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1.0 INTRODUCTION

During the week of July 30 through August &, 1978, TRW Environ-
mental Engineering Division, under Contract No. 68-02-2812, with the
Environmental Protection Agency's Emission Measurement Branch, tested a
battery of coke ovens at U.S. Steel's Clairton, Pennsylvania plant. The
purpose of this sampling was two-fold: 1) to provide data associated
with emissions of polycyclic organic matter from topside leaks and 2) to
verify that a reduction in visible topside emissions would result in an
emissions reduction of polycyclic organic material.

Sampling was conducted in order to determine the emission rate
(mg/min) of pollutants from a simulated coke oven topside leak; two
different size Teaks were tested. In addition, background ambient
samples were taken from battery topside. The leaks were simulated by
modifying an oven port 1id to include a vent tube which utilized a ball
valve for controlling the leak rate. Samples were collected by placing
the nozzle of the sampling train probe directly above the vent tube.
Poliution emission rates were determined for Benzene Soluble Organics
(BSO), Polycyclic Organic Matter (POM), and Benz-a-Pyrene {BaP); determi-
nation of a Benzene emission rate was attempted but was not successful.
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2.0 SUMMARY

During the week of testing at the Clairton Coke Works, seven sam-
ples of BSO/POM were taken from the simulated oven leaks on Battery
Number 1. 1In addition, two ambient air samples were taken at the
battery topside to provide information on the background pollutant
level. During each run the simulated leak was adjusted to give either a
large leak (approximately a three to six-foot visible plume) or a small
leak (approximately a one-foot visible plume). Tests one through four
were taken during a large leak while tests five through seven were taken
during a small leak. Photographs of the sampling apparatus and the
simulated leaks were taken during the test program for EPA by U.S. Steel
personnel; these photographs are on file at the EPA. A1l sampling was
done on the number one coke oven battery at the Clairton Plant. In
order to minimize problems with taking the sampling equipment onto the
hot battery topside, the ovens closest to the pinion wall were selected
for testing. In all cases, the oven 1id closest to the push side of the
battery was used. Sampling was begun between the first and second hours
after the oven was charged. The ambient samples were taken on battery
topside past the pinion wall (i.e., between oven A-1, and the end of the
battery); this position was approximately 40 feet from the simulated
Teak. A more detailed discussion of the sampling locations is presented
in Section 5. A Summary of Results are shown in Table 2.1.

Separate sampling trains were used for the BSO and the POM/BaP
sampling. In order to obtain comparable BSO/POM data, a common nozzle
was used so that both trains could simultaneously sample the same leak
The sampling rates were adjusted so that approximately half of the leak
went to each train. Both trains were of a modified Source Assessment
Sampling System {SASS); SASS trains were used in order to obtain a high
sample rate.



SUMMARY OF RESULTS
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3 8:35  8/3 AY Large 15 8819 587.93  1.069 15 0.637
4 10:16  8/3 A VII Large 8 1618 202.25 0.148 10 2189  218.9 0.404 35.83  3.58
5 12:53 8/4 ATl Small 16 458 28.63 0.672 15 0.823
6 21:32 8/4 Al Small 15 714 47.60 0.730 15 0.880
7 16:45 8/5 Al Small 15 112 87.47 0.5604 15 5T 34.0 0.803 17.91 1.19
5A 12:33 8/4 Ambient  MNone 96 9.3 0.084 9.988 5% 9.608
%B 21:12 8/4 Ambient None 55 55
7A 15:07 8/5 Ambient None 10 9,0 0.128 6.709 69 7.6 0.11 6.347 0.12 0.0017
584 Collected During Run §
58 Collected During Run 6

Table 2.1,

SUMMARY OF RESULTS
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POLYCYCLIC ORGANIC MATERIAL ANALYSES

BAP 4 BAP 7 BAP 7A
COMPOUND MOLECULAR WT. EMISSION EMISSION EMISSION
MASS (mg)|RATE {mg/min) MASS  (mg) [RATE (mg/min) MASS (mg) |RATE (mg/mis)

NAPHTHALENE 128 320.2 32.0 138.8 9,2

BIPHENYL 154 13.6 1.4 3.1 0.2

DIMETHYLNAPHTHALENES 156 10.1 1.0 1.6 0.1

ACENAPHTHYLENE 152 128.8 12.9

DIBENZOFURAN 168 71.8 7.2

FLUORENE 166 81.0 8.1 15.4 1.0

DIMETHYLBIPHENYLS 182 18.3 1.8

DIBENZOTHIOPHENE 184 21.2 2.1 2.0 0.1

PHENANTHRENE 178 374.0 37.4 55.2 3.7 30 0.045
BENZO(h)QUINOLINE 179 4.4 0.4

CARBANZOLE 167 44.9 4.5

METHYLPHENANTHRENE 192 33.8 3.4 4,3 0.3

4H-CYCLOPERTA

(def} PHENANTHRENE 190 32.0 3.2

PHENYLNAPHTHALENE 204 9.2 0.9

PYRENE- 202 153.8 15.4 3.9 2.1 1.4 0.020 -
FLUORANTHENE 202 146.2 14.6 30.0 2.0 0.7 0.010
BENZO(a )FLUORENE 216 26.6 2.7 5.9 0.4

METHYLPYRENES 216 46.2 4.6 10.2 0.7

BENZO{ghi )FLUORANTHENE 226 9.8 1.0

CHRYSENE 228 8.5 0.8 65.9 4.4
[ BENZO{a ) ANTHRACENE 228 150.0 15.0

TERPHENYL 230 5.4 0.5

METRYLBENZOANTHRALENES 242 29.4 2.9 10.6 0.7

BENZOTHIOPHENE 240 18.7 1.9

BENZOPYRENES 242 296.1 29.6 135.7 9.0

BENZOPERYLENES 276 109.8 1.0 2.4 0.035
DIBENZOANTHRACENE 278 28.7 2.5
J TOTAL POM 2188.5 218.8 510.6 33.9 7.6 0.110

TABLE 2.2.

POM AHALYSIS




The BSO fraction was passed through a dry impinger into a filter at
125% . The filter and first impinger contents were extracted with
benzene; the extract was dried and the BSO determined gravimetrically.
The filtered gas flow proceeded through three more impingers containing
water and finally through silica gel before being measured at the meter
box. The impingers were extracted with benzene which was dried and
weighed.

The POM/BaP fraction was collected on a filter at 125%F and a solid
adsorbent resin (XAD-2) which were both extracted with methylene chloride
(MeC1). The gas then passed through a series of impingers containing
water and silica gel before being measured on the gas meter. The re-
covered water was extracted with MeC1. POM analysis was conducted on a
Gas Chromatograph/Mass Spectrometer (GC/MS) - by TRW's West Coast Ana-
lytical Department. The BaP analysis was conducted at the EPA's Research
Triangle Park location by thin layer chromatography/fiuorescence. Only
runs 4, 7 and 7A were analyzed for POM/BaP. For the remaining runs the
samples were extracted and the extract retained for possible future
analysis.

An integrated bag was taken after the filter from the BSO stream.
It was analyzed on-site for benzene with a gas chromatograph. The
benzene results are missing from this report since it was determined
that the high concentrations of the volatile organic matter present in
the sampie made the determination of benzene impossible. The gas chro-
matography column utilized in the field on the integrated bag sample did
not perform an adequate separation of benzene from the interfering
compounds.
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3.0 DISCUSSION OF RESULTS

Upon arrival at the plant the van was set up next to the coke
ovens. Generators were rented in order to provide power for the SASS
trains. The vent pipe was placed on an oven l1id. The orifice plate
(Section 6) in the vent pipe not only caused a flow restriction but also
provided a flat surface on which tar formed a viscous layer resulting in
complete plugging of the vent in a short period of time. The orifice
plate was removed and a larger steadier flow resulted. A1l tests were
conducted without an orifice plate. Prior to the first run a problem
was encountered with plugging of the leak vent which seemed to be caused
by particles of coal fines. A new vent was placed on the 1id and the
first test conducted. Although the leak vent did not totally plug
during the test, the flow appeared to be somewhat restricted. The
determination was made that this problem of flow restriction due to coal
fines would occur only during the first hour of testing, therefore
subsequent tests were begun one hour after oven charging. The partial
plugging of the vent is reflected in the results. The first test was of
longer duration (24 minutes) and collected less mass than the subsequent
tests at the large leak rate. The first test was considered an experiment
and three more complete tests were conducted. During the sampling the
probe nozzle was placed one half inch above the vent outlet to permit
visual monitoring of the leak. The observation of the leak assured that
plugging of the vent did not occur during the tests runs.

SASS trains were used to collect the sample. The POM/BaP train and
the BSO train used a common nozzle which was placed above the
simulated leak. After a photograph of the leak was taken, the
test was initiated. The pumping rate was adjusted so that each train



sampled an equal amount and the entire leak was captured. The tests

were of a short duration due to the plugging of the filters on each

train. The runs were discontinued when the filters were overloaded.

The flow rates were adjusted by timing the volume and observing the

meter orifice pressure differential. This was not an accurate process;
therefore, the volumes collected were not exactly equal. The valve that
adjusted the Teak was a coarse ball valve which only permitted approx-
imately the desired leak rate. The variability in the leak rate accounted
for the different sampling times.

The filter was placed on the wrong side of the supporting screen
during run 3 in the BSO train. This accounts for the large sampling
volume and mass collected. The sample volumes of run 4 disagree by a
factor of four. No apparent reason is known for this other than they
were both lTow volumes and this type of variance in flow rate could
easily have resulted from the flow approximating method.

Methylene chloride was to have been used as an impinger solvent,
however, during the first attempted leak check it was found to be
freezing the impingers at the tips and causing plugging. Water was
substituted and used in all the tests.

The ambient trains were operated approximately 40 feet away from
the oven lids. The ambient test runs were started before the BSO/POM
tests and were stopped after the sampling. Duration and volume sampied
were greater than the 1id leak tests in an attempt to produce a measureable
sample.

Immediately following each test the samples were recovered. The
recovered samples were transported to TRW's west coast facilities where
the splitting, combining, extraction and analysis took place. MeCl was
used to rinse the sampling equipment as well as for the extraction of
the POM train filter and Resin. The complete results of the GC/MS
analysis are contained in Appendix B. Only samples 4, 7 and 7A were
analyzed for POM/BaP. The sample splits of these samples were sent to
EPA at Research Triangle Park, North Carolina. Where thin layer chromato-
graphy /spectroscopy for Benz-a-Pyrene analysis were performed. These
results are listed in Appendix B. For all other runs the samples were
extracted and the extract retained for possible future analysis.
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During testing, an integrated bag was collected from the BSO train
after the filter. This bag was analyzed on site for benzene utilizing
an 0V-101 column on a dual flame ionization detector gas chromatograph.
The resulting chromatogram displayed numerous peaks in the retention
time frame of benzene. These peaks made it impossible to discern which
peak was benzene or if benzene was masked by the interfering peaks.
Although different column conditions were attempted, the high concentrations
of volatile organic matter present in the sample rendered separation
impossible. No benzene results are presented here.

MuTtiple extractions were performed on the BSO samples (filter} to
determine the efficiency of the first and subsequent extractions. The
average of the first extractions were 98.8% of the total with the remaining
1.2% present in the second extraction. No weight gains were recorded
for the third extraction. Complete results are listed in Appendix B.
Multiple extractions with Methylene chloride were conducted on filters
and resins for several POM samples in order to determine the efficiency
of extraction. The first extraction contained 99.9% of the measurable
POMs and the second extract the remaining 0.1%. The third extractions
were below detection 1imits. Furthermore, cyclohexane extractions were
conducted on several samples after the MeCl extraction to determine the
efficiency of the MeCl extraction. The BaP cyclohexane extractions were
below the detection limits.



4.0 PROCESS DESCRIPTION

Battery 1 is one of three batteries (1, 2, 3) of a coke oven oper-
ating facility located at the Clairton works. Table 1 1ists design
parameters of Battery 1.

During the testing, Battery 1 was operated in a normal manner. The
average gross coking time was 18 hours. Table 2 1ists the production
rates for each day of testing. Table 3 lists coal analyses (conducted
by U.S. Steel) for each day of testing.



TABLE 1

1
COKE OVEN BATTERY DESCRIPTION

Type

Number of ovens

Date of initial operation

Date of last pad up rebuild
Approximate oven width (average)
Approximate oven height (floor to roof)
Approximate oven length {between doors)
Free space above coal

Calculated capacity {cubic foot coal)
Charging holes

Charging hole diameter

Number of collecting mains

Type of oven doors

Type of charging

Wilputte

64
1918
1955
18.5 inches
11 feet 10 inches
37 feet 4 inches
13 dinches
626
4 per oven
18 inches
2
self-sealing
gravity feed stage charging

1
Information from letter of September 6, 1974 from John G. Munson,
Assistant to Vice President of U.S. Steel, to Reid Iversen, EPA.

10



Date

8/1/78
8/2/78
8/3/78
8/4/78
8/5/78

TABLE 2
PRODUCT INFORMATION

1
Ovens Charged Per Day

81
83
73
83
82

Gross Coking Time {(hrs)

19.0
18.5
21.0
18.5
18.7

19.1

1
Information from letter of September 18, 1978 from R.J. Weiskircher
of U.S. Steel to C.E. Riley, U.S. EPA.

11
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1
TABLE 3: COAL ANALYSIS

Screen Size

%H20 %Sulphur %Ash wWolatiles +:500 +.250 +.125 -.125

inch inch inch inch

8/1/78 6.5 1.15 7.45 28.80 4.6 14.8 17.1 63.5
8/2 6.3 1.21 7.75 28.75 3.0 14.9 16.3 65.8
8/3 6.2 1.14 7.65 29.60 4.3 13.6 16.7 65.4
8/4 5.9 1.15 7.80 29.40 5.7 14.2 15.4 64.7
8/5 6.8 1.16 8.25 29.15 4.7 15.0 15.3 65.0

1
Information from letter of September 18, 1978 from R.J. Weiskircher of U.S. Steel to C.E. Riley,
U.S. EPA.



5.0 LOCATION OF SAMPLING POINTS

A1l sampling points were located on the topside of the number one
coke oven battery at the Clairton Works. The oven charging port closest
to the push side was chosen for sampling. One end of the oven battery
was chosen because it would least disturb the normal operation of the
charging trolley. Al1 samples were taken from ovens A1 through A7,
depending upon the daily charging sequence. The ambient samples were
taken from topside at a location past the pinion wall. Figure 5.1 is a
schematic of the battery topside indicating the sampling locations.

13
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FIGURE 5.1 : BATTERY 1 (TOPSIDE VIEW)
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6.0 TEST PROCEDURES

During the testing, the oven was charged with the overhead trolley
and the 1ids replaced and sealed by U.S. Steel personnel; a special 1id
modified with a valve and vent pipe was replaced on one of the oven
ports (see Figure 6.1). After the 1ids had been sealed, a simulated
leak was attempted at the desired plume length. Condensation occurred
in the vent forming a viscous substance; consequently, the plume was
monitored continuously to assure clogging of the vent did not occur.
Once the plume was determined to be the correct size, the nozzle was
placed over the vent and the sampling trains were started. During
sampling, the vent was visually monitored continuously to assure that
the sampiing rate was sufficient to assure total capture of the leak.
Sampling was continued until plugging in the vent occurred or until the
Toading on the sample train filter caused an excessive decrease in the
sampling rate. The sampling rates of the BSO and POM sampling systems
were evenly maintained in order to evenly split the sample between the
two trains.

The sampling was conducted in accordance with the draft methods--
Determination of Benz-a-Pyrene Emissions from Stationary Sources and

Determination of Benzene Soluble Organics. Both of these methods were
supplied by EPA and both are draft procedures. Several exceptions to
the procedures of these Methods were made. SASS sampling trains were
substituted for the regular Method 5 trains and the two sampling trains
shared a common nozzle (see Figure 6.2). The ambient air sampling
system was a Method 5 train modified to accept the XAD-2Z adsorbing
module; no nozzle was used for this train. Methylene chloride was not
used in the impingers because of a problem in freezing due to the heat
Toss inherent in volatile organic compounds. This was determined during
the first run. Subsequent impinger fractions used water as a collection

15



medium. Methylene chloride was used for cleanup and extraction of the
POM train in 1ieu of cyclohexane.

The basic sample train components are diagrammed in Figure 6.3.
A1l the components used were standard source assessment sampling system
(SASS) parts. A simulated leak was created by the pressure in the oven
flowing through the valve to the atmosphere. After visually measuring
the leak a nozzle common to both trains was positioned over the leak.
The nozzle was not connected but just positioned over the leak. The
train's pumps were adjusted to provide approximately half the leak to
each sample train. Some excess air was also sampled to insure all of
the vent gases were captured. The probe and heated oven were maintained
at 125°F for the BaP/POM train while only the probe was heated to 100°F
for the BSO train. The BaP/POM train filtered the sample to remove the
particulate matter. The non-particulate gases were then collected by
passing the gas sample through an XAD-2 absorbent resin maintained at
70-90%F. Cooled impingers and silica gel were used to coliect the
remaining moisture prior to the pumps and the gas flow meters. The
BSO train collected the particulate in the first impinger and on the
filter. A dry impinger was placed prior to the filter in order to
minimize plugging. During the sampling, an integrated Tedlar bag was
taken after the impingers but before the silica gel on the BaP/POM
train. A sample identification log is contained in Appendix C. This
log lists each sample fraction and the solvent used in clean up and
recovery. They are generally shown in the following table. The GC/MS
analysis was performed according to the procedures outlined in Analysis
of Polynuclear Aromatic Hydrocarbons from Coke Oven Effluents by R. E.
Beimar, September, 1978 (EPA report 78-CK0-12). The Column utilized was
a Dexel 300 packed column for the separation of POMS!

16
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Component

Probe, Knock-out

Filter

Impingers1

Component
VYent Pipe

Common Nozzle

Component

Field Recovery of BSO Train

Impinger, Filter Housing

Recovery Steps

Condensate collected
Acetone Rinse
Benzene Rinse

Collected
Condensate collected

Acetone Rinse
Benzene Rinse

Field Recovery of BSQO/BaP Trains

“{Common Components)

Field Recovery of BaP Train

Recovery Steps

Probe, Front of Filter Holder

Filter

XAD-2 Resin

Back of Filter Holder and Module

Impingers1

1
after each test.

The same is true of the silica

20

Methylene Chloride Rinse
Benzene Rinse

Methylene Chloride Rinse
Benzene Rinse

Recovery Steps

Methylene Chloride Rinse
Collected
Collected

Condensate Collected
Methylene Chloride Rinse

Condensate Collected
Acetone Rinse
Methylene Chloride Rinse

Some Impingers contained activated charcoal which was not recovered

gel.



— Laboratory Sample Preparation
(BaP/BSO Common Fractions}

1. Nozzle - Methylene Chloride Rinse - Sp1it1

Benzene Rinse - Sph‘t1

] 2. Vent - Methylene Chloride Rinse Split (A,B,C)

Benzene Rinse

Laboratory Sample Preparation
- ~{BSO Fractions)

- 1. Nozzle Benzene Rinse3, Probe, and
Knock-out Impinger Benzene Rinse Combined and Sp11t4 (D,E)

and Nozzle Methylene Chrloride Fraction

Probe Knock-out Impinger Acetone Rinse - Split (D,E)

Filter Benzene Extraction and Split (D,E)

Impinger Liquid - Split (D,E)

Impinger Acetone Rinse - Split (D,E)

Impinger Benzene Rinse - Split {D,E)

~J (=] [$4] R =) [ 78] [N ]
- - L] . -

. Knock-out Impinger Condensate - None in most cases

1The rinses split in a ratio to correspond to the sampled gas volumes of
the BaP/BSO trains for each test.

2Nozz]e fraction (Methylene Chloride} after being brought to dryness

and re-extracted with Benzene.

3NozzTe fraction derived from the BaP/BSO common fractions.

— 4The samples were split in half. The "D" fractions were dried and

weighted gravimetrically by TRW. The "E" fractions were sent to EPA
and from EPA to U. S. Steel.

21



Laboratory Sample Preparation (continued)
(BaP/POM Sample Fractions)

Combined and Split®(A,8,C)

Filter - First Methylene Chloride Extraction and Split (A,B,C)
- Second Methylene Chloride Extraction and Split (A,B,C)
- Third Cyclohexane Extraction and Split (A,B,C)

XAD-2 Resin - First Methylene Chloride Extraction and Split (A,B,C)
- Second Methylene Chloride Extraction and Split (A,B,C)
- Third Cyclohexane Chloride Extraction and Split

Module Condensate - Cyclohexane Extraction and Split (A,B,C)

Module Back of Filter Holder - Methylene Chloride Rinse and Split

Combined and Split {(A,B,C)

*1. Nozzle - Methylene Chloride Rinse5
Probe Front of Filter Holder Methylene Chloride Rinse
*2.
*3.
(A,B,C)
*4,
*5.
(A,B,C)
6. Impinger Liquid Cyclohexane Extraction and Split (A,B,C)
7. Impinger Rinse Acetone Rinse
Methylene Chloride Rinse
5

From BaP/BSO common fractions.

6"A" which was half of the volume was aliquoted and GC/MS'd by TRW
(see note *.)
"B" which was a quarter of the volume was sent to EPA.
“C" which was a quarter of the volume was retained.

*Equal aliquots from the "A" fractions of the split for each section of
the sampling train were combined, except the samples derived from the
impingers, to provide a solution for GC/MS analysis. GC/MS was used
for runs BaP4, BaP7, and BaP 7A, the results are reported. Samples
from the other runs were kept but not analyzed.

22
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APPENDIX A
COMPLETE RESULTS AND SAMPLE CALCULATIONS
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Sample Calculations

Polyclclic Organic Material (Table 2.2)

1. (ex.) Total Weight {mg of Dibenzofuran, Run 4
= 45.4 yg X 1582 ml X mg =71.8 mg
m 1000 ug
Where: 45.4 yg = GC/MS Analysis of Composite Sample Fraction of
m1 BAP-4 from Smith Report
1582 ml = Total Sample Volume of BAP-4
2. (ex.) Emission Rate (mg/min.} of Dibenzofuran, Run 4

Where: 71.8 mg

10 min.

3. (ex.)

Where: 1383.4ug
ml

1582 m]
10 min.

4, (ex.)

Where 35.83 mg

10 min

5. {ex.)

Where: 1.618 g

= 71.8mg = 7.18 mg/min.

10 min.

= Total Weight of Dibenzofuran

= Total Run Time

Summary of Results (Table 2.1)

POM Emission Rate (mg/min), Run 4

1383.4 yg X 1582 ml = 218.85 mg/min
ml 10 min.

Total weight of constituents in BAP-4 Run {see
Table 4.1: GC/MS Analysis - Smith Report)

Total Sample Volume of BAP-4 Run
= Total Run Time of BAP-4
BAP Emission Rate (mg/min.}, Run 4

= 35.83 mg = 3.58 mg/min,
10 min.

= Total mass of fractions from BAP-4 Run {see Clairton
Coke Oven Samples Benz-a-Pyrene Analysis - Rogers
Report})
= Total Run Time of BAP-4
BSO Emission Rate (mg/min.) of Run 4

= 1.618 g X 1000 mg = 202.25 mg/min.
8 min, g

= Total Mass of BSQ-4 fractions from Gravimetric
Analysis in Smith's Report:




Sample Calculation (continued)

Mass (Grams)

Fraction
BSO-4-PF (First Filter Extraction) 0.8687
BSO-4-PF (Second Filter Extraction) 0.0108
BSO-4-CICD Impinger Condensate 0.0117
BSO-4-CIA Impinger Acetone Rinse 0.0059
BS0-4-PIA Probe Acetone Rinse 0.7151
BS0-4-CIB Impinger Benzene Rinse 0.0011
BS(0-4-PI8 Probe Benzene Rinse 0.0047
Total BSO-4 Mass = 1.618

8 min. = Total run time of BSO-4

Grams
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TECHNICAL DIRECTIVE

PREPARATION OF BAP/POM AND BSO SAMPLES
CLAIRTON COKE WORKS

The attached schedule outlines the specific details of how each
sample collected at the Clairton Coke Works is to be prepared and split
for analysis. The schedule is detailed as follows:

I. Splitting nozzle/vent samples.

II. Combining nozzle/probe rinse samples for BAP.

I1I. BAP sample preparation and splitting.

Iv. Combining BAP sample fractions.

V. Re-extraction of filter and resin with cyclohexane.

VI. Combining BSO probe/nozzle samples.

VII. Splitting BSO sample fractions.

VIII. List of samples to be sent to EPA for TLC analysis.

IX. List of samples to be sent to EPA for transmittal to U.S. Steel
Corp.

X. List of samples for GC/MS analysis.

XI. List of sampies for BSO analysis.

XII. List of samples to be retained for possible analysis at a future
date.

NOTES:

Prior to conducting this work, blank run analysis were conducted on MeCL,
cyclohexane and benzene to assure contamination was not present.

1. Assure that splitting of the samples is done accurately to the
indicated fractions since split samples will be recombined before analysis
is conducted.

2. Assure that samples are homogeneous prior to splitting. Use
ultrasonic agitation if necessary.



2

3. Prepare POM/BAP samples according to procedures outlined in
the draft test method for BAP except that methylene chloride shall be
used instead of cyclohexane (filter and solid resin extraction).

4. Prepare and analyze BSO samples according to procedures
outiined in the draft test method for benzene soluble organics,

5, Extract filter and resin according to procedures established
in the BAP method, paragraph 4.3, except that methylene chloride, in
lieu of cyclohexane, is to be used. Split the methylene chloride
extract; retain the filter and solid resin for re-extraction with
cyclohexane according to the procedures of paragraph 4.3 of the BAP
method.

6. Extract the condensate according to the extraction procedures
of paragraph 4.3.3. of the BSO test method substituting cyclohexane
for benzene. (Do not filter or bring to dryness),

7. Evaporate the sample to dryness and then redissolve the sample

residuesbenzene, Combine this benzene solution as indicated.
[ P

TF -




(:E) §f|~‘.ﬁ‘1;-}_No¢12"z _[\/ENT Jgrm\m!-‘c

- v 7 ' sz |
s rle Smpls T prepaarron ol g
51!\|j1‘rc\r~3 AU e i ’0 ¢ c7 L f7| e
i !

- ' ‘ LA V3
[emgerg. Barfaset /- MG th Ve Bl == B (E\?’?—B
Lot dorel . S o

5 BEO -1 -G (I - m) |
' i
AAE -2 N B4 2 2B @/r \\
' S . AsO- 213 (")
Bee ifasta -3 NG ‘ ‘ AL RN LI"‘ '+ ) |
: AEO =|B-nd | PAlire )
gne)B5 -y wa R0 =t VB ( Ffare)
BSo-y-n”l (h‘/;iw;,) ‘,
} |
Bae fa5lo - § - pi3! BeP-$T- B [P v
. 1 N ’rl\
| PRI RV B \)
LHP) O=E N | B HP~ G| -3 \'1"% ey
| 1 psomc e
B fis10 - 7-M8 200 = t-pit L i
i
; | geo-Wwa  (rier) |
e (|li ! ! . _ i \
Neqfeln Renic \ LA L8R - /=wng A y L2 LAL-[-pmC _“/»W‘Q |
Rso=(tvme ([B/e-n) |
BAC[E50 | 2 - NI BAP-2ume (Al |
, |
ASo-2-mtc s
| i
LA/ 300 - jame Lop-3-veuc Y rr@.} {
RSO 3-lamne { Rl 3
z;’fh;—ﬁsg b =B AL LY At C ‘,‘;/_/,;-.»,._")
ASo-4f-osic (e n
! |
6/”7{350—_(”(\/"'"C FRAP- Al C ‘9/,94 /,’}
BSOSl € | L/P s
——— e
¥ whari!l A= SCF San ,,lr..ﬁ Vi ¢ CA Q| LR A o /;/%;fr?; f”fj
B = :;( &= Sl"l'-/.) lx,— UJ"-" ,J‘ S‘o ”'l Jo /; 7{-‘/ J"-’/;Ff fe LN




|

@ QPI.%L} Moz ale /Usu‘r Sarples

Shfee S P

sl 100 ATopvrp] e PruJMn—na-

MEE b = - | BARJICH -G . mmc st vharfe |

Moz le

Cineh

3 [ Brafisorg -A A c.}:

| |
&AIZ"VN ‘ 1; -
Mentd lse || BAP /Q(so 3ve A'Q\ bz,
anp/%o —‘j -3

Vel fnae !
W cf, B3 APAS0 - 3~ Vnd \&ﬁ P

Brlfese D-via

A




. ' ‘ : N ) L
‘ . - TN
@ (e ML\N_I‘,"‘(— Noa [ frole ﬁ)‘,_.s,, Y AM,/:,T Y /J f\f
Pt‘c oo s ‘O'\} . . L-c- - L ~-§ ..:"»J I'! :
MP!‘:‘E""C’ ’ S av ;-:J |
. E |
1
BAP=I+ A/ 1NIE | BHL = 1-NPR i
z2AC=1- PR
i ! '
! 1 |
BAP -2 ~-AVAC BAR-R-NPR | ;
fab -2+ PR |
Brp-3d-AMMcC RAD -3-pPR
LAR-3 P
|
Bap-lof-NPR
AP VL | '
A= PR
b
ol - e Bope-lo . nmen)
g- 2R i ‘
|
DAL= G- oM &) PNV ;
s f
' i,
\.
\ |



4 hp soo

_ _ﬁsﬁ.\bg%__;
+ J— /mét/ﬁ ] MNe

—— 5' S

/’“'K‘*;

|
P

LN

| AP -

2342 -

» /)’/)/)' 6'

A"rﬂ*"f“ﬁ* ~
:;r:xauc’fr, BAP ~ -
rolumc [
:.-I?\-' (o | S 2PR-E %)
b I R W
m-ea;u(w |BAP~ 1 -riPO-C. )
Qluh\{_. B i
BHP-2- FWHQ ( 7z
BAL-2-pPL-C (/}")
4,4/0-:2 ,'woe-c: 4 7
[M,o 3”-/\”0'9-/9 C/ )
Bap- z

f( Vi)

gﬁp-—:grﬁé c /(/y)

é,gp- YINPR -/ f ( ’/‘z)

|

LA —‘/I-’ R-45
BAP Y0 {%’)

\/‘/)

wnees) | (%)

PR =L \‘ /y,

J_ ' BAP—s-pp - ()

/;-F/..’.-J‘} (’/—.»_')
o) ‘-’
CRgat “),—* &2

BAP~sha - rr2 cJE o3

|

li/fﬂ-é;-zuﬁé -A /Z y

-2 | (7

An f’-é»[‘avﬂd-c (/)

| B

|
i
|
|
|

I

| .s,Ar‘%L, |
] ,(wz-ﬁ. [( )y |

|
/
|
l

|



W Semnple &P\\WW—BRR

J‘IE‘“# 'z) 5/
o ~
%ﬁw‘@l‘l Ffb“'{‘““) QW\\ NakLt-- PM«F"V‘!’!""’-:‘—‘ : S_.o’t'e'!“'. |
‘ 1
el i - o Io’e_ﬁ %)
2 b mlf/ﬁ/{.\ BAR- - NPR %\hﬁ e Y
| gnr-ime-a | (4)
sar-wir-c | (4) \
P p-al /z> |
1 hA P/\(:*-—/ﬁ[&« BRP -1 A ~PR 2677 |
£z9ﬂ—7-lz‘°/2-£ (//} |
8»@-9‘If,e»c , k//)=
el ane-d - PF | Eytrad with [ gAP-4-p-A ( %)
‘ et Com i | _ P
c,LgL,,rc, | B2 fHPF L2 ( Vo)
(g mereedY g e - | ()
JUReEEn .
Fo i LHP— 2-PF BAP - /-ﬁﬁ-ﬂ‘ (/2)
‘g,;p» JLpm-p 1 (7
BrP-11EF -C k’éﬂ
t
Fi I RAP- - FF V2Hp- 3-PF-/) CVz_)
-’ | Loro-zlem-a (%)
pho-zrem-c| (5)
~ //i\-. BﬁP- Y- PF BB L= 2f < F ~ 1 (ﬂ?)
sro-ipien CVr)
BARP=-FPF 'C (/‘/)
=2 % BpP- £-PF BAP ~5-,r-A ( /2)
LaP-sPA- 8| () |
zap-s1Pr-C| (Yy) k




I Somgle Se (085 (et o)
,, .

g*rv'\? € Num\.q.\ PN Af‘ﬁ‘ﬂ-&ﬂ S ’71%,,_,,1
B OBPSAB-F||  Evirip X P s0R-PrE-B (1)
—- a3 “'\1\_{_‘ & : C/‘L) |
3 BAP- $752-PF £ (yy,!
- B8P -5Pp4-pe v, )
| |
B BLP-cF PF seo-giie-A | (4)
BAP-C P~ 8 | (7|

-

o

120~ P

[RAL- PP

| SAP-1- XR

BAP 2~ KR

RAP- 2%

Seve

Extt el co ol
- SpLt
a2

Ae—C (/]

R AL -7
Brp-
LNE~ -7

FF -/} ("/}_)
pr-a | (V)
e | U)

-4 -F R (1) |

2P - 2R
@PP-s-p -0 ( <)

r-%2-A 1 (/)
- X2 - 03 (VVS
~ A2 (st)

{
URVE TS

Yn &N S
> aoTE #

2 =212~ C (/3/)

/

a
pr2 | )
|

J

S-¥r -1? (’/‘?_()
~x2-48 (%)
-3 - (/c/\




| @()—Mi’l" (:f l‘%:‘}- BP& f-.;fawkhw._.o "-{B L @

]

| - i
QMA;J\{ (——r?b T7e.> gAr:‘PL mnug& ﬁ([,m,,vn.-» 5;9/(‘7’)~ﬁ \ lL
VeD-2 Resr | BAP-4-¥R | | a e :/,e—f} ()
B - g (/”’53
2P =4

(LY

wh - C (%x)!

-

| |
BEP-£ - AR | | par-g-we-A (72
snP- s+ X2 ‘1 (/) \
BAP-5 7 X2 - c_\ (/c/)
1
|
5P THB-YR S )
BAP- STAB YR | | ‘ |

s&ﬂ,-o—{ B-yel- FP (/}/j
Bﬂp';ﬂf- xO-C ( /g)

BEP~ Gryse: BAP- G =XR=A )
BAr-G - XR~A4 | A |
LAP-G |- X2 - (//)i

BAP=T- KL spp-fyiyr-A | ()
G- () |
Bop L -C (o)

LAP-HA ~F Rap-h-xe-f (=)
Rap-NA ﬂXQ-B‘ (7

pao-oA bre- | () |

|

o ettt obdie | poocd —co 01
Mol | Cubhna|pAP = 1-C0 | &L ey T RO | =C D" 2 )

AP~ —Cﬁ—lr.-; ‘/}

(ﬂo‘rC-é) ; rO- 1 -CD- }‘ '%f,/‘,:
BF}P’R“CD AP S‘rrvw/ﬂ1
ane-3-ch Y

|




-~()§w,ou N f(.{-x’wk - BAP @ce:w_,ﬂ- f) .3

gﬁ-m:pl‘t Fa s S:m_féh Ao mloen Prepmm,..‘ } /,f‘yf.l“
T ediaky Codo] AP 4-CO ' oo | S e
- BAR-S~-CO o Combilc wc“'LBHP-!:. MR
BAF-583-00 Ao s .‘%ﬂf?f' Q,J,.tﬁémq
- 8aP-GACD | e | Saspls.
RBAP— G -LD Ao S:'f-nw/*".’..f.Ja
- BARP-H-CO o 5‘,4,..,/‘,/ﬂ
Modols @ s~ BAP- 1-Mp M o & BAP1-PIR -1 (Vo
| ecl i WP A U e
uo(,\,.M__M“ 2 e
B BAPL L (1 )
BAA- 24miR | BAp- 2hpiz A LK)
—- | BAHP-2|-mrd - g {(%,)
BAR~H~ i~ ¢ 4 (*/1,)
- | RBAP- 3rMR - /Me- 3 rir? - A ’(/-L)

BAP -3 -rin-3 (V)

. BrP- 2 -1z -c K Y, )

] BAL- - M2 BAL~ 4 A | )

| 13050 ol tii- @ Cz/}
- | BEP~ s Fiiz-¢ (’%/J
BAP-s T (LCLLM op Wiy BAP-s-airt - A} ()
| Bpp-s ~pit-3) (1]
| GrP- & F 7He-C C/?’)\
BAO - SAG- M7 oty ; M 2o~ T18-CO | 8ol shB-rit -9 (%)
g 9,',-&. ing

,.., ! 3 Boe- 53~ it -8 (V|

/3/?'0 -5 - el s L f’f;. }

— b




-,
D

L | | |
@ gnmpl‘-. gpl“H"”u . &H'P Cc"‘"e ‘C"> L -
J
S%Pk P‘Pn_‘{'lda gﬁm?\c‘}\)‘;w@-p\| p/u//éal‘rf'ﬁ—‘rra..} | S;LA '7.’7{;’4 E )
. I . i
MGM ‘2—""‘-4?. &AP"L:’M/L Moerg ot Vol ums Bﬂb-cp-fvlﬂ.-‘g L/?-S
. )
e - ¢ -me - L 2
] ol
| DAL~ G- M- % (V)
aA DML hp = 7LAL - w0
pae-r M- & (V)
E L
| BAP-N[ MR- C (Ve
aAP-RA-MR | AAB=DM-s (Vo)
nab-odmr-8 | (7]
\ Q.AP-W-M-’L~C‘ C/»(u
'?'V‘f\"' J\Cm-"m BAP -~ 37cich i {-’7(1-“;';'!'“-:;17“'[_ ™ QALALHC 1C ”’}(:f?}‘i
[V i\t fobprame v
‘ r;r].c'-.?_-.{ ~opl T pADLICD | -8 ',‘,f]
—epll ¢ 1:,’.;.’4 i i
‘ -l g A oFLT 6/5 61‘3)0’:7-C/Cﬁ - r',/L
| BnpP- Gy-cicy eAﬁw s, ABRA-E A -C/cD- A (lt'fé,)
Bave slernecsma iy
rid NS -l 2 (Y
RAPD- s -t/ € q ,’t,_)
Me L . 0 ' aad—3h-Cln NeA
Tmp, @ s s AP-1L 7~ CIil r:}\.({ﬁ-r;d(‘q, _ AP -3~ Ca-me- Wk 7z,
f‘;\mi: ;r;‘ NAPL] 3hee tapte - L i(u/,,l
Mend ore & .
Vil ofiee Fxmit- Sl Chiine - C(,
AR
D3 pL-59ACliiC P TA R w VR W e (et
' ORPl-sOp - trne - ('/;5
£
BAPAEn-Cloare - O (Y




C

G

J’/@ C.r ™M l:) [.H'im@, {BP‘ To c: f\r\'\f*‘- (‘1_ FKP}—LT —{C‘)rJS
N Y T
rfg' _ . ] , 0DMLL;\J(&
Mptt Faretioms Pre AP M f PLE
| RapP-Al-mra- A
| ere-al-pr-n GAR-d.-#
1
BAP - A1XL - A .
ﬂ — -
Bap -4 - mp-A P~ A -XA
Lne- 1 FCH-A '
AP -2 1rPL- A ]
A D -2. pF"A Grp-2 - A
BAP-D |- X -A
P -2
Brp - 20~ pr-A Rif-2xh
nabd -3 ypr-H i *
I BAl-z_p
BAP-3- PE- T
BwP—3TXQ-ﬂ T
BAOL-3 M-8 | F Booa-xa
|
| | |
Qm‘ ‘1" JUPR.-H ; . ’
BAP- Y- [pF -A f| Bneod-n
|
BPrP*"{‘XE'-A } B nP-- XA
BAD-d-Mp- A
BHP-S--A}PI?.-H1 i




. J

L Combinivg BAP Samples (end =)

|

\

C ﬂrl"h Ll -'a.ﬂ IAI\

T e Ta I

BaP- gppPr- ol

'

———

3

DR P -5AR -Ye-h
| e -saR-muR

-t et s
B

*Blﬂ’tp- C; PaY-F R

Y
b

1 .
P p

Lere=(G-

2y G- RE-K
BAr - L-iMR-R

T
e T TS FRATAP TR

RAO= 17~
BAP- M-

RaP =N

AR~y

5 W P--
BRP-N

RBet- nA

pal -

h-p-h |

"Nﬂ.—ﬂ’\

NP2 -#A
Pe-A

“r-A
MrZ-A

-PF-f \

-%2-R

Balt-t -~

B ~PrG-KA

Gal=-7- K

Rt XA -

BaP-NH -~ B

QpP-NA -XA

Al ~-5AL-XA

L e A AT T
PPV B L
JR——— ]

i e

e o Tt - a R

>wrp Y-8 ' Pre preshions i 1
Fractiers g P f ‘;"ﬁ*;«f& ‘ i
pRP- S1-%L- R % BAb - h !
Bap -5~ M-~ i |

i
AP - £ANL- PR %ﬁp—sﬂé‘-.-p\ : %




ﬁ Ke exmac  Fu [ten  a~b ‘fle;;.ﬁa N C»h;(-Lo«Am_-‘MP

. ~ {
Sﬁmpt., Pr-tle\"ﬁn'A . i &l QMPIL‘ i
T . I
BrP-lA-PFI( Take| Filke | ™ find = A-PE -CH
A F TN YA s Tined
BAP =2 PE HQ Lt [ Me iy pvd (BAP-2 - PF-CH
] Re-cymmact ol
BpP-3-PF | (. W {a]\-ﬂr?(ﬂNQ_._ GHP"J‘PF"C#
- [ --m-cd\s.umq Vollv e :|'
BAP -y~ PF See; WNote 5 ) BaP-g-PR-C [
DAL - 5 P (A Pos Bpn( A
Baltlt-rr RHP~ () -PF-CH
Lhd - - PR Vans- 4 pr-cp |
|
Al -lERs-7PF : 020p. ShE-pE-l !
RV A VLGP AP 4
i
pe- 4- 7R Remmid Resim N RAp-|-xe-cy
NTr1en WAt e

€y
DAP -2 -« XL L e O, | BAP -2 -Xe-cly
. ) NP Re-cxl1ons (
LN -5 ’FQ ! w1t g c{ol(‘f,AﬂL Y
i L W IR Y J'ir\v\t'j

BAP- - xe | Sec oot B -t QAL -Y-XR-CH
nAP-g-%e | | BAP-g-xk2-cy
DBAL-G - %A _ BrARL-G-~xr-ci
Bap- D-~%n 1203210 - K2 -Ck
BPP-4ns-vR2 _ B8P - -{'ﬂé’-%ﬂ-‘-’ r

Bap-Na-xe Gre - 9r-Ka-cH




@ Comlnu:!l;*a .Q"?D “P@E_?_://".’L&(‘L Smr\&}

. l ; J Corm -~ & /‘ l I‘
lee Mormban] s ; o fe— | |
._S‘p,mpl& Fradtios 5‘*‘""91 b #fﬁﬁ’ﬁr} ~ S w
Leakvad Bemrini pso- -2 . -_— ‘\ :  BsOTZ-v \
-3- Wecolie 1w Brmrins,
Lok Vend Mecl nso-3- VML ;Drrl‘o':f:'?'# ';‘r. \ S \
l
VeaT! Bemzouns nso-Nr V5B - RSo+M- " \
vend Ve O L Q;SO W—U‘MC. —Smﬂlé::ch;;_? -— l\ \11
Avea g 'l-’ RPN !. - |
r“\ C ' 1 Dew ,ﬂf.r"“;cfdﬁ. Al Bom zamd RSo-|- £ l
Nozale FMeCl |- Pt B l \
Posbe fomp i | |
Prb\n“_, :\!,,\\ .--'-"3.'_0\ \ |
pﬂctwﬁ'\fﬁ | %
~AWMC ‘ - a3 Y 23S —Z—Pi ,‘
- e B3SO l\ \
: |
l
-
| o
o~ -NQ |
> / . Hor RASo— ‘/"‘.’O \
nSo -4-whc | PTE T \ | |
|
nse = 4 rrid | \
A5 -8 - fIG /35,5-,, E
BSO-F'NB |
w
NSo- §=amMcC | avofg i Y, |




O CmJ:-w.t (5;@ tw.v& _/of»ou-(a S mfls_s

Frachia

“-'m—v-n,c
Ao

le

LA,

pr € 2 BT

S ilrw\p\‘v.
L]

T—

T

ASo - J
£se-&

7350

oo~

-5

350~ C
Aso~ G - PH?)

HEP /(3

G- NR

o= AJPAC

- NE

RSo- N - NMC

Rso - - Pi3

so-p - NR

Rso -~ A
neo- M Pid

- Nt¢

598 - AR
B-~AVMe

ALOTE

MNOTE

AOTE

89

“0

Mir. r7

BSoi~-5HAR —

ASor- &—P

BS‘D“ ‘?4- P

Rsd-7A-F




%’fif# RS0 SMP(L‘ Frachions

o

C.

. CnmL\r:&p

SPLX

Portro NS

s O
i vlee Tl
- Petn 1A

Dt""&M

—Gend
U.5 .

CVENT i

it

Fo bk
’PrcPl

T

z —FPF

= -PF
enB-rr

“E e
i~ T

’O

Yaar?s

55

Pof‘;](_]b
- FRo

Porﬂh
4 - PF

PF
y~ PF

P

""’"“’ m
*rp 5 ru/)»-.u;)f—i

~
o

~ e

chiea™3'

p”‘ﬁ ' H—TE

Crtfegect OS5

bt-,

Sﬁ-rv\io

o

A..[,-},,,:,

f

; Is-t—tv\'\’ﬂ'-'b;—\ [l (Bf,....

P

~ DM

4

Ase-

7550 4

1=

> PE

N 7Lt |
NARFPA7

oA - PF

oo

;f’/oﬁf*

7O =

-d < 7
RPNV

S g S

S/a/lt

ﬂ"rléfs)

G u.kl\ l

= Sﬂy
dg m 7’?5,1"_'
ﬂ:w'mz%n't;

- F{Z&cﬁlb Jﬂ”{

ffm/ 'Ab




e <
P o
QC,\.J—"L) . )
DI Probe | fiir .:Mr;,u(r. R wiss _(Awemj
‘Pr efw-‘h—"no'\\ N A‘.l'{'n—'r':_
pso—- 4 -PIR M
RSo - 2|~ P~ - }me Logi—
Rso - %" IR m&( '
(HSo = tf~ (17,3 i
BSo - ¢~-F/p
Bso —6 - PIA
SO - Y-Pth
350 - Ni3-Frh
Bso - '}‘('% -F/A
ETr p MNPt Tra'w Co.uﬂc.a-»sm'rt
ﬁrffmm@‘. Q:Q{'anﬁ-
Reo~-13- CICDh
Rso - T-  Cieh
3so-NA - CICD
F. Imf,,,\?'u Trajm Deddmme Alimne
P{;}fmmo-ﬁ: %-n'}\'“
s - 23+ A
;;‘,go- 7TC 7h
WSo - nA-CrA
& i n‘\;)yx;—;,m T s (BN 2eve 2“21
i\
Pr«:,) e ale e YN I Aal T%
Shu- - iR
GiSo~ -0 16
RiSo-nprcCra
”. \SI- ;m)op- 13 CQMLLAMT“L
DQ YA SF/z‘f)
™SsSo~ sAB-CICoX
Bso- W~cCcD
pso ~ M -c 0




-

Wﬁ-ﬂpl&ﬁ SensT ﬁ»EPﬁ L~ Tf-c-' i”““"'j/’;" (

ngFi Fﬂﬁé“ﬂ

BAp- A -nre- 2
BAP - L-PF-Bi
pAap - Li-xe-05
BAaL - 4|~ me- 2
RAP - ZANFR~ 81
BAP -2 | FF -8B
BAP-R - XR- B
LRAP-2~Mm-13
BAP-Z2-wFR -1
RAP-3-1PF - 13
BHAZ- X2 -3
HBHR-3 =Ml -3

BAP- Y- WPR-Z
2ro-Y- ¥ -5
[RA2- Y- X2 ,-/3
BHP-tf M-8

p2 ﬁp“ﬁ‘-}vﬁlz £

BAP-5-PF -1
BHP -5~ -4
pAP-5 | it -3
AP L -1 VPR =13
RAP-G TPF-6
BAP-G-[XR 13
BAP-C M -13
np- 7 NPR -8
BAP-0-FF-8




(%m,aks L 98 -G--TLC.: ﬂ~vv(-}4£y(8ﬁ-£’>
.7_) C

Coa—

_ ﬂ.;&k- Q= xr2-p . A /.sso/eﬂp-rncé-a
BAP- 4 mre -8'- , ,@,qp/ R -~ o
BAP -5AB - PR-A BSO/AJ/’ - M’F’ ~£
BHP-SPHA - PF-, s/ Reo-\ymeg-g
REC-5nB - Y- 65?//;./7/’ -0 = AMCA |~ 42
BAP- <P - mp-2 BOHP-O~ [1A <122
BAP-3 - PR~ 3020 « pPRE+ 28

re-np - pF-B
Bre -oﬁj -X-3
Beo - na| - m:z-el
13AP= 3+ Pr ~CH
BAP-B LXp - ¥
BAP- 1] L Fr-c &
[BAP N AR =C K
V2V et "?/g -FF-L W
LBAP-DR -Kp-¢ i
BAR-Z = v CL-f

BP0~ Pplil = )43
BAL~p - Mg~z
Aso//{aﬁ- o~ Mesia- L

BHP == L -f
AAP- A ¢D- B
BAP —2h.creor B
Bap-sya-cicih-R

Brp- 34
BAP-<

- cime

i3 - Cnle




L Ainsmitind UG, Stecl (@

.
-

C)M‘JIF Fre-lta' 1

ﬂ.uu“%
Ruu# 4 -

ﬂuuu”f-

Roo® L -

Rum¥ 2 -

2o ¥

?uN !:3_.)

Nuw & G

R\Jwﬁ'r}

- Coml
Fo N
2t
Reacl. Mo
S o

W

.n.-t-o Nt+1‘t}fl‘\trn—'€l1“w

2
ok

[ € XT&eT

e ———— _.?\L_}_‘_.A_ I

Vs €Ly LAY

e Lenchloms NS




ghmrl&s g‘-hﬁ' ‘LD ePn ‘(::-(C_ TQ{\NSM‘{-;FA—[ (_. U'(_. @
S (et -2

C.;‘“““IJLAIanf?- Sﬁ'rﬂPL!‘. }‘-f-(ﬁt-hn.;

2AP-H-Yp-Cl
GRP-NE ML-C
RAP -G AR -fL: ¢
BAP- 8B -PFrC
BaP - £nB-x1-
Bar-LTIRE~ MR- C

R (VP &_5‘}‘1(’ A s g it gﬂ’*‘lbl‘l—-

s

BAA- 7,
GBAap-H

BnpP -~ n
Bhp- 4
120 P
B 5
rap- 2

AP0/

y-rf-C

3 - N0-
-Ch-C
MellCEL

:ff}‘ ('/f.r

- ) rhe

-1/

BNP- 3-\"mc-
GAP -3~ M .

y - Pr-¢
Bae - 9~ - K-g,

R VAl 'ﬁ-rl - M]

by ‘;FH gmvif, le,.




@ GMP\"‘S \Lb L{ lr\hw Lo
‘tr‘-ﬂ -Cnﬁ Pom B'a, G-C./m o~

DtJ‘qt(s ~l
( Porn # WLT»« 4o be cscus.ﬂzﬁ w Tl

Pro sru.‘f offico

ippoo- | | (P

Frae ol 1>
RRP - L-A
RAP > o | * Y\f\usurq‘\#aiu,%c Nl o
- .‘1"'““ M-tne ore Ua/un\.a @‘;'f,'”( /:-,ﬂ I
pae- 2-A 3 X 0 Pakn
prp - 2- XA > & ‘: wmart feaus || pheands
A | RN A S mompl Bonchiods of 6
prP ~ 3 -A N Nisal s, .‘MCI)‘A_ ~ c-"f-':q"& | '
2 ) LA ’\uf“"\\‘ n et
BIvP - 3-XA /> & A pest e, V! T
e - =R " | |
¢ .
RnP - Y -XA /> (’D l
AL - x A /> (&
6/%9’(”—-' N
A e
RAP -G XA '
VLYo 9/) ™~
NAP- H-RA /(T > \
Rpo- &O3-A4|
AP SO -\ i >(w \

BRAP-TN— XA )r\_‘) =3




@ gﬁwpl'as (:b(- P\SO )\NWHOM

§H——-!\lt

NJMLJL /‘

g—MP’ Y

-Cr-.‘h»

e

(556- 2
rso -7

N
VT
I- P

) - P

N, -

1

/ -’;"-'

N et

Sed

of 2C o nhel

O
g'r"Ct ¥

Seex

£ i
/

(l|ﬁ-"5§.
Sec,

N
e /i,

>¢‘c }/«' v

Sec’

g’é.li‘:' j}l‘ ,

3 @n,-\r"i\ "

o7 [ll'!/’.lf\-f ¢
P

b4
N2 o og!

[ prded o

A e

~ A
(D o~
-

¢

-
/,do-c’{".‘_

o~y

Y




@. g-rmr(ss -C.n- @QD ﬂajy\.(“s-f_q
\

Qm;)“: Now by gﬁv\/vp/ﬁ = f’rf-?{’u’— |
@%o-9-pR Ao  johde 7.;';,,/,,A;:,ﬂf At |
- | peo= P8 -PrA
Bso-31C/CL \ %ny,ﬂ(}?jiﬂ_lﬁ!b: @N,/;,JJ.—q.;-_._—__‘ o |
Lo - CIC D e Fcthas Y42 beTlac~t T2
BRSO~ 9/4-C1Ch |
He~ B-CIA T A ~ |Aes dd  (iwse o | .
R o~ Teel Chetrim? it 2. ¢ Jo.ro\/éd-a‘fs -
@oo- - C 1R !
50~ 3-CIA _r/,? “Are Qp, e f:':.ﬂ‘._,‘_.,« |
RS- - . S U yete Treer __L,‘. . Contrmin !, L
Aco -~ N -c 13 | - 1
Lse~ g HZ-CJCD;E /51—1“‘/’/".6\ (‘p\_.}‘;‘{/ﬁ
Con-0-d b I Sed Jﬂ,fc. “ 2, 3_,: Cont/A A2 T ]
PGo-Ni-C b
50 -o-CIrR-4 (5 anke lsee  Seehs |42Y |
82385500 | : '
Bod - o Prae-t  nli~ke ske  Sekmn 3.7
BSp-o0~P1R4E- ?,l, ’e \
poo farp- AR " She Seethom 735 |
850 - B FP {; &lank Sev Sectred 42,2
6s¢y/3nﬂ -mca-ct, Glﬁom) ?:;‘ }-li_r‘:ghr’%_gs‘)'g/f;i:’g’s‘hi A Bew e
(&."po/fi'-)‘%‘g ~-oBR K See SQeeljom]| o .?fS/—- !
@so/arw-o- M&LL -~ See Crefrn ly 2,
Asoy 2 -ormea -r |(Bhek) 3((35».; Lo Jfl pess Wf,f ]
nso P O'N"‘:'Aﬁ-ﬂ - Can-t Ao :';g;?r;&‘ Se Sechel w8 s




] » e {/\ n\:‘ﬁ'(\ P v Jd
Or)emw\) T:p(\ f%SStg[ f-‘ Jx 4 . J

SHmMpLE

Muwvlr‘(

Gpp -2

Bap. v

BAP- -

RAP - Al

-NB

/73 /}/3/'35
B/ i35

B2 L3
n e /6_5
B> //:’5
3 ef/;s’s

73 /919/ 23

o~ 2~
o — 4=
o — 4
o- & -

3
431

L
vme

13});‘"/55 =

e




QE-m@ Le AR
@ (cost - 2)

| Fofore &

{

NM—Q—;‘?—.)-J !

¢

i

vy '-,\f. Mo a l_)-{ <

&

4 ORP - \SGh- Cfh

prepe = G e
BAfIs0 - ot VI3

(AP +3=VT0
e - B
AP M- MRA
RR=2g- cd
ARC-30- S G
AAPRE38- Cll

e - shR-0C

1T

ApP -5 A-S

BAP == MILH

pae -nh-cieb- R
NP -50R -cheH - A
pop-3n-Cimr -/

no>-Shn-cr i —A

Ao - I-Cicp
Rso -2 ~-ClclH
Bso - Y- Cr00
S50 - F-C €l
ST — AR -Cr 0L
BSo -6 ~CICP
Bso - [~ C/A

Aso - |
250 -

»so -

2 - C 1A
L/- CrA
5 -c/A

Bso-¢p € /A




o

. :‘/K‘ﬂl fZE-r«m'A -car Po.ss]u:x Cu'(‘uﬁﬁ AM&

CcﬁJ.B)

S b le NUrmLeA
Rso6—-t-L1a

RSo- - €13

Bso 12-C 1
Aso tu=-c 1t
Se - -€crA
&M-Gdhd
ASo+ 25- SL
Asol- 7A- S
BS6|—327-0 c
3So/- DA -Clc
nso|=Crmea - ¢
Bso - Cxmei -2
256 C.ré-%- /
Ase -CL s —2—

25 /BAL~ 06— mcCr2~pH
ASo fBAr- Ser
250 4/?10—01- vten -2
S0 fARR -O-NE2 ~ &,
énPro-C 1A - )
ey o -ciet 2-




m %ﬁw\‘o\ﬁ @)}\A\S

oottt o |
T u . A .
_S__W*_:p-li._a).gm_évl Pft‘ Pl W [Yed .>p/:t
/4 S0/ PP- MCB — ase/Be - mea-A | (2D
SepBpP - anC/3 ( a)
/_gso/é/?,o -need = C 123-3
855 J36P-FF Filla|] et BSO —PF
| Folia 2t tx;f;vrj' {Aﬁp ~Prg - A (Vz)
MeC '
z Bmp - PrE — & CVL)
@50/41"39' S —_— -
BSo fanp - P — —
/;syd&o -R3A- -— — )
B50/800 Yol Exmher with MeCL|  aso/@a0 ¥Ae - A (e
Bseol) @nr txig-p  (Vp
Bsoj&éLp—o-v*m -0, 6so/6fv9-o —-Vmed+A Yo )
F Gs‘yagdﬁ O~ (M C@E A y‘zuf
P;f.e/GITP-D ~V-AL BsefBnr-o- VBB -1 (v2)
Q,_c,cyz_%ﬂp-o -lvée =63 (W)
nSo JaaP-0-Nmcl ASo/ANP 0= WM C B A (Vo)
&So//ﬂf-’ﬁ o - umca- A (Y2
B s0/3pP-0- NRG ASe JAmP-0 - R4 - /) ('?
Giosfynr-o - vaa 3 (Ue)
CrP -6~ PRE-) Rep -0k PREB- ¥H v
LAP-01PRA3 - 2 /3 '/i}))
BAP- § ~rLE-2 srP-ol-ee i -k (V)
BAL-OPRA —2& Q_f‘,_)
LA pP-0-mré-) pBAp-po-mMrd- 1A ()
QPP G- 3|~ 18 k‘l/z_)
0rPP-0 M4 Bap-o- prtg-2-0 )
Bae o - mad-2-3 ()
ApR —a~Cl1a~ | ~ | o
Bpr- tr /8- 2 R —




T Srpie Blads (0;4,2)

LAY

5‘& 'C‘“n

{0 ]

P’P.nf‘ 1

7250
350
4Aso
A50
/350
Bse -
%0
y£3Y-

LS BAP - O - mepy

CP"\‘\ b ;/'D \;

-0 =4

- C )M

- C 308
Cr443

—0~FP1A8—/
~O~FIAR—2_

-0 IR~

Crmead~2_,
~/

Re -/

/3 -/

-

N O

D‘A»‘LS.

S

,_,ol':_ ‘@mgﬁ&—:s |

mL‘a pn g

NAR
Ane

3 AL+
Bap

- 0 =

RS {p - PR JZ- I
o = PMR

Niw

o= Ph

o~ M

-1 A
ChR=-A

G-2A

R~ 24

3

yy:

BAP~

PO - plcR-G

2 -0 —A’&c@-ﬁ g'yz_)




- m—







APPENDIX B
LABORATORY RESULTS







BSO RESULTS

Run Number *Total Mass (GR.) Meter Volume (DSCF)
BSO-1 0.7843 58.74
BSO-2 1.6997 4,17
BSO-3 8.8190 37.75
BSO-4 1.6180 5.24
BSO-5 0.4578 23.73
BSO-5AB 0.0093 352.58
BS0-6 0.7143 25.77
BSO-7 1.3123 236.84
BSO-7A 0.0090 21.34

*The BSO Grams Total Mass is the sum of the partial
masses for the separate runs as presented in Table 2-1
Gravimetric Analysis of the Smith Report.
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CLAIRTON COKE OVEN SAMPLES

BENZ-«-PYRENE ANALYSIS

Sample Identification | Sﬂ:ﬁi_mg Mass ('MD BoP ng/m1
4-NPR-B 24 2. 2.84. 10,520
- 4-PF -B Tew 7.0&7 37,600
4-PF2-B 226 0,552 225%
4-XR1-B Je L, J.&12 10,920
4-XR2-B g~ 0.Hd 10
4-XR3-B 1o — .. BMD**
4-MR -B 1940 %‘1‘.351 124,240
Tora: e, EAA Y Ry [35.83¢ ‘
7-NPR-B ~ 1 Zlb| 237F 10,640
7-PF -B 210 15.0206 71,600
7-PF2-B 207 2,095 240
7-XR1-B 13 Lo — Received Empty
. J=XR2-B . 194 - Received Empty
7-XR3-B 196 = BMD
7-MR -B £yc, 0.0 F 87
T Mase £4P-F R [12.967 .
JA-NPR-B 3z R 72
7A-PF -B 1ao D.O0% i A3
7A-PF2-B e _ BMD
7A-XR1-B | ? - BMD
JA-XR2-B : - BMD
7A-XR3-B T - BMD
7TA-MR -B . gy D119y 229
Brn Mave BAP-2A Riar D129
BSO/BaP MCB-B BMD
BSO/BaP XRB1-B BMD
BSO/BaP XRB2-B BMD
BSO/BaP XRB3-B BMD

*4-PF2-B was run 'fwice.
while a 1:200 dilution

A 1:1 dilution yielded a result of 225 ng/m1
gave a result of 240 ng BaP/ml. ) i

’_"*BMD = Below Minimum Detection. For this case,

less than 10 ng BaP/m1.

MASS <mg> = Sﬂmp)f_ VO'..n\( Lf"\\\) % B_Q"F r‘"f' * \\ X n_\f:

-}-:f_/ Jozas
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1.0 INTRODUCTION

This report represents the analysis performed on the samples originating
from the U.S. Steel, Clairton Works.

Included are the gravimetric analysis results of the benzene soluble
organics tests. The volumes of the samples which were split and combined
are also presented. GC/MS analysis of several combined samples was also
performed and {is presented in this report.

+ !




2.0 GRAVIMETRIC ANALYSIS

The results of these analyses are compiled in Table 2-1. The samples

were handled in the following manner.

Sample Fraction Sample Designations BSO Test Method Paragraph
Filter BSO-X-PF* 4.3.2. (two six hour extractions
_ were performed)
BSO-X-CICD 4,3.3
BSO-X-PICD (cyclohexane was substituted
for benzene)
1st Impinger (Acetone) BSO-X-CIA 4.3.4
Probe (Acetone) BSO-X-PIA
1st Impinger (Benzene) BSO-X-CIB 4.3.5
Probe (Benzene) BSO-X-PIB
Table 2-1 GRAVIMETRIC ANALYSIS
Filter Paper First Extract Second Extract
(grams) {grams)
BSO-1-PF 0.4105 0.0085
BS0-2-PF 1.1766 0.0156
BSO-3-PF 0.4045 0.0014
BS0-4-PF 0.8687 0.0108
BSO-5-PF 0.2209 0.0050
BS0-5AB-PF 0.0005 0.0004
BSO-6-PF 0.2505 0.0041
BS0-7-PF 0.8682 0.0029
BSO-7A-PF 0.0004 0.0004
Combined Impinger Condensate (1st Impinger Only)
(grams)
BS0-2-CICD 0.0106
BS0-3-CICD 0.0528
BS0-4-CICD 0.0117
BS0-5-CICD 0.0013
BS0-5-CICD2 0.0001
BS0-5AB-CICD 0.0001
BS0-6-CICD 0.0054

* (-X-) Designates sample run number.



*

Combined Impinger Condensate (continued)

BSO- 7-CICD
BSO-7A-CICD
BS0-37-CICD
BS0-37A-CICD
) BSO-1-PICD
BSO-S-HZO

Combined Impinger Rinse/Acetone

BS0-2-CIA
BSO-3-CIA
BS0-4-CIA
B50-5-CIA
BSO-5AB-CIA
BSO-6-CIA
BS0-7-CIA
BS0-7A-CIA

-Probe/Impinger*Rinse/Acetone

BSO-1-PIA
BS0-2-PIA
BS0-3-PIA
BS0-4-PIA
8S0-5-PIA
BS0-5AB-PIA
BSO-6-PIA
BS0-7-PIA
BSO-7A-PIA _
. BS0-0-PIAB-1
" B8S0-0-PIAB-2

Impinger = Greenburg/Smith Impinger

{grams)

0.002%
0.0019
0.0812
0.0142
0.0019
0.0001

{grams)

0.1277
3.4809
0.005¢
0.0018
0.0013
0.0015
0.0090
0.0022

(grams)

0.3390
0.3213
3.2108
0.7151
0.0042
0.0032
0.4326
0.4125
0.0013
0.0026
0.0013

Probe/Impinger Condensate



Combined Impinger Rinse/Benzene

Probe

s

BSO-1-CIB
BSO-2-CIB
BSO-3-CIB
BS0-4-C1B
BSO-5-CIB
BSO-5AB-CIB
BSO-6-CIB
BSO-7-CIB
BSO-7A-CIB

Impinger Rinse/Benzene

BSO-1-PIB
BSO-2-PIB
BSO-3-PIB
BSO-4-PIB
BS0-5-PIB
BS0-5AB-PIB
BS0-6-PIB
BSO-7-PIB
BSO-7A-PIB

(grams)

0.0002
0.0017
1.4625
0.0011
0.0031-
0.0023
0.0007
0.0014
0.0017

(grams)

0.0242
0.0462
0.2052
0.0047
0.2213
0.0015
0.0194
0.0154
0.0011



3.0 SAMPLE SPLITTING AND COMBINATION

The samples were split and combined according to technical directive
Number 2. A Tisting of the sample designation and volume is included
as Table 3-1.

Table 3-1 Sample Volumes

Sample Designation Volume (m1)

BAP-1-NMC (MeC1 Nozzle Rinse) 85
BSO-1-NMC 75
BAP-2-NMC 58
BS0-2-NMC 52
BAP-3-NMC 46
BS0-3-NMC 78
BAP-4.NMC 114
BSO-4-NMC 42
BAP-5-NMC 18
BAP-5-NMC 15
BAP-6-NMC 48
BSO-6-NMC 39
BAP-7-NMC 29
BS0~7-NMC 21
BAO-1-PR (Probe Rinse) 660
BAP-2-PR 124
BAP-3-PR 104
BAP-4-PR 128

_ BAP-5-PR 125
BAP-6-PR 138
BAP-7-PR 232
BAP-5AB-PR 52
BAP-7A-PR 72
BAP-1-CD (Module Condensate) 150
BAP-1-PF1 (Filter) 202 1st extraction
BAP-1-PF2 250 2nd extraction
BAP-1-PF3 138 3rd extraction
BAP-2-PF1 228



Table 3-1 continued

SampTe Designation Volume (m1)
BAP-5-XR2 (XAD-2 Resin) 196
BAP-5-XR3 190
BAP-5AB-XR1 136
BAP-5AB-XR2 200

i BAP-5AB-XR3 184
BAP-6-XR1 120
BAP-6-XR2 188
BAP-6-XR3 200
BAP-7-XR1 176
-BAP-7-XR2 194
BAP-7-XR3 196
BAP-7A-XR1 160
BAP-7A-XR2 184
BAP-7A-XR3 190
BAP-1-MR (MeCl1 Module Rinse) 230
BAP-2-MR 64
BAP-3-MR 328
BAP-4-MR 196
BAP-5-MR 484
BAP-5AB-MR 664
BAP-6-MR 912
BAP-7-MR 548
BAP-7A-MR ' 484
BAP/BS0-3-VMC (MeC1 Vent Rinse) 260
BAP/BS0-7-VYMC 136
BAP/BSO-3-VB {Benzene Vent Rinse) 112
BAP/BSO-7-VB 90

BAP-37-CIMC (MeCl Impinger Rinse) 270



pann

)

Sample Designation

Table 3-1 continued

BAP-2-PF2 (Probe Filter)

BAP-2-PF3
BAP-3-PF1
BAP-3-PF2
BAP-3-PF3
BAP-4-PF1
BAP-4-PF2
BAP-4-PF3
BAP-5-PFI
BAP-5-PF2
BAP-5-PF3
BAP-6-PF1
BAP-6-PF2
BAP-6-PF3
BAP-7-PF1
BAP-7-PF2
BAP-7-PF3
BAP-7A-PF1
BAP-7A-PF2
BAP-7A-PF3

BAP-1-XR1 (XAD-2 Resin)

BAP-1-XR2
BAP-1-XR3
BAP-2-XR1
BAP-2-XR2
BAP-2-XR3
BAP-3-XR1
BAP-3-XR2
BAP-3-XR3
BAP-4-XR1
BAP-4-XR2
BAP-4-XR3
BAP-5-XR1

Volume (ml)

244
130
184
242
116
188
236
184
204
204
132
214
198
236
210
202
214
190
234
226
160 1st extraction
180 2nd extraction
180 3rd extraction
130
194
200
140
174 -
186
166
180
190
128



4.0 POLYNUCLEAR AROMATIC HYDROCARBONS

The GC/MS analysis was performed according to the procedures used
in “Analysis of Polynuclear Aromatic Hydrocarbons from Coke Oven Effluents"
by R. G. Beimer, September, 1978 (EPA Report 78-CKO-12). The results
are listed in Table 4-1.

Table 4-1 GC/MS Analysis

M.W. BAP 4 BAP 7 BAP7A
ug/mi ug/ml ug/ml
Naphthalene 128 202.4 70.4
Biphenyl 154 8.6 1.6
Dimethylnaphthaienes 156 6.4 0.8
Acenaphthylene 152 8l.4
Dibenzofuran 168 45.4
Fluorene 166 51.2
Dimethylbiphenyls 182 11.6
Dibenzothiophene 184 13.4 1.0
Phenanthrene 178 236.4 28.0 1.8
Benzo(h)quinoline 179 2.8
Carbanzole 167 28.4
Methylphenanthrene 192 21.4 2.2
4H-Cyclopenta
(def }phenanthrene 190 20.2
Phenylnaphthalene 204 5.8
Pyrene 202 97.2 16.2 0.8
Fluoranthene 202 92.4 15.2 0.4
Benzo(a)fluorene 216 16.8 3.0
Methylpyrenes 216 29.2 5.2
Benzo(ghi)fluoranthene 226 6.2
Chrysene 228 5.4 33.4
Benzo(a)anthracene 228 94.8
Terpheny] 230 3.4
Methylbenzoanthracenes 242 18.6 5.4
Benzothiophene 240 11.8
Benzopyrenes 242 18.72 68.8
Benzoperylenes 276 69.4 1.4
Dibenzoanthracene 278 15.6
TOTAL 1383.4 259.0 4.4
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VIII FIELD TEST SCHEDULE

SATURDAY 7/29

SUNDAY 7/30

MONDAY 7/31
TUESDAY 8/1
WEDNESDAY 8/2
THURSDAY 8/3
FRIDAY 8/4

Personnel

Hartman
Moore
McReynolds
Henry
Carpenter
Wagoner

Hartman, McReynolds fly to Pittsburg. Henry and Carpenter
drive to Pittsburg. Arrive on site approximately 2:00PM
and begin set up of equipment.

Set up continues, blank clean up on trains and prep for
actual testing. Sunday evening Moore and Wagoner arrive
from West Coast.

A. M. Safety meeting, P. M. testing preparation

Test A. M. clean up, test P. M. clean up (pre-test runs)
Test A. M. clean up, test P. M. clean up

Test A. M. clean up, test P. M. clean up

Insure all samples are taken and catalogued, pack up and
gc home.

Team Leader, supervisor, trouble shooter
Clean up manager, sample accountability, GC's

Team members-testing, clean up, sample recovery, etc.
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PROJECT PARTICIPANTS

Names

Company

Purpose

Gene Riley

Roy Neulight
Mike Hartman
Dave Moor

Jim McReynolds
Gary Henry
Clay Carpenter

Dan Wagoner
Tyronne Smith

EPA, Durham
EPA, Durham
TRW
TRW
TRW
TRW
TRW
TRW
TRW

Project Coordinator
Observe Test
Testing Team Leader
Testing

Testing

Testing

Testing

Testing

Testing
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ANALYSIS OF POLYNUCLEAR AROMATIC HYDROCARBONS FROM COKE OVER EFFLUENTS

This paper is a report on the Analysis of Polynuclear Aromatic
Hydrocarbons From Coke Oven Effluents. The program was conducted by TRYW
for the Environmental Protection Agency, Emisgion Measurement Branch,
Research Triangle Park, North Carolina under Contract Number EPA
68-02-2812. Four samples taken from a coke oven at Republic Steel Cor-
poration in Gadsden, Alabama were used for methods development in poly-
nuclear aromatic hydrocarbon determination.

Polynuclear aromatic hydrocarbons (PAH), also referred to as
polycyclic organic matter (POM), are suspected of being serious health
hazards since some of the individual compounds are known carcinogens.

This class of compounds condense on particulate matter and can be inhaled
into the lungs or contacted with the skin. When coal is pyrolyzed by a
burning or coking process, significant amounts of PAHs are produced. In
the burning process most of the organic material is destroyed through
oxidation, producting water and carbon dioxide. In the coking process
however, significant amounts of organics are evolved and emitted to the
atmosphere. Many techniques exist for the determination of polynuclear
aromatic hydrocarbons. Specific compound analysis for PAHs of particular
interest or potency have been developed and are generally better than survey
analysis techniques. As an example, the determination of benzo(a)pyrene
can be accomplished quickly and accurately by thin layer chromatography
(TLC) with quantitation using variable wavelength fluorescence, a method
developed by the EPA1. Other specific PAHs have been determined by liquid
chromatography using UV and/or fluroescence detection.

For general purpose determination of PAHs in complex mixtures the
use of gas chromatography-mass spectrometry is unexcelled. The gas chromato-
graph is used to separate the complex mixture into individual component
peaks and the mass spectrometer is used as a detector for both qualitative
identification of the PAH and for quantitative determination. In simple
cases where only a few PAHs are present, the use of packed gas chromatographic

Tﬁéw Benzo(a)pyrene Analytical Method; EPA EMSL ACB SFMCS RTP N.C.:

Don Swanson et.al. {no date).

-1-



columns are recommended. Packed columns are generally easier to use, re-
quire a shorter time for analysis, and are cheaper. When highly complex
mixtures of PAHs are present or significant interferences occur, the use
of capillary columns becomes necessary. Capillary column selection is
usually dependent on the volatility and polarity of the PAHs to be deter-
mined.

PAHs typically show very strong molecular jons (the mass representa-
tive of molecular weight) in their mass spectra because of the stability of
the aromatic system. The strong molecular ion allows for a very simple
identification of molecular weight even in complex mixtures. PAHs produce
very sensitive spectra when ionized in a mass spectrometer and can be
identified in a complex mixture quite easily. The disadvantage of this
strong molecular ion production is that isomeric PAHs produce spectra which
are virtually identical. The mass spectrometer is a rather poor device for
distinguishing isomers since once ionized the compound will seek its most
thermodynamically stable form. Since isomeric PAHs produce similar or
identical mass spectra the determination of structure is accomplished by
comparison of GC retention time using standards.

The major Timitation of the gas chromatograph is the volatility of
compounds to be analyzed. In order to be determined, PAHs must produce
good chromatographic peaks at temperatures below 300°C. Above 300°C even
the most stable GC column 1iquid phases produce high background in the
mass spectrometer. This GC temperature 1imitation means that high molecular
weight PAHs {above MW=300) cannot be reliably determined by this technique.

A limited amount of work has been done in the determination of high
molecular weight PAHs using 1iquid chromatography. With a 1iquid chromato-
graph, the need for volatility does not exist and materials of virtually
any molecular weight can be determined. With the proper selection of
columns and the incorporation of a variable wavelength excitation and
detection fluorometer, PAHs can be determined with accuracy. Chromatographic
separation is not always required provided the excitation and detection wave-
length can be selected specifically for PAHs of interest. An example of a
liquid chromatographic determination of polynuclear aromatic hydrocarbons
will be presented.



GC/MS RESULTS FROM COKE OVEN SAMPLES

Molecular

(Concentration (mg/ml)

Compound Wefght 367 n 366 364 Comments
Naphthalene 128 4.2 4.6 6.8 0.34
Fluoranthene 202 1.3 4.2 2.9 0.075
Unknown 202 0.17 0.55 0.55 T
Pyrene 202 0.3 3.0 1.8 T
Chrysene 228 Chrysene/Tripheny-
Triphenylene 228 0.3 1.2 0.8 0.028 lene unresolved Y
Unknown 228 0.007 0.09 0.1 T
Benz {a) anthracene 228 0.30 1.0 0.8 0.024
*genzo {c) phenanthrene 228 0.044 ¢.14 0.18 T RRT used for ID
Benzo (a) pyrene 252 0.24 0.7 0.65 0.02
Benzo {e) pyrene 252 0.12 0.3 0.38 0.01
Benzofluoranthene 252 0.47 1.7 1.2 0.043
Unknawn _ 252 0.07 0.27 0.24 T
*Benz (j) aceanthrylene 252 - - - - No RRT to confirm
Perylene 252 0.14 0.17  0.27 . ND
*7,12-Dimethylbenz (a) anthracene 256 ND ND ND ND MS should be unique
Dibenzo (c, g) carbazole 267 ND ND ND ND
*3-Methylcholanthrene 268 'ND ND ND ND MS should be unique
Indeno (1,2, 3-cd) pyrene 276 0.10 0.22 0.42 T
Unknown 276 0.055 0.14 0.19 T
Unknown 276 0.01 0.055 0.05 ND
*Dibenzo (a, h) anthracene 278 0.Q55 0.16 0.23 ND Have 1, 2, 3, 4 and
*Dibenzo (a, j) anthracene 278 0.0s5 0.80 0.12 ND 1, 2, 5, 6 Standards
Unknown 218 0.018 0.022 0.048 ND
*Dibenz'acridine 279 ND KD ND ND MS unique
*Dibenzo (a, h) pyrene 302
302 0.12 0.36 0.50 ND Unresolved

*Dibenzo (a, i) pyrene

*Standard not available (fdentification based on published RRT and MS)

ND = Not detected < 0.005 mg/m}

T = Trace < .01 mg/ml but detected

4]
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PREPARATION OF BAP/POM AND BSO SAMPLES
CLAIRTON COKE WORKS

The attached schedule outlines the specific details of how each
sample collected at the Clairton Coke Works is to be prepared and

split for analysis. The schedule is detailed as follows:

I. Splitting nozzle/vent samples.
II. Combining nozzle/probe rinse samples for BAP.
ITI.BAP sample preparation and splitting.
IV. Combining BAP sample fractions.
V. Re-extraction of filter and resin with cyclohexane.
VI. Combining BSO probe/nozzle samples.
VII.Splitting BSO sample fractions.
VIII.List of samples to be sent to EPA for TLC analysis.
IX. List of samples to be sent to EPA for transmittal to U.S. Steel Corp.
X. List of samples for GC/MS analysis.
XI. List of samples for BSO analysis.
XII.List of samples to be retained for possible analysis at a future date.
Notes:
Prior to conducting this work run blank analysis on MeCL)cyc]ohexane,
and berzene to be used in laboratory to assure contamination is not present,
1. Assure that splitting of the samples is done accurately to the
indicated fractions since split samples will be recombined before analysis
is conducted.
2. MAsure that samples are homogeneous prior to splitting. lUse

ultrasonic agitation if necessary.

e £, T At RS A i 1 et



2

3. Prepare POM/BAP samples according to procedures outlined in
the draft test method for BAP except that methylene chloride shall be
used instead of cyclohexane (filter and solid resin extraction).

4. Prepare and analyze BSO samples according to procedures
outlined in the draft test method for benzene solubte organics.

5. Extract filter and resin according to procedures established
in the BAP method, paragraph 4.3, except that methylene chloride, in
Tieu of cyclohexane, is to be used. Split the methylene chloride
extract; retain the filter and solid resin for re-extraction with
cyclohexane according to the procedures of paragraph 4.3 of the BAP
method.

6. Extract the condensate according to the extraction procedures
of paragraph 4.3.3. of the BSO test method substituting ¢yclohexane
for benzene. (Do not filter or bring to dryness).

7. Evaporate the sample to dryness and then redissolve the sample

residueﬁPenzene. Combine this benzene solution as indicated.
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