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1.0 INTRODUCTION 

Scott Environmental Services, a division of Scott Environmental 

Technology, Inc., conducted a testing program at Bethlehem Steel Corporation 

in Burns Harbor, Indiana to determine benzene emissions from two sources in 

the coke by-product recovery plant. The work was performed for the United 

States Environmental Protection Agency under Contract No. 68-02-2813, 

Work Assignment 48. This plant was one of seven plants visited to collect 

data for a possible National Emission Standard for Hazardous Air Pollutants 

for benzene. 

Sampling was conducted at Burns Harbor on September 23rd and 

24th, 1980. Integrated air samples and liquid samples for benzene analysis 

were collected from the tar decanter and the tar dehydrator. 

q Scott Emkonmental Schndqy Inc 
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2.0 SUMMARY OF RESULTS 

Page 2-l 

Process 

Tar Decanter 

Benzene Emission Rate 

lb/hr kg/lx 

9.73 4.42 

Tar Dehydrator 3.99 i.81 

.- 

Scott Environmental lid-y Inc 
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3.0 RESULTS AND DISCUSSION 

3.1 TAR DEHYDRATOR 

The dehydrator holds tar from the decanter at an elevated 

temperature for dewatering prior to pumping it to tar storage. Benzene 

contained in the tar will potentially be removed with the water. 

Three Method 110 tests were run on the tar dehydrator with an' 

average result of 3.99 lb/hrbenzene. The test results are summarized 

in Table 3-l. The tests were conducted at one of the three vent stacks 

on the dehydrator. (See Figure 6-l). The other two vents -were blocked 

while the sampling runs were being conducted. 

Liquid samples were collected at the dehydrator outlet from a 

P*P. The liquid samples had a temperature of 162'F and an average benzene 

concentration of 1990 ppm. 

All stack flowrates were corrected to the average conditions at which 

the benzene concentrations were measured in the Tedlar bags; assumed to be 

saturated at 68OF and 29.92 in. Hg. (2$% moisture). , Example calculations are 

shown in Appendix A. 

Scott Environmental Tech-y Inc 
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TABLE 3-1 

TAR DEHYDRATOR DATA SUMMARY 
i 
I- 

Process Tar Dehydrator Stack Diameter 4" s ll 

Plant Bethlehem Steel, Burns Harbor, IN Stack Area 0.087 ft2 s 

Run 

r” 
Flow Rate Flow Rate Benzene E 

Stack Barometric Stack Stack Standard Benzene Emission 
Sample Temp. Pressure Velocity Conditions Conditions Concentration Rate 

No. Date Period (in. Hg) ("F) (ft/minj (ACFM) (SCFM) (ppd (lb/hr) 

1 g/24/80 1005-1035 149 29.5 710 61 

2 g/24/80 1100-1130 152 29.5 680 59 

3 9124180 1202-1232 158 29.5 710 62 

Standard Conditions: Saturated at 68'F, 29.92 inches Hg 

Liquid Sample Data 

Sample Location Date Time 

Tar Dehydrator Outlet g/23/80 1420 

g/23/80 1420 

g/23/80 1420 

38 8615.2 3.97 

36 9968.0 4.30 

35 8816.4 3.69 

Avg. 3.99 

Sample Benzene Concentration 
Temp (OF) (ppm by weight) 

162 

162 

162 

1956 

1834 

2171 

1987 ppm Avg. 



,- 
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3.2 TAR DECANTER 

The tar decanter tested at Burns Harbor (Decanter B) was receiving 

tar from the primary cooler. There are three vent stacks on the decanter, 

which were sampled simultaneously. (See Figure 6-2). 

The results of the testing are shown in Table 3-2. The average 

benzene emission rate from the decanter (total of all three stacks) was 

measured to be 9.73 lb/hr. Vent A was nearest the inlet and had the 

highest measured benzene concentrations, and Vent C, nearest the outlet, 

had the lowest. 

Liquid sample data is given in Table 3-3. Samples were dipped 

from the hatchway in the center of the decanter and from the weir outlet 

at the end of the decanter. Average benzene concentrations were 92 ppm 

and 4506 ppm respectively. 

Scott Environmental lkhra@y Inc 
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4.0 PROCESS DESCRIPTION 

The processes used at Bums Harbor for recovery of coke oven gas 

are primary cooling, tar decanting and dehydrating, turbine exhausters, 

tar electrostatic precipitation, Wilputte semi-direct ammonia absorption, 

naphthalene scrubbing, .:and a hydrogen sulfide absorption. The desulfurization 

process is currently not in use at the plant. A process flow diagram of 

the gas and liquid streams is depicted in Figure 4-l. 

The gas leaving the ovens is collected in the collecting main 

where it is sprayed with flushing liquor for initial cooling. The gas and 

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

lecting main through cross-over mains into the suction main and 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 and the gas continues to the primary 

cooler. 

The three tar decanters separate the liquor into tar and water 

layers and sludge. Inputs to the three tar decanters are mainly the flushing 

liquor from the downcomer, but the middle decanter receives effluents from 

the primary cooler sump and common tar sump for the exhausters and electro- 

static precipitators. The tar layer at 75'C is sent to the tar dehydrator 

where the tar is held at 65°C for reduction of the moisture content from 

lo-12 percent to 2-3 percent. There are steam coils on the tar dehydrator 

but at the present time they are disconnected. From the tar dehydrator, 

the tar is pumped to final storage before sale. From the tar decanters, 

the water layer is discharged at 68°C to a flushing liquor tank where it 

is stored before being pumped either through a pressure filter to the col- 

lecting main for flushing or to cooling and settling basins before deep 

Scott Envirmmental lkchndogy I~C 
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well injection. The sludge is scraped off the bottom of the decanter and 

transferred to a ball mill where it is crushed and heated to 86'C to reduce 

the viscosity of the sludge before it is pumped to storage. From storage, 

the tar sludge is mixed with coal for charging in the coke ovens. 

The gas stream at the downcomer goes to the primary coolers at 

approximately 80°C. Gas from the wash oil strippers is combined with the 

main gas stream before entering the primary coolers. The three primary 

coolers are direct contactors, without packing, of the water and the gas. 

The water is pumped to the primary coolers at 3.5 x 10 -2 m3/s (500 gpm). 

The water is circulated within the primary coolers twice before indirect 

cooling in the circulating liquor spiral coolers. Tars are pumped from 

the primary cooler sump at 1.3 x 10 -3 m3/s (20 gpm) to the tar decanters. 

The gas stream leaves the primary coolers at approximately 32OC. 

From the primary coolers, the gas enters the turbine exhausters 

where the pressure changes from vacuum to positive. The three turbine 

exhausters provide the motive power for the by-product recovery operations. 

Some tars are separated in the exhauster and drained to the common tar 

sump before pumping to the tar decanter. The gas leaving the exhausters is 

approximately 38'C due to heat of compression. 

The gas from the exhausters enters the tar electrostatic pre- 

cipitators where additional tar is separated from the gas and discharged 

to the common tar sump from the seal pots on each electrostatic preceipitator. 

There are four electrostatic precipitators, but only three are in operation 

at a time. 

The gas stream leaving the electrostatic precipitators is injected 

with steam to elevate the temperature to 50°C. In the ammonia absorber, the 

IfsA Scott Environmental lxhnology Inc 
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gas is sprayed with sulfuric acid in a Wilputte system producing ammonium 

sulfate. In this system, the spray is not saturated with salt and a separate 

crystalizer is operated by evaporative cooling under subatmospheric pressure. 

Water vapor with entrained impurities passes through steam ejectors in a 

cascade. Barometric condensers exhaust the hot condensate to a sump. The 

blowdown from she system is discharged to the No. 1 battery quench station 

as make up water. 

The gas then enters the naphthalene scrubbers at approximately 

55-60°C due to the exothermic heat of reaction in the ammonia absorber, 

Two of three naphthalene scrubbers are operated in parallel. The remaining 

naphthalene scrubber serves as a spare. The gas stream leaving the naphthalene 

scrubbers is approximately 35OC before entering the hydrogen sulfide absorber. 

Part of the wash oil, rich in naphthalene, is cooled in an indirect spiral 

cooler, and part 2.5 x 10D3 m3/s (40 gpm) is sent to a stripping operation. 

A light oil scrubber would operate at 7.6 x 1O'2 x m3/s (1200 gpm) as in- 

dicated by the plant personnel. The reason for the lower rate is that the 

plant only desires to remove the naphthalene from the gas; the light oil 

is not recovered but burned with the clean coke oven gas at various plant 

combustion facilities. A higher rate of stripping would facilitate removal 

of the light oil by the wash oil in the naphthalene scrubber. 

The rich wash oil bleed stream sent to the wash oil stripper 

passes through a vapor/oil heat exchanger and spiral heater before entering 

the wash oil stripper. Condensate from the vapor/oil heat exchanger is 

drained to an oil/water separator. The oil from the oil/water separator 

is drained to a pump tank and then pumped to the wash oil stripper. The 

Scott Ernkonmentai lkchnology II-K 
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water from the oil/water separator is discharged to a sump (No. 5). In 

the wash oil stripper, steam is injected and naphthalene rich vapors leave 

the top of the stripper at approximately 155'C and are piped to the gas 

stream before the primary coolers. The stripped lean wash oil returns 

through the vapor/oil heat exchanger to the suction line of the top re- 

spray pump of the naphthalene scrubber. 

An oil/water sludge layer accumulates in the naphthalene scrubber 

and is drained to sump No. 5. The oil and water in sump No. 5 are pumped 

to an oil/water .separator. The separated oil is returned to the wash oil 

layer in the napthalene scrubber and the water layer is pumped to another 

sump (No. 8). The water in this sump is then used as makeup water for 

quenching of the coke. 

Scott Environmental ‘l&h-y Inc 
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5.0 FIELD SAMPLING AND ANALYSIS METHODOLOGY 

Page 5-1 
1- 

m- 

m- 

I I  

5.1 DETERMINATION OF BENZENE FROM STATIONARY SOURCES: 
EPA METHOD 110 AND MODIFICATIONS 

EPA Method 110 consists of drawing a time-integrated stack gas 

sample through a probe into a Tedlar* sample 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 as it stands the 

methqd doesn't account 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 using Method 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 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 electronic readout. . 

2. A personnel sampling pump was substituted for the pump, 

needle valve, and flowmeter of the method. The personnel pumps have 

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. 
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3. Swagelok fittings were used in place of quick-connects. 

4. Rather than discarding Teflon sample lines after each set 

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

flushed with nitrogen before reuse. 

5. 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 the probe and 

magnehelic gauge to collect any condensate in the sample line. 

7. The following cleanup procedures were followed: 

If any condensate was collected in the trap or sample line, it 

was measured and saved for analysis. The probe, line and trap were then 

washed with propylene carbonate, which was also saved for analysis. Any 

benzene found in these washes and water catches was added to the total found 

in the sample bag to determine mass emission rates. 

Bag volumes were measured whenever water was collected in the 

trap by ..emptying the bag through a dry gas meter after the sample was 

analyzed. The volume of water collected in the trap was then converted 

to an equivalent air volume and was added to the volume in the bag to 

determine the percent moisture in the sample stream. 

After the probe, line and trap washes were completed, the lines 

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

with nitrogen to dry. 

Figure 5-l shows the modified Method 110 setup. 

Scott Environmental ?khndqy ix 
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Stack-;. 

FIGURE 5-l 

Stainless Steel Probe 

Swagelok Fittings 

h 
Stack 

Flow 

Teflon Sampling Line 

Water Knockout Trap 

I /Magnehelic Gauge 

130 Liter 
Tedlar Bag 

, 

-Leak-proof Barrel 

Tank 

. 

w gz:;;;‘” MODIFIED METHOD 110 SAMPLING TRAIN 
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5.2 SAMPLE HAXDLING 

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 5%. 

5.3 FIELD ANALYSIS 

All gas samples collected were analyzed using a Shimadzu 

GC Mini 1 gas chromatograph equipped with dual flame ionization 

detectors, dual electrometers, heated sample loop and a backflush 

system. Figure 5-2 shows a schematic of the backflush apparatus. 

The backflush system is composed of a ten port sequence reversal valve 

and two columns, a scrubber column for retaining high molecular weight 

compounds and an analytical column. When the system is in the inject 

mode the scrubber column and the analytical column are connected in 

series allowing sample components 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 separation and measure- 

ment of low molecular weight compounds while the scrubber column is 

being backflushed of heavier sample components. Backflush times for 

different mixtures of sample components must be predetermined to insure 

that the compound(s) of interest are transferred to the analytical 

column before backflushing is started. 



I 
A, D, E OPEN ' . 
B, c CLOSED 

I 

. 

BACkFLUSH 

A, E CLOSED 

B, C, D OPEN 

GC COLUMN CONFIGURATION WITH BACKFLUSH‘ 
c 

4 
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Samples for chromatographic 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 injection. The following 

chromatographic conditions were maintained: 

Column Temperature (isothermal) 

Injector and Detector Temperature 

5 ml Sample Loop, Temperature 

Carrier Gas Flow Bate 

Hydrogen Flow Bate 

Air Flow Bate 

Analysis Time 

Detector 

The columns used for field analysis were: 

A- Scrubber Column 

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

B - Analytical Column 

20% SP-2100, 0.1% Carbowax 1500 
100/120 Supelcoport 
l/8" x 10' Stainless Steel. 

- 100°C 

- 2oo"c 

- 5o"c 

- 32 cc/min. 

- 40 cc/min. 

- 240 cc/min. 

- 5 min. 

- Flame Ionization 
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6.0 FIELD SAMPLING PROCEDURES 

6.1 TAR DEHYDRATOR 

Three Method 110 test were conducted on the tar dehydrator. 

As shown in Figure 6-1, the dehydrator has three vents, which are normally 

all open. Sampling was conducted at the end vent nearest the stairs as 

marked on the diagram, and the other two vents were blocked off during 

testing. Ideally all three vents should have been sampled simultaneously, 

but the end vent furthest from the walkway was not safely accessible for 

sampling. Since only one vent was sampled, the calculated mass emission 

rate of 4 lb/hr is possibly low. The maximum emission rate could be as 

high as 12 lb/hr (3 vents x 4 lb/hr) although this is not considered likely 

because field observations revealed that no steam plume emanated from the 

test vent until the center vent was blocked, since the center vent was 

lower and of larger diameter, and located within 5 feet of the test vent. 

The vent on the far end had an observable plume before it was blocked. 

Also, the prime driving force of the emissions is the volatilization 

of organics in the heated tar, which would not be affected by closing the 

vents. The only change would be the elimination of breathing losses 

through those two vents. For these reasons, it is estimated that the actual 

emission rate is on the order of 6 to 8 lb/hr maximum. 

The moisture content of the stream was about 30%, i.e. saturated, 

as determined by the volume of condensate collected in the water trap and 

the sample volume in the bag. 

Liquid samples were collected from a pump at ground level at the 

dehydrator outlet. 

Scott Environmental lkhnology Inc 
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SET 1957 07 0181 Page 6-3 

6,2 TAR DECANTER 

Three sets of simultaneous Method 110 tests were conducted on 

the three vent stacks on the tar decanter. Figure 6-2 depicts the decanter 

and shows the locations of the vents and the hatchway and weir outlet 

where liquid samples were collected. All hatchways were closed during sampling. 

The tests were run according to the revised Method 110 procedure 

outlined in Section 5.1, except that one of the sampling trains did not 

include the magnehelic gauge because only two were available. No problems 

were encountered with the sample line plugging. 

Scott Environmental lkhnok>gy Inc 
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7.0 LABOFG1TORY StWPLE ANALYSIS 

Two types of liquid samples were collected: process liquids, and 

sample line and water trap catches and washes. All liquid samples were 

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

for analysis. 

7.1 S>AXI'LE 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 

c 
Using a clinical centrifuge (International Equipment Company, 

Massachusetts) 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 

were separated by centrifuge or by simple decantation of the liquid. The 

different phases in the liquid fraction were then further separated by 

centrifuging. Solid and liquid phases were analyzed separately. 

In analyzing these samples the stoppered sample jars were shaken 

for at least half an hour for homogenizing the solution. The uniform 

distribution of suspended fine crystalline 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. 

. 
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SampI in: Svstem !Jashings 

All washings were clear solutions having only one liquid phase. 

The total weight of the liquid phase was determined using a balance correct 

to fO.l 8. 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 0.4X 

. to the final 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 weight 

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 GASEOUS 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 l/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 accurately measured 

by a calibrated dry gas meter. A diagram of the purge 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 oil and insoluble particulates. It 

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

capacity. 

EDI Scott Erwircnnxntal Technology Irx 
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7.3 GAS CHROMATOGRAPH 

A Ferkin-Elmer 900 gas chromatograph was used for the analysis 

of the purge bags. A 10 ft. by l/8 inch stainless steel column packed with 

20% SP-2100/0.1% Carbowax 1500 on 80/120 mesh Supelcoport was used for the 

analysis. This column gave complete resolution of the benzene peak from 

other components present in the purge bags. The 'peak height' method was 

utilized to calculate the concentration of benzene in the purge bags 

analyzed. The Perkin-Elmer 900 used for analysis was not equipped with 

a backflushing unit. Gas chromatograph conditions were as follows: 

GC column temperature: 70°C isothermal 

Detector temperature: 190°C 

5 ml loop at a temperature of 120°C 

Carrier gas flow rate: 30 cc/min He 

Hydrogen flow rate: 45 cc/min 

Oxygen flow rate: 400 cc/min 

Detector: Flame Ionization Detector (PID) 

In addition to benzene, the purge bags contained other volatile 

hydrocarbons present in the liquid samples such as toluene and naphthalene. 

Because this chromatograph was not equipped with a backflush, it was 

necessary to elute all heavy organics from the column by heating the column 

to 150°C after every two injections for one hour with the carrier gas on. 

After cooling the column to 70°C the absence of any organic in the column 

which might overlap the benzene peak in the next analysis was checked. When 

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

continued under the conditions previously described. 

@iI Scott Environmental Echndqy Ix 
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8.0 QUALITY CONTROL AND QUALITY ASSURANCE 

Page 8-1 

The following sections will address quality control and quality 

assurance procedures for the field analysis of benzene in air samples and 

the laboratory analysis of process liquids. 

8.1 FIELD A.XALYSIS PROCEDURES 

All samples were 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 analysis. When this 

was done a fresh dilution was prepared for each injection and peak heights 

were reproduced to within 10%. To verify that the system was retaining no 

benzene, frequent injections of the standard and nitrogen were made. In all 

cases the result was satisfactory. 

The Tedlar bags that were reused for sampling were flushed three 

times with nitrogen and allowed to sit overnight after being filled to 

approximately three quarters of their capacity. They were analyzed for 

benzene content the following day. The background concentrations of the 

bags were recorded 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 linearity of the gas chromatographic 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. 
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8.2 PROCEDURES FOR AX\LYSIS OF PROCESS LIQUIDS 

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

were used as reference standards throughout this prcgram. The accuracy and 

linearity of the gas chromatographic technique for benzene analysis was 

tested through the use of EPA Audit Standards which were available to Scott. 

Gas chromatographic analysis of the samples and standard were performed 

under identical conditions to assure the accuracy of the analytical data 

generated. 

Each batch of propylene carbonate which was used as the diluting 

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 

propylene carbonate were found to be free from benzene. 

Every day before the analysis of samples the purging apparatus and 

trapping bags were tested for absence of benzene. Whenever the whole system 

was found to be free from benzene to the lowest detectable limit of the 

instrument, the samples were analyzed using the purging apparatus and the 

trapping gas sampling bags. 

Generally an accurately weighed mass of each sample was subjected 

to purge and trap procedure only once and the trapped gas sample was repcnt- 

edly analyzed by GC until the analytical data of consecutive GC analyses varied 

by *0.5X or less. 
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For randunly selected samples, the whole analytical proccrlurc was 

repeated with a different weighed mass of the source sample to check the 

validity and accuracy of the analytical methodology. The analytical data 

for different runs were found not to vary by more than 5X. 

By purging the sample with nitrogen under the experimental con- 

ditions as utilized by Scott, the recovery of benzene from the sample was 

quantitative and this has been verified by analyzing a standard benzene 

solution in propylene carbonate containing tar and pitch. 

•3 
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