obtain approval
and must be documented in the emission test report. If the
efficiency is found to be acceptable after a series of three
tests, further documentation is not required. To conduct the
efficiency test, extra absorbers must be added for the

sulfuric acid mist and the SO and then each must be analyzed

2[
separately. These extra absorbers must not contain more than

1% of the total HZSO4 or SOZ'

1.1.7 Metering System - Same as Method 5, Section 3.4.1.
1.1.8 Barometer - Same as Method 5, Section 3.4.1.

1.1.9 Gas Density Determination Eguipment - Same as Method 5,
Section 3.4.1.

1.1.10 Temperature Gauge - Same as Method 5, Section 3.4.1.

1.2 Sample Recovery Apparatus

1.2.1 Wwash Bottles - Two 500-ml polyethylene or glass wash

bottles are needed for quantitative recovery of collected
samples.

1.2.2 Storage Bottles - Two 1000-ml polyethylene bottles are
required for each sample run, plus one 100-ml polyethylene

bottle to retain a blank for each absorbing solution used in
testing. Visually check wash bottles and/or storage bottles
for damage. Also check each storage bottle seal to prevent
sample leakage during transport.

1.2.3 Graduated Cylinders - One 250-ml and one 1000-ml glass
graduated cylinder (Class A) or volumetric flasks are needed

to measure the impinger contents.
1.2.4 Trip Balance - A trip balance with a 500-g capacity and

an accuracy of +0.5 g is needed to weigh the silica gel, only
if a moisture content analysis 1s to be done. A moisture
determination has to be performed unless the gas stream can be

considered dry. Check the trip balance by using a range of
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standard weights, and adjust or return to supplier if neces-
sary.

1.3 Analysis Glassware

1.3.1 Pipettes - Several volumetric pipettes (Class A),
including 5-, 10-, 20-, 25-, and 100-ml sizes, should be

available for the analysis.

1.3.2 Volumetric Flasks - Volumetric flasks (Class A) are
required, and should include 50-, 100~, and 1000-ml sizes.
1.3.3 Burette - A 50-ml burette (Class A) is required for all

titrations.

1.3.4 Erlenmeyer Flasks - One 250-ml Erlenmeyer flask 1is
required for each sample, blank, standard, and control sample.
1.3.5 Dropping Bottle - One 125-ml glass dropping bottle is

needed to prepare the thorin indicator.
1.3.6 Graduated Cylinder - A 100-ml glass graduated cylinder
(Class A) is needed in the preparation of the thorin indicator

and the sample. Check all glassware for cracks, breaks, and
discernible manufacturing flaws.
1.3.7 Trip Balance - Same as Subsection 1.2.4.
1.4 Reagents

Unless otherwise indicated, all reagents should conform
to the specifications established by the Committee on
Analytical Reagents of the American Chemical Society (ACS),
when such specifications are available; otherwise use best

available grade.
1.4.1 Sampling - The following are required for sampling:
Filters - Same as Method 5, Section 3.4.1.
Silica Gel - Same as Method 5, Section 3.4.1.
wWater - Deionized distilled water to conform to ASTM
specification D1193-74, Type 3. At the option of the analyst,
the potassium permanganate (KMnO4) test for oxidizable organic
matter may be omitted when high concentrations of organic

matter are not expected to be present.

i

¥
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Isopropanol, 80% =~ Mix 800 ml of reagent grade or

certified ACS isopropanol with 200 ml of deionized distilled
water. Check each 1lot of isopropanol for peroxide (HZOZ)
impurities as follows:

1. Shake 10 ml of isopropanol with 10 ml of freshly
prepared 10% potassium iodide (KI) solution.

2 Prepare a blank by similarly treating 10 ml of
deionized distilled water.

3% After 1 min, read the absorbance of the alcohol
sample at 352 nm on a spectrophotometer; if the absorbance
exceeds 0.1, reject the isopropanol.

Peroxides may be removed from isopropanol by redistilling
or by passing the mixture through a column of activated
alumina; after peroxides are removed, check for peroxide
impurities using the same method as above. However, reagent
grade isopropanol with suitably low peroxide levels may be
obtained from commercial sources. Therefore, rejection of
contaminated lots may be a more efficient procedure.

Potassium iodide solution, 10% =~ Dissolve 10.0 g of

reagent grade or certified ACS KI 1in deionized distilled
water, and dilute to 100 ml. Prepare when needed. This
solution is used to check for peroxide impurities in the
isopropanol only.

Hydrogen peroxide, 3% =~ Dilute 30% reagent grade or
certified ACS H,O, 1:9 (v/v) with deionized distilled water.

272
Prepare fresh daily.

1.4.2 sample Recovery - The following are required for sample

recovery:

Water - Deionized distilled water, as in Subsection 1.4.1

above.

Isopropanol 100% - See Subsection 1.4.1.
1.4.3 Analysis =~ The following are required for sample
analysis.

Water - Use deionized distilled water as described in

Subsection 1.4.1.
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Isopropanol 100¥% - Use reagent grade or certified ACS iso-

propanol, and check for peroxide impurities, as in Subsection
1.4.1 above.
Thorin indicator - Reagent grade or certified ACS

l-(o=-arsonophenylazo )-2-naphthol-3,6-disulfonic acid disodium
salt. Dissolve 0.20 g in 100 ml of deionized distilled water.
Barium perchlorate solution, 0.0100N - Dissolve 1.95 g of

reagent grade or certified ACS barium perchlorate trihydrate
(Ba(ClO4)2 3H20) in 200 ml deionized distilled water, and
dilute to 1 £ with isopropanol. Alternatively, 1.22 g of
(BaCl2 . 2H20) may be used. Standardize as in Section 3.7.5.

Sulfuric acid standard, 0.0l00N - Either purchase the
manufacturer's certified 0.0100N HZSO4, or standardize the
HZSO4 to 0.0100N +0.0002N against 0.0100N reagent grade or

certified ACS sodium hydroxide (NaOH) that has previously been

standardized against primary standard grade potassium acid
phthalate.
1.5 Analytical Equipment

A spectrophotometer is needed to check the isopropanol

for peroxide impurities. The absorbance is read at 352 nm on
the spectrophotometer.
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Table 1.1. ACTIVITY MATRIX FOR PROCUREMENT OF APPARATUS & SUPPLIES
| Action if
Frequency and method | requirements
Apparatus Acceptance limits of measurement are not met
Sampling

Sampling probe
with heating
system

Capable of 100°C
(212°F) exit air at
flow rate of 20 £/min

Visually check; run
heating system check-
out

Repair, re-
turn to sup-
plier, or re-
ject

Probe nozzle

Stainless steel (316);
sharp, tapered leading
edge (angle <30°);
difference between
measured ID's <0.1 mm
(0.004 in.); no nicks,
dents, or corrosion;
uniquely identified
(Meth. 5, Sec. 3.4.2)

Visually check before
each test; use a mi-
crometer to measure
ID before field use
after each repair

Reshape and
sharpen, re-
turn to the
supplier, or
reject

Pitot tube

Type-S (Meth. 2,

Sec. 3.1.2); attached

to probe with impact
(high pressure) opening
plane even with or above
nozzle entry plane

Calibrate according
to Meth. 2, Sec. 3.1.2

Repair or re-
turn to sup-
plier

Differential
pressure
gauge (man-
ometer)

Criteria in Meth. 2,
Sec. 3.1.2; agree
within 5% of gauge-oil
manometer used to cal-
ibrate

Check against gauge-
0il manometer at a
minimum of three
points: [0.64(0.025),
12.7(0.5), 25.4(1.0)]
mm (in.) H20

As above

Vacuum gauge

0-760 mm Hg range;
+25 mm (1 in.) Hg
accuracy at 380 mm
(15 in.) Hg

Check against a mer-
cury U-tube manometer
upon receipt

Adjust or re-
turn to sup-
plier

Vacuum pump

(continued)

Capable of maintaining
a flow3rate of 0.03- 3
0.05 m“/min (1-1.7 ft
min) for pump inlet
vacuum of 380 mm (15
in.) Hg with pump out-
let at 760 mm (29.92
in.) Hg; leak free at
380 mm (15 in.) Hg

/

Check upon receipt
for leaks and capac-
ity

| Repair or re-

turn to sup-
plier
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Frequency and method

Action if
requirements

Apparatus Acceptance limits of measurement are not met
Orifice meter AH@ of 46.74 +6.35 mm Visually check upon Repair, if
(1.84 +0.25 in.) receipt for damage; possible;
(recommended) calibrate against otherwise,
wet test meter return to
supplier
Impingers Standard stock glass; Visually check upon Return to
pressure drop across receipt; check pres- supplier
impingers not excessive [sure drop (Sec.3.7.1)
(Sec. 3.7.1)
Filter holder Leak free Visually check before | As above
use
Filters Glass fiber without or- |Manufacturer's guar- | Return to
ganic binder designed antee that filters supplier and
to remove 99.95% (f0.0S% meet ASTM standard replace
penetration) of 0.3-pu method D2986-71; ob-
dioctyl phthalate smoke |serve under light
particles for defects
Dry gas meter Capable of measuring Check for damage upon | Reject if

total volume with
accuracy of *+2% at
flow rate of

0.02 m3/min

(0.75 £t3/min)

receipt; calibrate
against wet test

meter (Sec. 3.7.2)

damaged, be-
haves errati-
cally, or can-
not be pro-
perly adjusted

Wet test meter | Capable of measuring Upon assembly, leak As above
total volume with check all connections
accuracy of +1% and check calibration
by a liquid displace-
ment method
Thermometers Within +1°C (2°F) of Check each thermome- | Reject if
value in range of 0°C ter upon receipt for | unable to
to 25°C (32°F to 67°F) damage--i.e., dents calibrate
for impinger thermome- or bent stem; cal-
ter; +3°C (6°F) of true |ibrate (Sec. 3.7.2)
value in range of 0°C
to 90°C (32°F to 194°F)
for dry gas meter
thermometers
(continued)
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Apparatus

Acceptance limits

Frequency and method
of measurement

Action if
requirements
are not met

Barometer

Capable of measuring
atmospheric pressure
to within 2.5 mm
(0.1 in.) Hg

Check against a mer-
cury-in-glass barome-
ter or equivalent;
calibrate (Sec.

3. 7.2)

Determine cor-
rection factor,
or reject if
difference in
the readings
exceeds +2.5
mm (0.1 in.)

Hg

Sample Recovery

Wash bottles

Polyethylene or glass,
500 ml

Visually check for
damage upon receipt

Replace or
return to

supplier
Storage bottles | Polyethylene, 1000 ml Visually check for As above
and 100 ml damage upon receipt;
be sure caps make
proper seals
Graduated cyl- | Glass (Class A), 250 Visually check upon As above
inders ml and 1000 ml receipt
Trip balance 500-g capacity, +0.5 g;| Check with standard Adjust or
needed to weigh silica | weights up to 500 g return to
gel only if moisture supplier
measurement desired
Analysis Glass-
ware
Pipettes, volu- | Glass (Class A) Upon receipt, check As above
metric flasks, for stock number,
burette, and cracks, breaks, and
graduated manufacturer's flaws
cylinder
Reagents
Distilled water | ASTM-D1193-74, Type 3 Check each lot or As above

(continued)

specify type when
ordering
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Apparatus

Acceptance limits

Frequency and method
of measurement

Action if
requirements
are not met

Isopropanol

100% isopropanol, re-

agent grade or certified

ACS with no peroxide
impurities; absorbance
<0.1 at 352 nm on spec-
trophotometer

Upon receipt, check
each lot for peroxide
impurities with a
spectrophotometer

Redistill,

pass through
alumina column,
or replace

Hydrogen perox-
ide

30% H,O0,, reagent grade
or certified ACS

Upon receipt, check
label for grade or

Replace or
return to

solution

H2$O4, 0.0100N +0.0002N

turer, or standardize
against 0.0100N NaOH
previously standard-
ized against potassium
acid phthalate (pri-
mary standard grade)

certification
Potassium KI reagent grade or As above As above
iodide certified ACS
Thorin indica- |l-(o-arsonophenylazo)- |[Upon receipt, check As above
tor 2-naphthol-3,6 disul- label for grade or
fonic acid disodium certification
salt, reagent grade or
certified ACS
Barium perchlor-|Ba(Cl0,),.3H,0, re- As above As above
ate trihydrate|agent grade or
solution certified ACS
Sulfuric acid Certified by manufac- |As above
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2.0 CALIBRATION OF APPARATUS

Calibration of the apparatus is one of the most important
functions in maintaining data quality. The detailed calibra-
tion procedures included in this section are designed for the
equipment specified by Method 8 and described in the previous
section. A laboratory log book of all calibrations must be
maintained. Table 2.1 at the end of this section summarizes
the quality assurance functions for calibration.
2.1 Metering System
2.1.1 Wet Test Meter - Wet test meters are calibrated by the
manufacturer to an accuracy of +0.5%. The calibration of the
wet test meter must be checked initially upon receipt and
yearly thereafter. A wet test meter with a capacity of 3.4
m3/h (120 ft3/h) will be necessary to calibrate the dry gas
meter. For large wet test meters (>3¢2/rev), there is no
convenient method to check the calibration. For this reason,
several methods are suggested, and other methods may be
approved by the administrator. The initial calibration may be

checked by any of the following methods:

1. Certification from the manufacturer that the wet
test meter is within +1)% of true value at the wet test meter
discharge, so that only a leak check of the system is then
required. Determine from manufacturer if the air entering the
wet test meter should be saturated.

2 Calibration by any primary air or liquid
displacement method that displaces at least one complete
revolution of the wet test meter.

3. Comparison against a smaller wet test meter that has
previously been calibrated against a primary air or 1liquid
displacement method, as described in Section 3.5.2.

a
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4. Comparison against a dry gas meter that has pre=
viously been calibrated against a primary air or 1liquid
displacement method.

The calibration of the test meter should be checked
annually. The calibration check can be made by the same
method as that of the original calibration, with the exception
that the comparison method need not be recalibrated if the
calibration check is within +1) of the true value. When this
agreement is not obtained, then the comparison method or wet
test meter must be recalibrated against a primary air or
liquid displacement method.

2.1.2 Sample Meter System - The sample‘meter system--consist-

ing of the pump, vacuum gauge, valves, orifice meter, and dry
gas meter--is initially calibrated by stringent 1laboratory
methods before it is used in the field. After the initial
acceptance, the calibration is rechecked after each field test
series. This recheck is designed to provide the tester with a
method that can be used more often and with less effort to
ensure that the calibration has not changed. When the quick
check indicates that the calibration factor has changed, the
tester must again use the complete laboratory procedure to
obtain the new calibration factor. After recalibration, the
metered sample volume must be multiplied by either the initial
orlthe recalibrated calibration factor--that is, the one that
yields the lower gas volume for each test run.

Before initial calibration of the metering system, a leak
check should be conducted. The meter system should be leak
free. Both positive (pressure) and negative (vacuum) leak
checks should be performed. Following 1is a pressure
leak-check procedure that will check the metering system from
the quick disconnect inlet to the orifice outlet and will
check the orifice-inclined manometer:
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dl . Disconnect the orifice meter 1line from the
downstream orifice pressure tap (the one closest to the
exhaust of the orifice), and plug this tap.

2. Vent the negative side of the inclined manometer to
the atmosphere. 1If the inclined manometer is equipped with a
three-way valve, this step can be performed by merely turning
the three-way valve that 1is on the negative side of the
orifice-inclined manometer to the vent position.

3. Place a one-hole rubber stopper with a tube through
its one hole in the exit of the orifice, and connect a piece
of rubber or plastic tubing to the tube, as shown in

Figure 2.1.
4. Open the positive side of the orifice-inclined
manometer to the ‘"reading! position. If the inclined

manometer is equipped with a three-way valve, this will be the

ine position.

‘ 5. Plug the inlet to the vacuum pump. If a quick
disconnect with a leak-free check valve is used on the control
module, the inlet will not have to be plugged.

6. Open the main valve and the bypass valve.

7. Blow into the tubing connected to the end of the
orifice until a pressure of 127 to 178 mm (5 to 7 in.) HZO has
built up in the system.

8. Plug or crimp the tubing to maintain this pressure.

9. Observe the pressure reading for a l-min period. No
noticeable movement in the manometer fluid level should occur.
If the meter box has a 1leak, a bubbling-type 1leak-check
solution may aid in locating the leak(s).

"After the metering system is determined to be leak free by
the positive leak-check procedure, the vacuum system to and in-
cluding the pump should be checked by plugging the air inlet to
the meter box. If a quick disconnect with a leak-free stopper
system is presently on the meter box, then the inlet will not

Ohave to be plugged. Turn the pump on, pull a vacuum within
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Figure 2.1. Positive leak check of metering system.
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7.5 cm (3 in.) Hg of absolute 2zero, and observe the dry gas
meter. If the leakage exceeds 1.5 x 1074 m3/min (0.005
ft3/min), the leak(s) must be found and minimized until the
above specifications are satisfied.

Leak checking the meter system before initial calibration
is not mandatory, but is recommended.

Note: For metering systems having diaphragm pumps, the
normal leak-check procedure described above will not detect
leakages within the pump. For these cases, the following
leak-check procedure is suggested: make a 1l0-min calibration
run at 0.00057 m3/min (0.02 ft3/min); at the end of the run,
take the difference of the measured wet test meter and dry gas
meter volumes; divide the difference by 10, to get the leak
rate. The leak rate should not exceed 0.00057 m3/min (0.02
£t3/min) .

Initial calibration - The dry gas meter and orifice meter

can be calibrated simultaneously and should be calibrated when
first purchased and any time the posttest check yields a Y
outside the range of the calibration factor Y +0.05Y. A
calibrated wet test meter (properly sized, with *1% accuracy)
should be used to calibrate the dry gas meter and the orifice
meter.

The dry gas meter and the orifice meter should be
calibrated in the following manner:

1. Before its initial use in the field, leak check the
metering system, as described in Subsection 2.1.2. Leaks, if
present, must be eliminated before proceeding.

2 Assemble the apparatus, as shown in Figure 2.2, with
the wet test meter replacing the probe and impingers--that is,
with the outlet of the wet test meter connected to a needle
valve that is connected to the inlet side of the meter box and
with the inlet side of the wet test meter connected to an
impinger with water or to a saturator.

i/é%)ef
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&Y Run the pump for 15 min with the orifice meter
differential (AH) set at 12.7 mm (0.5 in.) HZO to allow the
pump to warm up and to permit the interior surface of the wet
test meter to be wetted.

4. Adjust the needle valve so that the vacuum gauge on
the meter box will read between 50 and 100 mm (2 to 4 in.) Hg
during calibration.

Bl Collect the information required in the forms
provided (Figure 2.3A or 2.3B). Sample volumes, as shown,
should be used.

6. Calculate Yi for each of the six runs, using the

equation in Figure 2.3A or B under the 41 column, and record
the results on the form in the space provided.
7. Calculate the average Y for the six runs using the

following equation:

+ Yo & Y

Yo ¥, + Y 5

i 2 gt ¥

- 6
5 e 3

4

Record the average on Figure 2.3A or B in the space provided.

8. The dry gas meter should be cleaned, adjusted, and
recalibrated, or rejected if one or more values of Y fall
outside the interval Y +0.02Y. Otherwise, the average Y
(calibration factor) is acceptable and will be used for future
checks and subsequent test runs.

9. Calculate AH@i for each of the six runs using the
equation in Figure 2.3A or B under the AH@i column, and record
on the form in the space provided.

10. Calculate the average AH@ for the six runs using the
following equation:

AH@1 + AH@2 + AH@3 + AH@4 + AH@5 + AH@6
6

AH@ =
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Date 4/// & Meter box number =t7->
Barometric pressure, Pb = 2%6# in. Hg. Calibrated by «5»
Gag Volw Temperaturer
Orifice | Wet test | Dry gas Wet test Dry gas meter
manometer| meter meter meter Inlet | Outlet Average Time
secting | (V). > CRN RCRE RCR N ICREN HON W
2 i i
in. B,0 | £t £e3 °p °% | °F °¢ | min
730. 000 275 5/ 82 4 oX
0.3 > (3540 7.5 98 85 » 2% \ | 179
1.0 5
1.5 10
2.0 10
3.0 10
4.0 10
Average
2
T Vv, Pp(t, + 460) B+ GETS e]
) Vd(Pb +_——]36) (tw + 460) i Pb (td + 460) w J
0.5 1 0.0368 5 (29 64)(9) 0.03/7) (0.5) [_(5 3/5)02.75)/‘7‘
5./4 (29.¢7)(53/.5) (29 6% ) (549 k|
1.0 { 0.0737
1.5 0.110
2.0} 0.147
3.0 0.221
4.0} 0.294

2 1f there is only one thermometer on the dry gas meter;, record the temperature

under td

Figure 2.3A.

(front side)

Dry gas meter calibration data (English units).

Nk
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Nomenclature:
Vw = Gas volume passing through the wet test meter, ft3.
Vd = Gas volume passing through the dry test meter, ft3.
tW = Temperature of the gas in the wet test meter, °r.
tdi = Temperature of the inlet gas of the dry test meter, °F,
td0 = Temperature of the outlet gas of the dry test meter, °p,
td = Average temperature of the gas in the dry test meter, obtained by the average td and
t, , F. i
d
]
MH = Pressure differential across orifice, in. H20.
Y. = Ratio of accuracy of wet test meter to dry test meter for each run. Tolerance Y, =
i i
Y +0.02 Y.
Y = Average ratio of accuracy of wet test meter to dry test meter for all six rums.
Tolerance Y = Y +0.01 Y.
AH@i = Orifice pressure differential at each flow rate that gives 0.75 ft3/min of air at
standard conditions for each calibration run, in. H20. Tolerance = AHQ@ +0.15 (recommended).
AH@ = Average orifice pressure differential that gives 0.75 ft3/min of air at standard
conditions for all six runs, in. HZO' Tolerance = 1.84 +0.25 (recommended).
© = Time for each calibration run, min.
Pb = Barometric pressure, in. Hg.

Figure 2.3A. Dry gas meter calibration data (English units).

(back side)
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Meter box number Fuv_2

Barometric pressure, Pb = 7% — mm Hg. Calibrated by _ o5
Gas volume Temperatuye®
Orifice | Wet test Dry gas Wet test Driy gas meter
manometer| meter meter meter Inlet |Outlet | Average | Time
4 1
mm H,0 o o °E e | e e min | 1
25.0320 18 20 /8 p
25 0.15
40 0.30
50 0.30
75 0.30
100 0.30
Average
— Vo Ppltg +273) B (t + 273) 0]
AH Y, = A e = 0.00117 AH i Wv
AH 13.6 Vd(Pb +——]35) (t;w +273) 1 Pb (td + 273) ez
2 i 2
10 [ 0.7 (0.45)(736)(29/) 00417)( 1) (290) (10.62)"
0./52.)(737) (2.9/) mf?’.”é) (23) [ 0./52 ]
25 | 1.8
40 | 2.94
50 | 3.68
75 | 5.51
100 | 7.35

8 If there is only one thermometer on the dry gas meter, record it under td.

Figure 2.3B.
(front side)

Dry gas meter calibration data (metric units).
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Nomenclature:
Vw = Gas volume passing through the wet test meter, m3.

Vd = Gas volume passing through the dry test meter, m3.

tw = Temperature of the gas in the wet test meter, OC.
t:di = Temperature of the inlet gas of the dry test meter, R
td0 = Temperature of the outlet gas of the dry testrmeter, .

td = Average temperature of the gas in the dry test meter, obtained by the average of td and

td s G i
o
AH = Pressure differential across orifice, mm H20.
Yi = Ratio of accuracy of wet test meter to dry test meter for each run. Tolerance Yi =

Y 40.02 Y.

Y = Average ratio of accuracy of wet test meter to dry test meter for all six runms.
Tolerance Y = Y +0.01 Y.

AH@, = Orifice pressure differential at each flow rate that gives 0.021 m3 of air at standard
1 conditions for each calibration run, mm H20. Tolerance AH@i = AH@ 4+3.8 mm H20 (recommended) .

Agae

Average orifice pressure differential that gives 0.021 m3 of air at standard
conditions for all six runs, mm H,0. Tolerance AH@ = 46.74 +6.3 mm H,0 (recommended) .

© = Time of each calibration run, min.

P, = Barometric pressure, mm Hg.

Figure 2.3B. Dry gas meter calibration data (metric units).
(back side)
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Record the average on Figure 2.3A or B in the space provided.
11. Adjust the orifice meter or reject it if AH@i varies
by more than #3.9 mm (0.15 in.) HZO over the range of 10 to
100 mm (0.4 to 4.0 in.) Hzo. Otherwise, the average AH@ is
acceptable and will be used for subsequent test runs.
Posttest calibration check = After each field test

series, conduct a calibration check of the metering system, as

in Subsection 2.1.2, except for the following variations:

aliye Three calibration runs at a single intermediate
orifice meter setting may be used with the vacuum set at the
maximum value reached during the test series. The single
intermediate orifice meter setting should be based on the
previous field test. A valve must be inserted between the wet
test meter and the inlet of the metering system to adjust the
vacuum.

2. If a temperature-compensating dry gas meter was
used, the calibration temperature for the dry gas meter must
be within +6°C (10.8°F) of the average meter temperature
during the test series.

3. Use Figure 2.4A or 2.4B, and record the required
information.

If the calibration factor Y deviates by <5% from the
initial calibration factor Y (determined in Subsection 2.1.2),
then the dry gas meter volumes obtained during the test series
are acceptable. 1If Y deviates by >5%, recalibrate the meter-
ing system (as in Subsection 2.1.2), and use whichever meter
coefficient (initial or recalibrated) yields the lower gas
volume for each test run.

Alternate procedures-~for example, using the orifice
meter coefficients--may be used, subject to the approval of
the administrator.

2.2 Thermometers

The thermometers used to measure the temperature of gas
leaving the impinger train should be initially compared with a



O e »

Test numbers A8 /-3
Date ?//_3/78 Meter box number _Fpq4=7 Plant M gm %Itt

Barometric pressure, P, =2%.72. in. Hg Dry gas meter number FM=-7 Pretest Y 9.9%6
Temperature Y, i=
Orifice Gas volume | Gas volume
manometer | wet test dry gas Wet test Dry gas meter
setting, meter meter meter |[Inlet [Outlet Averagg Vacuum Vw Pb (t d + 460)
(Aﬂ) 3 (VW) 9 (Vd) 9 (tw) 9 (td )’ (td ) ’ (td) t) Time Setting’ Yi
in H20 f':3 ft3 op i o o ©), Vd Pb + AH (t:W + 460 )
op op F min in. Hg 13.6
B56.2¢¥# 70(28.72) (79 ¥ <25
/. ¢ 10 87%. 321 72 83 | 75 79 /13.35] 3 0.987 ,%ommz 2+ \ W20 (78 Ta00)
10
10
Y=

2 If there is only one therometer on the dry gas meter, record the temperature under t q
where

Vw = Gas volume passing through the wet test meter, ftz.

Vd = Gas volume passing through the dry test meter, ft~.

(o)
tw = Temperature of the gas in the wet test meter, F.

tdi = Temperature of the inlet gas of the dry test meter, Or.
t ' o 'Y 9o W0
do = Temperature of the outlet gas of the dry test meter, F. Lg' gg g
t = Average temperature of the gas in the dry test meter, obtained by the average of t d and t q° °r. g o 'c; f_."
i 2P0
AH = Pressure differential across orifice, in HZO' e wé’ g 3
\\\\\\\ ~ =2
w;\j Yi = Ratio of accuracy of wet test meter to dry test meter for each run. .9.,;_.2 0
DNy ~ 0>
o Y = Average ratio of accuracy of wet test meter to dry test meter for all three rums. 8,_. "
NG Tolerance = Pretest Y +0.05Y wo

~
P, = Barometric pressure, in. Hg. v
O = Time of calibration run, min.

Figure 2.4A. Posttest meter calibration data form (English units).



Test numbers __9& /- 2

Y3/

Date Meter box number £Fas- 7 Plantwm
Barometric pressure, Pb = 730 mm Hg Dry gas meter number JSFAf - 7 Pretest Y 0. 993
Temperature Y i=
Orifice Gas volume | Gas volume
manometer | wet test dry gas |Wet test Dry gas meter
setting, meter meter meter [Inlet |Outiet- Average Vacuum Vw Pb (t d + 273)
(AH) V) vy, (t)s |(tg)s] (g ), | (tp),? | Time | setting, | ¥,
mn H,0 3 3 %% i o o¢ (©), vy Bt AH (tw + 273)
o B o % min m Hg 13,6
: /742 p 73
— &: 80 /‘2: ;7':0 2/ [23.5 |25 (22.5 |3.50| 75 |o.9w|@20(730) (X5 #273)
: 0. 3012 (730 + _7;5_')(2./ +23)
/3.6
Y=

2 If there is only one therometer on the dry gas meter, record the temperature under t q

where

Vw = Gas volume passing through the wet test meter, mz.

Vd = Gas volume passing through the dry test meter, m .

tw = Temperature of the gas in the wet test meter, . o

t:di = Temperature of the inlet gas of the dry test meter, ot

t:do = Temperature of the outlet gas of the dry test meter, . 'n,t’ E,’
t by = Average temperature of the gas in the dry test meter, obtained by the average of t di and tdo’ K % g
AH = Pressure differential across orifice, mm HZO' :E
Yi = Ratio of accuracy of wet test meter to dry test meter for each run. 'gh}_‘
Y = Average ratio of accuracy of wet test meter to dry test meter for all three runms. o

Tolerance = Pretest Y +0.05Y =

Pb = Barometric pressure, mm Hg. B
© = Time of calibration run, min.

Figure 2.4B,

Posttest meter calibration data form (metric units).
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mercury-in-glass thermometer that meets ASTM E-1 No. 63C or
63F specifications as follows:

h i Place both the mercury-in-glass and the dial type or
equivalent thermometer in an ice bath. Compare readings after
the bath stabilizes.

2. Allow both thermometers to come to room temperature.
Compare readings after both stabilize.

3. Accept the dial type or equivalent thermometer if
values agree within $1°C (2°F) at both points. If the
difference is greater than +1°C (2°F), the thermometer should
be either adjusted and recalibrated until the above criteria
are met, or rejected.

4. Prior to each field trip, compare the temperature
reading of the mercury-in-glass thermometer at room temperature
with that of the meter thermometer in the equipment. If the
readings are not within +2°C (4°F) the meter thermometer should
be replaced or recalibrated.

The thermometers used to measure the metered sample gas
temperature should also be initially compared with a
mercury-in-glass thermometer that meets ASTM E-1 No. 63C or
63F specifications:

s Place the dial type or equivalent thermometer and
the mercury-in-glass thermometer in a hot water bath, 40° to
50°% {(108° td" ‘122°F). Compare readings after the bath
stabilizes.

2hs Allow both thermometers to come to room temperature.
Compare readings after thermometers stabilize.

Bl Accept the dial type or equivalent thermometer if:
(1) values agree within *3°C (5.4°F) at both points or (2) the
temperature differentials at both points are within 3°C
(5.4°F) and the temperature differential is taped to the
thermometer and recorded on the pretest sampling checks form

(Figure 2.5).
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Date 9'/'51/’79 calibrated by J&U
Meter box number F/M=-/ aH@ /1. 4]

Dry Gas Meter*

Pretest calibration factor = Q 996 (within +2% of the average
factor for each calibration run).

Impinger Thermometer

Was a pretest temperature correction used? yes & no.
If yes, temperature correction (within +1°C (2°F) of re-
ference values for calibration and within +2°C (4°F) of re-
ference values for calibration check).

Dry Gas Meter Thermometer

Was a pretest temperature correction made? ___yes Jg:ho.
I1f yes, temperature correction (within +3°C (3.4°F) of
reference values for calibration and within +6°C (10.8°F) of
reference values for calibration check).

Barometer

Was the pretest field barometer reading correct? t//yes no
(within 2.5 mm (0.1 in) Hg of the mercury-in-glass barometer).

x
Most significant items/parameters to be checked.

Figure 2.5. Pretest sampling checks.



Section No. 3.7.2
Revision No. 0
Date May 1, 1979
Page 17 of 20

4. Prior to each field trip, compare the temperature
reading of the mercury-in-glass thermometer at room temperature
with that of the meter system thermometer. The values or
corrected values should be within t6°C (10.8°F) of one another,
or the meter thermometer should be replaced or recalibrated.
Record any temperature correction factors on Figure 2.5 or on a
similar form.

2.3 Barometer

The field barometer should be adjusted initially and
before each test series to agree within #2.5 mm (0.1 in.) Hg of
the mercury-in-glass barometer or the station pressure value
reported from a nearby National Weather Service station,
corrected for elevation. The tester should be aware that the
reported pressure is normally corrected to sea level; the
tester should request the uncorrected reading. The correction
for elevation difference between the weather station and the
sampling point should be applied at a rate of =2.5 mm Hg/30 m
(-0.1 in./100 ft). Record results on Figure 2.5 or on a
similar form.

2.4 Probe Nozzle
The nozzle should be stainless steel (316) or glass with

sharp, tapered leading edges. The angle of taper should be
<30°, and the taper should be on the outside to preserve a
constant 1ID. Also the probe nozzles should be calibrated
before their initial use in the field. Using a micrometer,
measure the ID of the nozzle to the nearest 0.025 mm
(0.001 in.). Make three separate measurements using different
diameters each time, and then average the measurements. The
difference between the high and low numbers should not exceed
0.1l mm (0.004 in.).

When nozzles become nicked, dented, or corroded, they
should be reshaped, sharpened, and recalibrated before use.
Each nozzle should be permanently and uniquely identified.
Figure 2.6 is an example sample nozzle calibration data form.

(41
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Date 9//52 /73 Calibrated by _&/&D
_ Nozzle
e b N P Rl Ll T
31 0.25/ 0.253 O0.252 0.002 |02%52
where:
D1,2,3,= Nozzle diameter measured on a different diameter, mm (in.).
Tolerance = measure within 0.025 mm (0.001 in.).
AD = maximum difference in any two measurements, mm (in.).
Tolerance = 0.1 mm (0.004 in.).
Davg = average of Dl’ D2’ D3.

Figure 2.6. Nozzle calibration form.
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2.5 Pitot Tube

The type-S Pitot tube assembly should be calibrated
according to the procedure outlined in Method 2,
Section 3.1.2.
2.6 Trip Balance

The trip balance should be calibrated initially by using
Class-S standard weights and should be within +0.5 g of the
standard weight. Adjust or return the balance to the manu-

facturer if limits are not met.

it
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FOR CALIBRATION OF EQUIPMENT

Apparatus

Acceptance limits

Frequency and method
of measurement

Action if
requirements
are not met

Wet test meter

Capacjty of at legast
3.4 m”/h (120 ft~/h)
and an accuracy within
+1.0%

Calibrate initially
and then yearly

by the liquid dis-
placement technique

Adjust until
specifications
are met, or
return to manu-
facturer

Dry gas meter

Y. =Y +0.02 Y at a
flow rate of 0.02-0.03

Calibrate vs. wet
test meter initially,

Repair or re-
place and then

m~/min  (0.66-1) and when the posttest| recalibrate
check is not within
Y +0.05 Y
Thermometers Impinger thermometer Calibrate each ini- Adjust; de-
+1°C (2°F); dry gas tially as a separate | termine a con-
meter thermometer with-| component against a stant correc-
in +3°C (5.4°F) over mercury-in-glass tion factor;
range thermometer and then or reject
before each field
trip compare each as
part of the train
with the mercury-in-
glass thermometer
Barometer +2.5 mm (0.1 in.) Hg of | Calibrate initially Adjust to
mercury-in-glass barom~| using mercury-in- agree with
eter glass barometer, and | certified
check before and barometer
after each field test
Probe nozzle Average of three ID Use a micrometer to Recalibrate,

measurements of nozzle;
difference between high
and low not to exceed
0.1 mm (0.004 in.).

ap r <30°

measure to the near-
est 0.025 mm (0.001
in.)

reshape, and
sharpen when
nozzles are
nicked, dented,
or corroded

Trip balance

Standard weights mea-
sured within +0.5 g of
stated value

Balance calibration
verified when first
purchased, any time
moved or subjected to
rough handling, and
during routine oper-
ations when cannot
weigh within +0.5 g

Manufacturer
should recali-
brate or ad-
just

Type-S Pitot
tube

Initially calibrated
according to Sec. 2 of
Method 2, and tube tips
undamaged

Visually check before
each field test

Repair or
replace

\
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3.0 PRESAMPLING OPERATIONS

The quality assurance functions for presampling prepar-
ations are summarized in Table 3.1 at the end of this section.
See Section 3.0 of this Handbook for details on preliminary
site visits.
3.1 Apparatus Check and Calibration

Figure 3.1 or a similar form is recommended to aid the

tester in preparing an equipment checklist, status form, and
packing list.

3.1.1 sampling Train - The schematic of the Method 8 sampling
train is given in Figure 1.1. Commercial models of this
system are available. Each individual or fabricated train
must be in compliance with the specifications in the reference
method, Section 3.7.10.

3.1:2 Probe and Nozzle =~ The probe and nozzle should be
cleaned internally by brushing first with tap water, then with
deionized distilled water followed by acetone, and finally
allowed to dry in the air. 1In extreme cases, the glass probe
liner can be cleaned with stronger reagents. The.objective is
to leave the glass liner free from contaminants. The probe
heating system should be checked to see that it is operating
properly. The probe must be leak free at a vacuum of 380 mm
(15 in.) Hg when sealed at the inlet or tip.

3.1.3 Impingers, Filter Holder, and Glass Connections - All
glassware should be cleaned first with detergent and tap water
and then with deionized distilled water. Any items that do.
not pass a visual inspection for cracks or breakage must be

repaired or discarded.

3.1.4 Pump ~ The vacuum pump and oiler should be serviced as
recommended by the manufacturer, every 3 mo, or after the 10th
test (whichever comes first), or upon erratic behavior (nonuni-

form or insufficient pumping action).

(4% .
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Apparatus check

Accepﬁable

Yes No

Quantity
required

Ready Loaded

_ Yes No

and packed

Probe
Type glass liner

Borosilicate
Quartz

Heated
Leak checked

4-lgy

v v

Nozzle
Glass

Stainless steel __
Other

3 al

Pitot Tube
Type

Other
Properly attached

Modifications

C
P

| 4L epp-
n:sn

Differential
Pressure Gauge

Inclined manome ter

Other

0-0.25

Filter Holder
Borosilicate glass
Glass frit

Gasket

Silicone
Teflon

Viton

(continued)

Figure 3.1.

AN

Example of a pretest preparation checklist.
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Acceptable Quantity Ready Loaded
Apparatus check Yes No required Yes No | and packed

Condenser

Impingers

Greenburg-Smith v’ A v
v

v
Modified Green-
burg-sSmith / 4 v v

Impinger Temper-
ature Sensor v

Thermometer v 4 4
Other _
Calibrated v’ v o
Other

Barometer

Mercury
Aneroid V4 / v v
Other

Calibrated*

Stack Temperature v
Sensor v v

Type
Calibrated*

Reagents
Distilled water

Hydrogen perox-
ide (30%)

Isopropanol (80%) /
(checked for 3
peroxides)

s

3 gt

20t

% S NS

Silica gel

<

Meter System yi
Pump leak free*

S

Orifice meter*

¢« v VIN N X g
Y X A\ \{ AN A 1\

Dry gas meter%* %

*
Most significant items/parameters to be checked.

Figure 3.1 (continued)
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3.1.5 Dry Gas Meter - A dry gas meter calibration check
should be made in accordance with the procedure 1in
Section 3.7.2.

3.1.6 Silica Gel - Either dry the used silica gel at 120° -
150°C (248° - 302°F) or weigh out fresh silica gel in several
200- to 300-g portions in airtight containers to the nearest
0.5 g. Record the total weight (silica gel plus container) on

each container. The silica gel does not have to be weighed if

the moisture content is not to be determined.

3.1.7 Filters - Check filters visually against light for ir-
regularities, flaws, or pinhole leaks. The filters do not
have to be weighed, labeled, or numbered.

3.1.8 Thermometers - The thermometers should be compared with

the mercury-in-glass thermometer at room temperature prior to
each field trip.

3.1.9 Barometer - The field barometer should be compared with
the mercury-in-glass barometer or the weather station reading
after making an elevation correction, prior to each field
trip.

3.2 Reagents and Equipment

3.2.1 Sampling - The first impinger solution (80% isopropa-
nol) is prepared by mixing 800 ml of reagent grade or certi-
fied ACS isopropanol (100%) with 200 ml of deionized distilled
water. The second and third impinger absorbing reagent (H202,
3%) 1is prepared by diluting 100 ml of 30% H202 to 1 2 (1000
ml) with deionized distilled water. The 3% H202 should be
prepared fresh daily, using certified ACS reagent grade compo-
nents. Solutions containing isopropanol must be kept in

sealed containers to prevent evaporation and must be prepared
fresh for each test series.
3.2.2 Sample Recovery - Deionized distilled water and 80%

isopropanol are required on site for quantitative transfer of
impinger solutions to storage containers. The water and iso-
propanol are used to clean the sampling train in the process

of sample recovery.

0 )
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3.3 Packing Equipment for Shipment

The condition of equipment may depend upon the careful
packing of equipment with regard to (1) accessibility in the
field, (2) care of movement on site, and (3) optimum func-
tioning of measurement devices in the field. Equipment should
be packed under the assumption that it will receive severe

treatment during shipping and field operations. One major

consideration in shipping cases is the construction materials.
3.3.1 Probe - Pack the probe in a case protected by poly-
ethylene foam or other suitable packing material. The inlet
and outlet should be sealed and protected from breakage. An
ideal container is a wooden case, or equivalent, lined with
foam material in which separate compartments are cut to hold
individual devices. The case, equipped with handles or
eye-hooks that can withstand hoisting, should be rigid enough
to prevent bending or twisting of the devices during shipping
and handling.

3.3.2 Impingers, Connectors, and Assorted Glassware - All
impingers and glassware should be packed in rigid containers
and protected by polyethylene foam or other suitable packing
material. Individual compartments for glassware help to

organize and protect each individual item.
3.3.3 Volumetric Glassware - A sturdy case lined with poly-

ethylene foam material protects drying tubes and assorted vol-
umetric glassware.

3.3.4 Meter Box - The meter box--which contains the manome-
ters, orifice meter, vacuum gauge, pump, dry gas meter, and
thermometers--should be packed in a rigid shipping container
unless its housing is sufficient to protect components during
travel. Additional pump o0il should be packed if o0il is
required for its operation. It is advisable to always ship a
spare meter box in case of equipment failure.

3.3.5 Wash Bottles and Storage Containers - Storage contain-
ers and miscellaneous glassware should be packed in rigid

foam-lined containers.
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Table 3.1. ACTIVITY MATRIX FOR PRESAMPLING OPERATIONS
Action if
Frequency and method | requirements
Apparatus Acceptance limits of measurement are not met

Probe

1. Probe liner should
be free of contaminants
and constructed of boro-
silicate glass, or
quartz, or the equiva-
lent (no metal liners)

2. Probe must be leak
free at 380 mm (15 in.)
Hg

3. Probe must prevent
condensation of mois-
ture

1. Clean probe in-
ternally by brushing
with tap deionized
distilled water, then
acetone; allow to dry
in air before test

2. Visually check be-
fore test

3. Check out heating
system initially and
when moisture cannot
be prevented during
testing (Sec. 3.7.1)

1. Retrace
cleaning pro-
cedure and
assembly

2. Replace

3. Repair or
replace

Impingers, fil-

ter holders,

and glass con-

nectors

Clean, free of breaks,
cracks, leaks, etc.

Clean with detergent
and tap water, then

deionized distilled

water

Repair or
discard

Pump

Maintain a smooth sam-
pling ratg of about
0.3-0.5 m /min (1-1.7
ft”/min) at up to 380
mm (15 in.) Hg vacuum
at pump inlet

Service every 3 mo or
upon erratic behavior;
check oiler jars every
10 tests

Repair or
return to
manufacturer

Dry gas meter

+2% of calibration
factor and clean

Calibrate according
to Sec. 3.7.2, and
check for excess oil

As above

Reagents and

Equipment

Sampling

(continued)

All reagents must be
certified ACS or rea-
gent grade

Prepare fresh daily
and store in sealed
containers

Prepare new
reagent
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Frequency and method

Action if
requirements

Apparatus Acceptance limits of FEASHrEHEnt are not et
Sample Deionized distilled wa-| Water and reagent Prepare new
recovery ter on-site and leak- grade isopropanol are| reagent
free sample storage used to clean imping-
bottles as specified in| er after testing and
Sec. 3.7.1 prior to taking sam-
ple.
Package Equip-
ment for Ship-
ment
Probe Pack in rigid contain- Pack prior to each Repack
er and protect with shipment
polyethylene foam
Impingers, con-| Pack in rigid contain- Pack prior to each Repack
nectors, and ers and protect with shipment
assorted polyethylene foam
glassware
Pump Sturdy case lined with | As above As above
polyethylene foam ma-
terial or as part of
meter box
Meter box Meter box case and/or As above As above
additional material to
protect train compon-
ents; pack spare meter
box
Wash bottles Pack in rigid foam- As above As above
and storage lined containers
containers
—
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4.0 ON-SITE MEASUREMENTS

The on-site measurement activities include transporting
the equipment to the test site, unpacking and assembling the
equipment, making duct measurements, velocity traverse,
determination of molecular weight and stack gas moisture
content (in certain cases the moisture content can be assumed
to be zero), sampling for sulfuric acid mist and sulfur
dioxide, and recording data. Table 4.1 at the end of this
section summarizes the quality assurance activities for
on-site measurements. A copy of all field data forms
mentioned are contained in Section 3.7.12.
4.1 Transport of Equipment to the Sampling Site

The most efficient means of transporting the equipment
from ground level to the sampling site should be decided
during the preliminary site visit (or prior correspondence).
Care should be exercised to prevent damage to the test
equipment or injury to test personnel during the moving phase.
A laboratory type area should be designated for preparation of
absorbing reagents, placing the filter in the filter holder,
charging of the impingers, sample recovery, and documentation.
This area should be fairly clean and should not have excessive
drafts.

4.2 Ssampling
The on-site sampling includes the following steps:

1. Preliminary measurements and setup,

2. Preparation and/or addition of the absorbing
reagents to the impingers,

3. Placement of the filter in the filter holder,

4. Setup of the sampling train,

5. Preparation of the probe,

6. Leak check of entire train,

9
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Ve Insertion of the probe into the stack,
Sealing the port,

9. Checking the temperature of the probe,

10. Sampling at designated points, and

11. Recording of the data.
A final leak check of the train must always be performed upon
completion of sampling.
4.2.1 Preliminary Measurements and Setup - The sampling site

location should be selected in accordance with Method 2. If
this 1is not possible due to duct configuration or other
reasons, the sampling site location should be approved by the
administrator. A 115-V, 30-amp electrical supply is necessary
to operate the standard sampling train. Measure the stack and
either determine the minimum number of traverse points by
Method 1 or check the traverse points determined from the
preliminary site visit, Section 3.0 of this Handbook. Record
all data on the traverse point 1location form, as shown in
Section 3.0. These measurements will be used to locate the
Pitot tube and the sampling probe during preliminary measure-
ments and actual sampling.

4.2.2 Stack Parameters - Check the sampling site for cyclonic

or nonparallel flow as described in Method 1 (Section 3.0).
The sampling site must be acceptable before a valid sample can
be made. Determine the stack pressure, temperature, and the
range of velocity heads using Method 2; it is recommended that
a leak check of the velocity pressure system (Method 2) be
performed. Be sure that the proper differential pressure
gauge 1is chosen for the range of velocity heads encountered
(see Method 2). Determine the moisture content using the
approximation Method 4 or its alternatives for the purpose of
setting the isokinetic sampling rate. If the particular
source has been tested before or a good estimate of the
moisture 1is available, this should be sufficient. The
Reference Method uses the condensate collected during sampling

to determine the moisture content used in final calculations.
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Note: For contact-process sulfuric acid plants, the
moisture can be assumed to be zero if a scrubber is not in
use.

Determine the dry molecular weight of the stack gas, as
required in Method 2. If an integrated gas sample is
required, follow Method 3 procedures and take the sample
simultaneously with, and for the same total length of time as,
the sulfuric acid mist and 802 sample run. Sampling and
analytical data forms for molecular weight determinations are
presented in Method 3.

Using the stack parameters obtained by these preliminary
measurements, the nomograph can be set up as outlined in
APTD-0576. An example of a nomograph data form is presented
in Method 5.

Method 8 sampling 1is performed isokinetically 1like
Method 5, but the sampling rate is not to exceed 0.03 m3/min
(1.0 ft3/min) during the test. To accomplish this, select a
nozzle size based on the range of velocity heads, so that it
is not necessary to change the nozzle size 1in order to
maintain isokinetic sampling rates. Select also a nozzle that
will not allow the maximum sampling rate to exceed 0.03 m3/min
(1.0 ft3/min) during the run. Check the maximum AH, using the
following equation:

1.09 Pm M AH@

Th

Equation 4-1

Maximum AH <

where

Maximum AH = pressure differential across the orificg, ks 8
H,O, that will produce a flow of 1.0 ft~/min;

2
Pm = pressure of the dry gas meter, in. Hg;
M = molecular weight of stack gas;
AH@ = pressure differential across the orifice that will
produce a flow of 0.75 scfm, in. HZO; and
Tm = temperature of the meter, °R.
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This maximum AH will limit the sampling flow rate to <0.03
m3/min (1.0 ft3/min).

During the run, do not change the nozzle size. Install
the selected nozzle using a Viton-A O-ring when stack temp-
eratures are <260°C (500°F) and using an asbestos string
gasket when temperatures are higher (see APTD-0576 for
details). Other connecting systems such as Teflon ferrules
may be used. Mark the probe with heat resistant tape or by
some other technique to denote the proper distance into the
stack or duct for each sampling point.

Select a suitable probe liner and probe length so that
all traverse points can be sampled. For 1large stacks,
consider sampling from opposite sides of the stack to reduce
the length of the probe.

Select a total sampling time greater than or equal to the
minimum total sampling time specified in the test procedures
for the specific industry so that (1) the sampling time per
point is >2 min (or some greater time interval specified by
the administrator) and (2) the sample volume taken (corrected
to standard conditions) will exceed the required minimum total
gas sample volume (normally 1.15 dscm (40.6 dscf)). The
latter can be based on an approximate average sampling rate.

It is recommended that the number of minutes sampled at
each point be an integer or an integer plus one-half min, in
order to avoid timekeeping errors.

In some circumstances (e.g., batch cycles), it may be
necessary to sample for shorter times at the traverse points
and to obtain smaller gas sample volumes. In these cases, the
administrator's approval must first be obtained.

4.2.3 Preparation and/or Addition of Absorbing Reagents
and Filter to Collection System =~ Absorbing reagents

can be prepared on site if necessary, according to the
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directions given in Section 3.7.3. A pipette or graduated
cylinder should be used to place 100 ml of 80% isopropanol
into the first impinger. Be sure that the pipette or
graduated cylinder was not used previously to add the H202
solution. It is suggested that the graduated cylinders or
pipettes be marked to reduce the chance of interchanging.
Place 100 ml of 3% H202 into the second impinger and 100 ml of
3% H,0, into the third impinger. Also, place approximately
200 g of silica gel into the fourth impinger.

Note: If moisture content is to be determined by
impinger analysis, either weigh each of the first three
impingers (plus absorbing solution) to the nearest 0.5 g and
record these weights, or determine to the nearest 1 ml
volumetrically. The weight of the silica gel (or silica gel
plus container) must also be determined to the nearest 0.5 g,
and recorded.

Using tweezers or clean disposable surgical gloves, place
a filter in the filter holder. Be sure that the filter is
properly centered and that the gasket is properly placed in
order to prevent the sample gas stream from circumventing the
filter. Check the filter for tears after assembly 1is
completed.

4.2.4 Assembling Sampling Train =~ During preparation and

assembly of the sampling train, keep all sample train surfaces
that are to be exposed to the sample covered until just prior
to assembly or until sampling is about to begin.

Assemble the sampling train as shown in Figure 1.1, using
(if necessary) a very 1light coat of silicone grease on all
ground-glass joints. Apply grease only to the outer portion
of the glass joint to avoid the possibility of contaminating
the sample. Place crushed ice and water around the impingers.

4.2.5 Leak Checks -~ Leak checks are necessary to assure that

the sample has not been biased low by dilution air. The
Reference Method specifies that leak checks be performed at

certain times. These are discussed below in this subsection.
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Pretest leak check - A pretest leak check is recommended,

but not required. If the tester opts to conduct the pretest
leak check, the following procedure should be used:

ills After the sampling train has been assembled, turn on
the probe heating system, set it at the desired operating
temperature, and allow time for the temperature to stabilize.

2. If a Viton A O-ring or other leak-free connection is
used in assembling the probe nozzle to the probe liner, leak
check the train at the sampling site by plugging the nozzle
and pulling a 380 mm (15 in.) Hg vacuum. Note: A lower
vacuum may be used, if it is not exceeded during the test.

If an asbestos string is used for the probe gasket, do
not connect the probe to the train during the 1leak check.
Instead, leak check the train by first plugging the inlet to
the first impinger and pulling a 380 mm (15 in.) Hg vacuum
(see note immediately above). Then connect the probe to the
train and leak check at about 25 mm (1 in.) Hg vacuum;
alternatively, the probe may be leak checked with the rest of
the sampling train in one step at a vacuum of 380 mm (15 in.)
Hg. Leakage rates in excess of 4% of the average sampling
rate or at 0.00057 m3/min (0.02 ft3/min), whichever is less,
are not acceptable.

The following leak-check instructions for the sampling
train described in APTD-0576 and APTD-0581 may be helpful:

1. Start the pump with the bypass valve fully open and
the coarse adjust valve completely closed.

28 Partially open the coarse adjust valve and slowly
close the bypass wvalve until the desired vacuum is reached.
Do not reverse the direction of the bypass valve; this will
cause hydrogen peroxide to back up into the filter holder. 1If
the desired vacuum is exceeded, either leak check at this
higher vacuum or end the leak check as shown below and start
over.
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wWhen the leak check is completed, first slowly remove the
plug from the inlet to the probe or the first impinger and
then immediately turn off the vacuum pump. This prevents the
absorbing solution in the impingers from being forced backward
into the filter holder and prevents the silica gel from being
entrained backward into the third impinger. Visually check to
be sure that HZOZ did not contact the filter and that the
filter has no breaks, and so forth.

Leak checks during the sample run - Infi during the
sampling run a component (e.g., a filter assembly) change
becomes necessary, a leak check should be conducted
immediately before the change is made. The leak check should
be done according to the procedure outlined above, except that
it should be done at a vacuum equal to or greater than the
maximum value recorded up to that point in the test. If the
leakage rate is found to be no greater than 0.00057 m3/min
(0.02 ft3/min) or 4% of the average sampling rate (whichever
is less), the results are acceptable, and no correction will
need to be applied to the total volume of dry gas metered; if,
however, a higher leakage rate is obtained, the tester either

should record the leakage rate and plan to correct the sample
volume (as shown in Section 3.7.6 of this method) or should
void the sampling run.

Note: Be sure to record the dry gas meter reading before
and after each leak check performed during and after each test
run so that the sample volume can be corrected.

Immediately after component changes, 1leak checks are
again optional; if such leak checks are done, the procedure
outlined above should be used.

Posttest leak check - A leak check is mandatory at the
conclusion of each sampling run. The 1leak check should be

done in accordance with the procedures previously outlined,
except that it should be conducted at a vacuum equal to or

7y
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greater than the maximum value reached during the sampling
run. If the 1leakage rate is found to be no greater than
0.00057 m3/min (0.02 ft3/min) or 4% of the average sampling
rate (whichever is less), the results are acceptable, and no
correction will need to be applied to the total volume of dry
gas metered. 1If, however, a higher leakage rate is obtained,
the tester should record the leakage rate and should correct
the sample .volume as shown in Section 3.7.6 of this method.

Note: Be sure to record the dry gas meter reading before
performing the leak check in order to determine the sample
volume.

4.2.6 Sampling Train Operation = Just prior to sampling,

clean the portholes to minimize the chance of sampling any
deposited material. Particulate matter can interfere with the
wet chemical analysis for sulfuric acid mist. Verify that the
probe heating system is at the desired temperature and that
both the Pitot tube and the nozzle are located properly.
Follow the procedure outlined below for sampling:

Iy Record the initial dry gas meter readings, barometer
readings, and other data as indicated in Figure 4.1.

2 Position the tip of the probe at the first sampling
point so that the nozzle tip is pointing directly into the gas
stream; then turn on the pump.

8] Immediately adjust the sample flow to isokinetic
conditions.

4. Take other readings required by Figure 4.1 at least
once at each sampling point during each time increment.

5. Record the dry gas meter readings at the end of each
sampling time increment.

6. Repeat steps 3 through 5 for each sampling point.

7. At the conclusion of each traverse, turn off the
pump, remove the probe from the stack, and record the final
readings.



® ©

Plant _ ¢ Probe length & L. Sheet _| of )
Location Unt 1 Qaastlet Probe liner material %)g $S Nozzle identification number 37
Operator D Probe heater setting Q50 Nozzle diameter .25
Date 9]1811 8 Ambient temperature 1O Final leak rate 0.013
Run number SAND- ] Barometric pressure 29.9 6 Vacuum during -leak check Q jn H%
Sample box number R G-13 Assumed moisture o) Remarks:
Meter box number F /M- 16 Static pressure —O.O06
Meter AH@ 1.9} C factor 0-8
Meter calibration Y ].001¢, Reference AP 0.90
Pitot tube CP _©.% 9 Maximum AH 2.38
Pressure
differential Temperature
Sampling Velocity across Gas sample temperature of gas
time Clock| vacuum, Stack head orifice at dry gas meter leaving
Traverse point (0), time mm Hg [t € mperature .(APS) ' meter, Gas sample condenser or
number min 24 h | (in. Hg) (T ) mm HJO mm H,0 olumg, nlet, utlet, lagt impinger,
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8. Conduct a leak check, as described in Subsec-
tion 4.2.4, at the conclusion of the last traverse. This
leak check 1is mandatory. Record all leakage rates. Note:
If the velocity determination is required for the emissions

calculation, a leak check of the Pitot-tube-manometer system

is mandatory. The procedures are detailed in Section 4 of
Method 2.
9l Disconnect the probe and then cap the nozzle and the

end of the probe with polyethylene caps or the equivalent.
See Subsection 4.3 on how to recover the probe contents.

1.0' Drain the ice bath, and purge the remaining part of
the train by drawing clean ambient air through the system for
15 min at the average sampling rate. Provide clean ambient
air by passing the air through a charcoal filter, or use
ambient air without purification. See Subsection 4.3 for
details on how to protect the probe from contamination during
purging, and so forth. Note: Ambient air that 1is 1in
compliance with normal state or Federal ambient air standards
for SO2
when not cleaned by passing it through a charcoal filter.

will have less than a 0.5% effect on the final results

During the sampling run, maintain an isokinetic sampling
rate within +10% unless otherwise specified by the
administrator. Adjust the sampling flow rates when a 20%
variation in the velocity head reading occurs. Make periodic
checks of the manometer level and zero during each traverse.
Vibrations and temperature fluctuations <can <cause the
manometer zero to drift.

Periodically during the test, observe the connecting line
between the probe and the first impinger for signs of
condensation. If signs do occur, adjust the probe heater
setting upward to the minimum temperature required to prevent
condensation.

4.3 Sample Recovery

The Reference Method requires the sample to be recovered
from the probe, the impingers, all connecting glassware, and
the filter. Sample recovery should be performed in a labora-

o >
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tory type area to prevent contamination of the test sample.
Upon completion of sampling, the probe should have been
disconnected and capped off with polyethylene caps or the
equivalent. Also, the impinger section should be capped off
with polyethylene caps or the equivalent upon completion of
purging with clean ambient air. Then the impinger box and the
sampling probe can be transported safely to the clean-up area
without contaminating or losing the sample.

4.3.1 gSulfuric Acid Mist Sample Recovery =- The sulfuric acid

mist (including SO3) sample 1is collected in the probe, the
first impinger, all connecting glassware before the filter,
the front half of the filter holder, and the filter. To
recover the sample:

2. Transfer the contents of the first impinger into a
250-ml graduated cylinder. (If a moisture content analysis is
to be done, each impinger and its contents should be weighed
to the nearest 0.5 g and recorded before transferring its
contents.)

2. Rinse the probe, the first impinger, all connecting
glassware before the filter, and the front half of the filter
holder with 80% reagent grade or certified ACS isopropanol.

3. Add the rinse solution to the graduated cylinder and
dilute to 250 ml with 80% reagent grade or certified ACS
isopropanol.

4. Remove the filter with a pair of tweezers, and add
to the solution; mix; and transfer to the 1000-ml storage
containers. Protect the solution from evaporation.

5. Mark the 1level of 1liquid on the container, and
identify the sample container. An example of a sample label
is shown in Figure 4.2.

6. Place about 100 ml of the 80% isopropanol in a
polyethylene bottle, and label the bottle for use as a blank

during sample analysis.

4.3.2 Sulfur Dioxide Sample Recovery - The 502 is captured in
the second and third impingers and in all connecting

glassware. To recover the SO, sample:

2



Section No. 23.7.
Revision No. 0O
Date May 1, 1979
Page 12 of 18

plant Ouburic Acid Plant city Acidville , USA

site Onit L Outlet sample type _H2S804
Date Qliv/18 Run number SAP-\A
Front rinse[¥ Front filter[] Front solution[]
Back rinse[] Back filter[] Back solution[]

Solution _$0%, IPA Level marked(®”
Volume: Initial _Jopml Final _ 9%]/250
v

Cleanup by __(0GD

Remarks

Figure 4.2. Example of a sample 1label.

4



Section No. 3.7.4
Revision No. 0
Date May 1, 1979
Page 13 of 18

1. Transfer the solutions from the second and third
impingers to a 1000-ml graduated cylinder. (If a moisture
content analysis 1is to be done, each impinger and its contents
should be weighed to the nearest 0.5 g and recorded before
transferring its contents.)

e Rinse all connecting glassware (including back half
of the filter holder) between the filter and the silica gel
impinger with deionized distilled water; add this rinse water
to the graduated cylinder; and dilute to a volume of 1000 ml
with deionized distilled water.

3 Transfer the solution to a storage container; mark
the level of liquid on the container; and seal and identify
the sample container.

4. Place 100 ml of the absorbing reagent (3% H202) in a
polyethylene bottle, and label the bottle for use as a blank
during sample analysis.

4.4 sSample Logistics (Data) and Packing of Egquipment
The above procedures are followed until the required number

of runs are completed. Log all data on the form shown in
Figure 4.3. 1If the probe and the glassware (impingers, filter
holder, and connectors) are to be used in the next test, rinse
all of the glassware and the probe with deionized distilled
water. Rinse the probe, the first impinger, all connecting
glassware before the filter, and the front half of the filter
holder with 80% isopropanol.
The following are recommended at the completion of the test

series:

I+ Check all sample containers for proper labeling
(time and date of test, location of test, number of test, and
any pertinent documentation). Be sure that a blank has been
taken.

2 All data recorded during the field test should be
recorded and duplicated by the best means available. One set
of data can then be either mailed to the base laboratory or
given to another team member or to the Agency; the original

data should be hand-carried. ) e
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Plant Sﬁ \&r I'Q Au‘d ?‘ﬁl’li_ Sample location UNH’!- Au‘dv.'l[;

Field Data Checks

Sample recovery personnel Ww. MGSON
Person with direct responsibility for recovered samples B. DeuJeu

Sample Date Liquid Stored

Sample identification of level in locked
number number recovery marked container

H2804 SO2
1 saP- | A_|SAP- 18| 9/13/r8 Yes Yes
2
3
Blanks |’k | Bant | Yr8/78 Yes Yes
Remarks

Signature of field sample trustee &Z A?‘ ﬂl“g;

Laboratory Data Checks

Lab person with direct responsibility for recovered samples Q‘W

Date recovered samples received ZZJI /78
Analyst %i W i 'l

Sample Date Liquid
Sample identification of at marked Sample
number number analysis level identified
H280 4 SO2
1 AP -1A | SAP-1B| Y/e2/78 Yes Yes
2
3
Blanks % E; !: ' EBi Elil- f: 7/23 ﬁg ch Yc 5
Remarks

Signature of lab sample trustee _W__M

Figure 4.3. Sample recovery and integrity data.
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3 All sample containers and sampling equipment should
be examined for damage, and then properly packed for shipment
to the base 1laboratory. All shipping containers should be
properly labeled to prevent 1loss of samples or equipment.

4, A quick check of the sampling and sample recovery
procedures can be made using the data form, Figure 4.4.
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Sampling

Impingers properly assembled? 4%24/
Contents:* 1lst Lo 7 ‘gpg 1060 mA

2nd 3%  /ho, — (oo mh

3rd 37 H, of ~ f00 g4

4th QQO%/ _Silicassl
Cooling system ce‘ ANJ WATER
Filter between 1lst and 2nd impinger? Sosl
Proper connections? 7’ '
Silicone grease added to all dround-glass joints? ?gag___ P
Pretest leak check? — st (optional) Leakag Qa/#/ﬂfﬂ
Pitot tube lines checked’for plugging and leaks?
Meter box leveled? UYep Periodically? Yeg - -
Manometers zeroed?* B Yoz
Heat uniform along length of’probe?*
AH@ from most recent calibration /23
Nomograph set up properly? ;ggy
Care taken to avoid scraping sample’/port or stack wall?

Seal around’in-stack probe effective? Hae)

Probe moved—atproper time? /ee’.
Nozzle and Pitot tube parallel to’stack wall at all times?

Yre

Data forms complete’and data properly recorded? g‘@éﬁ
Nomograph setting changed when stack temperature /diranges

significantly? ?@Zﬁ
Velocity pressures and orifice’/pressure readings recorded
accurately?
Posttest leak check performed’* 'gﬂmg (mandatory)
Leakage rate* 0.0/ F4 /m oV

Sampling Recovery

System purged at least 15 min at test sampling rate?* J%éey
Filter placed in 1lst impinger contents? e

Ice removed before purging? Ysed 4

Contents of impingers placed in/polyethylene bottles? %%&g
Glassware rinsed with distilled water? A o

Fluid level marked?* '
Sample containers sealed and 1dentified?*/ S s’
Blanks obtained?* éZéQ;7 (8

* Most significant i1tems/parameters to be checked.

Figure 4.4. On-site measurements checklist.
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Table 4.1. ACTIVITY MATRIX FOR ON-SITE MEASUREMENT CHECKS
Action if
Frequency and method | requirements
Apparatus Acceptance limits of measurement are not met
Sampling
Preparation 100 ml of 80% isopro- Prepare H20 and 80% | Reassemble col-

and/or addi-
tion of ab-
sorbing rea~
gents to col-
lection sys~
tem

panol to first impinger

and 100 ml of 3% H20
to each of the seconﬁ

and third impingers

isopropancl fresh
daily; use pipette or
graduated cylinder to
add solutions

lection system

Filter

Properly centered; no
breaks, damage, or con-~
tamination during load-
ing

Use tweezers or surg-
ical gloves to load

Discard fil-
ter and
reload

Assembling sam-
pling train

1. Assemble to speci-
fications in Fig. 1.1

2. Leakage rate <4% or
0.90057 m~/min (0.02
ft~/min)

1. Before each sam-
pling

2. A leak check be-
fore sampling is re-
commended; plug the
nozzle or inlet to
the first impinger
and pull a vacuum of
380 mm (15 in.) Hg

1. Reassemble

2. Correct leak

Sampling (iso-
kinetically)

(continued)

1. Sampling must be
performed within +10%
of isokinetic

2. Check applicable
standard for minimum
sampling time and vol-
ume; minimum sampling
time/point should be

2 min

3. Sampling rate_ should

not excsed 0.03 m /min
(1.0 ft°/min)

1. Calculate for each
sample run

2. Make a quick cal-
culation before and
an exact calculation
after testing

3. Select proper noz-
zle size. Sec. 3.7.4,
Eq. 4-1

1. Repeat
sample or
obtain accept-
ance from a
represeritative
of the
Administrator

2. As above

3. As above

P 7 4
A-'//.” v
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Apparatus

Acceptance limits

Frequency and method
of measurement

Action if
requirements
are not met

4. Minimum number of
points sampled, as spe-
cified by Meth. 1

5. Leakage rate_not to
exceed 0500057 m~/min
(0.02 ft“/min) or 4% of
average sampling rate;
apply correction to
sample volume if rate
is exceeded

6. Purge remaining 802
from isopropanol

4. Check before the
first test run by mea-
suring duct and sam-
pling site location

5. Leak check after
each test run or be-
fore equipment re-
placement during a
run at maximum vacuum
occurring during the
run (mandatory)

6. Drain ice, and
purge with clean air
for 15 min

4. As above

5. Correct
sample volume
or repeat
sample

6. Repeat
sample

Sample recovery

Noncontaminated sample

Transfer sample to
labeled polyethylene
container after each
test run. Mark level
of solution in the
container

Repeat
sample

Sample logistics
(data) and
packing of
equipment

1. All data recorded
correctly

2. All equipment exam-
ined for damage and la-
beled for shipment

3. All sample contain-
ers properly labeled
and packaged

l. Upon the comple-
tion of each sample
and before packing
for shipment

2. As above

3. Visually check up
on completion of each
sample

1. Complete
data

2. Repeat
sampling if
damage occur-
red during
testing

3. Correct
when possible
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5.0 POSTSAMPLING OPERATIONS

Table 5.1 at the end of this section summarizes quality
assurance activities for postsampling operations.
5.1 Apparatus Checks

Posttest checks have to be conducted on most of the

sampling apparatus. These checks include three calibration
runs at a single orifice meter setting; cleaning; and/or
routine maintenance. The cleaning and maintenance will be

)

discussed in Section 3.7.7, and is discussed in APTD=-0576.
Figure 5.1 should be used to record data from the posttest
checks.

5.1.1 Metering System -~ The metering system has two
components that must be checked-~the dry gas meter and the dry

gas meter thermometer(s).

The dry gas meter thermometer(s) should be checked by
comparison with the ASTM mercury-in-glass thermometer at room
temperature. If the readings agree within 6°C (10.8°F), they
are acceptable; if not, the thermometer must be recalibrated
according to Section 3.7.2 after the posttest check of the dry
gas meter. For calculations, the dry gas meter thermometer
readings (field or recalibration) that would give the higher
temperature is used; that is, if the field reading is higher,
no correction of the data is necessary; if the recalibration
value is higher, the difference in the two readings should be
added to the average dry gas meter temperature reading.

The posttest check of the dry gas meter is described in
Section 3.7.2. If the posttest dry gas meter calibration factor
(Y) is within 5% of the initial calibration factor, the initial
calibration is used for calculations; if it deviates by >5%, re-
calibrate the metering system (as shown in Section 3.7.2) and use
for the calculations the calibration factor (initial or recali-

g7/
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Meter box number € vy - |

Dry Gas Meter

Pretest calibration factor Y =

Posttest check Y, = 09%1 Y, = (+5% of pretest calibra-
tion factor)*

Recalibration required? yes / no

I1f yes, recalibration factor Y = (within +2% of the average

factor for each calibration run)

Lower calibration factor, Y = 0.Q® bk for pretest or posttest
calculations

Dry Gas Meter Thermometer

Was a pretest meter temperature correction used? __ yes _/ no

If yes, temperature correction e

Posttest comparison with mercury-in-glass thermometer

(within +6°C (10.8°F)of the reverence values)

Recalibration required? yes no

Recalibration temperature correction, if used (within +3°C
(5.4°F) of the reference values)

If yes, no correction is needed whenever meter thermometer
temperature is higher

If recalibration temperature is higher, add correction to
average meter temperature for calculations

Barometer

wWas pretest field barometer reading correct? yes no

Posttest comparison mm (in.) Hg within (+5.0 mm (0.2 in.)
Hg of mercury-in-glass barometer)

Was recalibration required? yes .~ no

If yes, no correction is needed whenever the field barometer
has the lower reading

I1f the mercury-in-glass reading is lower, subtract the dif-
ference from the field data readings for the calculations

*Most significant items/parameters to be checked.

Figure 5.1. Posttest sampling checks.
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brated) that yields the lesser gas volume. For each test run,
the lesser calibration factor will give the lower gas volume.
5.1.2 Barometer - The field barometers are acceptable if they
agree within +5 mm (0.2 1in.) Hg when compared with the
mercury-in-glass barometer. wWwhen they do not agree, the
lesser calibration value should be used for the calculations.
If the field barometer reads 1lower, no correction is
necessary. If the mercury-in-glass barometer reads lower,
subtract the difference from the field data readings for the
calculations.
5.2 Analysis (Base Laboratory)

Calibrations and standardizations are of primary impor-

tance to a precise and accurate analysis. The analytical
method is based on the insolubility of barium sulfate (BaSO4)
and the formation of a colored complex between barium ions and '
a the thorin indicator (1-(o-arsonophenylazo)-2-naphthol-3,
6-disulfonic acid disodium salt). Aliquots from the impinger
solutions are analyzed by titration with barium perchlorate to
the pink endpoint. The chemical reaction for this standardiza-
tion is shown in Equation 5-1. The barium ions (Ba++) react
preferentially with sulfate ions (SO4=) in solution to form a
highly insoluble barium sulfate (BaSO4) precipitate. After the
Ba'' has reacted with all SO4=, excess Ba'' reacts with the
thorin indicator (x++) to form a metal salt of the indicator

and to give a color change:

++ =

. : + .
Ba + so4 + thor1n(x++) - Baso4 + thorln(Ba+ ) Equation 5-1

(yellow) (pink)

Upon completion of each step of the standardization or of
each sample analysis, the data should be entered on the proper
data form. At the conclusion of the sample analysis, the data
form should be reviewed and signed by the laboratory person

. with direct responsibility for the sample.

x
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5.2.1 Reagents (Standardization and Analysis) - The following

reagents are required for the analysis of the sulfuric acid
mist (including SO3) and the 802
Water - Deionized distilled water to conform to ASTM

samples.

specification D1193-74, Type 3. At the option of the analyst,
the KMnO4
when high concentrations of organic matter are not expected to

test for oxidizable organic matter may be omitted

be present. Note: It is imperative that the distilled water

4
ions present in distilled water are not determined in the

meet the ASTM specifications since SO and other polyvalent

normal standardization of the acid by NaOH titration (which
measures the hydrogen ion (H+) concentration rather than the

SO4 concentration). This added SO4= concentration would

result 1n an erroneous standardization of the Ba(ClO4)2

4
H' concentration. A check on the acceptability of the

titration, which directly measures SO concentration and not

distilled water is detailed in Section 3.7.1.
Isopropanol, 100% - Certified ACS reagent grade isopro-

panol. Check for peroxide impurities as .described in Section
3.7.1.
Thorin indicator - l-o-arsonophenylazo-2-naphthol-3,

6-disulfonic acid disodium salt, or equivalent. Dissolve 0.20
g +0.002 g in 100 ml of deionized distilled water. Measure
the distilled water in a 100-ml Class-A graduated cylinder.

Barium perchlorate solution 0.0l00N - Dissolve 1.95 g of
4)2 3H20) in 200 ml of
deionized distilled water and dilute to 1 £ with isopropanol.

barium perchlorate trihydrate (Ba(ClO

Alternatively, 1.22 g of barium chloride dihydrate (BaCl2

ZHZO) may be used instead of the trihydrate. Standardize as in
250,. Note: Protect the 0.0100N
barium perchlorate solution from evaporation at all times by

the subsection below with H

keeping the bottle capped between uses. :
Sulfuric acid standard, 0.0l100N - Either purchase a

standard guaranteed by the manufacturer or standardize to
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+0.0002N H,SO, against 0.0100N NaOH that has been standardized
against potassium acid phthalate (primary standard grade), as
described in the subsection below.

The 0.01lN H,SO, may be prepared in the following manner:

a. Piepgre 0.5N H2804 by adding approximately 1500 ml
of deionized distilled water into a 2 £ volumetric flask.

b. Cautiously add 28 ml of concentrated H,S0, and mix.
Cool, if necessary.

(o8 Dilute to 2 2 with deionized distilled water.

d. Prepare 0.01N HZSO4 by adding approximately 800 ml

of deionized distilled water to a 1 2 volumetric flask.

e. Add 20.0 ml of the 0.5N HZSO4.

E. Dilute to 1 £ with distilled water and mix
thoroughly. Note: It is recommended that 0.1N sulfuric acid
be purchased. Pipette 10.0 ml of HZSO4(O.1N) into a 100-ml
volumetric flask, and dilute to volume with deionized
distilled water that has been determined to be acceptable as
detailed in Subsection 5.2.4. When the 0.0lN sulfuric acid is
prepared in this manner, procedures in Subsections 5.2.2. and
5.2.3. may be omitted since the standardization of the barium
perchlorate will be validated with the control sample.

5.2.2 Standardization of $odium Hydroxide - To standardize

NaOH, proceed as follows:

i I Purchase a 50% w/w NaOH solution. Dilute 10 ml to 1
2 with deionized distilled water. Dilute 52.4 ml of the
diluted solution to 1 2 with deionized distilled water.

2. Dry the primary standard grade potassium acid phtha-
late (KHP) for 1 to 2 h at 110°C (230°F), and cool in desiccator.
J ; Weigh, to the nearest 0.1 mg, three 40-mg portions

of the phthalate. Dissolve each portion in 100 ml of freshly
boiled deionized distilled water in a 250-ml Erlenmeyer flask.

4. Add two drops of phenolphthalein indicator, and
titrate the phthalate solutions with the NaOH solution. All
titrations should be done against a white background to

0
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facilitate the detection of the endpoint--the first faint pink
color that persists for at least 30 s.

5% Compare the endpoint colors of the other two
titrations against the first one. The normality is the
average of the three individual values calculated using
Equation 5-1.

- mg KHP . _
NNaom = mI titrant x 204.23 BgIEIEtomy Sk
where
NNaOH = calculated normality of NaOH, N,
mg KHP = the weight of KHP, mg, and
ml titrant = the volume of NaOH titrant, ml.

The chemical reaction for this standardization is shown in
Equation 5=2. The NaOH is added to the KHP and the colorless
phenolpthalein solution until an excess of sodium ions (Na+)
causes the phenolphthalein to change to a pink color.

NaOH + KHP + phenolphthalein(H+) Equation 5-2
(colorless)

> KNaP + HOH + phenolphthalein
(pink)

51213 Standardization of Sulfuric Acid -~ To standardize
HZSO4'

e Pipette 25 ml of HZSO4
flasks.

D Add 25 ml of deionized distilled water.

3. Add two drops of phenolpthalein indicator, and

titrate with the standardized NaOH solution to a persistent

proceed as follows:
into three 250-ml Erlenmeyer

pink endpoint, using a white background.
4, Titrate a blank of 25 ml of deionized distilled
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water, using the same technique as step 3 above. The normal-
ity will be the average of the three independent values calcu-
lated using Equation 5-3.

s NaOHHZSO4 = i NaOHblank) a NNaOH

N =
H,80, 25

Equation 5-3

where

N
HZSO4

calculated normality of HZSO4, N,

ml,

ml NaOHHZSO = volume of NaOH titrant used for H2804,

4

ml NaOH

Elsme = volume of NaOH titrant used for blank, ml, and

NNaOH = normality of NaOH, N.

5.2.4 Standardization of Barium Perchlorate (0.01l00N) - To
standardize Ba(ClO4)2,
1. Pipette 25 ml of standard 0.0100N H
three 250-ml Erlenmeyer flasks.
2; Add 100 ml of reagent grade isopropanol and two to

proceed as follows:

SO, into each of

2774

four drops of thorin indicator, and titrate to a pink endpoint
using 0.0100N Ba(ClO4)2. All thorin titrations should be done
against a white background to facilitate the detection of the
pink endpoint.

3 Run a blank that contains 25 ml of deionized
distilled water and 100 ml of isopropanol. The blank must not
exceed 0.5 ml of titrant to obtain the endpoint; otherwise the
distilled water has excess SO4=. If this 0.5-ml volume is
exceeded, all reagents made with the distilled water will have
to be remade using acceptable distilled water.

4. Use the endpoint of the first titration as a visual
comparator for the succeeding titrations.

5. Record data on the form in Figure 5.2. The
normality of the Ba(ClO4)2 will be the average of the three
independent values calculated using Equation 5-4.
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Plant Sulﬁwlc Aﬁid ?f&nt Date ?/23-/78

Sample location _()Nif' / Hcafa"w'//e. Analyst 2. 'é/&fﬂ 72
1. 240 ml Ba(C10,),

Volume and normality of 2 25, :
barium perchlorate 290 m Ba(C104)2
Blank «£5.0 ml Ba(C10,),

N= O 0/

Sulfur Trioxide Analysis

Run 1| Run 2| Run 3
Vsoln - Total volume of solution in which the
sulfuric acid sample is contained, ml 250
V_ - Volume of sample aliquot, ml | /00
V, - Volume of barium perchlorate 1st titration /9.0
titrant used for sample, ml 2nd titration (9. £
Average
th* - Volume of barium perchlorate 1st titration | ©- 0 |
titrant used for blank, ml 2nd titration 0.0
Average 0.0 |
LSt LLratlol - 0.99 to 1.01 or |lst titration - 2nd titration | <0.2 ml
Sulfur Dioxide Analysis
Run 1| Run 2 | Run 3
VSoln - Total volume of solution in which the
sulfur dioxide sample is contained, ml | Zooo
V, - Volume of sample aliquot, ml 10
V., — Volume of barium perchlorate 1st titration M
titrant used for sample, ml 2nd titration
Average 1.3
vtb* — Volume of barium perchlorate 1lst titration 9.0
titrant used for blank, ml 2nd titration 0.0
Average -0

lst titration
2nd titration

Signature of analyst

= 0.99 to 1.0l or ) 1st titration - 2nd titration| <0.2 ml

Volume of blank and sample titrated should be the same; otherwise a
volume correction must be made.

Figure 5.2. Method 8 analytical data form.

,//'7,5%: |
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-
N = :
Ba(C104)2 ml Ba(ClO4)2 Equation 5-4
where
NBa(ClO4)2 = calculated normality of Ba(ClO4)2, N,
Nsto4 = normality of standard HZSO4, N, and

ml Ba(ClO4)2 volume of Ba(ClO4)2 required to titrate

HZSO4, ml.
The chemical reaction for this standardization is shown in
Equation 5<5. The Ba'’ reacts preferentially with SO4= ald g}
solution to form a highly insoluble BaSO4 precipitate. When
the Ba++ has reacted with all of the SO4=, the excess Ba++
reacts with the thorin indicator (x++) to form a metal salt of

the indicator and to give a color change.

Batt + SO4: + thorin (x++) > BaSO4 + theérin (Ba++) Equation 5-5

(yellow) (pink)

The standardized Ba(ClO4)2 should be protected from
evaporation of the 1isopropanol at all times. Note: It is
suggested that the analyst unfamiliar with this titration
carry out titrations on aliquots of low, medium, and high

concentrations in the following manner:

1. Pipette 3.0-, 10.0-, and 20-ml aliquots of 0.0lN
sto4 into three 250-ml Erlenmeyer flasks.

2. Dilute each to 25 ml with distilled water.

3. Add a 100-ml volume of 100% isopropanol and two to
four drops of thorin indicator to each flask.

4. Titrate with Ba(ClO4)2 to become familiar with the
endpoint.
5.2.5 Control Samples - The accuracy and precision of the
sample analysis should be checked. The accuracy of the

analysis technique is determined by control samples; the

0%
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precision, by duplicate analyses of both the control and the
field samples. Acceptable accuracy and precision should be
demonstrated on the analysis of the control samples prior to
the analysis for the field samples.

Each control sample should be prepared and analyzed in
the following manner:

le Dry the primary standard grade ammonium sulfate
((NH4)ZSO4) for 1 to 2 h at 110°C (230°F), and cool in a desic-
cator.

2. Weigh, to the nearest 0.5 mg, 1.3214 g of primary
standard grade (NH4)2SO4.

3 Dissolve the reagent in about 1800 ml of distilled
water in a 2-£2 volumetric flask.

4. Dilute to the 2-2 mark with distilled water. The
resulting solution is 0.01N (NH4)ZSO4.

5. Enter all data on the form shown in Figure 5.3.

6. Pipette 25 ml of the control sample into each of
four 250-ml Erlenmeyer flasks, and prepare a 25-ml blank of
distilled water in a fourth 250-ml Erlenmeyer flask. Note:
Each control sample will contain 16.5 mg of ammonium sulfate.

7 Add 100 ml of reagent grade isopropanol and two to
four drops of thorin indicator to each flask.

8. Initially titrate the blank to a faint pink endpoint
using the standardized Ba(ClO4)2.
<0.5 ml of titrant; otherwise, the distilled water is

The blank must contain

unacceptable for use in this method.

9. Titrate two of the control samples with the stand-
ardized Ba(ClO4)2
endpoint that persists for at least 30 s. All titrations

to a faint pink endpoint, using the blank

should be done using a white background.

10. If the titrant volumes from the first two control
samples agree within 0.2 ml, the average of the two values can
be used to complete the calculations shown in Figure 5.3. 1If
the agreement is not within 0.2 ml, titrate the third control
sample. If the third titrant volume agrees within 0.2 ml of
either of the first two samples, use the two titrant volumes
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Plant S« /r’a.e/'c Ac,'/b) A/onT Date analyzed 9/21/73
2.0/0N

Analyst A. Kuwt2 NBa(ClO

a)2

Weight of ammonium sulfate is 1.3214 gram? LES

Dissolved in 2 2 of distilled water? Tes

7

Titration of blank ©.0O ml Ba(Clo,)
(must be less than the 0.5 ml titrgna)

Control Time of

Sample Analysis _ Titrant volume, ml

Number 24 h 1st 2nd 3rd Ave.
/ 0930 250 250 250

(Two consecutive volumes must agree within 0.2 ml)

25 ml X 0.01N

ml Ba(C104)2 X
(control sample) (control sample)

N —
Ba(C104)2

45.0 ml x po/o N = p, a50
(must agree within +5%, i.e., 0.233 to 0.268)

Does value agree? yes no

/4%”»&4/ Aé&ndig Signature of analyst
‘ &a‘?jj G"M Signature of reviewer

Figure 5.3. Control sample analytical data form.

(4%
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that are consistent for the remaining calculations. When this
criterion cannot be met with the first set of two control
samples, the analyst should follow the same procedure on a
second set of two control samples.

1 : If the criterion cannot be met for the second set of
control samples, the analyst should have the analytical
techniques observed by a person knowledgeable in chemical
analysis.

12. After consistent titrant volumes are obtained, the
calculation of the analytical accuracy should be completed, as
shown in Figure 5.3. If the measured value is within +5% of
the stated value, the technique is considered acceptable, and
the field samples may be analyzed. When the +5) accuracy
cannot be met, the barium perchlorate must be restandardized,
or the control sample must be checked until the accuracy
criterion of the control sample analysis can be obtained.
The 5% accuracy limit is based on the control limit from EPA
audits discussed in Section 3.5.8.

13. The recommended frequency for analysis of control
samples is the following:

a. Analyze two control samples each analysis day
immediately prior to analysis of the actual collected source
samples.

b. Analyze two control samples after the last col-
lected source sample is analyzed each analysis day.

1l4. Enter results from the control sample analyses on
Figure 5.3 and submit Figure 5.3 with the source test report
as documentation of the quality of the source test analysis.
5.2.6 Sample Analysis - Check the 1level of 1liquid in the
container, determine whether any sample was lost during

shipment, and note this on Figure 4.3. Figure 5.4 can be used
to check analytical procedures. If a noticeable amount of
leakage has occurred, follow the alternative method prescribed
below. Approval should have been requested prior to testing
in case of subsequent leakage. The alternative method is as

1

follows:
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Reagents
Normality of sulfuric acid standard* QO.0100
Date of purchase 6_/2/73 Date standardized N/ B

Normality of barium perchlorate titrant* OH.010
Date standardized i /&a /23
Normality of control sample* A OIO

Date prepared 9 }éa ]9%

Volume of burette* 00 Graduations 0. |

Sample Preparation

Has liquid level noticeably changed? _Moa
Original volume N/A Corrected volume pn) /A
Sulfuric acid samples diluted to 250 ml?* [
Sulfur dioxide samples diluted to 1000 ml?* -
Analysis

Volume of aliquots analyzed* 10 m.l /%02 100 ] /_b;m,

Do replicate titrant volumes agree within 1% or 0.2 ml? yes
Number of control samples analyzed __ | e
Are replicate control samples within 0.2 ml? NY-X3

’

Is accuracy of control sample analysis +4¥%? NT
7
All data recorded? s Reviewed by 6D
1

Most significant items/parameters to be checked.

Figure 5.4. Posttest operations.



Section No. 3.7.5
Revision No. 0
Date May 1, 1979
Page 14 of 17

dree Mark the new volume level of the sample.
2. Transfer the sample to a 100-ml volumetric flask.
3. Put water in the sample storage container to the

initial sample mark, and measure the initial sample volume

(Vv ).
SOlni

4. Put water in the sample storage container to the
mark of the transferred sample, and measure the final volume
(v ).

soln
i
5, Use Equation 5-6 to correct the sample volume
(Vsoln) if the final volume (Vsoln ) 1s >50% of the initial
P
volume.
Vsoln. .
v = v 1 Equation 5-6
t
soln soln Vsoln
where
\% y = sample volume that will be used for the sample
soln ;
‘calculations, ml,
v = total volume of solution in which the sample
soln g A
1s contained, ml,
Vsoln = initial sample volume placed in sample storage
i container, ml, and
Vsoln = final sample volume removed from sample storage
f container, ml.
6. Report both the corrected and the uncorrected values

to the Agency, and proceed with the applicable analysis listed
below.
Sulfuric acid mist (including SO.) analysis - Proceed

with the analysis as follows:

1. Shake the container holding the isopropanol solution
and the filter. 1If the filter breaks up, allow the fragments
to settle for a few minutes before removing a sample.

2 Pipette a 100-ml aliquot of this solution into a
250-ml Erlenmeyer flask.
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3s Add two to four drops of thorin indicator, and
titrate to a pink endpoint using 0.0100N Ba(ClO4)2.
4. Repeat the titration with a second aliquot from the

same sample. Replicate titrant volumes should be within 1% or
0.2 ml, whichever is greater. If the titrant volumes do not
meet this criterion, repeat analyses on new aliquots until two
consecutive titrations agree within 1% or 0.2 ml, whichever is
greater.

= Record all data on Figure 5.2. The consistent
titrant volumes should be averaged and used as Vt in subse-
quent calculations. All analytical data must then be reviewed
by an individual familiar with procedures. The review of the
data will also be noted on Figure 5.2. Note: Protect the

0.0100N Ba(ClO4)2
Sulfur dioxide analysis = Proceed with the SO, analysis

solution from evaporation at all times.

as follows:

1. Thoroughly mix the solution in the container holding
the contents of the second and third impingers.

2. Pipette a 10-ml aliquot of the sample into a 250-ml
Erlenmeyer flask.

31, Add 40 ml of isopropanol and two to four drops of
thorin indicator.

4. Titrate to a pink endpoint using 0.0100N Ba(ClO4)2.
Note: Protect the 0.0100N Ba(ClO,), solution from evaporation
at all times. Repeat titration with a second aliquot from the
same sample. Replicate titrant volumes should be within 1% or
0.2 ml, whichever is greater. If the titrant volumes do not
meet this criterion, repeat analyses on new aliquots until two
consecutive titrations are within 1% or 0.2 ml, whichever is
greater.

5. Record all data on the Method 8, Figure 5.2. The
consistent titrant volumes should be averaged and used as Ve
in subsequent calculations. All analytical data must then be
reviewed by an individual familiar with procedures. The
review of the data should also be noted on Figure 5.2.

L
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Blanks =~ Prepare blanks by adding two to four drops of
thorin indicator to 100 ml of 80% isopropanol. Titrate the
blanks in the same manner as the samples. Record on
Figure 5.2 in the space provided.

To aid the analyst or reviewer in a method of checking
the analytical steps or procedures, the posttest operations form

Figure 5.4 is given.

; (/ %
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Table 5.1. ACTIVITY MATRIX FOR POSTSAMPLING OPERATIONS
Action if
Frequency and method requirements
Apparatus Acceptance limits of measurement are not met
Sampling
Apparatus

Dry gas meter

Within +5% of pretest
calibration factor

Make three runs at
one intermediate ori-
fice setting and at
highest vacuum of
test (Sec. 3.7.2)

Recalibrate
and use cali-
bration factor
that gives
lower sample
volume

Meter thermome-
ter

Within +6°C (10.8°F) at
ambient temperature

Compare with mercury-
in-glass thermometer
after each test

Recalibrate
and use higher
temperature
for calcula-
tions

Barometer Within +5.0 mm (0.2 in.)|Compare with mercury-| Recalibrate
Hg at ambient pressure in-glass barometer and use lower
after each test barometric
values for
calculations
Analysis
Reagents Prepare according to Prepare and/or stand-| Prepare new

Sec. 3.7.5

ardize within 24 h of
analysis

solutions and/
or restan-
dardize

Control sample

Titrants differ by <0.2
ml; analytical results
within +5% of stated
value

Before and after
analysis of field
samples

Prepare new
solutions and/
or restan-
dardize

Sample analysis

Titrants differ by <1%
or 0.2 ml, whichever is
greater

Titrate until two or
more aliquots agree
within 1% or 0.2 ml,
whichever is greater;
review all analytical
data

Void sample
if any two
consecutive
titrations
do not meet
criterion
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6.0 CALCULATIONS

Calculation errors due to procedural or mathematical
mistakes can be a large component of total system error.
Therefore, it is recommended that each set of calculations be
repeated or spot-checked, preferably by a team member other
than the one who performed the original calculations. If a
difference greater than typical round-off error is detected,
the calculations should be checked step by step until the
source of error is found and corrected. A computer program is
advantageous in reducing calculation errors. Use a computer
program that prints the input data back out so that it can be
checked. If a standardized computer program is used, the
original data entry should be checked; if differences are
observed, a new computer run should be made. Table 6.1 at the
end of this section summarizes the quality assurance
activities for calculations.

Calculations should be carried out retaining at least one
decimal figure beyond that of the acquired data and should be
rounded after final calculation to two significant digits for
each run or sample. All rounding of numbers should be in
accordance with the ASTM 380-76 procedures. Record all
calculations on Figures 6.1A or B and on Figures 6.2A or B, or
on similar forms, following the nomenclature list.

6.1 Nomenclature

The nomenclature is used in the calculations that follow

this alphabetical list.

An = Cross-sectional area of nozzle, m2 (ftz).
B s = Water vapor in the gas stream, proportion by
volume.
CH so. = Sulfuric acid (including 503) concentration,

2774 g/dscm (1lb/dscf).

Wi
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Sulfur dioxide concentration, g/dscm (1lb/dscf).

Percent of isokinetic sampling, %.
Normality of Ba(ClO4)2 titrant, g-eq/%.

Barometric pressure at the sampling site, mm
(in.) Hg.

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

Standard absolute pressure, 760 mm (29.92 in.)
Hg.

Avegage absolute dry gas meter temperature,
K (TR).

Avegage absolute stack gas temperature,
K ("R).

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

Volume of sample aliquot titrated, 100 ml for

HZSO4 and 10 ml for SOZ’

Total volume of liquid collected in impingers
and silica gel, ml.

Volume of gas sample measured by dry gas meter,
dcm (dcf).

Volume of gas sample measured by the dry gas
meter and corrected to standard conditions, dscm
(dscf).

Average stack gas velocity calculated by Method
2, using data from Method 8, m/s (ft/s).

Total volume of solution in which the HZSO4 or
SO., sample is contained, 250 ml or 1000“ml,
regpectively.

Volume of Ba(ClO4)2 titrant used for the sample,
ml.
Volume of barium perchlorate titrant used for
the blank, ml.

Dry gas meter calibration factor.
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AH = Average pressure drop across orifice meter, mm
(in.) HZO'

@ = Total sampling time, min.

13.6 Specific gravity of mercury.

60

s/min.
100 = Conversion to percent.

6.2 Calculations

The following are the formulas used to calculate the
concentrations of sulfuric acid mist (including SO3 and SOZ)
along with the calculation forms (Figures 6.1A, 6.1B, 6.2A,
and 6.2B) used to record the data.
6.2.1 Dry Sample Gas Volume, Corrected to Standard Conditions -

Correct the sample volume measured by the dry gas meter to
standard conditions 20°C and 760 mm (68°F and 29.92 in. Hg) by
using Equation 6-1. The average dry gas meter temperature and
average orifice pressure drop are obtained by averaging the
field data (see Figure 4.1).

v - v Y./Tsta\[;bar * 136 Equation 6-1
m(std) m \ Tm/L Poig ]

1]
P
<

=
=

where
K, = 0.3858 K/mm Hg for metric units, or
= 17.64°R/in. Hg for English units.

Note: If the leakage rate observed during any mandatory leak
check exceeds the specified acceptable rate, the tester should
either correct the value of Vi in Equation 6-1 (as described
in Reference Method 5) or invalidate the test run.

G4
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Sample Volume

V. =495.0%0 £t3, T, = 2Y2.6°R, P . =29.56 in. Hg
Y=/.0[€,A !i . 2

Equation 6-1

e B

+ (AH/13.6)
T

= bar
\Y = 17.64 Vm Y[

std m

Sulfuric Acid Mist (Including SO3) Concentrations

N=.0/006 g-eg/%, Vg = [/9.05 m1, th=0.02 ml

= _ 3

Vsoln = £50.0ml, Vo =4£00.0mL, V =4¥4.F2 ft
std
Equation 6-2
v

N(Vt th) ( soln )

S 56, & Lel8L & 1074 7 - = .0/ 25 x 1074 1b/asce
24 Msta

Figure 6.1A. Sulfuric acid mist (in¢luding SO ) calculation
form (English units).
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Sample Volume

= 3 = =
Vm— ZogZém ’ Tm-é_ole_l K' Pbar —_7é£-_om Hg
Y=/.0/6 0H = #g.0mm H,0
Equation 6-1
P + (AH/13.6)
bar 3
V. =0.3858 V_Y =/.270
Msta W Tm
Sulfuric Acid Mist (Including 803) Concentrations
N=.01100 g-e9/%, vV, = /9.05 ml, Vip =Q-02ml
Veoln = €80. ml, v, = /00.0ml, v, =/.270n’
std
Equation 6-2
N(V ¥ s ) Y oln
t ~ Vtb! (—==E)
= a -
CHZSO4 = 0.04904 o = .0/ ¥37 g/dscm

Figure 6.1B. Sulfuric acid mist (including SO,)
calculation form (metric units).

\

‘.\
R
o
Xednd

6
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Sample Volume

v, =45.080 £3, 1 = 542.¢°, p__ =29.9¢in. Hg

Y=/.0/6, tH =/.§¥9 in. 8,0

Equation 6-1

P

+ (AH/13.6)
bar - ¥4. 725

\Y/ = 17.64 Vm Y
std m

m

Sulfuric Acid Mist (Including SO3) Concentrations

N=.0/009g-eg/% V = /) .83%ml, vV, =0.02m
Veoln = L @ 00.0ml, V_ = £0.0ml,
Equation 6- 2
N(V, - V_,) Vsoln
t ~ Vi) (—$2R
Con = 7.061 x 107° 2 =0./77 x 107% 1b/asct
so, v

Figure 6.2A. Sulfur dioxide calculation form (English units).

( 474;9/
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Sample Volume

3
Vp=4:2?2&nm”, 7, =30/. /K, P =76 /.0mm Hg

Y=/.0/6, bE = 4§.0 mm H,0

bar

Equation 6-1

oo (AH/13.6)]

Tm

=/.270n°

b
V., = 0.3858 v_ Y[ba
std

802 Concentration

N=.0/ 00 g-eg/4, Ve = /1 34 m1, Vib =0.02nmnl
Veoin = £ 90@. ml, V_, = /0.0 ml,

Equation 6-2

v .
N(Vt - th) ( soln {l
2 a

C = 3,203 x 20" = J= 0.2% b g/dscm

SOZ m

Figure 6.2B. Sulfur dioxide calculation form (metric units).

/#?\

o

=0
N Y
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6.2.2 Volume of Water Vapor and Moisture Content - Calculate

the volume of water vapor and moisture content of the stack
gas as described in Sections 6.4 and 6.5 of Method 5,

respectively.
6.2.3 Sulfuric Acid Mist (Including SO.,) Concentration =

\%
soln
- ve)| . Equati
quation 6-2

C = K
H5804 Vm(stad)
where
K, = 0.04904 g/meq for metric units, or
= 1.081 x 1074 1b/meq for English units.
6.2.4 Sulfur Dioxide Concentration -
' v
N (vt - vtt> [ f‘,"hj
C - a Equation 6-3
go. - K3 7
2 m(std)
where
K, = 0.03203 g/meq for metric units, or

7.061 x 107> lb/meq for English units.

6.2.5 Isokinetic Variation (I) in Raw Data -

, -
YV
m AH
T 3K,V, . + [P + }X 100
- s{ 4 ic ij bar 13.6 Equation 6-4
60 © VsPsAn
where
K, = 0.003464 mm Hg-ma/ml-K for metric units, or

0.002676 1in. Hg—ft3/ml-°R for English units.

Vi

I
t
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6.2.6 Isokinetic Variation (I) in Intermediate Values -

TV P 100
[ S "m(sEd) Std] Equation 6-5

I =
T rq 60 © V.PAL [}-BW4

TsVm(std)

= K _
5 6 VSPSAn [l-Bwé]

where

4.320 for metric units, or

=
n

0.09450 for English units.

6.3 Acceptable Results

If 90% < I < 110%, the results are acceptable. If the
results are low in comparison with the standards and if the I
is beyond the acceptable range, the administrator may opt to
accept the results. Otherwise, the results may be rejected
and the test repeated. It is suggested that, for Method 8
tests, the data not be rejected only because of noncompliance

with isokinetic requirements.
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Table 6.1. ACTIVITY MATRIX FOR CALCULATION CHECKS
Action if
Frequency and method requirements
Characteristics| Acceptance limits of measurement are not met

Analysis data
form

All data and calcula-
tions given

Visually check

Complete
missing
data values

Calculations Difference between Repeat all calcula- Indicate
check and original cal- | tions, starting with |errors on
culations not to exceed | raw data for hand cal-|analysis data
round-off error; retain | culations; check all form, Fig.
at least one decimal raw data input to com-|6.3
figure beyond that of puter calculations;
acquired data hand calculate one

sample/test
Isokinetic 90% < I < 110% For each traverse Repeat test
variations point, calculate I

and adjust
flow rates
to maintain
I within 10%
variation
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7.0 MAINTENANCE

The normal use of emission testing equipment subjects it
to corrosive gases, extremes in temperature, vibrations, and
shocks. Keeping the equipment in good operating order over an
extended period of time requires a knowledge of the equipment
and a program of routine maintenance which is performed
quarterly or after 28.4 m3 (1000 ft3) of operation, whichever
is greater. In addition to the quarterly maintenance, a
yearly cleaning of the entire meter box 1is recommended.
Maintenance procedures for the wvarious components are
summarized in Table 7.1 at the end of this subsection.

The following procedures are not required, but are
recommended to increase the reliability of the equipment.
7.1 Pumps

In the present commercial sample train, several types of
pumps are used. The two most common are the fiber vane pump
with in-line oiler and the diaphragm pump. The fiber wvane
pump requires a periodic check of the oiler jar; its contents
should be translucent at the time of filling and at each
periodic check, and it is recommended that the oil be changed
if it 1is not translucent. Use the o0il specified by the
manufacturer; if none is specified, use SAE 10, nondetergent
oil. Whenever the fiber vane pump starts to run erratically
or during the yearly disassembly, the head should be removed,
and the fiber vanes should be changed. Erratic operation of
the diaphragm pump is normally due either to a bad diaphragm,
which will cause leakage, or to malfunction of the valves,
which should be cleaned annually by complete disassembly of
the train.

7.2 Dry Gas Meters

The dry gas meter should be checked for excess o0il or
corrosion of the components by removing the top plate every
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3 mo.‘ The meter should be disassembled, and all components
should be cleaned and checked when the rotation of the dials
is erratic, when the meter will not calibrate properly over
the required flow rate range, and during yearly maintenance.
7.3 sSample Train

All remaining sample train components should be checked
visually every 3 mo and disassembled completely and cleaned or
replaced yearly. Many of the items such as quick disconnects
should be replaced when damaged rather than checked periodi-
cally. Normally, the best procedure for maintenance in the
field is to use another entire unit such as a meter box,
sample box, or umbilical cord (the hose that connects the
sample box and the meter box) rather than to replace
individual components.

7.4 Inclined Manometer

The fluid in the inclined thermometer should be changed
whenever there is discoloration or visible matter in the fluid
and during the yearly disassembly. No other routine main-
tenance is required since the inclined manometers will be leak
checked during both the leak check of the Pitot tube and the
leak check of the entire control console.
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Table 7.1. ACTIVITY MATRIX FOR EQUIPMENT MAINTENANCE CHECKS
Action if
Frequency and method requirements
Apparatus Acceptance limits of measurement are not met

Routine main-
tenance

No erratic behavior

Routine maintenance
quarterly. Disas-
semble and clean
yearly

Replace parts
as needed

Fiber vane pump

In-line oiler free of
leaks

Periodic check of
oiler jar; remove
head and change fiber
vanes

Replace as
needed

Diaphragm pump

Leak-free valves func-
tioning properly

Clean valves during
yearly disassembly

Replace when
leaking or
malfunctioning

Dry gas meter

No excess o0il, corro-
sion, or erratic rota-
tion of the dial

Check every 3 mo for
excess 0il or corro-
sion by removing top
plate. Check valves
and diaphragm when
meter dial runs er-
ratically or when me-
ter will not cali-
brate

Replace parts
as needed, or
replace meter

Inclined mano-

No discoloration or

Check periodically

Replace parts

meter visible matter in the during yearly disas- as needed
fluid sembly
Sample train No damage Visually check every If failure

3 mo and completely
disassemble and clean
or replace yearly

noted, use
another entire
control con-
sole, sample
box, or
umbilical cord

Nozzle

No dents, corrosion, or
other damage

Visually check before
and after each test
run

Use another
nozzle or
clean out,
sharpen, and
recalibrate

|

//0(§/
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8.0 AUDITING PROCEDURE

An audit is an independent assessment of data quality.
Independence is achieved if the individual(s) performing the
audit and their standards and equipment are different from the
regular field crew and their standards and equipment. Routine
quality assurance checks by a field team are necessary in
generation of good quality data, but they are not part of the
auditing procedure. Table 8.1 at the end of this, section
summarizes the quality assurance functions for auditing.

Based on the results of a collaborative test2 of Method
8, two specific performance audits are recommended:

i, Audit of the analytical phase of Method 8, and

2. Audit of data processing.
It is suggested that a systems audit be conducted as specified
by the gquality assurance coordinator, in addition to these
performance audits. The two performance audits and the
systems audit are described in detail in Subsections 8.1 and
8.2, respectively.
8.1 Performance Audits

Performance audits are made to quantitatively evaluate
the quality of data produced by the total measurement system
(sample collection, sample analysis, and data processing). It
is recommended that these audits be performed by the respon-
sible control agency once during every enforcement source
test. A source test for enforcement comprises a series of
runs at one source. The performance audit of the analytical
phase is subdivided into two steps: (1) a pretest audit which
is optional and (2) an audit during the actual analysis of the
field samples which is required.

8.1.1 Pretest Audit of Analytical Phase Using Aqueous
Ammonium Sulfate (Optional) - The pretest audit
described in this subsection can be used to determine the

e D
/A
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proficiency of the analyst and the standardization of
solutions in the Method 8 analysis and should be performed at
the discretion of the agency auditor. The analytical phase of
Method 8 can be audited with the use of aqueous ammonium
sulfate samples provided to the testing laboratory before the
enforcement source test. Aqueous ammonium sulfate samples may
be prepared by the procedure described in Section 3.7.5 on
control sample preparation.

The pretest audit provides the opportunity for the
testing laboratory to check the accuracy of its analytical
procedure. This audit is especially recommended for a
laboratory with 1little or no experience with the Method 8
analysis procedure described in this Handbook.

The testing laboratory should provide the agency/organi-
zation requesting the performance test with a notification of
the intent to test 30 days prior to the enforcement source
test. The testing 1laboratory should request that the
agency/organization provide the following performance pretest

audit samples: two samples at a low concentration (500 to

1000 mg SOZ/dscm of gas sampled or approximately 10 to 20 mg of

ammonium sulfate/sample) and two samples at a high

concentration (1500 to 2500 mg SOz/dscm of gas sampled or

about 30 to 50 mg' of ammonium sulfate/sample). At least 10

days prior to the time of the enforcement source test, the

agency/organization should provide the four audit samples.

The concentration of the two low and the two high audit samples
should not be identical.

The testing laboratory will analyze one sample at the low
concentration and one at the high concentration, and submit
their results to the agency/organization prior to the
enforcement source test. (Note: The analyst performing this
optional audit must be the same analyst audited during the
field sample analysis described in Subsection 8.1.2 below).

The agency/organization determines the percent accuracy,
%A, between the measured SO, concentration and the audit or

2
known values of concentration. The %A is a measure of the
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bias of the analytical phase of Method 8. Calculate %A using
Equation 8-1.

C (M) - C (A)
SO SO .
%A - 2 2 X 100 Equatlon 8_1
Cso (A)
2
where
CSO (M) = concentration measured by the lab analyst

2 mg/ml, and

Cso (A) = audit or known concentration of the audit
2 sample, mg/ml.

The recommended control limit for the pretest audit is the
90th percentile value for Y%A based on the results of three
audits (11/77, 5/78, and 10/78) performed by the Environmental
Monitoring and Support Laboratory, USEPA, Research Triangle Park,
North Carolina.6’7 By definition, 90% of the laboratory partici-
pants in the audit obtained values of %A less than the values
tabulated below. The control limit is expected to be exceeded by
10% of the laboratories to be audited, based on these three
audits. The 90th percentile values and the known audit concen-
trations are given below for each concentration range, 500 to
1000 mg SOz/dscm and 1500 to 2500 mg SOz/dscm.

500 to 1000 mg SOz/dscm

Known audit

concentration, 90th percentile for %A,
Audit date mg SO, /dscm %
5/78 686 4.1
10/78 572 6.4

1500 to 2500 mg SO, /dscm

Known audit
concentration, 90th percentile for %A,
[¢)

Audit date mg SO,/dscm %
11/77 14£1 6.6
11/77 2593 4.0

5/78 2479 4.5
5/78 1907 4.5
10/78 2555 4.9
10/78 1754 5.2
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Based on the results of these audits, the recommended 90th per-
centile control 1limit for pretest audits is 7% for both con-
centration ranges.

If the results of the pretest audit exceed 7% the agency/
organization should provide the correct results to the testing
laboratory. After taking any necessary corrective action, the
testing laboratory should then analyze the two remaining samples
and report the results immediately to the agency/organization
before the enforcement source test analysis.

8.1.2 Audit of Analytical Phase Using Aqueous Ammonium
Sulfate (Required) - The agency should provide two

audit samples to be analyzed along with the field samples from
the enforcement source test. The purpose of this audit is to
assess the data quality at the time of the analysis. The
percent accuracy of the audit samples is determined using
Equation 8-1. The results of the calculated %A should be
included in the enforcement source test report as an
assessment of accuracy of the analytical phase of Method 8
during the actual enforcement source test.

8.1.3 Audit of Data Processing = Calculation errors are

prevalent in Method 8. Data=-processing errors can be deter-
mined by auditing the data recorded on the field and
laboratory forms. The original and audit (check) calculation
should agree within roundoff; if not, all of the remaining
data should be checked. The data processing may also be
audited by providing the testing laboratory with specific data
sets (exactly as would occur in the field) and by requesting
that the data calculation be completed and that the results be
returned to the agency/organization. This audit is useful in
checking both computer programs and manual methods of data
processing.
8.2 Systems Audit

A systems audit is an on-site qualitative inspection and

review of the total measurement system (sample collection,

!
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sample analysis, data processing, etc.). Initially, a systems
audit is recommended for each enforcement source test, defined
here as a series of three runs at one source. After the test
team gains experience with the method, the frequency of audit
may be reduced--once for every four tests.

The auditor should have extensive background experience
in source sampling, specifically with the measurement system
being audited. The functions of the auditor are summarized in
the following:

1. Inform the testing team of the results of pretest
audits, specifying any area(s) that need special attention or
improvement.

2. Observe procedures and techniques of the field team
during sample collection.

8. Check/verify records of apparatus calibration checks
and quality control used in the laboratory analysis of control
samples from previous source tests, where applicable.

4. Record the results of the audit and forward them
with comments to the team management so that appropriate
corrective action may be initiated.

While on site, the auditor observes the source test team's
overall performance including the following specific

operations:
1. Setting up and leak testing the sampling train.
25 Preparing and adding the absorbing solution to the
impingers.
3. Checking for isokinetic sampling.
4. Purging the sampling train.

Figure 8.1 is a suggested checklist for the auditor.

fev’
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Presampling Preparation

Knowledge of process conditions
Calibration of pertinent equipment, in part1cular,

the dry gas meter, prior to each
field test

On-site Measurements
Leak-testing of sampling train after sample run

Preparation and addition of absorbing solutions
to impingers

Isokinetic sampling
Purging of the sampling train and rinsing of the
impingers and connectlng tubes to recover the

sample

Recording of pertinent process condition during
sample collection

Maintaining the probe at a given temperature

Postsampling

Control sample analysis - accuracy and precision
Sample aliquotting techniques

Titration techniqué, particularly endpoint
precision

Use of detection blanks in correcting field
sample results

Calculation procedure/check
Calibration checks
Standard barium perchlorate solution

General Comments

obe %cnﬁnu‘mj Awn 3 but SunaLu.é was
é‘j'-’t ¢t 4] audit somples wire accplalbls

Figure 8.1

Method 8 checklist to be used by auditors.
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ACTIVITY MATRIX FOR AUDITING PROCEDURE

Acceptance limits

Frequency and method
of measurement

Action if
requirements
are not met

Analytical phase
of Method 8
using aqueous
ammonium sul-
fate

The measured value of
the pretest audit sam-

ple should be less than

the 90th percentile
value, 7%

Once during every en-
forcement source test,
measure reference sam-
ples and compare with
their true values

Review oper-
ating techni-
que

Data-processing
errors

The original and check
calculations should
agree within round-off
error

perform independent

Once during every en-
forcement source test,

calculations, start-
ing with recorded
data

Check and
correct all
data for the
source test

Systems audit--
observance of
technique

Operation technique de-
scribed in this section

of the Handbook

Once during every en-
forcement test until
experience gained;
then every fourth

Explain to
team its

deviations
from recom-

test. Observation of Imended tech-
technique, assisted | niques, and
by audit checklist, note on
Fig. 8.1 Fig. 8.1
57
Tt
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9.0 RECOMMENDED STANDARDS FOR ESTABLISHING TRACEABILITY

To achieve data of desired quality, two considerations
are necessary: (1) the measurement process must be in a state
of statistical control at the time of the measurement, and (2)
the systematic errors, when combined with the random variation
(errors of measurment), must result in a small uncertainty.

To ensure good quality data, it is necessary to perform
quality control checks and independent audits of the measure-
ment process; to document these checks and audits by recording
the results on quality control charts, as appropriate; and to
use materials, instruments, and measurement procedures that
can be traced to an appropriate standard of reference.

Data must be routinely obtained by repeat measurements of
control standard samples and working standards. The working
calibration standards should be traceable to standards that
are considered to be primary. Two primary standards
recommended for establishing traceability are:

1. Dry gas meter should be calibrated against a wet
test meter that has been verified by an independent 1liquid
displacement meter, as described in Section 2.1.1.

2. Barium perchlorate should be standardized against
sulfuric acid that has already been standardized with primary
grade potassium acid phthalate. Then standardized barium
perchlorate should be validated with an aqueous ammonium
sulfate to make the titrant solution traceable to two primary

standard grade reagents.



10.0 REFERENCE METHOD*

METHOD B—DXIRRMINATION Or SuvirTaic Aao Min
AND Sutrua Dtoxios EuissiONs Frox SrotioNary
Sovuces :

1. Prirciple and AppPlicabitty
1.1 Principlie. A gas sample is extractad {sokinetically

fromn the steck. The sulluric ecid mist (lncluding sulfur

trivkide) snd the sulfur dloside are separated. and both
fractions are measured separalely by the barium-thorin
titoation aethod.

1.2 Applicability. This method is applicable for ths
detormination of sulfuric sci! mist (Including sulfur
trioxide, and in the absence of ather particulste mattee)
and sulfur dloxids cmissions {rom statlonary sources.
Colladorstive tests have shown that the minimum
detectable limits of the method are 0.05 milligrains/cubie
meter (0.03> 107 pounds/cubic foot) for sulfur triozide
and 1.2 mgin? (0.74 107 IM/f1) for sulfur diotlde. No
uppec limits have been establixhed. Based on theoretical
calculations for 200 milliliters of 3 percent hydrogen
peroride solution, the upper concentration limit for
sulfur dioxide it & .U m3 (35.3 1)) gas sainple i3 about
12,500 mg/m? (7.7X107¢ 1h/{1). The upper limit can be
extended by increasing the <quantity of pervrida solution
in the iwnpungers.

Possible interlering agents of this method ere Nuorides,
free ammonia. and dimethyl aniline. If any of thesa
interfering ayer,ly are present (this can be detertined by

Section No.
Revision No.
Date May 1,

357510
0
1979

Page 1 of 4

Filterable particulate matter may e determnlued slong
with 50 and SOs (sulject to the appruval of the Ad-
ministeator); however, the procedure used for particulste
matier must be conslstent with the spectficaldons and
procedures givea {a Alethod 5.

2. .\ pparatus

2.1 Sempilng. A schemauc of the sampling traln
used fo Lhls mcthod is shown In Figure 8-1; it is simular
to the Method S tralin except that the filier posttion ls
different and the filter hotder dows ot have 10 be heated.
Commercial mudels of this train are gvailable. For thoss
who destre to build their owan, however, complete con-
struction detalls are deseribed i APTD AR Clhanges
from the AL“I'DAEL docurmcnl aud sliowable modt-
fications to Flygure 8-1 are discussed fn the fullowing
subscetions.

The operatiug and malntenance procedures for the
sampling tralin are descilbed In AV T 1) 0576, Since correct
usuge i3 Important tn obtadidng valid results, all users
should read the AVTDUG78 dorument and sdopt the
operating and maintenance procedures outllaed Lo It,
unless otherwise specificd hereln, Further detalls snd

uidelines on operution and mulitenance are givea In
fethod 5 and should bLu read wud folluwed whenever
they are appticable.

211 Proin Nozzle. Same as Melthod §, Sectlon 2.1.1.

213 Pitot Tube. Same ws Methwd 5, Scetlon 2.1.3.

21.4 Diftarential Pressure (auge. Bame sa Method 5,
Bection 2.1.4.

2.1.5 Filter Holder. Borosilicate glass, with o glass
frit filter support and a siiicone rubber gasket. Other
gasket materials, .g., Teflon or Viton, mey be ussd sub-
ject to the approval of the Adminisuator. The holder
design shall provide 8 positive seal against leakage from
the outstde or around the filter. The filter holder ghall
be placed between the first snd sscond impingers. Note:
Do not heat the filter holder. L

2.1.8 Impingers—Four, as shown in Pigure 8-1. The
first and third shall be of tbe Greenburg-8mith design
with standard tips. The second and fourth shall bs of
the Greenburg-8mith design, modified by replacing the
{nsert with an approzimately 13 miliimeter &.5 Ins 1D
?)un tudbe, having an unconatricted tip locsted 13 mm

0.5 in.) from the bottom of the flask. Similar collestion
systams, which have baon approved by the Adminis-
trator, may bo used.
z"2.5).1 Metering Bystem. Bame &3 Mothod 8, Baction
2.1.8 Barometer. SBame no Method 5, Baction 2.1.0.
2.1.9 QGas Density Determination tqulpmenv.. Bame
0s Method 3, Bection 2.1.10.

2.1.10 Temperstwe Gsuge. Thermomoeter, o7 equivs-
lent, to measure the ‘uvln; tho

f ¢ - 212 Frobe Liner. Borostlicatn ur quarte glass, with femperature of tha geg
e Spoval i he A srar e ceared. | leotine sysiem to frevent vidie kondesdion’durtig tmpleeuse %?.;’3:‘3.% L
TEMPERATURE SENSOR
’
! ____-L» PROBE
d[[m e
- THERMOMETER
PITOT TUBE FILTER HOLDER CHECK
— TEMPERATURE SENSOR /VALVE
A .
A e
L~ o 1
/ﬂ H W i
REVERSE TYPE ’ 23
PITOT TUBE ! ! : g
'
TR
0 © Yo z
il 1 VACUUM
2 & LINE
PITOT MANOMETER ’
ICE BATH IMPINGERS
THERMOMETERS
BY-PASS VALVE
ORIFICE "
4 : 3 < . 2 VACUUM
GAUGE
4 & MAIN VALVE
L ‘cO; - AIR-TIGHT
: . PUMP

DRY TEST METER

Figure B-1. Sulturic acid mist sampling train.

*40 CFR 60, July 1978
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two).

22.2 Grsdusled Cylinders. 350 m), 1 liter. (Valu-
metric flasks may elso be used.)

32.8 Btorage BotUcs. Leak-frea polyethylene bottles,
100N ! sise (Lwo for each sampling run).

Wash Bottles. Polyethylens or glasa, 800 ml.

224 Trip Bal 300gram capacity, to e 10
+0.5 g (necegmary only if 8 molsture content analyais is
o be done).

2.3 Analysis.

2.3.1 Pipsttas. Volumetric 25 m), 100 ml.

232 Burretle. 60 ml.

23.3 Erlenmeyer Flask. 230 ml. (ons for each sample
blank and standard).

23.4 Gredusted Cylinder, 100 ml.

g.:.s Trip Bolance. 500 g capecily, to measure to

+058.
2.3.6 Dropping Bottle. To add indicator solation,
125-m! alze.

3. Reapents

Unless otherwise Indicaled, all reagents are to conform
to tba apecifications established by the Commitiee on
Analyticsl Reagents of Lhe American Chemical Boclety,
where guch specifications are svailoble. Otharwise, nse
the best avallable grade.

3.1 8ampling.

3.1.1 Flliters. Rame as Method 5, Bection 3.1.1.

8.1.2 Bilica Gel. Bame as Mcthod §, Bection 3.1.2.

3.1.3 Water. Deionized. distiiled Lo conform to ASTM
specificetion D1163-74, Type 3. At the option of the
snalyst, the EMnO: test for oxidfrable organic mattier
may be omitted when high ooncentrations of orgmnic
matlar are not expected to be present.
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8.1.4 Jsopropanol. 80 Parcant. Mix 800 m] of laopro-
panol with 200 m! of dalonized, distilled water.

Nou.—!x’nrionu has ghown that only A.C.8.grede
!m;:u'o;:mnoll (3 l,llu‘nclory. Tests h.nv_e shown that

m sources @ecs-
casionally has peroxide impurities that will eauso -
roneousty high sulfuric acld mist measurement. Uce
the following tast for detecting peroxides in each lot of
™ mgnnol: Bbake 10 m] of the isopropanol with 10 m!
of freshly prepared 10 parcent potassiuro lodide solution.
Prepare o blank by simllarly treating 10 m! of distilled
water. Aller § minuts, read the absorbance on a spectro-

hotometer at 332 nanometers. 1f tho absorbance excoods
.1, the isopropanol shall not be used. Peroxides may be
removed trom lsopropanol by redistilling, or by pacmgs
et C gradis taDropenol Wi BullAbiy 1o pasuelos e
agent-grade|so| no| aul g low 6 love
is u::lly numn.lrom commercial sources; therefors,
rejection of contaminsted lota may be more sfficiant
tban following the garoxlda removal procedure.
3.1.8 Hydrogen Peroxide, 3 Percent. Dilute 160 ml
Wcont hydrogen perox{deto ] Uter with delonissd,
od water. Prepare fresh dally.
3.1.0 Crushed Ice.
3.2 Bample Recovery.
8.3.1 Water. Bame 25 3.1.3.
3.2.2 lsopropanol, 80 Percent. Bame as3.1.4.
3.3 Analysis,
331 Water, Bame 833.1.3.
3.3.2 Isopropanol, 100 Percent.
3.3.3 Thorin Indicator. 1-(carsonophenylaso)-2-naph-
thol-3, 8-disulfonic scid, disodium mlt, or equivalant.
Dissolve 0.20¢ in 100 m of delonized. distilled water.

STATIC PRESSURE, mm Mg (in. Hg)

i AMBIENT TEMPERATURE
LOCATION BAROMETRIC PRESSURE
OPERATOR ASSUMED MOISTURE, %

DATE PROBE LENGTH, m (f1)

RUN NO. NOZZLE IDENTIFICATION NO.

SAMPLE BOX NO.
METER BOX NO.

3.3.4 Barium Perchlorste (0.0100 Normal). Dissolve
1.3 of barium perchiorate tri ydn\a(Bs;Cl&)r)BuO)

{u 200 m| dejonized, distilled water, and dilute 1o | lter
with 1o 1; 1.22 g of barlom ehloride dihydrate
(BaCls2 ) may be usad instead of the barium per-
chiorate. Btandardite with sulfuric ecld ss in Bection 8.2
‘Thie solution must bo P d egal aporetion at
all times.

3.3.8 Suifuric Acid SBtandard (0.0100 N). Purchase or
atandardize to :0.0002 N sgainac 0.0100 N NaOH that
hes previously besn standardized cgminst primary
standard potamlum actd phthalate.

4. Procedure

4.1 Sampling.

4.1.1 Pretest Preparstion. Follow the procedure out-
fined in Method 5, Section 4.1.1; filters should be in-
spected, but need not be desiccated, weighed, or [denti-
tied. 1 the eBuent gas can ba conslderad dry, i.e., mois-
ture frea, the silica gel need not be weighed.

41.2 eltminary Ds{erminations. Follow the pro-
cedure outlined in Method 8, Bection 4.1.2.

4.1.3 Preparation of Collectlon Train. Follow the pro-
cedure outlined in Method 3, Sectian 4.1.3 (except for
the second paragraph and other obviously inapplicable
parts) and use Figure 8-1 instead of Figure 5~1. Replace
the second parsgraph with: Place 100 mi of 80 percent
fsopropanol in the first impinger, 100 ml of 3 percent
hydrogen peroxide in both the second end third im-
glmﬁrs: retain @ portion of each reagent for use ca s
1 lnn‘k solution. Place about 2008 of silica gel in the fourtd
impinger.

AVERAGE CALIBRATED NOZZLE DIAMETER, em(in)
PROBE HEATERSETTING __=

METER A Hg LEAK RATE, m3/min,{cfm)
C FACTOR PROBE LINER MATERIAL
PITOT TUBE COEFFICIENT, Cp SCHEMATIC OF STACK CROSS section . FILTERNO.
oA A TEMPERATURE
FFERENTIAL- :
vetociry | ¥ AE,E';I GAS SAMPLE TEMPERATURE OF GAS
STAEK HEAD ORIFICE AT DRY GAS METER LEAVING
SAMPLING | VACUUM |TEMPERATURE (APs) METER, GAS SAMPLE CONDENSER OR
TRAVERSE POINT TIME mm Hy "i" mm H20. mm H20 VOLUME, INLET, OUTLET, | LAST IMPINGER,
WUMBEF. 16), min. {in. Ry) °¢c °R) {in. H20) {in, H20) m3 (13} Sc (°F) C(°F) °C (°F)
TOTAL Avg Avg
AVERAGE Avg

Figure 8-2. Field data.



NoTg.—If moisture content is to be determined by
impinger analysis, weigh each of the frst three impingers
gluz absorbing solution) to the nearest 0.5 g and record
these weights. The weight of the silics ’gel (or silics gei
lus container) must also be determined to the nearest

.5 g and recorded.

4.1.4 Pretest Lesk-Check Procedura. Follow the
basic procedure outlined in Method S, 8ection 4.1.4.1,
noting that the probe hester shall be edjusted to the
minimum tem ture required to prevent condense-
tion, and also that verbage such ss, “° ° * plusz the
Inlst to the fiter holder ° * °," shall be replaced by,
©¢ e ¢ nlugging the inlet to the first impinger * ¢ °."
The pratest leak-check {s optional.

4.1.5 Train Operation. Follow the basic procedures
outlined {n Method 5, Section ¢.1.5, in conjunction with
the following special instructions. Dota shall be recorded
on e sheet similar tc the one in Figure 8-2. The zampling
rate shall not exceed 0.030 m¥/min (1.0 cfm) during the
run. Periodically during the test, obsarve the oonnectin,
line betwesn the probe end first impinger for signs
condensation. If it dces occur, adjust the probe heater
satting upward to the minimum tompenlurs requlrvtl
to prevent condensation. If

necessary during 8 run, s leak-check shall be done Im-
medistely before each change, according to the procedure
outlined in Section ¢.1.4.2 of Method $ (with sppropriate
modifications” as mentioned in Section 4.1.4 of thia
method); record all lesk rates. If the leakage rate(s)
excood the specified rate, the tester shall either void the
run oc shall plan to correct the sampls volurne as out-
lined in Section 6.3 of Method 5. Immediately after com-
ponent chang leak-checks are tional. If theeos
leak-checks are done, the procedure outllned in 8ection
4.1.4.1 of Method § (with appropriste modificationa)
shall be

After tuminu off the pump and recording the final
readings at the conclusion of esch run, remove the probe
from the stack. Conduct a test (mandatory) lesk-
check as in Section 4.1.4.3 of Method 5 (with appropciate
modification) and record the leak rate. If the post-test
leakage rete exceeds the specified acceptable rate, the
tester shall either correct the ssmple volume, 83 outiined
in Section 6.3 of Method 5. or shall void the run.

Drain the ice bath and, with the probe disconnected,
purge the remﬂnln%pm of the train, by drawing clean
ambient air thro the system for 15 minutes at the
average flow rate used for sampling.

NoTE.—Clean ambient air can be provided by passing
air through & charcosl filter. At the option of the tester,
ambient air (without cleaning) may be used.

4.1.6 Calculation of Percent Isokinstic. Follow the
procedure outlined in Method 5, S8sction 4.1.8.

4.2 Semple Recovery.

431 C 4 No. 1. If a moisture content analysis
is to be done, weigh the first impinger plas contents to
the nearest 0.5 g and record this weight, —

‘Transfer the contents of the first impinger to s 250-m)
gradusted cylinder. Rinse the probe, first impinger, all
connecting glassware before the filter, and the front half
of the fiiter holder with 80 nt Isopropanol. Add the
rinss solutlon to the cylinder. Dilute to 250 ml with 80
percent isopropaaol. Add the filter to the solution, mix,

and transfer to the storege container. Protect the solution
against evaporation. Mark the level of liquid on het
contalner and identify the sample container.

4.2.2 Coantalner No. 2. If & moisture content analysis
is to be done, weigh the sscond snd third im gtnun
(plus contents) to the nearsst 0.5 g and record these
welghta. Also, weigh the spent sllica gel (or silics gel
pluaimpln(er) to the nearest 0.5g.

Treasfer the solutions from the second snd third
lmplnuen to & 1000-ml {Musud cylinder. Rinse all
goanecting glassware (including back halfof fiter holder)
between the fliter and silica gel implager with defonized,
distilled weter, and edd thia rinse wmr to the exundn
Dilute to o volume of 1000 ml istilled
water. Transfer )| m ; k
the level of llquid on the conwner Beal md identify the
m;lo conul.ﬁor

Note the favel of liquid in containers 1 and 2, and con-
firm whether or not any sample was lost during ship-
ment; note this on the analytical dats sheet. If & notics-
ablo emount of leakage has occurred, either void the
sample or use methods, subject to the approval of the
Administrator, to correct the results. -

4.3.1 Contsiner No. 1. 8hake the container holding
the Isopropanol solution and the fiiter. If the filter
bresks up, allow the fragments to sattle for s few minutes
before removing & sample. Pipette 8 100-ml sllquot of
thls solution into 8 250-mi Erlenmeyer fiaak, add 2 to 4
drops of thorin indicator, and titrate to & plnk endpoint
using 0.0100 N buium };archlouu Rapeat the titrotion
with a sacond all and age the titroticn
values. Roplicats titrations must agree within 1 percent
of 0.2 ml, whichever is grestes.
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ustng 0.0100 N barivm Inxchlcmu Repest the Litration
wilb & 8avond sliquot of aampls and aversge the titration
Replicate titrations must agree within 1 percent
or 0.2 ml whichever {8 greater,
Blanks. Prepare bianks by adding 2 to 4 drops
of thodn indicator to 100 ml of 8¢ percant isopfopanol.
Titrete the blanks in the same manner as the samples.

5. Cultbration

5.1 Calibrets § t using the d speci-
fied in the following sections of Method 5: Section 53
(metering system); Bection 5.5 (tomgantun Zauges);
Bection 5.7 (barometer). Note thet the recommended
laak-check of the metering systam, d ed in 8ection
5.8 of Method §, also applies to this method

8.2 Standardice the barium perchlorete solution with
25 ml of standard sulfuric seid, ts which 100 ml of 160
perceat 1sopropanol has besn added.

6. Culeulations

Note.—Carry out calculations rotalning et lesst one
extre decimal figure xgnd that ot the ecquired dats.
Round off figures after final calculation.

8.1 Nomenclsture.

Aq=Cross-sectional area of noezls, m? (ft"}.
B.,-Wate: vapor in the gas stream, proportion

CKﬂO.-Bu}uﬂc l.cid (lncluding 80,) concentration,
C'BO;-S% d.lal.ido ooncantretion, g/dscm (1b/

J=Percent of !noklnedc mpung
NuNommmy of perchlorote titrant, g
oq V!
Pbder=Barometric pm 8t the sampling site,
mm Hg (in. Hg).
P.-Abloluw stack ges premure, mm Hg (in.

Hpg).
Pnd-sundud aﬁao)iuto pressure, 760 mm Hg

T.-Av lbloluudry umewtemwm
TymA 'g"x"&)h.cx Rt)ampcu (i
=, vmu goluf gas are (see
' Figure 8-2),° K C R).
Tetd=B8tandard absolute tempersture, 203° K

V.-Volumo of ssmple el uot umud. 100 m)
for Hs80 snd 10 m) for 8

V"'Tﬁﬁ voluma of ll:auld eolhctad in impingars

Va=Volume ol u ulggle a3 mensured by dry

Vnmd)-%ume of gus sample messured by

su mzur corrected to standard oondmg)'z
9,= Avarsge stack gas velocity, calculated dy

RMethod 2 Equauon 29, us n¢ data obtatned
from Metbod 8, m/sec ({t/sec).

Veoln=Total volume of soiution in which the
sulfuric ecid or sulfur dioxide earople is
contained, 250 m] or 1,000 ml, respectivaly.

Vi=Volume of barlum perchlonte mnnt usad
for the nmgle. 5
V,.-Vo)umo of n.rium perchlornte titrant nsed

Y= Dry gas mew ullbntlon factor.
AF=Average prassurs drop across orifica meter,

mm (in.) HsO.
© =Total sampling time, min.
1a. eg-Bpsclnc gravity of marcury.
= 980/

100=Conversion to Dt.
0.2 Avercze dry ges meter tam parature and aversge

ganure drop. 8ee date sheet (Figure 8-2).
03 Ou Volume. Correct the sample volume

Qa3 meter to standard conditions

g or 65° ¥ and 29.92 in. Hg) by using

Equsation &~
5 13.
=KV Y W
Equation 8-1
where:

K1=0.3858 °X /fmm Hg lor metric units.
' ®©17.64 °R/in. Hg for English unita.

Noxz.—1f the leaX rate observed during any manda-
try leak-checks excecds the specifiad ecoepteble rate,
the tester shall either corvect the value of Va [n Kquation
8-1 (a8 dnscribed in Bection 6.3 of Method 5), or shall
{nvelidate the tast run.

04 Volume of Watar Vapor and Molstare Content.
the volume of water vapor using Equation

ln m contalner hold

{Lna‘n. Pipstto s IOml mquot of nmplninto [y
rlenmeyer flask. Add ml of n?no

Odmpa of thorin indicatar. and tlmto apl dpo!nt

f‘ Method 5; the weight of wnler collected in the
ngess and eilica gel can be dirsctiy converted to
meu (the epecific gravity of wuter is 1 g/ml). Cal.

cuiste the rooisture content of the stack gas, usin
tion 5-3 of Method 5. The *“Note'* In 8ection 6.5 of e' od
5 also applies to this method. Note that f the eMusnt gas
stream can be considered dry, the volume of water vapor
and moisture content nsed not be calcula

6.5 8ulfuric acid mist (including 80;) concantration.

V'O o
N vy (G)
e S T
Equation 8-2

where:
K;=9.0480¢ g/miliiequivalent for metric units.
=1.081X10~ 1b/meq for English units
6.6 Bullur dioxide concentrstion,

N -va) (G)

Ceoy=K
B Vaouw
Equation 8-3
whers:
K»=0.03203 vlm for metric units.
«7,081 X105 1b/meq for English units.

6.7 Isokinetic Variation.
8.7.1 Calculstion from raw data.

100 Tu[K4Vie+ (Via/ Tw) Prac + AH/13.6)]

1=
600V, P, A,
Equation 84
where:
K=0.00346¢ mm Hg-ro¥/m)-*K for metric units.
«0.0026768 in. Hg-

t'/ml-‘R for English anits,
6.7.2 Calculstion intermediate values.

Tc -(IM”P'N! 100

*T,av.0 AP, 60 (1-B.,)
=K T:V-(nd) .
3 P.U-A.OU-B..)

Equatioa 8-5
whare:
Fy=4.320 for matric units.
=(0.09450 for Engliah units.

6.8 Acceptable Results. If 80
oent, the results ars n-oeopubh I t!
comparison w the st Iﬂd I u yond the accept-
able range, the Admintstretol opt to eccept the
results. Cae Ciuclon 4 in the Blbliogmpby of Method 5
to make judnnanu Otherwise, refect the results and
repcet the teat
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Amendment to Reference Method 8; Correction*

In Method 8 of Appendix A, Sections
1.2, 2.32, 4.1.4, 4.2.]1, 4.3.2,6.1, and 6.7.1
are amended as follows:

1. In Section 1.5, the phrase "U.S.

EPA,” is Inserted in the fifth line of
the second paragraph between the
words “Administrator,”” and “are.”

Also, delete the third pamgraph md_

insert the following:

Fllterable particulate matter may be de-
termined along with SO, and 80, (subject to

" the approval of the Administrator) by in-

serting & heated glass fiber filter between
the probe and isopropanol impinger (see
Bection 2.1 of Method 6). If this option is
chosen, particulate analysis iz gravimetric
only; Hs80. acid mist is not determined sep-
arately.

2. In Section 2.3.2, the word ‘‘Bur-
rette” is corrected to read ‘“Burette.”

3. In Section 4.1.4, the stars “® * **

are corrected to read as periods “...”.

4. In Section 4.2.1, the word “het"” on

the eighth line of the second DAra-

graph {s corrected to read “the.”

" 5. In Section 4.3.2, the number ‘40’
is inserted in the fourth line between
the words ““Add” and “ml.”

6. In Section 6.1, Nomenclature, the '

following are corrected to read as
shown with subscripts “CuZio4, Cso2,
P.‘ﬂ pM- Tﬂd- vm‘lld)- and v-.ll-l'"

7.. In Section 6.7.1, Equation 8-4 is
corrected to read as follows:

100 T, [Ry ¥y ¢ (VT )Py, "¢ 8H13.6)]

ev, P’ An

(8ecs. 111, 114, 301(a), Clean Air Act as
amended (42 U._S.C. 7411, 7414, 7601).)

(PR Doc. 78-7686 Filed 3-22-78; 8:45 am)

*Federal Register, Vol. 43, No. 57-March 23,
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12.0 DATA FORMS

Blank data forms are provided on the following pages for
the convenience of the Handbook user. Each blank form has the
customary descriptive title centered at the top of the page.
However, the section-page documentation in the top right-hand
corner of each page of other sections has been replaced with a
number in the lower right-hand corner that will enable the
user to identify and refer to a similar filled-in form in a
text section. For example, Form M8-1.2 indicates that the
form is Figure 1.2 in Section 3.7.1 of the Method 8 Handbook.
Future revisions of these forms, if any, can be documented by
1.2A, 1.2B, etc. Sixteen of the blank forms listed below are
included in this section. Five are in the Method Highlights
subsection as shown by the MH following the form number.

Form Title

1.2 Procurement Log

2.3A and 2.3B Meter Box Calibration Data and Calculation
Form (English and metric units)

2.4A and 2.4B Posttest Meter Calibration Data Form
(English and metric units)

2.5 (MH) Pretest Sampling Checks

2.6 Nozzle Calibration Form

3.1 (MH) Pretest Preparations

4.1 Method 8 Field Data Form

4.2 Sample Label

4.3 Sample Recovery and Integrity Data

4.4 (MH) On-Site Measurements

5.1 (MH) Posttest Sampling Checks

522 Method 8 Analytical Data Form

5.3 Control Sample Analytical Data Form

5.4 (MH) Posttest Operations

Cifsf
V(
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Form Title

6.1A and 6.1B Sulfuric Acid Mist Calculation Form
(English and metric units)

6.2A and 6.2B Sulfur Dioxide Calculation Form

(English and metricunits)
8.1 Method 8 Checklist to be Used by Auditors



PROCUREMENT LOG

Item description

Qty.

Purchase
order
number

Vendor

Date

Ord.

Rec.

Cost

Dispo-
sition

Comments

Quality Assurance Handbook M8-1.2




. METER BOX' CALIBRATION DATA AND CALCULATION FORM
(English units)

Date Meter box number
Barometric pressure, Pb = in. Hg. Calibrated by
Gas volume Temperat:urea
Orifice | Wet test Dry gas Wet test Dry gas meter
manometer | meter meter meter Inlet Outlet Average Time
el L vy, (tgs | (5g ) (59 )5 (55 | @) |
2 i -
in. H,O0 £e3 £e3 °8 °° °F °F min
0.5 5
1.0 5
1.5 10
2.0 10
3.0 10
4.0 10
‘ Average

2
V., By (ty + 460) 0.0317 an | (Eu *+ 460) ©

M, = ARG, =
AH s £ { _MH i Pb (td + 460) v
13.6 Vd(Pb + 13.6_) (tw + 460)

4

0.5]0.0368

1.0 | 0.0737

1.510.110

2.0 | 0.147

3.0]0.221

4.0 0.294

8 If there is only one thermometer on the dry gas meter, record the temperature

under td.

Quality Assurance Handbook M8-2.3A (front side)

¥



METER BOX CALIBRATION DATA AND CALCULATION FORM

Nomenclature:

AH@i

AHE

Gas volume passing through the wet test meter, ft3.
Gas volume passing through the dry test meter, ft3.

Temperature of the gas in the wet test meter, S,
Temperature of the inlet gas of the dry test meter, °F.

Temperature of the outlet gas of the dry test meter, OF,

Average temperature of the gas in the dry test meter, obtained by the average td and
td,
o

F. i
Pressure differential across orifice, in- HZO'

Ratio of accuracy of wet test meter to dry test meter for each run. Tolerance Yi =
Y +0.02 Y.

Average ratio of accuracy of wet test meter to dry test meter for all six runms.
Tolerance Y = Y +0.01 Y.

Orifice pressure differential at each flow rate that gives 0.75 ft3/min of air at standard
conditions for each calibration run, in. H20. Tolerance = AH@ -+0.15 (recommended).

Average orifice pressure differential that gives 0.75 ft3/min of air at standard
conditions for all six runs, in. H20. Tolerance = 1.84 +0.25 (recommended).

Time for each calibration run, min.

Barometric pressure, in. Hg.

Quality Assurance Handbook M8-2.3A (back side)



METER BOX CALIBRATION DATA AND CALCULATION FORM

. (metric units)

Date Meter box number
Barometric pressure, Pb = mm Hg. Calibrated by
Gas volume Tgmpgrature?
Orifice | wet test dry gas Wet test Dry gas meter
manometer| meter meter meter Inlet | Outlet Average Time
Stz-z;ir’tg (v,) Vg, (t,)» (tdi), (tdo), (tgs | ), .
mm H,0 m> m % “¢ | ‘e g min | 1 1
10 0.15
25 0.15 e
40 0.30 )
50 0.30
75 0.30
100 0.30
Average
O
_ALYi Vw sz;d try AH@, = 0.00117 AH (tw # 773y Of ’
i 13.6 VglBy 95 (B E2073) 1 P (ty# R78) v,
10| 0.7
25| 1.8
40 | 2.94
50| 3.68
75| 5.51
100 | 7.35

& If there is only one thermometer on the dry gas meter, record it under td.

Quality Assurance Handbook M8-2.3B (front side)
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AH@i = Orifice pressure differential that gives 0.021 m

AHE

METER BOX CALIBRATION DATA AND CALCULATION FORM

Nomenclature:
V. = Gas volume passing through the wet test meter, m3.

Vd = Gas volume passing through the dry test meter, m3.

t = Temperature of the gas in the wet test meter, °C.

d. = Temperature of the inlet gas of the dry test meter, °C.

d0 = Temperature of the outlet gas of the dry test meter, °C.
td = Average temperature of the gas in the dry test meter, obtained by the average of td and
t °C. 1
d ’
0

O = Time of calibration run, min,
AH = Pressure differential across orifice, mm H20.

Y, = Ratio of accuracy of wet test meter to dry test meter for each run. Tolerance Y; =
Y +0.02 Y.

Y = Average ratio of accuracy of wet test meter to dry test meter for all six runs.
Tolerance Y = Y +0.01 Y.

3 of air at standard conditions for each
calibration run, mm H20. Tolerance AH@ ; = AH@ +3.8 mm H20 (recommended ).

Average orifice pressure differential that gives 0.021 m3 of air at standard conditions
for all six runs, mm H,0. Tolerance AH@ = 46.74 +6.3 mm H,0 (recommended).

Pb = Barometric pressure, mm Hg.

Quality Assurance Handbook M8-2.3B (back side)



POSTTEST METER CALIBRATION DATA FORM (English units)

Test numbers

Date Meter box number Plant
Barometric pressure, Pb = in. Hg Dry gas meter number Pretest Y
Temperature Yi=
Orifice Gas volume | Gas volume
manometer | wet test dry gas |Wet test Dry gas meter
setting, meter meter meter |Inlet |Outlet Averagg Vacuum Vw Pb (t:d + 460)
(), V), vy, (t)s [(tg )5l ()5 | (£,% | Time | setting, | ¥,
in H,0 3 3 o i o (©) V, P, + AH (t. + 460)
2 ft ft F o ’ d b — W
Op op F min in. Hg 13.6
10
10
10
Y=

2 If there is only one therometer on the dry gas meter, record the temperature under t

where
\

w

vd

(=¥
He

] o B o o™

~ o

q

= Gas volume passing through the wet test meter, ft3.
= Gas volume passing through the dry test meter, ft3.

o
= Temperature of the gas in the wet test meter, F.

. o
Temperature of the inlet gas of the dry test meter, F.

o
= Temperature of the outlet gas of the dry test meter, F.

o
Average temperature of the gas in the dry test meter, obtained by the average of td and td , F.
1 o

Pressure differential across orifice, in HZO'

= Ratio of accuracy of wet test meter to dry test meter for each run.

Average ratio of accuracy of wet test meter to dry test meter for all three runms.
Tolerance = Pretest Y +0.05Y

= Barometric pressure, in. Hg.

Time of calibration run, min.

Quality Assurance Handbook M8-2.4A



POSTTEST METER CALIBRATION DATA FORM (metric units)

Test numbers

Date Meter box number Plant
Barometric pressure, Pb = mm Hg Dry gas meter number Pretest Y
Temperature Yi=
Orifice Gas volume | Gas volume
manometer | wet test dry gas |Wet test Dry gas meter
setting, meter meter meter |[Inlet |Outlet Averagg Vacuum Vw Pb (td + 273)
(a1) (v,), V) ) [(tg )s[(tg )y | (9,7 | Time | setting, | ¥,
mm H,0 o3 3 ¢ ot X ¢ ©), Vy Pyt LM (e, + 273)
n C C min mm Hg 13.6
Y=
8 If there is only one therometer on the dry gas meter, record the temperature under td.
where
Vw = Gas volume passing through the wet test meter, m3.
Vd = Gas volume passing through the dry test meter, m3.
tw = Temperature of the gas in the wet test meter, o8
tdi = Temperature of the inlet gas of the dry test meter, .
tdo = Temperature of the outlet gas of the dry test meter, °c.
o
td = Average temperature of the gas in the dry test meter, obtained by the average of td and td S
i o
AH = Pressure differential across orifice, mm HZO’
Yi = Ratio of accuracy of wet test meter to dry test meter for each run.
Y = Average ratio of accuracy of wet test meter to dry test meter for all three rums.
Tolerance = Pretest Y +0.05Y
Pb = Barometric pressure, mm Hg.
© = Time of calibration run, min.

Quality Assurance Handbook M8-2.4B



NOZZLE CALIBRATION

Date Calibrated by
Nozzle o 5 5 - 5
identification s ?. 9. t. avg
number mm, = (in.) mm, ~ (in.) mm, - (in.) mm, (in.)

0 where:

Dl'2'3‘= nozzle diameter measured on a different diameter, mm (in.).
Tolerance = measure within 0.25 mm (0.001 in.).

AD = maximum difference in any two measurements, mm (in.).
Tolerance = 0.1 mm (0.004 in.).
avg = average of Dl‘ D2. D3.

Quality Assurance Handbook M8-2.6



METHOD 8 FIELD TEST DATA FORM

Plant Probe length Sheet of
Location Probe liner material Nozzle identification number
Operator Probe heater setting Nozzle diameter
Date Ambient temperature Final leak rate
Run number Barometric pressure Vacuum during leak check
Sample box number Assumed moisture Remarks:
Meter box number Static pressure
Meter AH@ C factor _ .
Meter calibration Y Reference AP
Pitot tube CP Maximum AH L
Pressure
differential Temperature
Sampling Velocity across Gas sample temperature of gas
time Clock | Vacuum, Stack head orifice at dry gas meter leaving
Traverse point {9, time mm Hg kemperature (APS), meter, Gas sample condenser or
number min 24 h |[(in. Hg) ( ’ mm HJO mm H,O olume, nlet, utlet, lagt impinger,
oc (38) (in. 8,0) | (in. £,0) SOy | &G 8 s 8 %)
Total or
Avg

mality Assurance Handbook M8-4.1



SAMPLE LABEL

Plant City
Site Sample type
Date Run number

Front rinse[] Front filter[] Front solution[]
Back rinse[] Back filter[] Back solution [
Solution Level marked []

Volume: Initial Final

Remarks

Cleanup by

Quality Assurance Handbook M6-4.2

O 2|



SAMPLE RECOVERY AND INTEGRITY DATA

Plant Sample location

Field Data Checks

Sample recovery personnel

Person with direct responsibility for recovered samples

Sample Date Liquid Stored
Sample identification of level in locked
number number recovery marked container
H2804 802
1
2
3
Blanks
Remarks

Signature of field sample trustee

Laboratory Data Checks

Lab person with direct responsibility for recovered samples

Date recovered samples received

Analyst
Sample Date Liquid
Sample identification of at marked Sample
number number analysis level identified
sto4 S0,
1
2
3
Blanks
Remarks

Signature of lab sample trustee

Quality Assurance Handbook M8-¢
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r'. METHOD 8 ANALYTICAL DATA FORM
Plant Date
Sample location Analyst
1. ml Ba(ClO4)2

Volume and normality of

barium perchlorate N =

2. ml Ba(ClO
Blank ml Ba(Cl10

W2
W2
Sulfur Trioxide Analysis

Run 1| Run 2| Run 3|

VSoln -~ Total volume of solution in which the
sulfuric acid sample is contained, ml

Va - Volume of sample aliquot, ml

V, - Volume of barium perchlorate let titration
titrant used for sample, ml 2nd titration
Average

\Y b* - Volume of barium perchlorate 1lst titration

t titrant used for blank, ml 2nd titration
Average
' 28 LLLTAtion = 0.99 to 1.01 or | 1st titration - 2nd titration| < 0.2 ml
Sulfur Dioxide Analysis
Run 1 |Run 2| Run 3
v — Total volume of solution in which the
soln

sulfur dioxide sample is contained, ml

Va - Volume of sample aliquot, ml

V. - Volume of barium perchlorate 1st titration
titrant used for sample, ml 2nd titration
Average

v,_, % - Volume of barium perchlorate 1lst titration

&b titrant used for blank, ml 2nd titration

Average

1st titration
2nd titration

= 0.99 to 1.01 or 'lst titration - 2nd titration' <0.2 ml

Signature of analyst

Signature of reviewer or supervisor

)
Volume of blank and sample titrated should be the same; otherwise a
volume correction must be made.
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CONTROL SAMPLE ANALYTICAL DATA FORM

Plant Date analyzed

Analyst N

Ba(ClO4)2

Weight of ammonium sulfate is 1.3214 gram?

Dissolved in 2 ¢ of distilled water?

Titration of blank ~ml Ba(Clo,)

(must be less than the 0.5 ml titrgn%)

Control Time of

Sample Analysis Titrant volume, ml
Number 24 h l1st | 2nd 3rd Ave.

|

(Two consecutive volumes must agree within 0.2 ml)

25 ml X 0.01N

ml Ba(ClO4)2 X
(control sample) (control sample)

N >
Ba(C104)2

ml x N =

(must agree within +93, i.e., 0.233 to 0.268)

Does value agree? yes no

Signature of analyst

Signature of reviewer

Quality Assurance Handbook M8-5.3



Sulfuric Acid Mist (Including SO,) Calculation Form
(English units)

Sample Volume

= 3 - o =
Vo = — o ftT, T = _ e Ry Py =_ e _ in. Hg
Y= . _ _,0H=_._ _ in. H,0
Equation 6-1
P + (AH/13.6)
v, = 17.64 v y[-P2E _ = . £t
std m
Sulfuric Acid Mist (Including 803) Concentrations
N = i e . g_eg/gll Vt = . ml, vtb =] . ml
3
\Y = .._ml, V.= _ _ . ml, V = _ _._ _ £t
soln —— - a mstd

CH,s04 = 1-081 x 10

Quality Assurance Handbook M8-6.1A



Sulfuric Acid Mist (Including SO3) Calculation Form
(metric units)

Sample Volume
Vi ™ e = m ---"- bar = - - ='-
Y

Equation 6-1

I; + (AH/13.6)
v, o =17.64V_ Y oLt 7 = . _
std L m
Sulfuric Acid Mist (Inclﬁding SO3) Concentrations
N=._ _ __9-e9/b Vy=__.__m, Vi, = _.__ ml
3
\Y = _eml, V_ = . ml, V = ._ _ _m
soln a Mg
Equation 6-2
N(V, - V.,) ,_'soln
i, = v (S|
— a 3
Cy.go. = 0.04904 7 o _ . _ _ g/dscm
2774 m
std
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Sulfur Dioxide Calculaticn Form
(English units)

Sample Volume

= 3 _ o) _ y
Vm — e L ft 7 Tm - R _._ R, Pbar — v ln. Hg
Y= o s hE= in. H,0
Equation 6-1
P + (AH/13.6)
v, = 17.64 V_ Y[ 2 R
std m
Sulfuric Acid Mist (Including SO3) Concentrations
N = O e g-eg/z, Vt = e ml, th = & ml
Vsoln e e e ml, V = . ml'
Equation 6-2
N(V, - V_,) Vsoln
k tb’ (—5 )
Css, = 7.061 x 107° - - = . x107% 1p/dsct
2 m - T
std

Quality Assurance Handbook M8-6.2A
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Sulfur Dioxide Calculation Form
(metric units)

Sample Volume

Vi ™ e ™ 0 T = o o Ko Poar = - — —+_Tm Hg
Y= _. _ _, M =__. mmHDO
Equation 6-1
P + (AH/13.6)
v, _ =0.3858 v_y|-R2E_ = . __m
std m v
S0, Concentration
N = oo pg Sy o g-eg/l, Vt = e L= m g ml' th = _ . ml
Veoln = = e m o B, V, = _ . ml,
Equation 6-2
v
N(Vt th) ( 3oln )
- -2 a =
C502 = 3.203 x 10 v = _._ _ _ g/dscm
std

Quality Assurance Handbood M8-6.2B.



METHOD 8 CHECKLIST TO BE USED BY AUDITORS

Presampling Preparation
Yes No Comment

308 Knowledge of process conditions

2. Calibration of pertinent equipment, in particular,
the dry gas meter, prior to each
field test

On-site Measurements

3. Leak-testing of sampling train after sample run

4, Preparation and addition of absorbing solutions
to impingers

Se Isokinetic sampling

6. Purging of the sampling train and rinsing of the
impingers and connecting tubes to recover the

sample
Da Recording of pertinent process condition during
sample collection
li ;
» 8. Maintaining the probe at a given temperature

Postsampling

B Control sample analysis - accuracy and precision

10. Sample aliquotting techniques

11. Titration technique, particularly endpoint
precision

12, Use of detection blanks in correcting field
sample results

13, Calculation procedure/check

14. Calibration checks

15. Standard barium perchlorate solution

General Comments

Quality Assurance Handbocok M8-8.1
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