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FOREWORD

Measurement and monitoring research efforts are designed to anticipate
potential environmental problems, to support regulatory actions by developing
an in-depth understanding of the nature and processes that impact health and
the ecology, to provide innovative means of monitoring compliance with regula-
tions and to evaluate the means of monitoring compliance with regulations and
to evaluate the effectiveness of health and environmental protection efforts
through the monitoring of long-term trends. The Environmental Monitoring
Systems Laboratory, Research Triangle Park, North Carolina has responsibility
for: assessment of environmental monitoring technology and systems; implemen-
tation of agency-wide quality assurance programs for air pollution measurement
systems; and supplying technical support to other groups in the Agency including
the Office of Air, Noise and Radiation, the Office of Toxic Substances and the
Office of Enforcement.

The following investigation was conducted at the request of the Office
of Air Quality Planning and Standards. Test methods for the measurement of
reduced sulfur compounds from stationary sources were evaluated. The work
included studies of techniques and procedures for the gas chromatographic
measurement of sulfur compounds commonly emitted from Kraft pulp mills and
Claus sulfur recovery plants, permeation devices used as standards in those
measurements, and the efficacy of compressed gas mixtures of sulfur compounds
for use as quality assurance materials. Some information was also obtained
on the comparative values of electrolytic conductivity and flame photometric
detectors as devices for measuring reduced sulfur compounds.
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ABSTRACT

Equipment and procedures for the analysis of total reduced sulfur
compounds according to EPA Methods 15 and 16 were studied.

A detector operating on the electrolytic conductivity principle
was found to be equal or superior to the flame photometric detector
for the analysis of HpS, COS, CSp, MeSH, DMS, and DMDS in the laboratory.
Adsorption of these species on surfaces of the chromatographic system
was found to be the main source of imprecision and inaccuracy in the
analysis. Commercial samples of silica gel for analysis of H2S and
COS had to be given a pretreatment before they would provide the necessary
separation. Glass and nickel tubing were used in the preparation
of GC columns but were found to adsorb greater amounts of the sulfur
compounds than FEP Teflon columns. Permeation devices containing
the above sulfur compounds were found to permeate at uniform rates
after one year of use, but observed rates did not agree well with
vendor-certified rates in all cases. Aluminum cylinders containing
mixtures of HpS, COS and CSp and mixtures of HpS, MeSH, DMS, and DMDS
were periodically analyzed over four months. Results were erratic,
and no firm conclusions as to stabilities of the mixtures could be
drawn. The inherent inaccuracy of the chromatographic system used
is likely to have been responsible for the cata scatter.
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SECTION 1

INTRODUCTION

This draft report concerns studies of EPA Methods 15 and 16,
work performed in our laboratories as well as that reported in the
recent literature. The goals were to gain intimate familiarity with
the methods, in particular, and with the techniques of trace sulfur
gas analysis, in general, and to perform specified studies designed
to evaluate and perhaps improve the subject methods. Work Assignments
specified that the following be studied:

1)

2)

3)

4)

5)

6)

The stabilities (variation of permeation rates with

time) of permeation tubes containing hydrogen sulfide
(HoS), carbonoxysulfide (COS), carbon disulfide (CSy),
methane thiol (MeSH), dimethyl sulfide (DMS) and dimethyl
disulfide (DMDS)

The stabilities (compatabilities) of bottled gas mixtures
containing the above compounds in an inert gas

Interferences that may result from the presence of
nonsulfurous substances

Methods for improving the dilution system

The performance of a conductivity detector as an alternative
to the flame photometric detector (FPD)

The Tocation of suitable sources for field testing
of the methods.

In addition, several chromatographic systems developed in other
laboratories are described. These include isothermal systems which
allow the analysis of the four total reduced sulfur (TRS) compounds
covered in Method 16 using a single instrument.



SECTION 2

GONCLUSIONS

At the time studies were begun, chromatographic equipment and
conditions to be used were specified by the methods (Method 15 - Federal
Register 41, pp. 43870-43873, October 4, 1976; Method 16 - Federal
Register 41, pp. 42017-42020, September 24, 1976). Later, these regulations
were modified (Method 15 - Federal Register 43, pp. 10866-10873, March 15,
1978; Method 16 - Federal Register 43, pp. 7568-7598, February 23,

1978) to allow other separation columns and conditions to be used
provided they met certain criteria. Early laboratory investigations,
then, were carried out using systems fabricated according to Section
12 of both methods. Instrumentation and equipment are described in
Section 3, "Experimental".

The required flame photometric detector (FPD), while possessing
the required sensitivity and selectivity, suffers from a nonlinear
response and a limited dynamic range in the sulfur mode. Its signal
is also affected (quenched) by the presence of non-sulfur-containing
compounds which may coelute with the TRS compounds. A commercially-
available detector operating on the electrolytic conductivity principle
was evaluated in side-by-side laboratory test:s and found to be equal
or superior to the FPD with regard to sensitivity, selectivity and
behavior toward certain interferences. Its response was essentially
linear over the range of interest. This detector should at least
be considered as an alternative to the FPD, that is, it is felt the
FPD should not be specified as the detector to be used in the methods
a priori.

A deactivated silica gel column for analysis of the Method 15
compounds (COS, H2S and CS2) was found to outperform all other columns
tested provided that the substrate was pretreated with an acid wash.
Commercial deactivated silica gel used "as received" was able to separate
the materials of interest only at temperatures near ambient (25°C)
and low carrier gas flow rates (20 mL/min). After a wash with concentrated
hydrochloric acid, the same silica gel gave baseline separation of
COS and HpS at 55-60°C.



GC columns constructed of FEP Teflon tended to develop leaks
with time due to the “"cold flow" characteristic of the material.
Columns constructed of glass and nickel tubing did not leak, but use
of the metal column resulted in a partial loss of all Method 15 compounds.
Compared to the Teflon column, the nickel column caused a loss of
15 percent of the COS, 65 percent of the HpS and 17 percent of the
CS2. The glass column lost 21 percent of the HpS. Thus, it appears
that glass columns may be used in place of Teflon columns at a sacrifice
in apparent sensitivity.

No isothermal separation of the four TRS compounds of Method
16 could be attained without the use of backflush techniques. Temperature
programming allows this separation, but such a technique was determined
to be unacceptable due to lengthy analysis time and leak problems
caused by the "cold flow" of Teflon columns and fittings at elevated
temperatures.

Several systems employing a backflush cycle have been found to
perform the requisite Method 16 analysis in about ten minutes using
a single instrument.

Permeation tubes of the O'Keeffe-typela2 containing HzS, CSp,
MeSH, DMS and DMDS were found to permeate at a constant rate over
a three-month period one year after date of purchase. The experimentally-
determined rates were, in general, in fair agreement with those certified
by the vendor.

A wafer-type device containing COS was also found to permeate
uniformly after one year; however, its certified rate (790 ng/min)
and observed rate (628 ng/min) did not agree. It is recommended that
vendor-certified permeation rates be checked experimentally by the
purchaser.

Aluminum cylinders containing low-ppm concentrations of COS,
HoS and CS, in Np, and HpS, MeSH, DMS and DMDS in Ny were analyzed
periodically over four months. A cylinder originally containing sub-
ppm amounts of COS, HpS, and CSp showed no COS or HpS after two months,
while the CS; remained constant. Cylinders originally containing
greater than one ppm of COS, H2S and CSy were essentially unchanged
after four months.

Within the apparent accuracy of Method 16, analysis of cylinders
containing the four subject gases did not vary over the test period.
The use of these mixtures for in-the-field instrument calibration
should be tested under rigorous field conditions.



A1l attempts to build a workable dilution system using the Komhyr
A-150 pumps failed. When a back pressure of more than 1-2 cm Hg was
encountered by the pump, it leaked at the pump head. The leak rate
is sensitive to small changes in back pressure; therefore, diTution
factors cannot be known with accuracy. A simple working dilution
device was designed and shown to give precise results at ambient conditions

with synthetic gas blends. This system is based on pressure-regulated
flow through capillary tubing.



SECTION 3

EXPERIMENTAL

Gas Chromatographs: Hewlett-Packard 5710A equipped with
a Melpar Flame Photometric Detector
(FPD), strip chart recorder, and A/D
converter connected to a Hewlett-Packard
Model 3354 Laboratory Data System.
Attenuation range = 1X to 1024X.

Tracor Model 560 equipped with a Hall
700A Electrolytic Conductivity Detector
(ECD), strip chart recorder and connected
to the above-listed Hewlett-Packard
integrator with an A/D converter.

Calibration system: O'Keeffe-typel:2 permeation tubes containing
HpS, CS2, MeSH, DMS, and DMDS and a
wafer-type device containing COS were
purchased from Metronics, Inc., Palo
Alto, California and were individually
certified by the vendor.

Certified Permeation

Rate,

Compound ng/min
HpS 690 + 2%
Cos 790 + 5%
CSo 600 + 2%
MeSH 380 + 2%
DMS 520 + 2%
DMDS 109 + 5%

A Lauda Model B-1 water bath controlled
at 30° + 0.1°C kept the tubes at the
temperature of their certification.



Once a week the tubes were removed from the tube chambers and
weighed on a Mettler H51AR analytical balance with readability of
0.01 mg and precision (standard deviation) of +0.01 mg. Tubes were
handled using clean cotton gloves, and static charge was dissipated
by brushing the tubes with a Staticmaster Brush, Model 1C200, Nuclear
Products Company, E1 Monte, California.

Experimentally-observed permeation rates were obtained statistically
as slopes of the linear regression line fitted to the weight versus
time data assuming the first-order model

Wy =Bg By X+¢

y/
where U = mean weight of permeation tube at time X

Yix o .

y = weight of permeation tube

X = time

Bg = intercept

B4 = slope (permeation rate)

e = the increment by which any individual y may fall

off the regression line.

The experimental permeation rate is defined as

Permeation Rate (ng/min) = by _t_sb1 t1 a2 (k-2)

where by = estimated permeation rate, ng/min
k = number of data points
Sp, = standard error of the estimated permeation

1 rate b, .
and  tj_qsp (k-2)"= Student t with k-2 degrees of freedom

at significance level a (two-sided test)

This is for a confidence interval of 100 (1-0)% For this study, o
was chosen to be 0.05 to give a 95 percent confidence interval around
the true average permeation rate.

Sample Valves: Teflon 6-port rotary valves, Model 50,
were purchased from Rheodyne, Incorporated,
Berkeley, California, and a 10-port
sliding valve of unknown origin was
provided by QAB.

Dilution System: Al1-Teflon system employing the recommended
Komhyr A-150 pumps (Science Pump Corporation,
Camden, New Jersey) and housed in an
oven maintained at 120°C as specified
in Sections 12.1.2 and 12.1.2.1.
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GC Columns; Special silica gel was purchased from
Method 15: Tracor, Inc., Austin, Texas, and was
gravity packed into 6-ft x 1/8-in sections
of FEP tubing, glass tubing and nickel
tubing. Some columns were prepared
using silica gel which had been acid
washed according to Thornsberry.3 This
was done by placing 10 g of the silica
gel in a medium porosity fritted glass
filter and washing with 30 mL of concentrated
hydrochloric acid, 90 mL of distilled
water, and 90 mL of acetone in that
order. The flow rate was approximately
5-10 mL/min. After air drying, the
substrate was packed into the column
and conditioned overnight in the chromatograph
at 150°C and 50-60 mL/min nitrogen carrier
flow through the column.

GC Columns; A 36-ft x 1/8-in Stevens*»® column was
Method 16: prepared according to the method of
Pecsar and Hartman.® This FEP Teflon
column typically has a 9 percent (Wt/Wt)
loading of a mixture composed of 96 '
percent polyphenyl ether PMPE-SR and
4 percent orthophosphoric acid on 40/60
mesh Teflon powder (Chromosorb T).
This column separates HpS, MeSH, and
DMS. For the analysis of DMDS a 10-
ft x 1/8-in FEP Teflon column filled
with Chromosorb T was flow-coated with
Triton X-305.

A commercial version of the Stevens column was later purchased
from Supelco, Inc., Bellefonte, Pennsylvania.

Calibration gas cylinders were purchased from Scott Specialty
Gases, Plumsteadville, Pennsylvania. The cylinders were Scott Aculife™
of treated aluminum.

Vendof analyses are as follows:



Designation Concentration,

—__ppm
cos 0.201
( 1A 0.709
cs2 0.619
oS 1.02
2A HyS 2.36
¢S, 1.54
Method 15
oS 7.61
3A HyS 2.46
¢S, 5.14
\ os 2.69
4A st 11.1
¢S, 6.14
HoS 0.742
18 MeSH 0.574
/’ DMS 0.619
DMDS 0.866
HyS 0.925
28 MeSH 1.96
DMS 1.93
DMDS 1.38
M2thod 16<
HyS 4.00
MeSH 6.01
38 DMS 4.76
DMDS 2.83
HyS 5.84
a8 MeSH 9.99
\ DMS 7.39
' DMDS 5.52

Cylinder stability studies were performed using the originally-recommended
columns and either an FPD or Hall 700A ECD for detection.



SECTION 4

RESULTS AND DISCUSSION

FLAME PHOTOMETRIC DETECTOR

The performance of the flame photometric detector of the Brody
and Chaney design has been well documented.6-12 Its main values lie
in its high sensitivity.and high selectivity toward sulfur compounds.
It does have several troublesome disadvantages. A limited dynamic
range forces careful selection of sample sizes and/or the use of a
dilution system. For example, it was found that when a slow-eluting
compound of =1 ppm and HyS at =7 ppm were together in the same gas
stream, a sample size that would allow the slow-eluting material to
be quantitated at an attenuation of 1X would cause the H2S peak to
be off-scale at the least sensitive attentuation, 1024X.

It was suggestedl3 that, in cases where actual emissions are
found to be outside the ranges of concentrations used for instrument
calibration, the substitution of a different size sample loop (either
smaller or larger) could be used to bring the sample within range.
By application of the square or square root, as appropriate, of the
sample loop volume ratio to the results obtained with the substitute
loop, the actual concentrations could then be calculated. This would,
in theory, obviate the use of a“dilution system to allow high concentrations
to be quantitated. To test this theory, several concentrations of
HoS, COS, and CSp were generated and analyzed by Method 15 using two
different sample loops of 2.1 mL and 0.6 mL. Log-log plots of peak
area versus concentration (ppm) are shown in Figures 1-3. As an example,
consider the case where a 10.0 ppm concentration of HpS is analyzed
.using-each of the two loops. With the smaller loop, an area of 3.5
x 102 -area units is obtained. -Assuming a quadratic response the calculated
area for the 2.1-mLiloop would be (2.1/0.6)2(3.5 x 105) = 4.29 x 106
area units, corresponding to 13.5 ppm (35 percent high). The experimental
area of the peak was found to be 2.9 'x 100 area units. Even larger
errors result whén this method is.‘applied to COS (55 percent high)
and CSp (95 percent high). The point is clear; assumption of a quadratic
response of the FPD to these compounds may lead to large errors.
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Nonlinearity of response and varying responses to different sulfur-
containing species are drawbacks that must be recognized when using
the FPD.

The nonlinearity of response of the FPD toward sulfur-containing
species is sometimes treated by use of a "linearizer" which takes
the square root of the signal. Extrapolations of calibration lines
generated with such a device may result in large errors (up to 400
percent) being incorporated in the measurement.l4

Greer and BydaleklO characterized the response of the Melpar
FPD for HpS and SO and concluded that it could be defined by the
general equation

2
R = kjkoks?107OKS

where K = equijlibrium constant for the reaction S + S %.52
S and S“ = masses of their respective materials in the flame
k15 ko and o = constants which may be determined experimentally.

They state that the most simple theoretically sound calibration curve

is a log-log plot of detector response versus sulfur mass. This gives

a straight line with a slope of 2 up to the point of self-absorption,
corresponding to a range of 0 to about 100 ng of sulfur. Other workers
have shown that a plot of response versus sulfur compound concentration
is linear up to 1 ppm, at which point a negative deviation is observed.?

Regression lines were calculated for the plot of peak area versus
log concentration (ppm) for HpS, COS and CSy over the entire range
which could be conveniently generated with the described permeation
tube system. The data appear in Tables 1-3. Assuming the simple
relationship A = K[SI" to hold, where A = peak area and [S] = sulfur
gas concentration in ppm, values for the exponent n and the proportionality
constants K were determined for each compound using this equation
in logarithmic form. From log A = log K + n log [S], n was obtained
as the slope of the linear regression line fitted to the log area
versus log [S] data for each compound. Duplicate or triplicate analyses
of each concentration of each sulfur compound were used to determine
the régression lines. For COS, n = 1.77 with a correlation coefficient
of 0.995. For HyS and CSy, the fits were similar with n = 1.74 (correlation
coefficient of 0.995) and 1.72 (correlation coefficient of 0.997),
respectively. Tnese values were obtained over a Timited range, however,
and attempts to use the values outside this range would not be advised.

In general, we found that the actual shape of experimental log-
log calibration Tlines was slightly curvilinear upward (see Figures

13



TABLE 1. FPD RESPONSE TO H,S CONCENTRATION

[HpS], ppm Log [HoS] Peak Area Log Area
0.6 -0.22185 36943 4.56753
" " 34881 4.56259
1.0 0.00000 78906 4.89711
" " 77666 4.89023
2.0 0.30103 245568 5.39017
" " 247294 5.39321
3.0 0.47712 480303 5.68152
" " 490872 5.69097
4.0 0.60206 810502 5.90875
" " 833298 5.92080
5.0 0.69897 1706374 6.23207
! " 1711639 6.23341
Slope = 1.74

Intercept = 4.91
Correlation Coefficient = 0.995

TABLE 2. FPD RESPONSE TO COS CONCENTRATION

[CoS], ppm Log [COS] Peak Area Log Area
0.6 -0.22185 27271 4.43570
" " 25583 4.40795
0.9 -0.04576 54150 4.73360
" " 53481 4,72820
1.9 0.27875 161630 5.20852
" " 163584 5.21374
2.7 0.43136 340092 5.53160
" " 341852 5.53384
3.7 0.56820 564883 5.75196
" " 564333 5.75154
4.7 0.67210 1181471 6.07242
! " 1189395 6.07523
Slope = 1.77

Intercept = 4.79
Correlation Coefficient = 0.995
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TABLE 3. FPD RESPONSE TO CS, CONCENTRATION

[CS21, ppm Log [CSo] Peak Area Log Area
0.35 -0.45593 33948 4.53081
" " 34858 4.54230
" " 35230 4.54269
0.55 -0.25964 83608 4,92225
" " 82768 4.91786
" " 80509 4.90584
1.1 0.04139 265116 5.42344
" " 271437 5.43367
" " 275103 5.43950
1.6 0.20412 474967 5.67666
" " 488780 5.68911
" " 486569 5.68714
2.3 0.36173 767023 5.88481
" " 781205 5.89277
" " 799125 5.90261
3.0 0.47712 1750687 6.24321
" " 1752852 6.24375
Slope = 1.72

Intercept = 5.34
Correlation Coefficient = 0.997
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2 and 3) with increasing concentration. This can be explained by

the observation that varying amounts of the TRS compounds are adsorbed
by the chromatographic system, mainly the column, packing and detector.
It has been reported6 that detector response to H2S was reduced by

an order of magnitude when a five-foot section of empty 1/8-in Teflon
tubing was placed between the sample valve and the GC column. If

the amount adsorbed is relatively constant, it follows that the initial
fraction adsorbed becomes increasingly greater as the concentration
decreases.

This loss of TRS compounds (in particular HpS) is the main contributor
to inaccuracy and imprecision in the two methods. It is necessary
to passivate a fresh system (the sample loop, column, detector and
connecting tubing) by repeated injections of sample gas or by several
injections of a more concentrated mixture of a sulfur gas or gases.
While this is necessary to attain reasonable repeatability, its effect
is not lasting, and repassivation is required after a few hours.
This observation is consistent with an adsorption-desorption mechanism
in which sites in the system are rapidly tied up by reactive sulfur
species, and then in a much slower process, reactivation occurs, presumably
due to the sweeping action of the carrier gas.

Loss of reactive materials during attempted analysis of trace
amounts is well known and can be a major problem to the chromatographer.
In the methods studied, several precautions should be taken to minimize
quantitation errors introduced by the adsorption-desorption phenomenon.
First, use of stainless steel in contact with the sample is to be
avoided. Some workersl® have used stainless steel tubing for GC columns
in the analysis of sulfur gases in hydrocarbon streams, but concentration
levels were slightly higher and losses from iong sample lines were
not a problem in this case. Substitution of Teflon components is
not a panacea, for the "cold flow" characteristics of the polymer
may cause leaks (vide supra). The current studies were carried out
with Teflon rotary six-port valves which had an upper temperature
limit of 60°C, according to the manufacturer. Even at ambient temperature,
periodic tightening of the valve fittings was required to stop leaks.
Conversations with representatives of the kraft paper industries in
the U.S. and in Canada revealed that sample valves of Carpenter 20
and, more recently, Hastalloy C are used in the analysis of low levels
of TRS compounds with entirely satisfactory results. A representative
of Valco, Inc. (Houston, Texas), a major supplier of valves for gas
and liquid chromatography, claims that rotary valves of Hastalloy
C are in widespread use by the petroleum industry for the ppm and
sub-ppm analysis of sulfur gases. Such valves are claimed to be as
"inert" as Teflon but have a much higher temperature 1imit and no
leak problems.
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Some FPD detectors may be modified to reduce sample losses.
A stainless steel jet was supplied with the Melpar FPD in our Hewlett-
Packard GC. When the metal jet was replaced with a glass jet (purchased
from Tracor Instruments and supplied with the Melpar FPD in their
chromatographs), peak growth was minimized. Figures 4-6 illustrate
the improvement realized.

Although not tested, it is conceivable that the presence of a
Tow level of, say, HpS in the carrier gas would continually passivate
the system at a small loss in dynamic range due to background. This

,Tow Tevel could be generated by passing the carrier gas over a low-
rate permeation tube.

Greatest precision would be obtained when samples and calibration
gases of the same approximate concentrations are injected at even
intervals under steady chromatographic conditions. A continuous GC
monitor with a relatively fast analysis time (=10 min) would appear
to be the most reasonable way to maximize both precision and accuracy
in the analysis of the subject compounds at the Tow-ppm level.

HALL 700A ELECTROLYTIC CONDUCTIVITY DETECTOR

A detector capable of being operated in a sulfur-specific mode
was used in these laboratories in side-by-side comparisons with the
FPD. This detector, the Hall 700A Electrolytic Conductivity Detector,
was found to be the equal of the FPD with respect to sensitivity and
superior in its independence from response quenching by the presence
of hydrocarbons. In addition, its response was found to be Tlinear
over the range of concentrations of COS, HpS and CSp generable with
the available permeation tubes (typical calibration curves shown in
Figure 7 with calibration data listed in Tables 4, 5 and 6). Compare
the responses of the FPD and the Hall ECD to varying amounts of the
sulfur compounds of Method 15. Conditions are listed in Table 7 and
the chromatograms shown in Figure 8. Traces 1 and 2 show the abrupt
change in peak size which occurs with the FPD detector when the sample
masses are reduced by 72 percent. Traces 3 and 4 show the more nearly
linear response of the Hall ECD under the same conditions and display
the excellent peak shapes attained.

In the sulfur mode, the Hall detector converts sulfur-containing
species to SO by air oxidation in a heated nickel tube reactor at
750-1000°C. The reactor effluent is scrubbed and passed into the
conductivity cell containing a flow of methanol (0.5-0.7 mL/min) as
electrolyte. The conductivity change is measured, and the electrolyte
is passed through an ion exchange cartridge containing 50 percent

17
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TABLE 4. HALL 700A ECD RESPONSE TO COS CONCENTRATION

[COS], ppm Peak Height, mm
0.5 49
0.6 61
0.9 91
1.2 115
2.0 172
3.5 297
7.6 632

TABLE 5. HALL 700A ECD RESPONSE TO HpS CONCENTRATION
[H2S]1, ppm Peak Height, mm

100
121
170
227
329
538
1080

.

M WN == O
e o
VOO NCOW

[

TABLE 6. HALL 700A ECD RESPONSE TO CS» CONCENTRATION

[CSp1, ppm Peak Height, mm
0.3 34
0.4 42
0.5 59
0.8 82
1.1 128
2.1 220
4.6 465

20



TABLE 7. COMPARISON OF FPD AND HALL 700A ECD RESPONSES

Concentration, .
Compound ppm ng S in2.1m ng S in 0.6 m
COoS 3.1 8.52 2.43
HoS 4.8 13.19 3.77
C52 1.8 9.89 2.83
Column: 6-ft x 1/8-in FEP Teflon filled with acid-washed,
deactivated silica gel.
Oven temperature: 50°C
Carrier gas: N, at 20 mL/min
Recorder Speed: 0.5 in/min
Results

Peak Heights (mm) Peak Heights (mm)

of 2.1 mL sample of 0.6 mL sample
Compound FPD HaTT ECD FPD HaTT ECD
Cos 47.5 144.5 5.5 60
HyS 216.5 218.0 20.5 85
CS, 75.0 119.0 7.5 39
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IRN-77 and 50 percent IRN-150 and is then recycled to the cell. A
diagram of the reactor appears as Figure 9.

Tracor claims no interferences result from the coelution of hydrocarbons
with sulfur compounds. Some maintenance is required by the Hall ECD,
because the electrolyte reservoir must be periodically topped up and
the ion exchange column replaced from time to time. These chores
are minor; however, it was necessary to replace the nickel reactor
tube on our test instrument, a job requiring several hours of downtime.

It is felt that the Hall ECD should be strongly considered as
an alternative detector in Methods 15 and 16 and that a field test
comparing it to the FPD is called for.

COLUMNS AND SYSTEMS

A1l column materials evaluated in this study were packed in 1/8-in
(3.175 mm) FEP Teflon tubing. To test the effect of replacing the
Teflon by other "inert" materials, three 2-m x 2-mm ID columns, one
FEP Teflon, one glass, and one nickel, were filled with acid-washed
Tracor Special Silica Gel and used for the analysis of a permeation
tube-generated blend of HpS (0.90 ppm), COS (0.48 ppm) and CS» (0.35
ppm). A sample loop volume of 2.1 mL determined that the masses of
the sulfur compounds were 2.6, 2.5, and 2.3 ng per injection, for
HoS, COS, and CS,, respectively.

Each column was "passivated" by repeated injections of the gas
blend, six replicate analyses were performed, and the average peak
areas were calculated. As can be seen in Figure 10, the appearances
of the chromatograms obtained with the Teflon and glass columns are
similar. Some loss of COS and HpS is observed with the glass column
with peak areas of 75 percent and 79 percent, respectively, of the
Teflon column results. The CS» peak was higher, and its integration
was 109 percent of the Teflon column results. This latter result
may be an artifact of the differing peak shapes obtained on the glass
column. Peak retention times obtained on the nickel column were essentially
jdentical to those of the Teflon, but some loss of all compounds was
observed with the nickel column. Only 35 percent of the HoS, 85 percent
of the COS, and 83 percent of the CSy peak areas (relative to the
Teflon column) were observed. These results do not necessarily rule
out the use of nickel tubing for the columns, for Tosses on the column
depend upon concentration or at least upon mass flux of sulfur-containing
material. However, if losses in the sample line are appreciable,
then the added losses on the column and the nonlinearity of the FPD
detector may, in combination, reduce the apparent sensitivity of the

method(s) to an unacceptable level.
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The recommended silica gel column was prepared using Tracor Special
Silica Gel. Deactigel,® a deactivated silica gel appearing in Catalog
22 of Applied Science Laboratories, Inc., State College, Pennsylvania,
could not be purchased. A sales representative said the material
had been withdrawn from the market because batch-to-batch performance
was erratic. Two samples of the Tracor material were obtained, and
columns constructed from the substrate "as received" were unable to
separate COS and HpS at temperatures above ambient (25°C). The effect
of this is clear; such a column could not be used in the field during
warm weather conditions except when housed in a cryogenic container.
However, if the silica gel was acid-washed with concentrated hydrochloric
acid and then with water, it was capable of baseline separation of
COS and H»S at 50°C or slightly above3 (see Section 3, "Experimental").
A deactivated silica for this analysis is offered commercially by
Supelco, Inc. but was not evaluated.

To determine the possible interference of COp in a Method 15
analysis, a dilution gas mixture of 10 percent CO» in No was substituted
for the nitrogen flow over the permeation tubes, and low levels (1-2
ppm) of COS, H»S, and CS; were generated and analyzed. Using the
silica gel column, no interference by CO, was observed.

Separation of the subject compounds could also be effected with
a 14-in x 1/8-in Teflon column filled with Chromosorb 102. To achieve
a reasonable analysis time and CSp peak shape, it was necessary to
use a temperature program. With a program of 45°C (2 min hold) to 130°C
at 32°/min (2 min hold), the following retention times were obtained:
HpS - 0.95 min; COS - 1.44 min; and CSp - 4.90 min. The necessity
to use a temperature program would seem to speak against the use of
this column for two reasons. First, reproducible retention times
are difficult to obtain. This in turn affects peak shape and introduces
errors if peak heights are being used for quantitation. Second, leaks
at the points of column attachment were a frequent problem and could
be attributed to "cold flow" of the thermoplastic Teflon tubing at
elevated temperatures.

A specially-treated Porapak QS columnl6é also separated the Method
15 compounds, but it, too, had to be temperature programmed and suffered
from the same drawbacks as the Chromosorb 102 column. According to
de Souza, et a].,16 this column is capable of separating HpS, COS,
S0, MeSH, DMS, and DMDS using a temperature program from 30° to 210°C.

Qur conclusion, based upon the above results and others (vide
infra), is that the example silica gel column is the column of choice
for Method 15 but may require an acid wash to obtain the required
performance.
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The above-mentioned Porapak QS column (available from Supelco
as Supelpak-S) was found to separate the TRS compounds of Method 16,
but again, it is necessary to use a temperature program. In our instrument,
the baseline would drift off scale at low attenuation when the upper
temperatures of the program were reached. Attempts to correct this
failed, and a factory representative could offer no solution.

The Stevens4s5 polyphenyl ether/H3P04 column was prepared according
to the method of Pecsar and Hartman.5 Resolution of HyS, MeSH, and
DMS was excellent, and in fact a 12-foot section could be used to
resolve all four TRS materials. Because of the broad shape of the
DMDS peak, <1 ppm concentrations of this relatively nonvolatile compound
could not be observed.

Neither this column nor a similar, commercially-prepared column
could separate COS and HpS. This fact alone could disqualify its
use, for it has been reported by de Souzal? and othersl8 that COS
has been found in recovery boiler stacks and lime kilns. COS is nonodori-
ferous and is not a TRS compound. If not separated, its presence
could erroneously show a process to be out of compliance.

When 10 percent CO» was added to a low-level (0.5-2 ppm) synthetic
blend of the four TRS compounds, no change in the analysis occurred
compared to those without COs.

At least four systems are known which can be used to analyze
for TRS compounds isothermally and with a single injection on a single
instrument. They have been reported by de Souzal’ of the Pulp and
Paper Research Institute of Canada and by Jainl? of the National Council
of the Paper Industry for Air and Stream Improvement, Inc. A continuous
monitor offered by Bendix Environmental and Process Instruments and
one under development by Tracor make the same claims. It was beyond
the scope of the program to evaluate these systems in the laboratory.
From information that is available, all systems obviate the need for
two chromatographs to perform Method 16. The Tracor system does not
separate MeSH, DMS, and DMDS but quantitates them together using a
linearized FPD. The de Souza Automatic GC Monitor quantitates HpS,
C0S, SOp, MeSH, DMS, DMDS, and TRS using three columns in three different
ovens. The Bendix analyzer claims to separate all TRS compounds from
COS and to have a superior sample-handling system. Again, it is felt
that a continuous-type analyzer would be best from the standpoints
of accuracy and precision.

PERMEATION TUBE STUDY
Time required to reach permeation rate equilibrium after a temperature
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change and the long-term rate stabilities of a number of 0'Keeffe-
type permeation tubes have been investigated by Williams.20 Compounds
studied included H»S, MeSH, and DMS. He concluded that rates for

MeSH and DMS were stable within one percent over periods from 7-17
days. HpS permeation rates decreased by three percent over 20 days,
but insufficient data were available to predict a continued decrease.
A personal communication with the author revealed that no further
studies had been carried out.

Our three-month study of permeation tubes containing each of
the Method 15 and Method 16 compounds showed the rates to remain unchanged
(within two percent) over the entire period (Figures 11-16). Of interest
is the fact that the experimentally-determined rates agreed well with
the vendor-certified rates in three cases (CSp, HpS, and DMS), fairly
well in one (MeSH) and poorly in two others (COS and DMDS). The comparison
of rates is given in Table 8.

Experimentally determined values were Tow in all cases, ranging
from 99.8 percent to 79.5 percent of the certified rates. The uniformly
low nature of the results is likely due to a small temperature difference
between the baths in which the two sets of determinations were made,
but a temperature difference does not explain the range of discrepancies
found. Since the rates were determined after approximately one year
of use, it cannot be stated that the certified rates were in error.
However, we feel that it would be prudent for purchasers of tubes
to verify experimentally their permeation rates.

GAS CYLINDER STABILITY STUDIES

Table 9 contains the vendor analyses and our periodic analyses
of the four cylinders (1A-4A) containing Method 15 compounds. The
same information for the four cylinders containing the Method 16 compounds
is given in Table 10. Immediately apparent is the fact that several
of the mixtures contained one or more components in a concentration
too high to be conveniently analyzed with our available permeation
tube system. The reason given by the supplier for the high values
was that it was necessary to make blends of concentrations higher
than those specified so that the inevitable loss of some of the reactive
materials (on the inner walls or by reaction) could be allowed for.
If the amount of the loss was underestimated, a high value resulted.
Rather than return the cylinders, it was decided to begin the ‘stability
study with the materials as received.

Tables 9 and 10 reveal a considerable amount of scatter in the
data. This is attributed to the inherent lack of precision and accuracy
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TABLE 8. COMPARISON OF EXPERIMENTALLY-DETERMINED AND

VENDOR-CERTIFIED PERMEATION RATES

Certified Experimental % of Certified
Compound Rate Rate Value A%
HyS 690+2% 669+0.4% 97.0 - 3.0
cos 790+5% 628+0.5% 79.5 -20.5
CS, 600+2% 599+1.5% 99.8 - 0.2
MeSH 380+2% 352+1.4% 92.6 -7.4
DMS 520+2% 506+0.5% 97.3 - 2.7
DMDS 109+5% 93+1.6% 85.3 -14.7
A% = - 8.1%
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TABLE 9. GAS CYLINDER STABILITY STUDY - METHOD 15

Cylinder Date of Analysis (Conc. in ppm)
Designation Compound 12-15-794  1-26-79 3-7-79 3-16-79 4-10-79 5-11-79
CoS 0.201 0.0 O.Ob 0.0 0.0 0.0
1A HZS 0.709 0.4 <0.1 0.10 0.15
CSZ 0.619 0.7 0.55 0.65 0.82 0.64
CoS 1.02 1.0 0.70 0.67 0.62 0.59
2A HZS 2.36 2.1 1.90 2.25 2.95 2.67
€S, 1.54 1.9 1.55 1.75 1.90 1.58
C0S 7.61 3.2 3.56 3.95 3.85 4.25
3A H)S 2.46 3.8 4.20 ~ 4.85 5.90 6.62
cS, 5.14 7P 6.1b 6.4D 7> 6b
CoS 2.69 1.30 c c C
4A HpS 11.1 9.1 o c
cS, 6.14 9b c c c

a. Final vendor analysis before shipping
b. Outside calibration range - values obtained by extrapolation
c. Contents of cylinder lost by leak at valve
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TABLE 10. GAS CYLINDER STABILITY STUDY - METHOD 16
Cylinder Date of Analysis (Conc. in ppm) -
Designation Compound  12-15-783 1-30-79  2-28-79  3-12-79  3-28-79  5-15-79  6-4-7
b b
HoS 0.742 0.20 0.20 <0.1° 0.15 <0.1
18 MeSH 0.574 0.75 0.68 0.25 0.77 0.65
DMS 0.430 0.70 0.45 0.50 0.47 0.45
DMDS 0.866 1.35 0.93 0.95

HpS 0.925 0.45 0.50 0.20 0.35 0.25

28 MeSH 1.96 1.52 1.50 1.45 1.38 1.23
DMS 1.93 3.25 2.15 2.60 2.25 1.95

DMDS 1.38 2.70 1.87 1.80 2.50

Hp$S 4.00 3.25 3.15 2.76 3.30 2.46

- MeSH 6.01 5.25 6.00 5.40 5.25 4.45
DMS 4.76 7.6b 6.9b 6.8D 5.60 4.55

DMDS 2.83 3.8b 3.8b 3.25

Hp$S 5.84 4.90 4.05 4.55 4.60 3.32

48 MeSH 9.99 c c c 8.35 6.68

DMS 7.39 c 6.5 c 9.05b 6.90

DMDS 5.52 c 6.5b c 4.5b 4.5b

a.
b.
c.

Final vendor analysis before shipping.
Outside calibration range - values obtained by extrapolation.
OQutside calibration range.



in the methods owing to the adsorption-desorption phenomenon described
above. The correlation coefficients are used to determine if a significant
slope exists, which is an indication of a change in the concentration

over time. The required correlation coefficients for significance

at the 5-percent level are 0.878 and 0.811 for samples of size 5 and

6, respectively.

Significant correlations were obtained for HyS and COS in cylinder
3A, for COS in cylinder 2A, MeSH in cylinder 2B, and for DMS in cylinder
3B. In cylinder 3A, there was an increase in HpS concentration from
3.8 to 6.62 ppm, giving an average rate of 0.03 ppm per day. The
COS concentration also increased at an average rate (slope) of 0.01
ppm per day, from 3.2 to 4.25 ppm. There was no significant slope
on the CSo determinations over time, but the scatter in the results
indicates that analytical variability would preclude the determination
of a trend based upon such a limited amount of data.

The concentration of COS in cylinder 2A decreased at an average
rate of 0.004 ppm per day over the course of the study. There was
an increasing trend in the H»S concentration and a decreasing trend
in the CSo which were not significant.

The decreasing trend for MeSH in cylinder 2B was significant
at a rate of 0.002 ppm per day, and HpS, DMS and DMDS also showed
decreased amounts relative to the initial analysis. In the other
analyses, however, there was considerable scatter among the points
away from the regression line, and correlation was not adequate to
say a trend existed. However, the overall impression was that the
contents were lower after time. In cylinder 3B, DMS decreased significantly
at a rate of 0.02 ppm per day, but all other components could be considered
uniform over the time period studied.

No consistent trend appeared among the cylinders for the behavior
of the compounds under study. In all four cylinders of mixture A,
the concentration of COS at time zero was lower than the vendor analysis,
but in two cases it continued to decrease while in one case it increased
significantly. Similar behavior was exhibited among analyses for
the other two compounds in this mixture. The concentrations in mixture
B also behaved erratically, with higher and lower values than the
vendor analysis and increasing and decreasing trends. The apparent
conclusion is that the concentrations are not verifiable as reported
by the vendor, either due to analytical methodology or to changes
in concentration with time, and cannot be assumed to be stable upon
holding.
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DILUTION SYSTEM

A dilution system was constructed as per Section 5.2 of Federal
Register 41, pp. 43871, October 4, 1976. Figure 17 is a photograph
of the system without the oven top, viewed from above. Not shown
is a baffle plate which was mounted near the fan to aid circulation.
Results obtained with this system were erratic and were traced to
the Komhyr A-150 "constant flow rate" pumps. When dilution air at
1350 mL/min was introduced downstream of the pump, the attendant back
pressure caused the pump to leak at its head. The design of the head
is such that a leak of this sort is unavoidable. A conversation with
the supplier of the A-150 revealed that they were aware of this problem
but that the pump was designed to operate against a small constant
pressure and not in the system described.

A prototype single-stage dilution system was fabricated which
gave consistent dilutions when used in the laboratory analysis of
synthetic blends. Flow rates of both the sample gas and the dilution
air were regulated by passing each through appropriate lengths of
capillary stainless steel tubing while controlling the upstream pressures.
The effluents were combined in a stainless steel tubing "tee" leading
to 1/4-in Teflon tubing. Possible scavenging effects of the metal
parts were tested by analyzing an undiluted blend of low-ppm concentration
HoS and then comparing the results to those obtained while bypassing
the ditution system. Within experimental error, no difference was
observed. It remains to be determined whether such a simple system
could be made to work under field conditions which would require a
good filtration device to prevent partial or total plugging of the
capillary system.

FIELD STUDIES

Field studies involving Method 16 techniques and equipment were
begun in September 1979 by Harmon Engineering & Testing of Auburn,
Alabama. Under a separate contract with the QAD, Harmon has been
given the responsibility of securing a suitable kraft pulp mi11 for
the testing. Southwest Research Institute is to collaborate in this
study to the extent that we will furnish a Tracor Model 560 gas‘chromatograph
equipped with both a Melpar FPD and a Hall Electrolytic Conductivity
Detector. This will allow a side-by-side comparison of the two under
field conditions. Cylinder gases containing the four TRS compounds .
will be forwarded to Harmon to facilitate pretest studies and to possibly
be used at the kraft mill site. In addition, technical support in

the field will be provided.
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FIGURE 17. TOP VIEW OF OVEN CONTAINING TWO-STAGE DILUTION SYSTEM
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mples of equal sampling time shall
nstitute one run. Samples shall be
taken at approximately l-hour inter-
s,

) For the purpose of determining
corgpliance with §60.104(a)2),
Method 6 shall be used to determine
the toncentration of SO. and Method
15 siall be used to determine the con-

compdunds,

Method 6 is used, the proce-
tlined in paragraph (cX2) of
this seftion shzll be followed except
that eagh run shall span 2 minimum
of four tonsecutive hours of continu-
ous sampling. A number of separate
samples lay be taken for each run,

APPENDIX

RULES AND REGULATIONS

Bo= :;_:‘_‘{ 5., [5;-:]

Ber=Proportioh by volume of water vapor
in.the gas stn for the run.

N=Number of samNes.

B..f Proportion by volume of water vapor
in the gas stream foNthe sample i

& =Continuous {me for pl

LS
T'=Total continuous sampling\{ime of all
N samples.

(Sec, 114 of the Clean Air Act, as
(42 U.S.C. 7414D.

ded

effects on the flame photometnic detector
even after 91 diluuon. (Acceptadie systems
must demonstrate that they have eliminat.
ed Lhis interference by some procedure such
as eluding CO and CO, before any of the
sulfur compounds o be measurcd.) Compli-
ance with this requirement can be demon-
strated by submitting chromatograms of
calibration gases with and without CO, in
the diluent gas. The €O, level should be ap-
proximateiy 10 percent for the case with
CO; present. The two chromatographs
should show agreement within the precision
limits of section 4.1.

3.3 Elemental Sulfur. The condensation of
sulfur vapor in the sampling line can lead to
eventual coating and even blockage of the
samnple line. This probiem can be eliminated
along with the moisture problem by heating

provided the total sampling time of
these samples adds up to a minimum
of four congecutive hours. Where more
than one symple is used, the average
SO0, concentyation for the run shall be
calculated the time weighted aver-

age of the SQ, concentration for each
sample according to the formula:
N K. b
C £ Cs, 5
‘Where:
Ce=80, concentrdtion for the run.
N=Number of es.
Cs;=S0. concentraljon for sample i.
t;=Cont ing time of i
T=Total continuoud sampling time of all
N samples.

(2) If Method 15 used, each run
shall consist of 16 les taken over
a minimum of three\hours. The sam-
pling point shall be a} the centroid of
the cross section of the duct if the
cross sectional area is\less than 5 m?*
(54 ft? or at a point np closer to the
walls than 1 m (39 inchgs) if the cross
sectional area is 5 m* orymore and the
centroid is more than 1} meter from
the wzll. To insure mini residence
time for the sample insid4 the sample
lines, the sampling rate ghall be at
least 3 liters/minute (0.1 ftY/min). The
S0: equivalent for each
calculated as the arithmetic
the SO, equivalent of eal
during the run. Reference
shall be used to determine
ture content of the gases.
pling point for Method 4 shall be adja-
cent to the sampling point for Method
15. The sample shall be extracted at a
rate proportional to the gas velogity at
the sampling point. Each run\shail
span a minimum of four consedutive
hours of continuous samplin A
number of separate samples ma} be
taken for each run provided the
sampling time of these samples alids
up to a2 minimum of four consecutive
hours. Where more than one sample\is
used. the average moisture content foqr
the run shall be caiculated as the tim!
weighted average of the moisture con!
tent of each sample according to th

formula:

APPERDIX A—REFERENCE METHODS
4. Appendix A is amended by addi

the le line.
4. Precision
4.1 Calibration Precision. A series of three
in,

a new reference method as follows:

Merrop 15. DETERMINATION OF HYDROGEN
SULFIDE, CARBONYL SULFIDE. AND CARBON
DrIsvireE Ex From ST,
SoURCES

INTRODUCTION

The method described below uses the
principle of gas ehromatographic separation
and flame photometric detection (FPD).
Since there are many systems or sets of op-
erating conditions that represent usable
methods of determining sulfur emissions, all
systems which employ this principle, but
differ only in details of equipment and oper-
arion. may be used as alternative methods,
provided that the criteria set below are met.

1. Principle and applicebdility

1.1 Principle. A gas sample is extracted
from the emission source and diluted with
clean dry air. An aliquot of the diluted
sample is then analyzed for hydrogen sul-
fide (H.S), carbonyl sulfide (COS), and
carbon disulfide (CS,) by gas chromatogra-
phic (GC) separation and flame photomet-
ric detection (FPD).

1.2 Applicability. This method is i
ble for determination of the above sulfur
compounds from tail gas control units of
sulfur recovery plants.

2. Range and sensitivily

2.1 Range. Ccupled with a gas chromto.
graphic system utilizing a 1-milliliter sample
size, the maximum limit of the FP'D for

of the same calibra-
tion gas, at any dilution, shall produce re-
sults which do not vary by more than =13
percent from the mean of the three injec-
tions.

4.2 Calibration Drift. The calibration drift
determined from the mean of three injec-
tions made &t the beginning and end of any
8-hour period shall not exceed =5 percent.

§. Apparalus

5.1.1 Probe. The probe must be made of
inert material- such as stainless steel or
“glass. It should be designed to incorporale a
filter and to allow calibration gas to eater
the probe at or near the sample entry point.
Any portion of the probe not exposed to the
stack gas must be heated to prevent mois-
ture condensation.

5.1.2 The sample line must be made of
Teflon, * no greater than 1.3 cm (% in) inside
diameter. All parts from the probe to the di-
lution system must be thermostatically
heated t0 120° C.

5.1.3 Sample Pump. The sample pump
shall be 2 Jeakless Teflon ¢oated diaphragm
type or equivalent. If the pump is upstream
of the dilution system, the pump head must
be heated to 120" C.

5.2 Dilution System. The dilution system
must be constructed such that all sample
contects are made of inert matenal (eg.
stainless steel or Teflon). It must be heated
to 120" C and be capable of approximately &
8:1 dilution of the sample,

5.3 Gas Chromatograph. The gas chroma-
tograph must have at least the following

o

each sulfur b d is =ppr 10
ppm. It may be necessary to dilute gas sam-
ples from sulfur recovery pianis hundred-
fold (99:1) resulting in an upper limit of
about 1000 ppm for eacn compound.

2.2 The mint detectable ra-
tion of the FFD is also dependent on sample
size and would be about 0.5 ppm for a 1 ml
sample.

3. Interferences

3.1 Moisture Condensation. Moisture con-
densation in the sample delivery system, the
anaiytical column. or the FPD burner block
can cause losses or interterences. This po-
tential 1§ eliminated by heating the sample
line, and by conditioning the sample with
dry dilution air to lower its dew point below
the operating temperature of the GC/FPD
analytical system prior to analysis.

3.2 Carbon Monoxide and Carbon Dioxide.

§.3.1 Oven. Capable of maintaining the
separation column at the proper operating
temperature =1'C,

5.3.2 Temperature Gauge. To monitor
column oven, detector, and exhaust tem-
perature =1* C.

5.3.3 Mow System. Gas metering system to
measure sample, fuel, combustion gas. and
carrier gas flows.

5.3.4 Flame Photometric Detector.

5.3.4.1 Electrometer. Capable of full scale
amplification of linear ranges of 10-*to 107
amperes full scale.

§.3.4.2 Power Supply. Capable of deliver-
ing up to 750 volts.

5.3.4.3 Recorder. Compatible with the
output voltage range of the electrometer.

‘Mention of .trade ¥mes or specifi¢ prod-
ucts does not constitute an endorsement by
the Envir tal Protection Agency.

CO and CO, have substantial izing

FEDERAL REGISTER, VOL 43, NO. 51—WEDNESDAY, MARCH 15, 1978

43



54 Gas Chromatcgraph Columns The
N osysierm mu<t be demonsirated to be
three maer reduced
suifur compounas: H,S, COS. and CS..

To demonstralc that adequate resolution
has seen acnicved the tester muast sukr
chromatosrinh of a cahbration gas coniain-
Wik anL o recuced sulfur compeurnds in
Ll eoreenitation rangce ¢f the app.cable
NCard. Acequate resoluticn wiil be de-
fined a5 buse hne separation of adracent
prirs wnen U amphfier alienuation is set
S0 tnat the s v peak s at jecst 50 per-
ceni of full scaie. Base line separation is de-
fined as a relurn 10 zero =5 percent in the
on peaxs. Systems not meet-
ria may be considered alternaie
eci Lo the approval of the Ad-

Catatle of resohv.n’

.3.1 Culibration System. The calibration
system must contain the following compo-
nents.

5.5.2 Flow System. To measure air fiow
over pertneation tubes at =2 percent. Each
floameter shall be calibrated after a com-
piete test series with a wet test meter. If the
flow measuring device differs from the wet
test meter by 5 percent, the completed test
shall pe discarded. Alternatively, the tester
may elect 10 use the flow data that would
yield the lowest flow measurement. Calibra-
tion with a wet test meter before a test is
optional.

5.5.3 Constant Temperature Bath. Device
capable of maintaining the permeation
tubes at the calibration temperature within
=11"C.

§.5.4 Temperature Gauge. Thermormeter
or equivalent to monitor bath temperature
within =1* C.

6. Reagents

6.1 Fuel. Hydrogen (Hy) prepurified grade
or better. :

6.2 Combustion Gas. Oxygen (O or air,
research purity or better.

6.3 Carrier Gas. Prepurified grade or
better.

6.4 Diluent. Air containing less than 0.5
ppm total sulfur compounds and less than
10 ppm each of moisture and total hydro-
carbons.

6.5 Calibration Gases. Permeation tubes,
one each of .S, COS, and CS,, gravimetri-
cally calibrated and certified at some conve-
nient operating temperature. These tubes
consist of hermetically sealed FEP Teflon
tubing in which a liguified gaseous sub-
stance is enclosed. The enclesed gas perme-
ates through the tubing wzll at a constant
rate. When the temperature is constant,
calibration gases covering a wide range of
known concentrations can be generated by
varying and accurately measuring the flow
rate of diluent gas passing over the tubes.
These calibration gases are used to calibrate
the GC/FPD system and the diluticn
system.

7. Pretest Procedures

The following procedures are optional but
would be helpful in preventing any problem
whicn might occur Jater and invalidate the
entire test.

7.1 After the complete measurement
system has been set up at the site and
deemed to be operational, the following pro-
cedures should be completed before sam-
plng is initiated.

7.1.1 Leak Test. Appropriate leak test pro-
cedures should be emploved to venify the in-
tegTity of 2ll components, sample lines, and
connections. The following leak test proce-

RULES AND REGULATIONS

dure is sugrested: For components upsiream
of the sample pump. zitach the prode end
of the sampie hne 10 a manometler or
vacuurn gauge. start the pump and pull
greater tivan 30 mm (2 in.) Hg vacuum, close
off tire pump oullet. and then stop lhe
pumbo and ascertan that there is no leak for
1 minuic. For components after the pump,
apply a shght pusitive pressure and check
for lezks pv zpuiving a hquid cdeterc nt In
water. for examnie) at each joint. Butbung
indicates the presence of a leak.

7.1.2 System Performarnce. Sunce the com-
plete system is cclibrated following cach
test, the precise calibration of each cocmpo-
nent is not critical. However, these com.po-
nents should be venfied to be operafing
properly. This verification can be performed
ty observing the response of flowmneters or
of the GC output to changes in flow rates or
calibration gas concentrations and ascer-
taining the response to be within predicted
limits. If any component or the complete
system fails to respond in a normal and pre-
dictable manner, the source of the discrep-
ancy should be identifed and corrected
before proceeding.

8. Calibration

Prior to any sampling run, calibrate the
system using the following procedures. (If
more than one run is performed during any
24-hour period, a caiijbration need not be
performed prior to the second and any sub-
sequent runs. The calibration must, howev-
er, be verified as prescribed in section 10,
after the last run made within the 24-hour
pericd.)

8.1 General Considerations. This section
outlines steps to be followed for use of the
GC/FPD and the dilution system. The pro-
cedure does not include detailed instruc-
tions because the operation of these systems
is complex. and it requires an understanding
of the individual system being used. Each
system should include a written operating
manual describing in detail the operating
procedures iated with each 1ent
in the measurement system. In addition, the
operator shuld be familiar with the operat-
ing principles of the components; particular-
ly the GC/FPD. The citations in the Bib-
liography at the end of this method are rec-
ommended for review for this purpocse.

8.2 Calibration Procecdure. Insert the per-
meation tubes into the tube chamber. Check
the bath temperature to assure agreement
with the calibration temperature of the
tubes within =0.1°C. Allow 24 hours for the
tubes to equilibrate. Alternatively equilibra-
tion may be verified by injecting samples of
calibration gas at 1l-hour intervals. The per-
meation tubes can be assumed 10 have
reached equilibrium when consecutive
hourly sampies agree within the precisicn
limits of section 4.1.

Vary the amount of air flowing over the
tupes to produce the desired concentrations
for calibrating the analytical and duution
systems. The air {low across the tubes must
at all times exceed the flow requirement of
the analytical systems. The concentration in
parts per million generated by a bube con-
taining 2 specific permeant can be calculat.
ed as follows:

C=KxP./ML

Equation 15-1
where:
C=Concentration of permeant produced
in ppm.
P,=Permeation rate of the tube in pg/
min.

10571
M =Molecular weight of the cermeart g/
g-mole.

L=Flow rate. }/min. of air over permeant

@ 20 C. 760 mm Hz.
K=Gas constant at 20°C and
Hp=231041/g mole.

8.3 Caliprauicr of zazlysis svstem. Gener-
ale a series of three ¢r more knowm concen-
trations spanning the linear range cf the
FPD tapproxiumalelv 0.05 to 1.0 ppm} for
each of tne four major sultur compounds.
Bypassing the cdilution system, inject these
standares 1n 1o the GC/FPD anai;zers and
moritor the responses. Three injects for
each concentration must yield the precsion
described in section 4.1, Failure to attain
this precision is an ind:calien of & proziem
in the calibration or anaijtical system. Any
such problem must be identified and cor-
rected belore proceeding.

8.4 Calibration Curves. Plot the GC/FPD
response in current (amperes; versus their
causative concentrations in ppm on Jog-log
cocrdinate graph paper for each suifur com-
pound. Aiternatively, a least squares equa-
tion may be generated from the calibration
data.

8.5 Calibration of Dilution System. Gener-
ate a know concentration of hydrogen sul-
fied using the permeation tube system.
Adjust the fiow rute of diluent air for the
first dilution stage so that the desired level
of dilution is approximated, Inject the ciiut.
ed calibration gas into the GC/FPD system
and monitor its response. Three injections
for each dilution must yield the precision
deseribed in section 4.1. Failure to attain
this precision in this step is an indication of
a probiem in the dilution system. Any such
problem must be identified and corrected
before proceeding, Using the calibration
data for H,S (developed under 8.3) deter-
mine the diluted calibration gas concentra-
tion in ppm. Then calculate the dilution
factor as the ratio of the calibration gas
concentration before dilution to the diluted
calibration gas concentration determined
under this paragraph. Repeat this proce-
dure for each stage of dilution required. Al.
ternatively, the GC/FPD system may be
calibrated by generating a series of three or
more concentrations of each sulfur com-
pound and diluting these samples before in-
Jecting them into the GC/FPD system. This
data will then serve as the calidration data
for the unknown samples and a separate de-
termination of the dilution factor will not
be necessary. However, the precision re-
quirements of section 4.1 are still applicable.

760 mm

9. Sampling and Analysis Procedure

9.1 Sampling. Insert the sampling probe
into the test port making certzin that no di-
lution air enters the stack through the port.
Begin sampling and dilute the sampie ap-
proximately 9:1 using the dilution system.
Note that the precise dilution factor is that
which is determined in paragraph 8.5. Con-
dition the entire system with sample for a
miruimum of 15 minutes prior to commenc-
ing analysis.

‘8.2 Analysis. Aliguots of diluted sample
are injected into the GC/FPD analyzer for
analysis.

9.2.1 Sample Run. A sample run is com-
posed of 16 individual analyvses (injects) per-
formed over a period of not less than 3
hours or more than 6 hours.

9.2.2 Observation for Clogging of Probe. If
reductions in sample concentralions are ob-
served during a sample run that cannot be
explained by process conditions, the sam-
pling must be interrupted to determine if
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the samele probe is clorged with particulate
matter. If the probe iz found to be clogre,
the test must be siopr~d and the results up

' to that pownt discarded. Testing may resume
after cleaning the probe or repiacing it with
a clean one. After each run, the sample
Prove must be inspected and, if necessary.
dismantled and cleaned.

10. Post-Test Procedures

10.1 Szmple Line Loss. A known concen-
tration of hydrogen sulfide at the jevel of
the applicable siandard, =20 percent. must
be intreduced into the H at
the operung of the probe in sufficient guan-
tities to ensure that there is an excess of
sample which must be vented to the atmo-
sphere. The sampie must be transported
through the entire sampling system to the
measurement system in the normal manner.
‘The resulting ed ation
should be compared to the known value to
determine the sampling system loss. A sam-
plicg system loss of more than 20 percent is
unacceptabie. Sampling losves of 0-20 per-
tent must be corrected by dividing the re-
sulting sample concentration by the frac.
tion of recovery. The known gas sampie may
be generated using permeation tubes, Alter-
natively, cylinders of hydrogen sulfide
mixed in &ir may be used provided they are
traceable to permeation tubes. The optional
pretest procedures provide a good guideline
for determining if there are leaks in the
sampling system.

10.2 Recalibration. After each run. or
after a series of runs made within a 24-hour
period. perform 2 partial recalibration using
the procedures in section 8. Only H.S (or
other permeant) need be used to recalibrate
the GC/FPD analysis system (8.3) and the
dilution system (8.5).

10.3 Determinztion of Calibration Drift.
Compare the calibration curves obtained
prior to the runs, to the calibration curves
obtained under paragraph 10.1. The calibra-
tion drift should not exceed the limits set
forth in paragraph 4.2. If the drift exceeds
this limit, the interveming run or runs
should be considered not valid. The tester,
however, may instead have the option of
choosing the calibration data set which
wbuld give the highest sample values.

11. Calculations
11.1 Determine the concentrations of each
duced sulfur d d directly

from the calibration curves. Alternatively,
the concentrations may be calculated using
the equation for the least squares line.

11.2 Caletation of SO. Eguivaient. SO,
equivalent will be determined for each anal-
¥sis made by ing the trations of

each r sulfur
during the given analysis.

SO, equivalent = E(H,S. COS, 2 CS.d
Eq 15-2

RULES AND REGULATIONS

hverage Sﬂz equivalent

Eauaticn 15-3

where:

Average SO, equivalent,=Average SO,
equivaient in ppm, dry basts,

Average SO, equivalent,=SO, in ppm as
determined by Equation 15-2.

N=Number of analyses performed.

Bwo=Fraction of volume of water vapor
in the gas stream as determined by
Method 4—-Determination of Moisture
in Stack Gases (36 FR 24887).

12. Example System

Described below is a system utilized by
EPA in gathering NSPS data. This system
does not now refiect all the latest develop-
ments in i and ¥.
but it does represent one system that has
been demonstrated to work.

121 Apparatus.

12.1.1 Sampie System.

12.1.2.4 Termperature Mor!cr. Thermo-
couple pyrometer to measure ¢ R ooven.
detestor, and eahauzt temperature = 1° C.

12135 Flow System, Gas melering
system to meascre sample flow, hvdrogen
gov.', oxygen ficw and nitrogen carrier gas

ow.

12.1.3.6 Detector. Flame photometric de.
tector.

12.1.3.7 Electrometer. Capable of full scaie
amplification of linear ranges of 10-*to 10-*
emperes full scale.

12.1.3.8 Power Supply. Capable of deliver-
ing up to 750 volts.

12.1.3.9 Reccrder. Compatible with the
output voltage range of the electrometer.

1214 Calibration. Permeation tube
system (Figure 15-3}.

12.1.4.1 Tube Chamber. Glass chamber of
sufficient dimensions to house permealion
tubes.

12.1.4.2 Mass Flowmeters. Two mass low-
meters in the range 0-3 I/min. and 0-10 V/
min. to measure zir flow over perrmeation
tubes at =2 percent. These flowmeters shal]
be cross-calibrated at the beginning of each
test. Using & convenient flow rate in the
measuring range of both flowmeters, set
and monitor the flow rate of gas over the

12.1.1.1 Probe. Stainless stee] tubing, 6.35
mm (% in) ide diameter, ked with
glass wool.

12.1.1.2 Sample Line. %s inch inside diam-
eter Teflon tubing hegted to 120°C. This
temperature is controlied by a thermastatic

T.

12.1.1.3 Sample Pump. Leakless Teflon
coated diaphragm type or eguivalent. The
pump head is heated to 120" C by enclosing
it in the sample dilution box (12.2.4 below).

12.1.2 Dilution System. A schematic dia-
gram of the dynamic dilution system is
given in Figure 15-2. The dilution system is
constructed such that all sample contacts
are made of inert materials, The dilution
system which is heated to 120° C must be ca-
pable of 32 minimum of 9:1 dilution of
sample. Equipment used in the dilution
systemn is listed below:

12.1.2.1 Dilution Pump. Madel A-150 Koh-
myhr Teflon positive displacement type,
nonadjustable 150 cc/min. =2.0 percent, or
equivalent, per dilution stage. A 9:1 dilution
of sample is ished by ining 150
cc of sample with 1350 cc of clean dry air as
shown in Figure 15-2.

12.1.2.2 Valves. Three-way Teflon solenocid
or manual type.

12.1.2.3 Tubing. Teflon tubing and fittings
are thr from the e prol
10 the GC/FPD to present an inert surface
for sample gas. .

12.1.24 Box. Insulated box, heated and
maintained at 120°C, of sufficient dimen.
sions to house dilution apparatus.

12.1:2.5 Flowmeters. Rotameters or equiv-
alent to measure fiow from 0 to 1500 mi/
min. +1 percent per dilution stage.

12.1.3.0 Gas Chromatograph.

12.1.3.1 Column—1.83 m (6 ft.) length of
‘Teflon tubing. 2.16 mm (0.085 in.) inside di-

d silica ge!

where:
SO, equivalent=The sum of the concen-

with i

or equl;ralent.
12.1.3.2 Sample Valve. Teflon six port gas
ing valve, ipped with a 1 ml sample

tration of each of the com-
pounds (COS, H.S, CS,) expressed as
sulfur dioxide in ppm.
H,S=Hydrogen sulfide, ppm.
COS=Carbonyl sulfide. ppm.
CS,=Carbon disulfide, prm.
d=Dilution factor, dimensionless.
11.3 Average SO, equivaient will be deter.
mined as follows:

loop, actuated by compressed air (Figure 15~

).

12.1.3.3 Oven For containing sample
valve, stripper column and separation
column. The oven should be capable of
maintaining an elevated temperature rang-
ing from ambient to 100° C. constant within
x=1*C.

per tubes. Injection of calibration
gas generated at this flow rate as measured
by one flowmeter followed by injection of
calibration gas at the same flow rate as mea-
sured by the other flowmeler should agree
within the specified precision limits. If they
do not, then there is a problem with the
mass flow measurement. Each mass flow-
meter shall be calibrated prior to the first
test with a wet test meter and thereafter at
least once each year.

12.1.4.3 Constant Temperature Bath. Ca-
pable of maintaining permeation tubes at
certification temperature of 30°C within

.=0.1°C.

12.2 Reagents.

1221 Fuel Hydrogen (H.) prepurified
grade or better.

1222 Combustion Gas. Oxygen (Q,) re.
search purity or better.

12.2.3 Carrier Gas. Nitrogen (N,) prepuri-
fied grade or better.

12.2 4 Diluent. Air containing less than 0.5
ppm total sulfur compounds and less than
10 ppm each of moisture and total hydro-
carbons, snd filtered using MSA filters
46727 and 79030, or equivalent. Removal of
sulfur compounds can be verified by inject-
ing dilution air only, described in section
83.

1225 Compressed Air. 60 psig-for GC
valve actuation.

1228 Calibration Gases. Permeation
tubes gravimetrically calibrated and certi-
fied a8 30.0° C.

12.3 Operating Parameters. The operating
parameters for the GC/FPD system are as
follows: pitrogen carrier gas flow rate of 100
ce/min, exhaust temperature of 110° C, de-
tector temperature 105 C. oven tempera-
ture of 40" C. hydrogen flow rate of 80 ce/
fainute, oxygen flow rate of 20 cc/minute,
and sample flow rate of 80 c¢/minute.

124 Anaslysis. The sample vaive is actu-
ated for 1 minute in which time an aliquot
of diluted sample Is tnjected anto the sepa-
ration column. The valve is Lher deactivated
for the remainder of analysis cycle in which
time the sample loop is refilled and the sep-
aration column continues to be foreflushed.
The elution time for each compound will be
determined during calibration.
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corrected to 8 volume percent

oxygen. orrections shall be
made in the ma
§ 60.284(cX3).

APPENDIX A—REFERENCE METHODS

(3) Method 16 and Method 17 are
added to Appendix A as follows:

METHOD 16. SEMICONTINUOUS DETERMINATION
OF SULFUR EMISSIONS FROM STATIONARY
SOURCES

Introduction

The method described below uses the
principle of gas chromatographic separation
and flame photometric detection. Since
there are many systems or sets of operating
conditions that represent usable methods of
determining sulfur emissions, all systems
which employ this principle, but differ only
in details of equipment and operation, may
be used as alternative methods, provided
that the criteria set below are met.

1. Principle and Applicadility.

1.1 Principle. A gas sample is extracted
from the emission source and diluted with
clean dry air. An aliquot of the diluted
sample is then analyzed for hydrogen sul-
fide (H.S), methyl mercaptan (MeSH), di-
methyl sulfide (DMS) and dimethyl disul.
fide (DMDS) by gas chromatographic (GC)
separation and flame photometric detection
(FPD). These four compounds are known
collectively as total reduced sulfur (TRS).

1.2 Applicability. This method is lica-

RULES AND REGULATIONS

graphs should show agreement within the
precision limits of Section 4.1,

3.3 Particulate Matter. Particulate
matter in gas samples can cause interfer.
ence by eventual clogging of the analytical
system. This interference must be eliminat.
ed by use of a probe filter.

3.4 Sulfur Dioxide. SO, is not a specific
interferent but may be present in such large
amounts that it cannot be effectively sepa-
rated from other compounds of interest.
The procedure must be designed to elimi-
nate this problem either by the choice of
separation columns or by removal of SO,
from the sample.

Compliance with this section can be dem-
onstrated by submitting chromatographs of
calibration gases with SO, present in the
same quantities expected from the emission
source to be tested. Acceptable systems
shall show baseline separation with the am-
plifier attenuation set so that the reduced
sulfur compound of concern is at least 50
percent of full scale. Base line separation is
defined as a return to zero + percent in the
interval between peaks.

4. Precision and Accuracy.

4.1 GC/FPD and Dilution System Cali-
bration Precision. A series of three consecu.
tive injections of the same calibration gas,
at any dilution, shall produce results which
do not vary by more than =3 percent from
the mean of the three injections.

4.2 GC/FPD and Dilution System Cali-
bration Drift. The calibration drift deter-
mined from the mean of three injections
made at the beginning and end of any 8-
hour period shall not exceed * percent.

4.3 System Calibration Accuracy. The

ble for determination of TRS compounds
from recovery furnaces, lime kilns, and
smelt dissolving tanks at kraft pulp mills,

2. Range and Sensitivity. -

2.1 Range. Coupled with a gas chromato-
graphic system utilizing a ten milliliter
sample size, the maximum limit of the FPD
for each sulfur compound is approximately
1 ppm. This limit is expanded by dilution of
the sample gas before analysis, Kraft mill
gas samples are normally diluted tenfold
{9:1), resulting in an upper limit of about 10
ppm for each compound.

For sources with emission levels between
10 and 100 ppm, the measurmg range can be

tem must quantitatively trans-
port and analyze with an accuracy of 20 per-
cent. A correction factor is developed to
adjust calibration accuracy to 100 percent,

5. Apparatus (See Figure 16-1),

5.1.1 Probe. The probe must be made of
inert material such as stainless steel or
glass. It should be designed to incorporate a
filter and to allow calibration gas to enter
the probe at or near the sample entry point.
Any portion of the probe not exposed to the
stack gas must be heated to prevent mois-
ture condensation.

5.1.2 Sample Line. The sample line must
be made of Teflon,! no greater than 1.3 cm
(%) inside diameter. All parts from the
probe to the dilution system must be ther-
mostatically heated to 120° C.

Pump. The sample pump

shall be a leakless Teflon-coated diaphragm
type or equivalent. If the pump is upstream
of the dilution system. the pump head must

best extended by the size
to 1 milliliter. -
“ 2.2 Using the size, the 5.1.3
detectable concentration is approximately
50 ppb.
3. Inlerferences.
3.1 e d ion re be heated to 120° C.
d tion in the ie delivery system,

the analytical column, or the FPD burner
block can cause losses or interferences. This
potential is eliminated by heating the
sample line, and by conditioning the sample
with dry dilution air to lower its dew point
below the operating temperature of the
GC/FPD analytical system prior to analysis.
3.2 Carbon Monoxide and Carbon Dio:
ide. CO and CO, have substantial desensitiz-
ing effect on the flame photometric detec-
tor even after 9:1 dilution. Acceptable sys-
tems must demonstrate that they have
eliminated this interference by someproce-
dure such as these
before any of the compounds to be mea-
sured. Compliance with this requirement
can be demonstrated by submitting chroma-
tograms of calibration gases with and with-
out CO, in the diluent gas. The CO, level
should be approximately 10 pen:enf for the

5.2 Dilution System. The dilution system
must be constructed such that ali sample
contacts are made of inert materials (e.g.,
stainless steel or Teflon). It must be heated
to 120" C. and be capable of approximately a
9:1 dilution of the sample.

5.3 Gas Chromatograph. The gas chro-
matoeraph must have at least the following
compornents:

5.3.4 Flame Photometric Detector.

5.3.4.1 Electrometer. Capable of full scale
amplification of linear ranges of 10™ to 10~
amperes full scale,

5.3.4.2 Power Supply. Capable of deliver-
ing up to 750 volts.

5.3.43 Recorder. Compatible with the
output voltage range of the electrometer.

5.4 Gas Chromatograph Columns. The
column system must be demonstrated to be
capble of resolving the four major reduced
sulfur compounds: H,S, MeSH, DMS, and
DMDS. It must also demonstrate frecdom
from known interferences.

To d rate that ad te resolution
has been achieved, the tester must submit 3
chromatograph of 2 calibration gas contain-
ing all four of the TRS compounds in the
concentration range of the applicable stan-
dard, Adequate resolution will be defined as
base line separation of adjacent peaks when
the amplifier attenuation is set so that the
smaller peak is at least 50 percent of full
scale. Base line separation is defined in Sec-
tion 3.4. Systems not meeting this criteria
may be considered alternate methods sub-
ject to the approval of the Administrator.

5.5. Calibration System. The calibration
system must contain the following compo-
nents.

5.5.1 Tube Chamber. Chamber of glass or
Teflon of sufficient dimensions to house
permeation tubes,

5.5.2 Flow System. To measure air flow
over permeation tubes at +2 percent. Each
flowmeter shall be calibrated after a com-
plete test series with a wet test meter. If the
flow measuring device differs from the wet
test meter by 5 percent, the completed test
shall be discarded. Alternatively, the tester
may elect to use the flow data that would
yield the lowest flow measurement. Calibra-
tion with a wet test meter before a test is
optional.

5.5.3 Constant Temperature Bath. Device
capable of maintaining the permeation
tubes at the calibration temperature within
+0.1' C,

5.5.4 Temperature Gauge. Thermometer
or equivalent to monitor bath temperature
within £1° C.

6. Reagents.

6.1 Fuel. Hydrogen (H.) prepurified
grade or better,

6.2 Combustion Gas. Oxygen (O, or air,
research purity or better,

6.3 Carrier Gas. Prepurified grade or
better.

6.4 Diluent. Afr containing less than 50
ppb total sulfur compounds and less than 10
ppm each of moisture and total hydrocar-
bons. This gas must be heated prior to
mixing with the sample to avoid water con-
densation at the point of contact.

6.5 Calibration Gases. Permeatjon tubes,
one each of H,S, MeSH, DMS, and DMDS,
agravimetrically calibrated and certified at
some convenient operating temperature.
These tubes consist of hermetically sealed
FEP Teflon tubing In which a liquified gas-
eous, is d. The enclosed gas

5.3.1 QOven. Capable o the

per through the tubing wall at a con-

separation column at the proper operating
temperature x1° C.

5.3.2 Temperature Gauge. To monitor
column oven, detector, and exhaust tem-
perature +1° C.

5.3.3 Flow System. Gas metering system

e le, fuel, gas,
and carrier gas flows.

1Mention of trade names or specific prod-
ucts does not constxmte endorsement by the

case with CO, t. The two

tal P Agency.

Envir

stant rate. When the temperature is con-
stant, calibration gases coverning a wide
range of known concentrations can be gen-
erated by varying and accurately measuring
the flow rate of diluent gas passing over the
tubes. These calibration gases are used to
calibrate the GC/FPD system and the dilu-
tion system.

7. Pretest Procedures. The following proce-
dures are options! but would be helpful in
preventing any problem which might occur
later and invalidate the entire test.
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7.1 After the complete measurement
system has been set up at the site and
deemed Lo be operstional, the following pro-
ceaures should be compicted before sam-
pling s inniated.

.11 Leak Test. Appropriate Jeak test
procedures should be emploved to verify the
mlegrity of all components, sample lines,
and connections. The {ollowing lezk test
procedure is suggested: For components up-
stream of the sample pump, attach the
probe end of the sample line to a ma. no-
meter or vacuum gauge, start the pump and
pull greater than 50 mm (2 in.) Hg vacuum,
clcse off the pump cuilet, and then stop the
pump and ascertzin Lthat there is no leak for
1 minute. For ¢components afier the pump,
2pply a slight positive pressire and check
for teaks by applying a liquid (detergent in
water, for example) at each joint. Bubbling
indicates the presence of a leak.

17.1.2 System Performance. Since the
complete system is calibrated following each
test, the precise calibration of each compo-
nent is not critical. Hnaswever, these coinpo-
nents should be verified to be operating
properly. This verification can be performed
by observing the response of flowmeters or
of the GC output to changes in flow rates or
calibration gas concentrations and ascer-
taining the response to be within predicted
limits. In any component, or if the comrlete
system fails to respond in a normal and pre-
dictable manner, the source of the discrep-
ancy should be identified and corrected
before proceeding,

8, Calibration. Prior to any sampling run,
calibrate the system using the following
procecures. (If more than one run is per-
formed during any 24-hour period, a calibra-
tion need not be performed prior to the
second and any subsequent runs. The call-
bration must, however, be verified as pre-
scribed in Section 10, after the last run
made within the 24-hour period.)

8.1 General Considerations, This section
outlines steps to be followed for use of the
GC/FPD and the dilution system. The pro-
cedure does not include detailed instrue-
tions because the operation of these systems
is complex, and it requires a understanding
of the Individual system being used, Each
system should include a written operating
manual describing in detail the operating
procedures associated with each component
in the measurement system. In addition, the
operator should be familiar with the operat-
ing principles of the components; particular-
ly the GC/FPD. The citations in the Bib-
liography at the end of this method are rec.
ommended for review for this purpose.

8.2 Calibration Procedure. Insert the per-
meation tubes into the tube chamber,
Check the bath temperature to assure
agreement with the calibration temperature
of the tubes within £0.1° C. Allow 24 hours
for the tubes to equilibrate. Alternatively
equilibration may be verified by injecting
samples of calibration gas at l-hour inter-
vals. The permeaiion tubes can be assumed
to have reached equilibriumn when consecu-
tive hourly samples agree within the preci-
sion limits of Section 4.1,

Vary the amount of alr flowing over the
tubes to produce the desired concentrations
for calibrating the analytical and dilution
systems. The air flow across the tubes must
at all times exceed the flow requirement of
the analytical systems, The concentration in
parts per million generated by a tube con-
taining a specific permeant can be calculat-
ed as follows:

c K

2,'0
i

Equation 16-1
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where:

C=Concentration of permeant produced in
rem.

P.=Permeation rate of the tube in ug/min.

M =DMolecular weight of the permeant (g/g-
mole).

L=Flow rate, 1/min, of air over permeant @
20° C, 760 mm Hg.
K=Gas constant at 20°
Hg=24.04 1/g mole.

8.3 Calibration of analysis system. Gen-
erate a series of three or more known con-
centrations spanning the linezr range of the
FPD (epproximately 0.05 to 1.0 ppm) for
each of the four major sulfur compounds.
Bypassing the dilution system, inject these
standards into the GC/FPD analyzers and
monitor the responses. Three injects for
each concentration must yield the precision
described in Section 4.1. Failure to attain
this precision is an indication of a problem
in the calibration or analytical system. Any
such problem must be identified and cor-
rected before proceeding.

8.4 Calibration Curves. Plot the GC/FPD
response in current (amperes) versus their
causative concentrations in ppm on log-log
coordinate graph paper for each sulfur com-
paund. Alternatively, a least squares equa-
tion may be generated from the calibration.
data.

8.5 Calibration of Dilution System. Gen-

C and 760 mm

erate a known concentration of hydrogen.-
sulfide using the permeation tube system..

Adjust the flow rate of diluent air for the
first dilution stage so that the desired level
of dilution is approximated. Inject the dilut-
ed calibration gas inte the GC/FPD system
and monitor its response. Three injections
for each dilution must yield the precision
described in Section 4.1. Failure to attain
this precision in this step is an indication of
a problem in the dilution system. Any such
problem must be identified and corrected
before proceeding. Using the calibration
data for H.S (developed under 8.3) deter-
mine the diluted calibration gas concentra-
tion in ppm. Then calculate the dilution
factor as the ratio of the calibration gas
concentration before dilution to the diluted
calibration gas concentration determined
under this paragraph. Repeat this proce-
dure for each stage of dilution required. Al-
ternatively, the GC/FPD system may be
calibrated by generating 2 series of three or
more concentrations of each sulfur com-
pound and diluting these samples before in-
jecting them into the GC/FPD system. This
data will then serve as the calibration data
for the unknown samples and a separate de-
termination of the dilution factor will not
be necessary. However, the precision re-
g}xiremem.s of Section 4.1 are still applica-

e.

9. Sampling and Analysis Procedure.

9.1 Sampling. Insert the sampling probe
into the test port making certain that no di-
Jution air enters the stack through the port.
Begin sampling and dilute the sample ap-
proximtely 9:1 using the dilution system.

Note that the precise dilution factor is that’

which is determined in paragraph 8.5. Con-
dition the entire system with sample for a
minimum of 15 minutes prior to commenc-
ing analysis.

9.2 Analysis. Aliquots of diluted sample
are injected into the GC/FPD analyzer for
analysis,

9.2.1 Sample Run. A sample run is com-
posed of 16 individual analyses (injects) per-
formed over a period of not less than 3
hours or more than 6 hours.

9.2.2 Observation for Clogging of Probe.
If reductions in sample concentrations are
observed during a samiple run that cunnot
be explained by process conditions, the sam.
pling must be interrupted to determy if
the sample prebe is clopged with partic
matter, If the probe is found to be Clovyed,
the test must be stopped and the resuits up
to that point discarded. Testing may resur.
after cleaning the probe or replacing it with
a clean one. After each run, the sample
probe must be inspected and, if necessary,
dismantled and cleaned.

10, Post-Test Procedures.

10.1 Sample Line Loss. A known concen.
tration of hydrogen sulfide at the level of
the applicable standard, +20 percent, must
be introduced into the sampling system a2t
the opening of the probe in sufficient quan-
titles to insure that there is an excess of
sample which must be venited to the atmo-
sphere. The sample must be transported
through the entire sampling system to the
measurement sysiem in the normal manner,
The resulting measured concentraticn
should bte compared to the known value to
determine the sampling system loss. A sam.
pling system loss of more than.20 percent is
unaccepiable, Sampling losses of 0-20 per-
cent must be corrected for by dividing the
resulting sample concentration by the frac-
tion of recovery. The xnown gas sample may
be generated using permeation tubes. Alter.
natively, cwvlinders of hydrogen sulfide
mixed in air may be used provided they are
traceable to permeation tubes. The optional
pretest procedures provide a good guideline
for determining if there are leaks in the
sampling system.

10.2 Recalibration. After each run, or
after a series of runs made within a 24-hour
period, perform a partial recalibration using
the procedures in Section 8. Only H.S (or
other permeant) need be used to recalibrate
the GC/FPD analysis system (8.3) and the
dilution system (8.3).

10.3 Deterruination of Calibration Drift.
Compare the calibration curves obtained
prior to the runs, to the calibration curves
obtained under paragraph 10.1. The calibra-
ion drift should not exceed the limits set
forth in paragraph 4.2. If the drift exceeds
this limit, the intervening run or runs
should be considered not valid. The tester,
however, may instead have the option of
choosing the calibration data set which
would give the highest sample values.

11, Calculaiions.

11} Determine the concentrations of
each reduced sulfur compound detected di-
rectly from the calibration curves. Alterna-
tively, the concentrations may be calculated
using the equation for the least square line.

11.2 Calculation of TRS. Totsl reduced
sulfur will be determined for cach anaylsis
made by summing the concentrations of
each reduced sulfur compound resolved
during a given analysis,

TRS=X (H,S8, MeSH, DMS, 2DMDS)d
Equation 16-2

where: '
TRS=Total reduced sulfur in ppm, wet
basis.

H.S =Hydrogen sulfide, ppm.
MeSH =Methyl mercaptan, ppm.
DMS=Dimethyl sulfide, ppm.
DMDS =Dimethyl disulfide, ppm.
d=Dilution factor, dimensionless.

FEDERAL REGISTER, VOL 43, NO. 37--THURSDAY, FEBRUARY 23, 1978

-
[



11.3 Average TRS. The average TRS wilt
be determined as follows:

E LTRSS

e

B

Average TRS=

Average TRS=Average total reduced suflur
in ppm, dry basis.

TRS,=Total reduced sulfur in ppm as deter-
mined by Equation 16-2.

N=Number of samp!es.

B,.=Fraction of volume of water vapor in
the gas stream as determined by melhod
4—Determination of Moisture in Stack
Gases (36 FR 2488T).

1‘1 4 Av:lrfage concentration of individual

T d sulfur P ds, \

Equation 16-3
where:

S, =Concentration of any reduced sulfur
compound from the 1:h sampie injec-
tion, ppm.

C=Average concentratior: of any one of the
reduced sulfur compounds for the entire
run, ppm.

N=Number of injections 1 any run period.

12. Example System. Des<ribed below Is a
system utilized by EPA in gathering NSPS
data. This system does not now refiect all
the latest developments in equipment and
column technology, but it does represent
one system that has been demonstrated to
work.

12.1 Apparatus.

12.1.1 Sampling System.

12.1.1.1 Probe. Figure 16-1 illustrates the
probe used in lime kilns and cther sources
where significant amounts of particulate
maltter are present. the probe is designed
with the deflector shield placed between the
sample and the gas inlet holes and the glass
wool plugs to reduce clogging of the filter
and possible adsorption of sample gas. The
exposed portion of the probe between the
sampling port and the sample line is heated
with heating tape.

12.1.1.2 Sample Line % inch inside diam-
eter Teflon tubing, heated to 120° C. This
temperature is controlled by a thermostatic
heater,

12.1.1.3 Sample Pump. Leakless Teflon
coated diaphrzgm type or equivaient. The
pump head is heated to 120" C by enclosing
it in the sample dilution box (12.2.4 below).

12,1.2 Di A ic dia-
gram of the dynamic diiution systemr is
given in Pigure 16-2. The dilution system is
constructed such that all sample contacts
are made of inert materials. The dilution
system which is heated to 120° C must be ca-
pzble of 2 minimum of 9:1 dilution of
sample. Equipment used in the dilution
system is listed below:

12.1.2.1 Dilution Pump. Model A-150

Konmyhr Tcflon positive displacement

type, nonadjustable 150 cc/min. +2.0 per-

cent, or equivalent, per dilution stage. A 9:1

dilution of sample is accomplished by com-
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bining 150 cc of sampie with 1,350 cc of
¢lean dry alr as shown in Figure 16-2.

12.1.2.2 Valves. Three-wey Teflon sole-
noid or manual type,

12.1.2.3 Tubing. Teilon tubing and fit-
tings are used turoughout {rom the sample
probe to the GC/FPD to present an inert
surface for sample gas.

12.1.2..4 Box. Insulated box, heated and
maintained at 120° C, of sufficient dimen-
sions to house dilution apparatus.

12.1.2.5 Tlowmeters. Rotameters or
equlvalert to measure flow from 0 to 1500
ral/min x1 percent per dilution stage.

12.13 Gas Chromatograpn Columns.
‘Two types of columns are used for separa-
tion of low and high molecular weight
suifur compounds:

12.1.3.1 Low Molecular Weight Sulfur
Compounds Column (GC/FFD-1).

12.13.1 Separation Colwnn. 11 m by 2.16
mm (36 ft by 0.085 in) inside diameter
Teflon tubing packed with 30/60 mesh
Tellon coated with 5 percent polyphenyl
ether and 0.05 percent orthophosphoric
acid, or equivalent (see Figure 156-3).

12.1.3.1.2 Stripper or Precclumn. 06 m
by 2.16 mm (2 {t by 0.085 in) inside diameter
Teflon tubing packed as in 5.3.1.

12.1.3.1.3 Sample Valve. Teflon 10-port
eas sampling valve, equipped with a 10 ml
sample loop, actuated by compressed air
(Figure 16-3).

12.1.3.1.4 Oven. For containing sample
valve, stripper column and separation
column. The oven should be capable of
maintaining an elevated temperature rang-
imI; féom ambient to 100° C, constant within
+1* .

12.1.3.1.5 Temperature Monitor. Thermo-
coupie pyrometer to measure column oven,
detector, and exhaust temperature =1° C,

12.13.1.6 Flow Systera. Gas metering
system to measure sample flow, hydrogen
flow. and oxygen flow (and nitrogen carrier
gas flow).
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gas generated at this flow rate as measured
by one flowmeter followed by injection of
calibration gas at the same flow rate as maa-
sured by the other flowmeter should azree
within the specified precision limits. 1f they
do not. then there is a problem with the
mass flow measurement. Each mass flow-
meter shall be calibrated prior to the first
test with a wet test meter and thereafter, at
least once each year.

12143 Constant Temperature Bath. Ca-
pable of maintaining permeation tubes at
certification temperature of 36° C. within
+0.1° C.

12.2 Reagents

12.21 Fuel. Hydrogen (H,) prepurified
grade or better,

12.2.2. Ccmbustion Gas, Oxygen (O,) re-
search purity or better.

12.2.3 Carrier Gas. Nitrogen (N.) prepuri-
fied grade or better,

12.24 Diluent. Air containing less than
50 ppb total sulfur compounds and less than
10 ppm each of moisture and total hydro-
carbons, and filtered using MSA filters
48727 and 79030, or equivalent. Removal of
sulfur compounds can be verified by Inject-
lanag dilution air only, described in Section

12.2.5 Compressed Air. 60 psig for GC
valve actuation.

12,26 Calibrated Gases. Permeation
tubes gravimetrically calibrated and certi-
fied at 30.0° C.

12.3 Operating Parameters.

12.3.1 Low-Molecular Weight Sulfur
Compounds. The operating parameters for
the GC/FPD system used fer low molecular
weight compounds are as follows: nitrogen
carrier gas flow rate of 50 cc/min, exhaust
temperature of 110" C, detector temperature
of 105* C, oven temperature of 40* C, hydro-
gen flow rate of §0 cc/min, oxygen flow rate
of 20 cc/min, and sample flow rate between
20 and 80 ce/min.

12.3.2 High-Molecular Weight Sulfur
C

12.1.3.1.7 D tor. Flame Tic
detector.

12,1.3.1.8 Electrometer. Capable of full
scale amplification of linear ranges of 10™
to 10-¢ amperes full scale.

12.1.3.1.9 Power Supply. Capable of deli-
vering up to 750 volts,

12.1.3.1.10 Recorder. Compatible with
the output voltage range of the electrom-
eter.

12.1.3.2 High Molecular Weight Com-
pounds Column (GC/FPD-11).

12.1.3.2.1. Separation Column. 3.05 m by
2.16 mm (10 ft by 0.0885 in) inside diameter
Teflon tubing packed with 30/60 mesh
Teflon coated with 10 percent Triton X-305,
or equivalent.

12.1.3.2.2 Sample Valve. Teflon 6-port gas

i 1 d with a 10 ml

compressed air

ve
sample loop, actuated by
(Figure 16-3).
12.1.3.2.3 Other Components. Al compo-
nents same ss in 12.1.3.1.4 t0 12.1.3.1.10.
12.1.4 Calibration. Permeation tube
system (figure 18-4).

P ds. The operating parameters for
the GC/FPD system for high mclecular
weight compounds are the same as in 12.3.1
except: oven temperature of 70° C, and ni-
trogen carrier gas flow of 100 cc/min.

12.4 Analysis Procedure.

12.4.1 Analysis. Aliquots of diluted
sample are injected simultaneously into
both GC/FPD analyzers for analysis. GC/
FPD-I is used to measure the low-molecular
weight red sulfur ds. The low

lecular weight lude hydro-
gen sulfide, methyl mercaptan, and di-
methyl suvlfide. GC/FPD-II is used to re-

as 1

solve the high lecular weight P
The high weight d is di-
methyl disuifide,

12.4.1.1 Analysi of Lo 1
Weight Sulfur Compounds. The sample

valve is actuated for 3 minutes in which
time an aliquot of diluted sample is injected
into the stripper column and anatytical
column. The valve is then deactivated for
approximately 12 minutes in which time,
the amalytical column continues to be fore-

hed, the stripper column is backflushed,

12.1.4.1 Tube Chamber. Glass
of sufficient dimensions to house perme-
ation tubes, !

12.1.4.2 Mass Flowmeters. Two mass
flowmeters in the range 0-3 1/min. and 0-10
1/min. to measure air flow over permeation
tubes at =2 percent. These flowmeters shall
be cross-calibrated at the beginning of each
test. Using a convcnicnt flow rate in the

and the sample loop Is refilled. Monitor the
responses. The elution time for each com-
pound will be determined during calibra-
tion.

12.41.2 Analysis of High-Molecular
Weight Sulfur Compounds. The procedure
is essentially the same as above except that
no stripper column is needed.
ibtiography. —

measuring range of both flow . set
and monitor the flow rate of gas over the
permeation tubes. Injection of calibration

3.
13.1 O'Keeffe, A. E. and G. C. Ortman.
“Primary Standards for Trace Gas Analy-
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tickets shall have no redemption
value.
{FR Doc. 79-1210 Filed 1-11-79; 8:45 am}

[6560-01-M]
Title 40—Protection of Environment

CHAPTER |—ENVIRONMENTAL
PROTECTION AGENCY

(FRL 1012-2}

PART 60—STANDARDS OF PERFORM-
ANCE FOR NEW STATIONARY
SOURCES

Appendix A—Reference Method 16

AGENCY: Environmental Protection
Agency.

ACTION: Amendment.

SUMMARY: This action amends Ref-
erence Method 16 for determining
total reduced sulfur emissions from
stationary sources. The amendment
corrects several typographical errors
and improves the reference method by
requiring the use of a scrubber to pre-
vent potential interference from high
SO. concentrations. These changes
assure more accurate measurement of
total reduced sulfur (TRS) emissions
but do not substantially change the
reference method.

SUPPLEMENTARY INFORMATION:
On Februrary 23, 1978 (43 FR 7575),
Appendix A—Reference Method 16 ap-
peared with several typographical
errors or omissions. Subsequent com-
ments noted these and also suggested
that the problem of high SO, ¢concen-
trations could be corrected by using 2
scrubber to remove these high concen-
trations. This amendment corrects the
errors of the original publication and
slightly modifies Reference Method 16
by requiring the use of a scrubber to
prevent potential interference from
high SO, concentrations.

Reference Method 16 is the refer-
ence method specified for use in deter-
mining compiiance with the promul-
gated standards of performance for
kraft pulp mills. The data base used to
develop the standards for kraft pulp
mills has been examined and this addi-
tional requirement {o use a scrubber
to prevent potential interference from
high SO. concentrations does not re-
Quire any change to these standards of
performance. The data used to develop
these standards was not gathered from
kraft pulp mills with high SO, concen-
trations; thus, the problem of SO, in-
tericrence was not present in the data
base. The use of a scrubber to prevent
this potential interference in the
future, therefore, is completely con-
sistent with this data base and the
promulgated standards.

12, 1979

. The increase in the cost of determin-
ing compliance with the standards of
performance for kraft pulp mills, as a
resuit of this additional requirement
to use a scrubber in Reference Method
18. is negligible. At most, this addition-
al requirement could increase the cost
f; a performance test by about 50 dol-
Is.

Because these corrections and addi-
tions to Reference Method 16 are
mincr in nature, impose no additional
suk‘)stanu‘ve requirements, or do not re-
quire a change in the promulgated
standards of performance for kraft
pulp mills, these amendments are pro-
mulgated directly.

EFFECTIVE DATE: January 12, 1979,

FOR FURTHER INFORMATION
CONTACT:

Don R. Goodwin, Cirector, Emission
Standards and Engineering Division,
(MD-13) Environmental Protection
Agency, Research Triangle Park,
North Carolina 27711, telephone
number 919-541-5271.

Dated: January 2, 1979,

Dovgras M. COSTLE,
Administrator.

Part 60 of Chapter 1, Title 49 of the
Code of Federal Regulations is amend-
ed as follows:

APPENDIX A—REFERENCE METHODS

In Method 16 of Appendix A, Sec-
tions 3.4, 4.1, 4.3, 5, 55.2, 6, 8.3, 9.2,
103, 113, 121, 121.1.3, 12131,
12.1.3.1.2, 12.1.3.2, 12.1.3.2.3, and 12.2
are amended as follows:

1. In subsection 3.4, at the end of the
first paragraph, add: “In the example
system, SO, is removed by a citrate
buffer solution prior to GC injection.
This serubber will be used when SO,
levels are high enough to prevent
baseline separation from the reduced
sulfur compounds."”

2. In subsection 4.1, change “+ 3 per-
cent” to **+ b percent.”

3. In subsection 4.3, delete both sen-
tences and replace with the following:
“Losses through the sample transport
system must be measured and a cor-
rection factor developed to adjust the
calibration accuracy to 100 percent.”

4. After Section 5 and before subsec-
tion 5.1.1 insert “5.1. Sampling.”

5. In Section 5, add the following
subsection: “5.3 SO, Scrubberr The
SO, scrubber is a midget impinger
packed with glass wool to eliminate
entrained mist and charged with po-
tassium citrate-citric acid buffer.”
‘Then increase all numbers from 5.3 up
to and including 5.5.4 by 0.1, eg.,
change 5.3 to 5.4, etc.

6. In subsection 5.5.2, the word
“lowest’" in the fourth sentence is re-
placed with “lower.” <
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7. In Section 6, add the followiny
subsection: “6.6 Citrate Buffer. Dis.
solve 300 grams of potassium citrate
and 41 grams of anhydrous citric acid
in 1 liter of deionized water. 284 grams
of sodium citrate may be substitut.d
for the potassium citrate.”

8. In subsection 8.3, in the second
sentence, after “Bypassing the dilu-
tion system,” insert “but using the SO,
scrubber,” before finishing the sen-
tence. '

9. In subsection 9.2, replace sentenee
with the following: “Aliquots of dilus-
ed sample pass through the SO, scrub-
ber, and then are injected in‘o the
GC/FPD analyzer for analysis,”

10. In subsection 10.3, “paragraph”
in the second sentence is corrected
with “subsection.” -

11. In subsection 11.3 under B,, defi-
nitien, _ insert “Reference” before
“Method 4.”

12, In subsection 12.1.1.3 “(12.2.4
below)’ s corrected to “(12.1.24
below).” i

13. In subsection 12.1, add the fol-
lowing subsection: “12.1.3 SO. Scrub-
ber. Midget impinger with 15 ml of po-
tassium citrate buffer to absorb SO, in
the sample.” Then renumber existing
section 12.1.3 and following subsec-
tions through and including 12.1.4.3 as
12.1.4 through 12.1.5.3.

14. The second subsection listed as
“12.1.3.1" (before corrected in above
amendment) should be “12.1.4,1.1."

15. In subsection 12.1.3.1 (amended
above to 12.1.4.1) correct “GC/FPD-1
to “GC/FPD-1." ~

16. In subsection 12.1.3.1.2 (amended
above to 12.1.4.1.2) omit “Packed as in
5.3.1.” and put a period after “tubing.”

17. In subsection 12.1.3.2 (amended
above to 12.1.4.2) gorrect “GC/FPD-
11" to “GC/FPD-IL"

18. In subsection 12.1.3.2.3 (amended
above to 12.1.423) the phrase
“12.1.3.1.4. to 12.1.3.1.10" {s corrected
toread ©“12.1.4.1.5 to 12.1.4.1.10.”

19. In subsection 12.2, add the foi-
lowing subsection: “12.27 Citrate
Buffer. Dissolve 300 grams of potas-
sium citrate and 4! grams of anhy-
drous-citric acid in 1 liter of deioniced
water. 284 grams of sodium citrale
may be substituted for the polassium
citrate.”

(Sec. 111, 301¢a) of the Clean Air Act as
asmended (42 U.S.C. 7411, 7601 (am.

(FR Doc, 79-1047 Filed 1-11-79; 8:45 am]
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