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METHOD 6. 1

DETERM NATI ON OF SULFURI C ACI D AND SULFUR OXI DES FROM

STATI ONARY SOURCES

Section 1 of 5

Overvi ew

1.

1

Principle

A gas sanple is extracted isokinetically fromthe
stack. The sulfuric acid mst, sulfur trioxide,
and sul fur dioxide are separated and neasured
separately by titration and/ or precipitation

nmet hods.

1.2 Applicability

Thi s net hod neasures sul fur conpound em ssions
consisting of sulfuric acid mst, sulfur
trioxide, and sul fur dioxide fromstationary
sources. In nost instances this nmethod al so
determ nes total sul fur conpounds (liquid and
gaseous) if such determnation is required. |If
reduced liquid and gaseous sul fur conmpounds (e.g.

CSp COS, RS) are present in quantities greater
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than 2 percent or 5 ppm whichever is |ower, use

Method 6.3 in addition to this method.

Sul furic acid mst is collected on a Watnman

t hi mbl e preceding the inpinger train, naintained
above the dew point of noisture but bel ow 2000F.
Sul fur trioxide is collected in an inpinger
cont ai ni ng 2-propanol follow ng the thinble.

Sul fur dioxide is collected in two inpingers

cont ai ni ng hydrogen peroxide (HxOp).

If sulfuric acid alone is required, the inpingers
follow ng the What man thi nbl e may contain any
desired solution. |If total sulfur conpounds are
required, the thinble and inpinger containing

2- propanol are unnecessary. |If total sulfur

oxi des are required, separation of these oxides
IS unnecessary and an inpinger train containing
the thinble and inpingers with HoOp solution is

sufficient.

1. 3 Range

Col | aborative testing indicates that the | ower
detectable limts of the method are 0.05 ngy/
(0.03 x 10-7 Ib/ft3) for sulfur trioxide, and

1.2 ng/m (0.74 x 10-7 Ib/ft3) for sul fur
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di oxi de. No upper limts have been established.
Based on theoretical calculations for 200
mlliliters of 3 percent hydrogen peroxide
solution, the upper concentration |imt for

sul fur dioxide in a 1.0 m3 (35.3 ft3) gas sanple
is about 12,500 mg/m3 (7.7 x 10-4 1 b/ft3).

The upper limt can be extended by increasing the

quantity of peroxide solution in the inpingers.

1.4 Interferences

Possible interfering agents are water sol uble
cations, fluorides, phosphates, free anmmonia,
(free ammonia reacts with SOy to form
particulate sulfite), and dinethyl aniline. If
any of these interfering agents are present (this
is determ ned by know ng the process),
alternative anal ytical procedures may be used
subj ect to the approval of the Executive Oficer.
Three different anal ytical procedures are
included in this nmethod: sodi um hydroxide
titration, bariumperchlorate titration, and

barium chloride precipitation
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An alternative procedure, sodi um hydroxide
titration/bariumchloride precipitation, is

presented in Section 5.

The sodi um hydroxide titration procedure neasures
sulfuric acid and other strong acids. The barium
perchlorate titration procedure and the barium
chloride precipitation procedure neasure total

sul f at es.
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METHOD 6. 1

DETERM NATI ON OF SULFURI C ACI D AND SULFUR OXI DES FROM
STATI ONARY SOURCES

Section 2 OF 5

2. Fi el d Procedures

2.1 Sanpl i ng Appar at us

2.1.1 Sanpling Train

A schematic of the sanpling train used in

this method is showmn in Figure 6.1-1

a. Probe Nozzle

Same as Met hod 5. 1.

b. Probe Liner

Borosilicate or quartz glass. A

heating system may be required to

prevent noi sture condensation during

sanpling. DO NOT USE METAL PROBE
LI NERS.
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Pi t ot Tube

For isokinetic or proportional

sanpling. Sanme as Method 2. 1.

Differential Pressure Gauge

Same as Met hod 2. 1.

Filter Hol der

VWhat man paper thinble filter in a

borosilicate glass holder with a dial
t hernoneter as shown in Figure 6.1-1
The hol der design provides a positive
seal against | eakage fromthe outside

or around the filter.

Use a heating box or other neans to

mai ntain the desired tenperature.

| mpi ngers

Si x inpingers connected in series wth
| eak-free ground glass fittings or any
simlar | eak-free non-contam nating

fittings. The first, third, and
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fourth i npinger nust be of G eenburg-
Smth design with standard tips. The
second, fifth, and sixth inpinger nust
be of Greenburg-Smth design, nodified
by replacing the tip with 13 mm (1/2
in.) IDglass tube extending to 13 mm
(2/2 in.) fromthe bottom of the
flask. The first inpinger contains
200 mM of 80 percent 2-propanol, the
third and fourth each contains 100 mi
of 3 percent HpOp solution and the

si xth contains a known wei ght of
silica gel or equival ent desiccant.
The second and fifth inpingers are
enpty. The silica gel prevents

noi sture condensation in the punp and
nmetering devices, elimnating the need
to correct for noisture in the netered

vol une.

The volune of HyOp in the inpingers
may be increased to 200 m if the
concentration of sulfur oxides in the

effluent is expected to be high.
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2.

2.

2

3

g. Metering System

Same as Met hod 5. 1.

h. Bar onet er

Same as Met hod 5. 1.

i. Gas Density Determ nation Equi pnment

Same as Met hod 5. 1.

Sanpl i ng Reagents

See Section 3.2.1.

Prelimnary Determ nations

An uneven distribution of SO concentration in

the effluent requires traverse sanpling per

Method 5.1. If HpSOq is present as a m st,

performisokinetic sanpling per Method 5.1,

unl ess only total SO¢ determ nation is required

and HoSOq is |l ess than 10 percent of total sulfur

oxi des.
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2.

2.

5

Non- | soki netic Sanpling

For non-isokinetic sanpling, the sanpling point
in the duct should be either at the centroid of
the cross section or at a point no closer than
1.00 m (3.3 ft) to the wall, unless otherw se

specified by the Executive Oficer.

| soki netic Sanpling

Sel ect the sanpling site and the m ni nrum nunber
of sanpling points according to Method 1. 1.
Determ ne the stack pressure, tenperature, and
the range of velocity heads using Method 2. 1.
Performa | eak check of the Pitot |lines as
outlined in Method 2.1, Section 2.2.1. To set
i soki netic sanmpling rates, determ ne noisture
content using Method 4.1 or its alternative.

Determ ne the stack gas dry nol ecul ar wei ght as

outlined in Method 3.1. If Method 3.1 integrated

sanpling is used to neasure nol ecul ar wei ght,
take the integrated bag sanple sinmltaneously

with the SO sanple run.

Sel ect a nozzle size based on the range of
velocity heads so that it is not necessary to

change the nozzle size to maintain isokinetic
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sanpling rates. Do not change the nozzle size
during the run. Choose the proper differenti al
pressure gauge for the range of velocity heads

encountered (see Method 2.1, Section 2.1.2).

Sel ect a probe length suitable for sanpling al
traverse points. For |arge stacks, consider
sanpling from opposite sides of the stack (four

sanpling ports) to reduce the [ ength of probes.

Select a total sanpling tinme of one hour, or one
conplete cycle of operation, whichever is
greater. The sanpling tine per point nust not be
| ess than 2 mnutes, and the total sanple vol une
(corrected to standard conditions) must not be

| ess than 30 ft3.

To avoid tinekeeping errors, the nunber of
m nut es sanpl ed at each point should be an
integer or an integer plus one-half mnute. The

sanpling tine nust be the sane at each point.

In sone circunstances (e.g. batch cycles), it my
be necessary to sanple for shorter tines at the
traverse points and to obtain smaller gas sanple
vol umes. Such variations require prior approval

by the Executive Oficer.
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2.

6

7

Gas Vol une Meter Check and Pretest Leak Check

Fol | ow t he basic procedures outlined in Method
5.2, Sections 2.4 and 2.6. During |eak checking,
adj ust the probe and filter heaters to the

m ni mumtenperature required to prevent

condensati on.

Sanpling Train Qperation

Fol | ow t he basic procedure outlined in Method
5.2, Section 2.7, in conjunction with the
foll ow ng special instructions. Record data on a
sheet simlar to Figure 6.1-2. The sanpling rate
shoul d not exceed 0.030 m3/ min (1.0 cfn during
the run and shoul d be proportional to the stack

flowrate + 15 percent (for non-isokinetic

sanpl i ng) .

Thr oughout the test, maintain the probe and
filter tenperatures above the dew point of
moi sture but bel ow 2000F. Record the

t enper at ur e.

| f conponent changes becone necessary during a

run, performa | eak check i nedi ately before each
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change. Record all leak rates. |If a | eakage
rate exceeds the specified rate, either void the
run or correct the sanple volunme as outlined in
Chapter X, section on Error Bias Corrections.
Conduct | eak checks imredi ately after conponent

changes.

At the conclusion of each run, turn off the punp,
record final readings, and renove the probe from
the stack. Conduct a post test |eak check
(mandatory) and record the leak rate. If the
post test | eakage rate exceeds the specified
acceptable rate, either correct the sanple vol une
as outlined in Chapter X, section on error Bias

Corrections or void the run.

Conduct a post test check of the gas vol une neter

check.

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
system for 15 m nutes at an average flow rate of

0.5 cfm
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2.

8

9

Cal cul ati on of Percent |sokinetic

When sanpling isokinetically follow the procedure

outlined in Method 5.2, Section 2. 8.

Cali bration

Cal i brate equi prent using the procedures
specified in Chapter Il1l. Note that the
recommended cal i bration check of the netering
system described in Method 5.2, Section 2.4,

applies to this nethod.
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METHOD 6. 1

DETERM NATI ON OF SULFURI C ACI D AND SULFUR OXI DES FROM

STATI ONARY SOURCES

Section 3 OF 5

Laborat ory Procedures

3.1 Apparatus

3.1.1 Sanpling Train

See Section 2.1.1.

3.1.2 Sanpl e Recovery

a. Wash Bottl es

Pol yet hyl ene or gl ass,

500 M (two).

G aduat ed Cylinders

500 M, 1 liter with stoppers.

Vol unetric flasks may al so be used.
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c. Storage Bottles

Leak-free pol yethyl ene bottles, 500 ni

size (1000 m, if necessary). Three

for each sanpling run plus three for

reagent bl anks.

d. Bal ance

To neasure to + 0.15 g.

e. Pipet

Class "A", 5.0 m.

3.1.3 Analysis

a. Pipet

Vol unetric C ass "A" pipets of various

si zes.

b. Buret

10 to 50 m with 0.02 ml or 0.1 n

divisions. Automatic titrator
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accurate to 0.01 m and 0.1 pH

(optional).

Er | ennmeyer Fl ask

250 mM (one for each sanpl e, blank,

and st andard).

Graduat ed Cyli nder

100 m .

Filtration Apparatus

Suction flask, filter hol der, and

vacuum punp.

Droppi ng Bottle

125 M size, to add indicator

sol uti on.

G ass |1 on Exchange Col um

12-15 mm x approxi mately 500 nm

equi pped with glass wool plug and
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3.

2

stopcock or clanp to control liquid

flow rate.

h. Vibrator

Used for packing the colum with ion

exchange resin.
Reagent s
Unl ess otherwi se indicated, all reagents are to
conformto the specifications established by the
Comm ttee on Anal ytical Reagents of the Anmerican
Chem cal Society, where such specifications are
avai l able. QO herw se, use the best avail able
gr ade.
3.2.1 Sample Collection Train Preparation

a. Filters

What man paper thinble. Cellul ose,

si ngl e thickness.
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Silica G

I ndi cating- type, fresh or dried at
1750C (3500F) for 2 hours, 6 to 16

nmesh.

Wat er

Dei oni zed, distilled to conformto
ASTM speci fication D 1193-74, Type 3.
At the option of the analyst, the
KMhOyq test for oxidizable organic
matter may be omtted when high
concentrations of organic matter are
not expected to be present. Reference
to water throughout this method

i nplies deionized, distilled water.

2- Propanol, 80 Percent

Mx 800 m of 2-propanol with 200 m

of water.

NOTE: Experi ence has shown that only
A.C.S. G ade 2-propanol is

sati sfactory. Tests have shown that
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2- propanol from conmercial sources
occasional ly contai ns peroxide
inpurities that will cause erroneously

hi gh sul furic acid m st neasurenent.

Use the following test for detecting
peroxi des in each |ot of 2-propanol:
Shake 10 ml of 2-propanol with 10 m
of freshly prepared 10 percent

pot assi um i odi de solution. Prepare a
blank by simlarly treating 10 m of
water. After one mnute, read the
absorbance on a spectrophotoneter at
352 nanoneters. |f the absorbance
exceeds 0.1, the 2-propanol shoul d not

be used.

Per oxi des may be renoved from 2-
propanol by redistilling, or by
passage through a colum of activated
al um na. However, since reagent grade
2-propanol with suitable | ow peroxide
|l evels is readily avail able from
commerci al sources, rejection of
contam nated | ots may be nore
efficient than foll ow ng the peroxide

renmoval procedure. Mark the received
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|ot with the bl ank val ue and date of

test.

e. Hydrogen Peroxide, 3 Percent

Dilute 100 mM of 30 percent hydrogen

peroxide to 1 liter with water.

Prepare fresh daily. Store 30 percent

hydr ogen peroxide in a refrigerator

when not in use.

f. Crushed lIce or Dry Ice

g. Stopcock G ease

3.2.2 Sanpl e Recovery

a. Wat er

Same as Section 3.2.1 ¢

b. 2-Propanol, 50 Percent

M x 500 m of 100 percent 2-propanol

with 500 Ml of water.
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c. HA, 0.1N

Dilute 8.3 mM of concentration HCO to

l1liter with water.

3.2.3 Analysis

a. Wat er

Same as Section 3.2.1 c.

b. 2-Propanol, 100 Percent

c. Thorin Indicator

1- (o- ar sonophenyl azo) - 2- napht hol - 3, 6-

di sulfonic acid, disodiumsalt, or

equivalent. Dissolve 0.20 g in 100 m

of water.

d. Barium Perchlorate [Ba(Cd Oq) 2], 0.01N

Di ssolve 1.95 g of barium perchlorate

trihydrate [Ba(C O4)2-3HQ in 200 m

water, and dilute to 1 liter with 2-

propanol; 1.22 g of bariumchloride
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di hydrate [BaC 2-2HpQ nmay be used
i nstead of the barium perchlorate.
Standardi ze with sulfuric acid as in
Section 3.9. This solution nust be
prot ect ed agai nst evaporation at all

tines.

Sodi um Hydr oxi de (NaOH), O0.1N

Di ssolve 4.00 g of sodi um hydroxide in
200 M of water. Dilute to 1 liter
with water. Standardize as in Section

3.9 and protect from exposure to air.

Sul furic Acid Standard (HpxSOq),
0. 0200N

Purchase or standardize to + 0. 0002N
agai nst 0. 0100N NaCH t hat has

previ ously been standardi ze agai nst
primary standard potassium acid

pht hal at e.
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g. Cation Exchange Resin
RexynR strong acid cation exchange
resin; AmberliteR cation exchange
resin, or equivalent.

h. Hydrochloric Acid (HCQ)
Dilute (4-6N).

i. Aternate Indicator for Thorin
Di ssolve 0.2 g of thorin and 0.3 g of
xyl ene cyanole FF in 100 m water.
The color change is fromgreen to
clear at the end point.

j. Methye Orange Indicator, Agueous

Dissolve 1 g of nethyl orange in 1

liter of water. Filter if necessary.

3.3 Pretest Preparation

Al'l equi pnment (including balances, oven

tenperature, glassware, and safety equi pnent)
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shoul d be checked for readi ness before starting
the foll ow ng procedure. Wigh several 200 to
300 g portions of silica gel in airtight
containers to the nearest 0.5 g. Record on each
container the total weight of the silica gel plus
container. As an alternative, the silica gel may
be weighed directly in its inpinger or sanpling

hol der just prior to train assenbly.

Check the thinble visually against Iight for

irregularities, flaws, and pinhole | eaks. Label
the thinble holder with a thinble identification
nunber. Label the inpingers with nunbers from1

(2-propanol) to 6 (silica gel).

Prepare the ion exchange colum. Wash the resin
three tines in a beaker, using stirring and
decantation. |If not already in the acid form
rinse the resin with dilute (1:1) HdJ. Plug the
bottom of the colum with glass wool. Fill the
colum about halfway with water, and | oad the

colum with resin to about 10 cm

Cauti on: The | oadi ng nmust be done in the
presence of water without the presence of air
bubbles in either the beaker or the col um.

Wat er nust remain above the top of the resin or
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3.4

air bubbles will becone entrapped. GCentle
vibration may help settle the resin. Wash with
several 5 m portions of distilled water until

the washing is no longer acidic to pH test paper.

Preparation of Sanple Collection Train

During preparation and assenbly of the sanpling
train, keep all openings covered to prevent

contam nation until the beginning of sanpling.

Place 200 mM of 80 percent 2-propanol in the
first inpinger, 100 ml of 3 percent H)Oy in each
of the third and fourth inpingers. The second
and fifth inpingers are left enpty. Retain a
portion of each reagent for use as a bl ank
solution. Place about 200 g of silica gel in the

si xt h i npi nger.

Wei gh each of the inpingers plus contents to the
nearest 0.5 g and record these weights. Place a
thinble in the thinble holder and carefully sea
the hol der. Connect the inpingers and thinble
hol der as shown in Figure 6.1.1. Seal the train,
or its conponents, for transfer to the field.
Before transfer the train may be | eak checked in

the | aboratory.
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3.5

Sanpl e Recovery

I nspect the train for general condition. Note if
the silica gel is conpletely expended and if the
train or its conponents are sealed. Note any
condition which may be reflected in the anal ysis
(e.g. dirty or wet thinble, cloudy solutions,

backed-up silica gel, mssing itens, etc.).

3.5.1 Thinble Catch

In an area protected fromw nd and free
from dust, disconnect the probe fromthe

t hi mbl e hol der and the thinble holder from
the remai nder of the train. Wpe down the
outside of the probe to prevent sanple
contam nation. Rinse the inside of probe
and all connecting glassware to the
thinble holder at least three tines with
50 percent 2-propanol into a sanple
container. Contact all of the interior
surfaces with each rinse. Add exactly 5.0
m of approximately 0.1N HCO to the
container. Disassenble the thinble hol der
and renove the thinble. Note its

condition. Cut up the thinble and add it
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3. 5.

2

to the solution, being careful not to | ose
any particulate matter. Tighten the lid
on the container and shake it well. Mark
the liquid level on the container and

| abel the container to clearly identify

its contents.

Process a blank thinble in the sane manner

at the sane tine.

2- Propanol Catch

Di sconnect the first two inpingers from
each other and the remainder of the train.
Wei ght each inpinger plus contents to the

nearest 0.5 g and record these wei ghts.

Transfer the contents of the first and
second inpingers to a 500 mM graduated
cylinder. Rinse the back half of the

t hi nbl e hol der, the inpingers, and al
connecting glassware with 50 percent 2-
propanol into the graduated cylinder at

| east three times. Dilute the sanple to
500 M with 50 percent 2-propanol, stopper
the cylinder, and mx well. Transfer the

sanple to a container. Tighten the |lid on
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3.5.3

the container and mark the level of liquid
on the container to determne if any
sanple is lost. Label the container to

clearly identify its contents.

Take 200 ml of the 2-propanol reagent

bl ank, add 200 ml of the 50 percent 2-
propanol used for recovery, and dilute to
500 M with water. Stopper the cylinder,
mx well, and transfer the blank to a
container. Seal the container well, mark
the level of the liquid on the container,
and | abel the container to clearly

identify its contents.

Per oxi de Catch

D sconnect the next three inpingers from
each other and the remainder of the train.
Wei gh each i npinger plus contents to the

nearest 0.5 g and record these wei ghts.

Transfer the contents of these inpingers
to a 500 mM graduated cylinder (1000 m,
if necessary). Rinse all the inpingers

pl us connecting glassware at |east three

tinmes with water into the graduated
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3.

6

cylinder. Dilute to 500 mM (1000 m, if
necessary) wth water and m x wel |
Transfer the sanple to a container. Seal
the container well, mark the |evel of
liquid on the container, and | abel the
container to clearly identify its

contents.

Take 200 ml of the peroxide reagent bl ank
and dilute to 500 m (1000 m, if
necessary) with the water used for sanple
recovery. Mx well and transfer the bl ank
to a container. Seal the container, mark
the level of the liquid on the container,

and label it to clearly identify its

contents.

3.5.4 Silica Ge
Wei gh the spent silica gel (or silica plus
i npinger) to the nearest 0.5 g and record
t he wei ght.

Anal ysi s

Check the level of liquid in the sanple and bl ank

containers and determne if any sanple was | ost.
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Note this on the analytical data sheet. If a

noti ceabl e anount of | eakage has occurred, void

the sanple or correct the results using nethods

approved by the Executive Oficer.

3.

3.

6.

6.

1

2

Recovery of Thinble Fraction

Quantitatively recover the |iquid extract
fromthe thinble fraction for analysis by
filtering this fraction, using a suction
flask and glass fiber filter. R nse the
thinble at least three times wth 50
percent 2-propanol using at |east 50 n
per rinse. Quantitatively transfer the
conbined rinsings to a 500 mM graduated
and dilute to 500 M. Mx well. Transfer
to a sanple container. Seal the
container, mark the level of the liquid on
the container, and | abel it to clearly
identify its contents. Recover the blank

t hi mbl e using the sanme procedure.

Anal ysis for Acid

Al sanple fractions are anal yzed for acid
using the follow ng procedure. A 100 m

aliquot for the thinble and 2-propanol
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3.

6.3

fractions, and a mnimm 10 m sanple
aliquot for the peroxide fraction are

r ecomrended.

Thoroughly m x the solution in the sanple
container. Transfer a sanple aliquot into
a 250 m Erlenneyer flask. Titrate to a
pH of 4.2 using standardi zed 0.1 NaCH and
net hyl orange as the end point indicator,
or a properly operating autotitrator.

Record the volume to the nearest 0.01 nl.
Repeat the titration wth a second sanpl e
al i quot and average the titration val ues.
Replicate titrations nmust agree within 1

percent or 0.05 m, whichever is greater.

Anal yze the thinble and reagent bl anks

usi ng the same procedure.

Sanpl e C eanup

Bef ore proceeding with the analysis for
sulfate, the thinble and 2-propanol
fractions nust be treated with a strong-
acid cation exchange resin to renove
interferents. The peroxide fraction nust

al so be treated with strong-acid cation
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3.

6.4

exchange resin if the bariumthorin
endpoint is slow, shows an off-color, or
recurs. Thoroughly mx the solution in
the sanple container. Drain excess water
fromthe ion exchange colum until the
resin is just covered. Carefully |oad 25
m of sanple into the resin and allow the
sanple to flow slowy through the col um.
Discard this portion. Load the colum
with slightly nore than 100 ml of sanple
and allowit to flow through the colum at
about 3 mM/mn collect this portion for
analysis. After the sanple has been
collected, flush the colum with 25 m of

water in preparation for the next sanple.

Treat the thinble and 2-propanol reagent

bl anks using the sane procedure.

Anal ysis for Sulfate

Al'l sanple fractions are anal yzed for
sul fate using the follow ng procedure.
Use 50 mM aliquots for the thinble and
i sopropanol fractions, and add 75 nml of
100 percent 2-propanol to each aliquot.

Use a 25 ml aliquot for the peroxide

6. 1- 32



fraction; add 100 m of 100 percent 2-
propanol to each aliquot. Aliqguot sizes
may be decreased; reduce the 2-propanol
proportionately to produce a final
solution of 80 percent 2-propanol.
Thoroughly m x the solution in the sanple

cont ai ner before taking sanple aliquots.

Transfer the sanple aliquot into 250 m

Erl enneyer flasks. Add 2-propanol and two
to four drops of thorin indicator.

Titrate to a pink end point using

st andar di zed 0. 01N Ba(Cl O4) 2. Record the
vol ume used to the nearest 0.02 ml .

Repeat the titration wwth a second sanple
al i quot and average the titration val ues.
Replicate titration nust agree within 1

percent or 0.05 ml, whichever is greater.

Titrate the thinble and reagent bl anks

usi ng the same procedure.
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3.7 Cal cul ati on and Reporting

Report the data as fol |l ows:

| mpi nger gain, m (Q)
Silica Gl gain, g
Thi nbl e Catch
Acid, as
Sul fate, as SOz, ngy
Sul fate, as SOz, ngy
2- Propanol Catch
Acid, as SOz, ng
Sul fate, as SOz, ngy
Per oxi de Catch
Acid, as SOy, ngy
Sul fate, as SOp, ngy

Cal cul ate the above data as foll ows:

| npi nger Gain = W - W

Silica Gain = W - W

wher e:

W = Final weight of inpingers

W

pl us content, g
= Tare wei ght of inpingers

pl us content, g
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3.8

Aci d,

as SOz,
Sul fate

as SOz,
wher e:
Vs

80. 07/ 2
AF

ng (Vs-Vp) X Ny x 80.07/2 x AF

ng (Vs-Vp) X Ng x 80.07/2 x AF
= Average sanple titration

vol une, ni

= Average blank titration
vol ume, n
= Normality of NaOH, ng/m
= Normality of Ba(d Og)2, ng/m
= Equival ent weight of SO3
= Aliquot factor (sanple
vol une/ anal ytical aliquot

vol une)

Cal i brati ons

3.8.1

NaOH St andar di zati on

St andardi ze the 0. 1N NaOH Dry crushed
primary grade potassi um hydrogen phthal ate
(KHP) in an oven at 1050C for 2 hours.

Cool to roomtenperature in a desiccator.
Weigh 0.95 + 0.05 g of KHP, to the
nearest 0.1 ng, into an Erl enneyer fl ask.

Dissolve in 70 M of water, add 2-4 drops

6.1-35



3. 8.

2

of phenol phthal ein indicator, and titrate
to faint pink using 0.1N NaOH  Repeat
this titration using another portion of
KHP. Titrate a 70 ml Dbl ank of water and
2-4 drops of phenol phthalein indicator to
faint pink end point using 0.1N NaCH.
Repeat this procedure and average the
results. Replicates nust agree within
0.05 mM. Calculate the normality for each

al i quot as foll ows:

Normal i ty ny KHP/ 203. 44
of NaOH =  -----------
(avg. m-avg. bl ank)

Val ues nust agree within + 0.5 percent.

Ba( Cl104) 2 Standardi zati on

St andar di ze the Ba(C Oq) 2 agai nst 0. 02N
H)SO4 that has been purchased (NBS
traceabl e) or standardi zed agai nst NaCOH

(see Section 3.8.1).

Transfer 10.0 ml of standard HySO4 into a
250 m Erlenneyer flask. Add 40 ml of 100
percent 2-propanol and two to four drops

of thorin indicator. Titrate to a pink
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end point using 0.01N Ba(C O4)2. Repeat
the titration using another aliquot of

0. 02N HpSO4. Average the titration
values. Replicate titrations nust agree

within 0.05 mM or 0.5 percent.

Transfer 10.0 m of water into a a 250 ni
Erl ennmeyer flask. Add 40 ml of 100
percent 2-propanol and two to four drops
of thorin indicator. Titrate to a pink
end point. Repeat this blank titration
usi ng anot her aliquot of water. Average
the titration values. Replicate

titrations nust agree within 0.05 m.

Cal cul ate the normality of the Ba(d Og) 2

as foll ows:

Normality of Ba(CO Oq)o =

10.0 m x N HySOy

(avg. ml-avg. bl ank)

3.8.3 Autotitrator

If an autotitrator is used, calibrate the
pH neter at pH 4 and pH 7 follow ng the

manuf acturer's instructions.

6. 1-37



3.9

Qual ity Control

3.9.1 Control for Acid Analysis

3. 9.

2

Titrate 10.0 m of 0.1N HpSOq4 with every
set of sanples, or every ten sanples,

whi chever occurs first. Results nust be
within + 5 percent of the theoretical
value. If results are outside of the
accepted range, restandardi ze the NaCOH and
recal culate the results. |If the
recal cul ated results do not fall within
range, void the previous results,
investigate the procedure until it is

under control, and reanal yze the sanpl es.

Control for Sulfate Analysis

Anal yze an EPA SOy Quality Assurance vial
with every set of sanples or every ten
sanpl es, whichever occurs first. Results
must be within + 5 percent of theoretical.

If results do not fall within the accepted
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3.9.3

range, restandardi ze the Ba(d Oy) 2 and
recal culate the results. [If the
recal cul ated results fall outside of the
accepted range, void the previous results,
investigate the procedure until it iIs

under control, and reanal yze the sanpl es.

Rewei gh one inpinger every set of sanples
and record this weight. Wight nust be
within 0.5 g of the first weight. |If
results differ by nore than 0.5 g, check
t he bal ance calibration and reweigh the

entire set.
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METHOD 6. 1

DETERM NATI ON OF SULFURI C ACI D AND SULFUR OXI DES FROM
STATI ONARY SOURCES

Section 4 of 5

Engi neering Cal cul ati ons and Reporting
Carry out calculations retaining at | east one deci mal
figure nore than that of the acquired data. Round off

figures after final calculation

4.1 Nonencl at ur e

VM = Corrected gas volunme netered, dscf
Q = Flowrate, dscfm
A = Sulfuric acid mst in the probe and

t hi nbl e, expressed as HpSOy:- 2H2O, ng (i f
reported as SOz, multiply by 1.675)

B = Sulfur trioxide in 2-propanol expressed as
S0z, ny
C = Sulfur dioxide in HOy, ng
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4.2 Em ssions Cal cul ati on

a. Sulfuric Acid M st
Em ssion of HpSOq: 2HpO, | b/ hr =
(1.32 x 1004 (A (Q

b. Sulfur D oxide Concentration

(835.54) (0
Emi ssion of SOy, ppm = ------

(Vm (64)
c. Total Sulfur Conpounds expressed as SOp
Concentration, ppm =

[ (A) (0. 4776) +(B) (0. 8) +C] (835. 54)

(Vm (64)
d. Total Sulfur Oxides expressed as SQO2

[ (B) (0.8)+C] (835. 54)
Concentration, ppm = ----------

(VM (64)
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METHOD 6. 1

DETERM NATI ON OF SULFURI C ACI D AND SULFUR OXI DES FROM
STATI ONARY SOURCES

Section 5 of 5

Alternative Laboratory Procedures
Thi s sodi um hydroxide titration/bariumchloride
preci pitation procedure is a conbined gravinetric and
vol unetric procedure for determ ning HSOq m st plus
SO3, SOp, and water soluble sulfates in em ssions from
stationary sources. The |ower detection limt is
approxi mately one ppm by volunme, expressed as SOp,
when a sanple of 10 dscf is collected.
5.1 Apparatus

5.1.1 Sanmple Train Preparation

Same as Section 3.1.1.

5.1.2 Sanpl e Recovery

Same as Section 3.1.2.
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5.1.3 Sanpl e Anal ysis

a. Volunetric Pipets

Class A, various sizes.

b. Buret

10 or 50 M, with 0.02 m or 0.1 m

divisions; or automatic titrator

accurate to 0.01 m and 0.1 pH

c. Beakers, 600 ni

d. Gooch Cruci bl es

40 to 60 m, prepared wth asbestos

mat, preignited and prewei ghed.

e. Analytical Balance

Accurate to wthin 0.1 ng.

f. Hot Pl ate
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Muffl e Oven

Capabl e of operation at 9000C.

Rubber Pol i cenan

Filtration Apparatus

Consi sting of suction flask, filter

hol der on a vacuum punp.

Desi ccat or

Contai ning calciumsulfate or silica

gel, indicating-type.

Cruci bl e Tongs

A ass Stirring Rods

Wat ch d asses

Ri bbed, for 600 nl beakers.
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5.

2

Reagent s

Unl ess otherwi se stated, all reagents are to

conformto the specifications established by the

Comm ttee on Anal ytical Reagents of the Anmerican

Chem cal Society, where such specifications are

avail able. Oherw se, use best avail abl e grade.

5.2.1 Sanple Collection Train Preparation

See Section 3. 2.

5.2.2 Sanpl e Recovery

a. Wat er

See Section 3.2.1 c.

b. HA 0.1N

See Section 3.2.2 c.
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5.

2.

3

Anal ysi s

a. Wat er

See Section 3.2.1 c.

b. Methyl Orange Indicator

See Section 3.2.3 j.

C. NaOH 0. 1N

See Section 3.2.3 e.

d. Barium Chloride (Bad 5)

Sol ution Approximately 10 Percent.

Di ssol ve 100 of BaC o dihydrate in 900

m of water.

e. Silver Ntrate Sol ution

1 Percent (ww). Dissolve 1 g of
AgNO3 100 ml of water.
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5.

5.

5.

3

4

5

f. HCA Concentrated

Pretest Preparation

See Section 3.3.

Preparation of Sanple collection Train

See Section 3.4.

Sanpl e Recovery

Note if the silica gel is conpletely expended and

the train or its conponents are sealed. Note any

condition which may be reflected in the anal ysis

(e.g. dirty or wet thinble, cloudy solutions,

backed-up silica gel, mssing itens, etc.).

5.5.1 Thinble Catch, 2-Propanol Catch, Peroxide
Catch, and Silica Ge

Performthis recovery using the procedure
outlined in Section 3.5.1 through 3.5. 4,
except use water for sanple recovery.

Process reagent and thinbl e bl anks.
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5.

6

Anal ysi s

Check the level of the liquid in the sanple and
bl ank containers to determne if any sanple was
lost. |If a noticeable anount of |iquid was | ost,
note this on the data sheet, and either void the
sanple or correct the results using nethods

approved by the Executive Oficer.

5.6.1 Quantitatively recover the |iquid extract
fromthe thinble by filtering this
fraction, using a suction flask and gl ass
fiber filter. Rinse the thinble at |east
three tines with water. Quantitatively
transfer the conbined rinsings to a 500 m
granduat ed cylinder, dilute to 500 nl,
stopper, and mx well. Transfer this
sanple fraction to a container, seal the
container well, mark the | evel of the
liquid on the container, and label it to
clearly identify its contents. Recover
the bl ank thinble using the sane

pr ocedure.
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5.

6.

2

Anal ysis for Acid

Al sanple fractions are analyzed for acid
using the follow ng procedure. A 100 m
aliquot for thinble and 2-propanol
fractions, and a mnimm 10 m sanple
aliquot for the peroxide fraction is

r ecomrended.

Thoroughly m x the solution in the sanple
container. Transfer a sanple aliquot
using a pipet into a 250 m Erl enneyer
flask. Titrate to a pH of 4.2 using

st andardi zed 0. 1N NaOH and net hyl orange
i ndicator, or a properly operating
autotitrator. Record the volune to the
nearest 0.02 m. Repeat the titration
usi ng anot her sanple aliquot, and average
the titration values. Replicate
titrations nust agree within 1 percent or
0.05 m, whichever is greater. Analyze

t hi mbl e and reagent bl anks using the sane

procedure and aliquot sizes as above.
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5.

6.3

Anal ysis for Sulfate

Using the titrated sanples from above,
transfer each aliquot to a 600 m beaker.
Adjust to approximately pH 7 and add 2 ni
of concentrated HC. Place the beaker on
a hot plate, insert a stirring rod, and
cover with a watch glass. Heat until the
contents are nearly boiling. Wile
stirring, slowy add 10 m of 10 percent
BaCl 2 solution, or nore if needed. Allow
the precipitate to digest several hours on
the steambath. Quantitatively filter

t hrough a properly prepared Gooch
crucible. R nse the mat and precipitate

t horoughly with hot distilled water and
test the rinse for chloride using silver
nitrate. Wen chloride is absent (usually
after 300 ml rinse) place the crucible in
a furnace and heat at 900°C for one hour.
Cool and renove the crucible to the
desiccator for at least 6 hours. Weigh
until constant weight is reached (6 hours
desi ccati on between wei ghings). Record to

the nearest 0.1 ng.

6. 1-50



T

Cal cul ati ons and Reporting

Carry out calculations retaining at |east one
decimal figure nore that that of the acquired
data. Round off figures after the fina

cal cul ati ons.

Cal cul ate the above data as foll ows:

| npi nger Gain, ¢

I
=
=

Silica Gel Gain, g

I
=
=

wher e:

W = Final weight of inpingers plus
content, g

W = Tare weight of inpingers plus

content, g

Acid, as

SO3, nmg = (Vs - Vp) x Nx 80.07/2 x AF

wher e:

Vs = Average sanple titration volune, n

Vp = Average blank titration volune, n

N = Normality of sodi um hydroxi de
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80.07/¢g Equi val ent wei ght of SOz

AF

Ali quot factor

NOTE: Val ues may be expressed as SOy using the
equi val ent wei ght of SOy, 64.07/2, in place of

the equival ent wei ght of SOz.

80. 07
Sulfate, as SOz, ng = (W - W) X ------ X AF
223. 43
wher e:
W = Final weight of crucible plus
precipitate, ny
W = Tare weight of crucible, ny
80. 07
--- = Converson factor of BaSO4 to SOz
233.43
AF = Aliquot factor; sanple vol une/aliquot

vol une

Note: Values may be expressed as SOy by using

64. 07
--- as the conversion factor.
233. 43

Sunmmari ze the data as foll ows:

| mpi nger gain, m (Q)
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5.8

Silica gel gain, g

Thi nbl e catch

Acid, as SOz, ngy

Sul fate, as SOz, ngy

2- Propanol catch

Acid as SOz, ny

Sul fate, as SOz

Per oxi de cat ch

Acid, as SOy, ngy

Sul fate, as SOp, ngy

Cal i brati ons

5.8.1 NaOH, 0.1N

See Section 3.8.1.

5.8.2 pH Meter

If an autotitrator is used, calibrate the

pH neter at pH 4 and pH 7 follow ng the

manuf acturer's instructions.
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5.9

Qual ity Control

5.9.1 Acid Analysis

5.9.2

5.9.3

See Section 3.9.1.

Sul fate Anal ysis

Use the above titrated solution for
sulfate analysis. Results nust be within
5 percent of theoretical. |If results are
out of range, void the previous anal ysis,
investigate the procedure until it is

under control, and reanal yze the sanpl es.

Gravinetric Procedures

Redet erm ne and record one wei ght for
every set of sanples or ten sanples
(whi chever occurs first) at each step.

| npi nger redeterm nation nust be within
0.5 g of the first result. Precipitate

redeterm nations nust be within 0.5 ng of
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the first result. |If a redeterm nation
falls outside of the range, check the
bal ance calibration and reweigh the entire

set.
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Stack Wall 10. Sealed Pump (Leak Free)
Dial Thermometer 11. Filter for Pump
Whatman Thimble Filter 12. Metering Valve
(Inside Hot Box) 13. Vacuum Gauge
Impinger with 200 ml 14. 3By-pass Valve
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Empty Bubbler
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Figure 6.1-1

Dry Gas Meter
Orifice
Orifice Inclined Manometer

Sulfur Oxides Impinger Train Setup
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SOUTN COAST AIR QUALITY HANAGEMENT DISTRICT

Date:
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Figure 6.1-2

Traverse Source Test Data Sheet
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