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1.0 INTRODUCTION
Scott Envirommental Services,a division of Scott Envirommental
Technology, Inc. conducted a testing program at Wheéliﬁg-Pittsburgh Steel
Corporation in Monessen, Pennsylvania to determine benzene emissions from
the coke by-product recovery plant. The work ﬁas performed for the United
States Envirommental Protection Agency, Emissions Measurement Branch, under

Contract No.f68—02-2813, Work Assigmment 48. The Monessen plant was the

- third of seven plants visited to collect data for a;possibie National

Emission Standard.for Hazardous Air Pollutants for benzene.

Sampling was conducted at Wheeling-Pittsburgh Steel on August
11-13, 1980. Integrate& air samples and liquid samples for benzene
aﬁalysis were collected from the tar storage tank, light oil storage

tank, and the tar intercepting sump.

3| Scott Environmental Technology Inc.
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2,0 SUMMARY OF RESULTS

Benzene Fmission Rate

Process ' 1b/hr - kg/hr

Tar Storage Tank - 0,50 0.23

Light 0il Storage Tank <l.1 <0.5

.Common Tar Intercepting Sump 4.16 1.89
}| Scott Environmental Technology Inc.
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3.0 RESULTS AND DISCUSSION
3.1 TAR STORAGE TANK

Tar is stored at approximately 160°F in the #2 tar storage tank

to drive off the entrained water and facilitate handling. The tank is

vented to the atmosphere, and any benzene in the tar will potentially be
released along with the water.

The average emission rate for the tar storage tank is 0.50 1b/hr
with a maximum emission rate of 0.85 1b/hxr in Run 3, as shown in Taﬁle 3-1.
Testing was conducted on two consecutive days, and the first day's results

are lower than those of the second day. This could be a result of the tank

‘being fuller on the second day of testing; 165,000 gallons as compared to

162,000 gallons.

- Also on the first day the stack temperatﬁre and velocity were
fairly constant during each saméling Tun Whereas.during-Tést 3.on the next
day the temperature and flow rate fluctuated considerably., At the end of
the test the flow dropped to almost zero, and consequently the temperature
dropped to near ambient. This was not caused by any obvious changes sucﬁ
as the sun going behind a cloud, but tank breathing losses are due to many
parémeters like solar insolation,_tank liquid volumé,:liquid temperature
and. ambient temperature, and the fluctuations are due to some combination
of these variables,

All stack flow rates were corrected to the average conditions at
which the benzene concentrations were measured in the Tedlar bags; assumed
to be saturated at 68°F and 29.92 inches Hg. (2 1/2 Z moisture). Example

calculations are shown in Appendix A.

V§{ Scott Environmental Technology Inc.
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Liquid temperatures were 71°C at the inlet and 75.53°C in the taik.
The liquid surface éamples contained-mainly flushing liquor, which forms the
upper phase in the tank over the tar layer; The su;face layer samples con-
tained 1600 ppm benzene, and the tar collected froﬁ‘the inlet pump had 1870 ppm

benzene.

3.2 LIGHT OIL STORAGE TANK

The #7 light oil storage tank holds a mixture of the light and
heavy fractions from the rectifier. The liqui& contains approximately 707
benzene by weight and is stored at ambient temperature. The tank is vented
to the atﬁosphere and is thus a potential benzene emission source, At the
time of sampling the only tank emissions were due to tank bre#thing losses.

The light oil storage tank had an éverage emission rate of less
than 1.1 lb/hr, This tank had a very high concentration of benzene in the
headspacé but no outflow was detectable with the.anemémeter; Eﬁigsioﬁ rates
from the tank are based on the flow rate being less than the lowest detectable
liﬁit of the anemometer, which is 12 feet per minute,

The _h:{gh benzene concentration in the vapor (~2,5%) is due to the
high percentage of benzene in the light oil (70%7). However, at ambient

teﬁperature the vaporization rate.of the light oil was too slow to drive a

.measureable flow velocity from the veﬁt.

C§{ Scott Environmental Technology Inc.
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3.3 IAR'INTERCEPTING SﬁMP

The common tar sump receives ammonia liquor, tar from the primary
cooler, tar frém the crude tar storgge-tanks, pump room floor drain waste-
water, exhauster booster and seal puﬁp wastewater, Cottrell precipitator .
wastéﬁater; and éondensate from the desuper heater. A pump then feeds the
material directly to the decanters. The sump is approximately 4' x 8' and
is open to éhe atmosphere, cbnstituting,a potential fugitive benzene
emission source.

The Eenzene emission rateg varied from 2.99 t0'4;9l lb/hr with
an average of 4.16 lb/hr. The data collected at this source exhibits an
effect not observed at ény other source tested using the tracer gas method.
The concentrations. of benzene and isobutane vary as much as 95%'beﬁween
sampling locations on the same run but the mass to mass ratios were in close
agreement, The variable wind at this location undoubtedly accounts for this
effect.

The liquid samples collected at the sump had a temperature of

about 150°F and contained approximately 1700 ppm benzene in the tar fraction -

-ﬂndlﬁﬂﬁoppm benzene.in the top fraction, which was mainly. flushing liquor.

Scott Environmental Technology inc.
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" TABLE 3-3
TAR INTERCEPTING SUMP
Date: 8/12/80

 Test #1, Run #1
-Test Start - 11:25 a.m.

Isobutane Releassa :Rate: 0.872 1b/hr
- . - 0.396 kg/hr.

Conc. of

Cone. of ‘
Sample Benzene Isobutane Mass. to Mass 1b/hr kg/hr
Loc. (ppm) (ppm) Ratio ¢/ic4_ Benzene Benzene
. West 1 5,78 2.23 3.48 .3.03 . 1.38
o West 2 1.28 0.26. 6. 52 5.69 2.59
. Nofth 1 3.95 . 1,56 . 3.39 2.96 . 1.35
North 2 13.14 2.30 7,67 . 6.69 3.04
Upwind 0,56 © 0,30 3 ‘ ' -
Date: 8/12/80 Isobutane Release Rate: 1,121 1b/hr
Test #1, Run #2 ‘ . 0.508 kg/hr
‘Test Start - 2:22 p.m. .
‘West 1 4,56 1.84 . 3.33 3.73 1,70
West 2 1.43 0.50 3.80 4,26 1.94
North 1 9.33 - C4Jd4 3.03 3.40 - 1.55
. North 2 = -19.72 8.65 3.07 3.44 . 1.56
* Upwind . 0.34 0.10 ' o I
: - ‘ Avg. 3.71 Aveg, 1.67
-‘Average Emission 4.15 11.89
Date: 8/13/80 Isobutane Release Rate: 1,145 1b/hr.
Test #2, Run #1: _ 0.519 kg/hr
Test Start - 8:35 a.m.
West 1 8.09 2.92 3.72 4.26 1.94
West 2 4,73 1,52 4,18 4.79 2,18
North 1 14,20 3.89- 4,91 5.62 2.55
North 2 3.41 1.06 4.33 4.96 2,25
Upwind 2.86 1.00 .
Avg., 4,91 Avg. 2.23
}| Scott Environmental Technology Inc.
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S .Table 3-3
I - (Continued) '
" Date: 8/13/80 S Isobutane Release Rate: '1.122 1b/hr
Test #2, Run #2 . , 0.509 kg/hr
Test Start - 11:25 a.m. ' .
I Conc. of Conc. of .
- Sample Benzene Isobutane Mass to Mass 1b/hr kg/hr
Loc. (ppm) {ppm) Ratio ¢/'ic4_ Benzene Benzene
I ' West 1 8.48 . 2.88 3.97 4,45 2.02
West 2 4,66 1.54 ) 4,07 4.57 2.07
North 1 10,18 3.70 3.70 4.15 _ .1.89
I. North 2 =~ 17.17 4.78 : 4,83 ~5.42 2.46
_ Upwind T 0.42 0.10 : .
- Avg, 4,65 Avg, 2.11
I Average Emission 4.78 2,17
I _ Date: 8/13/80 _ Isobutane Release Rate: 1.176 1b/hr
Test '#3, Run #1 - _ 0.533 kg/hr
‘ Test Start - 1:23 p.m. : '
l‘ West 1 6.15 2.85 2.90 3.41 1.55
. West 2 . 2,07 1.01 2,75 ' 3.23 1.47
' North 1 6.36 3.08 2.06 2.42 - 1.10
l~ North 2 11,24 6.16 2.45 2.88 l.‘3]_.
’ Upwind 0.34 ND
I ' Aveg. 2.99 Avg. '1.36_
Date: 8/13/80 . Isobutane Release Rate: 1.216 1b/hr
Test #3, Run #2 0.552 kg/hr.
Test Start - 2:07 p.m. :
West 1 5.30 2.09 3.41 4,15 1.89
I West 2 2.26 0.85 3.57 4,43 1.97
North 1 9,75 4.00 3.28 3.99 - 1.81
Noxrth 2 16,-11 6.90 3.14 3.82 " 1.74
I ‘Upwind 0.58 0.14
‘ Avg. 4.08 Avg, 1.85
l Average Emission 3,54 1.61
. I {3} Scott Environmental Technology Inc. : L men
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TABLE 3-4

LIQUID SAMPLE DATA: COMMON TAR SUMP

Date: 8/13/80
Time: 1345
Sample Temp.: 150°F

‘ . Benzene Concentration
Sample Fraction : (prm_by Weight)

Heavy Fraction - Sample 1 1740
Sample 2 2020 Avg. 1720
Sample 3 1400 "
Light Fraction - Sample 1 4.0
Sample 2 1.03 Avg, 3.78
Sample 3 6.3

NOTE: Triplicate liquid samples were dipped from the sump. Each sample
was separated into heavy and light fractions and each fraction was analyzed

separately,

Q3| Scott Environmental Technology inc.




: ﬂ;ftery_spray system. Thelexcess.flushing Iiquor is pumped to a holding

SET 1957 02 1280 - - B Page 4-1

4.0 PROCESS DESCRIéTION
The Wheeling-Pittsburgh Steel Corporation coke-piant at Monesgen,
Pennsylvania-started-coﬁstruction in 1942. Approximately 90 percept of the
coke plant, including by-product recovery operations, was constructed in
1942 using a Koppers design. The proéesses used at the Monessen plant fqr_

recovery of coke oven gas are primary cooling, tar decanting, turbine

- exhausting, tar electrostatic precipitation (ESP), Koppers semi-direct

ammonia absbrption; ammonia still,-tar bottom f£inal cooling, light oil
redovery, and c;ean coke oven gas reuse. A p#OCESS‘flow diagram of the
gas and liquid streams is depicted in Figure &4=-1..

.The gas leaving the ovens is collected in collecting mains where

it is sp:ayed with flushing liquor for initial cooling. The gas and the

- flushing liquor leave the battery area and are transported from the collect-

ing main through a crossover main into the suctidn:main and then into the

by-product recovery area. The gas and liquid initially separate in the. by-

product recovery area at a downcomer where the flushing liquor falls out
and is discharged to the tar decanter, while the gas conpinues to the
primary coolers.

The two tar decanters in parallel separate the liquor into tar and
flushing liquor layers.. Additional inputs .to the tar decanters come from
the common tar interceptiﬁg sump and the final cooler. The flushing liquor
is pumpedﬂto the flushing li&uér running ténk before returning to the

tank befoie processing in an ammonia still where caustic is added to the

3| Scott Environmental Technology Inc.
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liquor, The tar layer is pumped to an 18 cubic meter (4,000 gallon)lrunning
tar tank before pumping to a pump tank. Excess tar from. the running tar

tank is pumped to three of the four tar storage tanks. The tar from the

pump tank is circulated to the primary cooler and the final cooler. The

tar flow to both units varies proportiomally with the naphthalene concentraﬁion.

The gas stream from the downcomer enters the direct primary coolers
at approximately 82°C, There are three parallel primary coolers at the
plant, but only two were on-line during the wvisit. The circulating liquor
is cooled by indirect Niagara coolers that circulate river water which is
atmospherically cooled. Excess tar and liquor are discharged to the common
tar intercepting sump. |

The gas exits the primary coolers at approximately 30°C and enters
the turbine exhausters. There are two turbine exhausters, but only one was
in operation at the time. The gas stream in the egpaustéf changes from
vacuum to positive pressure which supplies the motive power for the system.
Some tars are separated in the exhauster and draiped to.the common tar
interceptigg sump .

The gas enters the tar ESP where additionai.taf'is separated from
the gas and drained to the common tar intercepting .sump'-.‘ There are three
parallel ESP's and all were in operation during the plant visit. The plant
can operate on only one tar ESP. However, normal opefation is two and the
preference is three.

The gas stream from the tar ESP's is combined with the ammonia
vapor. from the ammonia still and enters the ammonia saturator. There are

two Koppers semi-direct ammonia saturators used one at a time. The gas

$| Scott Environmental Technology Inc.
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stream is'conta&ted with sulfuric acid which produces ammonium sulfate
crystals as the final product. The gas leaves the ammonia recovefy oper-
ation at approximately 45-52°C.

The-gaéfthen enters the final cooler. Theré are two finai
coolers also used one at a time. The final coolers are tar bottom coolers
that circulate water and tar. The naphthalene-lean water is cooled in an
atmospheric cooling tower and the naphthalene-rich tar is puﬁped to the
tar decanter for separation. Tar is continuously recirculated to the final
cooler. The rate of. circulation is determined by withdrawal of sampléS"
through a manifold system on the side of the cooler.

The gas leaves the final cooler at approximately 30°C and enters
the light oil scrubbers., There are two light o1l scrubbers in series with
countercurrent flow of the wash oil and the gas stream.- The benzblized

wash oil leaves the bottom of the light oil scrubber and passes through a

' vapor/oil heat exchanger before entering the final heater. After the final

heater, the benzolized wash oil enters the wash oil still where the light
0il is steam—-stripped from the wash o0il. The light oil vapors leave the
top of the still and pass through the vapor/oil heat exchanger before

entering the rectifier. The debenzolized wash oil is pumped to the wash

0il circulating tank before recirculating to the light oil scrubbers.

0il/water blowdown from the light oil scrubbers, the wash oil still, and
the rectifier is draimed to the oil intercepting sump. After the rectifier,

the light and heavy fractions are combined in final storage.

U3| Scott Environmental Technology inc
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. The clean .gas exits the light oil scrubbers at approximately 32°C
and enters the gas holder before boostipg to the battery underfire and upper
mill use. The clean coke oven gas has a‘heating vaiue of 580-527kJ (550-

530 Btu) and . is not mixed with natural gas toviﬁcrease-this value, -

4,1 PROCESS OPERATING PARAMETERS

During the tests, the coke output of the plant was 524 toms per
day. Battery 1A, with 37 ovens (6 ovens not operating), and Battery 2,
with 19 ovens, vere operating. ' The coking time was‘24 hours for Battery
1A and 22.5 hours‘for Battery 2., The amount of coke ovén gas pro&uced was
8 to 8.5 million cubic feet per day. The coal blend.was 35 percent high
volatile coal (1.42 to-1.48 percent sulfur), 48 percent of a different
type high volatile coal (0.68 to 0.74 percent sulfur), and 17 percent low

volatile coal, .The_coal.ﬁéke—up was 17 percent low wvolatile coal and 83

. percent high volatile coal for Battery 1A and 12 percent low volatile coal

and 88 percent high volatile coal for Battery 2.

Table 4-1 contains the storage tank process-data recorded during
the emiséion tests, Light o0il and crude. tar production rates duriﬁg the
tests were approximately 2,500 gallons per day and 6,000 gallons per day,
respectively. Approximately 13,000'ga116ns of light oil were shipped from
storage on both test days. Crude.tar is shipped once a month. The light
0il and crude tar tank capacities are 125,000 gailons an& 250,000 gallons,
respectively.

The common tar intercepting sump contains ammonia liquor, tar
from the'primary cooler, tar f:0m the crude tar storage tanks, pump room

floor drain wastewater, exhauster booster and seal pump wastewater,

'§| Scott Environmental Technology Inc.
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Cottrell precipitator wastewater, and condensate from the desuper heater,
The liquid'IEVel in the sump was approximately 2 feef below the level recorded
in the presurvéy. Plant personnel confirmed_thét.the low level éf liquid
in the sump was caused by decreased plant production.-'The liquid in the

sump during the emission tests was approximately 0.83 feet deep. - The liquid

temperature in the sump dinfing_ the emission tests was approximately 19°C.

‘ Scott Environmental Technology Inc.
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TABLE 4-1 STORAGE TANK PROCESS DATA

Tank Interior

Page 4-7

Tank Liquid
Volume (gallons)

Test
Unit Run Test Date

Number 7 Light 0il

Storage Tank 1 8/12/80
2 8/12/80
3 8/13/80

Number 2 Crude Tar

Storage Tank 1 8/12/80
2. 8/12/80
3. 8/13/80

${ Scott Environmental Technology inc.

Temperature (°C)

30
30
30

65
65
65

31,000
31,000
26,000

162,000
162,000
165,000
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5.0/ FIELD SAMPLING AND ANALYSIS METHODOLOGY

5.1 DETERMIVAIION OF BENZENE FROM STATIONARY SOURCES.
'EPA METHOD 110  AND MODIFICATIONS

EPA Method 110 cpnsists of draﬁing,a time—ihtegrated stack“gas.
sample through a probe inﬁova Tedlar*'sample bag, which is enclosed in a
leak-free drum, by use.of a pump hooked to the drum .outlet which:élowly'
evacuates the drum,‘causing:the'bag to-fill. A copy of the me;hod-is
included in Appendlx D.

The method was modified by Scott because as it stands the
méthod doesn't accouut_for moisture-in the_Sample_stream, and is only -
designed to measure benzene concentration, not mass emission rate. The
following modifications were made to all tests done ﬁsing Method.110:'.

31; To gh;ain‘ﬁqgs.emiséion_rates, velocitf and temperature
readings were taken at the top-offthe stack at 5 minute intervals}during :
the 30-minute sampling runs. 'This information was used to calculate flow—

rate, which was used in conjunction with the benzene concentration to

yield the mass emission rate. Velocity readings were made using a vane

anemometer with direct electrbnic readout;

2. A personnel sampling pump‘was substituted for the pump,
needle valve, and flowmeter of the ﬁethod. The personnel pumps have 3
built-in flowmeters-and rate adjustment screws and have the further
advantage of being intrinsically safe, as required in many areas of

the coke plant.

* Mention of trade names or specific products does not constitute endorsement.
by the U.S. Environmental Protection Agency.

Scott Environmental echnoiogy inc.
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3. Swagelok fittings were used in place of quick-connects..
4. Rather tﬁan discarding Teflon sample lines after each set

of samples, they were washed with propylene carbonate and/or acetone and

flusﬁed with nitfggen beforé reuse.

3. ‘An orifice and magnehelic gauge were inserted in the sampling
line before the Tedlar bag to indicate that air flow was reaching the
bag.

6. A water knockout trap was inserted between.fhe probe and
magnehelic gauge to collect any condensate in the sample line. -

‘7. The following cleanup procedures were followed:

If any coﬁdensate was collected in the trap or sample line, it
ﬁ?s-méasured-and saved fér analysis. The probe, 1iﬁe and trap were then
washed with propylene carbonate, which was also saved for analysis. Any
benzene found in these washes and.water\catches‘waénadded to_thé.total'founq
in.ﬁhe sample bag to determine mass emission rates.

Bag volumes were measured whenever water was collected in the

trap ﬁy émﬁtying the bag through a dry gaé meter after the sample was ' —_—

analyzed. The volume of water c&llected in the trap was then converted
to an equivalent air volume and was added to the vplume in the bag to
determine the percent moisture in the samplé stream.

After the probe, line and trap washes were completed, the lines
were washed with acetone to remove the propylene carbonate f£ilm and flushed
with nitrogen to dry.

Figure 5-1 shows the modified Method 110 setup.

@ Scoit Environmental ‘’echnoiogy Inc.
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5.2 TRACER TESTING

The tracer gas method is a practical procedure for quantifying
mass emissions of volatile organics from sources which are essentially
open to the atmosphere without disturbing flow, dispersion patterns or-
the source operation. This method utilizes the release of a tracer gas
directly over the source of interest; the tracer gas will then follow thev
same dispersion patterns as the emissions from the source. The mass of
tracer released over the sampling period-is known and the mass to mass
ratio of the benzene to the tracer gas in the sample is determined by
gas chromatography. The emission rate of benzene can be calculated w1th
this information. _

This method is based on the_principle that the chosen tracer gas
will model the dispersion of benzene from the'sonrce; The tracer gas
chosen for this project was isobutane because it was not presemnt in the

sources to be tested and it could readily be separated from other source

- trace components by the same column used for benzene. In addition, iso-

butane is.a non~toxic gas that can readily be dispenaed from a pressurized
c¢ylinder at a uniform measured rate,

When this method was used triplicate tests were performed. Each
test consisted of two 1/2 hour runs{ For each run clean and backgrounded ten-
liter Tedlar bags were used. Integrated samples were collected u31ng s
Emission Measuremente, Inc. Air Quality Samplet IT systems, The AQS II
samplers are self-contained units capable_of'collecting-one or mofe_inte—j
grated samples at a nteset tate; 'For tracer tests the sampling rate used .
was ten liters per hour. ) ' - B
5.3 SAMPLE HANDLING

After being collected the gas samples were immediately transported
to the gas chromatograph and analyzed. The elapsed time between sample
collection and analysis never exceeded one hour. To verify that there was
no sample.degradation in samples of this type some of the samples were
retained for 24 hours and reanalyzed. The loss of benzene and isobutane

observed was typically less than 5Z.

(3| Scott Environmental Technology Inc.
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5.4 FIELD ANALYSIS

All gas samples collected were-analyzed.usiog-a'Shimadzu:GC‘Mini 1
gas chromatograph equipped with dual flame'inoizatiod detectors,'dual N
electrometers, ﬁeated sample loop and a backflush system, Figure 5-2 shows
a schematic of the.beckflush apparatus. The backflush_system is composed
of ten port sequence reversal valve and two columns, a scrubber column’ for

retaining high molecular weight compounds and an anaiytical column. When

‘the system is in the injéct mode the scrubber column and the analyfical

column are connected in series allowing sample compoments to move from the
precolumn to the analytical column. In the backflush mode the columns are _.
disconnected from each other and become two separate systems- each with its'
own carrier gas source. This arrangement allows the separatiom and
measurement of low molecular weight compounds while the scrubber_coluﬁn

is being backflushed of heavier sample components. Backflush times for

different mixtures of sample components must be predetermlned to insure that

the compound (s) of 1nterest are transferred to the analytical column before
backflushlng is started. _

Samples for chrometographic analysis were drawn into a 20 cc glass
syringe then introduced to the sample loop inlet.. The samples once in the
sample loop were allowed to come to.atmospheric pressure by waiting 15
seconds prior to the injection. When only‘benzene was of interest the
following chromatographic conditions were maintained: |

Column Temperature (isothermal) - 100°C

Injector and Detector Temperature - 200°C

5 ml Sample Loop, Temperature - 50°C

Carrier Gas Flow Rate - 32 ¢cc/min
Bydrogen Flow Rate © = 40 cc/min.

Air Flow Rate : C - 240 cc/min.
Analysis Time - 5 min.

Detector — Flame Ionization

0¥ scort Environmental Technology Inc.
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The columns used for field analysis were:

A —.Scrubber Column

10% FFAP on Supelcoport 80/100
1/8" x 1 m Stainless Steel '

- -B = Analytical column

20%Z SP-2100, 0.17 Carbowax 1500
- 100/120 Supelcoport
1/8" x 10' Stainless Steel

When samples from tracer tests were analyzed the chromatographic
conditions were changed to provide adequare separation of the 1sobutane
tracer from the other light components of the sample. The temperature
program used for this analysis was:

1) Start at room temperature with external cooling fan

on and -ﬁven door open.
2) Inject @ 0.0 min. _ .
 3)- Turn. external cooling fan off @ 1.0 min,

4) Backflush @ 1.8 min. . |

5) [Isocbutane elutes-@ 2.3 min. . _

‘6)' Close oven door @ 3. .0 min. with oven tqnperature '
set at 100°C. '

7) Benzene elutes @ 7.0 min. _

'8) After the elution of benzene, open thé‘dven.door.and

turn on the cooling fan. The next injedtion can be
made after 2 minutes of cooling.

9) When the tracer gas is used analysis time will be

approximately 10 minutes. ' '

The columns and flow rates were the same as for- isothermal,

@ Scott Environmental Technology Inc.
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6.0 FIELD SAMPLING PROCEDURES
6.1 TAR STORAGE TANK
Three half-hour EPA Methnd-llo tests were conducted on the tar
storage tank on August 12th and 13th, 1980.
Before beginning, the naphthalene that had accumulated around
the test vent was knocked away to insure accurate velocity readings, and

1

the ménway, which was found open, was covered. Thewruns all were very

1

straightforward and no problems were encountered. The tests were rm .

. concurrently with the light oil storage tank rumns, as the tanks were

adjacent to one another and connected by é-ﬁalkway across the top (See.
Figure 6-1).

Liquid sampleé were collected f:om thg inlet to the tank via a
pump at ground level, and from the surfage of the‘liquid in the tank by

dipping with a bucket on a'linef_

6.2 LIGHT'bIL STDRAGE TANK

The vent on the light oil.tank was constructed by the sampling -
team from two sections of steel.stovepipe, fastened to:a fiange at deck
level on the top of the tank. Thié Wés necegsary in order to dbtain
accufate.velocity readingé from tank. The manway, which was fQund open,
was covered during the test runs,

Three half-hour EPA Method 110 tests were run on August 11th and
12th, 1980. Stack temperature was ambient at all times, and no flow rate
could be measured with the vane anemometer.

Liquid samples were collected from an inlet to the storage tank

: : ' ‘ 0 .
via a pump at ground level. The liquid temperature was 25 C (ambient).
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6.3 TAR INTERCEPTING SUMP

Benzene emissions from.the tar intercepting sump at Wheeling-
Pittsburgh Steel in Monessen, Pennsylvania were measured on 8/12 - 8/13/80
using the tracer method. |

The sump was 8' long, 4' Widé-and 8 1/2°' bglow grade. The liquid
was approximately 8" deep and the liquid temperature was 150°F (66°C).
There was one major inlet located in the NW cormer of the sump approximately
3' above the liquid level. Make-up liquid falling from this height}created
turbulence over the entire sump but especially in thg.corner in which it
was located., A pump located at the sump's east end»ﬁas constantly pumping
the effluent to the tar decanters, which resulted in a steady flow. of
material through the sumf.

This source was located very close to several large physical
obstacles. 0n the-NW corner of the sump was a large building -
(25" in heighﬁ) which houses process equipment. On the W and SW sides of
the source there was a maze of tanks, piﬁes and process equipment beginning
5' from the edge of the sump and extending approximately 50' back. This
area was sufﬁiéiently compact to‘blogk any wind from that direction. Oa
the SE corner of the sump 10' from the edge was a pile of pipe approximately
5' in hefght and 20' long. The NE and N sides of the sump were clear of
obstructions. In spite of the degree of congestion in the immediate area
there was ample space for sampler placement close to the source on any side.

Wind direction varied widely coming generally from the 5. This
variabiiity of direction did not seem to alter the direction of emission

significantly, Observation of the steam plume rise revealed that the

C3| scott Environmental Technology Inc.
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emissions were confined to the 180° guadrant from W to N.over 907 of the
time bgt_did'vary.within that quadrant. The sampling_strategy was to
bracket the W and N sides of the sump; this was accomplished by placing
4 samplers, 2 on each side, 4' back from the sump edge (See Figure 6-2).

The dispersion bar spanned the sump along its 8' length at the liquid

~level. With this arrangement of samplers and a variable wind, the emissions

measured on each side of the sump were different but the average of the

total emissions was similar for different sampling runs.

s ScottEnvironn1enta| Technology Inc.
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' 7.0 LABORATORY SAMPLE ANALYSIS

- Two types of liquid samples were collected:--precess liquids,zandf.

sanple line and water-trap catches and'washes.‘ All'liﬁuid-samples were

stored in amber glass bottles and returned to .Scott's Plumsteadville laboratory

for analysis.

7.1 SAMTLE‘PREPARATION

_'[Depending:upon,the complexity of the sample, one of the following

sample preparatipn-procedures was. followed prior to the "purge and trap"

procedure:aud analysis. _ . ”_p oo ;;“7Eﬁf

Samples Containing-lmmiscible Liquid Phases

Using a clinical centrifuge (International Equipment COmpany,
Messachusetts) immiscible liquid phases were separated and each phase was
analyzed separately for benzene. :

. Samples Containing Solid and Immiscible Liquid Phases

~ Samples containing solids of higher density than the'liquid phaSe.i

were separated by centrifuge or by sinple‘decantation of the liquid. The

different phases in the liquid fraction were then further separated by

. centrifuging. Solid and liquid phases were analyzed separately.

Samples-Containing Finely Crystalline/Solid Suspension

In analyzing these samples theistoppered sample jars were shaken
for at least half an.hour for homdgenizing the solution. The uniform
distribution of suspended fine erystalline solid particles was tested by

determining the percentage of dry solid in several aliquots of the homoge~

nized mixture. A weighed amount of the mixture was analyzed for benzene.

Scott Environmental Technclogy Inc
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Sampling System Washings

All washings'were clear solutions having only one liquid phase.
_ The total weight of the liquid phase was determined using a balance correct h
to +0.1 g. The total weight of each washing wzs more than 25 grams, so ‘an - -
error of 0.1 g in weighing the mass will contribute an error of only 0.4%
to the finai analytical data.- A weighed aliquot of the washing was analyzed'
for benzene by following the ' purge and trap" and analysis procedures out-
lined in the following sections, and using this analysis data the welght
of benzene present in the total mass of washing was calculated.
7 2 PURGE AND TRAP PROCEDURE FOR EXTRACTION OF BENZENE FROM LIQUID PHASE

TO GASEQUS PHASE .

An.accurately weighed quantity of the sample to be-analyzed was
“diluted with 20-25 ml of propylene carbonate in a specially designed glass
purging apparatus which was. kept immersed in a thermostatted.water bath
maintained at 78°C. Benzene free nitrogen gas was bubbled through the.
propylene carbonate solution in the purging apparatus at the rate of
0 2 - 0.3 liters/minute, and collected in. leak free Tedlar bags. Under

these experimental conditions, 1 1/2 -2 hours were sufficient to purge

“off all the benzene from the liquid phase to the gaseous phase.  The total

volume of nitrogen gas used to purge the sample was:aeeurately measured
by a calibrated. dry gas meter. A diagram of the pnrge and trap set-up is
shown in Figure 7-1. |

Propylene carbonate was found to be an ideal diluting,solvent
for the extraction of benzene from all types of liquid samples containing

viscous tar, pitch, light and heavy 0il and insoluble-particulates- It

was chosen for its high boiling point, low density, and good solvating’

capacity.

Scott Environmental Technology Inc.
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7.3 GAS, CHROMATOGRAPE

* A Perkin-Elmer 900 gas chromatdgrdph was used for the-anaiysis

of the purge bagsp. A 10 ft..by 1/8 inch stainless steel column7packedﬂwith

'_ZozngﬁéiCo]0}1% Carbowax 1500Jpn.80/129 mesh Supelcoport was used for the

other components present in the purge bags. The 'pegk'heigﬂﬁf_method was
utilized to calculate the concentration of benzene in the purée.bags
analyzéd. The Perkin—Elmer.QBO;used fdr analysis wﬁs not equipped.vith
a backflushing unit, 'Gas.chromatograph conditions were‘as follows;f

GC column temperature: 70°C isothermai_

Detecfor remperatufe:_ 190°C |

5ol 1oop‘at a.temperature'of 120°C

Carrier gas flow fate: 30 ce/uin He

' Hydrogen flow rate: 45 ce/min

.Oxygen flow rate: AOO cc/min

Detector: Fiame,Ionization Detector (FID)

In addition to benzene, the purge bags contained othér'volatile
hydrocarbons present in the liquid sampies Sucﬁ as toluené and naphfhalene.
Because this c¢hromatograph was not.équippgd with a backflush, it was
necessary to elute all heavy organics from th; column by heating the column -
to‘150°C af;ef‘every two injections for one hour with the caffier_gas on.
After cooling the column to 70;C the absence of aﬁy 6rganic in the:coluﬁn
which might overlap the. benzene peak in the next amalysis was;checked;‘ Whén

the column was found to be satisfactorily clean, the next analysis was

continued under the conditions previously described.

3| Scott Environmental Technology Inc.
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8.0 ‘QﬁALITY‘CONTROL AND QUALITY ASSURANCE o

The follow:ng sections will address quallty control and quality
assurance procedures for the field analy51s of benzene in ‘air samples and

the laboratory analy51s of process liquids and BaP samples. .

8.1 FIELD ANALYSIS PROCEDURES -

All sampies_were analjzed in-duplieate an&las a rule peak1heights
were reproduced to within 5Z., For some very high concentration samples
(percent range) it was necessary to make ‘dilutions for'analysis. 'When this
was done a fiesh dilution was prepared for-each.injecfion'and peak.heights
wvere repreduced.to within 102. "To verify that the 'system was retaining no .
benzene, frequent injections of the standand and nifrogen,were made; In_all
cases the result was eatisfactnrj. . |

The Tedlar bags ;hat_were reused for‘sampling were flushed'thfee
times-with'nitrogen.and allowed.to.sit overnight'after-being filied to.:
approximately three quarters of their capacity. They were analyzed for
benzene content. the following day. The background concentrations of the T
bags wene Tecorded and varied from 0 to 10 ppm benzene. Care was taken to
use sample bags whose background concentration was very\low compared to the .
expected-concentration‘of the source.

The accuracy and iinearity of the gas chromatogfaphic techniques
used in this program were tested through the use of.EPA Audit Samples. .Two
standards, a 122.5 ppm and 6,11 ppm benzene were used to analyze the audit

cylinders.

3| Scott Environmental Technology Inc.
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8.2 PROCEDURES FOR AVAEESIS OF PROCESS LIQUIDS

Scott 5 benzene standards, checked against EPA Audit Standards,
were used as.reference standardsithroughout this:prcgram; Ihe'accuracy.ano' :
linearity of the gas chromatographic technique for oenzene analysis-wasnl |
tested through the use of EPA Audit étandards which were available tojscott.w”
Gas chromatographic analySis of the samples-and staudard~Were performed

under identical conditioms to assure'the‘accuracy'of the analytical data.

‘generated.

Each batch of propylene carbonate which was used as the dilutingf
solvent In the purge and trap technique was analyzed for benzene content by '
subjecting 25 ml of propylene carbonate to the purge and trap procedure

followed by gas chromatographic analysis of the trapped gas under identical

_conditions as described in Section 5 2. All batches of analytical grade:

Every day before the analysis of samples the ourging apparatus and
trapping bags were tested for absence of benzehe. Whenever the whole;system
was found to be free from benzene to the lowest detectable limit of the.
instrument, the samples Here'analpred_using'the‘purging apparatusqand.the-
trapping gas sampling bags. | | |

Generally an accurately weighed mass of ‘each sample was - subJected
to purge and trap procedure only once and the trappe& gas sample was repeat-f
edly analyzed by GC until the analytical.data ofchnsecutive“GC-analyses varieo

by +0.5% or less.

'} Scott Environrmentat Teetmology Inc
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For randonly éeléqteduéamples, the whole anaiyticai prdcedﬁ:e;wés:ﬂ"":

repeated with: a different_weighed:mass-ofathe.sourdé!saﬁple'to cﬁeéknthe"f

validity and> accuracy of the analytical methodology. The anélyticglmdata

for different runs wefe-fqundwnot to vafy:by~mbre*than'5%.

By purging the sample with nitrogen under the experimental con-

ditions as utilized by Scott, the recovery of benzene from the'éémple was
quantitative and this has been verified by analyzing a standard benzene

solution in propylehe cérbonate-qdﬁtaining tar and pitch.

- Scott Environmental Technology Inc.
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APPENDIX A

SAMPLE CALCULATIONS

1. Tracer Gas Calculations

Example: Test 1, Run. 1, Sampler-West 1
Concentration of Benzene: 5.78 ppm
Concentration of Isobutane: 2,23 ppm

Isobutane Release Rate: 0,872 1b/hr

Calculation of mass to mass ratios:
Benzene . 5.78 ppm x 78 g/mole = 450.84

Isobutane 2,23 ppm x 58 g/mole = 129.34

450,84

19934 % 0.872 1b/hr = 3.04 1b/hr benzene

2. Flow Rate at Standard Conditions (Saturated at 68°F, 29.92 inches Hg)

A, Correction for Temperature and Pressuie: ' '
| 528°R Ppar (0. H8)
T(°F) + 460 *~ 29,92

Flow Rate (STP) = Flow Rate (Source) x

Example: Tar Storage tank, Run 1

528 29,18
95 + 460 * 29.92

Flow Rate (STP) = 19 cfm x = 17.6 cfm

B. Correction for Moisture:
Percent moisture (assume saturation at 95°F) = 6%

Percent moisture at standard conditions (Saturated at 68°F) = 2.5%

Flow Rate (dry)

Flow Rate (STP) x (100 - % Moisture)/100
- 17.6 efm x (100 - 6)/100
16.5 cfm

It

Flow Rate (saturated at 68°F) = Flow Rate (dry) x 1.025
: 16.5 cfm x 1.025
17 cfm




3. Calculation of Mass Emission Rate

Example: Tar storage tank, Run 1

Flow Rate (standard conditions) = 17 cfm

Benzene Concentration: 1043.1 ppm

Page A-3

1 3 98,391 ' gomin  1043.1 o 1 _ lmole _11b
Ymin ¥ P03 U 106 “mole * 24.15 1 * 454 g
Scott Environmental Technology Inc.

0.21 1b/hr
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- TEDLAR BAG NUMBER:_ | |
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~ PROCESS NOTES: J BAROMETRIC PRESSURE: 249.18
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SAMPLE- D‘A‘T'A '

Plant Wh-pl'H' M DIUESS'FI\/ Process Ll Q»SH-MPLES | Date gr//s/@-b

~ Ambient Temperature

Sample No. ‘T-’QT. \ n \-€+ ‘ Time‘ Sampled 1 |: 5_5

Sample Type: iquid -Air '

Samplé Temperature /’ {

Description of Sampling Location:

o

Sé;hplé Temper?‘tlfre . 3 g OC/ (WW>

_Sami:_le No. L.O - 0 V’H{ ‘\— ' Time Sampled _ 3'; OS’

Sample Type: . Air o _ ' o . L

i o K ) .

Ambient Tempéra ture

Description of Sampling Location:

I .
i

1

_‘];Samtle No. _rmk. S‘h)ra,ge, Time Sampled : 3. 2.0

Samplé Tipe.: @ Adx YV\JV&IL] ‘ / |
| _ YL TUNg (@00
R | \ (/LUMM\j f Y

-_-Sample Temperature 7 gcs C’

. Y
Ambient Temperature

Description of Sampling Locatlon W {-/\/U'W\ W h’l_, W
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PLANT:_(Uh - Pfff Mﬂne%en __ " pam: “2 {gO
PROCESS: (omim0n 4z [m@ﬁﬂhﬂ- fUMp WIND SPEED:
PROCESS NOTES: T WIND DIRECTION: _Y Qv able.

| AMBIENT TEMPERATURE:
. BAROMETRIC | PRESSURE: Aq /5
[ X/ A |

‘ _ DOWNWIND L ~__UPWIND

Sampler Number L # 5 | 1 2 | 3 - 4—
Distance from Source s w&S{’ Y west | 4 ,'N 9 ""\' ( lo' Soutt
Sampling Rate ' - N0 PO > ST B | '
Pusp Numbers | 1

o Ted]_.ar“ bag numbers ..

i,

11

_ S_tai:t Time

. Stop Time ) S
. ' meder \/"-'-'-704-[7
' ISOBUTANE RELEASE: Gas Temperature G _ . N A \
TIME METERED VOLUME - . . TIME - Cr METERED VOLIUME
o st L, 300 . T -
5 I I | TN P Y R I
(0. 42.i190 039 |
|5 1= | 42.477 )
|aels 42, 667
18 - - H2.940 | o
20 43,108 N IS
22 43,290 1 o . s
24 _$3. 4%
26 | 43. 030
1 23 _H3.%73
30 L HY 0o
-  Hl 206

D6 xfe4T 2 L L 0F O'%w ﬁa?/ﬂ




PROJECT 1906 BENZENE/ Ba}? PRESURVEY
ﬁ,uM \

Plant W-Vilt None&‘fﬂ | Process Cvmmo/\ ’r‘;"’ ‘mmp%j Date ' Z/ g .0_-' |
- ' ' . ‘bUw\JP _ e

. Sketch of Process: - W

» Include dimensions and flow directions.

i

- qpt

17y

Process Description:
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PROCESS common tay Surmo _ . WD SPEED: el
* PROCESS NOTES: - WIND DIR%GTION? varcable / '
T . e | AMBIENT TEMPERATURE: " 8@7'_
. . A BAROMETRIC PRESSURE: Qﬁ' /8 |
: ! . .
C 4 . DOWNWIND.‘ M A _ UPWIND
Swmpler Number - | \ . _°‘2 3 L" i, _
Dis&ance from Source 4'.-"?-&2«3{?1 L 4-’11-»%{3‘ - 4;/\_}/ : 4’2’\-{;._ lDl !
Sampling Rauﬂ. ‘ . ;; i — _-.f1
Pump Numbers N ! P I . ! . L 'iﬁz_f' .
Tedlar ba-g-numbers ‘3 _ r R /0 IS - l"f ' / ._,,.- 1 ‘.'I
Start Tlme ) * a . . :gﬁgvj"u L
Stop Time' | . . . ) il S _ f: .
ISOBUTANE RELEAS:: Gas Temperature s Gas Pressure -,
TIME WETERED WOLUME __ I TIME . METERED VOLUME | -~
el 223 47375 : L SRNNNLIY S
Y .00 L Rl R
R R - L
-’}_o _ _,.' .L}ng(;,o 3 : . -
2 & v 4e~g9q - T
IHL’ 3 Ufol 025" — .,.,.'_ )
t ’(Q b L‘l ‘T 160 - : ' i O
18 449.492¢ \
20 | LM 7‘3@ . 1g _
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o Sketch of Process: ‘
., Include dimensions and flow directions.
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PROfIECT ‘1922‘

. SCOTT ENVIRONMENTAL TECHNOLOGY ‘INC.
TRACER GAS DAIA SHEET ﬁ'.““}?;

o 7 ‘, praxt: Wh - P'r“' HDNE"SSEN

PROCESS: COmmon Y5r Sump

PROCESS NOTES:

.Sahpler ﬁumbe:-

Di.é_t;ance from_ Sc_)_ur'ce-‘.
"‘ssaﬁnllnngété o

: Pump Wumbers _
, !“Tedlar bqg numbers' o
._-Start Time B ) o
-.St_:c':yp .Time' . Lo

o ISOBUTANE RT.‘.LEAS

. _”"'.".'IAMBIENT TEMPERATURE:
S _BAR(METRIC PRESSURE

Page B- 13 ATy

5 . glnlso

"'WIND SPEED

. wWID DIRECTION: N

 UPWIND

10

"igljj-

2/

: Gaa Temperature SIS

g TINE.

METE?ED VOLUME. - -

| 'deer* Y /04/7

(. ‘.: :‘ ImE -
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e %"35’
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5.
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| Plant W}HDFH‘ Mﬂr\e")_ée,_f'/\_ Prq_dess'_CDmmO,-i.“iﬁf §Umig- _.Datn_e‘; 9/'3/30 -

Sketch of Process:

» Include dimensions and flow directions.
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Process Description:
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PLAﬁT 'JUI'\’OTH M0h€96£h T DATE %’ /3/50

- rrocess:_Commeon T \ar 5Um0 - WIND SPEED:

~ PROCESS NOTES: WIND DIRECTION: \/on.,

| AMBIENT TEMPERATURE:
y _.BAROMETRIC_PRESSURE &‘1 1’7

. . DOWNWIND —_OPuIND

Sampler Number - o 5 { 2 3_ "__ 4' | _ -
Distance from Source : H = b\)eﬁ‘F 4" w{S'{'- ' 4’_’ Nocth ‘ 5_0 / ._Sodn :

' Sampling Rate . - e 1 T

) Pump Numbé_rs o - . ;

Tédlé.r.bag numbers . _‘7 | %r ) B /G . [8 a? -‘34

. Start Time ' ‘ '
Stop Time '

Mﬁu'#~)0¥9

“i ISOBUTANE RELEASE: Gas Temperature

TIME ___ METERED VOLUME ] sz%mmme . METERED‘VOLUMZE o
o 126y  5%.300 L |
:tL-v S €;~i; 57?555 | i L —_7;;}gz_ a
4 _ SEFIT up &
G | &§904p N
3 549, 2%Y4 W
lo . _59.5a0 azz | W
2 59.7155 W
3 L R I 59,9 7171 Vo)
e _60.3 05 .
i Co.434 SW
10 | bo.GCH5T .o o
19 Go. 200 N
24 @ 1.14% nQ
110 Gl.3%89 Va0
|24 Cl. G2

30 " |- . Gl 392
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_ Tédlar'bég numbers

e PROJECT 1922 R

© PLANT: W/'n-'Pf# NaneS&fh 2 N

. : g T

R

Commaen Tr’Sumlg o

PROCESS - NOTES:

Sampler Number

Distance from Source

‘Sampling Rate

Pump Numbers. . '

Start Time
Stop Time

* ISOBUTANE RELFASE: Gas Temperature

F q
L RINY] D

'. DATE:

TRACERagAS DATA SHEET

» SCOTT ENVIRONMENTAL TECHNOLOGY INC.

| 3‘//3‘/570

WIND SPEED

WIND DIRECTION

AMBIENT TEMPERATURE N75 —-8’0 ,E
BAROMETRIC PRESSURE: :2‘7 27

“DOWNWIND

UPWTND:

— 7

2

.3.; L

I
i we&“k
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.'..4"0\]@5’?'_

!

1 l—\ .?_v 50 _"50_:/7

ik

T 2 -

-+ |1 /0 AL
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e

| 15

_TIME

~_METERED VOLUME

' Gas. Pressure

s TIME

61, aﬂs’"

"METERED VOLUME | - - -
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O :23ph

6R.544

F——wind
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¢1.750 .
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1 ;:. (; -.u;; :
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%
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1o~
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2
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N
N
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' APPENDIX D
TRACER GAS METHOD .DEVELOPMENT

D.1 Tracer Cas Selection

The initial consideration when‘usiﬁg-the tracer gas methpd' .
is the choice éf a suitable gas. Thefe are several criteria use& in
the selection: First, the tfacer gas must not be present. in the atmos-
phere at the sampling location. Second; the tracer gas must-be.separable
from other components in the background at tﬁe sampling location and
quanﬁifiable on the same GCvcolumh withéutiqterfe;ing with the-elutibn'
- of thé compound(s) of primary interest. The tracer gas should also be;‘
readily available, tr#nsportable, edouomicallj feésible, and safe~fo?
the given usage situation.
for the_determination of.benzene,emissions at'secondary by-
products. plants, isobutane is the recommended{tracér'gas; The sedond
choice.fof a tracer gas is a haloggnated-hydfocﬁrboﬁ. _At seéondarj by4=
products plant; tﬁe hydrocarbons in fhe‘backgrounantmospheré are almost
exclusively emissions from the coking operation.and neither isobutane
nor halogenated hydrocarbons are present to any significant degree.
" Isobutane ﬁas chosen over aihalogenated hydrocarbon on the basis-qf
chfomatogfaphic elution chafacteristics. Isobutane elutes well bef&re
‘the‘benzene peak thus'éliminating any interferénce}ﬁhen.ﬁsing a tempera—
turé program for the chromatographic amalysis.
Thé separation of isobutane from mixtures containing concen~
trations of hydrocarbons typical of secondary by-ﬁroducts plants was
verified by spiking samples éollected at different sources in alsecéndary

by-products plant with various concentrations of iscbutane and performing

- ': Scott Environmental Technology inc
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a temperature program of - chromatographie analysis to achieve the desired

-

degree of Separation. In all cases the desired separation was achieved,

D-2 Dispersion Apparatus
The-aﬁparatus fer the.dispersion of tracer consists of a

cylinder of the tracer gas connected to a dry gas meter, a rotameter and a

| dispersion tube. All necessary connecting lines are Teflon.

Two different dispersion tube‘configuretiens were tested, both..
were coestructed from 1/4" 0.D. stainless steel tubing. The first tube
tested.wee 8' long with the iraCer soeree connected to one eed of the tube. .
The tube contained hoies every lQ"_which:were‘progressively'Ia;ger moving:
awey'fromithe gas source.: The ﬁole size ranged from 0.062" to 0.031".: )
The . second tube was 8' long in two 4" sections which'are'connecte& via a.

T-joint to each other and to the tracer gas source. -This dispersion tube

has 0.041" holes every 19" and the ends are capped;

| . ,
PRESSURE € 8" —
6 AVGE _ e —
T
_ DISFERSION
_ RUTOMETER K | TUBE.
I 77 TEFLON LINE

(/)

& ,—L— pRY GAS METER

Of the two types of dispersion tubes tested the latter described

ISOBUTANE

was more efficient for the dispersion of the tracer., This judgement was made

by visual inspection of the holes_in each tube while isobutane was flowing at

Scott Environmental Technclogy Inc.
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0.1 CFM. .At-this rate.;sqbutaﬁe can be seen asiit‘leaves the dispe:siqn
tubeeand differences in the felative_volume leaving'each hole afefviseally-
discernible. The first cqnfiguration had all gas comiﬁg out of the first
2 holes, whereas the second-éonfiguration had uniform emissions ffom eech
orifice.: |

| Benzene was also released in two ways; by evaporatlod and
a_heated bubbler. Both methods proded adequate for experlmental determ;na—
‘tions. When evaporation was used to release benzene, a-stalnless ‘steel
pan. 16" x 24" x 1/2" was employed to contain the benzene. During an

experimental determination benzene was added to the pan in. 50 cc a11quots

- at intervals frequent enough to maintain a constant surface area of benzene.

This was done in order to keep the emission of benzene at a comstant rate,'
However, this evaporatlon method proved unsatlsfactory on days when the w1ed
speed exceeded 15-20 MPH due to the changing evaporation rate resulting
from gusting wind. A more steady emission of benzene was achieved by

using a heated bubbler. The bubbler system consisted of a 500 ce

impinger of the Greenburg-Smith design wfapped with a heat tape. The
impinger was kept at a constant temperature below the boiling point of
benzenef A rubber diapﬁragm pump was used to push atmospheric air throdgh_

a2 bubbler. Flow was regulated with a rotameter.

GREEMBURG-—SW
IMPINSER

ETE
RoTAM =

POME - VARVAC

S| scott Environmental Technology Inc
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'Ic was neeessary-to.adn more benzene dnring-en experimental
run, because the emission rate drops substantially if the benzene level
drops too low in the-impinger; The frequency of addition and the quantity
of benzene per addition are dependent on the. ‘emission rate being used.
For our determinations it was necessary to add 50 cc of benzene at. intervals
of approximately 10 minutes.

D-3 Experimental Determinations

An experiment consists of the release of a known amount of
isobutane and benzene simultaneously. Samples_are.collecfed along a 30°

arc, 25 feet downwind from the source of the,emissiqns;
COWNWIND |
. ; CoLLECTORS
st 5 2 '

EMISSION SOURLE

!

LPNINDG COLLECTOR _‘

Initially samples were grab eampies collected in clean one
liter glass gas flasks. Later samples were integrated over a 1/2 hour.
period and collectéd in clean 10-liter Teilar bags via Emission Measure-—
ments Air Quality Sampler with a flow rate of 10 LPH.

In initial determinatioms, poftionS‘of actual presurvey

samples containing 627 benzene were released in an effort to simulate

3| scott Environmental Tachnciogy Inc.




|

4

| P_aée‘_v D*-é" _ '

the type.of saﬁplé-éhich‘would be encountered in the-fiéld.  Vari§us1§m0un;é
of thé sample.mixture-from 0.20 tole-cc‘were:feleésed and sampies‘weré
célle;ted downwind in 1—1iter-gas flasks. Whén thesé samples weré aﬁélyée& :
the amount of benzene.detected was very small, app;oximatély 20‘ppb. _from- i
this it was apparent that it would be necessary to release significantly
more benzene in order to produce the:necéssary concentration at the |
sampling location so that quaqtative mass to mass ratios could be:calgulated.

Because of the neceséity'of‘releasing‘more.benzéne and.avoi&iﬁg
the foul odor which the high concentratioﬁ benzene field samples posseséed,
it was'depided that pure-benﬁgne_be ﬁsed for all‘sﬁfseqﬁent determinatiéns;

For the next serieé of experiments evaporation as previouély:

_described was used to release Benzene. This series-pflexperiments produced
results accuratg tb within le of the theoretical‘ﬁasé to mass ratios

-with a minimum benzene emission of 0.54 1b/hr for the series. These -
experiments were.pgrformed on-dajs.when‘the wind speéﬁ‘was lighé'(S - 10 .
MPH) and the wind direction was steady (See table‘Dll).

.The next experiment was designed to ;ést the variations which
might be introduced when the wind speed and direétion-were_less‘than favorable.
On the day selected the wind speed‘was 20-25 MPH and ﬁﬁe'diréction was 180°
variable due to a changing weather'systeﬁ. ‘The :ate.of eVaporation'of-thg.
benzene was noticeably affected by the conditions as were the dispersion
patterns of the emissions. Erratice résulﬁs were‘ptodﬁced by the meteorological
stress on key experimental variables. Calculated mass to mass ratios differed
from the theoretical value from 157 to as much as 56%Z, demonstrating the

' effect of high and.variable winds on the technique. In order to reduce

stress on the experiment the benzene bubbler as described was used to provide

Scott Environmental Technology Inc.
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a steady source of.benggng gmission at a rate thétswould be;indépéndénﬁ -
of'meteorélogical conditions. On the day chosen éo use-the_bubblér’éysﬁém._'j,
the wind speed was 15-20 MPH and'the.di;éCtion was steady. Favorabie_rg¥.l'
sults were obtained despite the relatively strbngnwind demonstrating that the
tracer technique is valid in winds up to 20 MPH depending on the sampliﬁg~
location (see Table D=1). . n

D-4 Summary

When using the tracer gas method it is necessary to verify

“that the tracer gas-is detectable at the sampling location of choice .

as the method is somewhat depeﬁdent ﬁpon ﬁeteorological conditions. -

The method works best when the wind speed is light to moderate, 5-15 MPH, -
and the wind direction is éteady. When thhlwind épeed exceeds approkimatelf .
20 EPH or if.there is no wind and/or the wind direqtibn-is too variable,-.
digperéion'patterns condusive. to accurate éamplinguare disturbed and'
quantitative mass to mass relationéhips-are'difficqlt.to estéblish.

The upper limit of stress'with_respect to meteorological conditions can

be examined by the spread of mass to mass ratios for each individual

sample for a given sampling rum. If the calculated‘ratios are inconsistenﬁ:
or. the deviation between each.calculated ratio and their mean is greater
than‘ZOZ, it would be neéessary to seek an explénation based on procéss.
varigtions or meteorologiéal conditions or to void the sampling run and
possibly suspend sampling until conditons are more favorable.

D=5 Field Sampling Strategy

The program for a sampling run will generally involve the
collection of triﬁlihate downwind samples and a single point upwind sample.

Actual sampler locations will be determined by the gas chromatograph on ‘

'¥{ Scott Environmental Technology fnc.
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site. Grab_samp;es-ﬁill be collected.in_glass:flaSRS-and An;l&zed fé.-
determine the benzene.concenttatipﬁ'in ;ﬁe vicinity of.ﬁhelsqurce to be
tested. This information will be co:related with &indlSpeed and girection;
.to choose the exaét samplet locations. -Iﬁ”the ideal case downwigdc‘
samplers will be equidistant from the source aﬁd along approximately a
30° arc.
Two sets of samplesIwillﬂbe_integrated‘ofer separate oné—-
half hour periods and together comstitute a single&test; Saﬁples
"will be déllected by Enviroﬁmén;al Measurements AQS IT sampiing system
into ¢lean 10-liter Tedlar bags. - Tedlar bags to.be reused for sampliﬂg
will_Bg flushed three times with nitrogen and alldWed to sit overnigﬁtf
threg-quarters full, Prior to.théir neﬁt use each will be aﬁalyzed for
be;iene content. ' | |
The tracer gas disﬁersioﬁ apparatus will be pﬁsitionéd over
; : the.sourcé-to-be tested as near as possiblé.to the actual emissions. -
Ideally the dispersion tube.dx support member will span the source‘of-thé_

emissions at its center.

T} scott Environmental Technology Inc.
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APPENDIX E

PROJECT PARTICIPANTS

The following people'partiéipated in some phase of the sampling

program at Wheeling-Pittsburgh Steel:

From Scott Envirommental Technology, Inc.:
Tom Bernstiel, Chemist
Jack Carney, Chemist

P. K. Chattopadhyay, Chemist

‘Page E-2

Dan FitzGerald, Manager, Eastern Operatioﬁs

Kevin Gordon, Techmician

Carolyn Graham, Chemical Engineer

Lou Reckner, Vice President and General Manager

. From Research Triangle Institute:

David Pasquini
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(] All continuous menitoring systems

. used in accordance with this section are

to romplete @ minimum of one cycls of

operation (sampling, analyzing, and data

reenrding) for each successive 15-minute
period. o :

{2) Owners or aperators-of ail
continuous moniloring sysiems instalied
in accordance with this subpart shall
check the zero and span-deift at least
once duily in accordance with the
methud prescribed by the manufacturer
of such systems unless the manafacturer
of such systems recommends
adjustments at shorter intervals, in
which case such recommendations shall
be followed. The daily span check is to
be conducted wiih reierence gas
containing a concentration of benzene
determined to be equivalent to the
emission limit for that source based on
the emission tests required by § 61.94.

{h) The calibration is to be done wiih

-either—

- (1} A calibration mixture prepared
from the liquids and gases specified in
Section 5.2.1 and 5.2.2 of Test Method
110 and in accordance wih Section 7.1
of Test Method 110; or :

{2} A calibration gas cylinder

. standard containing the appropriate

concentration of benzene. The gas
composition of the calibration gas
gylinder standard is te have been

certified by the manufecturer. The

manufacturer must have recommended a.

maximum sheif life for each cylinder so
#as standards will not be used if their

concentration has changed grealer than
25 percent from the certified value, The

. daia of gas cylinder preparation.

certified benzene concentration; and
recornmended maximum shelf life must
have been affixed to the cylinder before
shipment from the manufacturer to the
buyer. If a gas chromatograph is used as
the continuous monitoring system, these
gas-mixiures may be used directly {0
prepare a chromatograph calibration

curve as described in Section 7.2 of Test

Method 110 for certification of cylinder

standards and for establishment and

verification of calibration standards.
(i] After receipt and consideration of

‘written application. the Administrator

may approve use of an aiternative or
equivalent continuous monitoring
system, alternative monitoring
procedures, or alternative monitoring
requirements.

(Sec. 114, Clean Air Act as amended [42°
U.5.C. 7414])

§61.96 Recordkeeping requirements.
(a) The owner or operator of each ~

source to which this subpart applies

shall maintain daily records of the

monitoring {nformution specified in

§ €61.93{a). :

{b} Records are to be retained af the
sourcs and made available for _
inspection by the Adminstrator for a
minimum of 2 years. S
{Sna. 114, Clear Alr Act ag amended {42
U.S.C. 74141)

Appendix-B-—Test Methods

Method 119, Determination of Benzene From
Stationary Sources

- Performance of this method should not be

attemmiad by persons unfamiliar with the
vpetatica of a gas chromateeragh, nor by

thiose who are unfamilar with source
sumpling, because knowle bevand the

scope of this presentation is required. Care

must be exercisud to prevent exposure of

sampling personnel to benzene, a

carginogoen.

1. Applicability and Prinicple

1.1 Applicability. This method applies to
the measurement of benzene 1o stack gases
frum processes as specified. in the
regulations. The method does not remove
benzene contained in particulate matier,

1.2" Drinciple. Anintegrated bag sample of
stack gas containing benzene ana other
organics is subjected to gas chromatographic
{GC) anaivsis, using a Hame fonizativa
detector {FID). ' :

"2 Range and Sensitivity .

The range of this method is 0.1 to 70 ppm.
The upper limit may be extended by
extending the calibration range or by diluting
the sumple. o

3. nerferences

The chromatograph columns and the
correspomding operating parameters herein
described normally provide an adequate
resolution of benzene; however. resolution
interferences may be encountered on some
sources. Therefore, the chromatugraph
operator shall select the column and
operating purameiers best.suited to his
particular analysis problem. subject to the
approval of the Administrator. Approval is
automatic provided that the tester produces
confirming data throuoh-an adequate
supplemental analytical technigue, such as
analysis with a different column or GC/mass
spectroscopy, and has the data available for .
review by the Admunistrator.

4. Apparatus

41 Sampling (see Figure 110-1). The '
sampling train consists of the foilowing -
components: '

411 Probe. Stainless steel. Pyrex " glass,

or Teflon tubing (as stack temperature
permits}, equipped with a glass wool plugto -
remove particulate matter. o
412 Sample Lines. Teflon. 6.4 mm outside
diameter, of suificient length to connect
probe to bag. Use a new unused piece for

each series of bag samples that constitutes an .

emission test and discard upon completion of
the test. - '

11.3 Quick Cenrects. Stainless sieel,
male (2} and femalte (2). with bail checks (one

* Mention of trade names or speaiic products
does not cugstitute endarsement by the U.5,
Environmental Protection Agency.,

. L capacily, to contain s

gutir without] lugated as shown i figure 110-

414 Tedlaror aluminized Myiar bags, 100
ole, - ) o
aid leakproof

© 4,13 ‘Baa Conatuiners. i

-containers far sample bana with covering to . -
" . protect contents from S L
416 Needle Valve. To adjust sample flow :
s rute. " C

ight,

4.1.7 Pump. Leuk-free with minimum of 2
L/min capacity. -
4.1.8 Charcoal Tube, To prevent -

© atimission of benzene and other organics to
. the atmosphere in the viciznity of samplers.

418 Flow Meter. For observing sample
fiow rate: capable of meusuring a flow range
from 0.10 to L/min. o

4.110 Connecting Tubirig. Teflon, 6.4 mm

_ putside diameter. to assemble sampling train

{Figure 110-1.)

4.2 Sample Recovery. Teflon tubing, 6.4
mm outsids didmeter. is required to connect
chromatograph samople loop for sample
recovery. Use a new unused piece for each
series of biag swnples that constitutes an
emission tust and discard upon conclusion of -
analysig of those bags. ‘

43 Analysis. The following equipment is

‘needed:

1,31 Gas Chromatograph. With FID,
putentivmeiriv strip chart recoréar and 1.0 to
2.0 ml, sampling loop in autcmatic sample
valve. The chromatographic system shall be.-

‘canable of producing a response Lo 0.1ppm

benzene thui is at least as great as the
averuage nuise level. (Response is measured
from the average value of the buse line to the
mnaximum o! the wavetorm, while siandard
operating vonditions a2 in use

GILLING COGE 6560-01-M
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© STACK WALL
FILTER
(GLASS WOOL)

TEFLON

PROSE SAMPLE LINE

VACUUM LINE

£

NEEDLE
VALVE

CHECKS
‘ =
. QUICK / FLOW METER
CONNECTS |
FEMALE |
CHARCOAL TUBE -
o /)
TEDLAR OR _-
ALUMINIZED ] _ :
 MYLAR BAG \ =

RIGID LEAK-PROOF
CONTAINER

Figure 110-1. Integrated-bag sampling train. (Mention of tracie names or specific products
does not constitute endorsement by the Environmental Protection Agency.)
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4.3.2 Chromatugriphic Columns, Columns
as listed below: The analyst may use other
columns provided that the precision und
accurany of tne anaiysis of benzene
stundards are not imipaiced and ha has
availabie for review infurmation confirming
that there is adequate resolution of the
benzene peak. (Adequate resolution is
defined as an area overlup of not more than
10 percent of the benzene peak by an
interfetent peuk. Calculation of area overlap.
is explained in Appendix E, Supplement A:
"Determination of Adequate
Chromuatographic Peak Resolution,”)

4.3.21 Column A: Benzene in the Presence
of-Aliphatics. Stainless stecl. 244 m by 3.2
mm, containing 10 percent 1.2.3-tris (2-
cyanoethoxy) propane {TCEP) on 80/100
Chromosorb P ALY, )

4.3.2.2 Celumn B Denzene With
Separation of the Isomers of Xylena.
Stainless steel, 1.83 m by 3.2 mm. containing &
percent SP 1,200/1.75 percent Béatone 34 on.
100/120 Suplecoport.

4.1.3 -Flow Meters {2). Rotameter type, 100
mlL/min capagity.

4.34 ' Gas Regulators. For required gas-.
cylinders.- -

435 Thermometer. Accurate to1* C, to
measure temperature of heated sample loop -
at time of sample injection.

4.3.6 Barometer. Accurate to 5 mmFlg, to
measure atmospheric pressure around gas
chrematograph during sample analysis.

4.3.7 Pump. Leak-free. with minimum of
100 mL/min capacity. .

43.8 Recorder, Strip chart type, optionally
equipped with either dise or electronic
integrator. ’

4.3.9 Planimeter. Optienal, in place of dise.

ur electronic inlegrator, on recorder, tor
measure chromatograph peak aress.

'4.4. Calibration. Sections 4.4.2 through
4.4.5 are for the optional procedure in Section
7.1, . . '
44.1 Tubing. Tellon. 6.4 mm oulside

diameier, separate pleces marked for each

szlibration consentration.
4.4.2 Tedlur or Aluminized Mylar Bags. 50

L capacity, with valve; separate bag marked

for each calibration concentration. .

4.4.3 Syringes. 1.0 uL and 10 pL, gas tight,
individially calibrated to dispense liquid

benzene. °

444 Dry Gas Meter, With Temperatyre

.and Pressure Gavges. Accurate to =2 .

percent. tomeler nitrogen in preparation of * -
* standard gas mixtures, calibrated at the flow

rate used to prepare standards. :
443 Midget Impinger/Hot Plate
Assembly. To vaporize benzene.

5. Reagents

Use only reagents that are of
chromatographic grade.

5.1 Analysis. The [ollowing are needed
for analysis: . o

511 Helium or Nitrogen. Zero grade, for
chromatograph carrier gus. i

5.1.2 Hydronen. Zero grade.

5.13 Oxygen ur Air Zero grade; as
reguired by the detector,

52 Calibration. Use one of the following
options: either 1.2.1 and 5,.2.2, or 5.2.3.

5.21 Lveazune, 959 Mol Percent Pure.
Certified Ly the munvfacturer to contain a

minimum of 58 Mol percent benzene: for use’
in the preparaton of standard gus mixtures
a3 desceribed in Section 7.1,

522 Nirogen. Zero grade, for preparation
of standard gas mixtures as described in -
Section 7.1.. . .

5.2.3 Cylinder Standards {3). Gas mixture
stanmdurds (30, 10. ard 3 ppm benzene in
nitrogen cylinders). The tester may use
cylinder standards to directly prepare 2
chromatographn calibration curve as
described in Section 7.2.2, if the [oilowing -
conditions dre met: {a) The maaufucturer
certifics the gas composition withan
accurucy of =3 percent or bettar [see Section
5.2.3.1). (b) The manufaciurer recommends a
maximum shelf life over which the gas
concentration does not change by greater
than 5 pereent from the certified value. (c)
The manufacturer aifixes the date of gus
cyvlinder preparation, certified benzene
concentration, and recemmended maximum -
shelf life ta the cylinder before shipment to
the buver. ’ .

5231 Cylinder Standards Certification.
The manufacturer shall certify the
concentration of benzene in nitrogen in each
cylinder by (a} directly analyzing each
cylinder and (b} calibratirg his analytical
procedure-on the day of cylinder analysis. To
calibrate his analytical procedure, the
manufacturer shall uso, as a minimum, a
three-point calibration curve, It is
recommended that the manufacturer maintain
(1) a high-concentration calibration standard
(between 50 and 100 ppm) to prepare his-
calibration curve by an appropriate dilution
technique: and (2} a low-conceatration

calibration standard (between 5 and 10 ppm} '

to verify the dilution technigue used. If the
difference between the apparent -
concentration read from the calibration curv
and the true concentration assigned to the
low-concentration standard exceeds 5
percent of the true concentration, the
manufacturer shall determine the source of
error and correct it, then repeat the three-
point calibration.

5.2.3.2 Verification of Manufacturer's
Calibration Standards. Before using, the
manufacturer shall verify each caiibration
standard By (a} comparing it to g2s mixtures
prepared (with 99 Mol percent benzene) in

. accordance with the procedure described in

Section 7.1 or by {b) havirg it analyzed by the
National Bureau of Standards. The agreement
between the initially determined .
concentration value and the verification.
concentration value must be within +5
percent, The manufacturer must reverify all
calibration standards on a time interval
consistent with the sheif life.of the cylinder
standards sold.

5.2.4 Audit Cylinder Stapdards (2). Gas
mixture standards with concentrations
known only to the person supervising the
analysis of samples. The zudit cyiinder
standards shall be identicclly nrepared as
those in Section $.2.3 (benzene in nitrogen
cylinders). The concentrations of the audit -
cylinder skould be: one low-concentration
cylinder in the range of 5 10 20 ppat benzene
and ore high-conceatration eylinder in the
range of 100 to 300 ppm buenzeone. When
avalublu, the tester may obtain audit -
cylinders by contacting: U.5. Envirenmental

Protection Agency. Environmental Monitoring

" and Suppert Luboratery. Quality Assurance

Branch {MD =77). research Trianale Pack.

. North Carelina 27711, If audit cylinders are
"not available at the Eavironmental Protection.

Agency, the tester must secure an alternative

' source,

6. Frocedure

6.1 Sampling.-Assemble the sample train-
as shown in Figure 110~1. Petform a bag leak
check according to Section 7.3.2. Join the
quick connects ay illustrated, and determine
that all connections between the bag and the
probe are tight. Place the end of the probe at -

* the centroid of the stack, and start the pump

with the needle valve adjusted to vield a flow -

- that will mare than half fill the bag in the

sprcified sample period. After allowing -

_sufficient time to purge the line severai times,
-connect the vacuum line to the bag and

evacuate the bag until the rotameter indicales
no flow. At all times, direct the gas exiting
the rotameter away from sampling personnel.
At the end of the sample period, shut off the
pump, disconnect the sample iine from the
bag, and disconnect the vacuum line from the " -
bag container. Protect the bag container from
sunlight. ' '

6.2 Sample Storage. Keep the sample bags

'aut of direet sunlight, Perform the analysis
‘within 4 days of sample collection.

6.3 Sample Recovery. With 2 new piece of
Teflon tubing identified for that bag, connect
a bag inlet valve to the gas chromatograph
sample valve. Switch the valve to receive gas
from the bag through the samplz loop, - -
Arrange the equipment so the sample gas

‘passes irom the szample valve to a 100-mL/

‘min rotameter with flow control valve
foliowed by a charcoal tube ard a 1-in..
pressure gauge. The tester may maintain the
sample flow either by a vacuum pump or
container pressurization if the collection bag.
temains in the rigid container. After sample
loop purging is ceased, always allow the
pressure gauge to return to zero before
activating the gas sampling valve.

6.4 Analysis. Set the column temperature
to 80° C (176" F) for column A or 75° C (167°
F) for column B, and the detector temperature
to 275" C (437° F), When optimum hydrogen
and oxygen flow rates have been determined,
verify and maintain these flow rates during
all chromatograph operations. Using zero
helium or nitrogen as the carrier gas, -
establish a flow rate in the range consistent
with the manufacturer’'s requirements for
satisfactory detector operation. A flow rate of
approximately 20 mL/min should produce
adequate separations, Observe the base line

" periodically and determine that the noise

level has stabilized and that base-line drift
has ceased. Purge the sample loop for 30 se
at-the rate of 100 mL/min, then activate the
sample valve. Record the injection time (the
position of the pen on the chart at the time of
sample injection), the sample number, the
sample loop temperature, the column
temperature, carrier nas flow rate, chart
speed. and the attenuntor selting. From the
chart. note the peak having the retention time
corresponding to benzene, as determined in
Section 7.2.1. Measure the bernzane peak area,
A, by use of a disc integratar, electronic -
integrator, or a planimeter, Record Ag and
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the retention time. Repeat the injeciion at

least two times or until two consecutive

values for the total arex of the benzrne peak

do not vary more than 5 percent. Use the

average value of these two tolu] areas to |

compute the bag concentration.

6.5 Determination of Bag Water Vapar

Content. Measure the ambient temperature

and barometric pressure near the bag. Froma |

water saluration vapor pressure table,

determine and record the water vapor . K - .

content of the bag as a decimal [igure. , - : . 3
_(Assume the relative humtdxty to.be 100 o :

percent uniesg a lesser value is known.)

7. Preparation of Standard Gas Mixtures, - . . o Sy
Colibration, and Quality Assurance :

. 7.1 Preparation of Benzene Standard Gas

Mixtures. {Ontional procedure—delete if

cylindér standards are used.) Assemble the.

apparatus shown in Figure 110-2. Evacuate a

50~L Tedlar or aluminized Mylar bag thathas.

passed a leak check (described in Section .

7.3.2) and meter in about 50 L of nitrogen.,

Measure the barometric pressure, the relative

pressure at the dry gas meter, and the

temperature at the dry gas meter. While the

bag is filling. use the 10uL syringe to inject

10uL of 89+ percent benzene through the

septum on top of lhe impinger. Thisrgives a

concentration of approximately 50 ppm of . :

benzene. In a like manner, use the other ’ o .
syringe to prepare dilutions having - .
approximately 10 ppm and.5 ppm benzene . . .
concenirations. To calculate the specific . : o . : R
concentrations, refer to Section 8.1. These gas : ) '
mixture standards may be vsed for 7 days

from the date of preparation, after which time
preparation of new gas mixtures is rcqui.red.
{Caution: If the new gas mixture standard is &
lower concentration than the previous gas-
mixture standard, contamization may be a.

- problem when a bag is reused.) ‘ ) . - . . . - NS
7.2 Calibration. o : s ’ .- . . o (-
721 Determination of Benzene Retention ' . Co ' A
Time. (This section can be performed . E - C : : o : 1 ‘

simultaneously with Section 7.2.2,) Establish:

chromatograph conditions identical with

those in Section 6.4, above. Determine proper

attenuator position. Flush the sampling loop. . .
with zero helium ornitrozen and activate the . . - : . i .
sample valve. Record the injection time, the . . . ot g
sample loop temperature, the column ‘ : . d ’
temperature, the carrier gas flow rate, the

chart speed; and the attenuator setting.

Record peaks and delector responses that

occur in the absénce of benzene, Maintain

conditions, with the equipment plumbing

arranged identically to Section 6.3, and flush : : o )
the sample loop far 30 sec at the rate of 100 . . o _ |
mL/min with one of the benzene-calibration- ’ - . i :
mixtures. Then activate the sample valve. .
‘Record the injection time. Select the peak
that corresponds to banzene. Measure the . -
distance on the chart from the injection time
to the time a! which the peak maximum

occurs. This distance divided by the chart : . _ L i I |
speed is defined as-the benzene peak _ . - . .
retention timm-Since it is quite likely that = . ; . - ‘ . ) -

there will be other organics present in the
sample, it is very important that positive
identificatior: of the benzene peak be made.
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Question. analysis aud.u described in Appendiix E, 8. Aejerences

7.2.2 Preparation of Cl-mmatogmph

. Calibration Curve. Make a gas

chromatographic measurement of each .
stundard gas mixture (uvscribed in Section
5.2.3 0r.7.1.1) using conditions identical with
those listed in Sections 6.3 und 6.4. Flush the
sampling loop far 30 sec at the rate of mL{
min with one of the standard gas mixtures
and activate the sampe vaive. Record C,, the
concentration of benzene injected, the
atlenuator setting. chart speed, peak area,
sample loop temperature, column
temperatlure. carrier pas flow rate, and
retention time. Record the laboratory
pressure. Calculate A, the peak area
multiplied by the atlenuator setting. Repeat
until two consecutive injection areas are
within 5 percent, then plot the average of
those two values versus C.. When the other
standard gas mixtures have been similarly
analyzed and plotted, draw a straight line

" through the points derived by the least

sguares method. Perform calibration daily, er
before and after each set of bag samples,
whichever is more frequent.

7.3 'Qualitv Assurance.

7:3.1 Analysis Audit. Inmediately a.fter
the prepdration of the calibration eurve and
before the sample analyses, perform the

Supplement B: “Procedure for led Auditing
GC Analysis.”

7.3.2 Dag Leak Checks. While
puﬂ'urmance of this seclina is raquired after
bag use, it is also advised that it be
performed before bag use. After each use,
make sure a bag did act develop leaks by
connecting 8 water manomelter and
pressurizing the bagtoSto1Wem H.O0 (2104
in. H:0). Allow to stand for 10 min. Any
displacement in the water manometer
indicates a leak. Also, check the rigid
container for leaks in this manner, (Note: an
aliernative leak check method is to pressurize «
the bagto 5to 10 em H.Q or 2 to 4 in. H-0
and allow to stand overcight. A deflated bag
indicates a leak.} For.each sample bag in its
rigid container, piace a rotumeter in line
between the bag and the pump inlet.
Evacuate the bag. Fuailure of the rotameier to
register zero flow when the bag appears'to be -
empty indicates a leak,

8. Calculations _
8.1 Optional Benzene Standards -

" Concentrations, Calculate each benzene

standard ¢oncentration (C; in. ppm)-prepargd
in accordance with Section 7.1 as fdlluws:

c = B(0. 27063(10%)
c oy oy 28 'm
- m T T80
a
BT : .
o - 0 (110-1)
- c = 701. 9_ vy )
m M
whara: .
8 = Volume of benzene 1n]e:ted microliters.
A/ = (Gas volume measured by dry gas meter, Titers.
Y = Ory gas meter calibration factor, dimensionless.
Ffﬁ & Absciute pressure of Lhe ary gas meter, mmHg.
Tm ‘=' Absolute temperature of the dry gas meter, °K.
0.2706 = 1Ideal gas valume of Wanzene at 2939 K and 760 rang L/mL
. llil3 = (Conversion factor E(ppm)(mL)/ull.

8.2 Benzene Sample Concentratioms.

From the calibratien curve de-

scribed in Section 7.2.2 abave, select the value of . that corresponds to

'Ac' Calculate the concentration of benzene in the sample (Cs_in ppm) as
follows:
& = TTEE;{I-E-—I . (110-2)
ir wh
wheras: T
' ., = Concentration of benzeme in the sample, ppa.
C¢ = Concentration .of benzeme indicated by the gas chromatograph,
PPm. : :
Pr = Reference pressure, ttwe barometric pressure recorded during
calibration, mmig,
Ti. = Sample loop temperatuwe at the time of analysis, 9K.
P, = Barometric pressure zX time of analysis, maHg.
T = Reference temperature. the sample loop temperatﬁre recarded
- during calibration, M.
SQb. = Water vapor content Gf the bag sample, volure fraction.
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Series, EPA-600/4-74-057. October 1978.

3. Supelco, Inc. Separation of Hydrocarbons.
Bellefonte, Pa. Bulletins 743A. 740C, and

740D, 1974, '

. 4, Current Peaks. 10:1. Carle Instnxmems. Inc

Fullerton. Calif. 1977,

“8. Knoll; Joseph E. Communications

Concerning Chromatographic Columns
for Benzene Analysis. October 18, 1977.

6. Knoll. Joseph E. Communications
Concerning Gas Chromatographic -
Columns for Separating Benzene From
Other Organics in Cumene and Maleic
Anhydride Process Effluents. November
10, 1977,

Appendnx c
Sunplement A~-Determination of Adequale

Chromatographic Peak Resolution

1n this method of dealing with resaultien,
the extent te which one chromatographic
peak overlaps another is determined.

For convenience, consider the range of the
elution curve of each compound as running
frem — 20 to +20. This range is used in ather

-resolution criteria. and it contains 95.45.

percent of the area of a normal curve. If two -

' peaks are separated by a known distance, b,

one can determine the fraction of the area of
ose curve that lies within the range of the
other. The extent to which the ehition curve
of a contaminant compound overlaps the
curve of a compotad that is under analysis is

" found by integrating the contaminant curve
‘over limits b—2c, to b+ 20, where o, is

the standard deviation ot ihe sample curve. .
There are several wayvs this czlculation can - -
be simplified. Overlap can be determined for
curves of unit area; then actual areas can be
intraduced. The desired integration can be
resolved into two iniegrals of the normal
distribution function for which there are
convenient calcualtion proerams and tables,
An exampie would be Pregram 15 in Texas

. Instruments Program Manuzl ST1, 1975,

Texas Insiruments. Inc.. Dallas, Texas 75222,
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.t_;ozu.*q tz » 2 = 2.
. 25 12 . N T
- . i = 1 - 1 ‘ T
) b ¢ =)o “om) e e
. b-2g, . . . b2a, - beam
% o %

The following calculation. steps are required; ®

3

‘ 1 Zas = ts/q?‘TE_f
I S Y, urys
i : 3. % = (b-ZUs)/crc
; £ x, = (b*-Zos)/ac
. . 53
5. Q(xl) =1 \e e dx
. Jan J
*
N e xz
6 Qx,)_ 1 e 7 L
Va ., o -
o, Qxp) - Qxy)
8 ﬁo = IoAc/As _
9. Percentage overlap = Ao x 100
" where . )
As = The area of the sample-peak of interest determined by elac
: tronic integration, or by the formula As = hgts' .

Ac = The ‘area of the contaminant peak, determined in the same
manner as As' .

b = The distance on the chromatograghic chart that separates the
maxima of the two peaks. '

Hs = The peak height of the sample compound of interest, measured
fram the average value of the baseline to the maximum of the
curve. -

t, = The width of the sample peak of interest at 1/2 of peak
height. . )

tc = The width of the contaminant peak at 1/2 pf peak height.

o, = The standard deviation of the sample compound of interest

. elution curve.
: g, = The standard deviation of the contaminant elution curve.
i Q(xlk = The integral of the normal distribution fupction from x, to
i infinity. .
! @x,) = The integral of the rormal distribution function from x, to
i infinity.
h to = The overlap integral.
Ao = The area averlap fraction.

*Tn mast instances, Q(x,) is very small and may be neglectad.

r gt s ———— & e - R

. In judging the suitubility of altemate'gas
chromatographic columas, or the effects of
aitering chromatographic conditions, one can
cinploy the area overlap as the resolution
paraineter with a specific maximum
permissible value. - ‘

The use of Caussian functions to describe
chromatographic eluticn curves is ‘
widespread. However, some elution curves
are highly asymmetric. In those cases where
the sumple peak is followed by a
contaiminant that has a leading edge that
rises shurply but the curve then tails off, it -
may be possible to define an effective width

“far & as "twice the distance from the leading
edge lo a perpendicular line through the
maxim of Lhe contaminant curve, measnred
along a perpendicular bisection of that line.”

Supplement B—Procedute for Field Audiling
GC Analysis

Responsibilities of audit supervisor and
analyst at the source sampling site include

_ the following: .

A. Check that audit cylinders are stored in
.a safe location both before and after the audit
to prevent vandalism of same, ;

B. At the beginning and conclusion of the

. audit, record each cylinder number and

cylinder pressure. Never analyze an andit
cylinder when the pressure draps below 200
psi.

C. During the audit, the analystis to’
perform a minimum of two consecutive

_analyses of each audit cylinder gas. The audit

must be condueted to coincide with the
analysis of source test sumples, Normally, it
will be conducted immediately aiter the GG

. calibration and prior-to the sample analyses.

. At the end of audit analyses. the audit
-supervisor requests the caleulated
corcentrations from the analyst and then
comparzs the resulls with the actual audit
concentrations. If each measured.
conceniration agrees with the respective
actyal concentration within 10 percent, he
then, directs the analyst to begin the analysia
of scurce samples. Audit supervisor judgment
and/or supervisory policy determine course
of action with agreement is not within +10
pereent. Where a consistent bias in excess of
10 percent is found. it may be possibleto
praceed with the sample analyses. with a
corrective factor to be applied to the results
at a later time. However. every attempt |
should be made to locate the cause of the
discrepancy. as it may be misleading. The
audit supervisor is to récord each cylinder

. number, cylinder pressure (at the end of the

audit}, and all caleuluted concentrations. The
individua] being audited must not under any
circumstance be told the actual audit
concentrations until the calculated.
cencentriations have been submitted to the
audit supervisor.
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ESED. (MD-13)-

The ‘enclosed f1na1 source test report 1s subm1tted for your ‘
information. Any questions regarding the test should-be directed
to the Project Officer (telephone: 8/629-5543). Additional -
Tr1an91e Park, North Carolina 27711.
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(copy enclosed for State agency)
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