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1.0 INTRODUCTION

. Scott Environmmental Services, a division of Scott Envirommental
Technology, Inc. conducted a sampling program at United States Steel
Corporation in Fairless Hills, Pennsylvania to determine benzene emissions
from four sources in the coke by-products recovery plant. The work was‘
performed for the United States Envirommental Protection Agency, Emission
Measurement Branch, under Contract Number 68-02-2813, Work Assignmeﬁt 48,
The Fairless Works was the fourth of seven coke by-product plants visited to
collect data fér a possible National Emission Standard for Hazardous Air
Pollutants for benzene.

Sampiing was conducted at U.S. Steel from September 8th through
llﬁh, 1980. ‘Air and liquid samples for benzene analysis were collected
from the cooling tower direct water final cooler, wash oil'decantef, and

from the two tar dehydrators.

Scott Environmental Technology Inc.
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2.0 SUMMARY. OF RESULTS

Page 2-~1

Benzene Emission Rate

Process 1b/hr

Cooling tower-direct water final cooler 70.2

Wash oil decanter - 0.87

Tar dehydrator-west tank | 6,95

Tar dehydrator-east tank 2,45
(| Scott Environmental Technology inc.

kg/hr
31.8

0.39
3.15

1.11
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3.0 DISCUSSION OF RESULTS

3.1 COOLING TOWER

Hot water from éhe'direét water final coole; is pumped to a hot
well, where.it is circulated over a 60-foot high atmospheric cooling tower. -
The tower has a 17 foot diameter fan on top for pulling air countercurrent
to the falling water to effect the cooling. The tower also effectively ﬁ;
acts as a stripper for benzene contained in the hot well water.

Four EPA Method liO runs were donme on the cooling tower on
September 9th and lith, 1980. Table 3-1 presents the results of the tests.
The tﬁird run was voided because the concentration in the collected sample

was over twice as high as in the first‘two, indicating a contaminated

" sampling bag was used. When this was verified by the bag log book entries,

the run was declared void and a fourth test was run. The :esults;of the

third test are included in Table 3-1 fqr comparisons of t@mpérature.and

flow rate.

A 24-point sampling and velocity traverse was made across two
diameters of the i7 foot fan shroud to obtain an integrated sémple; ‘The
average result for the three good tests was 70.2 1b/hr. All stack flowrates

were corrected to the average conditions at which the benzene conéentratioﬁés

were measured in the Tedlar bags; assumed to be saturated at 68°F and .

29,92 in. He. (2%% méisture). Example calculations are shown in_Appeﬁdix A.

The fourth test yielded highér mass emission rates thaﬁ the firsf.-
two tests aithoﬁgﬁ the benzene concentration was similar, dué to-hizher”‘"-
measured stack velocities. This could be a result of the high winds on o
that day, which affected fhe vane anemometer used to measure velocity,

although it was also somewhat windy on the first day, as noted on the field.

data sheets in Appendix A.

Q| scott Environmental Technology Inc.
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The stack velocity data of all four tests show that oﬁe quadrant

of the fan shroud had consistently higher velocities than the others. This -

-could be a consequence of localized Wind effects, since the wind was pre=

dominantly from that side of the ;ower,‘or could be the result of a varia-. 
tion in the internal packing structure of the tower which could cause a
higher air flow;bn‘oﬁe.side.

Liqﬁi&'samples were dipped from the hot well and-cold well after

each of the first three test rums, with'temperatures of approximately 95° and

789F respectively. As shown in Table 3-1, the first hot well sample contained

much less benzene than the other two. Replicate analyses verified this re-

gsult. This apparently indicates a great.degl of variability in the feed
water benzene concentration, due to stratification or incomplete mixing in
the hot well.

3.2 WASH OIL DECANTER

The wash oil decantér separafes water from the wash oil before it
enters the wash oil.cooier by settling out the water due to density differences.
The decanter is vented to the atmosphere, and beﬁzene contaiﬁed in the hot
wash oil could be directly emitted from this procéss.

Triplicate Method 110 tests were run on the decanter. The data .
shown in Table 3-2 indicate an average emission rate of 0.87 lb/hr benzenef
The moisture content of the stréam was highg the avé:age for the three .runs
was.GO.SZ moisture, as détermined from the volume of wﬁtet-collected in the.
water trap. (See sample calculations in Appendix A). Three moisture

determinations were fun using silica gel tubes, dry gas meter and pump
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as described in Section 6.2, as an additional check:tbainsure the accuracy
of the Method 110 data. The average for these three funs_was 59.17%
moisture, which confirmed the acecuracy of our previous findings. These
calculations can also be found in Appendix A.

Triplicate liquid samples were dipped from the hatchway next to
the sampling vent immediately after the three tests were ;;n. The liquid

0 ] ;
temperature was 205 F and the average benzene concentration in the

samples was 44.3 ppm by weight.

3.3 TAR DEHYDRATORS

Two tanks in series heat the tar from the tar decanter to drive
off the entrained water. Benzene contained in the tar is also potentially
released with the water.

Method 110 was modified by_bubbliﬁg the‘sample stream through
propylene carbdnate to remove the naphthalene, as described in.Section 6.3.
Significant amounts of benzene were found in the propylene carbonéte'
solution, and these amounts were added to the total benzene found in the
collected bag samples to determine mass emissions from this source.

As shown in Table 3-3, the mass emission rate from the west_taﬁk
(1st in series) ranged from 1 to 15 1b/hr. with an. average of 6.95 1b/hr. - -
and the east tank emission rate varied from 1 to 4 1b/hr. with an average\
of 2.45 1b/hr. There was great variability between velocity readings,
not only between runs but from reading to reading on each single run, as
can be seen from the field data sheets in Appendix B. Also the benzene
concentratién varied from about 700 ppm to over 3000 ppm between the dif-
ferent runs. Generally the benzene concentration increased when stack

temperature increased.

§| Scott Environmental Technology Inc.
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Liquid samples were collected from each of the tanks through the

manway and from the inlet to the west tank in the funmel. As shown in

Table 3-3, the west tank inlet had an average benzene concentration of

280 ppm, while the west tank process liquid contained 620 ppm benzene.

It is possible that the funnel is not the only inlet to the west tank, or

that there is great variability in the composition of the inlet liquid

because of multiple sources.

3| Scott Environmental Technology Inc.
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4.0 PROCESS DESCRIPTION
The U.S. Steel facility at Fairless Hills, Pennsylvania, opefates.

two éokembatteries,,éach With 87 Wilputte ovens. The.uﬁit operationS'at_the
coke by-product plant are primary qooling,.tar dgcanfing, exhausting, tar
electrostatic precipitation, ammonia recovery, naphthalene recovery,-finalj
cooling, and light o0il recovery. |

| The gas leaving the ovens is collected in a collecting main where
it is gprayed with flushing liquor to'rednce the.te@peréture to abdut l75°F.
When the gas and flushing liquor leave the batterygaréa, the f;uéhing‘
liquor separates from the gas and travels to the flushing liqupr decanter.
The gas 1is transported from the collecting main thrpugh a cféssovetnmain,.
and it proceeds to the primary coolers; gas enters. the pfimary cooler at
aboﬁt 175°F and leaves.at 959F. Water from the primary cooler goes to the

tar decanter, and the tar from the tar decanters and flushing liquor

:decahtér is pumped td the tar dehydrator. Folldwiﬁg-the pfiﬁary cbéié;é, L
the gas stream is pressurized by steam turbine-driven exhausters énd then
it enters the electrostatic precipitator. The flushing liquor decanter
separates the dirty liqubr into flushing liquor, tar,.éﬁd sludge. Flushing
liquor is returned to:the batteries for reuse, and any excess is.pumped to .
the phenolized weak ammonia tanks. After'passiﬁg through the electrostatic
precipitor, the gas is conveyed to the ammonia recovery area. Ammonia is
recovered. by using a 5 to 6 percent sulfuric acid solution; the final pro;
ducf of this operafidn-is ammbnium sulfate crystals.

The coke'oven gas proceeds.frdﬁ the ammonia‘recovery area to a.di;ect

water final cooler. The final cooler water flows from the cooler to a

separation'basin'where crude naphthalene: is skimmed from the surface, dried

Q3| Scott Environmental Technology Inc.
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to 3 to 4 percent moisture, and pumped to storage. The water is pumped

from'the“separation basin to the hot well of the final cooler cooling
tower. |

After cooling, the c&ke oven gas enters the twé'wash oil écrubbers
which are in series with the countercurrent flow of the wash oil and the
gas stream. The benzolized wash éil is pumped to the light oil recovery
area where light oil is removed by steamjstripping.‘ The light oil flows to
the crude fesi&ue separation columm to separafe thé-primary light oil
(0° to 150° fraction). The primary 1ight 0il vapors are cooled in a
condense:,.and the pfimary light oil goes to a light oil dedaﬁtér;.whichais
not ventgd to the atmosphere, for water removal. Tﬁe primary light oil is
collected in a tank and pumped to storagé‘before it is shipped. The second;
ary light oil (150° to 290° F fraction) is separated, recovered, énd stored;
No further processing of the recovered oils is performed at the Fairless'
Hills plant. |

After being_stripped of 1light oils, the debenzolized wash oil flows to

a wash oil decanter.‘ Water is removed, and the wash oil is-cooled in an

indirect cooler and is returned to the wash oil scrubbers.

The clean coke oven gas exiting the wash-oil scrubbérs_is used for-
fuel. Approximately 35 percent of tﬁis.gas is used for battery underfire
while the remainder is piped to the mill for operétions such as firing the
boilers and furnaces. |
4.1 PROCESS OPERATING PARAMETERS

The emissions from the final cooler cooling tower, wash oil decanter,

and tar dehydrator were tested.

Q| Scott Environmental Technology Inc.
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The following process data were collected during the benzene emission
testing.

A, Process’ parameters.

. The water flow rate in the final cooler cooling tower was
2,100 gallons/minute.

. The flow rate of benzolized wash oil from the wash oil
decanter was 27,500 gallons/hour.

. The residence time of tar im the tar dehydrator was 24 hours.

B. Production data

Item 9/9/80 9/10/80 9/11/80

Coal charged/day (toms) 3,770 3,776 - 4,027
Coke produced (tons) . 2,760 2,713 2,811
Coke oven gas produced o : .
(cubic feet) 40,678 x 103 40,918 x 103 41,672 x 103
Lighf oil produced' v_ h

— (gallons) 7,185 9,733 © 7,571

- . Naphthalene produced o .
- (gallons) : 490 450 475

Tar produced (gallons) 31,030 28,960 33,100

The coal mixture was 70 percent ﬁigh volatile coal and 30 percent

low wvolatile coal.

Q3| Scott Environmental Technology Inc
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5.0 FIELD SAMPLING_A&D ANALYSIS METHODOLOGY

5.1 DETERMINAIION OF BENZENE FROM STATIONARY SOURCES.-_
EPA METHOD 110 AND MODIFICATIONS

‘EPA MEthodOllO consists of drawing a time—integrated stack gas
sample through a probe into a Tédlar* éample,bag, which is enclosed in a.
leak~free drum, by use of a pump hooked to the drum outlet which slowly
evacuates the drum, causing the bag to fill. A copy of the.method is
included in Appendix D. |

The method was modified by Scott because éé it stands the
method doesn't account for moisture in the sample stream, and is only
designed to measure béﬂzene-concentration, not mass emission rate.' The
following modifications-were made to all tests dome using Meihod 110:

1.; To obtain mass emission rates velocity and temperature
readings were taken at the top of the stack at 5 minute intervals during
the 30-minute sampling runs. This information was used-toucglculate flowe
rate, which was used in coqjunction with the bénzene concentration to
yield the mass emission rate. Velocity readings were made using a vane
anemometer with direct eléctronic readout.

2. A personpel sampling pump was sSubstituted for'the.puﬁp;
needle valve, and rowﬁeter of the method. The personmel pumps have
built-in flowmeters and rate adjustment screws and have the further
advantage of being intrinsically safe, as required in maﬁy afeas of

the coke plant.

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

| Scott Environmental Technology Inc.
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3. Swagelok_fit;ings were used in piace of quick9c6nngcts}-'

4. Rather than discarding Teflon samplEnliﬁes after eaéh_set
of sampleé,nthey were washed with propyleﬁe carbonate ahd/6r acetone and -
flushed with nitrogen before reuse.

5. An orifice and magnehelic gauge Were.insertéd.in'thg sampling
line before the Tedlar bag to indicéte-that air flow QaS‘reaching the
‘bag. | |
t 6; A water_knock§ut'trap_waS‘inserted between the prébe'énd

. magnehelic gauge tovcollect any condensate in tﬁe sample line.
7. The following cléanup procedures were followed:

If_any condensate was collected in the tfap or sample_line,'it
was measured and saved fér analysis. ‘The probe, line and trap Qere then .-
washed with propylene carbonate, whiﬁh was also saved for aﬁalysis. _Any
‘benzene fqund in.théseywashés and waterycatches‘wés;added t& the¢total:found
in the sampﬁe bag to.detefmine_mass emission rates.

’ Bég volumes were measured'whenevef water was collected in the
' traﬁ by;emptying the bag through a dry gas meter after the sample ﬁasif_
analyéed. The volume of water coilected in the traﬁ was then converted
to an equivaient air volume and was added to the volume in the bag to
' détermine thé percent moisturé in the sample stream. |

After the probe, line and trap washes werg-comﬁleted, the lines

were washed with acetone to remove the propylene carbonate film and flushed.

with nitrogen to dry.

Figure 5-1 shows the modified Method 110 setup..

-3l

}| Scott Environmental Technclogy Inc.
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5.2. SAMPLE HANDLING

| After being collectéd the gas samples Weré immediately'.
transported-to the gas.chromatbgraph-and analyzéd. The elapsed time
between sample éolie&tion and analysis never exceeded one hbur,
To verify that.there'was no sample degradation in samples of this type
some of the samples were retained for724-houré and-reanaiyzed. The |

loss of benzene and isobutane observed was typically.less_than-SZ. _

5.3 FIELD ANALYSIS

‘All gas samples cpllécted.were analyzed using a Shimédzu‘
GC Mini 1 gas chromatograph equipped with dual flaﬁe ionization
detectors, dual electrometers, heated sample_loop;and a.backflushv
system. Figure 5-2 shows a; schematip.of the backflush appaféfus.

The baékflush-system is composed-nf_a_ten‘port.sequenqe'feversal valvé
and two.éolumnS,.a scrubbe:‘éolumn‘for retaining high molecular weight
compounds and an analytical column. When the system is in the inject

‘mode the scrubber célumn and the analytical column are comnected in

~ series allowing éample components ta mnﬁe from the precolumn to the
analjtical column. -In the backflush:mode the coluﬁns are discopnected.
from éach other and become two separate systems‘eaéh with its own
carrier gas source. This arrangement allows the.separation‘and measﬁre—f
ment 6f low molecular weight compounds whiie the scrubber column is
being backflushed of heavier sample components. Backflush times for
different mixtures of sample compdnents must be predetermined to insure
that the-éompound(s) of interest are traﬁsferred to the.énalytical

- column before backflushing is started.

[{%#] scott Environmental Technelogy inc.
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Samplgs:for chrométdgraphic‘énalysis WEre‘drawn.intora 20
cé‘glass:syriﬁge thén-intfaducéd fo the sample loop 1n1et.'_Thé_‘
sgmples once in the sample looﬁ were allowed fq coﬁe_;o atmosphéric:
'press;:e:by wailting 15 seconds prior fo‘injeqtion. .The following.

chromatographic conditions were maintained:

Column Temperature (isdthermal) - 100°C‘
Injector and Deteétor Témperature | - 200°¢

S'ﬁl Sample Loop, Temperature -_SOOC
Carrier Gas Flow Rate - 32 cc/min;  
derogen Flow Rate ~- 40 cc/min.

Air Flow Rate

240'cc/min.

Analysis Time . = 5 min.

Detector Flame Ionization

The columns used for field amnalysis weré:7
A - Scrubber Column

107 FFAP on Supelcoport 80/100
1/8" x 1 m Stainless Steel

B - Analytical Column
907 SP-2100, 0.1% Carbowax 1500

100/120 Supelcoport
1/8" x 10' Stainless Steel.

' Scott Environmental Technology Inc.
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6.0 FIELD SAMPLING

6.1 COOLING TOWER

The cooling tower stands about 60 feet high and has a 17-foot

diameter fan on top surrounded by a 15-foot high shroud. Self-contained

- breathing apparatué was required by the plant for aﬁyone working at the

level of the top of the shroud. S

Sampling was conductea in'acdogdance With ﬁPA Method 110,
modified as described in Séctioﬁ_S.l,‘and utilizing a 24-point saﬁpling
and yelocity-t:averse_to colléct an integrated sample and an accufate velocity
prdfileb .The sampling time at each-traverSe_point was two minutes.

'The third run was voided because the-QOQantration of benzene
in the collected saméle was over twice as high as in.the first two, indicating
a contaminéted sampling bag. When checking the bgg‘history, it was found
that the bag had been previously.used at:a.véry7high€concentratioﬁ-sburte,
and cleaning the bag following our standard procedﬁré would have left
considerable residual benzengf The bag had not been‘checked for background
benzene prior to use dug to an oversight wheﬁ'packing to leave the previous
plant. - The run was therefore declared void and a fourth test was run.

Liquid samples were extractéd,from the hot;and cold wells after-
each of the fi;st_threé test runs using anualuminﬁm can on a rope. Aﬁbér
glass bottles were then filled from the can and the samples weré returned to

Scott's laboratorj for analysis.
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6.2 WASH 0IL. DECANTER

Three Method 110 tests were conducted on_the wash oil decanter.
The moisture content of the stack gas was high, and the water £rap catch
volume was measured to use in calculating.the percent moisture. As a check
on the accuracy of the moisture comtent determined'from-the water catch,
three separate moisture determination tests were run by drawing a source
sample through tared silica gel tubes qonnected to a calibrated dry gas
meter using a personnel sampling pump. The éverage'results of the two
moisture determination methods were 60.5Z for the;water.catch and 59.1%
for the silica gel, indicating that the method using the water ca;ch volume
is accurate aﬁd can be used with assurance for other process calculations.

The wash oil in the décanter is very hot (205°F) and the hétchways
on:the tank (see:Figure 6~2) are normally open in summer toltelease_heat,'
‘During sampling, the hatchways were closed.so emissions were coming only -
from the vent stack.

Liduid samples were dipped from the hatchway on the inlet end

'-ofrthe tank, next to the sampling vent. The liquid level was within.G"

Qf the top of the decanter. Samples were dipped with an aluminﬁm sampling -
container and allowed to cool slightly before transferring to amber glass

bottles.

6.3 TAR DEHYDRATORS

Triplicafe Method 110 tests were run simultaneously on the east -
and west tar dehydrators shown in figure 6~3. In addition to the method
modifications described in Section 5.1, some additional changes were made

to deal with the problem of naphthalene constantly plugging the probe and

U Scott Environmental Technology Inc.
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sample line. The sample stream was bubbled through propylene carbonate tQV
knock out the naphthalene, using a large diameter glass elbow aé A.probe.
_Afterythg-naphthalene was scrubbed out,‘éherampleystreamHPASSed through
‘Teflon tubing and on into the sampling drum as usual. Figure 6-4 sﬁows tﬁe
propylene carbonate sampling train. The glass probe was connected directly
to‘two‘impiﬁgers_each'containing_lOO ml of propylene carbonate and a third
empty.impingér. The impingers were contained in a bucket which was hooked
6nto the top of the sfack.

Cleanup consisted of saving the impinger catches #nd washes in .

addition to the sample line and water trap waéhes for analysis. of benzeﬁe;
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7.0 LABORATORY SAMPLE ANALYSIS .
Two types of liquid samples were collected: process iiquidé,-and'g3

sample line and water trap catches and washes. All liquid samplés vere

stored iﬁ amber glass bottles and returned to Scott's Plumsteadville labbratory 

for analysis. ' T - ) : _ -
7.1 SAMPLE PREPARATION
Depending upon the complexity of the sample, one of the following

sample preparation procedures was followed prior to' the "purge and trap"

procedure and analysis.

Samples Containing Immiscible Liquid Phases

Using a clinical centrifuge (International Equipment Company,

Massachusetts) immiscib;e liquid phases were separated and‘each phase was

r

analyzed separately for benzene.

Samples Containing Solid and Immiscible Liquid Phases -

Sampleé containing solids of higher demsity than the liquid phase
were séparated By éentrifuge or by simple decantatioﬁ of the liquid. . The
different phases in the liquid fraction were then further separated by
centrifuging. Solid and liquid phases were anélyzed sgparately.

Sampies Containing Finely Crystalline Solid Suspension

'In ané1yz1ng‘these samples the‘stoppéred sample jars were shaken
for at;least hzlf an hour for homogeniziné‘the solution. Theuuniform
distribution of suspendéd fine crystalline solid particles was tested_by
determining the percentage of dry:solid in severél-aliquots of the homoge~—

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

'§| Scott Environmental Technology Inc.




for benzene by following the "purge and trap" and analysis procedures out-.

}| Scott Environmental Technclogy Inc.
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Sampling System Washings , -

‘All washings were clear solutions héving only one liquid;phase..
The total weight of the liquid phase was determined using a ﬁalancé.correct
to +0.1 8-‘ Thé totg} weight of each washing'wzs more than 25 érams, S0 an.
‘error of 0.1 g in weighing the mass will contribute an error of only 0.4%

to the fipal analytical data. A weighed aliquot of the washing was amalyzed

lined in the following sectioms, and using this analysisudaéa the weight
of benzené present in the total mass'of-ﬁashiﬁg;was caiéulated.,.
7.2 PURGEHAND TRAP PROCEDURE FOR EXTRACTION OF BENZENE'EROMlLIQUID‘PEASE
TO GASEQUS PHASE

- An accurately weighed quantity of the.sample to be analyzed waé
diluted with 20-25 ml of propylene carbpnat; in a spécially designed glass
purging apparatus which was kept immersed- in aHﬁhermostafted‘watetgbath-
maintéinéd at 78°C.. Benzene.free nitfogen gas—ﬁas.bubbléd:tﬁrough-the
propylene—carbonate solution in-the.pu;giug apparétus at the rate of,.
_0.2 - 6.3 liters/minute, and collected in leak free Tediar bagé. Under.
these experimental conditions, 1 1/2 --Z‘hour;'wgre sufficient to purge
off all the benzene from the liquid phase tofthe\gaséous-phase. The.total'
vﬁlume of nitrogen gas used to purge the sampie was accurately medsured
by a calibrated dry gas meter.: A diagram of the purge-and'trap set—up 1is
shown in Figure 7-1.

Propylene carbonate was found to be an ideal diluting solvent

for the'ext;action-of benzene from all types of liquid samples containing~
viscous tar, pitch, light and heavy oil and insoluble particula;és. It
was chosen for its high boiling point,JIOW'denSity, and good sqlvating

capacity.
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7.3 GAS CHRDMATOGRAPH . o  _. -

A Perkin-Elmer 900 gas cllli:omatogra-ph was used for the ;ana']..ys'is._‘
of"tﬁe purge bags. A 10 ft; by 1/8 inch stainless s;eei coluﬁn pa;ke& with.
202 SP-2100/0.1% Cgrbswax iSOO on 80/120:me$h Supelcoport was usedrfor fhe.
analysis. This column gave complete resolution of the bénzene peak'from
other components present in tﬁe‘purge bags. The 'peak‘height'_method was
utilized to calculate the concentration of benzene in the purge bzgs
analyzed, The Perkin-Elmer 900 uéed for -analysis was not edqipped with
a backflushing unit, ‘Gas chromatographjéonditions‘were as follows:

' GC column temperature: 70°C isothermal |

Detectﬁr temperature: 190°C

. 5ol loop at a teméerature of 120°C
Carrier gas flow rate: 30 cc/ﬁin He
-'Hﬁdrogen flow rate: 45 cc/min

Oxygen flow rate: 400 cc/min

Detector: Flame Iopiz;tion Detector (FID)-

In addition to benzene, thé purge bags contaiped other volatilé.
hydrocarbons present in the liquid samples such as‘foluene and naphthalené.‘
Because this chromatograph was not equipped with a backfluéh, it was
necessary.to.elute all heavy organics from the column by heating the colﬁmn
to 150°C after every'two injections for‘one hour with the’carrier-gasvon._ 
After ¢ooling the colunm to 70°C the absence of anyfofganic in the column
which might overlap the benéene‘peak in the next analysis was checked. When
the column was. found to bé satisfactorily clean, the next analysis waé

continued under the conditions previously described.

Scott Environmental Technology Inc.
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'8;0,:QUALIiY‘CONTROL AND QUALITY ASSURANCE

. The‘following séctions will address quality control and«quality

. assurance procedures for- the field analysis of benzene in air semples and -

the 1aboratory analysis of process liquids and BaP samples,

All samples ware analyzed in duplicate and as a rule peak heights
were reproduced to within 5%. For some very high concentration samples

(percent range) it was necessary to make‘dilutions‘for‘aualysis. When. this

was done a fresh dilution was prepared for éach injection and peak.heights-

were reproduced to: within 10Z.  To verify that the 'system was retaining no
benzene, frequentlinjections of the standard and nitrogen were msde. In all
cases the result was satisfactory.

The Tedlar bags that were reused for sampling were flushed three.

times-with.nitrogen and- allowed toVSit:overnight‘after being filled to

approximately three quarters of their capacity. They were analyzed for
benzene content the follow1ng day. The background concentrations of . the
bags were recorded and varied from 0 to 10 ppm benzene. Care was taken‘to
usehsample_bags whose background uoncenrration was very low compared-to the_
expected concentration of the source,

The-accurecy and linearity of the gas chrquatographic techniques

used in this program were tested through the use of EPA Audit Samples. Two -

lstandards,-a‘122.5 ppm and 6.11 ppm benzene were used to analyze the dudit

cylinders.

O${ Scott Environmental Technology Inc.
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8.2 PROCEDURES FOR ANALYSIS OF PROCESS LIQUIDS

Scott's: benzene standards, checked against EPA Audit Standards,

were used as reference standards throughout this program. The accuraey:and:-

‘linearity of the gas chromatographio‘technique for benzene anelysis was.

tested through the use of EPA Audit:StanoerdS'which were available to Scott. -
Gas chromatographic analysis of the samplee and standard were performedﬂ
under identical conditions to assure thefaccuracy of the analytical data
generated, |
| Each baten of propylene carbonate which was used as theidllutingﬁ

solvent in the purge.and.trap technique wes.enalyzed for benzene.content bp-.
subjecting 25 ml ot propylene carbonete to-the purge and trap procedure_'
followed by gas chromatographic amalysis of the trepped gas under identical . -
conditions‘as.described”in.Section 5.2. All batches of analytical grade .-
propylene carbonate were found to be free from benzene, |

Every day before the analysis of samples the purging apparatus end
trapping bags were:tested for absence of benzene. ‘Whenever the whole-system
was found tovbe free from benzene to the]lowest.detectable:limit of the
instrument, the samples were analyzed using the purging apparatue and the
trapping ges sampling bags.

Generally an accurately weighed mass of each sample-was-subjected‘--
to purge and trap procedure only.once and the trapped gas eample was-repeat—
edly analyzed by GC until the analytical data of consecutive GC analyses varied

by £0.5%Z or less.

Scott Environmental Tedtmclogy Inc. -
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For randomlj eeieoted-samolee,ithé whole enalvrical procedure‘vae
repeated with a different welghed mass of . the source sample to check the
valldlty and acouracy of the-analytioal.methodology. The analytical data
for d‘ifferenr Tuns were found not to vary by more than 5%.

| By.purgiﬁg:the sampleeWith nitrogen under the experimental oon-
dltlons as utillzed by Scott, the recovery of benzene from the sample was

quantitative and. this has been verified by analyzing a standard benzene.

'solutlou 1n propylene earbonate contalnlng tar and p1tch.

$| Scott Environmental Technology Inc.
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APPENDIX A

SAMPLE CALCULATIONS

1. Calculation of Percent Moisture
A. From water ;rap.catch and bag volume
Example: Wash oil decanter, Rum 3
Water trap catch volume: 26.5 cec H,0

Tedlar bag volume (gas sample): 35.09 liters

Gaseous volume of collected watér,lgtandard‘donditions

26.5 cc x 2EB y Lmole 26,151 _ 45 o5 1iiane
ce 18 g mole :

Percent Moisture

35.55
35.55 + 35.09 . -0-33%

B. From silica gel moisture determination
Example: Wash oil .decanter, silica gel, Run 3.
Metered gas‘vélumei ©10.28 liters -

Mass of water in silica gel: 9.15 g

Gaseous volume of collected water, standard conditions

1 mole 24.15 1
18 g mole

9.15 g x =12,201

Percent Moisture

12.20 _
12,20 + 10,28 4.3%
V3| Scott Environmental Technology Inc.
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2. Flow Rate at Standard Conditions (Saturated at 689F; 29,92 in. Hg)

A, Correction for temperature and pressure:

528°R

P, (in. Hg)

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

Example: Wash oil decanter, Rum 3

528 29.92

Flow Rate (STP) = 300 cfm x

B. Correction for moisture:

Percent Moisture: - 50.33%_

Flow Rate (dry)

120 cfm

Flow Rate (Saturated at 68°F)

- . 123 efm

3. Calculation of Mass Emission Rate

Example:f Wash oil decanter, Run 3
Flow Rate (standard conditioms) = 123 cfm
Benzeué coﬁcentration: 693.68 ppm

£e3

.

3

= 1.03 1b/hr

193 + 460 * 29.92

240 ofm x (100 - 50.33)/100

106‘ x mole

123 E. x 28.32 ll‘x 6G-min x 693.68 788 x
in f hr

T(°F) + 460 ~ 29,92

= 240 cfm

Flow Rate (STP) x (100 ~ % moisture)/100

Flow Raté (dry) = 1.025_

120 ¢fm x 1.025

1 mole 1 1b
24.15 1 * %454 g
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4. Correcting Benzene‘Concentration for. Benzene qund'in.Watef Trap Catch

‘Example: Tar dehydrator, east tank, Run 1

Mg benzene in cateh: 317 mg

Tedlar bag volume (gas sample): 40,78 1

Measured benzene concéntration: 4,11 ppni

Mg benzene in collected ‘gas sample:

4,11 x 40.78 1 x 78 g X_l mole

106 mole 24,15 1

Total mass‘of benzene (air + liquid)
0.54 + 317 = 317.54 mg

Corrected benzene concentration:

Llmole 24,151 10°
78 g mole 40,78 1

0.31754 g x

= 0.54 mg

= 2410.87 ppm.
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SAMPLE DATA - R

i
E rse y5 St -gms &QNW 7/7/@;.,
1
i
i

. Smple No OO(A Wﬂ/{ - ﬂ:/[ Time Sampled } [ 0 _P""\

Sample Temperature . 7 g F

. Ambient Tpérg.ture; g?‘ F ‘

Description of Sampling Location:

Sampie ﬁo. H’O‘{" W@[/ #:/ | Tj.me Sampl;d 5 :2:[0

Sample Ty'pe. . Afr

Sample Temperature ‘7 3 )l:

Ambient Temperature %“1 F

Description of Sampling Location:

—

Sample No.. : Time Sampled
Sample Type: Liquid = Air

Sample Temperature

Ambient Temperature

Description of Sampling Locé.tion:
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SAMPLE paTA . .  PageB-6

* rlant VS Stea| Faiyless  erocess Cooling_ bwer Date'.cZ/‘f,/?‘D

.”. '_vaa.,l_jxpie_. Né. ‘ co/c! well ‘*“L;l\ l"l‘_m-e- Sampléd- 3«'35

T _'Samﬁie'rype:' Air

Sample Teﬁperature 76 ° F

Ambient Temperature. 5’7 = R

Description of Sampling Locatiom:

Sample No. : l*\tr/‘bd@_/j_ #2 Time Sampled 3.35

~Sample Type: Adquid/ | Adr

_Sample Temperature "7& P . “ . .

. _ 2 —
Ambient Temperature X7 F

: Description of Sampling Location: ;"L
| _ . '
J - Sample No. ' - Time Sampled
! Sample Type: Liquid Air
Sample Temperéz_ture
| | | 3
Ambient Temperature

Description of Sampling Lecation:

| Scott Environmental "'ei:hnobgy Inc.
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"SAMPLE DATA PageB-7 Y

Plant U.s g‘ﬁ‘.’n‘.’// \ECL(Y(_E,SS Hills - Process - C@O/f'ﬁ.ﬂ ﬁ’Wfr -l Date ?/7/?0

£ /Sf

. semple No.cold w2/ / #:3 - Time Sampled .

, lSample Type. . Air

Sample Temperature : 7‘7 675 ' : | _ o : L

T &
Ambient Temperature g > F

Description of Sampling Location:

sompte oo _hot wel F3  riom semprea SIS

Saﬁple- Type: Liquid Air

: - ' - o - _ o
Sample Temperature 77 F ‘ : . _ ' 4

Ambient Temperature 82 gF B

Description of Sampling Location:

~ Sample No. . . Time Sampled .

Sample Type: Liquid  Adr

Sample Temperature

Amb:ient Temperature

Description of Sampling Location:

Scott Environmental Technology Inc.
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“(£) All contiruous monitering systems
wsied in accordance with this section are

" rarordine) for ench-successive 15-minute:
period. ’ . : .

{g) Owners or operators of ail
continuous monitoring systems installed
in accordance with this subpart shall
check the zero and span dritt at least
once daily in accordance with the-
method prescribed by the manufacturer
of such systems unless the manufacturer
of such sysiems recommends
adjustments at shorter intervals, in

o which case such recommendations shall
i ' be followed. The daily span check is to
' be conducted with reference 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 with
i 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 with Section 7.1
of Test Method 110; or :

{2) A calibration gas cylindér
standard coniaining the appropriate
concentration of benzene. The gas
composition of the calibration gas
evlinder standard is to have been

" gertified by the mancfacturer. The

\ _ maximum shelf life for each cyiinderso.
: gus standards will'not be used if their-
corcentration has changed greater than
=5 percent from the certified value. The
data of aas cvlinder preparation, ,
certified benzene concentration, and
reccmmended maximum shelf life must
have been affixed to the cylinder before-
shipment from the manufacturer to the
buyer. If a gas chromatograrh is used as.
_the continucus monitoring system, these
gas mixtures may be used directly to
prepare a chromatograph calibration

Method 110 for certification of cylinder
standards and for establishment and
verification of caiibration standards.

{i) After receipt and consiceration of
written application, the Administrator
may approve use of an aliernative or
equivalent continuous monitoring
system, alternative monitoring
procedures, or alternative monitoring
requirements. L

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

§61.96 Recordkeeping requirements;
{a} The owner or operator of each:

source o which this subpart applies

shall maintain daily records of the

monitoring information specified in

§ 61.95(a). ‘

to complete a minimum of one cvcleof
operation (sampiing, analyzing and data -

manufacturer must have recommended a:

curve as described in Section 7.2 of Test ~

by Recor

source and
inspection !
minimum o.

{Ses. 115 Clr
U5.C. 7414])

Appendix B-

Method 110.
Slationary 5
Performance
attempted
operation
those who
sampling, :
scope of th

. must be ax
sampling ¢
carcinoger:
I Appiicat:
1.1- Appli
the measurer
from proces:
regulations,
benzene con’
'1.2° Princ:
stack gas cor
organics is s:
(GC) anaiysi
detectoe (FTT
‘2, Rangea:
‘The range
The upper lis

exterding th.
the sample.

3. Interjere

The chrom:
COITEspondii
described ne
resolution of
interference-
sources. The
aperator she
operaling pt
particular ar
approval of
autcmatic p:
confirming
supplement:
analysis wil.
spectroscop
review by th

4. Apparat

4.1 Samg
sampling tra
‘components.

411 Pro
or Tellon tul
permits), eq:
remove-part

412 Sar
diameter. of
probe to bar
each series .
emission tes
the test.

413 Qu
male {2) anc

* Mention ¢
does not coge
Enviropnmea!.

are to be retuined at the
wde aviuilable for,

tha Administrator for a
yEurs.. o

. AlrAct as emerided (42

‘st Methods ‘

termination of Benzene From
‘cog '

this method should not be
persons unfamiliar with the

1 gas chromatenraph, nor by

2 unfamilar with source
:ause knowledye bevond the
oresentation is required. Care
zised to prevent exposure of
wonnel to benzene, a

iy and Prinicple ‘
sility. This method applies to
nt.of benzene in stack gases
as specilied in the

: method does not remove
aed in particulate matter.,

1 An integrated bag sample of

.ining benzene and other

;ected to gas chromatographic .

asing a flume fonization-

Sensitivity

this method is 0.1 to 70 ppm.

. may be extended by
alibration range or by diluting:

23

ograph columns and the
Jperating parameters herein:
wully provide an adequate |
‘hzeae: however, resolution
iy be encountered on-some
‘are, the chromaiograph
szlect the columa and

Teters best suited to his

vsis problem. subject to the

- Administrator. Approval is
ided that the tester produces
1 through.an adequate
aalytical technique, such as

: different célumn or GC/mass
ind has the data available for
Administrator.

18 (see Figufé"llo-l ). The ‘
consists of the following

. Stainless steel, Pyrex * glasa,
g (as stack temperature

ped with a glass wool plugto
late matter.

‘e Lines. Teflun, 6.4 mm outside

fficient length ta connect
se & new unused piece for

2ag samples that constitutes an

.nd discard upon completion of

Connects, Stainless steel,
male {2). with ball checks [one

-ade names or specific products

(e endursement-by the U.5
sotection Agency.’

_paﬁ' without} lycated as shown ia [igure 110~

1.

- 414 Tedlar or aluminized Mylar bags, 100

1. capacity. to contain sample. ’ '
415 ‘Bug Containers. Rigid leakproof

containets foraampte hase with covering to-

protect contents from sunlizht. :
418 Needie Valve. To adjust sample flow

rate, .

4.1.7 Pump. Leak-free with minimum of 2

L/min capacity. :

" 4:1.8 Charcoul Tube. To prevent.

. admission of benzene and other brganics 1o

the atmosphere in the vicinity of sumplers.
419 Flow Meter. For observing sample
flow rate: capable of measuring a flow range

. from 0.10 to L/min. . -

4110 Connecting Tubing. Teflon. 8.4 mm

. outside dizmeter, to assemble sampling train

{Figure 110-1)
4.2 Sample Recovery. Teflon tubing, 6.4-

: _mm.nutside diameter, is required to connect

chromatograph sample loop for sample -
recovery. Use a new unused piece for each

" series of bag sumples that constitutes an

emission test and discard upon conclusion of

'analysis of those bags.

" BILLING CODE E560-01-N

4.3 Analysis. The following equipment is - '

' needed:

431 Gas Chromatograph. With F1D,
potentiometric strip chiast recorder and 1.0 to
2.0 mL sampling loop in antomatic sample
valve. The chromatographic sysiemx shall be
capable of preducing a response to 0.1ppm
benzene thut is at least as great s the

' average noise level. (Response is measured .
from the average value of the base line to the

_ maximum of the waveforiw. while standard

. aperating conditions are ia us2.}




RIGID LEAK-PROOF .
__CONTAINER -

Figure 110-1. Integrated-bag sampling ir_é:in. {Mention of trade names m:rsﬁer:iﬁ: products.
' does not constitﬂte-endorserpent by the Environmental Protection Agency.)
BILLING CODE 6560-01-C ' o ‘
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432 Chromatozruphic Columas. Columny
as listed below. The analyst mayp use ather,

" columns provided that the precizion and
. arcuriacy of the analysis of henzene
. siandards are not intpuired and he has-

available for review information.confirmirg
thit there {5 adequate resolution of the
berzere oeak. (Adequate resolution is
det:ned ds an area overlap of not more than
10 percent of the benzene peak by an
intarferent peak. Calculation of area cverlap:

o is explained in Appendix E, Supp.cmem A

*Determination of Adequate
Chromategraphic Peak Resolution.”}

4.3.21 Columnn A: Benzene in the Presence
of Aliphatics. Stainless steel, 244 m by 3.2 .
mm, containing 10 percent 1.2,3-tria {2-
cyanoethoxy) propane {TCEP) on 30/100
Ckromosorb P AW,

43.2.2 Column B: Benzene Wit
Separanon of the Isomers of Xylene,

Stainless steel, 1.83 m by 3.2 mm, containing 5
percent SP 1.200/1.75 percent Bentone 34 on

100/120 Suplecoport.

4.3.3 Flow Meters (2). Rotameter type, 100
mL/min capacity.

434 Gas Regu!amrs. For required gas
cylinders.

4.35 Thermometer Accurate to 1° C.lo
measure temperature-of heated sample loop
at time of snmplé. iniection.- .

4.3.6- Barometer. Accurate to 3 mmHg, to

'measure atmospheric pressure around gas

chromatograph during sample analysis.

437 Pump;Leak-free-.‘wilh minimum of
100 mL/min capacity.

4.3.8 -Recorder. Strip chart type, optionally
equipped with either dise or elsctronic

_ lﬂtEgl‘dtOl‘. -

4.39 Planimeter. Optional. in place of dise
or electronic integrator, on:recorder, to -
Mmeasure: chmma'lograph peak-areas.

4.4 Caljbration: Sections 4.4.2 through
4.4.5 are forthe optional procedure in Sechun

1.

4.4.1 Tubing. Teflon. 6.4 mm outside
diameter, separale pieces. marked for each
calibration consentration.

442 Tedlar or Aluminized Mylar Bags. 50

L capacity. with valve; separate bag marked '

for each calibration concentration.

4.4:3 ' Syringes, 1.0 pL and 10 pL, gas nght.
individually calibrated to dispense lignid -
benzene.

444 Dry Gas Meter, - With' Temperamte
and Pressure ‘Gauges. Accurate to =2
percent. to meter nitrogen in preparation of*’

" standard gas mmmras. calibrated at the flaw-

rate used to prepare standards.
445 Midget Impmner/ Hot Plate
Assembly. Te vaparize benzene.’

5 Heagents

'Use only reagents that are of
chromatographic grade.

51 Analysis. The following are needed
fcr analysis:

5.1.1 Heliumt or Nitrogen. Zero.grade, for
chamatograph carrier gas.

5.1.2 llydrogen. Zera grade.

313 Oxygen or Ain Zero grade, as
required by the Jetector.

5.2. Culibration. Use one of the following ..

options: either 1.2.1 and 5.2.2. or 5.2.3.
521 du_m.vne. 99 Mol Percent Pure.
tified by the manufacturer to coatain a

. rminimum of 98 Mr.-.l:ﬁercem benzene: for use

wn the preparation of standard gas- miatures
ay described in Section 7.1.
522 Nitrogen: Zero grade. for prepatation

of standard 2as mxxtures as described in
Scction 7.1,

523 Cy 1 rider Standards (3). Gas mixture

standards {50, 10, and 5 ppm benzene in
nitrogen cylinders). The tester may use
cylinder stundards to directly preparea. -~ -
chromatograph calibration curve as
described in Section 7.2.2. if the following
canditions are met: (a) The.manufucturer.
certifies the gas composition with an
accuracy of =3 percent or better (see Section
5.2.3.1). (b} The manufucturer recommends a
maximum shelf life over which the gas

- concentration does not change by greater

than *5 percent from the certified velue. [¢)
The manufacturer aifixes the date of gus
cyvlinder preparation, certified benzene
concentration, and recommmended maximum
shelf life to the cylinder before shxpmem to
the buyer.

5.23.1 Cylinder Standards Certification.
The manufacturer shaill certify the
concentration of benzene in nitrogen in each
cylinder by (a) directly analyzing each
cylinder and {b) calibrating his analytical
procedure on the dav of cylinder analysis. To
calibrate his analytical prncedure. the

- manufacturer shall use, as a minimum, a
. three-point calibration curve. it is

recummended that the manufacturer maintain
(1) a high-concentration calibration standard
(between 50 and-100 pprn) to prepare his
calibration curve by an appropriate dilution -
technigue: and (2] a low-concentration
calibration standard (between 3 and 10 ppm})
to-verify the dilution techmque used: If the
difference between the apparent

concentration read from the calibration.curve

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.

- 5.23:2 Verification of Manufacturer's
Calibration Standards. Before using. the-
manufacturer shall verify each calibration

standard by {a] comparing it to gas mixtures

prepared {with 99 Mol percent benzene) in
accordance with the procedure described in
Section 7.1 or by (b) having 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 shelf life of the cylinder
standards sold. -

524 Audit Cylinder Standards (2): Gas
mixture standards with concentrationg
known only to the person supcrvising the
analysis of samples. The audit cylinder
standards shall be identically prepared as
those in Section 5.2.3 (benzene in nitrogen

‘cylinders). The concentrations of the audit

cylinder should be: one low-concentration
cylinder in the range of 5 to 20 ppm benzene
and one high-concentration cylinder in the
range of 100 to 300 ppm benzere. When
avaiiable, the tester may ebtain audit
cylinders by contacting: U.S. Environmental

" Prutection Agency; .Erivironmrdtql Monitoring:- '

and Suppdrt Laboratory, Quality Assura_nr:e '
Pranch {MD ~77), reseacch Triangle Park,.

North Carolina 27711, i anedit eylinders are

not avaitable at the Environmental Protection -

Agency. the tester must secure an alternative .. -

source.

6. Procedure

81 Sampling. Assemble the sample train
as shown in Figure 110~1, Perform a'bag leak -

 ‘check according to Scctivn 7.3.2. Join the
- quick connacts as illustrafed. and determine

that all connections between the bag and the
probe are tight. Place the end of the probe at

. the cemroxd of the stack, and start the pump

with the ncedle valve adjusied to yield a flow
that will more than half fill the bagin the.

" specified sample period. After allowing

sufficient time to purge the line several times,
coanect the vacuum line to the bag and -

. evacuate the bag until the rotameter indicates.’

no flow. At all times, direct the gas exiting
the rotameter away from sampling personnel,.
At the end of the sample periad. shut off the

. pump, disconnect the sample line from the
‘ bag, and disconnect the vacuum line- from the - -
' bag container. Protect the bag contaitier from

sunlight.

. 8.2 Sample Sturave Keep the sample bags. - ‘
-+ out of direct sunllghl. Perform the analysis-

within 4 days of sample collection.
6.3 Sample Recovery. With a new piece of
Teflon tubing identified for that bag, connect

. a bag inlet valve to the gas chromatograph

' sample valve. Switch the valve toreceive gas..
. {rom the bag through the sample loop. . =
. Arrange the equipment so the sample gas

passes from the sample valve to a 100-mL/ -

'min rotameter with flow control vaive
. followed by a charcoal tube and.a 1-in. . -

pressure gauge. The tester may maintain‘the -

'sample flow either by a vacuum pump or-

container pressurization if the collection bag-

.remains i 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 témpemtm‘e
to 80° C (176" F) for column A or 75° C (167°
F) for column B, and the detector temperature
to 225" 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 marmfacturer’s requirements for
satisfactory detector operation. A flow rate of
approximately 20 mL/min should produce
adequate separations. QObserve 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 sec
at the rate of 100 mL/min, then acfivate the
sample valve. Record the injection time (the
position of the perr on the chart at the time of
sample injection), the sample oumber. the
sample loop temperature, the column
temperature, carrier gas flow rate, chart
speed, and the attenuator setting. From the
chart, note the peak having the retention time
correspanding to benznne as determined in
Section 7.2.1. Measure the benzene pedk arca.
A, by use of a disc integrator. electronic
integrator, or a planimeter. Record A, and
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the retention time, Repeat the injection at
least two times or until two consceuntive
valies for the total area of the benzene peak
do not vary more than 5 percent. Use the
average value of these Iwo total areas to
compute the bag concentration.

6.5 Determination of Dag Water Vapor
Content. Measure the ambienl temperature
and barometric pressure near the bag. From a
waier saluration vapor pressure table,
determine and record the water vapor
content of the bag as a decimal figure.
{Assume the relative humidity to be 100
percent unless a lesser value is known.}

7. Preparation of Standard Gas Mixtures,
Cualibration, and Quality Assurance

‘7.1 Preparation of Benzene Standard Gas
Mixtures.. (Oplional procedure—delete if

- cylinder standards are used.) Assemble the

apparatis shown in Figure 110-2. Evacuate a
50~-L Tedlar or aluminized Mylar bag that has

- passed a leak check {described in Section -

7:3.2} and mmeter in about 50 L of nitrogen. -
Measure the barometric pressure, the relative
pressure at the dry gas meter, and the
tempetrature at the dry gas meter. While the -
bag is filling, use the 10uL syringe to inject
10uL of 99+ percent benzene thruugh the-
sepium on top of the impinger. This gives a
concentration of approximately 50 ppm of
benzene. In a like manner, use the other
syringe to prepare diiutions having -
approximately 10 ppm and 5 ppm benzene . -
concentrations. To calculate the specifie

concentrations, refer to Section 8.1. These gas.

mixture slandards may be used for 7 days .

from the date of preparation, after which time-

preparation of new gas mixtures is required.

. {Caution: If the new-gas mixture standard-is a
" lower concentration than the previous gas .
" . mixture standard, conlumination may he a
problem whe= a bag is reused.).

7.2 Calibration. :
7.21 " Determination of Bcnzene Retentlon
Time. [This section can be performed

' 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 belium or nitronen and activate the

sample valve. Record the injection time, the -
sample loop temperature, the column :

. temperature, the' carrier gas {low rate, the

chart speed, and the atlenuator seitipg.
Record peaks and detector responses that
occur in the absence of benzene. Maintain

" conditions, with the equipment plumbing

arranged identically ta Section 6.3, and flush

_ the sample loop for 30 sec at the rate of 100

mL/min with one of the benzene calibration.

' mixtures. Then-activate the sample valve.
. Record the injection time. Select the peak

that correspoands to benzene, Measure the

“distance on the chart from the injection time
- to the time-al which the peak maximum -
. occurs. This distance divided by the chart

speed is defined as-the benzene peak

' retention lime. Since it is quite Likely that -

there will be other orgunics present in the
somple, it is very important that positive

. identification of the beozene peak be made.

e 4 2 -
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. Question. -
7.2.2 - Preparation of Chromatograph

Calibration Curve. Make a gas

- chromatographic measurement of each
stundard gas mixture (described in Section
5.2.3 or 7.1.1) using conditions identical with
those listed in-Sections 6.3 and 6.4. Flush the
sampling loop for 30 sec at Lhe rate of mL/
min with one of the standard gas mixtures
and activate the sampe valve. Record G, the
concentration of benzene injected. the
attenuator setting. chart speed, peak area,
sample loop temperature, column
temperature, carrier gas flow rate, and
retention time. Record the laborstory -
pressure. Calculate A, the peak area
multiplied by the aitenuator setling. 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 siraight line

- through the points derived by the least
squares method. Perform calibration daily, or
before and after each set of bag samples, .
whichever is more frequent. ‘
© 7.3 Qualily Assurance. ‘

7.31 Analysis Avdit. Immediately after

_ the preparation of the calibration curve and

before the sample analyses, perform the

analysis audit described in Appendix £,
Supplemént B: *Procedure for Field Auditing

“GC Analvsis.” .-

7.3.2 BagLeak Checks. While
performance of this sectios is required after

‘bag use, it is also advised that'it be
* performed before bag use. After cach use,

make sure a bag did not develop lgaks by
conneciing a water manometer and -
pressurizine the bagto Sto 10cm H:0 (210 4
in. H.0). Allow to stind for 10 min. Any

- displacement in the water manometer
-indicates a leak. Also, check the rigid

contairer for leaks in this manner. (Note: an

alternative leak check method is to pressurize -

the bag to 5 to 10 ¢cm H,O or 2to 4 in. H:0
and allow to stand oveinight. A dellated bag
indicates a leak,) For each sample bag in its
rigid container, place a rolumeter in line
between the bag and the punip inlet.
Evacuate the bag. Failure of the rotameter 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 concentration {C, in ppm) prepared
in accordance with Section 7.1 as follows:

¢, = . a_('o.msxgo-") :
- ‘ . vm Ty 293 m
'm
BT, 0-1). -
G = 7019 v_m_x_mp; (110-1).
where: o S : .
B = Volume of benzene injected, microliters.
V, = Gas volume measured-by dry gas meter, liters. -
Y = Dry gas meter calibration factor, dimensionless. .
Pn = Absalute pressure of the dry gas ‘meter, mmHg. .
Tm = Absolute temperature of the dry gas meter, °K.
0.2706 = Ideal gas volume of benzene at 293° K.and 760 mmHg L/mL.
10 = Conversion factor [(ppm){nL)/uL]. ’

8.2 Benzene Sample Concentrations. From the calibration curve de-
scribed in Section 7.2.2 above, select the value of Cc that carresponds to
A..  Calculate the concentration of benzene in the sample (C_ in.ppm).as

, _fo'nows:
& = ey 'CCP;I" . (110-2)
‘ : i'r M Cwh =
- where: ' } T e e
Cs =. (oncentration of benzene in the sample, ppa.
C. = Concentration of benzene indicated by the gas chromatagraph,
E ppm. o . S
'Pr = Reference pre'ssuré-, the barometric pressure recorded during .
calibration, mmHg. S . '
Ti. =  Sample loop temperature at the time of analysis, %K.
Py o= Bar‘ometr'i: pressure at time of analysis, mmHg. .
Tr = Reference temperature, the sample loop temperature:recorded
during calibratiom, K, ' o
‘ wa_ = Water.vapor content of _the bag sample, voluﬁve fraction.
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Number 63-02~1404. Jancary 1978
Revised by EPA August 1978

* 2 Knoll, jaseph E.. Wade H. Penny. and

Rodney M. Midgett, The Use of Tedlar
Bags to Contain Gaseous Benzene
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Research Triangle Park. N.C. Monitoring
Series. EPA-600/4~78-057. October 1978.

3, Supelco, Inc. Separation of ‘Hydrocarbons.

Bellefonte, Pa. Bulletins 743A, 740C, and
740D, 1974. C

4. Current Peaks. 10:1. Carle Instruments, Inc.
Fullerton, Calif. 1877, : :

5. 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 Orgdnics in Cumene and Maleic-
Anhydride Process Effluents. November
10, 1977, .

" . Appendix C ] _
" Scpplement A—Determination of Adequate

Chromalographic Peak Resolution

- In this method of dealing with resoultion,
the extent ta which one chromatographic:
peak overlaps another is determined. .

- .For convenience, consider the range of the-
elution curve of each compound as running
from —2o to + 20~ This range is used in.other
resolution:criteria, and it containg. 9545
percent of the area of a normal curve. If two.

_pedks are separated by a known distance, b..

one can determine the fraction of the area of
one curve that lies within the range. of the
other. The extent to which the elution curver
of a contaminant compound overlaps the
curve of a compound that is under analysis is
found by integrating the contaminant curve
over limits b—2¢r, to b+ 20, where o, is
the standard deviation of the sample curve.
There are several ways this calculation can
be simplified. Overlap can be determined for
curves of unit area: then actual areas can be-
introduced. The desired integration can be
resolved into twn inteerals of the normal
distribution {unction for which there are

. ¢onvenient calcualtion programs and tables. -

An example would be Progfam 15 in Texas

. Instruments Program Manual ST1, 1975,

Texas Instruments, Inc.. Dallas, Texas 75222 '
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*1n most instances, Q(x2) is very small and may be negiected.

1
\ZEJUC

braug t. e :.z
T ""2; o . l } . --2
2 < dt. = m— o
‘ b-_Zc‘_ e . p-Zos
' - . %

The following calculation steps are required: *

N . ;- | .'x‘.
. . N Y P MZUS

-

L 2, = QSV{E_TH'E
2 e = eI
3 3 = ) (b-zos)/ac
. x, = (b20,)/a,
. . 55
5. Q) . 1 le”? ax
. \"2—71‘ ‘
X1
T
6. Qxp) o 1 e 7
7]
2 .
Tl = Qlxp) - Qlxp)
8. _“u = I,_..A':.r‘t\s ‘
9. Percentage overlap = Ao x 100 .
wiere. ' : . :
' As = The area of the sample peak of interest determined by elec=
) tronic. integration, or-by the formula A =ht. _ '
A. = The area of:the ;ontaminant peak, determined in the same
: manner as A. o - )
b = The distance on the chromatographic chart that separates the
maxima of the'twovpeaks. T
"s = The peak height of the sample compound of interest, measured
from 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, ., ) oo )
t. =  The width of tHe contaminant peak at 1/2 of peak height.
o, = rThe standard deviation of the samplg compound of interest
elution curve. : - o .
9. = The standard deviation of the contaminant elution curve.’
Q(xl) = The iptegral of the normal distribution function from xl.to
infinity. .
Q(xz)-— The integral qf'the normal distribution function from Xy 10
infinity. )
!o = The overTap integral,
R, =  The area overlap fraction.

. audit supervisor.

In judging the sujtohility of alternate gas . )
chromutographic.columns, or the effects of
sltering chromatographic condilions, one can-
employ the area overlap as the resolation
parameler with- a specific maximum - - o
permissible value. )

" The use of Guussian [unctions to deseribe
chromatographic elution curves is .
widespread. However, sonie elution curves
are highly asymmaotric. In those cases where
the sumple peak is followed by a-
contaiminant that has a leading edge-that
rises sharply but-the curve then tails off, it
may be possible to define an efiective width-
for 1, as “twice the distance from the leading
edge'to a perpendicular line through the
faaxim of the contaminant curve, measured
along a perpendicular bisection of that line.”

Supplement B—Pracedure for Field Auditing
GC Analysis o
Responsibilities of audit superviser and.
analyst at the sourcé sampling site include
the following: S
A Check that audit cylinders are stored in

- a gafe location both before and after the audit

to prevent vandalism of same,

B. At the beginning und conclusion of the
audit. record each cylinder number and
cylinder pressure, Never analyze an audit . .
cylinder whien the pressyre draps belaw 200
psi. -

. During the audit, the analyst is ta:
perform a minimum of two consecutive
analyses of each audit cylinder gas, The audit .
must be conducted to coincide with the
-analysis of source test samples, Normally, it
will be conducted immediately aiter the GG
calibration and prior to the sample analyses.

D. At the end of audit analyses, the audit

supervisor requesls the calcnlated - :
concentrations from the analystand thea. - -
compares the results with the actual audit
eoncentrations. If each measured '

- concentralion agrees with the respective

actual concentration within =10 percent, he'
then directs. the analyst to begin the analysis

ef source samples. Audit supervisor judgment
. and/or supervisory poli¢y determine course -

of action with agreement is not within +10
percent. Where a consistent bias in excess of
19 percent is found. it may be possible to
proceed with the sample analyses, with a
corractive 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 record each cylinder
number, cylinder pressura [at the end of the
audit), and all calculated concentrations. The

‘individual being audited must not under any .
‘eircumstance be told the actual audit
. eoncenftrations until the calculated

concentrations have been submitted to-the

BILLING CODE 6550-0%-M
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APPENDIX E

PROJECT PARTICIPANTS

The following people participated in‘some_phase'ofithe

. | .
‘sampling program at United States Steel - Fairless Works:

From Scott Environmmental Teﬁhnblogy, Inc.:
Tom Bernstiel, Ché@ist |
Jack,Carney; Cheﬁi;t
P. K. Chattopadhyaj, Chemist

" Dan FitzGéfald, Mapager of Eastern Operations
.'Kevin Gordon, Technician |
Carolyn Graham, Chemical Engineer |

* Joe Marino, Technician

S N A N I N S O Em Em
. 1

Lou Reckner, Vicef?resident & General Manager

From Research Triangle Institute:

Peter Mehta

From U. S. Environmental Protection Agency

Dan Bivins

Gail Lacy

' A .
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o -_"DATE

sussect:. 'Source Test Report

,ff"J E. McCar1ey, Ch:ef Field Test1ng ect:on
'._Em1ss1on-Me :

UNITED STATES ENVIRDNMENTAL PROTECTION AGENCY

‘Office of Air Quality Planning and Standards
4121/31 Research Tr1ang1e Park North’ Caroiina 27711

asurement‘Branch ~ESED .{MD=13"

The enc10$ed f1na1 source test report is subm1tted fbr your

: 1nformat1on. “Any questions regarding the test should be directed
~to the Project Officer (telephone: 8/629-5543) Additional -
copies -of this report are:available from the ERC Library, Research

Tr1angTe Park North Carolina 27711.
‘Industry, Benzene _
-"Proeeés:* Coke,O@en'By-Pre&hct‘P1ehts ‘._T
o Company: 'U;‘S; Steel |
“;Locefion: }eihiese.Hills; PA
Project Report.Number; _86%3YC?8

Project Officer: Dan Bivins

" Enclosure

- Addressees: :
‘Ken-Knapp, ESRL (MD-46)
Arch MacQueen, MDAD (MD-14)
~ Rodney Midgett, EMSL (MD-77) :
. Mark’ S Siegler, DSSE (MD-EN-341) o
- Director, Air & Hazardous Materials D1v1s1on Reg1on _II1

{copy enclosed for State agency)

: Bob K1lgore, EPA Library Services (MD-35)

—

' EPA-FORM 1320-6 (REV. 3-76)






