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METHOD 8 - DETERMINATION OF SULFURIC ACID AND SULFUR
DIOXIDE EMISSIONS FROM STATIONARY SOURCES

NOTE: This method does not include all of the
specifications (e.g., equipnment and supplies) and procedures
(e.g., sanpling and anal ytical) essential to its
performance. Sone material is incorporated by reference
fromother nmethods in this part. Therefore, to obtain
reliable results, persons using this nethod should have a
t hor ough knowl edge of at least the follow ng additional test
met hods: Method 1, Method 2, Method 3, Method 5, and
Met hod 6.

1.0 Scope and Application.

1.1 Analytes.

Anal yte CAS No. Sensitivity
Sul furic acid, including: 0. 05 ng/ n¥
Sul furic acid 7664-93-9 (0.03 x 107
(H,SO,) mi st 7449-11-9 I b/ ft?3)
Sul fur trioxide
(SG)
Sul fur di oxi de (SG) 7449-09-5 1.2 ng/n?

(3 x 10°° I b/ft3)

1.2 Applicability. This nethod is applicable for the
determ nation of H,SO, (including HSO, mst and SO;) and
gaseous SO, em ssions from stationary sources.

NOTE: Filterable particulate matter may be determ ned
along wwth H,SO, and SO, (subject to the approval of the

Adm nistrator) by inserting a heated glass fiber filter
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bet ween the probe and i sopropanol inpinger (see Section
6.1.1 of Method 6). If this option is chosen, particul ate
analysis is gravinetric only; sulfuric acid is not
determ ned separately.

1.3 Data Quality Objectives. Adherence to the
requirenents of this nmethod wll enhance the quality of the
data obtained fromair pollutant sanpling methods.

2.0 Summary of Method.

A gas sanple is extracted isokinetically fromthe
stack. The H,SO, and the SO, are separated, and both
fractions are measured separately by the bariumthorin
titration nethod.

3.0 Definitions. [Reserved]
4.0 Interferences.

4.1 Possible interfering agents of this nethod are
fluorides, free amonia, and dinmethyl aniline. |If any of
these interfering agents is present (this can be determ ned
by know edge of the process), alternative nethods, subject
to the approval of the Adm nistrator, are required.

5.0 Safety.

5.1 Disclainer. This nethod may invol ve hazardous
materials, operations, and equipnent. This test nethod may
not address all of the safety problens associated with its

use. It is the responsibility of the user of this test
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met hod to establish appropriate safety and health practices
and determne the applicability of regulatory limtations
prior to performng this test nethod.

5.2 Corrosive reagents. Sane as Method 6, Section
5. 2.

6.0 Equipment and Supplies.

6.1 Sanple Collection. Sane as Method 5, Section
6.1, with the follow ng additions and excepti ons:

6.1.1 Sanpling Train. A schematic of the sanpling
train used in this nethod is shown in Figure 8-1; it is
simlar to the Method 5 sanpling train, except that the
filter position is different, and the filter hol der does not
have to be heated. See Method 5, Section 6.1.1, for details
and gui del i nes on operation and nmai nt enance.

6.1.1.1 Probe Liner. Borosilicate or quartz gl ass,
with a heating systemto prevent visible condensation during
sanpling. Do not use netal probe |iners.

6.1.1.2 Filter Holder. Borosilicate glass, with a
glass frit filter support and a silicone rubber gasket.

O her gasket materials (e.g., Teflon or Viton) may be used,
subject to the approval of the Adm nistrator. The hol der
design shall provide a positive seal against |eakage from

the outside or around the filter. The filter hol der shal
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be pl aced between the first and second inpingers. Do not
heat the filter hol der.

6.1.1.3 |Inpingers. Four, of the G eenburg-Smth
design, as shown in Figure 8-1. The first and third
i npi ngers nust have standard tips. The second and fourth
i npi ngers nust be nodified by replacing the insert with an
approximately 13-mm (*in.) ID glass tube, having an
unconstricted tip located 13 nm (% in.) fromthe bottom of
the inmpinger. Simlar collection systens, subject to the
approval of the Adm nistrator, nmay be used.

6.1.1.4 Tenperature Sensor. Thernoneter, or
equi valent, to neasure the tenperature of the gas |eaving
the inmpinger train to wthin 1 °C (2 °F).

6.2 Sanple Recovery. The following itens are
requi red for sanple recovery:

6.2.1 Wash Bottles. Two polyethylene or glass
bottles, 500-nmi.

6.2.2 Gaduated Cylinders. Two graduated cylinders
(volunetric flasks may be used), 250-m, 1-liter

6.2.3 Storage Bottles. Leak-free polyethyl ene
bottles, 1-liter size (two for each sanpling run).

6.2.4 Trip Balance. 500-g capacity, to neasure to
+ 0.5 g (necessary only if a noisture content analysis is to

be done).
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6.3 Analysis. The following itens are required for
sanpl e anal ysi s:

6.3.1 Pipettes. Volunetric 10-m, 100-m .

6.3.2 Burette. 50-nl.

6.3.3 Erlenneyer Flask. 250-m (one for each sanple,
bl ank, and standard).

6.3.4 Gaduated Cylinder. 100-nmi.

6.3.5 Dropping Bottle. To add indicator solution,
125-m si ze.

7.0 Reagents and Standards.

NOTE: Unless otherwi se indicated, all reagents are to
conformto the specifications established by the Commttee
on Anal ytical Reagents of the Anmerican Chem cal Society,
where such specifications are available. Oherw se, use the
best avail abl e grade.

7.1 Sanple Collection. The follow ng reagents are
requi red for sanple collection:

7.1.1 Filters and Silica Gel. Sane as in Method 5,
Sections 7.1.1 and 7.1.2, respectively.

7.1.2 Water. Sanme as in Method 6, Section 7.1.1.

7.1.3 Isopropanol, 80 Percent by Volune. M x 800 n
of isopropanol with 200 m of water.

NOTE: Check for peroxide inpurities using the

procedure outlined in Method 6, Section 7.1.2.1.
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7.1.4 Hydrogen Peroxide (HG), 3 Percent by Vol une.
Dilute 100 Ml of 30 percent HO to 1 liter with water.
Prepare fresh daily.

7.1.5 Crushed Ice.

7.2 Sanple Recovery. The reagents and standards
requi red for sanple recovery are:

7.2.1 Water. Sanme as in Section 7.1.2.

7.2.2 Isopropanol, 80 Percent. Sanme as in
Section 7.1. 3.

7.3 Sanple Analysis. Sane as Method 6, Section 7.3.

7.3.1 Quality Assurance Audit Sanples. Wen making
conpliance determ nations, and upon availability, audit
sanpl es may be obtained fromthe appropriate EPA Regi onal
Ofice or fromthe responsi ble enforcenent authority.

NOTE: The responsible enforcenent authority should be
notified at |east 30 days prior to the test date to all ow
sufficient time for sanple delivery.

8.0 Sample Collection, Preservation, Storage, and
Transport.

8.1 Pretest Preparation. Same as Method 5, Section
8.1, except that filters should be inspected but need not be
desi ccated, weighed, or identified. |If the effluent gas can
be considered dry (1.e., noisture-free), the silica gel need

not be wei ghed.
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8.2 Prelimnary Determ nations. Sane as Method 5,
Section 8. 2.

8.3 Preparation of Sanpling Train. Sanme as Method 5,
Section 8.3, wth the foll ow ng exceptions:

8.3.1 Use Figure 8-1 instead of Figure 5-1.

8.3.2 Replace the second sentence of Method 5,
Section 8.3.1 with: Place 100 ml of 80 percent isopropanol
in the first inpinger, 100 mM of 3 percent HGO, in both the
second and third inpingers; retain a portion of each reagent
for use as a blank solution. Place about 200 g of silica
gel in the fourth inpinger.

8.3.3 Ignore any other statements in Section 8.3 of
Met hod 5 that are obviously not applicable to the
per f ormance of Method 8.

NOTE: |If noisture content is to be determ ned by
i npi nger anal ysis, weigh each of the first three inpingers
(plus absorbing solution) to the nearest 0.5 g, and record
these weights. Wigh also the silica gel (or silica gel
plus container) to the nearest 0.5 g, and record.)

8.4 Metering System Leak-Check Procedure. Sane as
Met hod 5, Section 8.4.1.

8.5 Pretest Leak-Check Procedure. Follow the basic
procedure in Method 5, Section 8.4.2, noting that the probe

heater shall be adjusted to the m ninmumtenperature required
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to prevent condensation, and al so that verbage such as
"...plugging the inlet to the filter holder..." found in
Section 8.4.2.2 of Method 5 shall be replaced by
"...plugging the inlet to the first inpinger...". The
pretest |eak-check is recommended, but is not required.

8.6 Sanpling Train Operation. Follow the basic
procedures in Method 5, Section 8.5, in conjunction with the
foll ow ng special instructions:

8.6.1 Record the data on a sheet simlar to that
shown in Figure 8-2 (alternatively, Figure 5-2 in Method 5
may be used). The sanpling rate shall not exceed 0.030
nt/mn (1.0 cfm during the run. Periodically during the
test, observe the connecting |ine between the probe and
first inpinger for signs of condensation. |If condensation
does occur, adjust the probe heater setting upward to the
m ni mum tenperature required to prevent condensation. |If
conponent changes becone necessary during a run, a |eak-
check shall be perforned i medi ately before each change,
according to the procedure outlined in Section 8.4.3 of
Method 5 (with appropriate nodifications, as nentioned in
Section 8.5 of this nethod); record all leak rates. |If the
| eakage rate(s) exceeds the specified rate, the tester shal
either void the run or plan to correct the sanple vol une as

outlined in Section 12.3 of Method 5. Leak- checks
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i mredi ately after conponent changes are recomended, but not
required. |f these |eak-checks are performed, the procedure
in Section 8.4.2 of Method 5 (wth appropriate
nodi fications) shall be used.

8.6.2 After turning off the punp and recording the
final readings at the conclusion of each run, renove the
probe fromthe stack. Conduct a post-test (mandatory) | eak-
check as outlined in Section 8.4.4 of Method 5 (with
appropriate nodifications), and record the leak rate. |If
the post-test | eakage rate exceeds the specified acceptable
rate, either correct the sanple volune, as outlined in
Section 12.3 of Method 5, or void the run.

8.6.3 Drain the ice bath and, with the probe
di sconnected, purge the remaining part of the train by
drawi ng cl ean anbient air through the systemfor 15 m nutes
at the average flow rate used for sanpling.

NOTE: C ean anbient air can be provided by passing
air through a charcoal filter. Alternatively, anbient air
(w thout cleaning) may be used.

8.7 Calculation of Percent |sokinetic. Sane as
Met hod 5, Section 8.6.

8.8 Sanple Recovery. Proper cleanup procedure begins

as soon as the probe is renoved fromthe stack at the end of
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the sanpling period. Allow the probe to cool. Treat the
sanpl es as foll ows:

8.8.1 Container No. 1.

8.8.1.1 If a noisture content analysis is to be
performed, clean and weigh the first inpinger (plus
contents) to the nearest 0.5 g, and record this weight.

8.8.1.2 Transfer the contents of the first inpinger
to a 250-m graduated cylinder. Rinse the probe, first
i npi nger, all connecting glassware before the filter, and
the front half of the filter holder with 80 percent
i sopropanol. Add the isopropanol rinse solution to the
cylinder. Dilute the contents of the cylinder to 225 ni
wi th 80 percent isopropanol, and transfer the cylinder
contents to the storage container. Rinse the cylinder with
25 m of 80 percent isopropanol, and transfer the rinse to
the storage container. Add the filter to the solution in
the storage container and mx. Seal the container to
protect the solution against evaporation. Mark the |evel of
liquid on the container, and identify the sanple contai ner.

8.8.2 Container No. 2.

8.8.2.1 If a noisture content analysis is to be
performed, clean and weigh the second and third i npingers

(plus contents) to the nearest 0.5 g, and record the
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wei ghts. Also, weigh the spent silica gel (or silica gel
plus inpinger) to the nearest 0.5 g, and record the weight.

8.8.2.2 Transfer the solutions fromthe second and
third inpingers to a 1-liter graduated cylinder. Rinse al
connecting glassware (including back half of filter hol der)
between the filter and silica gel inpinger with water, and
add this rinse water to the cylinder. Dilute the contents
of the cylinder to 950 mMl with water. Transfer the sol ution
to a storage container. Rinse the cylinder with 50 m of
water, and transfer the rinse to the storage contai ner.
Mark the level of liquid on the container. Seal and

identify the sanple container.
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9.0 Quality Control.

9.1 Mscellaneous Quality Control Measures.

Quality Control

Secti on Measur e Ef f ect
7.1.3 | sopr opanol check Ensure acceptable | evel
of peroxide inpurities in
i sopr opanol
8.4, 8.5, Sanpling equipnent Ensure accurate
10.1 | eak- check and measur enent of stack gas
cal i bration flowrate, sanple vol une
10. 2 Bari um st andard Ensure normal ity
sol ution determ nati on
standar di zati on
11.2 Replicate titrations Ensure precision of
titration determ nations
11.3 Audi t sanpl e Eval uate anal yst's
anal ysi s t echni que and st andards

preparation

9.2 Volume Metering System Checks. Sane as Mt hod 5,
Section 9. 2.
10.0 Calibration and Standardization.
10.1 Sanpling Equi pnent. Sane as Mt hod 5,
Section 10.0.
10.2 Barium Standard Sol ution. Sane as Method 6,
Section 10. 5.
11.0 Analytical Procedure.
11.1. Sanple Loss. Sane as Method 6, Section 11.1.
11.2. Sanple Anal ysis.
11.2.1 Container No. 1. Shake the container hol di ng

the i sopropanol solution and the filter. |If the filter
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breaks up, allow the fragnents to settle for a few m nutes
before renoving a sanple aliquot. Pipette a 100-m ali quot
of this solution into a 250-m Erl enneyer flask, add 2 to 4
drops of thorin indicator, and titrate to a pink endpoint
using 0.0100 N barium standard sol uti on. Repeat the
titration wwth a second aliquot of sanple, and average the
titration values. Replicate titrations nust agree within 1
percent or 0.2 m, whichever is greater.

11.2.2 Container No. 2. Thoroughly m x the solution
in the container holding the contents of the second and
third inpingers. Pipette a 10-nm aliquot of sanple into a
250-m Erlenneyer flask. Add 40 ml of isopropanol, 2 to 4
drops of thorin indicator, and titrate to a pink endpoi nt
using 0.0100 N barium standard solution. Repeat the
titration wwth a second aliquot of sanple, and average the
titration values. Replicate titrations nust agree within 1
percent or 0.2 m, whichever is greater.

11.2.3 Blanks. Prepare blanks by adding 2 to 4 drops
of thorin indicator to 100 m of 80 percent isopropanol.
Titrate the blanks in the sanme manner as the sanpl es.

11.3 Audit Sanple Anal ysis.

11.3.1 Wien the nethod is used to anal yze sanples to
denonstrate conpliance with a source em ssion regulation,

EPA audit sanpl es nust be anal yzed, subject to availability.
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11.3.2 Concurrently analyze audit sanples and the
conpliance sanples in the sane nanner to eval uate the
techni que of the anal yst and the standards preparation.

NOTE: It is recommended that known quality control
sanpl es be anal yzed prior to the conpliance and audit sanple
anal yses to optim ze the system accuracy and preci sion.
These quality control sanples may be obtai ned by contacting
the appropriate EPA regional Ofice or the responsible
enf orcenent authority.

11. 3.3 The sane anal yst, analytical reagents, and
anal ytical systemshall be used for the conpliance sanpl es
and the EPA audit sanples. |If this condition is net,
duplicate auditing of subsequent conpliance anal yses for the
sanme enforcenent agency wthin a 30-day period is waived.
Audit sanples may not be used to validate different
conpliance sanpl es under the jurisdiction of separate
enforcenent agencies, unless prior arrangenents have been
made wi th both enforcenent agencies.

11.4 Audit Sanple Results.

11.4.1 Calculate the audit sanple concentrations in
mg/ dscm and submt results using the instructions provided
with the audit sanples.

11.4.2 Report the results of the audit sanples and

t he conpliance determ nation sanples along with their
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identification nunbers, and the analyst's nanme to the
responsi bl e enforcenent authority. Include this information
with reports of any subsequent conpliance anal yses for the
sane enforcenent authority during the 30-day period.

11.4.3 The concentrations of the audit sanples
obt ai ned by the anal yst shall agree within 5 percent of the
actual concentrations. |If the 5 percent specification is
not net, reanalyze the conpliance and audit sanples, and
include initial and reanalysis values in the test report.

11.4.4 Failure to neet the 5 percent specification
may require retests until the audit problens are resol ved.
However, if the audit results do not affect the conpliance
or nonconpliance status of the affected facility, the
Adm ni strator may wai ve the reanal ysis requirenent, further
audits, or retests and accept the results of the conpliance
test. Wiile steps are being taken to resolve audit analysis
probl ens, the Adm nistrator may al so choose to use the data
to determ ne the conpliance or nonconpliance status of the
affected facility.

12.0 Data Analysis and Calculations.

Carry out calculations retaining at |east one extra

significant figure beyond that of the acquired data. Round

off figures after final calcul ation.
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Nonmencl ature. Sane as Method 5, Section 12.1,

with the foll ow ng additions and exceptions:

G

o

c:HZSO4

Cee

RE

Vsol n

12. 2

Oifice

Actual concentration of SO, in audit sanpl e,

nmg/ dscm

Det erm ned concentration of SO, in audit sanpl e,
nmg/ dscm

Sul furic acid (including SO)) concentration,

g/ dscm (| b/ dscf).

Sul fur dioxide concentration, g/dscm (| b/dscf).
Norrmal ity of barium perchlorate titrant, meqg/m.
Rel ative error of QA audit sanple anal ysis,

per cent

Vol unme of sanple aliquot titrated, 100 m for
H,SO, and 10 ml for SO.

Total volunme of solution in which the sanple is
contained, 250 m for the SO, sanple and 1000 m
for the H,SO, sanpl e.

Vol ume of barium standard solution titrant used
for the sanple, m.

Vol ume of barium standard solution titrant used

for the blank, nl.

Average Dry Gas Meter Tenperature and Average

Pressure Drop. See data sheet (Figure 8-2).

12.3 Dry Gas Volune. Sanme as Method 5, Section 12.3.
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12. 4 Vol unme of Water Vapor Condensed and Mi sture
Content. Calculate the volunme of water vapor using
Equation 5-2 of Method 5; the weight of water collected in
the inpingers and silica gel can be converted directly to
milliliters (the specific gravity of water is 1 g/m).
Cal cul ate the noisture content of the stack gas (B,) using
Equation 5-3 of Method 5. The NOTE in Section 12.5 of
Method 5 also applies to this nethod. Note that if the
ef fl uent gas stream can be considered dry, the vol une of
wat er vapor and noi sture content need not be cal cul at ed.

12.5 Sulfuric Acid Mst (Including SO;) Concentration.

CHosoa = K3 [N (Vi = Vin) (Vsoln/Val/Vm(std) Eq. 8-1

wher e:

Ks

0.04904 g/nmeq for metric units,
= 1.081 x 10“* I b/neq for English units.

12. 6 Sul fur D oxi de Concentration.

Csoz = K4 [N (Vi - Vip) (VeI Val/Vim(std) Eq. 8-2

wher e:
K,

0.03203 g/ neq for netric units,

7.061 x 10° I b/neq for English units.
12.7 1sokinetic Variation. Sane as Mthod 5,

Section 12.11.
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12.8 Stack Gas Velocity and Vol unetric Fl ow Rate.
Cal cul ate the average stack gas velocity and volunetric fl ow
rate, if needed, using data obtained in this nmethod and the
equations in Sections 12.6 and 12.7 of Method 2.

12.9 Relative Error (RE) for QA Audit Sanples. Sane as
Met hod 6, Section 12. 4.
13.0 Method Performance.

13.1 Analytical Range. Coll aborative tests have shown
that the m ninmum detectable limts of the nmethod are
0.06 ng/n? (4 x 10°° I b/ft3 for HSO, and 1.2 ny/n?
(74 x 10°° Ib/ft3) for SO. No upper limts have been
est abli shed. Based on theoretical calculations for 200 m
of 3 percent H,O solution, the upper concentration limt
for SO, in a 1.0 n? (35.3 ft% gas sanple is about 12,000
ng/nt (7.7 x 10 I b/ft3). The upper limt can be extended
by increasing the quantity of peroxide solution in the
I npi ngers.
14.0 Pollution Prevention. [Reserved]
15.0 Waste Management. [ Reserved]
16.0 References.

Sanme as Section 17.0 of Methods 5 and 6.

17.0 Tables, Diagrams, Flowcharts, and Validation Data.
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Figure 8-1.

Sulfuric Acid Sampling Train.
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Field Data Sheet.

Figure 8-2.
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