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Method 6C - Determination of Sulfur Dioxide Emissions
from Stationary Sources
(Instrumental Analyzer Procedure)

1. APPLICABILITY AND PRINCIPLE

1.1 Applicability. This nethod is applicable to the determ nation of sulfur
di oxi de (SO) concentrations in controlled and uncontrolled enissions from
stationary sources only when specified within the regul ations.

1.2 Principle. A gas sanple is continuously extracted from a stack, and a
portion of the sanple is conveyed to an instrunmental analyzer for determ nation
of SO, gas concentration using an ultraviolet (UV), nondispersive infrared
(NDIR), or fluorescence analyzer. Performance specifications and test procedures
are provided to ensure reliable data.

2. RANGE AND SENSITIVITY

2.1 Analytical Range. The analytical range is determ ned by the instrunental
desi gn. For this nethod, a portion of the analytical range is selected by
choosi ng the span of the nonitoring system The span of the nonitoring system
shall be selected such that the pollutant gas concentration equivalent to the
em ssion standard is not |ess than 30 percent of the span. |If at any tinme during
a run the measured gas concentration exceeds the span, the run shall be
consi dered invalid.

2.2 Sensitivity. The mininmumdetectable linit depends on the anal ytical range,
span, and signal-to-noise ratio of the neasurenent system For a well designed
system the mninmumdetectable Iimt should be | ess than 2 percent of the span

3. DEFINITIONS

3.1 Measurement System. The total equipnment required for the determ nation of
gas concentrati on. The measurenment system consists of the follow ng major
subsyst ens:

3.1.1 Sample Interface. That portion of a systemused for one or nore of the
fol | owi ng: sampl e acquisition, sanmple transport, sanple conditioning, or
protection of the analyzers fromthe effects of the stack effluent.

3.1.2 Gas Analyzer. That portion of the system that senses the gas to be
nmeasured and generates an output proportional to its concentration

3.1.3 Data Recorder. A strip chart recorder, analog conmputer, or digita
recorder for recording neasurenent data fromthe anal yzer output.

3.2 Span. The upper Iimt of the gas concentration neasurenment range displayed
on the data recorder
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3.3 Calibration Gas. A known concentration of a gas in an appropriate dil uent
gas.

3.4 Analyzer Calibration Error. The difference between the gas concentration
exhi bited by the gas anal yzer and the known concentrati on of the calibration gas
when the calibration gas is introduced directly to the anal yzer

3.5 Sampling System Bias. The difference between the gas concentrations
exhi bited by the neasurement system when a known concentration gas is introduced
at the outlet of the sanpling probe and when the sane gas is introduced directly
to the anal yzer.

3.6 Zero Drift. The difference in the nmeasurenment system output reading from
the initial calibration response at the zero concentration |level after a stated
period of operation during which no unscheduled nmaintenance, repair, or
adj ust ment took pl ace.

3.7 Calibration Drift. The difference in the measurenment system output reading
fromthe initial calibration response at a md-range calibration value after a
stated period of operation during which no unschedul ed mai nt enance, repair, or
adj ustment took pl ace.

3.8 Response Time. The amount of tinme required for the neasurenent systemto
di splay 95 percent of a step change in gas concentration on the data recorder

3.9 Interference Check. A nethod for detecting analytical interferences and
excessi ve biases through direct conparison of gas concentrations provided by the
measur ement system and by a nodified Method 6 procedure. For this check, the
nodi fi ed Method 6 sanples are acquired at the sanpl e by-pass di scharge vent.

3.10 Calibration Curve. A graph or other systematic nmethod of establishing the
rel ationship between the analyzer response and the actual gas concentration
i ntroduced to the anal yzer.

4. MEASUREMENT SYSTEM PERFORMANCE SPECIFICATIONS

4.1 Analyzer Calibration Error. Less than +2 percent of the span for the zero,
m d-range, and hi gh-range calibration gases.

4.2 Sampling System Bias. Less than 15 percent of the span for the zero and
m d-range calibration gases.

4.3 Zero Drift. Less than +3 percent of the span over the period of each run.

4.4 Calibration Drift. Less than +3 percent of the span over the period of each
run.

4.5 Interference Check. Less than 7 percent of the nodified Method 6 result
for each run.

5. APPARATUS AND REAGENTS

5.1 Measurement System. Use any neasurenent system for SO, that neets the
specifications of this nmethod. A schematic of an acceptabl e nmeasurenment system
is shown in Figure 6CG1. The essential conponents of the measurenent system are
descri bed bel ow
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5.1.1 Sample Probe. dass, stainless steel, or equivalent, of sufficient |ength
to traverse the sanmple points. The sanpling probe shall be heated to prevent
condensati on.

5.1.2 Sample Line. Heated (sufficient to prevent condensation) stainless steel
or Teflon tubing, to transport the sanple gas to the noisture renoval system

5.1.3 Sample Transport Lines. Stainless steel or Teflon tubing, to transport
the sanple fromthe noisture renoval systemto the sanple punp, sanple flow rate
control, and sanple gas manifol d.

5.1.4 Calibration Valve Assembly. A three-way valve assenbly, or equival ent,
for blocking the sanmple gas flow and introducing calibration gases to the
measurenent system at the outlet of the sanpling probe when in the calibration
node.

5.1.5 Moisture Removal System. A refrigerator-type condenser or simlar device
(e.g., perneation dryer), to renove condensate continuously fromthe sanple gas
whil e mai ntai ning mnimal contact between the condensate and the sanple gas. The
noi sture renoval system is not necessary for analyzers that can neasure gas
concentrations on a wet basis; for these anal yzers, (1) heat the sanple |ine and
all interface conponents up to the inlet of the analyzer sufficiently to prevent
condensation, and (2) deternine the noisture content and correct the measured gas
concentrations to a dry basis using appropriate nethods, subject to the approval
of the Adm nistrator. The determ nation of sanple npisture content is not
necessary for pollutant analyzers that neasure concentrations on a wet basis when
(1) a wet basis CO, anal yzer operated according to Method 3A is used to obtain
si mul t aneous neasurements, and (2) the pollutant/CO neasurenents are used to
deternine emissions in units of the standard.

5.1.6 Particulate Filter. An in-stack or heated (sufficient to prevent water
condensation) out-of-stack filter. The filter shall be borosilicate or quartz
gl ass wool, or glass fiber mat. Additional filters at the inlet or outlet of the
noi sture renoval system and inlet of the analyzer may be used to prevent
accunul ation of particulate material in the nmeasurenment system and extend the
useful life of the conponents. Al filters shall be fabricated of materials that
are nonreactive to the gas being sanpl ed.

5.1.7 Sample Pump. A leak-free punp, to pull the sanple gas through the system
at a flow rate sufficient to mninmze the response tine of the neasurenent
system The punp nmay be constructed of any material that is nonreactive to the
gas bei ng sanpl ed.

5.1.8 Sample Flow Rate Control. A sanple flow rate control valve and rotaneter,
or equivalent, to maintain a constant sanpling rate within 10 percent.
(Note: The tester may elect to install a back-pressure regulator to maintain the
sampl e gas manifold at a constant pressure in order to protect the analyzer(s)
from overpressurization, and to mninize the need for flow rate adjustnments.)

5.1.9 Sample Gas Manifold. A sanple gas manifold, to divert a portion of the
sanple gas streamto the analyzer and the remminder to the by-pass discharge
vent. The sanple gas manifold should al so include provisions for introducing
calibration gases directly to the analyzer. The manifold nay be constructed of
any material that is nonreactive to the gas being sanpl ed.

5.1.10 Gas Analyzer. A UV or NDIR absorption or fluorescence analyzer, to
determ ne continuously the SO concentration in the sanple gas stream The
anal yzer shall neet the applicable performance specifications of Section 4. A
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neans of controlling the analyzer flow rate and a device for determ ning proper
sanple flow rate (e.g., precision rotaneter, pressure gauge downstream of all
flow controls, etc.) shall be provided at the anal yzer. (Note: Housing the
anal yzer(s) in a clean, thernmally-stable, vibration-free environment will
mnimze drift in the analyzer calibration.)

5.1.11 Data Recorder. A strip chart recorder, analog conmputer, or digital
recorder, for recordi ng nmeasurenent data. The data recorder resolution (i.e.,
readability) shall be 0.5 percent of span. Alternatively, a digital or anal og
meter having a resolution of 0.5 percent of span may be used to obtain the
anal yzer responses and the readings may be recorded nmanually. If this
alternative is used, the readings shall be obtained at equally spaced intervals
over the duration of the sanmpling run. For sanpling run durations of |ess than
1 hour, neasurenents at 1-minute intervals or a mnimm of 30 measurenents,
whi chever is less restrictive, shall be obtained. For sanpling run durations
greater than 1 hour, neasurenents at 2-minute intervals or a mininm of
96 neasurenments, whichever is |less restrictive, shall be obtained.

5.2 Method 6 Apparatus and Reagents. The apparatus and reagents described in
Met hod 6 and shown by the schenmatic of the sanpling train in Figure 6G 2 are used
to conduct the interference check.

5.3 SO, Calibration Gases. The calibration gases for the gas anal yzer shall be
SO in N, or SGQ in air. Aternatively, SO/CO, SO/0, or SG/CO/O gas m xtures
in N, may be used. For fluorescence-based analyzers,, the @ and CO
concentrations of the calibration gases as introduced to the anal yzer shall be
within 1 percent (absolute) O and 1 percent (absolute) CP of the © and GO
concentrations of the effluent sanples introduced to the analyzer.
Alternatively, for fluorescence-based anal yzers, use calibration blends of SO
in air and the nonographs provided by the vendor to determ ne the quenching
correction factor (the effluent O, and CO concentrations nust be known). Use
three calibration gases as specified bel ow

5.3.1 High-Range Gas. Concentration equivalent to 80 to 100 percent of the
span.

5.3.2 Mid-Range Gas. Concentration equivalent to 40 to 60 percent of the span.

5.3.3 Zero Gas. Concentration of |ess than O 25 percent of the span. Purified
anbient air nmay be used for the zero gas by passing air through a charcoal filter
or through one or nore inpingers containing a solution of 3 percent HO.

6. MEASUREMENT SYSTEM PERFORMANCE TEST PROCEDURES
Performthe foll ow ng procedures before nmeasurenent of enissions (Section 7).

6.1 Calibration Gas Concentration Verification. There are two alternatives for
establishing the concentrations of calibration gases. Alternative No. 1 is
preferred.

6.1.1 Alternative No. 1--Use of calibration gases that are analyzed foll ow ng
the Environnental Protection Agency Traceability Protocol No. 1 (see Citation 1
in Bibliography). otain a certification fromthe gas manufacturer that Protocol
No. 1 was foll owed.

6.1.2 Alternative No. 2--Use of calibration gases not prepared according to
Prot ocol No. 1. If this alternative is chosen, obtain gas mixtures with a
manufacturer's tolerance not to exceed 2 percent of the tag val ue. Wt hin
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6 nmonths before the em ssion test, analyze each of the calibration gases in
triplicate using Method 6. Citation 2 in the Bibliography describes procedures
and techniques that nmay be used for this analysis. Record the results on a data
sheet (exanple is shown in Figure 6C-3). Each of the individual SO, analytica
results for each calibration gas shall be within 5 percent (or 5 ppm whichever
is greater) of the triplicate set average; otherw se, discard the entire set and
repeat the triplicate analyses. |If the average of the triplicate analyses is
within 5 percent of the calibration gas manufacturer's cylinder tag val ue, use
the tag val ue; otherw se, conduct at |east three additional analyses until the
results of six consecutive runs agree within 5 percent (or 5 ppm whichever is
greater) of the average. Then use this average for the cylinder val ue.

6.2 Measurement System Preparation. Assenbl e the nmeasurenent system by
following the manufacturer's witten instructions for preparing and
preconditioning the gas anal yzer and, as applicable, the other system conponents.
Introduce the calibration gases in any sequence, and make all necessary
adjustnments to calibrate the analyzer and the data recorder. Adj ust system
conponents to achi eve correct sanpling rates.

6.3 Analyzer Calibration Error. Conduct the analyzer calibration error check
by introducing calibration gases to the neasurenent system at any point upstream
of the gas anal yzer as foll ows:

6.3.1 After the nmeasurenent system has been prepared for use, introduce the
zero, md-range, and high-range gases to the analyzer. During this check, make
no adjustnents to the system except those necessary to achieve the correct
calibration gas flowrate at the anal yzer. Record the anal yzer responses to each
calibration gas on a formsimlar to Figure 6C-4. Note: A calibration curve
establ i shed prior to the anal yzer calibration error check may be used to convert
the analyzer response to the equivalent gas concentration introduced to the
anal yzer. However, the same correction procedure shall be used for all effluent
and calibration nmeasurenments obtained during the test.

6.3.2 The analyzer calibration error check shall be considered invalid if the
gas concentration displayed by the anal yzer exceeds +2 percent of the span for
any of the calibration gases. If an invalid calibration is exhibited, take
corrective action and repeat the analyzer calibration error check unti
accept abl e performance is achieved.

6.4 Sampling System Bias Check. Perform the sanpling system bias check by
i ntroducing calibration gases at the calibration valve installed at the outl et
of the sanpling probe. A zero gas and either the nid-range or high-range gas,
whi chever nost closely approxi mates the effluent concentrations, shall be used
for this check as follows:

6.4.1 Introduce the upscale calibration gas, and record the gas concentration
di spl ayed by the anal yzer on a formsimlar to Figure 6C-5. Then introduce zero
gas, and record the gas concentration displayed by the analyzer. During the
sanpl i ng system bi as check, operate the systemat the nornmal sanmpling rate, and
make no adjustnents to the measurenent system other than those necessary to
achi eve proper calibration gas flowrates at the analyzer. Alternately introduce
the zero and upscal e gases until a stable response is achieved. The tester shall
determ ne the measurenment systemresponse tine by observing the tinmes required
to achieve a stable response for both the zero and upscal e gases. Note the
| onger of the two tines as the response tinme.

6.4.2 The sanpling system bias check shall be considered invalid if the
di fference between the gas concentrations displayed by the neasurenent system for
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the analyzer calibration error check and for the sanpling system bias check
exceeds 15 percent of the span for either the zero or upscale calibration gases.
If an invalid calibration is exhibited, take corrective action, and repeat the
sanpling system bias check until acceptable performance is achieved. |If
adjustnent to the analyzer is required, first repeat the analyzer calibration
error check, then repeat the sanpling system bias check

7. EMISSION TEST PROCEDURE

7.1 Selection of Sampling Site and Sampling Points. Select a neasurenent site
and sanpling points using the same criteria that are applicable to Method 6.

7.2 Interference Check Preparation. For each individual analyzer, conduct an
interference check for at least three runs per during the initial field test on
a particular source category. Retain the results, and report themw th each test

perforned on that source category. |If an interference check is being perfornmed,
assenble the nodified Method 6 train (flow control valve, two mdget inpingers
containing 3 percent HO, and dry gas neter) as shown in Figure 6C=2. Instal

the sanpling train to obtain a sanple at the nmeasurenment system sanple by-pass
di scharge vent. Record the initial dry gas neter reading.

7.3 Sample Collection. Position the sanpling probe at the first neasurenent
poi nt, and begin sanpling at the sane rate as used during the sanpling system
bi as check. Mai ntain constant rate sampling (i.e., 10 percent) during the
entire run. The sanpling time per run shall be the same as for Method 6 plus
twice the average system response tinme. For each run, use only those
neasurenents obtained after twice the response time of the measurenent system has
el apsed to deternine the average effluent concentration. If an interference
check is being performed, open the flow control valve on the nodified Method 6
train concurrent with the initiation of the sanpling period, and adjust the flow
to 1l liter per mnute (10 percent). (Note: If a punp is not used in the nodified
Met hod 6 train, caution should be exercised in adjusting the flow rate since
over-pressurization of the inpingers may cause |eakage in the inpinger train,
resulting in positively biased results).

7.4 Zero and Calibration Drift Tests. |mmediately preceding and foll owi ng each
run, or if adjustments are necessary for the neasurement system during the run

repeat the sanpling system bias check procedure described in Section 6.4. (Mke
no adjustments to the nmeasurement system until after the drift checks are
conpleted.) Record the analyzer's responses on a formsinilar to Figure 6C-5.

7.4.1 If either the zero or upscale calibration value exceeds the sanpling
system bi as specification, then the run is considered invalid. Repeat both the
anal yzer calibration error check procedure (Section 6.3) and the sanpling system
bi as check procedure (Section 6.4) before repeating the run

7.4.2 1f both the zero and upscale calibration values are within the sanpling
system bi as specification, then use the average of the initial and final bias
check values to calculate the gas concentration for the run. If the zero or
upscal e calibration drift value exceeds the drift limts, based on the difference
bet ween t he sanpling system bi as check responses i medi ately before and after the
run, repeat both the anal yzer calibration error check procedure (Section 6.3) and
the sanpling system bias check procedure (Section 6.4) before conducting
addi ti onal runs.

7.5 Interference Check (if perfornmed). After conpleting the run, record the
final dry gas neter reading, meter tenperature, and baronetric pressure. Recover
and analyze the contents of the mdget inpingers, and determine the SO gas
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concentration using the procedures of Method 6. (It is not necessary to anal yze
EPA performance audit sanples for Method 6.) Determ ne the average gas
concentration exhibited by the analyzer for the run. |f the gas concentrations
provi ded by the analyzer and the nodified Method 6 differ by nmore than 7 percent
of the nodified Method 6 result, the run is invalidated.

8. EMISSION CALCULATION

The average gas effluent concentration is determned from the average gas
concentration displayed by the gas analyzer and is adjusted for the zero and
upscale sampling system bias checks, as determined in accordance wth
Section 7.4. The average gas concentration displayed by the analyzer may be
determi ned by integration of the area under the curve for chart recorders, or by
averaging all of the effluent neasurenents. Alternatively, the average may be
cal cul ated from measurenents recorded at equally spaced intervals over the entire
duration of the run. For sanpling run durations of less than 1 hour,
nmeasurenents at l-minute intervals or a mninumof 30 neasurenents, whichever is
less restrictive, shall be used. For sanpling run durations greater than 1 hour,
nmeasurenents at 2-minute intervals or a mninumof 96 neasurenents, whichever is
less restrictive, shall be used. Calculate the effluent gas concentration using
Equation 6C-1.

C
- Egq. 6C1
Cpus = (T-C) q
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Wher e:
Cps = Effluent gas concentration, dry basis, ppm
C.y = Average gas concentration indicated by gas anal yzer, dry basis, ppm
C, = Average of initial and final systemcalibration bias check responses
for the zero gas, ppm
C., = Average of initial and final systemcalibration bias check responses
for the upscale calibration gas, ppm
C. = Actual concentration of the upscale calibration gas, ppm
BIBLIOGRAPHY
1. Traceability Protocol for Establishing True Concentrations of Gases Used

for Calibrations and Audits of Continuous Source Em ssion Monitors:
Prot ocol Number 1. U S. Environnental Protection Agency, Qality
Assurance Division. Research Triangle Park, N.C. June 1978.

Westlin, Peter R and John W Brown. Methods for Collecting and Anal yzing
Gas Cylinder Sanples. Source Evaluation Society Newsletter. 3(3):5-15.
Sept ember 1978.
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Fi gure 6C- 3.

Anal ysis of Calibration Gases.

Page 11

Dat e

Anal ytic Met hod Used

(indicate units

Gas Concentration

)

Zero ? M d- Hi gh-
Range P range °©
Sanpl e Run:
1
2
3
Aver age

Maxi mum Percent Devi ati on

@ Average must be |less than 0.25 percent of span.
b Average must be 50 to 60 percent of span.
¢ Average must be 80 to 90 percent of span.

Figure 6C-4. Analyzer Calibration Data.
Source ldentification: Runs:
Test Personnel : Span:
Dat e:
Anal yzer Calibration Data for Sanpling
Cyl i nder Anal yzer Absol ut e Di fference
Val ue Calibration | Difference (percent
(i ndicate Response (i ndicate of span)
units) (i ndicate units)
units)

Zero Gas

M d- Range Gas

Hi gh- Range Gas
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Figure 6C-5. System Calibration Bias and Drift Data.

Source ldentification: Run Nunber :
Test Personnel : Span:
Dat e:
Initial Values Fi nal Val ues
Anal yzer System System System System Drift
Cal i br at Cal i br at cal. bias Cal i br at Cal . (percen
ion ion (percent ion Bi as t of
Response Response of span) Response (percen span)
t of
span)
Zero Gas
Upscal e Gas

Syst emCal i br at i onBi as - Syst emCal . Responseépgr;al yzer Cal . Response

x100

Drift - Fi nal Syst emCal . Responsesfplar:]i tial SystemCal . Responsexloo




