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Executive Summary

The U.S. EPA has undertaken the development of Reference
Method 6B, a wet-chemical method which can be used in lieu of,
or as a back-up for sulfur dioxide continuous emission
monitoring systems required at stationary sources of air
pollution. The measurement technique £for Method 6B is based
upon the simultaneous determination of sulfur dioxide and carbon
dioxide with emission rates, 1in wunits of 1b SOz/lﬁ6 Btu,
computed according to the F-Factor method. Method 6B has
evolved significantly since its proposal in early 198l1. In this
report, Me thod 6B, as it 1is currently envisioned for
promulgation, is described, and in addition, the reasons for the
changes to the method that have occurred since proposal are

briefly discussed.
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Introduction

Since 1971 , fossil fuel fired steam generators subject
to New Source Performance Standards (NSPS) have been required to
install monitors to measure emission rates of sulfur dioxide in
units of 1b 802/106 Btu heat input. Two monitors are required
for determining SO, emission rates: (a) an SOp monitor and (b) a
diluent monitor which measures either oxygen or carbon dioxide.
From the pollutant and diluent data provided by the monitors,
emission rates can be <computed according to the F-Factor
Method. 2 The emission rate data supplied by these monitors,
commonly termed continuous emission monitors (CEMs), may be
interpreted by the Agency as being indicative of the operation
and maintenance of the source's air pollution control system.

The scope of continuous emission monitoring requirements
was significantly broadened when New Source Performance
Standards were promulgated in 1979'3for "Subpart Da - Electric
Utility Steam Generating Units for Which Construction is
Commenced After September 18, 1978." According to the
continuous monitoring requirements of Subpart Da, the S0p
emission rate data may be used as indicators of compliance with
standards for emission rates and sulfur removal. Emission rates
are computed on a 3f-day rolling average basis, which itself is

calculated from the daily average emission rates determined

using continuous emission monitoring systems.



Within Subpart Da it is stated that if minimum daily SO
emission rate data cannot be obtained using continuous
monitoring systems, then the necessary emission rate data are to
be acquired using Reference Methods 3 and 6. However, from the
time of the proposal of Subpart Da , it was recognized within
the Agency that this method of data acquisition would be
potentially burdensome, and consequently, work was started on
the development of a sulfur dioxide emission rate measurement
method which would be inexpensive, reliable, and accurate, and
more importantly, which would be capable of making
determinations over time periods as long as 24 hours.

The methodology considered for development was
essentially based upon a simple modification of the Reference
Method 6 sampling train: a carbon dioxide absorber S was placed
within the sampling train following the impingers containing the
hydrogen peroxide solution. This modification enabled the
concurrent determination of sulfur dioxide and carbon dioxide
concentrations, which could be used according to the F-Factor
method to compute the SO emissions rate in units of 1lb S503/18
Btu. In 1978, Whittle and Westlin6 reported the results from a
field evaluation of "an intermittant integrated S0,/CO; emission
sampling procedure,” which demonstrated the feasibility of the
methodology with regard to unattended operation and acceptable
precision. This methodology was formally proposed as Reference
Method 6B in January 1981.7 (Proposed Reference Methods 6A and

6B are contained in the Appendix.)



At this writing, the method has been sent for "red border

review" and has not yet been promulgated., Collaborative testing

8

1s scheduled to begin in the Fall of 1982.

This paper has a three-fold purpose:

(a) to provide those individuals 1involved in the field
of stationary source emlssion measurement with an
understanding of Reference Method 6B as it |is
currently envisioned for promulgation,

(b) to wupdate those individuals already familiar with
the method regarding developments and changes which
have occurred as a consequence of the results of
past and ongoing investigations, and

(c) to provide guidance in the form of recommendations
for those who are currently using the method and its
variants.

In the sections which follow, a general description of

the proposed method is presented first; detailed discussions are

then presented which address the critical aspects of the method.



General Description of Proposed Reference Method 6B

Using the method as proposed, the following can be determined
over periods up to 24 hours:

(a) 1b Soz/lﬁs Btu,
(b) ppm SOz (dry and wet bases),
(c) %COz (dry and wet bases), and
(d) ¥Hp0.
The sampling train consists of the followling major components:
(a) a heated, glass, or stainless steel probe equipped
with a filter (either in-stack, out-of-stack, or

both) ;

(b) two midget impingers each containing 15 mL 3% (v/v)
hydrogen peroxide to absorb the sulfur dioxide;

(c¢) one midget bubbler containing about 25 g Drierite®
(anhydrous calcium sulfate) to remove water vapor
from the effluent sample stream;

(d) an Erlenmeyer bubbler containing a weighed amount of
(around 100 g) Ascarite II ® (sodium hydroxide on a
vermiculite solid support) to absorb carbon dioxide;
and

(e) a pump and dry gas meter equipped with an industrial
timer-switch.

These components are illustrated in Figure 1.

Samples are obtained at a flow rate of 1.6 L/min (+ 10%).
The timer controls the sampling duration and frequency; sampling
is conducted from 2 to 4 minutes on a 2-hour repeating cycle for
24 hours. The final sample volumes should be between 26 and 44
L.

Sulfur dioxide (as sulfate ion) is determined
titrimetrically according to the barium-thorin mequi9contained

in Reference Method 6.
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Moisture may be determined gravimetrically wusing the procedure
of Stanley and Westlin.io The mass gained by the Ascarite II is
used to compute the concentration of carbon dioxide. Finally,
the SO, emission rate 1is calculated according to the F-Factor
method, 2 using the gravimetric data from the 50, and COp
determinations. (It should be noted that gravimetric data may
be wused 1in lieu of concentration data, because the sample
volumes associated with the S0, and COp, concentrations are
essentially equal.)

In the proposed method it 1is noted that continuous
sampling, as distinguished from intermittant sampling, is
technically feasible; brief specifications for the application

of the continuous sampling mode are provided:

Note.~-Sampling may be conducted
continuously if a low flow-rate sample
pump (> 24 ml/min) is used. Then the
timer-switch is not necessary. In
addition, 1if the sample pump is designed
for constant rate sampling, the rate meter
may be deleted. The total gas volume
collected should be between 29 and 49
liters for the amounts of sampling
reagents prescribed in this method.

Since proposal of Reference Method 6B, considerable
attention has been directed toward placing the methodology of
such continuous mode sampling on a firm technical basis, so that
the ultimately promulgated Reference Method 6B will detail both

sampling modes thoroughly, and therefore, consistently. 1In this

regard emphasis has been placed on (1) evaluating the



performance of pumps and associated flow controls when applied
to low sampling rates (< 100 mL/min), (2) determining the
quantities and concentrations of reagents necessary for large
sample volumes (e.g., up to 80 L); and (3) investigating systems
to separate sulfur trioxide and sulfuric acid from sulfur

dioxide.



Descriptions and Discussions of
Critical Aspects of the Proposed Method

In the following paragraphs the proposed Reference Method
6B (both sampling modes) is addressed in detail. Attention |is
focused on those items that distinguish the proposed Reference
Method 6B from Reference Method 6. 1In addition, recommendations
which reflect the results from investigations conducted since

the date of proposal are provided.

Heated Borosilicate Glass or Stainless Steel Probe
Equipped with Filter (s)

For sample acquisition, heated borosilicate glass or
stainless steel probes are required. Relative to stainless
steel probes, glass probes are clearly more susceptible to
breakage. Glass probes, on the other hand, are insensitive to
corrosive compounds in the effluent stream and are much easier
to clean. These two attributes are important because of the
potential for spurious reactions between probe contaminants and
sulfur dioxide; such reactions could lead to low results for S0,
determinations. The choice of probe material is best made on a
case-by-case basis, taking into account source specific
variables such as vibrations at the sampling location and
particulate matter and sulfuric acid concentrations 1in the

effluent,



Filtration 1is necessary 1in order to remove particulate
matter from the effluent sample prior to impingement in the
hydrogen peroxide solution. The barium-thorin titration, which
is performed on the hydrogen peroxide solution, is sensitive to
interference by alkali metal ions, which may occur at
significant concentrations within particulate matter. In
addition, particulate matter may contain water soluble sulfates
which would be ultimately determined as SO, if allowed to enter
the impingers containing the hydrogen peroxide solution. An
in-stack filter, e.g., a plug of borosilicate glass wool, is
capable of removing this particulate matter. Nevertheless, a
second filter, located out-of-stack, is currently recommended in
order (1) to ensure quantitative removal of interfering
particulate matter, and (2) to minimize passage of sulfuric acid
aerosol (mist) which either may exist in the effluent or may
form in the effluent sample after passage through the first
filter.

The S0, emission rate determination using the
barium-thorin method will be biased high if sulfur oxides such
as S0z and HpS04 are collected in the hydrogen peroxide
solutions. This potential bias may be minimized through proper
selection and control of the temperature of the effluent sample
within the probe. The results from recent investigations
indicate that the method's precision 1is optimized when the
sampling temperature 1is approximately 28 F above the effluent
moisture (i.e., water) dewpoint -- as distinguished from the

sulfuric acid dewpoint. This empirically selected temperature



reflects the necessary control of two physical processes which
can affect the results of the determination. First, the
temperature must be above the moisture dewpoint, because sulfur
dioxide dissolves and oxldizes in liquid water; using
barium-thorin titrimetry, this oxidation product cannot be
distinguished from sulfuric acid. Second, the temperature
should be 1n the range where equilibrium favors the presence of
filterable sulfuric acid aerosol, rather than the other higher
sulfur oxide compound, sulfur trioxide, which exists as a gas.
Thus, by selecting a sampling temperature that favors the
presence of an aerosol, the contribution of SO3 and H,SO4 can be
minimized through removal by the second, out-of-stack filter.
Nevertheless, data pertaining to the magnitude of S0z and
HpS04 biases on SOy determinations using the proposed Reference
Method 6B are currently unavailable; thus, the significance of

the potential bias is unknown.

Absence of Impinger Containing Isopropanol Solution

11

and Westlin , 1isopropanol

®

interferes with the collection of Co, by Ascarite II.

As reported by Butler

Laboratory investigations have shown that during sampling,
isopropanol can penetrate the impingers containing the hydrogen
peroxide solution and the Drierite . In addition,
investigations have shown that masses of isopropanol 1less than
one gram are sufficient to reduce CO, absorption by 58 percent?

Consequently, the use of isopropanol has not been 1included

within the procedure for either sampling mode of the method.

10



In Reference Method 6 the primary function of the
isopropanol 1is to separate S04 and HpSO4 from the SO sample.
The critical importance of the probe temperature setting and the
presence of probe filters is better understood when viewed in
light of the fact that the proposed Reference Method 6B sampling
train has no provisions for the removal of these potentially
biasing species. This potential bias has not gone unrecognized;
considerable efforts have been made to identify means of
separating higher sulfur oxides from the sulfur dioxide sample.
For example, drawing from the equilibrium expressions for the
S§0,/water system, investigators proposed the use of acidic
solutions for scrubbing SOz and HpSO4 from the effluent sample.
0f the common acids available, hydrochloric acid was judged
unsuitable because of its wvolatility, and consequently, its
potential to interfere with the barium-thorin titration method.
Nitric acid was not considered because of its oxidizing
properties. Sulfuric acid was investigated, but its use was
found to offer no noticeable improvement over the proposed
method. Investigations are in progress to identify other

practical means of accomplishing the S0, separation.

Two Impingers Containing Hydrogen Peroxide Solution

The proposed method calls for midget impingers, each
containing 15 mL 3% hydrogen peroxide; this method of absorbing

S0, is identical to that specified within Reference Method 6.

11



To accomodate flow rates greater than 24 mL/min and
consequently, greater sample volumes, larger impingers (e.q.,
Mae West) containing 75 mL of more concentrated peroxide (6% to
1% (v/v)), have been used with continuous mode sampling.

For Reference Method 6 sampling, the alternative use of
10% (v/v) hydrogen peroxide has been approved in lieu of the
specified 3% (v/v) hydrogen peroxide?z'While it would appear
that even greater concentrations could be applied to continuous
mode sampling to ensure that sufficient hydrogen peroxide is
always available, concentrations greater than the approved 10%
(v/v) are not recommended for use at this time. Investigators
in the pasti3have noted a negative bias when S0, was absorbed in
concentrated hydrogen peroxide; however, since quantitative data
were not provided due to the limitations of analytical methods
at that time, the significance of the bias is unknown. The EPA,
QAD is currently investigating this potential bias through the
use of ion chromatography, a methodology that only recently has
been available.

The impingers containing the hydrogen peroxide solution
should be protected from direct sunlight because of the
potential for photodecomposition. If a significant quantity of
the hydrogen peroxide were to decompose, sulfur dioxide would
not be absorbed gquantitatively, and a negative bias could result
for determinations of ppm SO0, and 1b 502/106 Btu. Relative to
Reference Method 6, photodecomposition is a greater potential

problem because of the extended sampling period. It should be

noted that photodecomposition does not necessarily demand

12



sunlight. For example, mercury vapor lights may affect
photodecomposition also. For the reasons touched upon above, it
is recommended that the impingers containing hydrogen peroxide
be covered throughout the sampling period.

®

Bubbler (or Tube) Containing Drierite

An accurate determination of <carbon dioxide can be
accomplished only if moisture has been quantitatively removed
from the effluent sample prior to reaching the Ascarite 1II .
Drying is accomplished using indicating Drieriteel which signals
loss of drying activity by changing its color from blue to pink.

For the intermittant sampling mode, approximately 25 g
DrieriteC)is specified; for the continuous mode the specified
mass is approximately 150 gqg. The design of the Drieritec)
container 1is not critical; however, it is imperative that the
container be oriented in a manner to minimize channeling that
could be aggravated as a consequence of settling. For example,
if tubes are used for containing the Drierite , these tubes must
be secured in a vertical position; otherwise, channeling along
the top of the tube would be likely.

Erlenmeyer Bubbler (or Tube) Containing Ascarite II<®

Both sampling modes envisioned employ sodium hydroxide
for absorbing the carbon dioxide 1in the effluent sample. (It

should be noted that as proposed, the method specifies the use

13



of Ascaritéo; since that time the supplier has changed the
product's formulation so that vermiculite is used rather than
asbestos. Ascarite IICZ the approximate formulation being 96%
(w/w) sodium hydroxide and 4% (w/w) vermiculite solid support,
is functionally equivalent to Ascarite@{)

For intermittant mode sampling, 100 g Ascarite II@)in a
250 mwmL Erlenmeyer bubbler 1is specified. Most versions of
continuous mode sampling systems employ 1580 g Ascarite Iﬁa
contained in a glass tube.

Of all the method's operations, the Ascarite II®
absorption presents the greatest potential for causing serious
error. And in this regard, the specie of notable concern is
water. Water's role in causing bias is best understood in light
of the reaction that occurs during COp absorption.

In the Ascarite II®

container, carbon dioxide reacts with
sodium hydroxide to afford anhydrous sodium carbonate and water
vapor. Water vapor rather than liquid water is formed because
of the (appreciable) heat of reaction. During sampling the
extent of reaction is indicated by the advance of a white zone,
which is the anhydrous sodium carbonate (and which is capable of
reacting with water). The water vapor, on the other hand, is
swept ahead 1into the effluent sample stream, (which then
contains no carbon dioxide) and condenses on the £fresh sodium
hydroxide beyond the reaction zone. The greater proportion of
this condensed water 1is visible as a wet zone, which, as

previously indicated, moves ahead of the reaction. Nevertheless,

not all the condensed moisture is visible.

14



The reaction described above must be 1solated and
contained within the preweighed CO, absorption container. As
indicated earlier, water vapor can interfere with the method.
Two 1nterfering mechanisms are possible. First, if water wvapor
breaks through the Drlerite@i it will react with the anhydrous
sodium carbonate. This added mass can bias COp concentration
determinations high, and 1b 802/106 Btu determinations low. 1In
addition, because the reaction products (sodium carbonate
hydrates) have greater molar volumes, sample flow through the
absorber may be reduced and potentially stopped altogether.

The water vapor produced by the COp reaction 1s the other
problem. Accordingly, the 1location of the wet zone is a poor
breakthrough indicator, because a significant quantity of water
is generally present some distance ahead of this zone. If water
vapor exits the absorber, CO, determinations may be biased low,

and lb S0,/1¢ 6

Btu determinations, high.

Many investigators have approached the problem through
use of two CO, absorbers in series. The wuse of a back-up
ensures that a valid sample will be obtained in the event that
COp breaks through the first absorber. The unreacted sodium
hydroxide in the back-up appears to possess adequate dessicating
ability to handle the resultant moisture. Moisture
breakthrough, however, is best prevented by including a back-up

®

absorber that contains either Drierite~, or silica gel.

15



Dry Gas Meter

The proposed Reference Method 6B requires the use of a
dry gas meter when pollutant and diluent concentrations are
determined in conjunction with SO, emission rates. However, an
abbreviated procedure is permittedisif only emission rate data
are desired. This abbreviated procedure essentially entails
omitting the dry gas meter from the sampling train. It should
be recognized, however, that anomalous emission rate data may be
impossible to rationalize when the associated concentration data
are unavailable. The use of a dry gas meter for all

applications of Reference Method 6B is currently advised because

of its value for assessing quality control.

Pump

The proposed Reference Method 6B specifies the use of a
diaphragm pump for sample acquisition. Problems with pumping
have been encountered during the development of the Method as
applied using the continuous sampling mode. Peristaltic pumps,
although capable of operating at low flow rates, were found to
be unreliable, especially when applied to "negative" pressure
effluent streams. Diaphragm pumps, on the other hand, exhibit
reliability problems when operated at low (< 100 mL/min) £flow
rates. Thus, the small volumes of gas handled create what 1is
called a dead-head condition, leading 1in turn to overheating,

and, at the extreme, failure. This problem can be minimized by

16



providing the pump with sample recirculation capability. (Pump
recirculation is illustrated 1in Figure 5-1 within Reference
Method 5.)

Sample acquisition has also been accomplished using

compressed air aspiration.
Flow Meter

For the intermittant sampling mode, the proposed
Reference Method 6B specifies the use of a flow meter and a
sampling rate of 1.0 L/min (+ 10%). Within the proposed method
it is noted that 1f a constant flow sampling pump is employed
for the continuous sampling mode, the flow meter may be deleted
from the sampling train.

The results from field evaluations of the continuous
sampling mode have shown that when sampling trains are operated
unattended, constant sampling rates (i.e., + 1@%) cannot be
guaranteed. The reason for this is due to the fact that the
reaction product at the Ascarite IIGDabsorber chokes the gas
passages therein, causing the pressure drop across the COp
absorber to increase with sampling time. Conditions of varying
sample flow rates may result in biases which would reflect the
acquisition of non-representative samples. The use of critical
orifices in conjunction with diaphragm pumps is being
investigated as a potential means of maintaining constant
sampling rates.

It 1is <currently recognized that the proposed Method 6B

train should be equipped with a flow meter.

17
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Federal Register / Val. 48, No. 16 / Monday. January 28, 1981 / Provosed Rules

8. In Performance Speafication 2, the
deZmidon of “Relative Accuracy” is
incorrect. [nstead of a degree of
carrectmess, it19 actually a measure of
“relative error.” Onea commenter feels
that “relative accuracy” should be
ckanged o “relative error.”

7. in Secton 7.3 of Performance
Scecification 2, tha tester is allowed to
reject up to three samples provided that
tbe total aumber of test results used to
determuns the relative accuracy 1s
greater than or equal to gine. EPA had
considered using statistical techniques
ta reject outliers, but found that these
techmiques wera too restrictive. One
commenter feels that statistical
techniques should be used. At a
cummum, the commenter feels that the
ceactrol agencies should be consulted
before any data is rejected.
Miscallaneous

Authority: This propased rule malcag is
ssued under the authority of sections 111,
114, and 301{a) of the Clean Aur Act as
acended (42 US.C, 7411, 7414 and 7801(a)).

Oated: Jannary 13, 1S8L
Douglas M. Costle,

Admuustrotor.

[t is proposed that §§ 80.13, 60.48, and
60.47a, Appendix A, and Appendix B of
40 CFR Part 60 be amended as follows:

1. By ravising § 60.13(b), 60.13(c)(2)(ii).
and 80.13(d), by removing
subparagraphs (1), (2) and {3) of
§ 80.13(b), and by removing
subparagraphs (1), (2). and (3) of
§ 60.13(d) as follows:

36013 Monitoring requirements.
. [ ] [ ] [ ] L[]

(b) All continugus monitoring systems
and monitoring devices shall be
installed and operational prior to
conducting performancs tasts under
§ 80.8. Venfication of operaticnal status
stall. as a mimmum, include completion
of the manufacturer's wntten
requurements or recommendations for
wnstallation, operation, and calibration
of the device.

(z’i. L

(ii} Contimuous monitoring systems for
measurement of nitrogen axades or
sulfur dioxide shail be capable of
measunng emission levels within =20
Jercent with a confidencs level of 95
percent. The performance tests and
calcuianon procedures set forth in
Performance Specfication 2 of
Appendix B shall be used for .
demonstrating compliance with this
specfication.

(d) Owuaers and operstors of all
cacnuous emission Jomtoring systems
instalied 11 accordance with the

provisions of thus part shall check the
zero and span dnft at least once dauly in
accordance with the method presanbed
by the manufacturer of such systems
uniess the manufacturer recommends
adjustments at storter intervals in
which case such recommendations shall
be foilowed. The zero and span shall, as
a mirunem, be adjusted whenever the
2+-hour zero dnft of 24-hour span dnft
limts of the applicable performance
specifications in Appendix B are
exceeded. Tha amount of excess zero
and span dnft measured at the 24-hour
interval checks shall be quantified and
recorded. For conninuous mozfntormg
systems measunng opacity of emissions.
the optical surfaces exposed to the
eifluent gases shall be cleaned prior to
performurg the zeco and span dnft
adjustments excapt that for systems
using automagc zero adjustments, the
optical surfaces shall be cleaned when
the cursulattve automatic zero
compensahoa exceeds 4 percent
cpaaty. Unless otherwise approved by
the Admunistrator., the following
procedures shall be followed for
continuous monitoring systems
measuring opacity of emissions.
Minimum procedures shall include a
wethod for producing a simulated zero
opaaity condition and an upscale(span)
opacity condition using a certified
neutral density filter or other related
technique to produce a known
obscuradon of tha light beam. Such
precedures shall provide a system check
of the analyzer internal optical surfaces
and all electromc circuitry including the
lamp and photodetector assembly.

2 By revising § 60.46(a)(4} as follows:
§60.48 Test methods and procedures.

(a) L )

(4) Method 8 for concentration of SO,
Methed 8A may be used whenever
Methods 8 and 3 data are used to
::‘:iermme the SC, emission rate in ng/J,

3. By revisicg § 60.47a(h)(1) as follows:
§ 60.47¢ Emission monitoring,

(1) Refarence Methods 3, 8, and 7 as
applicable. are used. Method 6B may be
used whesever Metheds 8 and 3 data
are used to determina the SO, emussion
rate un ng/]. The sampling location(s)
are the same as those used for the
continuous momtonsg system.

4. By addirg to Appendix A of 40 CFR
Part 80 two new methods, Methods 8A
and Metkod 58, to read as follows:

Appeadix A—Raferancs Test Mothods

Method 8A—Detar=unation of Sulfur
Dioxide. Vloisturs. and Cardon Diox:de
Enussions from Facsi Fuel Combustion
Sowrces

1. Applicabuity erd Princ:ple

1.1 Applicadility. Th:s 2ethod applies to
the determunanos of suiksr d:oxae (SQ,)
ezussions from fossy fuel combusnon sources
in terms of conceatation (mg/m) and 1
terms of emission ate (ag/]) aed to the
detersunadoa of carbon aloxde {Cl,)
cogcentration (percent). Moistoe, f desired.
@ay aiso be determused by tus method.

The munmimum detactabls it *he upper
limit. and the \nterfarences of t2s method ‘or
the measuremsat of SOy ars the same as for
Method & For 1 20-liter sample. the mathod
has a precision of 0 § percent CO, for
concentratons berweea 2.5 and 23 percant
CGh and 1.0 percazt moisture for moisture
coacentratons greater than § percent.

1.2 Principle. The pruncipie of sample
callection i3 the same as for Method 8 excent
that moisture and CO, are collected in
addition to SO, 12 the sams sampling train.
Mousture asd CO, fractions are determined
gravumetnically.

2 Agparatus

21 Sompling. Tha sampling train is
shown 1a Figure 8A~1. the equpment
required 19 the same as for Method 6, excapt
as speafied below:

211 Midget [mpingers. Two 10-ml mudget
impuigerns with & 1-mm resticted tp.

212 Midget ubbler. Que 30-ml midget
bubbier with an unresccted dp.

213 CO. Absoréer. One 2%0-ml
Erlenmeyer bubbler with an unrestnicted dp.
or equvalent.

22 Sample Rscovey and Anclysis. The
equipment needed for sample recovery and
anaiyss s the same as requured for Method
6. ln addition. & balance to @easure witun
0.0S g i3 needed [or analysis.

3. Reagents

Unless otherwrss izdicated. all reagents
must coniorm to the specficanons
established by 'he Comzuttes on Anaiytical
Raagents of the Ammencan Chemical Socary.
Where such specBcations are not available,
use the best avaulaole grade.

3.1 Sampling The reagents required for
sampling are tha same a3 specified ;n Method
8. except that 80 percent isopropanol and 10
percent potassium 1odides soludons are got
required. [n addition. the lollowing reagenta
are required:

SLLUNG COOR £3850-29-M
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PROSE [END PACKED” STACK WALL MIDGET BUBBLERS |
WITH QUARTZ OR
PYREX %OCL)

i

MIDGET IMPINGERS
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GAS METER 3 ; PUnS

Figure 6A-1. Sampling train. SURGE TANK
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311 Drrarce.® Azhydzous calaun swfate
.CasQ,} aesiccact, 3 mesa.

3.1 % Ascar:ie Soa:um bydrox:de 20ated
150es103 ‘ce absomproa of CO, 913 20 mesa.
32 Samole Recavery cnd Anclysia. The

-eagents needed {or samoie recoverv and
132:vsls are ‘e same as for Methcd 8.
Secnons 3.2 ang 1.3, respecnvely
4. Procedure

41 Sexrsunz

.41 Preparcuoa of Colleciion Tocin.
Measurs 13 ol of 3 percent hyarogen
serovids ;n%o eaca of the first tivo mudget
zapwngers. [nto e udgst bubtler. piace
about 25 3 of dnerte. Clean the cutsides of
=2 uxowgers and the dnente buboler and
wei3h (at room temperacure, ~ 20° C) 0 the
dearest 0.1 g Weign ‘he three vessels
suzultanecusly and record tus wutal mass.

Placs a smail amount of zlass wool :n the
E-ienmeyer bubbler. The zlass wooal should
cover the satire bottom of the lask and he
about i1-om thuck. Place about 1C0 g of
ascante on top of the glass weol and
caretlly nsert the buooler top. Plug the
bupbier exhanst leg aad 1avert the bubbler 10
remove any ascan‘s fom the bubbler tube. A
vre may be useful tn assunng that no
ascante remains w3 the tube. With te plug
removed and tha'ouatsids of the bubblee
cleaned, weigh (at room temperaturs (at room
tamperiture, ~ 20° C), to the nearest 0.1 3.
Record this imtial nass.

Assembls the train as shown in Flgure 8A~
1. Adjust tha probe heater to a ‘emperature
sufScient to prevent water condensatdon.
rlace crushed ice and water around the
umpungers and bubblers.

Nota.—Faz stack 3as steams with hugh
partculata loadings. an in-stack or keated
out-of-stack glass Sber mat Glter may be used
1a placs of the glass wool plug in the probe

4.1.2 Leak-Check Procadure cad Saxnpla
Collection. The laak-check arocedure and
sample collecuon procedure are the same as
soecifed n Method 6. Sections 4.1.2 and
.13, respectively.

12 Sample Recovery.

421 Mosture Measuremert. Disconnect
'he oeroxide unpingers aand ths dnente
buboier om the sample Tain. Allow ame
{aocut 10 unntes} for them to reach rocm
temperaturs, clean the outsides and then
weigh them simnitaneously in the same
manner 35 :n Sectdon 411 Recard s final
mass.

422 Peroxuidas Solution. Pour the contents *
of the qudget unpingery nto a leak-iree
jolyethylene borue for shipping. Runse the
Two mudget unpingers and coanecnng tubes
witd detcmuzed disulled water. and add the
wasaungs to the same storage container.

‘Maston of Txde cames or specfic oreducts
does a0t consttmte endorsement by e U S
Zavironmental Proteczon Ageacy

1213 CO,; Adsorder. Allow the Esienmever
buooier to warm ‘0 room tamaerarite fanout
10 minutes), clean the outnde. and we:ga ‘o
‘2e cearest 41 3w the same narzer 23 11
Secnog 4.1.2. Record thus fizal =ass and
aiscard Se used ascan'e.

43 Sarple Anarysis. Taa samole aralysis
sroceaure {or SO, 1s the same as soecified .n
Method 8. Seczon 4.3,

8. Caltdration

Tz caubracons and checks 2re the same
as requiced 12 Matkod 3, Secwca 3.

8. Caicuiauons

Carry out calculadons, retawrung at least 1
exta decral figurs beyond tat cf e
dcquured data. Round off figures after finai
calculagon. The calculacon 1omeaciarure
ard arecedure are the same as specified ia
Method 5 with the addition of e fadewing

1 o ‘3
Vu(stq) ® 1.336 x 10

(mwf ° mw‘l)

81 Nomenclacure,

Cusn = Cancenzaada of 2oisnure, percant,

-op = Concencration of CC.. v Sas:s
percent

T =izinal oass of jeroxide wmningers 124
znente bucoles. 3.

r. afinal mass ot Jaroxize imoingers azd
arente buccier 3.

m, ={n.ual mass of ascanie Suodier 3

iy Tinal mass of ascar:e Hubcler 3.

Vegsiwy®Standard agwuvaienat voluce of
CO, cotlacied, &y sasis. 22

8.2 CO, volusae colscted, correciec "o
standard condinons.

Vm,. e ®5.487 €07 (my -2, ) (Eq 2A-1)

8.3 Moisture volume c2ilected. carrecteq
to standard coraq:teas.

8.4 SOZ concentration.
(Y -y ) N(VSO]H)
¢ 32.0 E o 2
= 32.03 - (Eq. SA-2)
30y "n(stal * Vea,(sta)
6.5 an concentrat*lonz
. Yo, (std) )
= \ - X 100 (Eq. GA-A
@z Va(sta) * Yo,
6.6 Moisture c¢ocncentratiop.
. vH,O(std)
. ——= — (f2. ZA-3)
0 To(sea) u,0(sta) e, (s2)

7 Ezussicn Aate Preceduce

if the ocly emission measurement desured
19 10 terms of emuasion rata of SOq {2g/]). an
aborevated procecure may be used. The
differences batween Method 8A and the
abbreviated procedure are gescibed beiow

71 Sarmgle Traxn The samole Tawn .s the
same s saown in rigure 8A-1 and as

gescnbed 18 Secuon 4. except *3at he iry
338 Mme'er.s not neeneld

72 Preparc=tion of ‘=2 saies: - oz
Follow the same procaduse as .n Seciion
4.1.1, except that the perovids imeingess and
drienite pubbler need not 2e we'gned Selore
ar after the test run.

73 Samrpiing Ove-a:2 8 '2ain as
descnbad in Sechion 4.1 3. 2xcent that arv zas
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meter readings, barometnc presswre, and dry
gas meter temgperatures need not be recordad.

74 Scmpla Recovery Follow the
pmcedure 1n Secton 4 2, except that the

peroxade impingers and dnente bubbler need

not be weighed.

!
» - saln
"0, 3203 [V - Vi) M)

Where:

7S Sample Analysis. Analyss of the
peroxade solution is the same as descr.bed 10
Sechon 4 3.

78 Calculanons.

7.81 S50, mass collected.

(Eq. 6A-7)

s Mass of S0, collected, mg.
"s0, 2

7.6.2 Sulfur dioxide emission rate.

0
9
Esa, * F (1829 x 10°) O

Where:
Egojt = Emisaio0n rate of SO, ag/].
F.=Carbon F factor for the fuel burned,
m*/], from Method 19.

8. B:bliography

8.1 Same as for Method 8 citatuons 1
through 8, with the addition of the follawing:

82 Stanley, jon and PR. Westlin. An
Alternate Method foe Stack Cas Maisture
Determination. Source Evaluation Society
Newsletter. Vo/ume 3, Number 4. November
1973. -
8.3 Whittle, Richard N. and P.R. Weastlin,
Aur Pollution Test Report Development and
Evaluation of an [ntermuttent !ntegrated

$0:/CO; Emission Sampling Procedure.

Environmental Protechon Agency,
Emission Standard and Engineering
Division, Emission Measurement
Branch. Research Triangle Park, Nurth
Carolina. December 1979. 14 pages.

Mg
2
(Eq. 6A-8)

Method §8—Determination of Sulfur Dioxide
and Carbon Dioxide Da:ly Average
Emusstons From Fossil Fuel Combustion
Saurces

1. Applicabuirty and Frinciple

1.1 Applicability. Thus method apphes to
the determunation of sulfur diox:de (SOy)
enussions form combustion seurces i terms
of concentratton (mg/M? and eaussioa rate
(ng/]). and for the determination of carbon
dioxade (CO,) concentration (percent] on a
daily (24 hours) basis.

The minimum detectable limit, upper limut.
and the intecferences for SO, measurements
are the same as for Methad 6. For a 20-hiter
sample. the method has a precision of 0.5
percenl CO, for concentratons between 2.8
and 25 percent COn.

12 Prnnaple A gas sample 13 extracted
from the sampling point in the stack
intermuttently over a 24-hour or othar
specified hme penod. Sampling may also be
conducted conunuously if the apparatus and

procedure are modified (see the note In
Secuon 4.1.1). The 50O, aad CO, are s~zarated
ard collected wn the sampling tawn The SO,
facton 19 measured by the banum-thorn
titration method and CO, 13 deterruned
gravimetcally

2 Azparctus

The equipment required for thus method (s
the same as soecufied for Method 6A. Secton
2, with the addition of an indusmal hmer-
switch designed to operate i the "on”
pasition from 3 t2 § continuous munutes and
“off” the remauning penod over a repeating,
2-bour cycle.

3. Recgents

All reagents for sampling and anafysis are
the same as descnibed 1n Method 8A, Secaon
3.

4. Procedure

4.1 Sampling

411  Preparcuon of Collect:on Troin.
Preparation of the sample train is the same as
descnbed 10 Method 8A. Section $.1.4 with
the addition of the following:

Assembie the rain as shown in Figure 6B~

*1. The probe must be heated to a temperature

sufficient to prevent water condensation and
must wnciude a Glter [esther in-stack. out-of-
stack, or both) to prevent partculate
entrainment n the penoxade impingers. The
electnc supply for the probe heat should be
continuous and separate from the tmed
operation of the sample pump.

Adjust the amer-switch to operate in the
“on"” position {orm 2 10 4 ounutes oa a 2-hour
repeanng cycle. Other umer sequences may
be used provided there are at least 12 equal,
evenly spaced periods of operation over 24
hours and the total sample voiume 1s
between 20 and 40 liters for the amounts of
sampling reagents prescnbed 1n this method.

Add coid water 10 the tank unul the
impingers and bubblers are covered at least
two-thurds of their length. The :mpingers and
bubbler tank must be covered and protected
from intense neat and direct sunhight. Uf
freezing conaitions exast, the unpinger
solution and the water bath must be
protected.

SRLING COOL ¢340-28-
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Note.—3ampling may be conducted
conanuously U a low flow-rat2 sample pump
{>2imi/mn) 13 used. Then the ttmer-switch

s not 3ecessary. [n addiuon, |f the sample
pump is designed for constant rale samoplirg,
the rate meter may be deleted The total gas
volume collected should be Hetween 20 and
40 lsters for the amounts of sampitng resgents
prescrnibed :n this method.

4.1.2 Leak-Check Procedure. The legk-
chack procedure i3 tha same a3 descnibedf in
Method 8, Sectton 4.1 2

4.13 Sample Collection. Record e imtial
dry gas meter reading. To begin sampling.
position the Hp of the probe at the sampi:ng
pount, connect the probe ta the first impinger
{or filter}, and start the tumer and the sample
sump. Adjust the sample fow to a constant
rate of approxumately 1.9 liter/min as
wncicated by the ratameter. Assure that the
tumer i3 operating as intended, Le., 1 the “on”
posihon J to 5 munutes at 2-hour iztervals, or
other ume nterval sceaified.

Durng the 2¢-hour sampling penod, record
the dry gas meter temperature batween 300
a.m. aod 11.00 3a.m., ard e barometnc
pressure,

Al the conclusion of the run, turn off the
‘Lner and the sample pump, remove the probe
irom the stack, and recard tks floal gas meter
volume reading. Conduct a leak checkas
aescribed w1 Section 4.1.2 If a leak 13 found.
voud the test run or use procedures -
acceptable to the Admunustrator to adjust the
sample volume [or leakage. Repeat the steps
in this Section (4 1.2} for successive ruas.

+2 Sample Recovery. The procedures for
sample recovery (moi1sture measurement,
peroxide solution, and ascante bubbler) are
the same as in Method 8A. Section 4.2,

4.3 Sample Analys:s. Anaiyss of the
peroxide rnpunger solutions 13 the same as in
Method 8, Secton 4.3,

5. Celibrat:on

§1 Metenng System.

8.1.1 [mwal Calibration. The runal
calibratuon {or the voiume metering system s
the same as for Method 8, Section 5.1.1.

812 Perrodic Calibration Check. After 30
days of operation of the test raun conduct a
calibretion check as m Secuon 5.1.1 above,
axcept for the following vananons: (1) The
leak check 13 not be conducted. (2) three or
more revolutions of the dry gas meter may be
used, and (3) only two independent runs need
be made. If the calibration factor does not
dewviats by more than § percent from the
inftal calibraton factor determuned 1n
Section 5.1.1, then the dry gas meter volumes
ootained duning the test senes are acceptable
and use of the train can continue. [f the
calibratoa factor deviates by more than §
percent, recalibrate the metering system as 1o
Section 3.1.1, and for the calculations for the
precading 30 days of data, use the calibranon
factor (inztial or recalibration) that yields the
lower gas volume for each test run. Use the
latest calibration factor for succeeding tests.

8.2 Tharmometers, Calibra’e against
mercwy-n-glass thermometers vutaily and
at 30-day wntervals.

5.3 Rotameter. The rotameler need not be
calibrated, but saould be cleaned and
mauntawned according to the manufacturer s
instuction.

5.4 Berometer. Caibrate aganst a
mercury barometer wuhaily and at 30-day
wntervals.

55 Bcrium Perchlorcte Solutron.
Standardize the bartum perchlorate solution
dganst 25 ml of standard suifurnic acid to
which 100 ml of 100 perceat 1sopropanal has
been added.

8 Calculotions

The nomenclature and calculanon
procedures are the same as 1n Method 6A
wita the following excepuons: -

Pur={mtal barometnic pressure for the test
pernod, mm Hg.

Ta=Absolute meter temperatura for the
test period, ‘K.

? Saussion Aate Procedure

The equssion rate procedure 13 the same as
descnbed tn Method 8A. Section 7, excent
that the timer 13 needed and 13 operated as
described n thus method.

& Bibliography

The bibliegraphy i3 the same as described.
1n Méthod 8A, Sechion &

% By revising Performance 2 and
Purformance 3 of Appendix B of 40 CFR
Part 60 to read as foilows:

Appendix B—Performance Specificanons

* L L]

Performance Specificatior 2—Spec:fications
and Test Procedures for SOy and N0,
Continunus Emission Monitonnig Systems in
Statlonary Saurces

1. Agplicability and Princ:ple

11 Applicchility. This specification 1s to
be used ior evaluating the acceplatility of
SOy and NO, contintucus emissicn marutonng
systems {CEMS) atter the wuhal wnstallanon
and whenever spec:fied 1n an applicable
subpart of the regulancaes. The CEMS may
wclude, for certaun stationary sources.
diluent {O, or CO,) monitors.

1.2 Principls. Installatior and
measurement locaton spesificatons,
performancs and equpment specifications.
test procedures, and data reduction
procedures are wncluded in this specification,
Reference method (RM) tes!s and calibration
dnft tests are conducted to determune
confcrmancs of the CEMS with the
specificadon.

2 Definrtions

21 Continucus Emission Montoring
System (CEMS). The tolal equpment
required for the determination of a gas
concentration ar emussion rate. The system
consists of the fallowing majar subsystems:

21,1 Sample Interfece. That portion of the
C2MS (hat 15 used for one or more of the
followng: Sample acqusibon, sample
transportation, and sample conditiorung, oc
protection of the momitor Tom the eifects of
tne staca efflueat

212 Pollutant Analyzer. That paction of
the CEMS that senses the pollutant gas and
generates an ourput that 1s propottionai to the
gas concentration.

213 Diuuert Analyzer (if applicable).

© That portion of the C2MS that senses the

~diluent gas {e g. CO, or C,) and generates an

output that s provoraonal to the gas
copcentration,

2.14 Do:a Recorder. That parson of the
CEMS that provides a permaazent record of
the analyzer ourput. The data recorder may
inciude automatic data reduction capaotities.

22 Pourt CEMS. A CEMS that measwres
the gas concentration either at a swngle pownt
or along a path that is equal to or less ttag 10
percent ¢i the equvalent diametar of the
stack or duct cross secuon

2.3 Path CEMS. A CEMS that mesures the
gas concentraton along a path that 1 greater
than 10 percent of the equivalent d:ameter of
the stack or duct cross secoon.

2.4 Span Valus, Ths upper Limit of a gas
concentraton measurement range that 13
specified for arfected source categones a tha
applicable sutoart of the regulaticas

25 Aelative Accuracy. (RA) The absoluta
mean dufference between the 3as
concenlracea or emussioa rate determized by
the CEMS and the vaive determined by the
reierence methoa(s) plus the 2.5 percent ersor
czafidence coefficiez! of a seres of tests
divided by the ean of the reference method
(RM] teses or the applicable emussion hmt,

28 Calibretion Drijft (CD). The differeaca
1n the CEMS output reaaings irom the
establisbed reference ¥aue after a stated
pened cf operation dusing which no
cnscheduled =atvenance, repauwr. or
acjustment toox elace.

2.7 Ceniro:dcl Area. A coanczamg area
that 1s geomemcally sizulie to the stack of
duct cross section and 15 no greater thaa 1
percent of the stack or duct sToss-sectional
area.

28 BRepresentatize Reswis. As defined by
the M test procedure sut.ned n this
specificahon.

3. Installaton ard Measureent Location
Specifications

3.1 CEMS Insiafl=t.on and Measurement
Locction. Ins:ail tha CEMS at an access:ole
location whers tte pollutant concentration of
erusston rate measuresents are directly
representatve or can be corrected 5o as to be
representatuve of the total ecussions from the
aifected faz:lity Then select representative
measurement poiats or paths for moaitonng
such that the CEMS wall pass the reiatneg
accuracy (RA) test (see Secdon 7). If the
cause of failure to meet the A lest s .
determuned to be the measuremeat lozaucn,
the CEMS mav be required o be relocated.

Suggesied measurement locaticns and
points or paths are Lsted below: other
locations acd pownts cr paths mway be less
likely to provida daca that wrll meet the RA
requiremerits.

111 CEMS Location [tis suggested that
the measurement locat:oz e at least two
equvalent diarmaters downsiream rem the
rearest control devica or other pownt at which
a changs :n the pollutant concentration or
emzsnon rate may occur and at [east a haif
equivalent diameter upsream from the
eiueat exnaust.

312 Point CEMS. [t 13 suggzested that the
measuremeat porzt,be (1) no less than 1.0
meter from the stack or duct wall, or (2)
within or centraily located over the
cenwrotdai area cf the stack or duct cross
sacuon.



