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SUMMARY

This Method 6 test procedure is applicable to the determina-
tion of sulfur dioxide emissions from stationary sources. A gas
sample is extracted from the sampling point in the stack. The
sul fur dioxide is separated from the sulfuric acid mist (includ-
ing sulfur trioxide) and is measured by the barium-thorin titra-
tion method. The barium ions react preferentially with sulfate
ions in solution to form a highly insoluble barium sulfate pre-
cii)itate. wWhen the barium has reacted with all sulfate ions,
exéess barium then reacts with the thorin indicator to form a
metal salt of the indicator, resulting in a color change.

The minimum detectable 1limit of the method has been de-
termined to be 3.4 mg 802/m3‘ (212 v 1077 1b soz/ftB). Although
no upper limit has been established, tests have shown that concen-
trations as high as 80,000 mg Soz/m3 can be collected efficiently
in two midget impingers, each containing 15 ml of 3% hydrogen
peroxide and the sampling rate is 1.0 £/min for 20 min. Based on
theoretical calculations, the upper concentration limit in a 20-¢
sample is about 93,300 mg SOz/m3 if two such impingers are used.
The limits may be extended by increasing the number of impingers
or by increasing the peroxide concentration.

Interferences include free amnionia, water-soluble cations,
and fluorides. The cations and fluorides are removed by glass-
wool filters and an initial isopropanol bubbler, and hence do not
affect the SO, analysis. When samples are being taken from a gas
stream with high concentrations of very fine metallic fumes (such
as from inlets to control devices), a high-efficiency glass-fiber:
filter must be used in place of the glass-wool plug in the probe
to remove the cation interferences. Free ammonia interferes by

reacting with SO, to form particulate sulfite and thus preventing

2
it from reaching the peroxide impingers, and by reacting with the

indicator. If free ammonia is present (as indicated by white
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particulate matter in the probe and the isopropancl bubbler), an
alternative method, subject to the approval of the administrator
of the U.S. Environmental Protection Agency, is required.

The tester has the option of substituting sampling equipment
described in Method 8 for the midget impinger equipment of
Method 6. However, the Method 8 train must be modified to in-
clude a heated filter between the probe and the isopropancl
impinger and must be operated at the flow rates defined in
Method 8. The heated filter will help to eliminate the possibil-
ity of the so,

The tester also has the option of determining the emissions

reacting with the particulate matter.
of s0, simultaneously with particulate matter and moisture deter-
minations by (1) replacing the water in a Method 5 impinger
system with 3% peroxide solution or (2) replacing the Method 5
water impinger system with a Method 8 isopropanol-filter-peroxide

system. The analysis for SO, and the calibration of the metering

system must be consistent wi%h the procedure in Method 8.

The method description that follows is based on the Refer-~
ence Method that was promulgated on August 18, 1977, and ammended
March 23, 1978.

Section 3.5.10 contains a complete copy of the Reference
Method, and Section 3.5.12 provides blank data forms for the
convenience of the Handbook user. References are in Section
3.5.11. Reference 1 was used in preparing the method descrip-
tion. References 2, 3, and 4 are collaborative test studies of
this and other related methods. Data from these test studies
were used in establishing quality control limits using the tech-
niques of Reference 5. References 6 through 12 are included
because of their potential'value to the user. :

The accuracy of Method 6 was checked using three standard
gas mixtures containing 224, .1121, and 2082 mg 802/m3 (14, 70,
and 130 x lO-6 1b soz/scf), respectively. The individual meas-
urements by the participating laboratories were all within 24% of
the true concentration. '
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The accuracy of the analytical phase of Method 6 was checked
using standard sulfuric acid solutions of three concentrations
that were equivalent to sampled concentrations of 281.9, 563.8,
and 845.7 mg SO,/m> (17.6, 35.2, and 52.8 x 107° 1b SO,/scf), and
a blank solution. The individual measurements by all of the
participating laboratories were within 6% of the true concentra-
tion.

The estimated within-laboratory precision (relative standard
deviation) was 4.0%. The between-laboratory precision was 5.8%.
The relative standard deviation is the ratio of the standard
deviation of the measurement to the mean measured value, ex-
pressed as a percentage of this mean value.
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METHOD HIGHLIGHTS

Specifications described in this Method 6 (Section 3.5) are
only for the uses of midget impingers and midget bubblers with
sample rates of about 1 liter per minute (£/min). If the tester
opts to use the standard-sized impingers, the Method 8 descrip-
tion (Section 3.7) should be used as the reference for equipment
calibration, sample setup, leak check, operation, and sample
recovery. The only exceptions are that glass wool may be put in
the U-tube between the isopropanol and peroxide impinger as an
option to the filter, the sampling is to be conducted at a con-
stant rate of about 0.02 scm/min (0.75 scfm) (AH@, orifice pres-
sure differential that gives 0.75 scfm of air at 70°F at
29.92 in. Hg; and the isopropanol need not be analyzed.

The five blank data forms at the end of this section may be
removed from the Handbook and used in the pretest, test, and
the posttest operations. Each form has a subtitle (e. g.,
Method 6, Figure 3.1) for helping the user find a similar filled-
in form in the method description (Section 3.5.3). On the blank
and the filled-in forms, the items/parameters that can cause the
most significant errors are starred.

1. Procurement of Equipment

Section 3.5.1 (Procurement of Apparatus and Supplies) gives
the specifications, criteria, and design features of the equip-
ment and material required to perform Method 6 tests with the
midget impinger train. This section is designed to provide the
tester with a guide for the procurement and initial check of
equipment and supplies. The activity matrix (Table 1.1) at the
end of Section 3.5.1 can be used as a quick reference, and is a
summary of the corresponding written descriptions.

2. Pretest Preparations

Section 3.5.2 (Calibration of Apparatus) provides a step-by-
step description of the recommended calibration procedures. The
accuracy and precision for the equipment calibrations are the



Section No. 3.5
Revision No. 0
Date May 1, 1979
Page 6 of 13

same as those for Methods 5 and 8, with the exception that there
is no calibration requirement for the rotameter. The lower
sampling rate required for the midget impinger train allows the
use of a wet test meter with a capacity of 3 £/min or greater.
The calibration section can be removed along with the corre-
sponding sections for the other methods and used as a separate
quality assurance reference manual by the calibration personnel.
The calibration data are summarized on the pretest sampling
checks form (Figure 2.5, Section 3.5.2).

Section 3.5.3 (Presampling Operations) provides the tester
with a preparation guide for equipment and supplies for the field
test. The preht‘e‘st sampling checks and pretest preparation forms
(Figure 3.1, Section 3.5.3) or appropriate substitutes should be
used as equipment checkout and packing lists. The sample
impingers may be charged in the base laboratory if the testing is
to be performed within 24 h of charging. The recommended method
described for packing the containers should help protect the
equipment.

3. On-Site Measurements

Section 3.5.4 (On-Site Measurements) contains step-by-step
procedures to perform the sampling and sample recovery. A check-
list (Figure 4.4, Section 3.5.4) is provided to assist the tester
with a quick method of checking that the procedures have been
completed satisfactorily. Section 3.5.4 may be taken to the
field for reference but it would not normally be needed by an
experienced crew. The most common problem with the midget
impinger train is that the hydrogen peroxide (Hzoz) solution can
easily be backed up into the isopropanol solution. This causes
the 502 to be removed in the first impinger or in the glass wool.
For this reason, it is important to take precautions in pre-
venting this occurrence, and it is suggested that the isopropanol
and glass-wool plug be saved. The isopropanol can then be
analyzed if any of the S0, .data indicate questionable results.
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4. Posttest Operations
Section 3.5.5 (Postsampling Operations) gives the posttest

equipment check procedures and a step=by-step analytical proce-
dure for determination of S0, concentration. The two posttest
data forms (Figure 5.1, Section 3.5.5) and Figure 5.4, Section
3.5.5) or similar forms should be used and the posttest sampling
checks form should be included in the emission test report to
document the calibration checks. The step-by-step analytical
procedure can be removed and made into a separate quality
assurance analytical reference manual for the laboratory per-
sonnel. Analysis of a control sample is required prior to the
analysis of the field samples. This analysis of an independently
prepared known standard will provide the laboratory with quality
control checks on the accuracy and precision of the analytical
techniques.

Secticn 3.5.6 (Calculations) provides the tester with the
required equations, nomenclature, and significant digits. It is
suggested that a programmed calculator be used, if available, to
reduce the chance of calculation error.

Section 3.5.7 (Maintenance) provides the tester with a guide
for maintenance procedures; these are not required, but should
reduce equipment malfunctions.

5. Auditing Procedure

Section 3.5.8 (Auditing Procedure) provides a description
of activities necessary for conducting performance and system
audits. Thew-performance audit of the analytical phase can be
performed using aqueous ammonium sulfate solution. Performance
audits for the analytical phase and the data processing are
described in Section 3.5.8. A checklist for a systems audit is
also included in this section.

Section 3.5.9 (Recommended Standards for Establishing Trace-
ability) recommends the primary standards for establishing the
traceability of the working standards. The volume measures are
compared to a primary liquid displacement method, and the analy-
sis of the SO, is traceable to primary standard grade potassium

acid pthalate.
- (77
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6. Reference Material
Section 3.5.10 (Reference Method) is the reference method

and thus the basis for the quality assurance method description.
Section 3.5.11 (References) is a listing of the references
that were used in this method description.
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PRETEST SAMPLING CHECKS
(Method 6, Figure 2.5)

Date Calibrated by

Meter box number AH@

Dry Gas Meter*

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

Impinger Thermometer

Was a pretest temperature correction used? yes no

1f yes, temperature correction (within 1t1°C (2°F) of
reference values for calibration and within 12°C (4°F) of
reference values for calibration check).

Dry Gas Meter Thermometer

Was a pretest temperature correction made? yes no

1f yes, temperature correction (within $3°C (5.4°F) of
reference values for calibration and within t6°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

Yes No

Quantity
required

Loaded

Ready and packed

Yes No Yes No

Probe

Type liner
Glass
Stainless
steel
Other
Heated properly
Leak checked on
sampling train

Filter

Glass wool
Other

Glassware

Midget bubbler
Midget impinger
Size
Type

Meter System

Leak~free pumps*
Rate meter*
Dry gas meter*

Reagents
Distilled water
H,0,, 30%

Isopropanol, 100%*
Silica gel

Other

Barometer
Drying tube

* Most significant

items/parameters to be checked.
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ON-SITE MEASUREMENTS
(Method 6, Figure 4.4)

Sampling

Bubbler and impinger contents properly selected, measured,

and placed in impinger?*

5
79

Impinger Contents/Parameters#*

1st: 15 ml of 80% isopropanol

. [.)
2nd: 15 ml of 3Y% H202 .

3rd: 1S5S ml of 3% HZO
Final impinger dry?

2

Probe heat at proper level?

Crushed ice around impingers?

Pretest leak check at 250 mm (10 in.) Hg?

Leakage rate?

Probe placed at proper sampling point?

Flow rate constant at approximately 1.0 £/min?*

Posttest leak check at 250 mm (10 in.) Hg?*

Leakage rate?

Sample Recovery

System purged at least 15 min at test sampling rate?#*

Contents of impingers placéd in polyethylene bottles?

Fluid level_@arked?%

Sample containers sealed and identified?*

é BRI S

Most signifiéaht itéms]bé}éﬁeterérto.be checked.t-: 
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POSTTEST SAMPLING CHECKS
(Method 6, Figure 5.1)

Meter Box Number

Dry Gas Meter

Pretest calibration factor Y =

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

Recalibration reéulred'> §es ‘

If yes, recalibration factor Y = (within +2% of calibra-
tion factor for each calibration run)

Lower calibration factor, Y = for pretest or posttest
calculations

Rotameter

Pretest calibration factor Y_ =

Posttest check Y (6ith1n +10% of pretest factor)

Recalibration reEommended‘> ves no

I1f performed, recalibration factor Y
Was rotameter cleaned? ____ yes no

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 meter thermometer temperature is higher no correction needed

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 within +5. 0 mm
(0.2 in.) Hg) of mercury-in-glass barometer
Was recalibration required? yes no

If field barometer reading ls_lgner+_no_cnrrectlnn is needed
If mercury-in-glass reading is lower, subtract difference from
field data readings for calculations : -

*Most significant items/parameters to be checked.
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POSTTEST OPERATIONS
(Method 6, Figure 5.4)

Reagents

Normality of sulfuric acid standard*

Date purchased 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

Samples diluted to 100 ml?*

Analysis

Volume of aliquot analyzed*
Do replicate titrant volumes agree within 1% or 0.2 ml?
Number and normality of control samples analyzed

Are replicate control samples within 0.2 ml?

Is accuracy of control sample analysis 15%?%
All data recorded? Reviewed by

*
Most significant items/parameters to be checked.
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1.0 PROCUREMENT OF APPARATUS AND SUPPLIES

A schematic diagram of an assembled sulfur dioxide sampling
train with all components identified is shown in Figure 1.1.
Specifications, criteria, and design features are given in this
section to aid in the selection of equipment and to ensure that
the collected data are 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 be used to record the descrip-
tive title of the equipment, the identification number, if appli-
cable, and the results of acceptance checks. An example of a
procurement log is shown in Figure 1.2. A blank form is given in
Section 3.5.12 for the Handbook user. If calibration is required
as part of the acceptance check, the data are recorded in the
calibration 1log book. Table 1.1 at the end of this sectiom
summarizes the quality assurance activities for procurement and
acceptance of apparatus and supplies.

1.1 sSampling
1.1.1 Sampling Probe - The sampling probe should be either a

borosilicate (Pyrex) glass or a type-316 seamless stainless steel
tube of approximately 6-mm inside diameter (ID), emncased in a
stainless steel sheath and equipped with a heating system capable
of preventing water condensation and with a filter (either in-
stack or heated out-stack) to remove particulate matter, includ-
ing sulfuric acid mist. When an in-stack filter is utilized, the
probe should have an expanded diameter (38-40 mm) for the first
4 cm on the in-stack end, and this expanded end should be packed
with glass wool prior to sampling. The probe's opposite end must
have a fitting suitable for attaching it to the midget bubbler.
A probe of approximately 1.2 m (4 ft) total length is usually
sufficient for sampling. However, the probe tip can be no closer
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Figure 1l.1. 802 sampling train.
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than 1 m (3.28 ft) from the inner wall of stacks >2 m in diame-
ter. When stack gas temperatures exceed 480°C (900°F), a probe
fabricated from quartz (Vycon) should be wused. The main
criterion in selecting a probe material is that it be nonreactive
with the gas constituents and therefore not introduce bias into
the analysis.

A new probe should be visually checked for specifications
(i.e., the length and composition ordered). It should be checked
for cracks and breaks, and then leak checked on a sampling train,
as described in Section 3.5.3. The probe heating system should
be checked as follows:

1 Connect the probe (without filter) to the inlet of the
pump .

2. Electricaiiy connect and turn on the probe heater for 2
or 3 min. If functioning properly, it will become warm to the
touch.

3. Start the pump and adjust the needle valve until a flow
rate of about 1.0 £/min is achieved.

4. Check the probe. It should remain warm to the touch.
The heater must be capable of maintaining the exit air
temperatufe at a minimum of 100°C (212°F) under these conditions.
If it cannot, the probe should be rejected. Any probe .not
satisfying the acceptance check should be repaired, if possible,
or returned to the supplier.

1.1.2 Midget Bubbler/Impingers - Each sampling train requires

one midget bubbler (30 ml) of medium coarse glass frit, with
glass wool packed in the top to prevent carryover of sulfuric
acid mist.. A midget impinger may be used in .place of. the midget
bubbler. n

Each sampling train requires three midget impingers (30 ml)
with glass connections between the midget bubbler and the midget
1mp1ngers. (Plastic or rubber tubing is not : permltted :because
these materials absorb and desorb gaseous spec1es ) Silicone
grease may be used to prevent leakage.



) 5

Section No. 3.5.1
Revision No. 0
Date May 1, 1979
Page 5 of 15

Each bubbler/impinger is checked visuvally for damage, such
as breaks or cracks, and for manufacturing flaws, such as poorly
shaped connections.

Other nonspecified collection absorbers and sampling flow

rates may be used, subjeéct to the approval of the administrator,
but collection efficiency must be shown to be at least 99% for
each of three test runs and must be documented in the emission
test report. For efficiency testing, an extra absorber must be
added and analyzed separately and must not contain more than 1%
of the total soz. :
1.1.3 Vacuum Pump - The vacuum pump should be capable of main-
taining a flow rate of approximately 1 to 2 2/min for pump inlet
vacuums up to 250 mm (10 in.) Hg with the pump outlet near
standard pressure that is, *760 mm (29.92 in.) Hg. The pump must
be leak free when running and pulling a vacuum (inlet plugged) of
250 mm (10 -in.) Hg. - Two types of vacuum pumps are commonly
used--either a modified sliding- fiber wvane pump or a diaphragm
pump. - For safety redsons, -the pump should be equipped with a
three-wire electrical ‘¢cord.

To check the pump for leaks, install a vacuum gauge in the
pump inlet line. - Plug the inlet ‘line and run the pump until the
vacuum gauge reads 250 mm- (10-in.) Hg of vacuum, clamp the pump
outlet line and:turn‘off the ‘pump. The vacuum reading should
remain stable for 30 s. - -- &

1.1.4 Volume Meter - The dry gas meter must be capable of

measuring total volume with an ‘accuracy of +2%, calibrated at the
selected flow: rate of ‘1.0 *£/min- and - at the gas temperature
actually encountered during sampling, and must be equipped with a
temperature gauge (dial thermometer, or equivalent) capable of
measuring the ‘gas temperature to within 3°C (5.4°F).

A new dry gas meter may be’checked for damage wvisually and
by:performing a ‘calibration accerding to Section 3.5.2." Any 4ry
gas meter that is “damaged, behaves: erratically, or-does' not give
readings - within © +2% of “the  selected flow rate for each run' is
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unsatisfactory. Also upon receipt the meter should be calibrated
over a varying flow range to see if there is any effect on the
calibration.

Dry gas meters that are equipped with temperature compen-
sation must be calibrated over the entire range of temperature
that the meter encounters. under actual -field conditions. The
calibration must contain at least one data point at each 10°F
interval. All temperatures that are to be used in the field must
be within 12% of the calibrated value. Lo

The wet test meter used to check the dry test meter should
be calibrated using the primary displacement technique explained
in Section 3.5.2. The wet test meter must-have a capacity of at-
least 0,003,m3/min (0.1 fts/min),with an accuracy of *1%; other-
wise at the higher flow rates, ‘the water will not be level amd
possibly will result in an 1ncorrect reading. - _

1.1.5 Rotameter -~ A rotameter, or its equivalent, thh & ramge
of 0 to 2 2/min is used to monitor and control the sampling flow
rate. The rotameter ris checked against.-the calibrated dry . gas._
meter with which it is to be used or against a wet test meter.
The rotameter flow setting of about 1 £/min should be determined.

Changes in pressure, density, and wviscosity of the sample
gas, will .affect -the calibrated sample rate. . However, since
sampling . is . performed at a constant rate, which need not be
isokinetic, these changes do not affect. the .sample volume
measured by the dry gas meter. ;
1.1.6 Needle Valve ~.A metering valve - wlth convenlently sized
fittings is required in the ;sampling train to adjust the sample
flow rate.. It is recommended that.the»needle valve -be.placed on
the vacuum side of the pump. - e - : PR
1.1.7 Drying Tube: - The drying tube should -be packed w1th 6=.%0
l6=mesh. indicating-type silica gel, or equivalent,- to dry the
sample gas and ;protect the meter and pump. A drying tube can: be
made by .filling a  10=-mm polyethylene tube with silica-.gel and.
packing glass wool in each end to.hold the silicia gel and . .

3\
L4y
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protect the sampling system. Plastic tubing can be utilized in
any connections past the collection system without affecting the
sampling results. The drying tube should have a minimum capacity
of 30 to 50 g of silica gel and should be visually checked for
proper size and for damage.

If the silica gel has been used previously, it must be dried
at 175°C (350°F) for 2 h. New silica gel may be used, subject to
approval of the administrator.

1.1.8 Thermometers - A dial thermometer, or its equivalent, is

used to measure the temperature of gas leaving the impinger train
to within $1°C (2°F). Dial type thermometers are easily damaged,
so each new thermometer must be checked visually for damage such
as a dented or bent stem. Each thermometer should read within
$1°C (2°F) of the true value when checked in an ice water bath
and at room temperature against a mercury-in-glass thermometer
that conforms to ASTM E-1 No. 63C or 63F. Damaged thermometers
that cannot be calibrated must be rejected.

1.1.9 Meter System - For ease of use, the metering system--
which contains the dry gas meter, thermometer(s), vacuum pump,

needle valve, and rotameter--can be assembled into one unit
(meter box). After a meter box has been either constructed or
purchased, then positive and negative pressure leak checks should
be performed. The positive pressure leak check, similar to the
procedure described in Method 5 (Section 3.4), is performed as
follows:

1~ Attach.rubber tubing and inclined manometer, as shown
in Figure 1.3.

2. Shut off the needle valve and insert positive pressure
in the system by blowing into the rubber tubing until the in-
clined manometer or magnehelic gauge reads from 12.5 to 17.5 cm
(5 to 7 in.) H,0.

3. Pinch off the tube and observe the manometer for 1 min.
A loss of pressure indicates a leak of the apparatus in the meter
box.

e A m b
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Figure 1.3. Meter box leak check.
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After the meter box apparatus has passed the positive leak
check, then the negative leak check should be performed as fol-
lows:

: Attach the vacuum gauge at the inlet to the drying
tube, and pull a 250 mm Hg (10 in.) vacuum.

2. Pinch or clamp the outlet of the flow meter. This can
be accomplished by closing the optional shutoff valve if em-
ployed.

3w Turn off the pump. Any deflection noted in the vacuum

reading within 30 s indicates a leak.

4. Caréfully release the vacuum gauge before releasing the
flow meter end.

If either of these checks detects a leak that cannot be cor-
rected, the meter box must be rejected and/or returned to the
manufacturer. ‘

The dry gas meter must be equipped with a temperature gauge
(dial thermometer or equivalent). Each thermometer is checked
visually for damage, such as dented or bent face or stem. Each
thermometer should read within 13°C (5.4°F) of the true value
when checked at two different ambient temperatures against a
mercury-in-glass thermometer that conforms to ASTM E-~1 No. 63C or
63F. The two ambient temperatures used to calibrate the ther-~
mometer must differ by a minimum of 10°C (18°F). Damaged ther-
mometers that cannot be calibrated are to be rejected.’

1.1.10 Barometer - A mercury, aneroid, or other barometer
capable of measuring atmospheric pressure to within 2.5 mm (0.1
in.) Hg may be used. However, in many cases, the barometric
reading can be obtained from a nearby National Weather Service
Station, in ‘which case the station value (which is the absolute
barometric pressure) is requested. The tester should be aware
that the pressure is normally corrected to sea level. The
station value is the uncorrected reading. -An adjustment for
differences’ 'in elevations of the weather station -and sampling
point is applied at a rate of =-2.5 mm Hg/30 m (-0.1 in. Hg/100
ft) of elevation increase, or vice versa for elevation decrease.

(i
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Accuracy can be ensured by checking the field barometer
against a mercury-in-glass barometer or its equivalent. If the
field barometer cannot be adjusted to agree with the mercury-
in-glass barometer, it is not acceptable.

1.1.11 Vacuum Gauge - At least one 760-mm (29.92-in.) Hg gauge
is necessary to leak check the sampling train. An acceptable

vacuum gauge, when checked in a parallel leakless system with a
mercury U-tube manometer at 250-mm (10-in.) Hg vacuum, will agree
within 25 mm (1.0 in.) Hg.

1.2 Sample Recovery Apparatus

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

bottles are needed for quantitative recovery of collected
samples.

1.2.2 Storage Bottles - One 1l00-ml polyethylene bottle is re-
quired to store each <collected sample. An additional
polyethylene bottle is necessary to retain a blank for each
absorbing solution used in testing. Wash and storage bottles

should be visually checked for damage. In addition, check each
storage bottle seal to prevent sample leakage during transport.
1.3 Analysis Glassware

1.3.1 Pipettes - Several volumetric pipettes (Class A),
including 5-, 1l0~, 20-, and 25-ml sizes, are required for the
analysis.

1.3.2 Volumetric Flasks - Volumetric flasks (Class A) are re-
quired in 50-, 100-, and 1000-ml sizes. _

1.2:53 Burettes - A 50-ml standard burette ((‘:llass"- A) 1is re-
quired for all titrations.

1.3.4 Erlenmeyer Flasks - One 250-ml Erlenmeyer flask is re-

quired 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 (Class A) graduated

cylinder is needed in the preparation of the thorin indicator and
the sample.
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All glassware must be checked for cracks, breaks, ané dis- 1
cernible manufacturing flaws.
1.4 Reagents

Unless otherwise indicated, it is intended that all reagents
conform to the specifications established by the Committee on
Analytical Reagents of the American Chemical Society (ACS), where
such specifications are available; otherwise the best available
grade is to be used.
l1.4.1 sampling -

Water - Use deionized distilled water to conform to ASTM
specification D1193-74, Type 3. At the option of the analyst,
the KMnO4 test for oxidizable organic matter may be omitted when
high concentrations of organic matter are not expected to be
present.

Isopropanol, 80% - Mix 80 ml of reagent grade or certified
ACS isopropanol (100%) with 20 ml of deionized distilled water.
Check each lot of isopropanol for peroxide impurities as follows:

1. Shake 10 ml of isopropanol with 10 ml of freshly pre-

pared 10% potassium iodide (KI) solution.

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

S After 1 min, read the absorbance of the alcohol sample
against the HZO blank at 352 nm on a spectrophotometer. 1If
absorbance exceeds 0.1, reject the alcohol for use. Peroxides
may be removed from isopropanol by redistilling or by passing
through a column of activated alumina. After peroxides are re-
moved, 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. There-
fore, rejection of contaminated lots may be a more efficient
procedure.

Hydrogen Peroxide, 3% - Dilute 30% reagent grade or certi-
fied ACS hydrogen peroxide 1:9 (v/v) with deionized distilled
water. Prepare fresh daily. The 30% hydrogen peroxide should be

stored according to manufacturer's directions.

¢
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Potassium Iodide Solution, 10% -~ Dissolve 10.0 g of reagent

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

1.4.2 Sample Recovery -The following are required for sample

recovery:

Water -~ Use deionized distilled water, as 1in Subsec-
tion 1.4.1.

Isopropanol, 80% - Mix 80 ml of reagent grade or certified

ACS isopropanol with 20 ml of deionized distilled water.
1.4.3 Analysis -The following are required for sample analysis:
Water -~ Use deionized distilled water, as 1in Subsec-
tion 1.4.1.
Isopropanol, 100% - Use reagent grade or certified ACS
isopropanol.

Thorin Indicator - Use reagent grade or certified ACS

1-(o-arsonophenylazo)-2-naphthol-3, 6-disulfonic acid, disodium
salt. Dissolve 0.20 g in 100 ml of deionized distilled water.
Barium Perchlorate Solution, 0.0l100N - Dissolve 1.95 g of

reagent grade or certified. ACS barium perchlorate trihydrate
(Ba(clo4)2 . 3H20) in 200 ml of distilled water and dilute to 1 £
with 100% isopropanol. Alternatively, use 1.22 g of (Ba012 .
2H20) instead of the perchlorate. Standardize, as .in
Section 3.5.5. -

Sulfuric Acid Standard, 0.0l100N - Either purchase the man-
ufacturer's certified or standardize the 32504 at O0.0100N
+0.0002N against 0.0100N reagent grade or certified ACS NaOH that
has 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.i

(b
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ACTIVITY MATRIX FOR PROCUREMENT OF APPARATUS AND

SUPPLIES

Apparatus and
supplies

Acceptance limits

Frequency and method
of measurement

Action if
requirements
are not met

Sampling

Sampling pfobe
with heating
system

Capable of maintaining
100°C (212°F) exit air
at flow rate of

1.0 £/min

Visually check and
run heating system
checkout

Repair or
return to
supplier

Midget bubbler/

Standard stock glass

Visually check upon

Return to mapu-

impinger receipt for breaks facturer
or leaks
Vacuum pump Capable of maintaining | Check upon receipt As above

flow rate of 1 to 2
£/min; leak free
at 250 mm (10 in.) Hg

for leaks and capac-
ity

Dry ng meter

Capable of measuring

total volume within +2%
at a flow rate of
1 £/min

Check for damage upon
receipt and calibrate
(Sec. 3.5.2) against

wet test meter

Reject if damaged,
behaves erratical-
ly, or cammeot be

properly adjusted

Wet test meter

Capable of measuring
total volume within %1%
at a flow rate of

1 2/min

Upon assembly, leak
check all conmnections
and check calibration
by liquid displace-
ment

As above

Rotameter

Within +5% of manufac-
turer's calibration
curve (recommended)

S T

Check upon receipt .
for damage and cali-
brate (Sec. 3.5.2)
against wet test
meter

Recalibrate and
construct a pew
calibration
curve

Drying tube

Minimum capacity of
30 to 50 g of silica
gel :

Visually check upon
receipt for damage
and proper size-

Return to
supplier

Thermometers

(continued)

Within +1°C (2°F) of
true value in the
range of 0°C.to.25°C

1 (32° to 77°F) . for

impinger and +3°C .
(5.4°F) for dry gas
meter thermometer

Check upon receipt
for damage (i.e.,
dents and bent stem),
and calibrate

(Sec. 3.5.2) against
mercury-~in-glass. |
thermometer

Return to
supplier if
-unable to
calibrate
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Table 1.1 (continued)

Apparatus and

Frequency and method

Action if
requirements

supplies Acceptance limits of measurement are not met
Samplin
= Tantd)
Barometer Capable of measuring Check against mer- Determine cor-

atmospheric pressure
to within +2.5 mm
(0.1 in.) Hg calibrate

cury-in-glass barome-
ter or equivalent
(Sec. 3.5.2)

rection factor,
or reject if
difference is
more than *¥2.5

Vacuum gauge

0 to 760 mm (0 to
29.92 in.) Hg range,
+2.5 mm (0.1 in.) Hg
accuracy at 250 mm
(10 in.) Hg

Check against U-tube
mercury manometer
upon receipt

Adjust or re-
turn to sup-
plier

Sample Recovery

Wash bottles

Polyethylene or glass,
500 ml

Visually check for
damage upon receipt

Replace or re-
turn to sup-
plier

Storage Polyethylene, 100 ml Visually check for As above
bottles damage upon receipt,
and be sure that caps
seal properly
Analysis Glass-
ware
Pipettes, volu- | Glass, Class A Upon receipt, check As above
metric flasks, for stock number,
burettes, and cracks, breaks, and
graduated manufacturer flaws
cylinder
Reagents
Distilled Must conform to ASTM- Check each lot or As above
water D1193-74, Type 3 specify type when
ordering
Isopropanol 100% isopropanol, re- Upon receipt, check Redistill or

(continued)

agent grade or certi-
fied ACS with no
peroxide impurities

each lot for perox-
ide impurities with
a spectrophotometer

pass through
alumina column ,
or replace
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Table 1.1 (continued)

Action if
Apparatus and Frequency and method requirements
supplies Acceptance limits of measurement are not met
Hydrogen 30% H,0,, reagent grade |Upon receipt, check Replace or re-
peroxide or certified ACS label for grade or turn to manu-
certification facturer
Potassium Potassium iodide, re- As above As above
iodide solu- | agent grade or certified
tion ACS
Thorin indica~ | 1-(o-arsonophenylazo)- |As above As above
tor 2-pnaphthol-3,6-disul-~
fonic acid disodium
salt, ‘'reagent grade or
certified ACS
Barium per- Barium perchlorate tri- |As above As above
chlorate hydrate (Ba(C104)2.
solution 3H20), reagent grade
or certified ACS
Sulfuric acid Sulfuric acid, 0.0100N |Have certified by As above

solution

m

%0.0002N

manufacturer or
standardize against
0.0100N NaOH that
has been standard-
ized against potas-
sium acid phthalate
(primary standard
grade)
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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 calibration
procedures included in this section were designed for the equip-
ment specified by Method 6 and described in the previous section.
If the tester opts to use Method 5 or Method 8 sampling appa-
ratus, then the calibration procedures governing that equipment
will apply and must be used. Table 2.1 at the end of this sec-
tion summarizes the quality assurance functions for calibration.
All calibrations should be recorded on standardized forxms and
retained in a calibration log book.
2.1 Metering System
2.1.1 Wet Test Meter - The wet test meter must be calibrated and
have the proper capacity. For Method 6, the wet test meter
should have a capacity of at least 3 2/min. No upper limit is

placed on the capacity; however, a wet test meter dial should
make at least one complete revolution at the specified flow rate
for each of the three independent calibrations.

Wet test meters are calibrated by the manufacturer to an
accuracy of +0.5%.  Calibration of the wet test meter must be
checked initially upon receipt and yearly thereafter.

The following liquid positive displacement techmigue can be
used to verify and adjust, if necessary, the accuracy of the wet
test meter to +1%: ;

1; Level the wet test meter by adjusting the legs until
the bubble on the level located on the top of the meter is cen-
tered.

2. Adjust the water volume in the meter so that the
pointer in the water level gauge just touches the meniscus.

) 3 4 Adjust the water manometer to zero by moving the scale
or by adding water to the manometer. ; £OBEESE S

S
(74
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4. Set up the apparatus and calibration system as shown in
Figure 2.1.

a. Fill the rigid-wall 5-gal jug with distilled water
to below the air inlet tube. Put water in the
impinger or saturator and allow both to equili-
brate to room temperature (about 24 h) before use.

b. Start water siphoning through the system and
collect the water in a l-gal container, located in
place of the volumetric flask.

5. Check operation of the meter as follows:

a. If the manometer reading is <10 mm (0.4 in.) H,O,
the meter is in proper working condition. CO&n-
tinue to step 6.

b. If the manometer reading is >10 mm (0.4 in.) H,O,
the wet test meter is defective or the saturator
has too much pressure drop. If the wet test meter
is defective, return to the manufacturer for
repair if the defect(s) (e.g., bad connections or
joints) cannot be found and corrected.

6. Continue the operation until the 1l-gal container 1is
almost full. Plug the inlet to the saturator. If no leak
exists, the flow of liquid to the gallon container should stop.
If the flow continues, correct for leaks. Turn the siphon system
off by closing the valve, and unplug the inlet to the saturator.

7. Read the initial volume (Vi) from the wet test meter
dial, and record on the wet test meter calibration log, Figure
2172

8. Place a clean, dry volumetric flask (Class A) under the
siphon tube, open the pinch clamp, and fill the volumetric flask
to the mark. The volumetric flask must be large enough to allow
at least one complete revolution of the wet test meter with not
more than two fillings of the volumetric flask.

9. Start the flow of water and record the maximum wet test
meter manometer reading during the test after a constant flow of
liquid is obtained.

10. Carefully fill the volumetric flask, and shut off the
liquid flow at the 2-2 mark. Record the final volume on the wet
test meter.
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AIR INLET
TUBE
AIR INLET MANOMETER
THERMOMETER TP
LEVEL
WATER IN
2000-M. LINE
WATER TYPE-A
T
ermicer T LEVEL VOLUMETRIC
CATUSATOR WET TEST METER 2 e
WATER OUTN e
) LEVEL ADJUST /\"'/\

Figure 2.1; Calibration check apparatus for

wet test meter.



Wet test meter serial number

43 =346

Range of wet test meter flow rate Q@ -/390 L@ga

Volume of test flask VS = 2.00 g

Satisfactory leak check?
Ambient temperature of equilibrate liquid in wet test meter and reservoir _7¢% '5

Date 1/37 /'77

Manometey Final Initial Total b Flask Percent
Test reading, volume (Vf), volume (Vi), volume (Vm) . volume (Vs), error,
number mm HZO L 2 2 2 %
. -1 1. 99 /.99 .00 0.5
2 S 2.00 . .00 2.00 o
< 5 .00 - 0 Q.00 a.00 )
a
Must be less than 10 mm (0.4 in.) HZO'
Calculations:
b
V =V, = V..
m i 55 5
€ 35
% error = 100 (V_ = V_)/V_ = (+1%). n
_ m s s —— e N
. . " 0
4d¢m7 &gﬂcg Signature of calibration person '9“'3 =
; - 2
s 0
(8] .
H
Figure 2.2. Wet test meter calibration log. 5
O

*ON UOT309S

c°s’°¢e
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T - Steps 7 through 10 must be performed three times.

Since the water temperature in the wet test meter and res-
ervoir has been equilibrated tc the ambient temperature and
since the pressure in the wet test meter will equilibrate with
the water reservoir after the water flow is shut off, the air
volume can be compared directly with the 1liquid displacemeant
volume. Any temperature or pressure difference would be 1less
than measurement error and would nct affect the final calcu-
lations. _

The error should not exceed +1%; should this error magnitude
be exceeded, check all connections within the test apparatus for
leaks, and gravimetricaily check the volume of the standard
flask. Repeat the calibration procedure, and if the tolerance
level is not met, adjust the liquid level within the meter (see
the manufacturer's manual) until the specifications are met.
2.1.2 sample Meter System - The sample meter system--consisting

of the drying tube, needle wvalve, pump, rotameter, and dry gas
meter=-is 1initially calibrated by stringent laboratory methods
before it is used in the field. The calibration is then re-
checked after each field test series. This recheck requires less
effort than the initial calibration. Wwhen a recheck indicates
that the calibration factor has changed, the tester must again
perform the complete laboratory procedure to. obtain the new
calibration factor. After the meter is recalibrated, the metexred
sample volume is multiplied by the calibration factor {(initial or
recalibrated) that yields the lower gas volume for each test rum.

Initial Calibration - Thev.—.metx&ring system  should be cali-~
brated when first purchased and at any time the posttest check

yields a calibration factor that does not agree within 5% of the
pretest calibration factor. A calibrated wet test meter (prop-
erly sized, with +1% accuracy)-should be used to calibrate the
metering system.

The metering system should be calibrated in the following

manner before its initial use in the field.

N’
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1. Leak check the metering system (drying tube, needle
valve, pump, rotameter, and dry gas meter) as follows:
a. Temporagily attach a suitable rotameter (e.g.,

0-40 cm™/min) to the outlet of the dry gas meter,

and place a vacuum gauge at the inlet to the
drying tube.

b. Plug the drying tube inlet. Pull a vacuum of at
' least 250 mm (10 in.) Hg.

c. Note the flow rate as indicated by the rotameter.

d. A leak of <0.02 £2/min must be recorded or 1leaks
must be eliminated.

e. Carefully release the vacuum gauge before turning
off pump.

23 Assemble the apparatus, as shown in Figure 2.3, with
the wet test meter replacing the drying tube and impingers; that
is, connect the outlet of the wet test meter to the inlet side
of the needle valve and the inlet side of the wet test meter to
a saturator which is open to the atmosphere. Note: Do not use
a drying tube.

5 Run the pump for 15 min with the flow rate set at
1l 2/min to allow the pump to warm up and to permit the interior
surface of the wet test meter to become wet.

4. Collect the information required in the forms provided,
Figure 2.4A (English units) or 2.4B (metric units), using sample
volumes equivalent to at least five revolutions of the dry test
meter. Three independent runs must be made.

5% Calculate Yi for each of the three runs using Equation
2-1. Record the values in the form (Figure 2.4A or 2.4B).

D
m
Vu [Pm+ 13.6] (td * 460} Equation 2~1
Vd Pm (tw + 460)

Y, =



MANOMETER

THERMOMETER

RATE METER

NEEDLE VALVE -

DRY
GAS METER

Figure 2.3. Sample meter system calibration setup.

IMPINGER
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Date ’/35' /7'3 Calibrated by - 3.Jones Meter box number I3 =\
Barometer pressure, Pm = aq.:“ in. Hg Wet test meter number O ~ R
Meter temperature correction factor v/g °F
Wet test Rota- | Wet test Dry test meter | Wet test Dry test meter
meter meter | meter gas gas volume meter Inlet Outlet Average | Time |Average
pressure gsetting | volume (Vd),b ft3 gas temp gas temp | gas temp | gas temp |of run| ratio
b
drop (D R \ d f
P ‘m)’T R, | WD ¢t ), t, ) | 0] 2,%] @, @, ),
w di do d 1 r,
in. H,0 e /min £e3 Initial | Final p O °F °F min
0.25 0.085 | 1.05% 195. 613]796.0R] 12 20 a3 79 30 | 1.0¢5 | 1,022
0.5 0.035 | [.059 128.961[730.01 13 22 20 21 30 |1.009 | 1025
0.25 0.035 1| 1,06 752,098 | 13- 34 B0 B2 30 [1.018 11.030
8 Dm expressed as negative number.
b

(=" o]

Volume passing through meter.
and t

if
di d
The time it takes to compiete

The average of t
the calibration run.

With Y defined as the average ratio of volumes for the wet test and the dry test meters, Y
calibration and Yi = Y +0.05 Y for the posttest checks, thus,

()
¥, (e + 460°F) [Pm + (Dm/13.6)] Y, +Y

1

+Y
Y 1 3

i

(EQ. 1) and Y = (Eq. 2)

2
v, (t, + 460%F) p . L0,
w m
With Yr defined as the average ratio of volumetric measurements by wet test meter to rotameter,
tolerance Yr = 1 +0.05 for calibration and Y +0.1 for posttest checks.
0

v, (ty + 460°F) [Pm + (D /13.6) 60] Y, +Y, +Y
3

3

Y

r (Eq. 4)

(Eq. 3) and Y_=
{ r

1.036 .

O (t. + 460°F) P_ 0.035
w m

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

Dry gas volume is minimum for at least five revolutions of the meter.

using two thermometers; the actual reading if using one thermometer.

= Y +0.02 Y for

GT Fo § °beq
6L6T ‘T AeW o3=d
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@ O

Date ’zeli Zzg_ Calibrated by . 3. SOne_§ Meter box number I F - |

Barometer .pressure, Pm = 3 4YR mm Hg Wet test meter aumber 1o)- A

Meter tempersture correction factor _ A /4 °c

== ——— ———— — ———

Wet test Rota- | Wet test Dry test meter | Wet test test meter

meter meter | meter gas gas volume meter Inlet Outlet Average} Time
pressure setting | volume (Vd),b L gas temp gas temp | gas temp | gas temp|of run
1 a b
Arop. (Dg)a:q (Rads 1 e t), € ) | (g0, (£p,°] @,° ® | ).t
i o 1

mm H,0 - £/min [} Initial | Final ° ° °c 2 min
C. Y 1.0 -129.952 lmg tay HaSelsl 22 27 26 | 2.5 | 20 [.02
6.4 .0 129.98Y Hy¢-362 {/70.32) &6 2 27 27.% 30 1.02
6.4 i.0 0. 643 IR 609 1300.6%41 29 29 a9 2R 30 1.03

Dm expressed as negative number.

Volume pgssing through meter. Dry gas volume is minimum for at least five revolutions of the meter.

€ The average of t

4 The time it takeaito comp?ete the calibration rum.
w:lth Y defined as the average ratio of volumes for the wet test and the dry test meters, ¥ 1
for calibration and Yi =Y +0.05 Y for the posttest checks, thus,
v (t + 273°F) BG1+ (Dm/13,6ﬂ o Y Y, + Y, )
Y : - - (Eq. 1) and Y = - - (Eq. 2
17 v, (¢, + 273°F) p_ 2 L0l

f with Y defined as the average ratio of wvolumetric measurements by wat test meter to rotameter,

tolerafice Yr = 1 +0.05 for calibration and Y +0.1 for posttest checks.

1 v, (t, + 273°F) I +(n/136)6§ Y 41, 4, .
it g (Eq- 3) and Y = = Eq.
Tt (t, + 273°F) B_ (0.035) 3 1.026.

)

&

d" and t if using two thermometers; the actual reading if using one thermometer.

Figure 2.4B. Dry gas meter calibration data form (metric units).

=Y 0,02 Y
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where

Yi = ratio for each run of volumes measu;ed by the wet
test meter and the dry gas meter, dimensionless
calibration factor,

Vw = volume measured by wet test meter, m3 (ft3),

Pm = barometric pressure at the meters, mm (in.) Hg,

Dm = pressure drop across the wet test meter, mm (in.) HZO’

td = average temperature of dry gas meter, °C (°F),

Vd = volume measured by the dry gas meter, m3 (ft3), and

ot
{

oy temperature of wet test meter, °C (°F),

6. Adjust and recalibrate or reject the dry gas meter if
one or more values of Yi‘fall outside the interval Y +0.02Y,
where Y is the average for three runs. Otherwise, the Y (cali-
bration factor) is acceptable and will be used for future checks
and subsequent test runs. ' The completed form should be forwarded
to the supervisor for approval, and then filed in the calibration
log book.

An alternative method of calibrating the metering system
consists of substituting a dry gas meter, which has been properly
prepared as a calibration standard, in place of the wet test
meter. This procedure should be used only after obtaining ap-
proval of the administrator.

Posttest Calibration Check - After each field test series,
conduct a calibration check as in Subsection 2.1.2 with the

following exceptions:

1. The leak check is not éonducted because a leak may have
been corrected that was present during testing.

2 . Three or more revolutions of the dry gas meter may be
used.

3. Only two independent runs need be made.

4. If a temperature-compensating dry gas meter was used,

the calibration temperature for the dry gas meter must be within
t6°C (10.8°F) of the average meter temperature observed during
the field test series.
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When a lower meter calibration factor is obtained as a
result of an uncorrected leak, the tester should correct the leak
and then determine the calibration factor for the leakless
system. If the new calibration factor changes the compliance
status of the facility in comparison to the lower factor, either
include this information in the report or consult with the admin-
istrator for reporting procedures. If the calibration factor
does not deviate 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. If the calibra-
tion factor does deviate by >5%, recalibrate the metering system
as in Subsection 2.1.2, and for the calculations, use' the cali-
bration factor (initial or recalibration) that yields the lower
gas volume for each test run.

2.2 Thermometers

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

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

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

3. The dial type or equivalent thermometer is acceptable
if wvalues agree within 11°C (2°F) at both points. If the
difference is greater than 11°C (2°F),-eiﬁher adjust or recali-
brate the thermometer until the above criteria are met, or reject
it , _

4. Prior to each field trip, compare the temperature
reading of the mercury-in-glass thermometer with that of the
meter thermometer at room temperature. If the values are not
within +2°C (4°F) of each other, replace or recalibrate the meter
thermometer.

o
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The thermometer(s) on the dry gas meter inlet used to
measure the metered sample gas temperature should be initially
compared with a mercury-in-glass thermometer that meets ASTM E-1
No. 63C or 63F specifications:

1. Place the dial type or an equivalent thermometer and
the mercury-in-glass thermometer in a hot water bath, 40° to 50°C
(104° to 122°F). Compare the readings after the bath stabilizes.

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

3 The dial type or equivalent thermometer is acceptable
if values agree within 3°C (5.4°F) at both points (steps 1 and 2
above) or if the temperature differentials at both points are
within 1t3°C (5.4°F) and the temperature differential is taped to
the thermometer and recorded on the meter calibration form
(Figure 2.4A or 2.4B).

4. Prior to each field trip, compare the temperature
reading of the mercury-in-glass thermometer at room temperature
with that of the thermometer that is part of the meter system.
If the values or the corrected values are not within 6°C
(10.8°F) of each other, replace or recalibrate the meter ther-
mometer. '
2.3 Rotameter

The Reference Method does not require that the tester cali-
brate the rotameter. The rotameter should be cleaned and main-
tained according to the manufacturer's instructions. For this
reason, it 1is recommended that the calibration curve and/or
rotameter markings be checked upon: receipt and then routinely
checked with the posttest meter system check. The rotameter may
be calibrated as follows:

1. Ensure that the rotameter has been cleaned as specified
by the manufacturer, and is not damaged. _

2. Use the manufacturer's calibration curve and/of
markings on the ‘rotameter for the initial calibration. Ccalibrate
the rotameter as described in the meter system calibration of

2
/1
/o
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Subsection 2.1.2, and record the data on the calibration ferm
(Figure 2.4A or 2.4B).

S Use the rotameter for testing if the pretest calculated
calibration 1is within 1.0 +0.05 &/min. If, however, the cali-
bration point is not within +5%, determine a new flow rate set-
ting, and recalibrate the system until the proper setting is
determined.

4. Check the rotameter calibration with each posttest
meter system check. If the rotameter check is within +10¥ of the
l-¢/min setting, the rotameter can be acceptable with propex
maintenance. If, however, the check is not within +10% of the
flow setting, disassemble and clean the rotameter and perform a
full recalibration.

2.4 Barometer

The field barometer should be adjusted initially and before
each test series to agree within +2.5 mm (0.1 in.) Hg with a
mercury-~in-glass barometer or with the pressure value reported
from a nearby National Weather Service Station and corrected for
elevation. The tester should be aware that the pressure i:eadings
are normally corrected to sea level. The uncorrected readings
should be obtained. The correction for the elevation differenc=
between the weather station and the sampling point should be
applied at a rate of -2.5 mm Hg/30m (-0.1 in. Eg/100 ft)
elevation increase, or vice versa for elevation decrease.

The calibration checks should be recorded on the pretest
sampling form (Figure 2.5).

5
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Date ‘9! 151‘78 Calibrated by @»)G D

Meter box number Fﬂ(" AHG / "'ii

Dry Gas Meter*

Pretest calibration factor = _0. que (within 12 of average
factor for each qalibration run)..

Impinger Thermometer

Was a pretest temperature correction used? yes " no

I1f yves, temperature correction (within %£1°C (2°F) of
reference values for calibration and within $2°C (4°F) of
reference values for calibration check).

Dry Gas- Meter Thermometer

Was a pretest temperature correction made? yes v/ no

1f yes, temperature correction (within $3°C (5.4°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? I/ yes no

—

(within 2.5 mm (0.1 in) Hg of mercury-in-glass barometer)

* p . ] . .
Most significant items/parameters to be checked.

Figure 2.5. Pretest sampling checks.
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ACTIVITY MATRIX FOR CALIBRATION OF EQUIPMENT

Apparatus

Acceptance limits

Frequency and method
of measurement

Action if
requirements
are not met

Wet test meter

Capacity of at least 2
£/min and an accuracy
within +1.0%

Calibrate initially
and then yearly

by liquid displace-
ment

Adjust until
specifications
are met, or re-
turn to manu-
facturer

Dry gas meter

Y. = Y+0.02Y at a
fiow rate of about
1 £/min

Calibrate vs. wet
test meter initially
and when the posttest
check is not within
Y+0.05

Repair and then
recalibrate, or
replace

Impinger ther-

mometer

Within %1°C (2°F)
of true value

Calibrate each ini-
tizlly as a separate

Adjust, deter-
mine a constant

component against a correction
mercury-in-glass factor, or
thermometer; after reject
train is assembled

before each field

test, compare with
mercury-in-glass

thermometer

Dry gas meter Within +3°C (5.4°F) As above As above

thermometer of true value

Rotameter Clean and maintain ac- Initially and after Adjust and
cording to manufactur- each field trip recalibrate,
er's instructions or reject
(required); calibrate
to +5% (recommended)

Barometer Within +2.5 om’ Calibrate initially Adjust to
(0.1 in.) Hg of mer- using a mercury-in- agree with
cury-in-glass glass barometer; certified.
barometer or of weather | check before and barometer
station value after each field test

9 / 3 ’
.
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3.0 PRESAMPLING OPERATIONS

The quality assurance activities for presampling preparation
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 report form,
and packing list.

3.1.1 sampling Train - The schematic of the 802 train is given
in Figure 1.1. Comercial models of this system are available.

Each individual or fabricated train must be in compliance with
the specifications in the Reference Method, Section 3.5.10.

o S Probe - The probe should be cleaned intermally by
brusbing first with tap water, then with deionized distilled
water, and finally with acetone. Allow probe to dry in the aix.
In extreme cases, the glass or stainless steel liner can be
cleaned with stronger reagents; the objective is to leave the
liner free from contaminants. The probe's heating system should
be checked to see that it is operating properly. The probe must
be leak free when sealed at the inlet or tip and checked for
leaks at a vacuum of 250 mm (10 in.) Hg with the meter box. Any
leaks should be corrected. The liner should be sealed inside the
metal sheath to prevent diluent air from entering the source
since most stacks are under negative pressure. _

3.1.3 _Midget Bubbler, Midget Impingers, and Glass Connectors -
All glassware should be cleaned with detergent and tap waterx,
and then with deionized distilled water. Any items that do not
pass a visual inspection for cracks or breakage must be repaired
or discarded.

ey
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Apparatus check

Acceptable

Yes No

Quantity
required

Ready

Loaded
and packed

Yes No

Yes No

Probe

Type liner
Glass \/
Stainless

steel
Other

Heated properly

Leak checked on
sampling trai

v’

N

n | v

3

v

Filter

Glass wool
Other

Glassware

Midget bubbler

Midget impinger
Size

Type f%éﬁgﬁg__

LR

% N

Meter System

Leak~free pumps
Rate meter*
Dry gas meter*

*

i

NANEN

Reagents -

Distilled water

H202, 30%

Isopropanol, 10
Silica gel

0%*

Other

Barometer
Drying tube

<< NUSY R

IR €

v’

NSNS s

* Most significant items/parameters to be checked.

Figure 3.1.

Pretest preparations.
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3.1.4 Drying Tubes - Drying tubes should be packed with 6-to
l6-mesh silica gel and sealed at both ends.
3.1.5 Valve and Rotameter - Prior to each field trip or at any

sign of erratic behavior, the flow control valve and rotameter
should be cleaned according to the maintenance procedure recom-
mended by the manufacturer.

3.1.6 Pump ~ The vacuum pump and oiler should be serviced as
recommended by the manufacturer, every 3 mo, or every 1lOth test
(whichever comes first), or upon erratic behavior (nonuniform or
insufficient pumping action).

3.1.7 Dry Gas Meter - A dry gas meter calibration check should

be made in accordance with the procedure in Section 3.5.2. An
acceptable posttest check from the previous test is sufficient.
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 with a National Weather Service
Station reading prior to each field trip.

3.2 Reagents and Equipment

3.2.1 Sampling - The midget bubbler solution is prepared by
mixing 80 ml of reagent grade or certified ACS isopropanol (100%)
with 20 ml of deionized distilled water. The midget impinger
absorbing reagent (3% hydrogen peroxide) is prepared by diluting
100 ml of 30% hydrogen peroxide to 1 2 with deionized distilled
water. All reagents must be prepared fresh for each test series,
using ACS reagent grade.éhemicals. Solutions containing isopro-
panol must be kept in sealed containers to prevent evaporation.
3.2.2 sample Recovery - Deionized distilled water is required on

site for quantitative transfer of impinger solutions to storage
containers. This water and reagent grade isopropanol are used to
clean the midget bubbler after testing and prior to taking
another sample. i
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3.3 Packaging Equipment for Shipment
Equipment should be packed in rigid containers to protect it

against rough handling during shipping and field operations (not
mandatory).
3.3.1 Probe - The inlet and outlet of the probe must be sealed
and protected from breakage. A suggested container is a wooden
case lined with polyethylene foam or other suitable packing
material; the case should have separate compartments for indi-
vidual devices. The case should be equipped with handles or eye
hooks that can withstand hoisting, and should be rigid to prevent
bending or twisting during shipping and handling.
3.3.2 Midget Bubblers, Impingers, Connectors, and Assorted
Glassware - All bubblers, impingers, and glassware should

be packed in a rigid container and protected by polyethylene foam
or other suitable packing material. Individual compartments for
glassware help to organize and protect each item. The impinger
train may be charged and assembled in the laboratory if sampling
is to be performed within 24 h.

3.3.3 Drying Tubes and Volumetric Glassware - A rigid container
lined with polyethylene foam material protects drying tubes and

assorted volumetric glassware.

3.3.4 Meter Box - The meter box--which contains the valve,
rotameter, vacuum pump, dry gas meter, and thermometers--should
be packed in a rigid shipping container unless its housing is
strong enough to protect components during travel. Additional
pump oil should be packed if oil is required for operation. It
is advisable to ship a spare meter box in case of equipment
failure. '

3.3.5 wash Bottles and Storage Containers - Storage containers
and miscellaneous glassware may be safely transported, if packed

in a rigid foam-lined container. Samples being transported in
the containers should be protected from extremely high ambient
temperatures (>50°C or about 120°F).

//'
 C7‘)(
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Table 3.1 ACTIVITY MATRIX FOR PRESAMPLING OPERATIONS

Operation

Acceptance limits

Frequency and method
of measurement

Action if
requirements
are not met

Aggaratus
Probe

1. Probe liner free of
contaminants

2. Probe leak free
at 250 mm (10 in.) Hg

3. No moisture con-
densation

1. Clean probe in-

ternally by brushing
with tap water, then
deionized distilled

water, then acetone;
allow to dry in air

before test

2. Visual check be-
fore test

3. Check out heating
system initially and
when moisture appears
during testing

1. Retrace
cleaning pro-
cedure and
assembly

2. Replace

3. Repair or
replace

Midget bubbler,
midget impin-
ger, and
glass connec-
tors

Clean and free of
breaks, cracks, etc.

Clean with detergent,
tap water, and then
with deionized dis-
tilled water

Repair or
discard

Flow control
valve and
rotameter

Clean and without sign
of erratic behavior
(ball not moving freely)

Clean prior to each
field trip or upon
erratic behavior

Repair or
return to
manufacturer

Vacuum pump

Maintain sampling rate
of about 1 %/min up to
250 mm (10 in.) Hg

Service every 3 mo or
upon erratic behav-
ior; check oiler
jars every 10th test

As above

Dry gas meter

Clean and within +2%
of calibration factor

Calibrate according
to Sec. 3.5.2; check
for excess oil if
oiler is used

As above

Reagents
Sampling

{continued)

Requires all ACS grade
reagents :

Prepare fresh daily
and store in sealed
containers

Prepare new
reagent

il y

/
/
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Operation Acceptance limits

Frequency and method
of measurement

Action if
requirements
are not met

Sample recovery| Requires deionized dis-

Use water and reagent

Prepare new

tilled water on site grade isopropanol to | reagent
clean midget bubbler
after test and before
sampling
Package Equip-
ment for Ship-
ment
Probe Protect with poly- Prior to each ship- Repack
ethylene foam ment
Midget bubbler, { Pack im rigid con- As above As above
impingers, tainers with poly-
connectors, ethylene foam
and assorted
glassware
Drying tubes, Sturdy container As above As above
volumetric lined with foam
glassware
Meter box Meter box case and/or As above As above
container to protect
components; pack spare
meter box and oil
Wash bottles Pack in rigid foam- . As above As above
and storage lined container
containers '

T e T T T T T T e T S ST RS
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4.0 ON-SITE MEASUREMENTS

On-site activities include transporting the equipment to the
test site, unpacking and assembling, sampling for sulfur dioxide,
and recording the data. The quality assurance activities are
summarized in Table 4.1 at the end of this section.
4.1 Transport of Equipment to the Sampling Site

The most efficient means of transporting the equipment from
ground level to the sampling site (often above ground level)
should be decided during the preliminary site visit or by prior
correspondence. Care should be taken to prevent damage to the
equipment or inju;y to test personnel during the moving. A
laboratory type area should be designated for preparation of the
absorbing reagents, for charging of the bubbler and impingers,
and for sample recovery.

4.2 Preliminary Measurements and Setup

The Reference Method outlines the procedure used to deter-
mine the concentration of sulfur dioxide in the gas stream. The
accuracy of the equipment that has been transported to the samp-
ling site and that may have been handled roughly can be deter-
mined by making a one-point check of the rotameter reading
against the dry gas meter reading at the test site. Use Equation
3 in Figure 2.4A or 2.4B and substitute dry gas meter readings in
ri should be
between 0.9 and 1.1; if not, the meter box has lost its rate or

place of wet test meter readings (i.e., Vd = Vw)‘ i

volume calibration. The tester can still use the meter box, but
the data should not be released for decision making until a post-
test recalibration has been made. 1If the dry gas meter calibra-
tion factor did change, the dry gas meter volumes may have to be
corrected. Record the test identification number on the sampling
data form, Figure 4.1.

4.3 Sampling
The on-site sampling includes the following steps:



Plant name ﬁc/ns paw£¢ /0@/!/7'

Sample location zoi/ﬁe IVO. 3

City

Puywhees , tfsA

Date

_ﬁ/a/??

2°

Operator Jos So: 1t Sample number Jo-/
Barometric pressure, mm (ja?) Hg 75 8 Probe length m (£¢) /S
" Probe material &/ASS Probe heater setting A50°F
Meter box number 55~/ Meter calibration factor (Y) _ Lo/
Ambient temperature, °C (2P) 1?5 Sample point location /335 ¢n - Pt A
[/
Initial leak check Q_QMM Sample purge time, min
Final leak check Qong £/min © 250 mm &5 Remarks Moy, % Devu. « 10 %
Sampling | Clock Sample Sample flow Sample volume Percent Dry gas Impinger
time, time, volume, | rate setting, metered (AV ), deviation, meter temp, temp,
3 m
min | 26h | & (5%F | g/min GErER)| 2 () % °C (2P oc (oFf
®) lloo 120.20 — o T — —
S 1105 [las.20 1.0 S 1 2 2 | S
1O 1110 [)1%0.10 1.0 4.8 q 29 A0
1S 1115 | 13520 . 0 5 2 30 a0
-V, UAD  [140.20 1. 0 5.0 0 30 20
25 1t 30 146.30 1.0 S.0 o . 30 a0
Total Total AVm Avg Avg Max
QY a500 avg 5.0 dev 1.6 a9 temp 30
4v_ - AV avg
a 4 3 m m
Percent deviation = 100.
: AV avg
Figure 4.1. Field sampling data form for SO

o™
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1z Preparation and/or addition of the absorbing reagents
to the midget bubbler and impingers.

2. Setup of the sampling train.

8 Connection to the electrical service.

4. Preparation of the probe (leak check of entire sampling
train and addition of particulate filter). '

5. Insertion of the probe into the stack.

6. Sealing the port.

T Checking the temperature of the probe.

8. Sampling.

9. Recording the data in Figure 4.1.
A final leak check of the train is always performed after samp-
ling.
4.3.1 Preparation and/or Addition of Absorbing Reagents

to Collectibn System - Absorbing reagents can be prepared

on site, if necessary, according to the directions in
Section 3.5.3.

1: Use a ‘pipette or a graduated cylinder to introduce
15 ml of 80% isopropanol (IPA) into the midget bubbler or into a
graduated impinger bottle. Do not use the pipette or graduated
cylinder that was used to add the hydrogen peroxide solution.
Pipettes or graduated cylinders should be marked for use of H202
or IPA to minimize any possibility of introducing hydrogen perox-
ide into the isopropanol.

2. Add 15 ml of 3% hydrogen peroxide to each of the first
two midget impingers; leave the final midget impinger dry.

3. Pack glass wool into the top of the midget bubbler to
prevent sulfuric acid mist from entering the midget impingers and

causing a high bias for S0, . .
4.3.2 Assembling the Sampling Train -~ After assembling the
sampling train as shown in Figure 1.1, perform the following:
1 Adjust probe -heater to operating temperature. Place
crushed ice and water -around the impingers.
2. Leak check the sampling train just prior to use at the
sampling site (not mandatory) by temporarily attaching a
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rotameter (capacity of 0 to 40 cm3/min) to the outlet of the dry
gas meter and placing a vacuum gauge at or near the probe inlet.
Plug the probe inlet, pull a vacuum of at least 250 mm (10 in.)
Hg, and note the flow rate indicated by the rotameter. A leakage
rate not <2% of the average sampling rate is acceptable. Note:
Careful}y release the probe inlet plug before turning off the
pump. It is suggested (but not mandatory) that the pump be leak
checked separately, either prior to or after the sampling run.
If prior to the run, the pump leak check shall precede the leak
check of the sampling train. If after, the pump leak check shall
follow the train leak check. To leak check the pump, proceed as
follows: Disconnect the drying tube from the probe impinger .
assembly. Place a vacuum gauge at the inlet to either the drying
tube or the pump. Pull a vacuum of 250 mm (10 in.) Hg. Plug or
pinch off the outlet of the flow meter and then turn off the
pump. The vacuum should remain stable for at least 30 s.

< Place a loosely packed filter of glass wool in the end
of the probe, and connect the probe to the bubbler.
4.3.3 Sampling (Constant Rate) - Sampling is performed at a

constant rate of approximately 1.0 £/min as indicated by the
rotameter during the entire sampling run. The procedure is as
follows: _

L Record the initial dry gas meter readings, barometer
reading, and other data as indicated in Figure 4.1. Double check
the dry gas meter reading and be sure that no hydrogen peroxide
has been allowed to back up and wet the glass wool.

2. Position the tip of the probe at the sampling point,
connect the probe to the bubbler, and start ﬁhe pump. Warning:
If the stack is under a negative pressure of >50 mm (2 in.) H,0
while disconnected from the impinger, the probe should be posi-
tioned at the sampling point, the sample pump turned on, and then
the probe immediately connected to the impinger .to prevent the
impinger solutions from being siphoned backwards and contaminat-
ing the isopropanol.
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B Adjust the sample flow to a constant rate of approxi-
mately 1.0 £/min as indicated by the rotameter.

4, Maintain this constant rate within 10% during the
entire sampling run, and take readings (dry gas meter, tempera-
tures at dry gas meter and at impinger outlet, and rate meter) at
least every 5 min. Add more ice during the run to keep the
temperature of the gases leaving the last impinger at 20°C (68°F)
or less. Salt may be added to the ice bath to further reduce the
temperature.

5. Refer to emission standards for minimum sampling time
and/or volume. (For example, the Federal standard for fossil
fuel-fired steam generators specifies a minimum sampling time of
20 min and a minimum sampling volume of 20 £ corrected to stand-
ard conditions.) ‘The total sample volume at meter conditions
should be approximately 28 £ (I ft3). Make a quick calculation
near the end of the run to guarantee that sufficient sample
volume has been drawn; if the volume is insufficient, sample for
an additional 5 min.

6. Turn off the'pump at the conclusion of each run, remove
probe from the ‘stack, and record the final readings. Warning:
Again, if the stack is under a negative pressure, disconnect the
probe first, and turn off the pump immediately thereafter.

- Conduct a leak check as described in Subsection 4.3.2
(mandatory).

8. If the train passes the leak check, drain the ice bath
and purge the rehaihder;of the’tiein by drewing clean ambient air
through the system for IS min at the sampllng rate. To provide
clean ambient ‘air, pass air through a charcoal filter or through
an extra midget 1mp1nger w1th 15 ml of 3% Hzoz The tester may
opt to use ambient alr w1thout purlflcatlon

9. Calculate the sampllng rate durlng the purglng of the
sample. The sample volume (AV ) for each p01nt should be w1th1n
+10% of the average sample volume for all points. If the average_
of all points is within thp spec1fJed 11m1t the sample rate 1s
acceptable. Noncompllance ‘with the 1104 of constant rate for a

67,7/'
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single sample should not have a significant effect on the final
results of the test for noncyclic processes.

10. Change the particulate filter (glass-wool plug) at the
end of each test since particulate buildup on the probe filter

may result in a loss of SO, due to reactions with particulate

2
matter.

4.4 Sample Recovery

The Reference Method requires transfer of the impinger
contents and the connector washings to a polyethylene storage
container. This transfer should be done in the "laboratory" area
to prevent contamination of the test sample.

After completion of the purge, disconnect the impingers and
transport them to the cleanup area. The contents of the midget
bubbler (contains isopropanol) may be discarded. However, it is
usually advisable to retain this fraction until analysis is

performed on the HZO Analysis of the isopropanol may be useful

in detecting cleanuzp or sampling errors. Cap off the midget
impinger section with the use of polyethylene or equivalent caps
before transport to the cleanup area. Transfer the contents of
the midget impingers into a 1labeled, leak-~-free polyethylene
sample bottle. Rinse the three midget impingers a couple of
times and the connecting tubes with 3 to 15 ml portions of dis-
tilled water. Add these washings to the same sample bottle, and
mark the fluid level on the side. The total rinse and sample
volume should be <100 ml; a 100-ml mark can be placed on the
outside of the polyethylene coﬂtainers as a guide. Place about
100 ml of the absorbing reagent (3% HZOZ) j.n a polyethylene
bottle and label it for use as a blank during sample analysis.
An example of a sample label is shown in Figure 4.2.

4.5 Sample Logistics (Data) and Packing Equipment

The sampling and sample recovery procedures are followed
until the required number“of runs are completed. Log all data on
the Sample Recovery and Integrity Data Form, Figufé 4.3. If the
bubbler, impingers, and connectors are to be used in the next
test, they should be rinsed with distilled water, and the bubbler

(

/0.
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Plant ACMC ?wcr ?/m(.t city Aﬂ&{a//\m—, A

Site Lhifeyr No. 3  Sample type _SOp
pate _ 8tro[f27 Run number _SQ=-/

Front rin;e[:] Front filter[] Front solution(]
Back rinse[] Back filter[] Back solution [
Solution _ /202 Level marked &~
Volume: Initial _ 3Mm { Final < innl
Cleanup by (1) &AD

Remarks

Figure 4.2. Example of a sample label.
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Plant ACM& ?5“’“. ?Anf Sample location 0/-/“" /Va« 3

Field Data Checks

Sample recovery personnel Jee Su s the

Person with direct responsibility for recovered samples

Sample Date Liquid Stored
Sample identification of level in locked
number numbexr | recovery ‘marked container
S0-1 8/ /77 Yes Yes

Signature of field sample trustee %M

Laboratory Data Checks

Lab person with direct responsibility for recovered M_M_Qa“‘

Date recovered samples received i/ll /37

Analyst A
Sample Date Liquid
Sample identification of at marked Sample
number number analysis level identified
1 50~/ 8Hz/77 Yes Yes
2
3
4
5
6
Blank
Remarks

Signature of lab sample trustee JgM

Figure 4.3. Sample recovery and integrity data.
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should be rerinsed with isopropanol. A new drying tube should be
inserted into the sampling train. At the completion of the test:

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

2. Record all data collected during the field test in
duplicate by using carbon paper or by using data forms and a
field laboratory notebook. One set of data should be mailed to
the base laboratory, given to another team member or to the
Agency. Hand carrying the other set (not mandatory) can prevent
a very costly and embarrassing mistake.

3 Examine all sample containers and sampling equipment
for damage, and pack them for shipment to the base laboratory,
being careful to label all shipping containers to prevent loss of
samples or equipment.

4. Make a quick check of the sampling and sample recovery
procedures using the data form, Figure 4.4.
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Sampling

Bubbler and impinger contents properly selected, measured,
and placed in impinger?#*

Impinger Contents/Parameters*

lst: 15 ml of 80% isopropanol V/
2nd: 15 ml of 3% HZO
3rd: 15 ml of 3% H20
Final impinger dry?

2
2

Probe heat at proper level?

<OISINN R

Crushed ice around impingers?
Pretest leak check at 250 mm (10 ;n.) Hg? a’
Leakage rate? 0.004 «.Z,/MM.

Probe placed at proper sampling point? L//

Flow rate constant at'approximately 1.0 £/min?#* v
Posttest leak check at 250 mm (10 in.) Hg?* v
Leakage rate? O0.000 b/mot

4

Sample Recovery

System purged at least 15 min at test sampling rate?* [V

Contents of impingers placed in polyethylene bottles? ¢~

Fluid level marked?* v’
Sample containers sealed and identified?* il

*
Most significant items/parameters to be checked.

Figure 4.4 On-site measurements.
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Table 4.1 ACTIVITY MATRIX FOR ON-SITE MEASUREMENT CHECKS

Activity

Acceptance limits

Frequency and method
of measurement

Action if
requirements
are not met

Preparation
and/or addi-
tion of ab-
sorbing re-
agents

Add 15 ml of 80% iso-

propanol to midget

bubbler and 15 ml of

3% H O, to first two
il i

midgét impingers

Prepare 3% H202 fresh
daily; use pipette

or graduated cylinder
to add solutions

Reassemble col-~-
lection system

Assembling the
sampling
train

1. Assemble to speci-
fications in Fig. 1.1

2 .A leakage rate <29%

of the average sampling
rate

1. Before each sam-
pling

2 ,Leak check before
sampling (recommended)
by attaching a rotame-
ter to dry gas meter
outlet, placing a
vacuum gauge at or
near probe inlet, and
pulling a vacuum of
>250 mm (10 in.) Hg

1. Reassemble

2. Correct the
leak

Sampling (con-
stant rate)

(continued)

1. Within *1 0% of a
constant rate

2 .Minimum acceptable
time is 2 Omin and vol-
ume is 2 02 corrected
to STP or as specified
by regulation

3. Less than 2 %leakage
rate at 2 50mm (10 in.)
Hg

4. Purge remaining 802
from isopropanol

1. Calculate % devi-
ation for each sample
using equation in
Fig. 4.1

2 .HMake a quick cal-
culation prior to
completion and an ex-
act calculation after
completion

3. Leak check after
sample run (manda-
tory); use same pro-
cedure as above

4. Drain ice and

purge 15 mim with
clean air at the

sample rate

1. Repeat the
sampling , Or
obtain accept-~
ance froa a
representative
of the
Administrator

2. As above

3. As above

4. As above
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Activity

Acceptance limits

Frequency and method
of measurement

Action if
requirements
are not met

Sample logis-
tics (data)
and packing
of equipment

1. All data are re-
corded correctly

2. All equipment ex-
amined for damage and
labeled for shipment

3. All sample contain-
ers properly labeled

1. Visually check
upon completion of
each run and before
packing

2. As above

3. Visually check
upon completion of

1. Complete
the data
form

2. Redo test

if damage
occurred during
testing

3. Correct when
possible

and packaged test
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Summary

This Method 6 test procedure is
applicable to the determination of
sulfur dioxide emissions from
stationary sources. A gas sample is
extracted from the sampling point in
the stack. The sulfur dioxide is
separated from the sulfuric acid mist
(including sulfur tricxide) and is
measured 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, excess barium then reacts with
the thorin indicator to form a metai
salt of the indicator, resulting in a
color change.

The 1ninimum detectable limit of the
method has been determined to b
3.4 mg SO/m?(2.12x 107" Ib
S0O2/ft3). Although no upper limit has
been established. tests have shown

Number
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that concentrations as high as 80,000
mg SOz/m? can be collected
efficiently in two midget imipingers,
each containirg 15 ml of 3%
hydrogen peroxide and the sampling
rate is 1.0 L/min for 20 min. Based
on thaoretical calculations, the upper
concentration limit in-a 20-L sample
is about 93,300 mg SO2/m? if two
such impingers are used. The limits
may be extended by increasing the
number of impingers or by increasing
the peroxide concentration.
Interferences include free ammaonia,
water-soluble cations, and fluorides.
The cations and fluorides are removed
by giass-wool fiiters and an initial
isopropanol bubbler, and hence do not
affect the SO, analysis. When
samples are being taken from a gas
stream with high concentrations of
very fine metallic fumes; {such as frovm
intets to control devicesjl, a high-
efficiency glass-fiber filtar must be
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used in place of the glass-wool plug
in the probe to remove the cation
interferences. Free ammonia
interferes by reacting with SOz to
form particulate sulfite and thus
preventing it from reaching the
peroxide impingers, and by reacting
with the indicator. if free ammonia is
present (as indicated by white
particulate matter in the probe and
the isopropanol bubbler), an al-
ternative method, subject to the ap-
proval of the Administrator of the U.S.
Environmental Protection Agency, is
required.

Tha tester has the option of
substituting sampling equipment
described in Method 8 for the midget
impinger equipment of Method 6.
However, the Method 8 train must be
modified to include a heated filter
between the probe and the
isopropanol impinger and must be
operated at the flow rates defined in
Method 8. The heated filter will help
to eliminate the possibility of the SO
reacting with the particulate matter.

The tester also has the option of
determining the emissions of SO;
simultaneously with particulate matter
and moisture determinations by (1)
replacing the water in a Method 5
impinger system with 3% peroxide
solution or (2) replacing the Method 5
water impinger system with a Method
8 isopropanol-filter -peroxide system.
The analysis for SOz and the
calibration of the metering system
must be consistent with the procedure
in Method 8.

The method description that follows
is based on the Reference Method
that was promulgated on August 18,
1977, and amended March 23, 1978.

Section 3.5.10 contains a complete
copy of the Reference Method. and
Section 3.5.12 provides blank data
forms for the convenience of the
Handbook user. References are in
Section 3.5.11. Reference 1 was used
in preparing the method description.
References 2, 3, and 4 are
collaborative test studies of this and
other related methcds. Data from
these test studies were used in
establishing quality control limits
using the techniques of Reference 5.
References 6 through 12 are included
because of their potential value to the
user.

The accuracy of Method 6 was
checked using three standard gas
mixtures containing 224, 1121, and
2082 mg SO2/m3 (14, 70, and 130 x
107® Ib SO2/scf), respectively. The
individual measurements by the
participating laboratories were all
within 24% of the true concentration.

The accuracy of the analytical phase
of Method 6 was checked using
standard sulfuric acid solutions of
three concentrations that were
equivalent to sampled concentrations
of 281.9, 563.8, and 845.7 mg
S02/m3(17.6, 35.2, and 52.8 x 107°
Ib SO2/scf), and a blank solution. The
individual measurements by all of the
participating {aboratories were within
6% of the true concentration.

The estimated within-laboratory
precision (relative standard deviation)
was 4.0%. The between-laboratory
precision was 5.8%. The relative
standard deviation 1s the ratio of the
standard deviation of the measure-
ment to the mean measured value,
expressed as a percentage of this
mean value.

Method Highlights

Specifications described in this
Method 6 (Section 3.5) are only for
the uses of midget impingers and
midget bubbiers with sample rates of
about 1 liter per minute (I/min). If the
tester opts to use the standard-sized
impingers, the Method 8 description
(Section 3.7) should be used as the
reference for equipment calibration,
sample setup, leak check, operation,
and sample recovery. The only
exceptions are that glass wool may be
put in the U-tube between the
isopropanol and peroxide impinger as
an option to the filter, the sampling is
to be conducted at a constant rate of
about 0.02 scm/min (0.75 scfm)
(AH@, orifice pressure differential
that gives 0.75 scfm of air at 70°F at
29.92 in. Hg); and the isopropanol
need not be analyzed.

The five blank data forms at the end
of this section may be removed from
the Handbook and used in the pretest,
test, and the posttest operations. Each
form has a subtitle (e.g., Method 6,
Figure 3.1) for helping the user find a
similar filled-in form in the method
description (Section 3.5.3). On the
blank and the filled-in forms, the
items/parameters that can cause the
most significant errors are starred.

1. Procurement of Equipment
Section 3.5.1 (Procurement of
Apparatus and Supplies) gives the
specifications, criteria, and design

features of the equipment and
material required to perform
Method 6 tests with the midget
impinger train. This section is
designed to provide the tester
with a guide for the procurement
and initial check of equipment and
supplies. The activity matrix (Table
1.1) at the end of Section 3.5.1
can be used as a quick reference,

and is a summary of the
corresponding written
descriptions.

2. Pretest Preparations

Section 3.5.2 (Calibration of
Apparatus) provides a step-by-step
description of the recommended
calibration procedures. The
accuracy and precision for the
equipment calibrations are the
same as those for Methods 5 and
8, with the exception that there is
no calibration requirement for the
rotameter. The lower sampling
rate required for the midget
impinger train allows the use of a
wet test meter with a capacity of
3 L/min or greater. The
calibration section can be
removed along with the
corresponding sections for the
other methods and used as a
separate quality assurance
reference manual by the
calibration personnel. The
calibration data are summarized
on the pretest sampling checks
form (Figure 2.5, Section 3.5.2).

Section 3.5.3 (Presampling
Operations) provides the tester
with a preparation guide for
equipment and supplies for the
field test. The pretest sampling
checks and pretest preparation
forms (Figure 3.1, Section 3.5.3)
or appropriate substitutes should
be used as equipment checkout
and packing tlists. The sample im-
pingers may be charged in the
base laboratory if the testing is to
be performed within 24 h of
charging. The recommended
method described for packing the
containers should help protect the
equipment.

3. On-Site Measurements

Section 3.5.4 (On-Site
Measurements) contains step-by-
step procedures to perform the
sampling and sample recovery. A
checklist (Figure 4.4, Section
3.5.4) is provided to assist the
tester with a quick method of
checking that the procedures have
been completed satisfactorily.
Section 3.5.4 may be taken to the
field for reference but it would not
normally be needed by an
experienced crew. The most
common problem with the midget
impinger train is that the
hydrogen peroxide (H202) solution
can easily be backed up into the
isopropanol soiution. This causes
the SO; to be removed in the first
impinger or in the glass wool. For
this reason, it is important to take
precautions in preventing this
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occurrence, and it is suggested
that the isopropanol and glass-
wool plug be saved. The
isopropanol can then be analyzed
if any of the SOz data indicate
questionable resuits.

Posttest Operations
Section 3.5.5 (Postsampling

QOperations) gives the posttest

equipmentcheck procedures—and
a step-by-step analytical pro-
cedure for determination of SO2
concentration. The two posttest
data forms (Figure 5.1, Section
3.5.5 and Figure 5.4, Section
3.5.5) or similar forms should be
used and the posttest sampling
checks form should be included in
the emission test report to docu-
ment the catibration checks. The
step-by-step analytical procedure
can be removed and made into a
separate quality assurance analyt-
ical reference manual for the
laboratory personnel. Analysis of
a control sample is required prior
to the analysis of the field

samples. This analysis of an inde-
pendentiy prepared known
standard will provide the !abora-
tory with quality control checks on
the accuracy and precision of the
analytical techniques.

Section 3.5.6 (Calculations) pro-
vides the tester with the required
equations, nomenciature, and sig-

__nificant digits. It is suggested that .

a programmed calculator be used,
if available, to reduce the chance
of calculation error.

Section 3.5.7 (Maintenance)
provides the tester with a guide
for maintenance procedures;
thess are not required, but should
reduce equipment malfunctions.

Auditing Procedure

Section 3.5.8 (Auditing Pro-
cedure) provides a description of
activities necessary for conducting
performance and system audits.
The performance audit of the
analytical phase can be performed
using aqueous ammonium sulfate

solution. Performance audits for
the analytical phase and the data
processing are described in
Section 3.5.8. A checklist for a
systems audit is also included in
this section.

Section 3.5.9 (Recommended
Standards for Establishing Tracea-
bility}) recommends the primary

__standards for establishing the

traceability of the working
standards. The volume measures
are compared to a primary liquid
displacement method, and the
analysis of the SOz is traceable to
primary standard grade potassium
acid phthalate.

Reference Material

Section 3.5.10 (Refarence
Method) is the reference method
and thus the basis for the quality
assurance method description.

Section 3.5.11 (References) is a
listing of the references that were
used in this method description.

P

3
L *
N
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Pratest Sampling Checks
{Method 6, Figure 2.5)

Date Calibrated by

Maeter Box Numbet AH@

Dry Gas Metear*

Pretest calibration factor = {within +2% of average factor for sach calibration run).

Impinger Thermometer

Was & pretest temperature correction used? yes no

If yes, temperature correction (within £1°C (2°F) of referance values for calibration end within +2°C (4°F) of
reference values for calibration check).

Dry Gas Meter Thermometer

Was a pretest temperature correction mede? yes no

If yas. tempereture correction (within £3°C (6.4°F) of reference velues for calibration and within
1§°C (10.8°F) of referance values for calibration check).

Barometer

Waes the pretest field beromnater reading corract? yes no
(within £2.5 mm (0.1 in.) Hg of mercury-in-gless baromaeter).

*Most significant items/parameters to be checked.
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a. Prepare 0.5N H,SO, by adding approximately 1500 ml
of distilled at?er to a 2-¢2 volumetric flask.

b. Cautiously add 28 ml of concentrated sulfuric acid
and mix.
c. Cool if necessary.

d. Dilute to 2 £ with distilled water.

e. Prepare 0.01N H,SO, by first adding approximately
800 ml of dist%.ll%d water to a 1-2 volumetric
flask and then adding 20.0 ml of the 0.5N 32804.

£s Dilute to 1 £ with distilled water and mix thor-
oughly.

5. Barium perchlorate solution 0.0l10O0N. Dissolve 1.95 g
of barium perchlorate trihydrate (Ba(ClO4)2 . 3H20) in 200 ml of
distilled water and dilute to 1 ¢ with isopropanol. Alterna-
tively, 1.22 g of barium chloride dihydrate (Ba012 5 2520) may be
used instead of the perchlorate. Standardize, as in Subsection
5.2.4, with 0.0lN H,S0,. Note: Protect the 0.0100N barium
perchlorate solution from evaporation at all times by keeping the

bottle capped between uses.

Note: It is recommended that 0.1N sulfuric acid be pur-
chased. Pipette 10.0 ml of sulfuric acid (0.1N) 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 0.01N sulfuric acid is prepared in
this manner, procedures in Subsections 5.2.2 and 5.2.3 may be
omitted since the standardization of barium perchlorate will be
validated with the control sample.

5.2.2 standardization of Sodium Hydroxide - To standardize NaOH,
proceed as follows:

. Purchase a 50% w/w NaOH solution. Dilute 10 ml to 1l ¢
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 phthalate
for 1 to 2 h at 110°C (230°F) and cool in desiccator.
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i I8 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. Observe titra-
tions against a white background to facilitate detection of the
pink endpoint. The endpoint is 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. The normality is the average of the three
values calculated using the following equation.

1

N mg KHP
NaOH ml titrant X 204,23

where

NNaOH = calculated normality of sodium hydroxide,

mg KHP weight of the phthalate, mg, and

ml titrant = volume of sodium hydroxide titrant, ml.

The chemical reaction for this standardization is shown in Equa-
tion 5-3. The sodium hydroxide is added to the potassium hydro-
gen phthalate and colorless phenolpthalein solution until there
is an excess of diluted hydroxyl ions which causes the phenolph-
thalein solution to change to a pink color.

NaOH + KHP + phenolphthalein » KNaP + HOH + phenolphthalein.
- (colorless) (pink) Equation 5-3

5.2.3 Standardization of Sulfuric Acid - To standardize sulfuric

acid, proceed as follows:

I Pipette 25 ml of the H
Erlenmeyer flasks.

2 Add 25 ml of deionized distilled water to each.

ic I Add two drops of phenolphthalein indicator, and titrate

SO, into each of three 250-ml

2774

with the standardized NaOH solution to a persistent pink end-
point, using a white background.
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4. Titrate a blank of 25 ml of deionized distilled water,
using the same technique as step 3. The normality will be the
average of the three independent values calculated using the
following equation:

N
(ml NaOH_ .. - ml NaOH_j...) X Nyaon ,
Ny so, = = 25 Equation 5-4
2774
where
NH‘,;_,SO4 = calculated normality of sulfuric acid,
ml NaOHacid = volume of titrant used for HZSO4, ml,
ml NaOHblank= volume of titrant used for blank, ml, and
NNaOH = nfarmallty of sodium hydroxide.
5.2.4 Standardization of Barium Perchlorate (0.0100N) = To

standardize barium perchlorate, proceed as follows:

L. Pipette 25 ml of sulfuric acid standard (0.0100N) into
each of three 250-ml Erlenmeyer flasks.

215 Add 100 ml of reagent grade isopropanol and two to four
drops of thorin indicator, and titrate to a pink endpoint using
0.0100N barium perchlorate. Perform all thorin titrations
against a white background to facilitate the detection of the
pink endpoint color. :

3. Prepare a blank by adding 100 ml of isopropanol to
25 ml of deionized distilled water. 1If a blank requires >0.5 ml
of titrant, the analyst should determine the source of contamina-
tion. If the distilled water contains high concentrations of
sulfate or other polyvaleht anions, then all reagents made with
the distilled water will have to be remade using distilled water
that is acceptable.

4. Use the endpoint of the blank or the endpoint of the
first titration as a visual comparator for the succeeding titra-
tions.

54 Record data on analytical data form, Figure 5.2. The
normality of the barium perchlorate will be the average of the
three independent values calculated using Equation 5-5.

/- '“,7(/‘/
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2lialaqg

134.42 ml 0.0/019 N

perchlorate 2 94.50 ml gojoadoN 0.0[03 N, avg
' 3 84.50 ml 0.0j030 N
Total Sample
sample aliquot Volume of titrant (V )? ml
volume volumg t
Sample (vsoln)’ (Va),

Sample identification Ist 2nd

number number ml ml titration|titration | Average

1 50-1 100 30 .31 11.39 .30

2

3

4

5

6

Blank N/A 0 0 th =0

2 Volume for the blank must be the same as that of the sample aliquot.

b

1st titration

2nd titration

Signature of analyst _ ), fi{~a Soned

= 0.99 to 1.01 or|lst titration ~ 2nd titration'ﬁo.z ml.

Signature of reviewer or supervisor Y. ¢4 /a4r4$g$}f:

Figure 5.2° Sulfur dioxide analytical data form. -
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R g, & & - ‘
N = Equation 5-5
Ba(C104)2 ml Ba(C104)2

where 7 _
NBa(ClO4)2 = calculated normality of barium perchlorate,
Nsto4 = normality of standardized sulfuric acid,; and
ml Ba(ClO4)2 = volume of barium perchlorate titrant, ml.

The chemical reaction for this standardization was shown 1in
Equation 5-1. The standardized barium perchlorate should be
protected from evaporation of the isopropanol at all times.
Note: It is suggested that the analyst unfamiliar with this
titration'éarry out titrations on aliquots at low, medium, and
high concentrations- in the following manner:

1. Pipette 2.0-, 10.0-, and 20.0-ml aliquots of 0.0100N
sto4 into three 250-ml Erlenmeyer flasks.

2. Dilute to 25 ml with distilled water.

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

4. Titrate with barium perchlorate to become famlllar w1th
the endpoint.
5.2.5 Control Samples - The accuracy and precision of the sample

analysis should be checked. The accuracy of the analytical tech-
nique is determined by control sémples. The precision is checked
by duplicate analyses of both the control and the field samples.
Acceptable accuracy and precision should be demonstrated on .the
analysis of the control sample prior to the analysis of. the
field samples.

The control sample should be prepated and analyzed in the
following manner: _

' 1. Dry the primary standard grade ammonium sulfate
((NH,),50,) for 1 to 2 h at 110°C (230°F), and cool. in a desic-
cator.

2. wWeigh to the nearest 0.5 mg, 1.3214 g of primary stand-

o

ard grade ammonium sulfate.
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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 0.0100N ammonium sulfate.

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

6. Pipette 25 ml of the control sample into each of three
250-ml1 Erlenmeyer flasks, and pipette a 25-ml blank of distilled
water into 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 to each flask
and then two to four drops of thorin indicator.

8. Initially, titrate the blank to a faint pink endp01nt
using the standardized barium perchlorate. The blank must con-
tain <0.5 ml of titrant, or the distilled water is unacceptable
for use in this method. ‘

9. Titrate two of the control samples with the standard-
ized barium perchlorate to a faint pink endpoint using the blank
endpoint as a guide. The endpoint is the first faint pink end-
point that persists for at least 30 s. All titrations should be
done against 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. If not
within 0.2 ml, titrate the third control sample. If the titra-
tion volume agrees within 0.2 ml of either of the first two
samples, use the two titrant volumes that are consistent for the
remaining calculations. If this criterion cannot be met with the
first set of two control samples, follow the same procedure on
a second set of two control samples.

j o If the criterion cannot be met for the second set of
control samples, the analyst should have the analytical tech-
niques observed by a person knowledgeable in chemical analysis,
or should have all reagents checked.

12. After consistent titrant volumes are obtained, calcu-
late the analytical accuracy as shown in Figure 5.3. If the
measured value is within 5% of the stated value, the technique
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Plant Sylfuvie Beid Plant Date analyzed Q[ﬁ;]j?
Analyst _ R. Jewnta Npa(c10,) 0.010 N
472

Weight of ammonium sulfate is 1.3214 g? ves

Dissolved in 2 2 of distilled water? ¥35
Titration of blank 6.0 ml Ba(ClO4)2 (must be < 0.5-ml)
Control Time of -
sample analysis, Titrant volume,” ml
number 24 h 1st 2nd 3rd Avg

! 09 %0 25.0 | 250 9s.0

a Two titrant volumes must agree within 0.2 ml.

25 ml X 0.01N

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

Ba(ClO4)2

5.0 ml X 0.0jp N = 0.350
(must aéree within +5%, i.e., 0.238 to 0.262)

Does value agree? . yes no

_Rovda Yewunt: Signature of analyst
S

( _4;JL££%}J§GZQLQ££J&Z Signature of reviewer

Figure 5.3. Control sample analytical data form.

(745
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and standard reactions are 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 accuracy 1limit of 15% for intra-
laboratory control samples is recommended based on the control
limit of 7% for interlaboratory audit results discussed in
Section 3.6.8.

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 collected
source sample is analyzed each analysis day.

14. Enter vresults from the control sample analyses on
Figure 5.3 and submit Figure 5.3 with the source test report
as documentation of the guality of the source test anélysis.
5.2.6_ . Sample Analysis =~ Check the level of liquid in the con-

tainer to detexmine whether any sample was lost during shipment,
and note this on the data form, 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 described
below. Approval should have been requested prior to testing in
case of subsequent leakage. The alternative method is as fol-

lows: - o

11 Mark the new level of the sample.

2. Transfer the sample to a 100-ml volumetric flask, and
dilute to exactly 100 ml with deionized distilled water.

3. Put water in the sample storage container tc the ini-
tial sample mark, and measure the initial sample volume (Vsolni)'

4, Put water in the sémple storage container to the mark

)%

of the transferred sample, and measure the final volume (Vsoln
g P
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Reagents

Normality of sulfuric acid standard* D D/ OI /\/

Date purchased __/DZQ, égz 78 Date standardized //[i,[/18
T 14

Normality of barium perchlorate titrant* .00 V

Date standardized /{f/6 /28

v i r
Normality of control sample* O. (&) {00 AV
Date prepared (/! 8

Volume of burette _\,20 m( Graduations 0. / n(_p

Sample Preparation

Has liquid level noticeably changed?* ND
Original volume Corrected volume
Samples diluted to 100 ml?* &S

-/

i/

Analysis

Volume of aliquot analyzed* 20 mc :

Do replicate titrant volumes agree within 1% or 0.2 ml?
Number. and normality of control samples analyzed Q /] Iﬁ/
Are replicate control samples within 0.2 ml? __ ¢ ¢§s,

Is accuracy of control sample analysis *5%?* (/1 ¢$

All data recorded? v Reviewed by Q@D

W
Most significant items/parameters to be checked.

Figure 5.4. Posttest operations.
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5. If Vsoln is <Vsoln , correct the sample volume
f i
(Vsoln) by using Equation 5-6,
Vsolni
vsoln' N vsoln v .
solnf Equation 5-6
where
Vsoln' = sample volume to be used for the calculations, ml,
Vsoln = total volume of solution in which the sulfur diox-
ide is contained, ml,
Vsoln = initial sample volume placed in storage container,
i 3
ml, and
Vsoln = final sample volume removed from storage container,
b 4
ml.

6. Both the corrected and uncorrected values should be
submitted in the test report to the Agency.

Proceed with the analysis as follows:

[ Transfer the contents of the sample bottle to a 100-ml
volumetric flask (V ), and dilute to the mark with deionized
distilled water.

. Pipette a 20-ml aliquot (Va) of this solution into a

soln

250-ml Erlenmeyer flask, and add 80 ml of 100% isopropanol.

3. Add two to four drops of thorin indicator and titrate
to an orange-pink endpoint using standardized O0.0l100N barium
perchlorate. Record the volume of barium perchlorate used in
titrating the sample (Vt)'

4. Repeat the above analysis on a new aliquot from the
same sample. Replicate titrant volumes must be within 1% or 0.2
ml, whichever is greater. If the titrant volumes do not meet
this criterion, repeat analyses on new aliquots of the sample
until two consecutive titrations agree within 1% or 0.2 ml,
whichever is larger, or until sample is spent.
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51, Record all data on the data form, Figure 5.2. Average
the consistent titrant volumes, and use them as Ve in subsequent
calculations. All analytical data must then be reviewed by a
person familiar with procedures, and this review should be noted
on the data form, Figure 5.2. Note: Protect the 0.0100N barium
perchlorate solution from evaporation at all times.

(1%
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Table S.1. ACTIVITY MATRIX FOR POSTSAMPLING OPERATIONS
- Action if
Frequency and method | requirements
Activity Acceptance limits of measurement are not met
Sampling
Apparatus

-Dry gas meter

Within *5% of pretest
calibration factor

Make two independent
runs after each field
test

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

Rate meter

Within +10% of desired
flow rate (recommended)

Make two independent
runs during the check
of the rate meter

Recalibrate

Meter thermome-
ter

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

Compare with ASTM
mercury-in-glass
thermometer after
each field test

Recalibrate
and use

higher temper-
ture value for

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

requirements detailed
in Subsec. 5.2

ardize within 24 h
of sample analysis

solutions
and/or re=
standardize

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

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

Pi

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

Void sample
if any two
titrations do
not meet
criterion

]

G
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6.0 CALCULATIONS

Calculation errors due to procedural or mathematical mis-
takes can be a part 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 calcu=-
lation errors. If a standardized computer program is used, the
original data entyry should be included in the printout to 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 calculatioms.

Calculations should be carried out to at least one extra
decimal figure beyond that of the acquired data and should be
rounded off after final calculation to two significant digits for
each run or sample. All rounding off of numbers should be per-
formed in accordance with the ASTM 380 76 procedures. All calcu-
lations should then be recorded on a calculation form such as the
ones in Figures 6.1A and 6.1B, at the end of this section.

6.1 Nomenclature

The following nomenclature is used in the calculationmns.

CSOZ = concentratlon of sulfur dioxide, dry basis
corrected to standard conditions, g/dscm
(1lb/dscf).

N = normality of bdrlum perchlorate titrant,
meg/ml. .
P = barometric pressure at. the exit orifice of the

bar dry gas meter, mm (in.) Hg.

Pstd = standard absolute pressure, 760 mm (29.92

in.) Hg.
i
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Tm = dry gas meter average absolute temperature, K
(°R).
Tstd = standard absolute temperature, 293K (528°R).
V, = volume of sample aliquot titrated, ml.
Vm = dry gas volume measured by dry gas meter,
dcm (dcf).

Vm(std) = dry gas volume measured by dry gas meter,
corrected to standard conditions, dscm (dscf).

\Y% = total volume of solution in which the sulfur
dioxide sample is contained, 100 ml.

Vt = volume of barium perchlorate titrant used for
the sample (average of replicate titrations), ml.

Vip = volume of barium perchlorate titrant used for
the blank, ml..

Y = dry gas meter calibration factor.
32.03 = equivalent weight of sulfur dioxide.

6.2 Calculations

The following formulas for calculating the concentration of
sulfur dioxide are to be used along with example calculation
forms shown in Figures 6.1A and 6.1B.

6.2.1 Dry Sample Gas Volume, Corrected to Standard Conditions -

P V. P

Tstq

bar m bar Equation 6-1
v = ¢ y -Std_Dar . p o W Dar
m(std) m Tm PStd 1 Tm
where
Kl = 0.3858 K/mm Hg for metric units, or

17.64 °R/in. Hg for English units.

6.2.2. Sulfur Dioxide Concentration

Vsoln

Ve = V) N =5

a Equation 6-2

Vin(std)
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where

32.03 mg/meq for metric units, or
5

=
I

7.061 x 10 ° 1lb/meq for English units.
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Sample Volumea

v =0.70¢ £t3, T, = g4 d Leg, Ppar = 29.9¢in. Hg, Y=17.0 106

B x —2 =0.670 £’

Equation 6-1

802 Concentration

N=0.04¢ 0 2(g~eq)/ml, Ve = 4 (-3 Omi, Vip = - @00 ml

N (Ve = Vi, ) (Voo10/V5)
= 7. =5 t th soln” "a’_ 9?;5'171;0_ x 10”4 1b/dscf
2 m(std) '

Equation 6=2

@ calculation form for data collected using Method 6
type equlpment. The alternative use of Method 5 or

Method 8 equlpment w11% change V and Vm( std) to
m(std) =t — = :

Sulfur dioxide calculation form (English units).

Figure 6.1A.
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Sample volume?

20.004% x 0.001 =0.0200n

<
]

T, =302.0K, P

m bar
YV. P
K m “bar _ 3
Vm(sta) = 0-3858 o Hg ~ Ty =Q.0L96nm
Equation 6-1
soz Concentration
O" N=.61002(g-eq)/ml, V, =/ ¢.20ml, Viu =_0.00 ml
Vsoln = L 9. Q'g ml’ Va = ?:9;‘9. ml
N (V, - V.,) (V /V.)
CSO = 32.03 o ::’b soln’ a _ _ j%?_- mg/dscm
2 m(std)
Equation 6-2
a .
Calculation form for data collected using Method 6
type equipmept. The_alternative use of Method 5 or
Viflethod 8=equ1pment wl:;}l change Vi and Vm( std) to
m(std) - - - ¥
e Figure 6.1B. Sulfur dioxide calculation form (metric urnits).
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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 All data and calcula- Visually check Complete the
form tions are shown missing data
values
Calculations Difference between Repeat all calcula- Indicate
check and original cal- | tions starting with errors on
culations should not raw data for hand sulfur
exceed round-off error | calculations; check dioxide cal-
all raw data input culation form,
for computer calcu- Fig. 6.1A or
lations; hand cal- 6.1B
culate one sample per
test




Section No. 3.5.7
Revision No. 0
Date May 1, 1979%
Page 1 of 3

7.0 MAINTENANCE

The normal use of emission-testing equipment subjects it to
corrosive gases, extremes in temperature, vibration, and shock.
Keeping the equipment in good operating order over an extended
period of time requires knowledge of the equipment and a program
of routine maintenance which is performed quarterly or after 2830
£ (100 ft3) of operation, whichever is ‘greater. 1In addition to
the quarterly maintenance, a yearly cleaning of the entire meter
box 1is recommended. Maintenance procedures for the various
components are summarized in Table 7.1 at the end of the section.
The following procedures are not required, but are recommended to
increase the reliability of the equipment.
7.1 Pump

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 re-
quires a periodic check of the oiler jar. 1Its contents should be
translucent; the o0il should be changed if 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 changed. Erratic operation of the
diaphragm pump is normally due to either a bad diaphragm (causing
leakage) or to malfunctions of the valves, which should be
cleaned annually by complete disassembly.
7.2 Dry Gas Meter

The dry gas meter should be checked for excess o0il or corro-

sion of the components by removing the top plate every 3 mo. The
meter should be disassembled and all components cleaned and
checked whenever the rotation of the dials is erratic, whenever
the meter will not calibrate properly over the required flow rate

/75

'range, and during the yearly maintenance.
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7.3 Rotameter

The rotameter should be disassembled and cleaned according
to the manufacturer's instructions using only recommended clean-
ing fluids every 3 mo or upon erratic operation.
7.4 Sample Train

. All remaining sample train components should be visually
checked every 3 mo and completely disassembled and cleaned or
replaced yearly. ) Many items, such as quick disconnects, should
be replaced whenever damaged rather than checked periodically.
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 meter
box) rather than replacing individual components.
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Table 7.1. ACTIVITY MATRIX FOR EQUIPMENT MAINTENANCE CHECKS
Action if
Frequency and method requirements
Apparatus Acceptance limits of measurements are not met

Routine main-
tenance

No erratic behavior

Routine maintenance
performed quarterly;
disassemble and
clean yearly

Replace parts
as needed

Fiber vane pump

In-line oiler free of
leaks

Periodically check
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 oil or
corrosion by removing
the top plate; check
valves and diaphragm
vhenever meter dial
runs erratically or
vhenever meter will
not calibrate

Replace parts
as needed or
replace meter

Rotameter Clean and no erratic Clean every 3 mo or Replace
behavior whenever ball does
not move freely
Sample train No damage Visually check every If failure

3 mo; completely dis-
assemble and clean
or replace yearly

noted, use
another entire
meter box,
sample box,

or umbilical
cord

|
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8.0 AUDITING PROCEDURE

An audit 1is an independent assessment of data quality. In-
dependence 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. In the case of a
compliance test, the required performance audit will be conducted
by the responsible enforcement agency. 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 collaborative testsz's’4
two specific performance audits are recommended:

of Method 6,

1. Audit of the analytical phase of Method 6.
2. Audit of data processing for both Methods.

It is suggested that a systems audit be conducted as specified by
the quality assurance coordinator, 'in addition to these perform-
ance 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 generally made to quantitatively
evaluate the quality of data produced by the tctal measurement
system (sample collection, sample analysis, and data process-
ing). It is recommended that these audits be performed by the
responsible control agency once during every enforcement source
test. A source test for enforcement comprises a series of runs
at one source. No performance audit is recommended at this time
for the sampling phase. 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 field sampling and/or
analysis phase which is required.

8.1.1 Pretest Audit of Analytical Phase Using Aqueous Ammonium
Sulfate (Optional) - The pretest audit described in this
section can be used to determine the proficiency of the analyst
and the standardization of solutions in the Method 6 analysis and
should be performed at the discretion of the agency auditor, the.
laboratory supervisor, source test company, or quality assurance
officer. The analytical phase of Method 6 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 3.5.5 on control sample preparation.
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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 little
or no experience with the Method 6 analysis procedure described
in this Handbook.

To obtain pretest audit samples only, the testing laboratory
should provide a notice 30 days prior to the time of the planned
pretest audit to EPA's Environmental Monitoring Systems
Laboratory, Quality Assurance Division, Source Branch, Mail Drop
77A, Research Triangle Park, North Carolina 27711. This request
for known quality control samples from the Source Branch is
different from and does not satisfy the required 30 day notice to
the applicable enforcement agency as to the intent to conduct a
compliance test. The laboratory can prepare their own quality
control sample. The testing 1laboratory supervisor or quality
assurance officer can then check the precision and accuracy of
the analytical system prior to a compliance test with the use of
the known value samples. All problems indicated by the audit
should be eliminated prior to the audit by the agency.

The accuracy for each of two samples should be within 5 per-
cent of true value. The relative error (RE) 1is a measure of the
bias of the analytical phase of Method 6. Calculate RE using
Equation 8-1.

C. - C Equation 8-1
RE = d a x 100

where: Ca

3

Cd Determined audit sample concentration, mg/dsm™.

C Actual audit sample concentration, mg/dsma.

a

8.1.2 Audit of Analytical Phase of the Field Test (Required) -
As stated in 40 CFR 60, Section 3.3.6 (49 FR 26522, 06/27/84),
the testing 1laboratory should provide the responsible agency/
organization requesting the performance test with a notification
of the intent to test 30 days prior to the enforcement source
test. The responsible agency obtains the audit samples from the
appropriate EPA Regional Quality Assurance Coordinator shown in
Table 5.1 of Section 3.0.5 of this Handbook. The responsible
agency ‘then provides the testing 1laboratory with 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 two audit samples and the compliance samples should be
concurrently analyzed 1in the same manner to evaluate the
technique of the analyst and the standards preparation. (Note:
It is recommended that known quality control samples be analyzed
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prior to the compliance and audit sample analysis to optimize the
system accuracy and precision. One source of these samples has
been 1listed above.) The same analyst, analytical reagents, and
analytical system shall be used both for compliance samples and
the EPA audit samples; if this condition is met, auditing of
subsequent compliance analyses for the same enforcement agency
within 30 days may not be required. An audit sample set may not
be used to validate different sets of compliance samples under
the jurisdiction of different enforcement agencies, unless prior
arrangements are made with both enforcement agencies.

Calculate the concentrations in mg/dsm3 using the specified
sample volume in the audit instructions. (Note: 1Indication of
acceptable results may ge obtained immediately by reporting the
audit results in mg/dsm and compliance results in total mg NO,/
sample by telephone to the responsible enforcement agency.)
Include the results of both audit samples, their identification
numbers, and the analyst's name with the results of the
compliance determination samples in appropriate reports to the
EPA regional office or the appropriate enforcement agency.
Include this information with subsequent compliance analyses for
the same enforcement agency during the 30-day period.

The concentration of the audit samples obtained by the
analyst shall agree within 5-percent of the actual concentra-
tions. If the 5-percent specification is not met, reanalyze the
compliance samples and audit samples, and include initial and
reanalysis values in the test report (see Note in first paragraph
of this section).

Failure to meet the 5-percent specification may require
retests until the audit problems are resolved. However;, if the
audit results do not affect the compliance or noncompliance sta-
tus of the affected facility, the Administrator may waive the
reanalysis requirement, further audits, or retests and accept the
results of the compliance test. While steps are being taken to
resolve audit analysis problems, the Administrator may also
choose to use the data to determine the compliance or noncom-
pliance status of the affected facility.

8.1.3 Audit of Data oP;;ogessing - Calculation errors are
prevalent in Method 6.7" 7’ Data processing errors can be
determined by auditing the recorded data on the field. and
laboratory forms. The original and audit (check) calculations
should agree within round-off error; if not, all of the remaining
data should be checked. The data processing may also be audited
by providing the testing 1laboratory with specific data sets
(exactly as would appear 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 wuseful in
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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, sample
analysis, data processing, etc.). 1Initially, 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 re-
duced--for example, to 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 below:

1. Inform the testing team of the results of pretest audits,

specifying any area(s) that need special attention or improve-
ment.

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

3l 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 over-
all performance, including the following specific operations:

dus Setting up and leak testing the sampling train.

2. Preparing and adding the absorbing solution to the
impingers.

3. Purging the sampling -train.

Figure 8.1 is a suggested checklist for the auditor.
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Yes

No

Comment

Presampling preparation

. Knowledge of process conditions

Calibration of pertinent equipment, in particular, the
dry gas meter, prior to each field test

On-site measurements

Leak testing of sampling train after sasple run

Preparation and addition of absorbing solutions to
impingers

Constant rate sampling (for Method 6A only)

Purging of the sampling train and rinsing of the
impingers and connecting tubes to recover the sample

‘

Recording of pertinent process conditions during sample
collection

Maintaining the probe at a given temperature

90
10.
i

12.

13.
14.
15.
16.

Postsampling
Control sample analysis--accuracy and precision
Sample aliquoting techniques
Titration technique, particularly endpoint precision

Use of detection blanks in correcting field sample
results

Audit results (+ 5%)
Calculation procedure/check
Calibration checks

Standardized barium perchlorate solution

Comments

Figure 8.1. Method 6 checklist to be used by auditors.

06S)
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Table 8.1. ACTIVITY MATRIX FOR AUDITING PROCEDURE

Action if

Frequency and method requirements

Audit Acceptance Limits of measurement are not met
Analytical Measured RE of the Frequency: As consid- Review opera-

phase using
aqueous sul-
fate solution

pretest audit samples
should be less than
+5% for both audit
results (optional)

Measured RE for
audit during test
should be less than
+5% for both audit
results (required)

ered necessary by the
testing firm

Method: Measure refer-
ence samples and compare
with true value

Frequency: Once during
every enforcement source
test (required)

Method: Measure audit
samples and compare
with true samples

ting techniques

Review opera-
ting technique
and repeat
both the audit
and field sam-
ple analyses

Data
processing
errors

(recommended)

Original and

check calculations
within round-off
error

Frequency: Once during

every enforcement
source test

Method: Independent
calculations, starting
with recorded data

Check and

correct all
data for the
source test

System audit
(recommended)

Operation technique
described in this
section of the Hand-
book

Frequency: Once dur-
ing every enforcement
test until experience
gained, then every
fourth test

Method: Observation of
techniques, assisted by
audit checklist,

Fig. 8.1

Explain to
team the devi-
ations from
recommended
techniques and
note on Fig.

8.1
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9.0 RECOMMENDED STANDARDS FOR ESTABLISHING TRACEABILITY

To achieve data of desired quality, two considerations are
essential: the measurement process must be in a state of statis-
tical control at the time of the measurement, and the systematic
errors, when combined with the random variation (errors of meas-
urement), must result in an acceptable uncertainty. To ensure
good quality data, it is necessary to perform quality control
checks and independent audits of the measurement process; to
document these data by means of a quality control chaxt as appro-
priate; and to use materials, instruments, and measurement proce-
dures 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 primary, such as those listed below.’

1. Dry gas meter must be calibrated against a wet test
meter that has ‘been verified by an independent liquid displace-
ment method (Section 3.5.2) or by use of a spirometer.

2. The barium perchlorate is standardized against sulfuric
acid. ' The sulfuric acid should have been standardized with
primary standard grade poétassium acid phthalate. The standard-
ized barium perchlorate should then be validated with an aqueous
solution of primary standard grade ammonium sulfate. This makes
the titrant  solution - traceable to two primary standard grade
reagents.’ ' -
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52 Thermometers. Caldate agalnst mercury-in-
glasy thermometers.
53 Rotameter. The rotameter 2e2d not be calibrated
tut should be c(lu:wd end acoording to the
‘s (nsf ¥

M Bmmem Calibrats agrinst @ mercury barom-
h.';i.s Barfum Perchlorato &Mﬂn. Gundudlu tbe

mifuric ecid to which lwnldlmp:mnummpmo!
bas boen edded.
8. Culeulations

eﬂeulndm

petaining ot
bayond that of the dsu. Round
T T
Nomenclature,

C... Munhaddhdh:ﬂo. basls
. eotrected to standerd eond! uom.tulcsm

" Nty i S peiooiia St
N t 5
P..,Bm:c o 4 i il Gt o
= preswre &t tha ex
dry ges meter, mm Hg (in. Hg). *
Gung\lnt:)-ﬁumm'mng

Valne)=Dry gos volume messured by the &y gus
4 metsr, oorrected to standard eooditions,

dsem {dscf).
Vasta=Total volume of solation in which the
dlozide eample s eonhlned. 200 mL
V‘-anumc of titrant @eed
for the sunpb. (averego of replicate
titrations).
Ves=Volume of barjum perchlorate Utrant vsed
for the blank, ml,
¥Ye=Dry ufu calibration factor.
32 (3= Equivalent v«ht of sulfar dhdde.
62 Dry [

Bod

L

tons.

" Bquatisa -1

ECy=0.3838 °K/mm Hg for moetric anita.

-uu'nnn Hg for English nnits.
Salfur dioxide concentration.

d.o,=Kg (V.-—Vn) N(ZV'—)

Section No. 3.5.10
Revision No. O
Date May 1, 1979
Page 2 of 3

1. Bidliegraphy

1. Atmosphertz Esmions from Kcifuriec Acd Ma-g-
bcwrln; Prarswa U.S. DHEW, PHS. Divislon S 24
Pollution. Publie Health Publicsuen No.
wo—u’-l: Cincinesti, Ohio. 1965.

theu. P. F. Tde Determimmtoon of £0: ané ECy
ln Flue Gases. Focrml of the Institate of Fuel. £3° T

243, 1861,
3. Motty, R.E. ead E. K. Dichl Measuring Fn-Gsas
803 and O»Mlﬂ.w Nowvember 1957.
b W.P.and J. A Brink, Jr. New Equir—xnt
Caemica) Process

6. Bami), H. .
B8tudy of Method for the D Gultar
Enimion from Sxttemry Sogyess (Famil-Foel Fired
Steam Gerzraior) Pavirowmmental Protection Agrocy,
Research Trimmghe Purk, N.C. EPA-6504-76<04.
Demmber 1973

7. Annoa! Book of ASTM Gtanderda Part 21; Sater,
Amha

“0w-Q
T.-'nodrymw sbeofute temperatare, .V_‘..n o !PLmnuJ;fc?‘n:i R\ The Applioains of
r...-sunam sbsolote tempersture, 20° K . . . Famsie hr':’.'?amc Ay, Ratoarch Triag's
Ve=Volume of cample aliquot titrated, mi Hy=32.08 . for snetric unies. .C. EPA-0C-20- O, July
Ve Dry gas volume o3 mmsured by the dry ges =7.651X10 . for Englich eaita, --
s dem (deD.
THERMOMETER
;l‘, STACK WALL - MIDGET IMPINGERS -
FWITk GUARTZ 08 SILICA GEL
; & = :
o
‘M i
N o
: LY
’ v 5
7 L
S g 1 . RATEMETER  NEEDLE VALVE
- : = PUMP

Figum'é;‘i_. .soz sampling ttam

TUZSURGETAMK L. L

o
1




Section No. 3.5.10

‘ . Revision No. 0
Amendments to Reference Méethod 8; Correction¥ Date May 1, 1979

O Page 3 of 3
4 In Method 8 of Appendiz A, Bections

2.1, 218, 219, 2148 2111 21.12,
2.3.2, 334, 412 413, and 6.1.1 are
amended a3 followx

1. In Section 2.1, the word “periox-
ide” in the fourth line of the second
fdmph t5 corrected to read “perox-

e ”

. 3. In Bectidn 2.1.6, theword“sﬁ.!ac”
{n the mnﬂ iine !a rereri t0 veed

8. In Scctlonl.l.'l. the word “value”,
which eppears twice is crraied to
read “vaive.”

. 4. In Section 2.1.8, the word “disph-
ragm” 18 corrected to read “die-
phragm” snd the word “wuxge”™ .8 In-
serted between the words “small” and
““tank.”

8. In Eection 2.1.11, the word “amer-
oid” is corrected to read “aneredd”

6. In Section 2.1.12, the phrase “and
Rotameter.” 8 frserted zfter the
phrase “Vacuum QGauge™ and the
phrase “and 0-40 oc/min rlameler” i@

4. In Section 2.3.2, the phrase “and
100-ml adze™ 13 corrected to read “and
10001} give.”
8. In Section 3.8.4, the word “copro-
mnol"intbetourthnmkeomded
. $0 read “isvpropanol”
8. In Section 4.1.3, delete the last
_ ~motthehstmmh.m
delete the secand paragraph and
mmnmth&hefonamgmbs

Tanpaarily sttech a suftafie ¢
©oc/min) sotameter t0 the cutis

2681
i
]
H
g Eggag
Eigﬁﬁégz

Notz the probe tniet

10. In Section 4.1.3, the sentence “If
a leak ig found, void the test run™ on
the wixteenth line is corradtad {0 reed

" “If & Jesk I3 foand, void the test sun, or Vae
Drocmes scoptadls to the Adminimratar

' " 11.1In Bection §.1.1, the word “or” on
the oixth iine is corsectzd Lo read “of™

g

*Federal Register, Vol. 43, No. 57-March 23, 1978
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Date

Calibrated by

Barometer pressure, P =

"

(English units)

in. Hg

We% test meter number

DRY GAS METER SAMPLE CALIBRATION DATA

Meter box number

m
Dry test meter temperature correction factor F
Wet test .Rota~ | Wet test | Dry test meter | Wet test Dry test meter
meter meter | meter gas gas volume meter Inlet Outlet Average| Time |Average
b
pressure L'eepting volume (Vd), ft3 gas temp gas temp | gas temp | gas temp|of run| ratio
g b :
drop (D R v
A S (€ Jo ey s | (eg0s] .5 @8 @, )t
A i o b
in. H,0 [t /min £e3 Initial | Final | OF °p op °%F | min

<7

D expressed as negative number.

b Volume passing through meter. Dry gas volume is minimum for at least five revolutions of the meter.

€ The, average of ty and ty 1f using two thermometers; the actual reading if using one thermometer.

d

€ With Y defined as the average ratio of volumes for the wet test and the dry test meters, Yi

. calibration and Y

. i
(o]
v (ty + 460°F) [Pm + (Dm/13.6)]

The time it takesito compiete the calibration run.

= Y +0.05 Y for the posttest checks, thus,

Yi -

£

Tolerance Y

Yri -

: 0
vy (tw 4+ 460°F) (pm)

v, (: 4 z.eo°r> [p + (p_/13. 6)] (60)

S (t:w + 460°F) (Pm) (0.035)

(Eq. 1)

(Zq. 3)

Y, +¥,4+Y

1

2 3

¥ =

Yr -

1

3

2

3

3

. " (Eq. 2)

With Y defined as the average ratio of volumetric measurement by wet test meter to rotameter.
= 1 +0.05 for calibration and Y #0.1 for posttest checks

Y, + Y, +Y

(e,

h)

Quality Assurance Handbook M6-2.4A

= Y 40.02 Y for



DRY GAS METER SAMPLE CALIBRATION DATA
(metric units)

Date Calibrated by Meter box number

Barometer pressure, Pm = mm Hg Wet test meter number

Dry test meter temperature correction factor ¢

Wet test Rota- | Wet test D;§ test meter | Wet test Dry test meter

meter .meter. | meter gas gas volume meter Inlet Outlet Average| Time [Average
pressure setting | volume (Vd),b ') gas temp gas temp| gas temp | gas temp|of run| ratio

drop (0.),% @R, v d £

P Bg)s| Ret| (V) () ) | (0| (£, @, @p.®, ),
i o i

m A0 - |%/min ) Initial | Final| °C % % % min

D_ expressed as negative number.
Volpmé?passing through meter. Dry gas volume is minimum for at least five revolutions of the meter.

The avérage'bf ty and td if using two thermometers; the actual reading if using one thermometer.

The time it takesito comp?ete the calibration run.

With Y defined as the average ratio of volumes for the wet test and the dry test meters..'{i @ Y +0.02 Y for
calibration and Y, = Y +0.05 Y for the postteat checks, thus,

' o

V(e +273C)[1> +(D/13.6)] : Y, +Y, +Y

Jw ~d [ m m (Eq. 1) y = 1 § 3 _ (Eq. 2)

D A N T P

Y.
i . 0
V4 (t:w + 27370C) (pm)
£ With Y_ defined -as the average ratio of volumetric measurement by wet test meter to rotameter.
- Tolerance Y .= 1 +0.05 for calibration and Y +0.1 for posttest checks
g | B o)
v, (eg * 73°C) p, + (D /13.6) (60) Y Y, + Y,
Yr = 0 (qu 3) Yr - 3 -, (Eqa ll)
i 0.(t, + 273°C) (p,) (0.035)

Quality Assurance Handbook M6-2.4B




G e

SAMPLING DATA FORM FOR 802

City
Date

Plant name

Sample location
Operator * Sample number

Probe length m (ft)

Barometric pressure, mm (in.) Hg

Probe material Probe heater setting

Meter box number Meter calibration factor (Y)

Ambient temperature, °C (°F)
Initial leak.check

Sample point location

Sample purge time, min

Final leak éheck Remarks
Sampling | Clock Sample Sample flow Sample volume Percent a Dry gas Impinger
time, time, volume, | rate setting, metered (AVm), deviation, meter temp, temp,
min | 26h | £ (£t g/min (£t3/min)| & (£t3) % °C (°F) °C (°F)
Total Total AVm Avg Avg Max
avg dev temp

a Percent deviation =

AV_ - AV avg
m m

100.

AV

av
8m

Quality Aassuranco llandhook M6-4.1




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

Qualiﬁy‘Assuranéeﬁﬁéndbook M6-4.2

Fome st ettt ot e S - e



G

SAMPLE RECOVERY AND INTEGRITY DATA

Plant Sample location

Field Data Checks

Sample recovery persounnel

Person with direct responsibility for recovered samples

Sample Date Liquid Stored
Sample identification of level in locked
number number recovery marked container
1
2
8
4
S
6
Blank
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 Sa=mple
nuber. nunberxr analysis level identified
1
2
3
4
5
6
Blank
Remarks

Signature of lab sample trustee

Quality Assurance Handbook M6-4.3
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c

SULFUR DIOXIDE

ANALYTICAL DATA

Plant Date
Sample location Analyst
Volume and normality of barium 1 ml N
perchlorate 2 ml N, avg
3 ml N
Total Sample
32T§i: 3iig::t Volume of titrant (Vt)? al
Sample V1) | V)5
Sample identification SOt a 1st 2nd
number number ml ml titration|titration | Average
1
2
3
4
5 "
6 'y
Blank N/A _— VE?—?;:

2 Volume for the blank must be the same as that of the sample aliquot.

b

'

1st titration

2nd titration

Signature of analyst

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

Signature of reviewer or supervisor

Quality Assurance Handbook M6-5.2



CONTROL SAMPLE ANALYTICAL DATA FORM

Plant Date analyzed

Analyst NBa(ClO

4)2

Weight of ammonium sulfate is 1.3214 g?

Dissolved in 2 2 of distilled water?

Titration of blank ml Ba(clo4)2 (must be < 0.5-ml)
Control Time of -
sample analysis, Titrant volume, S ml
number 24 h 1st 2nd 3rd Avg
2 Two titrant volumes must agree within 0.2 mil.

ml Ba(Cl0,), X N = 25 ml X 0.01N

472 B'?:‘(C:LOAL)Z (control sample) (comtrol sample)

ml X N =

(must agree within +5%, i.e., 0.238 to 0.262)

Does value agree? yes no

Signature of analyst

Signature of reviewer
Quality Assurance Handbook M6-5.3
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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 cus-
tomary descriptive title centered at the top of the page. How-
~ever, 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 M6-1.2 indicates that the form is Figure 1.2 in
Section' 3.5.1 of the Method 6 Handbook. Future revisions of
these forms, if any, can be documented as 1.2a, 1.2B, etc. Thir-
teen of the blank forms listed below are included in this sec-
tion. Five are in the Method Highlights subsection as shown by
the MH follbwing the form number.

Form Title

1.2 Procurement Log

2.2 Wet Test Meter Calibration Log

2.4A and 2.4B Dry Gas Meter Sample Calibration Data
(English and metric units)

2.5 (MH) Pretest Sampling Checks

3.1 (MH) Pretest Preparations

4.1 Sampling Data Form for 802

4.2 Sample Label

4.3 _-Sample Recovery and Integrity Data

4.4 (MH) On-Site Measurements

5.1 (MH) Posttest Sampling Checks

5.2 Sulfur Dioxide Analytical Data

5.3 Control Sample Analytical Data

5.4 (MH) Posttest Operations
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6.1A and 6.1B Sulfur Dioxide Calculation Forms
(English and metric units)
8.1 Method 6 Checklist To Be Used by

Auditors



-

WET TEST METER CAI‘TION LOG

Wet test meter serial number

Range of wet test meter flow rate
Volume of test flask Vs
Ssatisfactory leak check?

Date

Ambient temperature of equilibrate liquid in wet test meter and reservoir

—
: Manomete Final Initial Total Flask Percent
Test reading, volume (Vf), volume (Vi)’ volume (Vm) P volume (V_), error,
number mm H,O 2 2 2 g 8 o
S bt
-1
12
3 i
a i
! Must be less than 10 mm (0.4 in.) H,0.
dalculations:
b
c _ “ _
. % error = 100 (V, - V )/V_ = (£1%) .

Signature of

calibration person

Quality Assurance Handbook M6-2.2




O

Yes

No

METHOD 6 CHECKLIST TO BE USED BY AUDITORS

Comment

3.

b4

5.

10.

11.

12,

13.
14.

15.

Presampling Preparation

Knowledge of process conditions

Calibration of pertinent equipment, in particular,

the dry gas meter, prior to each field test
On-site Measurements

Leak testing of sampling train after sample rum

Preparation and addition of absorbing solutions
to impingers

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

sample

Recording of pertinent process conditioms during
sample collection

Maintaining the probe at a given temperature

Postsampling
Control sample analys: s-—accuracy and precision
Sample aliquoting techniques

Titration technique, particularly endpoint
precision

Use of detection blanks in correcting field
sample results

Calculation procedure/check
Calibration checks

Standardized barium perchlorate solution

General Couments

Quality Assurance Handbook M6-8.1
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SULFUR DIOXIDE CALCULATION FORM
(English units)

Sample Volume 2

- ft ¢ Tm = — R' Pbar — e in. Hg, Y = W .
o YV P
R m ~“bar 3
m(std) 17064 l‘l'n' gl_Hl-g- X T - _o_ P ft

Equation 6-1

SO 2 Concentration

N=_. __ _(geq)/ml, V., = _ . _ml, V, =_ _.__ml
soln = — — = WL, Vo= _ . _ml

e NV, =V, )W . V) _
= 7.06 x 107° t _tb solm” a' | x 10~% 1v/dscst

Vm (std) _
Equation 6-2

@ calculation form for data collected using Method 6
type equipment. The alternative use of Method 5 or
Method 8 equipment wxl} change Vin and V. ( gtd) to

m(std) - - -

Quality Assurance Handbook M6-6.1A




SULFUR DIOXIDE CALCULATION FORM
(metric units)

Sample Volume &

. _2x0.001l= . _ _ _m

_.-._ K' bar = g — . mlﬂ Hg' Y = t____
0.3858 K L Vm Pbar - m3
) mm Hg Th =TS S

Equation 6-1

802 Concentration

_ _ _(g~eq)/m1, Ve ="_ __ml, Vy=__. _m
. _e_ml Yy _ _e_nmi
N (V, = V_.) (V N)
32.03 £ b soln = . mg/dscm
m(std)

Equation 6-2

Calculation form for data collected using Method 6
type equipment. The alternative use of Method 5 or

Method B_equlpment w1§l change Vn and Vm(std) to
Vn(std) S o e o &

‘Quality Assurance Handbook M6-6.1B






