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ABSTRACT

The purpose of this research was to examine the significant sources
of atmospheric transported carcinogenic emissions from a number of stationary
sources 1in California. In the previous phase of this program substances and
sites were identified for study and emissions were estimated based upon the
available literature. In this pnase principal emissions sources at each site
were monitored and analyzed. Emission factors were computed and population
exposure to the adjacent areas was determined by source and dispersion
modeling. Concentrations predicted due to plant releases were compared with

typical urban levels for each substance. Alternative control measures were
described,

Sites measured were a secondary lead smelter (reverberatory furnace
system stack), a primary steel mill (coke oven, tar decanter, and cooling
tower), an asbestos-cement pipe plant (fiber baghouse and fugitive releases),
a secondary lead smelter (reverberatory furnace) and four organic chemical

manufacturing plants (stacks, storage tanks, wastewater streams, fugitive
sources).

Compounds measured were cadmium, arsenic, polycyclic organic matter,

asbestos, carbon tetrachloride, chloroform, perchloroethylene, benzene, and
ethylene dichloride.

In general it was found that releases predicted from emissions
factors published in the literature overestimated the measured emissions
derived from source testing,

Releases from organic chemical manufacturing plants were due
principally to storage tanks breathing and working losses. Such sources,
although permitted by the local district, were exempt from stringent control
requirements either because of their capacity, the fluid vapor pressure or the
substance classification. The significance of plant releases was evaluated by
computing the resultant incremental population exposure above background.
Emissions from three of the four chemical plants were predicted to cause

elevated population exposure to a Jevel greater than 50% above typical urban
background.

Releases of asbestos from the asbestos-cement pipe plant and arsenic
from the secondary lead smelter were predicted not to elevate significantly
general ambient concentrations of their respective substances.

XV
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The presence of five carcinogenic polycyclic aromatic hydrocarbon
compounds was identified in the coke oven emissions from the primary steel
mill. Their quantitative fractions of total emissions were determined by
source measurements and their emission factors developed based upon the
observed historical incidence of oven leaks coupled with a release factor per
Teak. Emissions were predicted to significantly elevate the typical ambient
Tevels for the surrounding area. Although it is anticipated that the primary
steel operation (coking) will cease, significant reduction of emissions will
occur if the most leakprone coke oven batteries were closed.

Alternative control technology options exist and were delineated for
all significant emission sources. Practical regulatory options are suggested
including reduction of the minimum size for the requirement of storage tank
emission controls.

XVi
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1.2

1.0
FINDINGS AND CONCLUSIONS

1.1 Identification of Airborne Carcinogens

(1)

A framework was established in the previous phase of this study
to prioritize the substances and emission sources of carcinogens
within the state. It was by means of the derived rankings that
sites were identified for further study and field testing in
this program. In general it was concluded that this screening
approach was effective in establishing apppropriate priorities.

Where significant differences were observed between estimated
plant emissions factors and those derived as a result of the
field testing, the underlying cause for the disagreement was the
adequacy of the information base upon which the emission factors
were estimated. In several cases it was apparent that
nationally based emission factors overpredicted California plant
releases principally because local district or statewide
regulation and/or inspection standards are more rigorous.

This study encompassed stationary source emissions identified by
@ statewide survey conducted as part of the previous phase of
this study. Area and mobile sources were incorporated into the
study framework as part of the urban background data base. An
overall program objective was to identify any significant
combinations of substances and sites which would induce so-
called exposure "hot spots" where levels of exposure to the
general population in the proximity could constitute a potential
health risk. The program clearly delineated and prioritized
several areas where background ambient concentrations of a

particular substance are incrementally elevated by greater than
50%.

Emissions of Airborne Carcinogens

Emissions from plant processes and fugitive sources were quantified

for each program site. Annual emissions predictions are listed:




w

(a)

Allied Chemical, E1 Segundo

chloroform: 23.5 to 325 1b (based upon year round chloroform

feed operation)

carbon tetrachioride: 3669-5875 1b (based upon year round carbon

tetrachloride feed operation)
chloroform and carbon tetrachloride: 1846-3100 (based upon

equally divided feed operation)

Dow Chemical U.S.A., Pittsburg
carbon tetrachloride: 35,724 to 51,883 1b

perchloroethylene: 8,309 to 10,530 1b

(total plant emissions are sum)

Du Pont, Antioch
carbon tetrachloride: 16,515 to 21,467 1b

Johns Manville, Stockton

asbestos: <1 1b

Kaiser Steel, Fontana

five carcinogenic polycyclic aromatic compounds: 7420 1b

benzene: 315,000 1b
cadmium: negligible

arsenic: negligible

RSR Corp., City of Industry

arsenic: 8-32 1b

Stauffer Chemical, Carson and San Pedro
ethylene dichloride: 34,860 to 34,969 1b (Carson)

23,724 1b (San Pedro)

Control of Airborne Carcinogens

(1)

Emissions from the four synthetic organic chemical manufacturing
plants are principally from storage tank breathing and working
releases. Tanks are either feed or product storage and although
permitted are exempt from stringent control for one of several
reasons: because of their small capacity, the substance vapor
pressure at permitted temperatures, or due to the fact that the
substance is not classified as an organic liquid. A variety of

s S
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control options including vapor recovery systems are available
to effectively reduce emissions.

(2) Release of ethylene dichloride from the plant process wastewater
stream at Stauffer was identified as a significant emission
source. Emissions reduction could be achieved by modifications
to improve the efficiency of the plant stripper processes or use
of an activated carbon (or XAD-2 resin) system in the discharge
stream.

(3) Five carcinogenic polycyclic aromatic hydrocarbons were
identified and quantified in the Kaiser coke oven gases. Leaks
from coke ovens can be abated by rebuilding ovens or terminating
operations on the most Teakprone coke oven batteries.

1.4 Changes in the Emissions of Airborne Carcinogens

Coincident with this study a number of companies formally or
informally announced changes in their operation which will directly influence
plant emissions. Furthermore the trend in business activity at several sites
is distinctly downward due to general market factors or the specific product
market.

Specifically:

(1) Kaiser Steel announced plans to terminate primary steel making
operations. Projected closure will be in 1983. A1l emission
sources identified in this site study pertain to such operations.

(2) Stauffer Chemical Company formally announced plant closure in
the near future due to market and plant economics.

(3) The market for fluorocarbons has continued to decline and is
expected to affect process activity at Dow, Du Pont and Allied.

(4) Johns Manville announced the closing of its Carson
asbestos-cement pipe plant asbestos related activity. Stockton

plant activity is under production capacity due to the general
economic situation.

(5) Gould, a secondary lead smelter that was to be evaluated based
upon testing results at RSR, has irreversibly discontinued
operations at its original plant and built a new plant with




1.5

advanced control equipment. Baghouses are specified as 99.98¢%
efficient for lead particulate.

Several plants indicated that they are planning to install
emissions control systems on the storage tanks. No formal
commitments were made.

Incremental Population Exposure Due to Stationary Sources

The four sites which were predicted to significantly elevate the

typical urban background concentrations are listed below:

Site Substance Typical Urban Population Exposed to
Background Level Increment over Background
2100% 2>50%
Allied+ | Carbon 3
Tetrachloride |0.15 ppb (942 ng/m>) <4,044 to 16,025 to
16,025 19,377
Dow Carbon 3
Tetrachloride }0.15 ppb (942 ng/m ) 10,796 to <20,309
20,309
Kaiser | PAH-5 compounds|3.5 ng/m> 72,196 72,196
Stauffer | Ethylene 3
Dicnloride 0.51 ppb (2100 ng/m>) 92,552 117,532

+ Assumes one half year operation using carbon tetrachloride feedstock

1.6

Regulatory Options

(1) This study did not attempt to quantify or address the health

(2)

effects or risk due to exposure from the predicted
concentrations of any substance.

Each site and substance combination deserves to be considered
individually. Regulatory options for emission sources at the
four sites noted in Section 1.5 are as follows:

Allied Chemical - Emissions are principally from feed storage

tank working loss (displaced vapor volume). Tank is exempt due
to minimum size requirements of SCAQMD Rule 463. The minimum
tank capacity for control could be reduced. A closed loop
feedback control system analogous to the existing adjacent
chloroform tank would effectively reduce emissions.

i,
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stauffer Chemical - Emissions from the offsite storage tanks (3)

are due to normal tank breathing. Tanks are exempt since vapor
pressure 1s slightly under the 1.5 psi threshold at storage
conditions. One option is to amend Rule 463 and lower the vapor
pressure threshold by less than 10%. Another is to consolidate
the three tank contents.

Emissions of EDC from plant process wastewater account for the
other principal source. Allowable concentration is stipulated
in the discharge permit with the Los Angeles County Sanitation
District. This permit would offer the most direct means of
regulating EDC concentrations in wastewater. As previously
noted the plant is discontinuing operations and currently has
its vinyl chloride monomer process closed due to exceedances of
the ambient VC standard. Thus regulatory options may be a moot
discussion point.

Kaiser - Emissions of carcinogenic PAH compounds from coke oven
leaks can be reduced by rebuilding ovens or discontinuing their
operations. Several batteries (B-D) contribute 86% of the
emissions. Sequential shutdown of these batteries as part of
the planned primary steel mill closure would be logical.
Currently the plant is operating under a variance due to carbon
monoxide emissions. Conditions of operation under that variance
could be imposed which would minimize oven leak emissions.

Dow - Emissions are predominantly working level vapor
displacement from process check tanks and also breathing and
working losses from product storage tanks. Currently the tanks
are exempt under Rule 85300 of the Bay Area Air Quality
Management District because the substance is not classified as
an organic liquid. Furthermore check tank size as measured by
working capacity is under the minimum regulatory threshold.
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2.0
RECOMMENDATIONS

Given the findings and conclusions presented in Section 1, we make

the following recommendations.

(1)

Discussions should be held with local air quality control
district staff and representatives of the four firms whose
emissions were computed to significantly increase the local
urban background concentrations of specific substances. If
plans are underway to close the plants, schedules should be
confirmed and monitored. Discussions with Allied and Dow should
explore the status of company plans to install control systems
on storage tanks. In the absence of such activity regulatory
alternatives should be assessed.

Although fugitive emissions from the synthetic organic chemical
manufacturing plants studied were found to be of secondary
importance, refineries have orders of magnitude greater numbers
of baggable sources including seals, valves and flanges.
Inspection leakage frequency data currently being collected by
each firm or by others (e.g., ARB or regional Districts) should
be used to compute the plant emission factors for benzene As a
sufficient body of historical data become available for each
refinery results should be used as source terms to predict

ambient concentrations and determine whether additional actions
are needed.

Release of carcinogenic volatile organic compounds into
wastewater was not comprehensively examined by this program.

One such source was identified and raises the question of
whether other such emission sources exist throughout the state.
Examination of process wastewater standards in consultation with
county sanitation districts would be a first step.

[t is recommended that as additional substances are identified
as suspected carcinogens they be screened for possible

importance employing the prioritization methodology developed in
these studies.




3.0

DESCRIPTION OF THE PROGRAM

The purpose of this program was to intensively examine the
significant sources of atmospheric transported carcinogenic emissions which
were identified and inventoried in a preceeding CARB sponsored research
program conducted by SAI (Margler et al., 1979) and its subcontractor KVB
(Roberts, 1980). Before discussing the objectives and approach of this
subsequent project, a review of the findings of the initial program stages is
in order.

3.1 BACKGROUND

The CARB-sponsored studies were initiated to identify airborne
carcinogens of potential concern to the general public for the purpose of
examining the need to develop some form of state emission regulations for
these substances. The program was constructed as a three stage study. The
objective of the first stage was to identify roughly ten materials which, of
the thousands of known or suspected airborne carcinogens, were most likely to
be of greatest importance to the general population of California. Also of
interest were those substances which, in order to satisfy occupational health
and safety regulations, might be transferred from the workplace air to the
outside environment. The second stage encompassed using existing data to
pinpoint the emission sources for each carcinogen, estimating emissions, and
developing preliminary designs of source tests to quantify emission factors.
The final stage, which is the subject of this report, consisted of the design
and conduct of source testing at the sites identified as the suspected
principal sources of the carcinogens of greatest concern.

In the initial stage of the program it was necessary to screen a
Targe number of candidate carcinogens. The screening process was conducted as
follows:

(1) Eight compilations of known and suspected
carcinogens were reviewed and those substances
which were not used in California, were highly




unstable in air, or were very doubtfully

carcinogenic, were eliminated.

(2)  After more detailed information was obtained for

the remaining 25 substances, candidates were

rated by arithmetic and multiplicative methods.

(3)  An expert panel was convened to review
information dossiers on the candidates and to
rank them independently.

(4)  From the eight to eleven substances ranked

highest by all three approaches, eleven were

selected for the emission identification and
source-testing design stages of the effort.

Each of these steps is described in Appendix A, the Air Pollution
Control Association Journal article, "Rapid Screening and Identification of
Airborne Carcinogens of Greatest Concern in California."

The eleven substances selected for further study at the end of the

first stage of the program were:

Arsenic
Asbestos
Benzene
Cadmium
Carbon Tetrachloride

Chloroform

Ethylene Dibromide
Ethylene Dichloride
Nitrosamines
Perchloroethylene

Polycyclic Organic Matter (POM)

Sites where the highest emissions of these substances might be
expected as a result of their use or manufacture were identified. In nearly
all cases no direct information with which to predict plant emissions was
available. Rather, indirect data and engineering judgement were used to
estimate releases. Preliminary test plans were drafted for important sources
to enable a direct determination of the emission factors. Although area or
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dispersed sources were identified for many of the carcinogens, tests were
conducted only for the stationary sources. This was done in order to locate
and accurately quantify sources of concentrated releases, i.e. "hot spots",
which could later be superimposed with the more diffuse distribution of area
sources. Area sources such as dry cleaning establishments and degreasing
operations (perchloroethylene) and home fireplaces (POM) are typically
coincident with population density distributjons. Other area sources are
distributed during vehicular travel (benzene, cadmium, ethylene dibromide,
ethylene dichloride and POM). Still others are distributed in agricultural
operations (arsenic, ethylene dibromide and ethylene dichloride).

Site visits to a number of the plants were conducted during this
stage to become more familiar with plant processes and potential emission
sources and to assist in the formulation of the test plans. Each individual
substance released at every site was ranked according to a formula consisting
of the product of the specific pollutant emissions (in tons per year), the
population of a 10-km grid centered at the site, and rating factors reflecting
growth in chemical use, atmospheric stability, dispersion potential and
evidence of carcinogenicity. Each facility was then ranked according to this
hazard scaling factor. Table 3.1-1 (Roberts, 1980) is a summary of the
results of this hazard ranking. It was recognized that only by on-site
emissions testing could estimates of releases be realistically used in
conjunction with meteorological data and census information to provide
meaningful source factors with which to compute population exposures.

3.1.1 Outline of the Current Program

The program was divided into three principal tasks. Task I encom-
passed all pretest activities, including reviewing preliminary site sampling
plans and analytical methods, conducting pretest site surveys at all
lTocations, and formulating final sampling and Taboratory analysis plans. Task
II comprised the emissions testing and Taboratory analyses. 1In Task III,
emission factors were determined and Gaussian dispersion modeling was used to
estimate integrated community exposures around each stationary source.
Resultant concentrations were compared with typical ambient levels and site
enissions were compared with total statewide releases where possible.

Finally for those stationary source emissions found to be signifi-
cant mitigation measures were proposed and quidelines for the development of
air quality or emission standards were provided.

Lo
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3.1.2 Pre-test Activities

The first subtask undertaken in this program was to closely review
the findings from the previous stages, particularly in light of the need to
allocate resources effectively. Some emissions estimates were found, upon
reanalysis and incorporation of new information,to be unreasonable. Further-
more, one identified arsenic source (Gould Metals Division, Vernon) entered
into the final planning and initial construction phase of building a new
facility; the existing plant was to be razed. Site visits were made to all
remaining sites considered for testing and all but one were incorporated into
the field measurement program. The project resources dedicated to each plant
were established to correspond with both the predicted priority as a
significant source and the uncertainty in the existing emission data. The
sites which were sampled in this program were:

Site Carcinogen Sampled

Kaiser Steel, Fontana Arsenic, cadmium, POM, benzene

Stauffer Chemical, Carson Ethylene dichloride

Dupont, Antioch Carbon tetrachloride

Allied Chemical, E1 Segundo Carbon tetrachloride or
chloroform

Johns Manville, Stockton Asbestos

RSR, City of Industry Arsenic

Dow Chemical, Pittsburg Carbon tetrachloride and
perchloroethylene

These are Tisted in order of descending priority based upon the revised
assessments. These emission estimates are discussed in the corresponding
report sections on the determination of emission factors for the sampled
sites. For completeness, Appendix B contains summary reviews of the
disposition of several sites considered in the previous study stages which for
various reasons did not need to be considered further in this stage.

Task II, Source Testing, is described in Sections 4.0 through 10.0.
Task III is discussed as part of these sections (Determination of Emission
Factors) and in Sections 11.0 through 12.0.

12




4.0
SOURCE TESTS AT RSR/QUEMETCO, CITY OF INDUSTRY

4.1 FACILITY DESCRIPTION

RSR's City of Industry facility, Quemetco Inc., is one of five
secondary lead smelters operated by the corporation. Un 10 December 1980,
representatives of SAI and its subcontractor, Certified Testing Laboratories
(CTL), toured the plant and obtained the following information.

Lead and its alloys are the company's primary products. The plant
consists of a raw materials storage and crushing facility, a cupola (blast
furnace), a reverberatory furnace, and a refining facility. The cupola has
been shut down for the past two years, and is not expected to be reactivated
in the near future; the slag which it once processed is shipped to an RSR
plant in another state. Lead production rates are proprietary.

The input material consists primarily of lead-acid automobile
batteries, although sundry lead scrap is also processed. According to plant
management, the lead in batteries contains less arsenic than in former days.
RSR no longer deliberately adds arsenic to its products. However, trace
amounts of arsenic probably remain in the continually recycled lead.

At the crushing facility, the battery cases are removed. The newer
ones, made of polypropylene, are crushed and then sold to a reprocessor. Hard
rubber cases and PVC separators are not reprocessed and are discarded.
Sulfuric acid from the batteries is, after use in the crushing facility,
neutralized with ammonium hydroxide, and discharged into the sanitary sewer.

The first step in smelting is to dry crushed lead in a rotary kiin.
The Tead is then fed directly into the reverberatory furnace, which operates
at 2200 to 2300 °F. Molten lead is poured into "hogs," which are taken to the
refinery room in a hardened state. In general, the reverberatory furnace is
operated for about two weeks and then shut down while the refining is done,
although there is sometimes an overlap between smelting and refining. The
plant's schedule is quite irregular, and cannot be predicted more than a
couple of days in advance. The lead market is currently down, and the plant

does not operate every day.
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Quemetco maintains four essentially complete and independent air
pollutant control systems. The one for the blast furnace is presently shut
down. A second system serves the reverberatory furnace, and consists of two
cooling chambers, a baghouse, a scrubber and a stack. The baghouse uses
Teflon bags and is rated at 200 °F. The scrubber was modified by RSR from a
commercial system, and its description is proprietary. There is nothing in
the scrubber system that would chemically bind arsenic. The other two control
systems trap fugitive emissions from the rotary kiln, the refinery and various
other sources; Quemetco refers to these as “sanitary systems."

During our pre-test site visit, we made a few observations. There
is no great accumulation of lead dust, and workers were continually vacuuming
and shoveling whatever dust had settled around the kiln and the furnace. The
outdoor storage and crushing area was being hosed down as we toured it. One
diked area contained pools of acidic wastes. Quemetco said that it was going
to be resurfaced. All the major emission sources, such as furnace and kiln
doors and refinery pots, were hooded. We did see a thick cloud of dust issue
from a port as a worker added coke fines. These emissions ceased when the
worker adjusted a damper on the hood. The stack associated with the
reverberatory furnace emitted a visible steam plume. We could see a faint,
dark particulate plume continuing on after the steam evanesced.

4.2 SAMPLING AND ANALYTICAL APPROACH

Arsenic was the only air pollutant of interest to this study.
Because the reverberatory furnace was considered to be the largest potential
source of arsenic emissions, we decided to collect air samples downstream from
the pollution abatement system associated with it. Although a port was
available for sampling emissions from the "sanitary systems" (see above), we

confined our attention to the reverberatory furnace emissions. Our reasons
were:

0 The reverberatory furnace emissions were expected to be
significantly greater than those from fugitive sources;

0  Access to the sanitary system sampling port was difficult; and

0 There was not enough time to sample both sources. (The facility
operator in effect limited our presence on site to two days.)

14




4,2.1 Stack Sampling

Stack gas samples were collected by proposed U.S. Environmental
Protection Agency Method 108, "Determination of Particulate and Gaseous
Arsenic Emission from Nonferrous Smelters", a copy of which is provided in
Appendix C. In this method, air samples are drawn isokinetically from a stack
and througn a sampling train consisting of a probe, a heated filter and a
series of impingers resting in an ice bath. (See Figure 4.2-1). The filter
removes particulate matter, and any arsenic vapor is trapped in the impingers.

Our procedures departed from Method 108 in three respects. First,
the probe and the Teflon line connecting it to the heated filter were
maintained at 250 to 320 °F to prevent condensation of water vapor flowing
through the duct. Second, the three impingers used in Method 108 for sulfur
dioxide sample collection were eliminated, since we were interested only in
arsenic. Finally, instead of distilled water, the first two impingers
contained a KI/I2 solution and a Na25203 solution, respectively. The purpose
of the iodine solution which was included at the suggestion of the CARB
project monitor, was to oxidize any arsine gas present in the exhaust. The
sodium thiosulfate protected the sampling pump by reducing jodine vapors.

Samples were taken from a 0.89-m outside diameter horizontal duct
which connects the 502 scrubber outlet to an exhaust stack. A duct rests on a
two-foot high ledge running diagonally across the roof of a small control
building, and is equipped with one horizontal and one vertical sampling port.
A portable ladder was used to get onto and off of the roof. We used the ledge
to support various equipment, including the box containing the filter and
impinger train. An "umbilical cord" connected the filter/impinger box with a
pump console at ground level.

Each sampling run consisted of a horizontal traverse followed by a
vertical one. The first step was to check the system for leaks. In all cases
(before and after runs) no leaks were detected. Then the probe was inserted
as far as possible into the sampling port. A heavy paper rag was used to
block off most of the flow around the probe, although some steam did escape.
In between horizontal and veftica] traverses, and after the latter, the probe
was held horizontal for five minutes, so that it could be purded with ambient
air.

15
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After the two traverses and the purging, the system was shut down.
The nozzle was unscrewed from the probe, brushed and washed with 0.1 N NaOH.
The Teflon line was laid out along a metal beam that ran alongside the roof,
was taped securely in position, and then was washed with a brush attached to
several sections of thin aluminum tubing. Great care was taken to avoid
touching the brush to any contaminated surface. It was impossible to avoid
contamination of the aluminum tubing. To minimize contaminating the washing
from the Teflon tube, therefore, we wiped the aluminum tubing with a
NaOH-soaked paper towel just before inserting each section into the Teflon
Tine. After the brushing, additional NaOH was poured into the line. All
washings were collected into a polyethylene bottle. The probe and a stainless
steel pipe connecting the sampling line to the filter apparatus were washed in
similar fashion. Finally, the impinger solutions were poured into sampling
bottles, and the impingers were tnen washed with the corresponding matrices
(iodine and sodium thiosulfate).

4.2.2 Analysis for Arsenic

Filters were cut into ribbons and digested in hot redistilled HNO3
and H202. Impinger solutions were acidified with redistilled HN03. All
samples were then analyzed by graphite furnace atomic absorption spectrophoto

metery.
4.3 DETERMINATION QOF EMISSION FACTORS

4.3.1 Emission Test Results

Tests were performed on 10 and 11 February 1981 by SAI and CTL
personnel. We originally planned to conduct three test runs. Test set-up and
preliminary measurements took much longer than anticipated, however, and we
did not begin the first run until about 1400 hours on 10 February. The
horizontal traverse was conducted with no problem. At the start of the
vertical traverse, however, a great deal of water was sucked into the system.
We believe that this water had been lying on the bottom of the horizontal
duct. The duct is drained by two pipes, but these were either clogged or at
an improper angle for good drainage. The test was aborted. Since it was now
late in the afternoon and extensive cleanup of equipment would be necessary,
we decided to postpone further testing until the next day. During the even-

ing, Quemetco personnel drilled two holes in the bottom of the duct to drain
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out the water. On 11 February, we conducted two successful test runs.
Filters and sample bottles were sent by air freight to SAI's La Jolla
laboratory and were delivered within 18 hours of completion of Run 3.

After both runs the filter was very clean. No particulate matter
was visible. A considerable amount of material was recoverad from the nozzle
and probe wash. Since these fine particles turned reddish-brown upon contact
with the NaOH solution, we believe that they are primarily some form of iron
hydroxide. After Run 2, three tiny clumps of yellowish material very similar
in appearance to the substance covering the work area was found on the
downstream end of the nozzle, just outside the orifice. We can only speculate
on what this material is and how it got onto the nozzle. The most likely
possibility is contamination during the probe assembly. Another is that the
material coats the inside of the duct and that the nozzle touched it during a
traverse. Another possibility is that the material was entrained by the flue

gases somewhere in the system and collected by the nozzle. Material such as
this was not observed after Run 3.

The results of our laboratory analyses were as follows:
Arsenic Measured (micrograms)

Sample Run 2 Run 3
Filter 0.8 0.1
Impinger 0 0
Probe Assembly 36.4 28.3
Total 87.2 28.3

Arsenic concentrations in the iodine and sodium thiosulfate impingers were
essentially the same as in the sample blanks for each impinger solutjon. Most
of the difference in results for the two runs is due to the collection of the
above-mentioned clumps of yellowish material by the probe in Run 2. Other
test results cannot be furnished without violating a secrecy agreement between
RSR and SAI. Total annual emissions, based upon proprietary information on
Tead processing rate and furnace operating hours, are estimated to be between
3.7 and 16 kg/yr (8.1 to 32 1b/yr). These emissions are quite Tow in
comparison with those of other arsenic emission sources identified in

the second stage of this study.
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4.3.2 Estimation of Emission Factors

Emission factors for this plant cannot be stated without revealing
proprietary information furnished by the plant.
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5.0

SOURCE TESTS AT KAISER STEEL CORPORATION, FONTANA

5.1. FACILITY DESCRIPTION

Kaiser Steel Corporation's steel mill facilities at Fontana (San
Bernardino County) have been described in detail in previous reports by the
Air Resources Board (CARB, 1976) and KVB (Roberts, 1980). The purpose of this
section is to describe conditions which have changed since those reports were
written. Detailed descriptions of the emission sources we tested will be
found in Section 5.2.

The coke oven complex at Kaiser consists of seven batteries of 45
ovens each. At the time of our first pre-test visit (28 October 1980), the
status of Battery B was in doubt; it is presently in violation of South Coast
Air Quality Management District (SCAQMD) regulations, and 27 of its ovens are
out of service. The date of compliance with regulations had been postponed
until December 1981. As of October 1980, 49 ovens (among all seven batteries)
were "permanently out of service" (H. Rugge, personal communication).

During our Uctober 1980 visit, dark particulate emissions from the
stack associated with Batteries F and G were observed. According to Kaiser,
the baghouse associated with these batteries had recently caught fire and was
inoperable. Battery A had the least emission problems.

It should be noted that the Fontana operation has for the last
several years been barely surviving economically. The inland Tlocation of the
plant put it at a disadvantage with respect to other steel-making facilities,
especially those of Japan, while the switch from steel to aluminum in can
manufacture has eliminated a major operation. Indeed, Kaiser management
recently decided to terminate all the basic steelmaking operations, including
the coke ovens and blast furnaces.

5.2 PRE-TEST REVIEW OF EMISSION SOURCES AND RATES

Before formulating a test plan for the Kaiser facility, we reviewed
the literature on pollutant emissions from coking operations and integrated
steel mills, discussed previous sampling work with federal and local air
pollution control officials, and visited Kaiser twice. The purposes of these
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activities were (1) to identify specific sources of polycyclic organic
material (POM)+, benzene and cadmium at steel mills in general and at Kaiser
in particular; (2) to review methods used by previous researchers; and (3) to
estimate likely ranges of pollutant concentrations in emissions of various
types, so that appropriate sampling techniques could be developed. A major
finding of our review was that very little work had been done to quantify
emissions of the carcinogens of interest from coke ovens and other major
sources within steel mills. Because the bulk of these emissions are fugitive,

measuring their emission rates has been and will continue to be a challenge.

Table 5.2-1 summarizes SAI's preliminary, pre-testing estimate of
the sources and rates of emissions of polycyclic organic materials (POM),
benzene, arsenic and cadmium from major discrete sources in the Kaiser plant.
The derivation of these estimates is discussed in detail in the sections to
follow. Some comments are in order now, however. First, given the great
uncertainty in the data, some of the estimates may be “incorrect" by a factor
of two or three. While an estimate from the literature was available for
benzene emissions frem coke oven charging, it was too speculative to merit
reporting; unfortunately, charging may be a significant source of this
carcinogen. Field measurement data were also lacking for POM emissions from
coke byproduct recovery plants. All we could say at this point was that the
operating conditions in these facilities are less conducive to POM formation
and emission than are those associated with coke processing.

5.2.1 PUM Emission Sources

Since the bituminous coal used in coking is composed essentially of
polycyclic aromatic compounds, a potential exists for the generation of
POM during coke production and byproduct recovery. We now review what is
known about POM emissions from various steel mill operations.

Coke Oven Emissions of POM

The following discussion is based primarily upon a recent
environmental impact statement prepared by the EPA to support national
emission standards for hazardous air pollutants (NESHAPS) for coke oven
emissions (EPA, 1980). Information provided by supporting documentation for
the EIS, including a review by Tronholm and Beck (1978) and emission factor

estimates by Allan (1980a and 1980b), was also used. Data are presented here
for each of the major coke-processing operations.

+ The term polycyclic aromatic hydrocarbons (PAH) will also be used in the
text when referring to that specific subclass of POM
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Table 5.2-1
SUMMARY OF PRE-TEST ESTIMATES OF CARCINOGEN
EMISSIONS FROM KAISER STEEL CORPORATION, FONTANA
(A11 values in tons/year)

Source poM? Benzene Arsenic Cadmium
Coking

Charging 1.4 c 0.82 - 4.3 0.011 - 0.27

Pushing b 6

Topside 0.8 5

Doors 1.2 20

Battery STack 0.03 0.04

Quenching 0.2 0.3

Byproduct Plant

Tar Decanter d 24
Primary Cooler d 14
Tar Storage d 0.01
Ammonia Handling d b
Final Cooling Tower d 79
Light 0i1 Storage d 25
Sintering Plant 0.015 b

2 Values reported are for benzo(a)pyrene only; total POM emissions could be
higher.

Negligible emissions.

€A potentially importance source; unfortunately no reliable data are
available.

Emissions believed to be negligible; field data nonexistent (Kemner, 1978).
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Wet-Coal Charging. Figure 5.2-1 is a schematic of the topside of a
coke oven battery. Coal is fed through the charging ports from a "larry car,"

which moves along the top of the battery. Coke ovens are always at a hignh
enough temperature to rapidly volatilize coal constituents. When coal is
introduced into an incandescent oven, the large volume of steam, gases and
smoke that forms is forced from the oven by the pressure of the expanding
gases. Emissions may flow at high velocity from any opening, including the
charging ports (of which there are three per oven at Kaiser), feed hoppers,
ascension pipes, standpipe caps, and the collection main. Emissions are
intermittent and relatively short in duration; however, the large number of
potential release points may, in concert, constitute a major source.

POM may be emitted from charging operations in both particulate and
gaseous forms. Known or suspected carcinogens identified in particulate
samples from one plant included benzo(a)pyrene (BaP), benz(c)phenanthrene,
benz(a)anthracene, a benzfluoranthene isomer, and cholanthrene (Bee et al.,
1974). Particle sizes are bimodally distributed. Roughly half the particles
have a mass mean diameter of 8.5 microns; most of the POM is associated with
this fraction. POM can also be emitted in gaseous form (Smith, 1970),
although emission data of this sort are lacking.

According to Tronholm and Beck (1978), "no reliable, quantitative
measurements for POMs or benzene soluble organics (BSO) are known to be
available" for this source. Estimated emission factors in the literature vary
by at Teast an order of magnitude. By considering total particulate matter
emissions and limited data on percentages of BSO in the total mass, and
percent BaP in the BSO, EPA has estimated an uncontrolled emission factor of
5.5 x 1073 kg of BaP per Mg of coal (0.011 Tb/ton).

Pushing. When coke is pushed from a coke oven, convective currents
entrain loose coke dust and volatile materials. Emissions can include any and
all of the byproducts produced upon destructive distillation of the coal
during the coking cycle. Coal near the doors of the oven gets neated the
least, so that emissions from "uncoked material" may result; pollutants in
this category may include ammonia, coke oven gas, tar, phenol, light oil,
benzene, toluene, xylene, and pyridine, as well as a variety of POM, including
BaP. Trenholm and Beck (1978) summarized emissions measurements at two steel
mills in 1973 and 1974. Care had to be taken to distinguish between emissions
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from pushing and those from door leaks, since some ovens were in the coking
phase while others were beinyg pushed. Their conclusions were that BaP
emissions from pushing alone were "negligible," and that BSO emissions were
about 0.02 1b per ton of coal charged.

Topside Leaks. During the coking portion of the coking cycle, leaks
may occur through improperly seated or distorted charging ports and standpipe
lids; through cracks in the standpipes, or through broken seals at the base of
the standpipes. Emissions would tend to be similar in quality to those
occurring during charging, although particle sizes would, in this case, tend
to be smaller. EPA's (1980) in-house estimate of topside emissions is 0.04 kg
of BSU per ton of coal, which is equivalent to 0.08 Ib/ton. If we assume, as
EPA does, that BaP constitutes 1 percent of the BSU, then the emission factor
for BaP from topside leaks would be 8 x 10'4 Ib/ton. It should be emphasized

that this estimate was not based upon any measurements of mass emissions.

Coke Uven Doors. During coking, fugitive emissions of yellow-brown
coke oven yas and smoke particles can occur through any gap between the oven

doors and their jambs. Emissions can also occur around the small chuck door
on the pushing side of the oven. Coke oven emissions consist of over 10,000
compounds, including many POMs. Table 5.2-2 lists POMs identified in coke
oven door leak samples collected at one steel mill. The rate and composition
of the emissions vary with time. Generally, emissions are highest during the
first hour of coking; they then decline as volatile tars condense and seal
the doors from the inside, and internal presure decreases.

The fugitive nature of door leaks has posed sampling problems. Mass
emission rates of particulate matter may vary by three orders of magnitude
(Barrett et al., 1977). After reviewing the scarce data on emission rates,
EPA (1980) estimated an emission factor of 2.5g of Bap per tonne of coal

(0.005 1b/ton), assuming that 30 to 65 percent of the doors are leaking at any
given time.

Allen (1980a) has developed a model relating oven pressure and
percent leaking doors to emissions. This model will be discussed below.

Battery Stacks. The gases used to heat the coke oven batteries
(cleaned coke oven gas or blast furnace gas) are relatively free of

particulate organic matter. However, organic gases and particles may leak
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POMS

Table 5.2-2

IDENTIFIED IN COKE OVEN DOOR LEAKS

*

POM Species

Carcinogenicity

Emission Rate

Rating ** (mg/hr)
Naphthalene - 387
Fluoranthene- - 428
Pyrene - 184
Benz(c)phenanthrene +++ 17
Chrysene + 124
Benz(a)anthracene + 114
7,12-Dimethylbenz(a)anthracene ++4++ 1
Benz fluoranthenes ++ 154
Benz(a)pyrene +++ 43
Benz(s)pyrene - 95
Cholanthrene ++ <0.04
Indeno (1,2,3-cd)pyrene + 46
Dibenz(a,h)anthracene +++ 48
Dibenz acridines ++ <0.04
Dibenz(c,g)carbazole +++ <0.04
Dibenz pyrenes +++ 43
3-Methyl cholanthrene ++++ <0.04

Source: Barrett and Webb, 1978.

*  Coke side doors only.

** Carcinogenicity reported by
FHH+, 4
+
t

Public Health Service (NAS, 1972) where

Strongly carcinogenic
Carcinogenic

Uncertain or weakly carcinogenic
Not carcinogenic
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from the ovens into the flue which removes combustion products from the ovens,
According to the EPA (Tronnolm and Beck, 1978), uncontrolled emissions of BSO
would be 3.2 X 1()'3 1b per ton of coal. Measured BaP emissions at four plants
ranged from 0.4 to 4.2 x 10'5 Ib/ton of coal, with an average of 2.4 x 10’5

Ib/ton. This value is consistent with the previous assumption of 1 percent

BaP in the BSO. These rates will be compared with those derived from measure-

ment work at Kaiser later in this report.

Quench Tower Emissions of POM

The following discussion is based upon the findings of a quench
tower emission testing program conducted by York Research Corporation (YRC)
for the EPA (Buonicore, 1979; Ertel, 1979; Laube and Drummond, 1979).
Incandescent coke is pushed from the ovens into rail cars which are conveyed
to a hollow tower. There, water is sprayed rapidly onto the coke, generating
thereby huge billowing clouds of steam, water droplets and particles which
exit the top of the tower. Towers frequently have baffles to reduce losses of
large droplets. The water not evaporated or entrained is collected in a sump
and recycled. Losses are compensated for with makeup water, which may be
relatively clean river water, or (as is the case with Kaiser), process water
contaminated with organic pollutants.

The chemical and physical interactions between the hot coke and the
water (and contaminants therein) are complex and poorly understood.
Particulate matter can enter the air through entrainment of fine coke
particles, shattering of rapidly-quenched coke, condensation of gaseous
molecules, and transport of dissolved solids in aerosolized water droplets.
It is clear from all reported emissions test results that the quench water
itself is a major source of airborne pollutants. Since the composition of
this water varies from plant to plant, it is impossible to describe "typical"
emissions. Merely for sake of illustration, we list in Table 5.2-3 the
results of quench tower measurements made by YRC at an Ohio steel mill in
1976. Note that benzo(a)pyrene was not detected in these emissions, although
it was found in both "clean" and contaminated quench water. YRC cites
Hendriks et al. (1979):

"There appears to be no correlation between concentrations of BaP

and other organics, hence, it does not seem to be a good indicator
of the concentration of other organics in the quench tower
emissions."
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In 1977 tests at the same mill, BaP was found in emissions from
some, but not all, quenches. YRC estimated emission factors of 3.8 x 10"5 and
1.62 x 107%
respectively, is used. Recognizing the above caveat, we will use the latter

1o BaP per ton of coal when clean and contaminated quench water,

value (as a worse case) solely for comparison with other Bap emission sources.

[t is also instructive to estimate total polynuclear aromatic
hydrocarbon (PAH) emissions. As seen in Table 5.2 -3 total stack emissions of
PAH in YRC's 1976 test were 5.0 to 7.9 x 10'6 1b per ton of coal, depending
upon the quench water source.

Coke Byproduct Plant Emissions of POM

The coke oven gas evolved during coking 1is collected and piped to a
byproduct plant, where it is purified for re-use as combustion gas in tne coke
ovens. Commercially valuable byproducts, such as ammonia, are also recovered,

Emissions of benzene, the chief pollutant of concern in these facilities, are
discussed below.

Van Osdell et al. (1979) have identified four potential sources of
POM emissions in coke byproduct recovery plants: tar decanters, tar dewatering
and storage facilities, ammonia processing, and the final cooling tower. The
only species for which any measurements have been made is naphthalene, a
noncarcinogen (NAS, 1972). Since all POM emissions from coke byproduct plants
are fugitive, mass emission rates cannot be estimated at this point.

Sintering Plant Emissions of POM

The purpose of a sintering plant is to recover ore fines and/or
waste products from various steelmaking processes. The fines are blended with
Coke breeze, limestone and dolomitic lime and conveyed on a belt through a
furnace. EPA-sponsored measurements of uncontrolled emissions at two plants
showed relatively high particulate loading (Westbrook, 1979a). Organic matter
of all types constituted from 0.6 to 1.8 percent of the particulate matter
generated. Fused aromatics having molecular weights above 216 comprised less
than 0.2 percent of the total. While a lTow-resolution mass spectrograph
analysis revealed compounds having molecular weights associated with

carcinogens, a gas chromatography-mass spectrometry run on one sample did not
confirm the presence of any carcinogen.
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Pre-Test Estimate of PUM Emissions at Kaiser

In estimating emissions, we have assumed that 266 ovens operate

continuously and that 1.97 x 10b tons of coal are processed per year. BaP
emissions were estimated as follows:

Charging: The 0.011 1b/ton emission factor given above was for
uncontrolled emissions. South Coast Air Quality Management District Rule 477
sets the following limitations on emissions during charging:

477(b)(1) - "There shall be no visible emission of air contaminants

into the atmosphere for a total accumulated time equal to or greater

than seventy-five (75) seconds from any charge port, offtake system
and larry car on a coke oven during five (5) consecutive charging
operations."
According to the SCAQMD, the typical time to charge 5 ovens is 600 seconds.
If Rule 477 (b)(1) is not violated, then controlled emissions would be 75/600
or 12.5 percent of the uncontrolled emissions, and the BaP emission factor
would be 0.0014 1b/ton of coal. Total BaP emissions at Kaiser would then be

(0.0014 ib/ton)(1.97 x 106 ton/yr)/(2000 1b/ton) = 1.4 tons/yr or 0.04 g/sec.
Pushing: Negligible.
Topside: (8 x 10'4 Ib/ton)(1.97 x10° ton/yr)(0.0005 ton/1b)

0.79 tons/yr
0.02 g/sec

Coke Uven Doors: Emissions of BaP were estimated in two ways, each
based upon a model formulated by Allen (1980a). First, Allen derived a

theoretical equation to relate changes in coke open door emissions to changes
in the percentage of doors leaking at any given time:

— B 2.5
5= PLD, (5.2-1)
E2 PLD2
where PLD1 and PLD2 are different percentages of feaking doors and E1 and E2

are the corresponding total mass emission rates. Rearranging the equation
yields

PLDl 2.5

PLD2

As noted above, EPA estimated an emission factor of 0.005 1b BaP per ton,
assuming that 30 to 65 percent of the doors are leaking. Rule 477 of the




Y

South Coast Air Quality Management District limits visible emissions to 10
percent of the total number of doors on ail operating batteries. If this rule
is complied with, then emissions would lie between the following two values:

E = 0.005 1b/ton<£>2'5 (1.97 x 10° ton/yr)(0.0005 1b/ton)
65
= 0.046 ton/yr
= 0.001 g/sec
) . 10\2.5 6
E =  0.005 1b/ton ( (1.97 x 10° ton/yr)(0.0005 1b/ton)
30

= 0.32 ton/yr
= 0.009 g/sec

An alternative way of estimating coke oven door emissions at Kaiser was
suggested to SAI by the developer of the model (C.C. Allen, personal
communication). Figure 5.2-2 which is reproduced from Allen's report, shows
the theoretical relationship between PLD and total emissions for an oven
having a 9.6 m perimeter. The oven doors at Kaiser are 14 ft high by 22
inches wide (4.2 m by 0.559 m) (CARB, 1976), so that their perimeter is also
about 9.6 m. From the figure, it is estimated that a 10-percent leaking door
rate weuld result in total emissions of approximately 8 Kg per door per cycle.
If we assume 18 hours per cycle, then total emissions would be about 1142 tons
per year. Allen (1980a) estimates that 0.106 percent of these emissions
consist of BaP. Therefore BaP emissions would be 1.2 tons/yr or 0.03 g/sec.
This estimate is an order of magnitude higher than the ones based upon EPA's
NESHAP emission factor. In order to consider a "worst case" we shall use the
1.2 ton/yr value.

Battery Stacks: If the EPA estimate of 2.4 x 10°° 1b BaP per ton of
coal presented above is realistic, then emissions at Kaiser would be 0.024
tons/yr or 0.0007 g/sec. According to the SCAQMD, measurements of parti-
culates in the flue gases (after the baghouse) in the stack associated with
Battery A were made in March 1978 (C. Anderson, personal communication). The
total suspended particulate emission rate was estimated to be 14.3 kg/hr.
Using a median percent BSO of 0.45 in the particulate matter (Tronholm and
Beck, 1978) and an average of 1 percent of BaP in the BSO, BaP emissions would
be (14.3 kg/hr)(1000 y/kg)(hr/3600 sec)(0.0045)(0.01) = 0.0002 g/sec. Battery
A is fully operational. Total emissions would be found by multiplying the
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rate just calculated by the fraction (266 operating ovens/45 ovens in Battery
A); thus BaP emissions would be about 0.001 g/sec. The two estimates are
therefore fairly close. It is also seen that stack emissions are much lower
than those from other coke oven sources. Finally, according to an EPA
scientist who has analyzed for BaP in Kaiser battery stack exhaust, BaP
emissions would be far lower than those estimated here (F. Clay, personal
communication).

Quench Towers: As noted above, BaP is probably not a good indicator
of organic, or even POM, emissions from quench towers. For comparison
purposes we use an emission factor of 0.000162 1b/ton of coal. Resulting
emissions would be 0.16 tons/yr, or 0.005 g/sec.

Sintering Plant: Limited measurement data have not confirmed the

presence of carcinogens in uncontrolled sintering plant emissions. We did,
however, attempt a very rough quantification of these emissions at Kaiser, in
order to judge whether they should be considered seriously in a measurement
program. In the studies reported by Westbrook (1979a), organic particulate
matter comprised a maximum of 1.8 percent of the uncontrolled particulate
emissions of 450 kg/hr. From analysis of Westbrook's results, it may be
estimated that roughly half of these organic compounds are BSO.

Recent measurements at Kaiser showed total controlled particulate
emissions of 5.44 to 8.5 kg/hr at Sintering Plants 1 and 2 (C. Anderson,
personal communication). Since the POM would probably be associated with
relatively fine particles, the fraction escaping the baghouses would be higher

than for particulate matter in general. However, we have no data on the size
fractionation at Kaiser.

If we now assume that BaP constitutes 1 percent of the BSO, then the
maximum emissions of BaP per sintering plant at Kaiser would be: (0.018)(8.5
kg/hr)(0.01)(2.205 1b/kg)(0.0005 ton/1b)(8760 hr/yr) = 0.015 tons/yr per
sintering plant. This rate is equivalent to 0.0004 g/sec. Compared to other
potential PUM sources, then, the sintering plants are relatively unimportant.

5.2.2 Benzene Emission Sources

Coke Oven Emissions of Benzene

In a study sponsored by the EPA's Industrial Environmental Research
Laboratory, Kemner (1979) reviewed a wide variety of technical data on benzene
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emissions from different parts of the coking cycle. Table 5.2-4 lists the
emission factors which he derived. Note that, given the great variability
among coke ovens, and the paucity of test data, none of these emission factors
may be considered to be highly reliable. Kemner's evaluation of the confi-

dence of each estimate is included in the table.

Larry Car Charging. No measurements of benzene emissions during

this operation have been made. It is assumed that some emissions will occur,
since benzene may be volatilized instantaneously when the coal is loaded into
the red-hot ovens. The emission factor reported in Table 5.2-4 is based upon
the unsupported assumption that benzene mass emissions are equal to half the

total suspended particulate emissions from oven charging.

Coke Pushing. The factor reported in Table 5.2-4 is based upon
several tests at one coking plant. In four tests, emissions of compounds with
the formula C6H6 averaged 0.008 1b/ton of coal; Kemner estimates that benzene
accounted for 0.006 1b/ton. 1In a very clean operation, emissions could be as
low as 0.0005 to 0.001 1b/ton.

Quenching. For his emission factor estimate, Kemner cites a study
by Dowling et al. (1978), in which two grab samples of benzene were taken at
one quench tower. The reliability of the estimate is "extremely poor."

Coke Oven Door Leaks. During coking, a considerable amount of
benzene is generated and drawn off for processing in the coke byproduct plant.

It is to be expected that benzene vapors constitute part of the fugitive leaks
from coke oven doors. Again, field measurement data are scarce. Kemner cites
EPA-sponsored tests of a coke oven door (Barrett et al., 1977) and of a coke
side enclosure (GLCC, 1977). In reviewing the coke oven door study, we were
unable to derive an emission factor estimate since the rate at which the oven
was charged with coal is not reported; furthermore the reported gas flow, upon
which one may base an estimate of benzene mass emissions, is roughly
approximated. Kemner's estimate of (.02 1b benzene per ton of coal must

therefore have been based upon the coke side enclosure tests.

Topside Leaks. The value reported in Table 5.2-4 is based upon the
assumption that topside emissionsare roughly half those from oven doors, since
the area through which gases may escape is half that of the doors, the oven

pressure is generally lower, and emissions are more easily controlled by coke
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oven workers (Kemner, 1979). Indeed, we observed at Kaiser that workers were
continually applying luting compounds to visible leak points. Unfortunately,
the topside source test performed by TRW at U.S. Steel's Clairton Coke Ovens
(Hartman, 1979) was unable to quantify benzene emissions, since the gas
chromatographic column used to analyze an integrated bag sample was unable to
separate benzene adequately from other volatile organic compounds.

Battery Stack. Kemner found no data for benzene emissions from

combustion of fuel gases in coke ovens. From data reported by KVB on stack
gas measurements performed at Kaiser (Taback, 1978), a benzene emission factor
of 4 x 107° to 4 x 10'5 Ib/ton coal may be estimated.

Coke Byproduct Plant Emissions of Benzene

When coal is converted to coke, hundreds of its chemical
constituents are converted to vapor. This vapor is drawn off of the coke
ovens by standpipes and collector mains, which transport it to a coke
byproduct plant. The purpose of the byproduct plant is to remove and process
coke gas constituents which have commercial value. The remaining gas, which
has a heating value of about 500 to 600 Btu/scf, is then returned to the coke
battery and burned to supply heat to the ovens. Table 5.2-5 shows the manner
by which the original coal is partitioned among the various products,
byproducts, and cleaned gas. No two steel mills produce the same set of
byproducts, nor is there a standard way to process any of the coke oven gas
constituents. To our knowledge, Kaiser Steel recovers crude tar from the
ovens but does not process it on site. Recovered ammonia is used for ammonium

sulfate and ammonium phosphate production. Finally, light oil is recovered
and stored, but not refined.

Research Triangle Institute recently reviewed the problem of
hazardous air pollutant emissions from coke byproduct plants and performed an
EPA Level 1 assessment at a steel mill in Alabama (Allen, 1980c; Van (sdell et
al., 1979). One of their main findings was that most of the organic vapor
emissions were from fugitive sources, so that estimation of total emissions
from their point source measurement data is problematical. Table 5.2-6 lists
estimates of benzene emission rates from the six coke byproduct plant
components common to tne Alabama mill and Kaiser.
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Table 5 2.5

PARTITIONING OF COAL MASS AMONG COKE

PRODUCTS AND BYPRODUCTS

Material Weight Percent _ Product
Mean Range Volume®

Coke 68.5 62.3 - 72.8

Coke Oven Gas 16.0 14.3 - 20.3 10,860 scf

Breeze 5.2 2.8 - 8.1

Crude Tar 3.8 2.9 - 4.7 7.8 gal

Crude Light 011 0.9 0.6 - 1.1 2.4 gal

Ammon i a® 0.8 0.7 - 0.9

Source: U.S. Bureau of Mines data, summarized by

3
Per ton of coal.

.
As ammonium sulfate.

36

Van Osdell et al. (1979).




Table 5.2-6

ESTIMATES OF BENZENE EMISSIONS FROM COXE
BYPRODUCT PLANT COMPONENTS®

Emission Rateb

Component (g benzene/1000 kg coke)
Tar Decanter 15.66

Primary Cooler Condensate Tank Vent 8.89

Tar Storage 0.01

Ammonia Handling c

Final Cooler Cooling Tower 51.03

Light 011 Storage 16.22

Total 91.81

d Only those byproduct plant components found at Kaiser are listed
b Estimated by Van Osdell et al. (1979) for one plant in Alabama.

¢ Negligible emissions.




Because the tar decanter and the final cooling tower are believed to
be the two largest sources of benzene emissions in the coke byproduct plant,
they merit further discussion. The tar decanters at Kaiser are long,
rectangular, multicompartment tanks. Their purpose is to separate tar from
the flushing liquor which forms as the hot coke oven gases are sprayed with
water in the collection mains. Tar settles to the bottom of the tanks and the
flushing liquor is decanted off the top. The temperature of the flushing
liquor in the decanters is around 80 °¢ (Allen, 1980c). Volatile benzene is
emitted both deliberately through vents and unintentionally through poorly
sealed hatches. 0One of the tar decanters we observed at Kaiser had one

completely open hatch and one whose cover was so warped that a good seal was
impossible,

In the final cooler, water at about 25 0C is sprayed onto hot coke
oven gas. The purpose of the cooler is to cool the gas and to recover
napthalene, which condenses in the water and settles to the bottom. The
water, whose temperature is raised by the heat exchange, is then sent to a
cooling tower, where it is cooled and recycled. Since the final cooler is a
closed system, gaseous emissions from it are negligible. However, the water
going to the cooling tower may be rich in benzene, and considerable air
stripping may occur. Field data on these cooling tower emissions are limited.
Research Triangle Institute estimated, but apparently did not measure, a rate
of 51.6 g of benzene per 1000 kg of coke produced. The only actual
measurements of which we are aware were those done by EPA's Emissions
Measurement Branch at an undisclosed site. In that case, benzene emissions
were estimated at 18 1b/hr from each of four cells in a mechanical draft

cooling tower (D. Bivens, personal communication).

Pre-Test Estimate of Benzene Emissions at Kaiser

To estimate benzene emissions, we assume that 1.97 x 106 tons of
coal are processed per year. The ratio of coke produced to coal used is
U.66:1 (Roberts, 1980), so coke production is assumed to be 1.30 X 106

tons/yr, or 1.18 x 109 Kg/year. Benzene emissions are estimated as follows,

using the upper value where a range of factors is reported.
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Coke Ovens

Larry car charging:

Coke pushing:

Quenching:

Door leaks:

Topside Teaks:

Battery stacks:

Byproduct Plant

Tar decanter:

Primary cooler:

Tar storage:

(0.5 1b/ton coal)(1.97 x 10 tons/yr)
1 x 10° 1b/yr
14 g/sec

(0.006 1b/ton coal)(1.97 x 100 tons/yr)
1 x 104 1b/yr
0.2 g/secr

(2.6 x 107 1b/ton coal)(1.97 x 105 tons/yr)
510 1b/yr
0.0074 g/sec

(0.02 1b/ton coal)(1.97 x 106 tons/yr)
a x 10% 1o/yr
0.6 g/sec

(0.005 1b/ton coal)(1.97 x 10° tons/yr)
1 x 104 1b/yr
0.1 g/sec

(4 x 107> 1b/ton coal)(1.97 x 10° tons/yr)
80 1b/yr
U.001 g/sec

(15.66 9/1000 kg coke)(1.18 x 107 kg/yr)(0.0022 1b/g)
4.07 x 10% 1b/yr
0.58 g/sec

(8.89 /1000 kg coke)(1.18 x 10° kg/yr)(0.0022 Tb/g)
2.31 x 10% 1b/yr
0.33 g/sec

(0.01 g/1000 kg coke)(1.18 x 107 kg/yr)(0.0022 1b/g)
26.0 1b/yr
3.7 x 1077 g/sec




A

Final cooler cooling g
Tower : (51.03 g/1000 kg coke)(1.18 x 107 kg/yr)(0.0022 1b/g)

1.32 x 102 1b/yr

1.9 g/sec
Light oil storage: (16.22 g/1000 kg coke)(1.18 x 107 kg/yr) (0.0022 1b/g)

1]

4.21 x 10% 1b/yr
0.61 g/sec

Summary

Total estimated benzene emissions from Kaiser would be 649 tons per
year. It should be noted that the largest single source would be larry car
charging, which would account for 492 tons/year. The emission factor for this
operation is not based on measurement and is judged to have very low
reliability (Kemner, 1979). Without the larry car emission component, our
estimate for the total would be comparable to the 112 tons/year estimated by
KVB (Roberts, 1980). In turn, the latter estimate is based upon national
averages of questionable validity.

5.2.3 Arsenic Emission Sources

According to KVB, 3,115 1b/yr of arsenic are emitted from iron ore
reduction, foundry operations and coking at Kaiser (Roberts, 1980). The
estimates for the first two processes were made by assuming that emissions at
Kaiser were in the same proportion to national emissions as the plant's iron
and steel production was to national totals. We could find no field data on
arsenic emissions from iron ore reduction and foundry operations, so we can
neither verify nor dispute these figures.

KVB estimated that coking accounted for 1,635 1b/yr of the total
arsenic emission. An upper bound on emissions from this source may be
estimated by assuming that all the arsenic in the coal is emitted to the
atmosphere somewhere along the line. The most 1ikely emission points would be
the coke oven, since volatile arsenic trioxide would be expected to form
therein. During our 26 January 1981 pre-test visit, we collected samples of
coal, coke and baghouse dust. The coal and coke samples, according to our
taboratory analyses, contained 6.18 and 7.28 ppm of arsenic, respectively. The

40




maximum emission rate would therefore be (1.97 x 106 tons/yr coal)(6.18 x
10'6) = 12.2 tons/yr.

The fraction of the As actually emitted is unknown. In a previous
SAL study (Rogozen et al., 1976), we estimated that from 2 to 30 percent of the
arsenic in coal is emitted in utility boiler combustion processes; power plants
with modern controls would emit 2 to 6 percent. Since the potential for
fugitive emissions is so much higher in the case of coke ovens, the fraction
emitted would probably be toward the upper end of the range. KVB used 35
percent. An upper bound on As emission would thus be (0.35)(12.2) = 4.3
tons/yr. A lower bound on the estimate may be obtained by considering only the
Tosses during coking. From our measurement, the amount of arsenic remaining in
the coke would be (1.18 x 109 kg/yr coke)(7.28 x 10'6)(1.103 X 10-3 ton/kg) =
9.47 tons/yr. The loss during coking would then be 12.2 tons/yr - 9.47 tons/yr
or 2.73 tons/yr. The amount actually emitted to the atmosphere would be
(0.3)(2.73) or 0.82 tons/yr.

To our knowledge, the only field test data are those reported by
Battelle for their coke oven door emission tests at Republic Steel
Corporation's plant in Youngstown, Ohio (Barrett et al., 1977). Arsenic
concentrations in the coal and coke were 10 and 20 ppm, respectively. If we
assume that, as in the case of Kaiser, 66 1b of coke are produced from every
100 1b of coal, then the mass of arsenic would appear to increase through the
coking process; the uncertainty inherent in consideration of grab samples such
as these is probably responsible for the paradoxical conclusion. One may ,
however, infer that losses (i.e. emissions) of arsenic for that plant would be
low.

That arsenic emissions are probably low may also be supported by
Battelle's data on particulate catch. Arsenic in the particulate matter
trapped by the sampling train's filter ranged from 0.47 to <3.5 ppm by weight.
Using data on total particulate emissions, one may estimate arsenic emissions
of only 1.2 mg per coking cycle. It should be noted that volatile arsenic may
have passed through the filters and gone on undetected; no data are given for
trace element concentrations of materials collected by other parts of the

sampling train.

Finally, even if none of the arsenic is emitted during coking, some

may be volatilized later, when the coke is combusted in the blast furnace.
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Since blast furnace gases are used as fuel in some of the coke oven batteries,
volatilized arsenic could find its way into the battery stacks, via the
baghouses asssociate with the coking operations. Indeed, our analysis shows an
enrichment of arsenic (to 37.1 ppm) in the baghouse dust. Unfortunately,
Kaiser could provide no data on baghouse dust generation and disposal rates.
Thus no mass balance on arsenic could be performed.

5.2.4 Cadmium Emission Sources

Uur analyses determined that the cadmium concentrations in the coal,
coke and baghouse dust at Kaiser were 0.271, 0.024 and 46.0 ppm, respectively.
The maximum emissions from the facility would therefore be (1.97 x 106 tons/yr
coal)(2.71 x 10'7) = 0.534 tons/yr. Since 1.30 x 106 tons/yr of coke are
produced, about (1.30 x 106 tons/yr) (2.4 x 10'8) = 0.0312 tons/yr of cadmium
ends up in the coke. As with arsenic, the amount of cadmium leaving the plant
via baghouse dust cannot be determined from available data. The fact that only
about six percent of the incoming Cd remains in the coke implies that most of
it ends up in ash or is emitted to the atmosphere. Literature estimates of Cd
emissions from coal combustion range from 2 to 50 percent (Rogozen et al.,
1976). Our pre-test estimate of cadmium emissions from Kaiser would therefore
be 0.011 to 0.27 tons/yr.

To our knowledge the only data on Cd emissions from coke ovens were
obtained by Battelle-Columbus Laboratories in their abovementioned tests at
Republic Steel Corporation's Poland Avenue coke plant in Youngstown, Ohio
(Barrett et al., 1977). Cd concentrations in particulate matter collected by
hi-vol samplers ranged from <0.079 to <0.87 ppm. Using Battelle's data for
total particulate matter collected, we estimate Cd emissions of only 272 mg for
the one oven, over a 13.2-hour coking cycle.

5.3 SAMPLING AND ANALYTICAL APPROACH

5.3.1 selection of Sources to Test

selection of appropriate sampling points at Kaiser presented us with
several problems. As described in previous sections, 94 percent of the plant's
POM emissions and most of its benzene emissions are fugitive. Relatively
well-known sampling techniques such as EPA Method § are thus inapplicable to
many of the most important emissions. Indeed, there are no “standard"

procedures for measuring coke oven emissions. Furthermore, to characterize
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coke oven emissions fully--an endeavor which has never been attempted--would be
prohibitively expensive. For example, one thorough test of only one coke oven
door by Battelle-Columbus Laboratories (Barrett et al., 1977) cost $80,000 in
1976 dollars. Finally, the sampling environment at any integrated steel mill
is quite dangerous. The sampling team would at minimum be exposed to heat,
toxic gases, and the danger of explosion. Bearing these constraints in mind,
we designed tests which would yield significant new information on emissions of
the carcinogens of interest, would not duplicate previous work, and would be
relatively safe,.

After reviewing the literature and making two pre-test site visits we
decided that it would be most cost-effective to sample a coke oven, a tar
decanter, and a final cooler cooling tower associated with the coke oven gas

byproduct recovery plant. Figure 5.3-1 shows the source locations and Table
5.3-1 summarizes the tests performed.

5.3.2 Coke Oven Tests

Sampling Protocol

As was noted in Section 5.2.1 the quantity of total mass emission
from coke ovens may be estimated by means of a model developed by Research
Triangle Institute for the U.S. Environmental Protection Agency. Our use of
this model is described in Section 5.4. 1In order to calculate the fraction of
those emissions represented by POM, benzene, arsenic and cadmium, it was
necessary to determine the composition of the gases and particulates emitted by
the ovens. After discussions with ARB and EPA officials, it was decided that
the best approach would be to create a controlled leak from the one of the
topside ports of a coke oven. After choosing this approach, we learned that it
had already been taken by an EPA contractor in a study of emissions from a coke
oven in Pennsylvania (Hartman, 1980).

It should be noted that Kaiser was not using its normal coal blend
during the testing. Shortly before we were to begin the tests, the plant
management informed us that a strike at the mine in Colorado which supplies 12
percent of the coal used for coking had begun and would Tlast for several more
weeks. The Colorado coal is of medium-volatile bituminous rank and is the
"key" ingredient as far as resulting coke properties are concerned. During our
tests, the facility was using a mixture comprised of & percent Colorado coal, 5
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percent coal from the Sunnyside and York Canyon fields of Utah, petroleum coke,
and “Chimney Rock" coal. We do not know the provenance of the last of the
components, but Kaiser management informed us that it is of a lower coking
quality than the Colorado coal and has a higher ash and sulfur content.

In order to avoid obstructing the operation of the larry car which
charges the ovens with coal, an end oven was tested. Use of an end oven also
allowed us to take advantage of a large empty space at the end of the battery
roof. This space was considerably cooler than the rest of the battery topside
and was near electrical outlets and the access stairs.

Figure 5.3-2 shows the sampling apparatus. Immediately after the
oven was charged, the port 1id on the south side was replaced with a 1id
drilled to accept a one-inch diameter stainless steel pipe. Six inches above
the top of the 1id was a one-inch, asbestos-packed stainless steel ball valve.
Threaded to the ball valve was a 6-inch long, 90° elbow with a stainless steel
threaded quick-disconnect fitting. The entire assembly was wrapped with
heating tape and heated to a temperature of approximately 177 ° (350 0F).
Running norizontally from the elbow was a 15-ft long, l-inch diameter
thin-walled schedule 316 stainless steel tube with a threaded quick-disconnect
fitting on the end nearest the elbow and a fitting compatible with an impinger

train on the other. During sampling, this tube was wrapped with heat tape and
held at approximately 93 °¢ (200 OF).

The sampling train consisted of four impingers of the modified
Greenberg-Smith type. Impingers 1 through 4 (see Figure 5.3-2) contained 100
ml of distilled water, 100 ml of distilled water, 225 g of XAD-2 resin, and 390
g of silica gel, respectively. The impinger assembly was in an ice bath
throughout the testing. Although the impingers were originally believed
capable of trapping all the particulate matter, a 8.2-mm glass fiber filter
holder was placed in series between Impingers 3 and 4. This change was
fortunate, inasmuch as considerable material was collected on the filters
during the test.

An all-glass tee joint was installed in the line immediately upstream
of Impinger 1, so that benzene could be sampled directly from the hot coke oven
effluent. Samples for benzene analysis were puiled tnrough an 0.25-inch
Teflon valve, Teflon Tine and two charcoal traps in series by a diaphragm pump.
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DRY GASMETER AIR-TIGHT
: PUMP

Impinger 1: 100 ml distilled water
Impinger 2: 100 ml distilled water
Impinger 3: 225 g XAD-2

Impinger 4: 390 g silica gel

Figure 5.3-2 Schematic of Coke Oven Sampling Train.
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sampling was conducted by our subcontractor, Certified Testing
Laboratories, Inc., as follows. For one minute out of each hour, the sampling
train was run at a flow rate of approximately one ft3/m1n. After each sample
was taken, a charcoal tube was connected to the Teflon valve upstream of
Impinger 1 and a sample for benzene analysis was drawn through the charcoal
tubes for 5 minutes at a rate of 200 ml/min. Upon completion of the benzene
sampling, the stainless steel ball valve was closed until the next hourly
sampling time. It was necessary to replace filters four times during the test
because of excessive loading.

Sample Recovery and Analysis.

After completion of the sampling the entire coke oven sampling system
was taken to Global Geochemistry Corporation (GGC) in Canoga Park for
extraction and analysis. Figure 5.3-3 is a schematic of the treatment provided
by GGC. As indicated at the bottom of the diagram, various extracts and
filter halves were split with SAI for additional analysis and quality

assurance.

Details of GGC's analytical protocols are presented in Appendix D,
Connectors, tubing, impingers and the last filter remaining in the sampling
train at the end of the test were extracted in dichloromethane (CH2C12).
Impinger solutions and all washes were filtered. Filtrates were combined,
split with SAI and then analyzed by high-performance liquid chromatography
(HPLC). A1l filters were combined and extracted in a soxhlet apparatus with
toluene., The XAD-2 resin from Impinger 3 was extracted in CHZCI2 and split
with SAI.

Splits SAL I, SAI II and SAI III (See Figure 5.3-3) were analyzed by
combined gas chromatography and mass spectrometry (GC/MS). Details of our
procedures are provided in Appendix E.

Benzene was recovered from the charcoal traps using carbon disulfide
extraction and quantified by flame ionization detection gas chromatography.
Extraction efficiency was determined by spiking the charcoal traps with known
amounts of benzene; the average efficiency was 36 percent. Results of our
analyses of field samples were corrected to take this efficiency into account;
only corrected values are reported.
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Water from Impingers 1 and 2 (Split SAL VIII) was wet digested with
HNO3 and HZUZ and subsequently analyzed by graphite furnace atomic absorption
spectroscopy for total arsenic and cadmium. An attempt was made to digest the
particulate matter collected on filters, connectors and steel tubing in the
coke oven sampling train (Split SAI 1v, v, VI, and VII). Since the digestion
was incomplete, a reanalysis was attempted by Tlow-temperature ashing the
particulate matter prior to the nitric acid/hydrogen peroxide digestion. Once
again the sample residue could not be completely dissolved. The residue was
therefore separated from the digestate by centrifugation. Tne samples were
adjusted to known volume with deionized water and were analyzed by graphite
furnace atomic absorption spectroscopy for As and Cd.

5.3.3 Coke Byproduct Plant Tar Decanter Tests

Sampling Protocol

The tar decanter we sampled contained several fugitive emission
sources, the largest of which was a permanently open hatch in the southwest
corner of the decanter's “roof." Qur original plan was to use the integrated
bag sampling train described in EPA Method 110 (45 Federal Register 26677).
Indeed, a compiete sampling train was constructed and brought to the site. Due
to an equipment malfunction, however, it was necesssary to change our means of

sample collection on the spot. Our final procedure was as follows.

Figure 5.3-4 shows the deployment of our test equipment. In order to
determine a mass emission rate from this fugitive source, we injected isobutane
gas into the tar decanter at a known rate. The gas was injected through a
U.25-inch i.d. copper tube whose outlet was placed about 15 cm above the
rolling surface of the hot tar. Isobutane injection continued without
interruption through the entire test. The sampling probe consisted of two
1.83-m (6-ft) sections of 1.9-cm (0.75-in) 0.D. stainless steel tubing
connected with Swagelok fittings. Swagelock fittings at the downstream end of
the tubing reduced the diameter for connection to 0.63-cm (0.25-inch) Teflon
tubing. Because of the extreme danger of explosion, the sampling pump had to
be Tocated about 20 m from the base of the tar decanter. Air was drawn at 6.48
L/min through a glass/Teflon gas sampling bulb for approximately 10 minutes, so
that steady-state flow conditions could be achieved. The bulbs were then
sealed at each end and returned to the laboratory for analysis.

|
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Analysis

Sampling bulb contents were analyzed directly for benzene
and isobutane using packed column flame ionization gas cihromatography.

5.3.4 Final Cooler Cooling Tower Tests

Sampliing

The tower sampled was an octagonal mechanical forced-draft crossflow
type which was in extremely poor repair. Numerous leaks from the hot water
trough down the sides of the tower were observed. OQur first step was to make a
velocity traverse across the east-west axis of the tower, which measured 4.1 m.
To do this, the vane of an Ota Keiki Model 29-DGDC digital air velocity meter
was suspended'at various points. Air flow was fairly uniform, so that average
air flows (all of wiich were upward) could be determined. Readings were
accurate to 0.1 m/s. Air samples for benzene analysis were collected with the
same stainless steel probe used for the tar decanter sampling. An 18-m length
of Teflon tubing connected the probe with charcoal traps in series and the
sampling pump. Samples were taken at the center of the tower and at 30 cm from
each side. In each case 1.02 liters of air were collected. (Although a
longitudinal velocity traverse would have been helpful, extremely hazardous

conditions atop the tower forced us to minimize our sampling time.)

Analysis

Charcoal traps were extracted in C52 and analyzed by the
same means as for the coke oven samples.

5.4 DETERMINATION OF EMISSION FACTORS

5.4.1 Estimation of Coke Oven Mass Emission Rate

Records of visible emission inspections performed by the South Coast
Air Quality Management District's Colton office from October 1979 through 1980
were obtained from that agency (Camarena and Stiles, 1980). Since the
inspectors counted leaks from the push side and the coking side doors as
separate emissions, the percentage of leaking doors (PLD) was computed by
dividing the number of observed leaks at a battery on a given day by 90. Table
5.4-1 shows the mean PLD for each battery, as observed on 63 sampling
occasions. The mean PLD, as well as the lower and upper limits of the
95-percent confidence interval, were then used in conjunction with Figure 5.2-2
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=

to estimate the total mass emission rate per door per cycle. For each battery,

then, total annual emission were calculated from:

Total Emissions (90 doors)(8760 hr/yr) (PLD)

(kg/yr) (18 hr/cycle) 100

m

(5.4-1)

where PLD is the percentage of leaking doors and Ed is the emission rate (kg
per door per cycle), obtained from Figure 5.2-2. Note that, in the case of
Battery B, only 18 of the 45 ovens were assumed to be operating.

Table 5.4-1 also shows the estimated mean and 95-percent confidence
interval for the emissions from each battery. That the means are toward the
Tow end of the confidence intervals is due to the nonlinear relationship
between PLD and emissions. Total emissions from the coke oven doors are
estimated to be 91.6 metric tons/yr (101 tons/yr).

5.4.2 Estimation of Total Mass Collected

Processing of the sampies by the methods shown in Figure 5.3-3
resulted in the following recovery:

XAD-2 resin = 1.35 g
Dichloromethane extract = 20.84 g
Toluene extract = 3.04 g
Nonextractable solids = 5.79 g
Total = 31.02 g

The total mass of benzene emitted during the test day was estimated as follows.
As will be discussed in Section 5.4.4, 586.6 mg of benzene were collected on
charcoal traps. The total volume collected, corrected to standard conditions,
was 0.0101 m3 (0.357 scf). Now, according to Certified Testing Laboratories
(Salot, 1981), the total metered volume of gas collected through the impinger
and filter train was 0.405 standard cubic meters (14.3 dry standard cubic

feet). If we assume that the concentration of benzene in the sidestream sample
was the same as in the main air stream flowing through the sampling train, then
the mass of benzene which would have flowed through the train would be
(0.58669)(0.405 m°)/(0.0101 @°) = 23.52 g.

As will be discussed below, the mass of arsenic and cadmium collected
was less than 1 milligram, and can therefore be omitted from total mass
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estimations. The total mass emitted during the sampling periods was therefore
31.02 g + 23.52 g = 54.54 g. This value will be used as the basis for
determining fractional emissions of various chemical species.

5.4.3 Polycyclic Organic Materials

Estimation of Emissions

Table 5.4-2 shows the extent to which POM present in the various
extracts from the coke oven sampling train could be identified. Global
Geochemistry Corporation (GGC) was able to identify species responsible for
approximately 36 percent of the total extract. Note that, although the XAD-2
resin was extracted in dichloromethane in a Soxhlet apparatus, the extractables
were too volatile to be determined by evaporation and weighing. It is unlikely
that significant amounts of POM were collected on the XAD-2.

The results of GGC's analyses by HPLC and GC and SAI's analyses by
GC/MS are shown in Table 5.4-3, Polycyclic aromatic hydrocarbon species are
listed in order of increasing molecular weight. The XAD-2 resin was analyzed
only for naphthalene. GGC analyzed for chrysene and benz(a)anthracene
individually by GC and in combination by HPLC. Benzo(ghi)perylene and
indeno(1,2,3-cd) pyrene were also analyzed for by the two methods. The total
masses of the species pairs were as follows:

HPLC GC
Chrysene/Benz(a)anthracene 0.0890 g 0.755 g
Benzo(ghi)perylene/
Indeno(1,2,3-cd)pyrene 0.660 g 0.423 ¢

In order to be able to report species-specific emissions, we used the results
of the gas chromatographic analyses in these cases.

Since it was our intention to estimate total mass emissions, no
attempt was made to associate chemical species found with location in the
sampling train or with solid or liquid media. Dichloromethane and toluene
extraction appeared to be about equally effective in recovering PAH from the
samples processed by each method.

Table 5.4-4 shows how PAH emissions from coke oven doors were
estimated for the entire facility. Except for species for which GC/MS analyses
were not performed, we averaged the results of the HPLC and GC/MS analyses.
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PAH collected and identified constituted 15.5 percent of the total mass
collected by the sampling train, as estimated above. From Table 5.4-1, we see
that our mean estimate of annual emissions of all substances from coke oven
doors is 91.59 metric tons/yr (101 tons/yr). Annual emissions for each species
were calculated by multiplying this figure by the species' fraction of total

mass emissions. Results are presented in the last two columns of Table 5.4-4,

According to our calculations, 12.3 tonnes (13.5 tons) per year of
identifiable polycyclic arcmatic hydrocarbon compounds are emitted from the
coke oven door leaks. It is interesting to note that the estimate for
benzo(a)pyrene, 0.69 tonne/yr (0.76 ton/yr), is within a factor of 2 of the
pre-test estimate (1.2 tons/yr). PAH compounds which have been identified as
mammalian carcinogens (Rinkus and Legator, 1979) are indicated by asterisks in
Table 5.4-4. Estimated emissions of these compounds total 3.37 tonnes/yr
(3.71 tons/yr).

SAI's GC/MS analyses of coke oven samples identifed numerous
additional compounds. Tables 5.4-5 through 5.4-7 1ist the species identified
in the three sample extracts. Mass spectra for the samples are shown in
Figures 5.4-1 through 5.4-3.

Emission Factors for POM

Emission factors for the five carcinogens identified and quantified
were determined by dividing the emissions estimates by the mass of coal used
annually to make coke (1.97 x 106 tons/yr). Results are shown in Table 5.4-8.

5.4.4 Benzene

Coke Ovens

Table 5.4-9 shows the results of our gas chromatographic analyses for
benzene on the 17 charcoal trap samples. At Teast 0.586 g of benzene were
collected on the traps. As seen in the last column of the table, the benzene
concentration in the emitted gas stream was generally greater than 1 percent
during the first 11 hours of the coking cycle. At 0030 hours it began
declining, reaching 0.08 percent at 0430 hours.

As estimated above, the mass of benzene which would have f1lowed
through the sampling train was 23.52 g, or 43.1 percent of the total mass
emission during the test. Annual emissions would therefore be (0.431)(91.59
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Table 5.4-5
COMPQUNDS FOUND BY GC/MS TO BE PRESENT
IN DICHLOROMETHANE EXTRACT OF COKE OVEN SAMPLES

benzonitrile

l-ethynyl-4-methyl benzene
azulene

benzothiazole

isoquinolene

2-methyl naphthalene

lh-indole

4-methyl1-3,5-pyridine dicarbonitrile
1-1'biphenyl

1,2-dihydro acenaphthylene
benzophenylene
2-methyl-1,1"'biphenyl
dibenzofuran

lh-phenaiene

9h-fluorene
{1,1'biphenyil-d4-carboxaldehyde
dibenzothiophene

anthracene

acridine

9h-carbazole

1-phenyl naphthalene

2-methyl phenanthrene
4h-cyclopenta[deflphenanthrene
2-methyl-9h-carbazole

2-phenyl naphthalene

pyrene
3,7-dithiabicyclo[7.3.1trideca-1(13),9,11-triene
fluoranthene

pyrene
1,4-dihydro-1,4-ethenoanthracene
9-anthracenecarbonitrile
1-methyl pyrene
9h-fluorene-9-carbonitrile
1lh-benzo[afluorene
benzo[blnaphtho[2,1-dthiophene
benzo[ghilfluoranthene
benz[aJlanthracene

triphenylene
benzolclphenanthrene
7h-benz[delanthracen-7-one
benzo[k1fluoranthene
dibenz[a,hlanthracene
indeno[1,2,3-cd]pyrene
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Table 5.4-6
COMPOUNDS FOUND BY GC/MS TO BE PRESENT 1IN
TOLUENE EXTRACT OF COKE OVEN SAMPLES

lh-indene

azulene

benzothiazole
isoquinoline

2-methyl naphthalene
lh-indole

1,1-biphenyl

biphenylene
1,2-dihydroacenaphthylene
dibenzofuran

l1h-phenalene

9h-fluorene

4-methyl dibenzofuran
dibenzothiophene

d-10 phenthracene (i.s.)
anthracene
benzo[hlquinoline
9h-carbazole

2-methyl phenanthrene
2-phenyl naphthalene
pyrene

fluoranthene
1-iodo-4-methyl benzene
1-methyl pyrene
9h-fluorene-9-carbonitrile
11-h-benzolalfluorene
benzo[b Jnaphtho[2,1-d]Jthiophene
benzol ghiJfluoranthene
benz[alanthracene
benzo[a]phenanthrene
benzo[cTphenanthrene
7h-benz[delanthracen-7-one
benzolkIfluoranthene
benzo[blchrysene
ideno[1,2,3-cdlpyrene
dibenzla,hlanthracene
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Table 5.4-7

COMPOUNDS FOUND BY GC/MS TO BE PRESENT
IN EXTRACT FROM XAD-2 RESIN

ethynyl benzene
bicyclo[4.2.0%0cta-1,3,5-triene
benzonitrile

benzofuran
2,3-dihydro-1h-indene
l1-ethynyl-4-methyl benzene

2-chloro-1-phenyl ethanone

azulene

isoquinoline

2-methyl naphthalene

biphenylene

dibenzofuran

d-10 phenthracene
butyl-2-methylpropolyester 1,2-benzene dicarboxylic acid
3-ethyi-2-methyl heptane
2-(9-octadecenyloxy)-(z)ethanol
octadecylester 9-octadecenoic acid (z)
4,6,8-trimethyl-1-nonene

1,1-oxybis octane
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Figure 5.4-1

Mass Spectrum of Dichloromethane Extract of
Coke Oven Emission Sample
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Table 5.4-38
EMISSION FACTORS FOR CARCINOGENIC POLYCYLIC
AROMATIC COMPOUNDS IN COKE OVEN DOOUR EXHAUST

Emission Rate Emission Factor
Compound (tons/yr) (1b/ton coal)
Chrysene 0.60 6.1 x 107
Benz(a)anthracene 0.40 4.1 x 1074
Benzo(e)pyrene 1.52 1.5 x 107°
Benzo(a)pyrene 0.76 7.7 x 107%
Indeno (1,2,3-cd)pyrene 0.43 4.4 x 1074
TOTALS 3.71 3.7 x 107°
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Table 5.4-9
RESULTS OF GAS CHROMATOGRAPHIC ANALYSIS OF
BENZENE COLLECTED FROM COKE OVENS AT KAISER

Sampling Time Mass on Trapa Gas Volume Concentration

Date Hour (mg) Sampled b in Sample c
(liters) (Pct. by Volume)

15 July 1450 45,3 1.000 1.51

15 July 1530 23.6 1.000 0.79

15 July 1630 >52.8 1.000 >1.76

15 July 1730 >51.6 1.000 >1.72

15 July 1830 >56.7 1.000 >1.89

15 July 2000 >67.2 1.000 >2.24

15 July 2030 >30.3 1.000 >1.01

15 July 2130 >47.5 1.000 | >1.58

15 July 2230 >58.6 1.000 >1.95

15 July 2330 >68.0 1.000 >2.26

16 July 0030 >33.9 1.000 >1.13

16 July 0130 23.5 1.000 0.78

16 July 0230 9.7 1,000 0.322

16 July 0330 3.3 1.115 0.10

16 July 0430 >2.3 0.925 >0.08

16 July 0530 9.2 0.575 0.53

16 July 0630 2.1 0.385 0.18

a Mass reported as an inequality when the backup trap contained an amount of
benzene greater than 20 percent of that measured on the front trap.

b Not corrected to standard temperature and pressure.

© For T =350 °F (450 °k), P = 1 atm.
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metric tons/yr) = 39.4 tonnes/yr (43.5 tons/yr). This figure is slightly more
than twice our pre-test estimate of 20 tons/yr.

Tar Decanter

Isobutane was injected into the tar decanter at the rate of 7.3
mi/sec. Since the isobutane gas bottle was at ambient temperature (about 100
0F), it can be estimated that each liter of isobutane comprised about 0.04
moles. The injection rate was therefore (0.0073 L/sec)(0.04 moles/L)(58.12
g/mole) = 0.017 g/sec. Table 5.4-10 shows the concentrations of benzene and
isobutane in the three glass bulb samples taken. Assuming that the ratio of
benzene to isobutane in the glass bulb was the same as in the decanter, (i.e.
that the two gases were sampled in the same proportions), we estimated benzene
emission by multiplying the isobutane injection rate by the benzene/isobutane
ratio. Results are also shown in Table 5.4-10. The mean emission rate would
be only about 10 kg/yr, with a 95-percent confidence interval of + 24 kg/yr.
The tar decanter is thus a minor source Compared to the coke ovens and the
final cooler cooling tower.

Jur pre-test estimate, which was based upon a grab sample at a steel
mill in Alabama, was about 20 tons/yr. Some of the possible reasons for the
great difference between the estimate and the field sampling result are:

» The Alabama site test measured tar decanter emission composition
only; since the decanter is a fugitive emission source, the mass
emission rate could only be estimated.

] Isobutane did not mix thoroughly enough with the vapors in the
tar decanter.

® Shifting winds resulted in a non-representative sample.

Final Cooler Cooling Tower

Upward air flow from the tower was estimated from velocity traverse
data to be 96.1 m3/s (204,000 cfm). The mean exhaust air velocity was 2.7 m/s.
The average concentration of benzene in the three air samples collected from
the tower exhaust was 0.0113 g/m3. The mean emission rate was therefore
(0.0113 g/m3)(96.1 mj/s) = 1.09 g/s. Annual emissions are estimated to be 34
metric tons (38 tons). Since three cooling towers are associated with the

final cooler, total benzene emissions would be about 102 tonnes/yr (114
tons/yr).
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Emission Factors for Benzene

Emission factors for benzene were determined by dividing the coke
oven and cooling tower estimates by the mass of coal used annually by the
facility (1.97 x 10% tons/yr). They are:

0 Coke Ovens: 0.044 Tb/ton
0 Cooling Towers: 0.12 1b/ton

5.4.5 Arsenic and Cadmium

Estimation of Emissions

Table 5.4-11 shows the results of our analyses of impinger liquids
and particulate matter from the impingers, filters, tubing and connectors for
arsenic and cadmium. Only 48 and 28 ug of the two metals, respectively, were

detected. If this finding is representative of coke oven emissions, then less
than a kilogram of each metal would be emitted annually. These measured

emission rates are far below our pre-test estimates. However, as noted in
Sections 5.2.3 and 5.2.4, our pre-test estimates were subject to considerable
uncertainty.

Emission Factors for Arsenic and Cadmium

Emission factors for arsenic and cadmium were determined by dividing
the coke oven emission estimates by the mass of coal used annually by the
facility (1.97 x 10° tons/yr). They are:

8

Arsenic: 9.1 x 10'8 1b/ton
Cadmium: 5.4 x 107" 1b/ton
5.5 RESULTS OF AMBIENT MEASUREMENTS AROQUND THE FACILITY

As part of an independent sampling program, the South Coast Air
Quality Management District (SCAQMD) collected hi-vol air samples on 1 July
1981 at 12 sites on the boundaries of the steel mill complex. Figure 5.4-4
shows the average wind speed and direction at each point during the five-hour
test. Filter pad cuttings provided to SAI by the SCAQMD were wet digested with
HN()3 and H202 and then analyzed by graphite furnace atomic absorption
spectroscopy for total arsenic and cadmium. Table 5.4-12 presents the results
of our analyses. Except for Station 10, arsenic concentrations appear to be
similar to the background concentration of 4 to 6 ng/m3 reported in the first
stage study (Margler et al., 1979). Cadmium levels were all below the average

reported for 13 California cities between 1970 and 1974 (15 ng/m3).
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Table 5.4-11
ARSENIC AND CADMIUM EMISSIONS FROM COKE OVENS

Mass Collected (ug)

Sample Arsenic Cadmium
Impinger liquid 23.8 9.0
Sample train filters (SAI IV and V) 4.56 1.20
Particulate matter from tubing

and connectors 14.3 13.3
Particulate matters from impingers 5.56 4,96
Total 48,22 28.46
Fraction of total mass collected 8.84 x 107/ 5.22 x 107/
Estimated emission rate (kg/yr) 0.081 0.048
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Table 5.4-12
AMBIENT ARSENIC AND CADMIUM CONCENTRATIONS AT
THE KAISER PLANT BOUNDARIES

' Qirection Arsenic _ Cadmium 3
Samp11ng From Conceqtrat1on‘ Concegtrat1on
Station Coke Qvens (ng/m™) (ng/m~)

1 Upwind {3.6 <0.02
2 Upwind 3.0 <0.02
3 Upwind <4.8 0.5
4 Upwind <5.0 0.4
5 Upwind <4.6 0.3
6 Upwind <4.4 .5
7 Downwind <5.4 1.8
8 Downwind <4.9 2.5
9 Downwind 3.4 1.7
10 Upwind 144 5.1
11 upwind <5.2 1.1
12 Upwind <4.9 <0.02

a Determined from analysis of hi-vol samples collected by the South Coast Air
Quality Management District.
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Upwind and downwind concentrations of arsenic appear to be
comparable. The concentrations of cadmium at Stations 7, 8, and 9, on the
other hand, were higher than for any of the upwind sites except Station 10.
The reason for the unusually high arsenic and cadmium concentrations at
Station 10 is unknown.

74




