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1.0 INTRODUCTION 

Page l-1 

Scott Environmental Services, a division of Scott Environmental 

Technology, Inc. conducted a testing program at Bethlehem Steel Cor- 

poration, Bethlehem, Pennsylvania to determine benzene emissions from 

six sources in the coke byproduct recovery plant. The work was per- 

formed for the United States Environmental Protection Agency, Emissions 

Measurement Branch, under Contract No. 68-02-2813, Work Assignment 48. 

Data collected from this plant and six others are being used for the 

development of a possible National Emission Standard for Hazardous 

Air Pollutants for benzene. 

Sampling was conducted at Bethlehem Steel from July 7th to 

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

analysis were collected from the following processes: Denver 

flotation unit, naphthalene melt pit, naphthalene drying tank, 

cooling tower - direct water final cooler, light oil condenser vent, and 

the tar decanter from #5 battery. 

Scott Erwironmental l&chnology Inc 
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Process 

Cooling Tower 

Tar Decanter 

2.0 SUMMARY OF RESULTS 

Light Oil Condenser Vent 

Naphthalene Drying Tank 

Denver Float Units 

Naphthalene Melt Pit 

Benzene Emission Rate 

lb/hr. kg/hr. 

73.4 33.3 

2.6 1.2 

28.8 13.1 

0.04* 0.02* 

28.2 12.8 

19.8* 9.0* 

*Not a continuous process. 

Scott Environmental lkhnology Inc 
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3.0 RESULTS AND DISCUSSIONS 

3.1 COOLING TOWER 

The cooling tower circulates the hot water from the direct water 

final coolers after the naphthalene is removed via the Denver float units. 

The tower is about 30 feet high and has four 13-foot diameter fans on top 

for pulling air countercurrent to the falling water. Benzene which is 

contained in the final cooler water is in part released as a vapor as it 

passes downward through the cooling tower. This benzene is picked up as 

a contaminant in the final cooler spray towers. 

The three tests run on the cooling tower were fairly consistent, 

ranging from 66 to 79 lb/hr., with an average result of 73.4 lb/hr. The 

stack velocities for each run reported in Table 3-l are an average of the 

velocities measured across the 24-point traverse. The velocities measured 

were generally lower near the stack wall and in the center over the hub of 

the fan, as would be expected. Field data (showing the measured velocities) 

can be found in Appendix B. 

All stack flow rates were corrected to the average conditions at 

which the benzene concentrations were measured in the Tedlar bags; assumed 

to be saturated at 68°F and 29.92 inches Hg (2 l/2 % moisture). Example 

calculations are shown in Appendix A. 

Liquid samples were collected from the hot and cold wells. Average 

benzene concentrations were 6.8 ppm and 3.5 ppm respectively. The hot and 

cold well temperatures were 86°F and 82"F, indicating that the cooling tower 

was not really cooling the water significantly, and as noted on page 6-1, 

Scott Environmental ‘kchnology Ix 
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was due to the malfunction of a faulty level control. Past plant operating 

experience shows that an average temperature reduction from 86°F to 76°F is 

experienced during the summer months and from 62°F to 48°F during the 

winter months. 

Scott Environmental lkchnology Ix 
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3.2 TAR DECANTER 

The tar decanter collects tar and flushing liquor from the #5 

battery and from the primary coolers. It is allowed to settle and the 

flushing liquor is decanted off the top while the tar is drained from the 

bottom. The decanter is vented to the atmosphere, and is a potential 

benzene emission source. 

The average result for the tar decanter emissions is 2.6 lb/hr., 

with a range of 1.4 to 3.7 lb/hr. Velocities measured were quite consistent 

over all three runs but the concentration of benzene differed considerably, 

as shown in Table 3-2. The large differences between sample runs is 

probably due to fluctuations or changes in the process feed streams, as 

the samples were not all collected on the same day. 

Liquid samples were collected at three locations: The surface 

liquid in the decanter, the inlet to the decanter from the coke gas cross- 

over main from the #5 battery, and the inlet to the decanter from the 

primary cooler. Average benzene concentrations in the liquid samples were: 

In the surface samples - 1.6 ppm, in the crossover main samples - 4.9 ppm, 

and in the primary cooler samples - 16.4 ppm in the light fraction (flushing 

liquor) and 1810 ppm in the heavy fraction (tar). 

IKDI : Scott Environmental lkchnology Inc 
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3.3 LIGHT OIL CONDENSER VENT 

Benzene in the wash oil is removed by heating the wash 

oil and condensing out the benzene. Noncondensibles in the wash 

oil, possibly including some benzene, are vented to the atmosphere. 

For this reason the light oil condenser vent was considered a 

potential benzene emission source. 

The average of the three good runs on the light oil 

condenser vent (Run 3 was voided) was 28.8 lb/hr., as shown in 

Table 3-3. Although the flow rate was very low, the benzene con- 

centration was approximately 10% so the mass emission rates were 

comparable to higher flow sources. 

KDl .’ Scott Environmental lkchndogy Inc 
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3.4 NAPHTHALENE DRYING TANK 

The drying tank collects the melted naphthalene after 

the melt process, and steam is applied to the tank to drive off any 

water present in the naphthalene. This is a batch process and runs 

for approximately 12 to 14 hours, during which time benzene is 

emitted along with the steam, through the open process vents on the 

tank. 

Testing the naphthalene drying tank involved a special test 

modification using impingers which is described in detail in Section 

6.4. The test method was given a trial run on July 18, and the 

resulting total emission rate (stack plus vent) was 1.57 lb/hr. A 

series of 8 tests were run on July 22 over a 15-hour period, and the 

average for these runs was 0.04 lb/hr. The results of the 8 tests 

varied widely since the drying cycle is a batch process. As expected, 

the emissions dropped off as the cycle progressed and the water was 

driven off the naphthalene, and emissions increased when the tank 

temperature increased, as seen in Table 3-4. Vent "A" refers to the 

process vent stack, and "B" is the large opening in the tank for steam 

lines, which was tested as a vent. 

The benzene emissions from the drying tank vary widely from 

day to day depending on how long the naphthalene was heated in the 

melt pit prior to transferral to the drying tank. Ideally the melt 

process and the drying tank should be sampled on the same day to de- 

termine benzene emissions from the naphthalene handling processes as 

a whole. 

Scott Environmental lkhnology Inc 
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3.5 DENVER FLOTATION UNITS 

The Denver units skim naphthalene from the surface of the 

hot water collected from the final coolers. The skimming is accom- 

plished by blades rotating on a shaft that spans the length of the 

flotation tank. The system is comprised of four adjacent units, three 

of which are in operation at any given time. This is a constant 

operation and constitutes a potential benzene emission source because 

the impure naphthalene is contaminated with benzene and the Denver 

units are agitated and at temperatures above ambient level. 

Fe results of the tests of the Denver float units are 

presented in Table 3-5. The tracer gas sampling strategy and sampler 

locations for each test are detailed in Section 6.5. Each test 

consisted of two runs, with the second run designed to estimate the 

contribution of the unit adjacent to the test unit (82) to the 

total being measured from the test unit (f/l). This became irrelevant 

in tests 2 and 3 because unit 2 was not in operation. 

In tests 2 and 3 the data from sampler 3 was rejected 

because the sampler was inadvertently located adjacent to a "hot 

spot" benzene emission point in the naphthalene melt pit. 

In each test the benzenelisobutane ratio is lower for the 

center sampler than the outer samplers. This would be expected 

because the tracer discharge manifold was not long enough to cover 

the entire tank axis. Thus, the center portion of the tank shows a 

higher relative isobutane concentration. 

Scott Environmental Txhradogy Inc 
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The benzene emission rates for a typical Denver Float Unit 

tank were determined to be 8.6, 8.6 and 11.0 pounds per hour. While 

statistical determination of confidence limits is not possible, the 

relative good agreement of data points and the small estimated error 

due to the assumptions made in the calculations lead to the judgment 

that the emission rates are within one pound per hour of the true rate 

at each process/ambient condition tested. The total emissions from the 

Denver unit with three tanks in operation would be 26, 26 and 33 pounds 

per hour. 

Test 3 was performed on the same day as Test 2 and under the 

same experimental conditions except that the ambient temperature was 

approximately 5'F higher in Test 3. A comparison of corresponding 

Test 2 and Test 3 data (2-1 to 3-2 and 2-2 to 3-l) shows that the 

isobutane tracer concentration changed very little from test to test. 

Yet, the benzene is clearly higher at Sampling Locations 1 and 2 in 

each case. This indicates that the higher emission rates in Test 3 

can be attributable to the higher ambient temperature. 

Scott Environ~ntal lkhrzology Inc 
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3.6 NAPHTHALENE MELT PIT 

The melt pit collects the naphthalene slurry that was skimmed 

off in the Denver units, and once a day steam is applied to melt the 

naphthalene to facilitate pumping into a drainage tank. Benzene con- 

tained in the naphthalene cake is released when the steam is applied 

to the melt pit. 

The results of the four tracer gas tests on the naphthalene 

melt pit during melt operations are shown in Table 3-6. For each test 

the first half-hour run was conducted while the cake was still melting. 

The second run was made after ammonium sulfate salt had been added to 

the melt and prior to its being pumped to the drying tank. There are 

considerable test to test differences in benzene emission rates. 

It is believed that the differences are real, and that they are the 

result of variations in the process step timing, the portion of the 

process cycle sampled and ambient conditions. 

A test was performed on 7/17/80 after the melt was com- 

pleted and the pit was beginning to refill. The results of this test 

are presented in Table 3-7. This test serves as the basis for estimates 

of emissions from the pit at times other than when the melt was in 

progress. This test was planned to assess the contribution of the 

Denver float unit to the melt pit emissions measured during the melt 

cycle. However, it became apparent that the melt pit made a substantial 

contribution to the benzene found in this test. On 7/22/80, three sets 

of grab air samples were collected over the melt pit at ground level. 

The results are as follows. 

Scott Environmental lkhndogy Inc 
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BENZENE OVER MELT PIT AT GROUND LEVEL 

Grab Samples Collected 7/22/80 

Time 

1330 

1800 

2300 

Benzene Concentration (ppm) 
Edge of Pit Middle of Pit 

46 27 

67 36 

116 42 

It can be seen that the benzene concentration was higher 

at the edge of the pit, which was above the point where incoming 

slurry splashed into the pit, than at the center of the pit. In 

addition, the concentrations increased with time as the pit filled. 
. 

The contribution of the Denver unit to the samples 

collected during the melt tests was estimated to be negligible be- 

cause the plume rise from the heated pit caused the emissions from 

the Denver unit to rise well above the samplers. Furthermore, the top 

of the Denver unit from which point the Denver unit's emissions emanated 

was approximately six feet above ground level (top of melt pit). 

Thus, it is quite unlikely that the Denver unit emissions could reach 

the samplers during the tests on the melt pit when the melt was in 

progress. 

The following engineering estimates of overall daily naphthalene 

melt pit emissions are based on all of the data collected. The benzene 

emission rate from the melt pit is highest during the time when the 

naphthalene cake is being melted. The emission rate during this half 

hour period is from 20 to 30 pounds per hour. During the following 

half hour the emissions decrease to the 10 to 20 pounds per hour range. 

Scott Environmental lkchnolqy Inc 
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The emissions continue to decrease over the period that the melted 

naphthalene remains in the pit and the benzene content in the mix 

becomes depleted. Once the melt has been transferred to the drying 

tank and filling of the pit with slurry from the Denver units resumes, 

benzene emissions begin at the rate of three to six pounds per hour. 

As filling continues and the liquid level in the pit rises, the 

emission rate increases to the order of 10 pounds per hour or more 

until the next melt is started. These emission rates can easily 

vary by a factor of 2 or 3 from day to day. The temperature of the 

material in the pit is the primary variable which affects the benzene 
, 

rate at any given time. 

Scott Em4mnmental lkhraology Inc 
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4.0 PROCESS DESCRIPTION AND OPERATION 

4.1 PROCESS DESCRIPTION 

The by-product recovery operations for tar and flushing liquor at 

Bethlehem Steel Corporation, Bethlehem, Pennsylvania are two separate systems; 

Batteries 2, 3, and A as well as a separate system for Battery 5. These gas 

streams combine before entering the ammonia saturator. Batteries 2 and 3 

have 102 ovens each and were constructed in 1941-43 using a Koppers-Becker 

design. Battery A has 80 McKee-Otto ovens that began operation in 1976. 

Batteries 2 and 3 produce a heavy tar because the hot top of the oven causes 

cracking of the carbon compounds in the coke oven gas. The specific gravity 

of the heavy tar is in the range of 1.25. Battery 5 has 80 Koppers ovens 

with horizontal flues that were constructed in 1953. Battery 5 produces 

light tar with a specific gravity of approximately 1.19. 

The processes used at the Bethlehem plant for coke oven gas 

recovery are primary cooling, tar decanting, exhausting, tar electrostatic 

precipitation, ammonia still and saturator, final cooling, light oil sorubbing 

and rectifying, and Sulfiban desulfurization with Claus recovery. 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 mains 

where it is sprayed with flushing liquor. The gas and flushing liquor leave 

the battery area and are transported from the collecting main through cross- 

over mains into the suction main and into the by-product recovery area. The 

gas and liquor initially separate at the downcomer where the flushing liquor 

falls out and the gas continues to the primary coolers. The flushing liquor 

from Batteries 2 and 3 enters an interceptor pit before being pumped to the 

Scott Environmental l&chno@y Inc 
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tar decanter because ground elevations will not allow for gravity flow. The 

interceptor pit removes some sludge which is stored in a dumpster before 

disposal. The detention time in the interceptor pit is very short with a 

flow rate of 189 l/s (3000 gpm). The flushing liquor from Battery A does 

not enter this pit, but flows by gravity to the tar decanter. 

As previously stated the tar and flushing liquor operations are 

two separate, but similar systems. This discussion will address the operations 

for Batteries 2, 3 and A because the plant tour surveyed this system. The 

gas stream from Battery 5 joins the gas stream from Batteries 2, 3 and A 

before the ammonia saturator. Excess flushing liquor from both systems are 

steam stripped in the same ammonia still. 

The dirty flushing liquor enters the two parallel tar decanters 

where it is separated into liquor, tar, and sludge. Liquor from the over- 

flow pit is also separated in the tar decanters. The flushing liquor flows 

by gravity to a surge tank before returning to the spray system on the 

collecting mains. Excess flushing liquor from the surge tank is treated 

with lime before stripping in the ammonia still. The flushing liquor 

ammonia concentration is approximately 3000 mg/l before the still. The 

ammonia rich vapors exit at the top of the ammonia still and combine with 

the main gas stream before the ammonia saturator. The ammonia concentration 

in the effluent from the ammonia still is 1.2 mg/l before entering the 

aeration basins. In the future the plant will increase the ammonia concen- 

tration to approximately 40 mg/l to enhance the biological wastewater 

treatment process. 

Scott Environmental l@chnology Inc 
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The tar layer from the tar decanter is pumped to tar storage. The 

water content of the tar is approximately lo-12% from the tar decanter and 

3-4% after tar storage. The water content of the tar from the tar decanter 

could increase to approximately 35% when charging problems occur. The tar 

in storage is heated to 94°C for several days before shipping. Heavy tar 

from Batteries 2, 3, and A is produced at a rate of 181.7 cubic meters 

(48,000 gallons) per day. Light tar from Battery 5 is produced at a rate 

of 45.4 cubic meters (12,000 gallons) per day. The sludge layer from the 

tar decanter is pulverized in a ball mill before storage and disposal. 

The gas stream enters four parallel primary coolers at 77°C where 

it is sprayed with circulating liquor. During the visit two old primary 

coolers were not operating due to reactivation. The circulating liquor is 

cooled by indirect coolers before recirculating in the primary coolers. 

Excess circulating liquor and tars are drained to the overflow sump from 

the old primary coolers. The excess liquor from the new primary coolers 

goes directly to the decanters. The gas leaves the primary coolers at 

approximately 44°C. 

The gas stream enters the exhausters where the prime motive 

power for the system is supplied. The gas then enters four parallel tar 

electrostatic precipitators where additional tar is removed from the gas 

and drained to the overflow pit (drain pit). 

The gas from the tar electrostatic precipitators is combined with 

the gas stream from Battery 5 and the vapors from the ammonia still before 

entering the ammonia saturator. The ammonia saturator is an Otto design 

that sprays 2% sulfuric acid through the gas as it rises in the saturator 

Scott Environmental Xxhnology Inc 
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column. The system produces 65.3 metric tons (72 tons) of ammonium sulfate 

per day. Before the ammonia still was installed the plant produced 54.4 

metric tons (60 tons) of ammonium sulfate per day. 

The gas leaving the ammonia saturator is approximately 55-60°C 

before entering the final coolers. The final coolers are arranged in three 

parallel rows with two rows having two coolers each in series and one row 

having one cooler. There is normally one cooler in each row in service at 

any given time. The final coolers circulate water which is indirectly 

cooled before respray. The naphthalene/water slurry from the bottom of 

the final coolers is conveyed to a Denver flotation unit via an open trough. 

In the Denver unit the naphthalene slurry is floated and scraped from the 

surface and then drained to a melting pit. The naphthalene slurry is 

heated in the melting pit before pumping to the draining tank. From the 

draining tank the naphthalene goes to a drying tank and then to a shipping 

tank. The water from the Denver flotation is pumped to the atmospheric 

cooling tower for the final coolers. All operations are vented to the 

atmosphere. 

The gas leaves the final coolers and enters the light oil scrubbers 

at 18°C in the winter but rises as high as 32°C in the summer. The wash 

oil scrubbers are arranged in three parallel rows with two rows having four 

scrubbers each in series and one row having two scrubbers in series. In the 

light oil scrubbers the wash oil flows are countercurrent to the gas stream 

and remove the light oil from the gas stream. The benzolyzed wash oil is 

then stripped of the light oil in the wash oil still. The debenzolyzed wash 

oil from the wash oil still is indirectly cooled in the wash oil chillers 

Scott Environmental Ethnology 1~ 
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before the wash oil decanter. In the wash oil decanter entrained water is 

periodically separated from the wash oil and flows by gravity to the Gale 

oil sump (see Figure 4-2). The wash oil from the wash oil decanter is then 

returned to the light oil scrubbers for reuse. 

The light oil vapors from the wash oil still enter a rectifier 

which fractionates the light oil into primary and secondary oil. The 

separation between primary and secondary oil occurs at 140°C (284°F). The 

crude secondary oil is the BTX fraction of the light oil and is shipped to 

the Sparrows Point plant operated by Bethlehem Steel Corporation for further 

refining. The primary oil is the heavy fraction of the light oil and is 

burned with bunker oil throughout the plant. The plant in the past has 

refined the secondary crude oil, but in the fall of 1977 the unit was moth- 

balled. The refining operations produced a caustic and acid sludge at 3.8 

cubic meters (10,000 gallons) per day each and cost for the ultimate I 

disposal of these sludges made the refining operation ecouomically impractical. 

The Gale oil sump receives waste stream inputs from the final 

cooler, wash oil still, wash oil chiller, wash oil decanter, rectifier, 

primary light oil storage, secondary light oil storage, desulfurization 

blowdown or condensate; and miscellaneous runoffs. The Gale oil sump 

separates the wastewaters into oil and water layers. In the future the 

water layer will be pumped to the influent to the aeration basins. The 

oil layer is pumped to a tank car. If the Gale oil sump receives excessive 

inputs the overflow flows to quench. 

The gas stream from the light oil scrubbers then enters the 

Sulfiban desulfurization process. The gas stream initially enters two 

Scott Environmental Technology Inc 
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packed contact columns for absorption of the sulfur and the "sweet" coke 

oven gas exits the top of the contact columns for reuse. The absorbing 

solution is 15% monoethanolamine (MEA) in water. The rich MEA is stripped 

in the still column to lean MF.A which is returned to the contactor columns. 

In the still column the acid gases exit the top and are passed through a 

heat exchanger before entering the cyanide destructor. Some of the con- 

densate or reflux from the still column condenser and heat exchanger are 

pumped to the Gale oil sump. The acid gases enter the cyanide reactor at 

approximately 149°C (300°F) and the cyanide is destroyed by heating to 

approximately 233°C (450°F) with the aid of bauxite and activated alumina 

catalyst bed. The acid gases leaving the cyanide reactor are then processed 

in a Claus sulfur recovery system which produces elemental sulfur and 

incinerates the tail gas. 

The sweet coke oven gas after the contactor columns is held at 

25 inches of water by a system that supplies natural gas at 23 inches of 

water and flares at 27 inches of water. The coke oven gas is used at the 

coke ovens and at other places within the steel mill. The heat value of 

the gas is approximately 530 Btu per cubic foot. 

4.2 PROCESS OPERATING PARAMETERS 

During the two-week test period, the plant average coke production 

rate was 3,900 tons per day. This resulted in generation, on the average, 

of 78 x lo6 cubic feet of raw coke gas per day. Thus, we can state that 

the plant was operating at about 75% capacity. This capacity factor was 

discussed with Bethlehem personnel. While it was acknowledged that some 

Scott Environmental Txhndogy Inc 
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variations result from the longer coking cycles, there is no reason to 

believe that the benzene emissions, per ton of coke produced, would be 

significantly different from when the plant is at full capacity. 

Other process operating data are presented in Table 4-1. 

Eil 1. Scott Environmental lkhnobgy II-K 
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5.0 FIELD SAKPLING AND ANALYSIS METHODOLOGY 

Faze 5-l 

I -  

* , “ “ “  

5.1 DETEI?lI:!;?TIO?; OF BENZEXE FRO! STATIO':c\RY SOURCES: 
EPA ISiETHOD 110 AJD PIODIFICATIOSS 

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 

method 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 flov- 

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. 

* Ncntion 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, :?hich was also saved for analysis. Aily 

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

in the sample bag to determine mass emission rates. 

Rag volumes were measured whenever water was collected in the 

trap by emptying thebag 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 l-emove the propylene carbonate film and flushed 

with nitrogen to dry. 

Figure 5-l shows the modified Method 110 setup. 
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5.2 TRACEK TESTIZU'C 

The tracer gas method is a practical procedure for quantifying 

mass emissions of volatile organics from sources which are essentially 

open to the atmosphere without disturbing flow, dispersion patterns or 

the source operation. This method utilizes the release of a tracer gas 

directly over the source of interest; the tracer gas will then follow the 

same dispersion patterns as the emissions from the source. The mass cjf 

tracer released over the sampling period is known and the mass to mass 

ratio of benzene to the tracer gas in the sample is determined by gas 

chromatography. The emission rate of benzene can be calculated with this 

information. 

This method is based on the principle that the chosen tracer gas 

will model the dispersion of benzene from the source. The tracer gas 

chosen for this project was isobutane because it was not present in the 

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

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

butane is.a non-toxic gas that can readily be dispensed from a pressurized 

cylinder at a uniform measured rate. 

When this method was used triplicate tests were performed. Each 

test consisted of two l/2 hour runs. For each run clean and backgrounded ten- 

liter Tedlar bags were used. Integrated samples were collected using 

Emission Measurements, Inc. Air Quality Sampler II systems. The AQS II 

samplers are self-contained units capable of collecting one or more inte- 

grated samples at a preset rate. For tracer tests the sampling rate used 

was ten liters per hour. 

5.3 SAXPLE HANDLING 

After being collected the gas samples were immediately transported 

to the gas chromatograph and analyzed. The elapsed time between sample 

collection and analysis never exceeded one hour. To verify that there was 

no sample degradation in samples of this type some of the samples were 

retained for 24 hours and reanalyzed. The ioss of benzene and isobutane 

observed was typically less than 5%. 
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5.4 FIELD UXLYSIS 

All gas samples collected were analyzed using a Shimadzu GC Nini 1 

gas chromatograph equipped with dual flame inoization detectors, dual 

electrometers, heated sample loop and a backflush system. Figure 5-2 shows 

a schanatic of the backflush apparatus. The backflush system is composed 

of ten port sequence reversal valve and two columns, a scrubber column for 

retaining high molecular weight compounds and an analytical column. Mhen 

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 . 

measurement 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. 

Samples ior 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 the injection. When only benzene was of interest the 

following chromatographic conditions were maintained: 

Column Temperature (isothermal) - 1OG"C 

Injector and Detector Temperature - 200°C 

5 ml Sample Loop, Temperature - 5o"c 

Carrier Gas Flow Rate - 32 cc/min 

Hydrogen Flow Rate - 40 cc/min. 

Air Flow Rate - 240 cc/min. 

Analysis Time - 5 min. 

Detector - Flame Ionization 
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The columns used for field analysis were: 

A- 

B- 

Scrubber Column 

10% FFAP on Supelcoport SO/l00 
l/8" x 1 m Stainless Steel 

Analytical column 

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

Page 5-7 

When samples from tracer tests were analyzed the chromatographic 

conditions were changed to provide adequate separation of the isobutane 

tracer from the other light components of the sample. The temperature 

program used 

1) 

2) 

3) 

4) 

5) 

0) 

7) 

8) 

9) 

for this analysis was: 

Start at room temperature with external cooling fan 

on and oven door open. 

Inject @ 0.0 min. 

Turn external cooling fan off @ 1.0 min. 

Eackflush !? 1.8 min. 

Isobutane elutes @ 2.3 min. 

Close oven door @ 3.0 min. with oven temperature 

set at 1OO'C. 

Benzene elutes @ 7.0 min. 

After the elution of benzene, open the oven door and 

turn on the cooling fan. The next injection can be 

made after 2 minutes of cpoling: 

When the tracer gas is used analysis time will be 

approximately 10 minutes. 

The columns and flow rates were the same as for*isothermal. 
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6.0 FIELD SAMPLING PROCEDURES 

Page 6-1 

6.1 COOLING TOWER-DIRECT WATER FINAL COOLER 

The cooling tower was sampled on July 10, 1980. The tower 

has four 13-foot diameter fans on top as shown in Figure 6-l. 

Sampling was conducted at only one fan and the results were multi- 

plied by four to obtain mass emission rates from the whole cooling 

tower. This approach is expected to yield accurate emissions data 

without the necessity of testing at all four fans, because the fans 

were operating under identical conditions. 

Air sampling was conducted following EPA Method 110 using a 

24-point sampling and velocity traverse across two diameters of the 

fan shroud to obtain an integrated sample. At two minutes per point, 

each of the three sampling runs lasted 48 minutes. 

Triplicate liquid samples were dipped from the hot and cold 

wells with temperatures of 30°C and 27.8'C respectively (86'F and 

82'F). At the time of sampling, the cold well was mixing back into the 

hot well at one location due to a faulty level control. Liquid samples 

were dipped from points well clear of the mixing area. The plant 

indicated that average normal operating temperatures for summer are 

86°F and 76°F. 

Scott Environmental Schnology Inc 
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6.2 TAR DECANTER 

Three half-hour Method 110 tests were conducted on the tar 

decanter from the iI5 battery on July 8th and 9th, 1980. The tar 

decanter is shown in Figure 6-2. Problems were encountered with naph- 

thalene plugging the sample line. The decanter was the first source 

we tested using Method 110, and at the beginning several tests were 

run in which the sample line clogged without our knowledge resulting 

in no sample collection. 

At this point we spent considerable time revising the method 

for application to this project. The equipment was modified to include G 

an orifice and magnehelic gauge in the sample line to register flow 

into the bag and a water knockout trap in the line before the orifice 

to prevent moisture from entering the bag. Clean-up procedures were as 

described in Section 5.1. 

From here on, all tests referred to as Method 110 include 

these revisions. 

The tar decanter receives tar and flushing liquor from the 

coke gas crossover main from the iI5 battery and also from the primary 

cooler. A totat of five liquid samples were collected as follows: 

Two were dipped from a hatchway on top of the decanter at the outlet 

end, one was collected from the gas crossover main, and two were 

taken from the primary cooler outlet. 

Scott Emkonnwntal lkchraology Inc 
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6.3 LIGHT OIL CONDENSER VENT 

Four half-hour EPA Method 110 tests were conducted on the 

light oil condenser vent on July 11, 1980. The results of the analysis 

showed the benzene concentration in the third sample to be about half 

that found in the first two, indicating a possible leak in the system. 

Upon inspection of the sample line, the leak was found to be caused 

by an improperly seated gasket in the water knockout trap, and the 

third run was voided. A fourth test was run, and the analytical 

results were consistent with those of the first two runs. 

The top of the existing stack had a l/2 inch steam injection 

pipe running into the top, as shown in Figure 6-3. A stack extension 

was constructed from a section of steel stovepipe that extended the 

top of the stack past the steam pipe so we could accurately 

measure flow rate with a vane anemometer. 

The plant maintenance crew provided scaffolding for access 

to the testing site. 

No liquid samples were collected at this source. 

Scott Environmental l&h-y Inc 
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6.4 NAPHTHALENE DRYING TANK 

The naphthalene drying tank presented several new problems 

in sampling strategy. The tank is shown in Figure 6-4 as Draining 

Tank 1'12. There is a large opening in the center of the tank with 

steam lines running in, in addition to a tall 6-inch diameter vent 

stack located at the end of the tank. More emissions come from 

the large opening than from the vent, and an attempt was made to 

cover the opening with plywood and fiberglass packing, but due to the 

pipes in the opening this was not very successful in stopping leaks. 

It was decided to construct a sheet metal collar around the opening, 

with slots to fit around the steam lines, and treat it as a vent 

stack. Method 110 samples were collected from the tall vent stack 

and velocity readings were taken at both the stack and the big vent 

opening. The assumption was made that the concentration of benzene 

is the same at the big vent opening as it is in the stack. Mass 

emission rates were therefore determined using the benzene concen- 

tration in the stack sample with the flow rates from the stack and 

the vent opening. 

The second major problem encountered was naphthalene plugging 

the sample line and probe. The line plugged so fast there was no use 

in cleaning the line periodically. The solution was to bubble the 

sample stream through propylene carbonate to knock out naphthalene, 

using a large diameter glass elbow as a probe. A bucket containing 

three impingers was hooked on top of the stack. The first two 

Scott Environmental khraology Inc. 
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impingers contained 100 ml of propylene carbonate and the third was 

empty. A Teflon sample line connected the impinger train to the 

sampling drum and the glass elbow used for the probe was connected 

directly to the first impinger (See Figure 6-5). 

Cleanup consisted of saving the impinger catches and washes 

in addition to the sample line and water trap washes. The sample 

volume contained in the Tedlar bag was measured after the sample was 

analyzed by emptying the bag through a dry gas meter. 

A test run was done on the drying tank on July 18 to verify 

the success of the new procedures. The bag sample collected was 

analyzed but the propylene carbonate catch was not, as it was just a 

trial run. Results of the bag analysis are included with the data 

in Table 3-4 for purposes of comparison. Naphthalene from the melt 

pit is pumped into a draining tank after the melt each morning, and 

the tank is steam heated from about 1:00 p.m. until about 4:00 a.m. 

when a night shift operator shuts it off. Benzene emissions are not 

expected to be constant over the heating cycle, so in order to measure 

accurately the emissions from the tank it must be tested over the 

entire heating cycle. We collected eight half-hour Method 110 tests 

modified as described at about two hour intervals during the cycle 

on the night of July 22, 1980. 

Scott Envimnmental ‘lixhrwlogy Inc 
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6.5 DENVER FLOAT UNITS 

The Denver float unit presented a complex problem to the use 

of a tracer gas for quantifying the unit's benzene mass emissions. 

First, there are 4 separate Denver float tanks, of which 3 were 

normally in use during these tests. The particular tank which was out 

of service varied from day to day. Second, the naphthalene melt pit 

was immediately adjacent to the Denver float tanks on one of the 

sides that was physically accessible for downwind sampling. While the 

emission rate from the melt pit was low, compared to the Denver float 

tanks, some "hot spot" points contributed to the downwind samples. 

For example, the point at which the Denver float overflow trough 

serving Units 1 and 2 empties its contents into the melt pit was 

shown to be a "hot spot" for benzene in subsequent grab samples. 

Figure 6-6 shows the processes and flow directions for the entire 

naphthalene handling operation. Figure 6-7 shows specifically the 

Denver float units and the positions of the samplers for the Denver 

unit tests. 

The sampling strategy used was believed to be the best 

means of arriving at reasonably accurate emission rates without unduly 

elaborate and costly sampling procedures. The simultaneous use of a 

~ different tracer gas at each tank and tests utilizing different 

tracer gas release configurations would probably have resulted in better 

confidence in the emission rates during a particular test period. 

However, the emission rate varies from day to day due to variations in 

Scott Environmental lixhraology Inc 
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both process and ambient conditions. Thus, it was not cost effective 

to perform very elaborate test procedures. 

The approach used in the Denver float unit tests was to measure 

the emissions from a single tank. The tracer gas was dispersed onto 

the surface of this tank with the gas discharge probe located along the 

center longitudinal point; there will be contributions of benzene from 

the other two Denver tanks then in use. The relative contribution from 

the second tank was estimated by releasing the tracer onto the surface 

of the second tank in a test immediately following the first tank test 

without changing the position of the samplers. The relative contribu- 

tion of the two tanks to each sampling location is proportional to the 

relative amounts of tracer found at that location. There are two 

assumptions inherent to this conclusion. First, the benzene emission 

rates from the two tanks are equal. This should be true because the 

temperature, feed material and size were the same for the two tanks. 

Second, the diffusion patterns were the same in the two tests. This 

was demonstrated by comparing the benzene concentrations in each 

sampler for the two tests. 

The sampler locations for Test 1 are shown in Figure 6-7. 

The isobutane tracer concentrations from the two tests were normalized 

for differences in isobutane release rate and differences in dispersion. 

The normalized values were then used to calculate the fraction of the 

benzene due to emissions from Tank 1. The contribution from Tank 3 

was not determined. Because of the additional spacing between Tanks 

2 and 3, the contribution ratio of Tank 3 to Tank 2 would be less than 

ol Scott Envimmental lixhnobgy inc 
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that of Tank 2 to Tank 1. It is be1 ieved that Tank 3 contributed 

less than 5% of the total found in the samples. The calculations 

shown in Appendix A assume a negligible contribution from Tank 3. 

The upwind background from distant sources was also assumed to be 

negligible. The trace benzene concentrations found in the upwind 

sampler were primarily due to the Denver unit tank emissions swirling 

during wind shifts. No source was immediately upwind of the Denver 

unit, and grab samples verified the absence of benzene in the back- 

ground air mass. 

In Tests 2 and 3, the test procedure was the same as in 

Test 1. However, during Tests 2 and 3, Tank 2 was out of service and 

thus did not contribute to the benzene found. In Tests 2-2 and 3-l 

the tracer gas should have been dispersed over Tank 3 rather than 

Tank 2 which was out of service. Unfortunately, this was not recog- 

nized because this newly developed procedure had not been used before 

under these circumstances. Tests 2-2 and 3-l serve as replicates for 

the benzene concentrations found in Tests 2-1 and 3-2, respectively. 

All of the benzene found in Tests 2 and 3 is attributable to 

Tank 1, since Tank 2 had no emissions, and it is assumed that the 

Tank 3 contribution to the samplers was negligible as in Test 1. 

Scott Environmental Tech-y Inc 
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6.6 NAPHTHALENE MELT PIT 

The naphthalene melt pit is diagrammed in Figure 6-8. The 

melt pit is 24 feet long, 6 feet wide and approximately 8 feet below 

grade. Generally there is one melt cycle per day at the beginning of 

the first shift. During the melting operation, which lasts approxi- 

mately one hour or until all the naphthalene is melted, massive 

emissions of steam and naphthalene are released from the melt pit. 

These emissions were sufficiently large that small variations in wind 

speed and direction would not interfere with plume dispersion and the 

collection of representative samples. . 

The sampling strategy was to position samplers downwind from 

the melting process at a distance that would prevent samplers from 

becoming clogged with naphthalene. Three samplers were placed approxi- 

mately 10 feet from the edge of the melt pit and were 5 feet apart, an 

upwind sampler was also positioned approximately 10 feet from the 

source. At these sampling locations it was assumed that there was no 

contribution from the Denver float units because the mass and velocity 

of the plume rising from the melt pit would essentially block emissions 

from that source from reaching the sampling locations. The gas dis- 

persion bar was positioned on the grating which covered the melt pit 

approximately 5 feet above the surface of the naphthalene slurry. It 

is preferable to disperse the tracer at the liquid level of the source 

but in this case proper safety procedures precluded that arrangement. 

Scott Environmental lkchnoiogy Inc 
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The sampling strategy used was believed to be the best means 

of arriving at reasonably accurate emission rates without unduly 

elaborate and costly sampling procedures. The simultaneous use of a 

different tracer gas at the melt pit and on the Denver float units 

and tests utilizing different tracer gas release configurations would 

probably have resulted in better confidence in the emission rates 

during a particular test period. However, the emission rate varies 

from day to day due to variations in both process and ambient conditions. 

This, it was not cost effective to perform very elaborate test procedures. 

Between Runs 1 and 2 of Test 2, the dry gas meter was dropped 

and a leak developed at the rotameter at the exit of the gas meter. 

This was not detected until after Run 2. As a result, a portion of the 

tracer gas was released to the air near Sampler 2 instead of through 

the dispersion probe. Thus, the benzene emission results for Samplers 

1 and 3 are somewhat high and that for Sampler 2 is too low. In 

addition, the leak was after the dry gas meter, so the metered release 

rate of isobutane was not the rate at which isobutane left the dis- 

persion probe. For these reasons, Test 2, Run 2 was not valid. The 

results were included in Table 3-6 for comparison of the benzene concen- 

trations measured, which are valid. 

Four tests were run on consecutive days. During the first 

three tests, the wind was from the S to SW and the sampler location 

was as shown in Figure 6-8. During Test 4, the wind direction was 

from the north. For this reason sampler positioning for this test was 

Scott Environmental Rchnology Inc 



SET 1957 05 1280 Page 6-19 

different than for the first three tests. The samplers were positioned 

two feet from the melt pit between the melt pit and the Denver units 

and approximately five feet from the dispersion bar. 

After Test 3, a test was performed to measure the emissions 

present at the sampling locations when a melt cycle was not in progress. 

The tracer apparatus and samplers were set up as they were for Tests 

1, 2 and 3 on the melt pit. During this test the wind was light but 

steady over the Denver units. The benzene found in these samples 

could come from the filling melt pit, the feed troughs and from the 

Denver units. It was believed that the results of this test could be 

helpful in interpreting the data obtained at the same locations during 

the melt cycle. 

Scott Emkmnental l&h-y Inc 
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Two typ es of liquid s~nplt!s were collected: process liquids, and 

SZTpie 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 SJXPLE PREPARATION 

Depending upon the complexity of the sample, one of the following 

sampie 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) immiscible liquid phases were separated and each phase was 

analyzed separately for benzene. 

Samples Containinq 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. 

Samples Containing Finely Crystalline Solid Suspension - 

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. 

lt2-l J Scott Err&-onmntal %chndqy ix 
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Sanplinz System Washings --- 

All washings were clear solutions having only one liquid phase. 

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

to fO.i 8. The total weight of each washing was 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 propylec2 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 Tediar 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-l. 

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. 

Scott Emimnmental Rchm!ogy It-x 
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7.3 cxs C‘IIRu!L~'rO~;xLlPIi 

A Perkin-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: 

CC 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 (FID) 

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 frcm 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. 

EDI Scott Environmental l&h-y kc 
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8.0 QUALITY CONTROL AND QUALITY ASSURASCE 

. 
The Eollowing 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 ANALYSIS 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 1 

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. 

jcrj \ Scott Emhrmmental l&h-y kc. 
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8.2 PRQCEDURi3 FOR AXALYSIS 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 anaiysis 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 repeat- 

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

by +0.5% or less. 
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For randonly selected sanples, the whole analytical procedure was 

repeated with a different weighed mass of the sourc‘e sample to.check the 

validity and accuracy of the analytical methodology. The anal.?tical data 
1: 

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

1 .  .  .  
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. 

Scott Environmntal Techdogy 1% 






























































































































































































































