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I. INTRODUCTION

This report is submitted in fulfillment of HSM-99-72-137 awarded
to the American Iron and Steel Institute on June 30, 1972, by the National
Institute for Occupational Safety and Health (NIOSH). The duration of this
contract was for the period July 1, 1972 - October 31, 1972.

PURPOSE

The purpose of this report is to provide NIOSH with information and
data which may be used in the development of a Criferia Document for Coke
Producing Operations. Specifically, this report is confined to the work
practices section of the Criteria Document and is intended to present infor-
mation in order to reduce exposures to coke oven emissions from coke producing

operations. "Work practices," as used in this report, refer to the operating
techniques and procedures in performing the tasks essential for the production
of coke. The term is not to be related in any way to the practices developed

through custom which may qualify as "protected practices."

SCOPE OF WORK

The contractor has undertaken through the use of job descriptions
and extensive in-plant studies conducted by AISI member companies, as well
as studies by governmental agencies, the following in the scope of its work:

A. Evaluate each job involved on the basis of what the job
entails, the time spent in carrying out each of the
associated duties, characteristics of the job contributing
to the exposure, and potential time that might be speht in

an area with lTittle or no exposure.



B. Evaluate the feasibility of the use of respiratory
protective devices which include the visual and mobility
demands of the job and the relationship of filter resis-
tance to respiratory demands.

C. Evaluate feasibility of the construction of filtered-air
and conditioned air booths to be conVenient]y accessible
to the workman during those time§ when he is not occupied
with his duties but otherwise would be excessively
exposed.

D. Evaluate the feasibility of administrative controls, such
as rotation of workmen and work schedules.

E. On the basis of the above, prepafe recommendations to
alter present work practices to reduce the exposure to

coke oven emissions.

NATURE OF THE AIR CONTAMINANT

It is the opinion of the contractor that the term, "coal tar pitch

volatiles," is being, and has been, improperly applied to the benzene soluble
portion of the total collected airborne particulates from coke oven emissions.
This has already created in the minds of the interested groups an assumption
which is invalid from a scientific viewpoint.

A "coal tar pitch volatiles" standard is only applicable to those
operations where tar is solely in use or the air sampling and chemical
analytical method is specific for coal tar. Neither criteria is met when it
is arbitrarily applied to coke oven emissions. Airborne particulates

occurring topside on coke batteries consist mostly of coal and coke parti-

culates with a small quantity of polycyclic aromatic hydrocarbons. The



extraction of coal and coke particulates with benzene will yield an appre-
ciable soluble fraction. For example, one member company collected a series
of eight full shift respirable dust samples in a coal mine. These samples
yié]ded a concentration of benzene solubles averaging 0.22 mg/M3. Marting(])
reported on the emissions from coke ovens during the chafging of an 18-ton

oven with coal at 8-10% moisture involving a three-minute charging interval

"off the main." This "off the main" charging indicates that no steam aspira-
tion was applied to the main to collect the bulk of the emissions from charging.
This is in contrast to the "on the main" practice used in most coke ovens 1in

the United States. The emissions were as follows: particulate matter - 2.2
1bs./charge; water vapor - 15.4 1bs./charge; and tar vapor - 0.66 1bs./charge.
If the water vapor is eliminated from consideration, since it would be evap-
orated off in drying the filter used in air sampling, the coal tar would
comprise only 23% of the total particulates. Masek(Z) states that benzene
extraction generally yields not only the polycyclic compounds but equally the
soluble fractions present in the whirled-up coal dust. He concludes that the
pollution values established for the atmospheres of black-coal coke oven plants
are not always a reliable measure of the potential danger. Finally, of even
greater significance are the results of research initiated by the American

(3)

Iron and Steel Institute in 1968 and conducted by Esso Research. This

work demonstrated that the polycyclic aromatic hydrocarbons constituted only

(1) Marting, D.C., Coke Plant Air Pollution Problems, Presented at American
Institute of Metallurgical Engineers, Atlantic City, April, 1968.

(2) Masek, V., The Use of Silver Membrane Filters in Sampling for Coal Tar
Pitch Volatiles in Coke Oven Plants, American Industrial Hygiene Journal,
September-0October, 1970.

(3) Kay, M. I., and Elliot, J.J., A Study of the Composition of Coke Oven
VYolatiles, March, 1968.



2.1-3.1% of the total collected particulates. This analytical work was done
on samples collected from the front platform of a larry car.

In view of the above information, it should be clear that the
present practice of applying a "coal tar pitch volatiles" standard to coke
oven emissions is invalid unless thé air sampling and analytical procedures
are specific for this most complex group of compounds. This practice was
arbitrarily set by the Pennsylvania Health Department, who stated that its
action was based upon a study made of the carbon electrode industry in
Pennsylvania. This study has not been published so that it could be subject
to scientific scrutiny. Any information documenting a health standard must

be subject to scientific evaluation.



II. COKE MAKING
(4)

Coke is the residue from the destructive distillation of coal.

It is a cellular porous substance which is heterogeneous in both physical and
chémica] properties. These properties will vary depending on the type of
coals used and the method of operation of the coking facilities which also
exerts a profound influence on the quality and yield of coke.

There are two basic types of coke. The first type is used as a
reducing agent and source of energy for the smelting of oxides of iron to
produce metallic iron (pig iron). The process occurs in the blast furnace
and the coke used is designated as blast furnace coke. The smelting of iron
ores accounts for use of more than 90% of the coke produced in the United
States. The second type is used as a source of energy to melt pig iron for
use in the foundry industry. Coke used in this category is generally classi-

fied as merchant coke.

THE COKE INDUSTRY

The coke industry in the United States, as of December 31, 1971,
according to the Tatest reports from the Bureau of Mines - U.S. Department of
the Interior(5) was composed of 62 coke oven plants and 6 bee-hive coke
plants. Of the 62 coke oven plants, 48 can be classified as blast furnace
coke plants, and 14 as merchant coke plants. The plants are located in 18
states with major concentrations in Alabama, Indiana, Ohio, and Pennsylvania.

This 1is because most of the blast furnace coke plants are located near to

basic steel making facilities.

(4) Chapter 4 - The Making, Shaping and Treating of Steel, Ninth Edition,
1971. United States Steel Corporation.

(5) Coke Producers in the United States - Coke Producers Annual August 23,
1972, U.S. Department of Interior - Bureau of Mines.



COKE PRODUCTION AND CONSUMPTION

Total production and use of coke in the United States and the
major uses of coke for the calendar year 1970 are shown in Table II-1 below.
(The figures for 1971 are not considered representative of industry perfor-

mance in recent years.)

Table II-1

COKE PRODUCTION AND USE IN THE UNITED STATES

Calendar Year - 1970

1000 Ton Units

Coke Production

Blast Furnace Plants _ 59,739
Merchant Plants 5,915
Bee-Hive Plants 871

Total Production 66,525

Coke Consumption

To Blast Furnaces 61,184
To Foundries 3,269
To Other Industrial Uses 2,289

| 66,742

(6) Mineral Industry Surveys - Bureau of Mines - February 17, 1972.

(6)



The coke used in blast furnaces fostered production of 91,848,000 tons of
metallic iron (pig iron). This was the basic material for the production of
131,514,000 tons of raw steel in the United States in 1970. The coke plants
in the United States range in size from a one battery unit having fewer than
50 coking chambers to a plant having 20 batteries with 1,375 coking chambers.
Annual coke production will range from less than 200,000 tons per year for

the smaller plants to well over 7,000,000 tons per year for the largest plant.
The age of the coke oven batteries ranges from those just put into operation
to more than 50 years. Table II-2 shows the age distribution of coke ovens in

the United States.

COKE MAKING PROCESS

The by product coke making process, being a true distillation proces
uses a retort oven. Coal is "charged" into the oven chamber, which is then
sealed to exclude air and heat is applied from external sources. The temper-
ature of the coal is raised over a period of 14 to upwards of 36 hours,
depending on the type and nature of the coke to be made, to temperatures in
excess of 1900°F. This causes the destructive distillation of the coal in
which the volatiles are driven off and collected in the by product recovery
system, leaving a mass of coke in the oven chamber.

At the end of the coking cycle, the oven chamber is opened and the
hot coke "pushed" from the oven, after which it is cooled or "quenched" with
water. Figure II-1 shows the basic steps involved in charging and pushing a
by product coke oven.

By product coke ovens consist essentially of three main parts;
namely, the coking chambers, the heating chambers, and the regenerative

chambers - all constructed of high quality refractory brick. The coking
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CHARGING, LEVELING AND PUSHING OPERATIONS
IN ONE COKING CYCLE OF A BY-PRODUCT COKE OVEN

SEPARATE

PUSHER

EMPTY OVEN
READY FOR
CHARGING ™

i

A. THE CHARGING LARRY, WITH HOPPERS CONTAINING MEASURED AMOUNTS OF COAL, IS IN POSI-

TION OVER GHARGING HOLES FROM WHICH COVERS HAVE BEEN REMOVED. THE PUSHER HAS
BEEN MOVED INTO POSITION.

1

B. THE COAL FROM THE LARRY HOPPERS HAS DROPPED INTO THE OVEN GHAMBER, FORMING
PEAKED PILES.

LEVELING BAR

i EDDD

C. THE LEVELING DOOR AT THE TOP OF THE OVEN DOOR ON THE PUSHER SIDE HAS BEEN OPENED,
AND THE LEVELING BAR ON THE PUSHER HAS BEEN MOVED BACK AND FORTH ACROSS THE
PEAKED COAL PILES TO LEVEL THEM. THE BAR NEXT IS WITHORAWN FROM THE OVEN,THE
LEVELING DOOR AND GHARGING HOLES ARE CLOSED, AND THE GOKING OPERATION BEGINS.

T 1

COKE GUIDE

e —

QUENCHING
CAR

L

B COKING OF THE GCOAL ORIGINALLY GHARGED INTO THE OVEN HAS BEEN COMPLETED (IN ABOUT
18 HOURS) AND THE OVEN IS READY TO BE "PUSHED." THE OVEN DOORS ARE REMOVED FROM
EACH END, AND THE PUSHER, GOKE GUIDE AND QUENCHING CAR ARE MOVED INTO POSITION.

RAM OF PUSHER

LJ L]
B

E. THE RAM OF THE PUSHER ADVANCES TO PUSH THE INCANDESCENT GCOKE OUT OF THE OVEN,
THROUGH THE COKE GUIDE AND INTO THE QUENCHING CAR.

Schematic representation of the sequence of operations involved in charging, leveling
and pushing in one coking cycle of a by-product coke oven.

FIGURE II-1
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chambers are rectangular in section, varying from 30 to 50 feet in length,
from 10 to 20 feet in height, and 12 to 20 inches in width. From 10 to 100
ovens constitute a battery of ovens, in which coking chambers alternate with
heating chambers so that, in effect, there is a heating chamber on each side
of each coking chamber. The regenérative chambers are underneath the heating
and coking chambers. Figure II-2.shows the general arrangement of the heating
systems employed in the three most commoh type; of by product ovens used in
the United States.

The ends of the coking chambers are equipped with refractory lined
doors which are removed to permit "pushing" of the coke at the end of the
cycle. The doors on the early batteries were sealed by filling the opening
between the door and the jamb with "luting" mud. This is an onerous task and
all batteries constructed in recent years are equipped with so-called "self
sealing" type doors, which are held tightly against the jamb by means of heavy
springs or a screw type latch.

The coke oven, as previously mentioned, is constructed of very
special high quality refractories, involving many different and complicated
shapes. Initial heating of a new battery can require as long as three months,
and once the refractory mass is in the operating range (above 1600°F), it is
general industry practice, in order to protect the refractory, to maintain
the oven in a hot condition throughout its useful Tife. Occasionally, when
a battery undergoes major rehabilitation of the brickwork, it will be cooled
and reheated.

Accessories and auxiliary equipment which are basic to the opera-

tion of a by product coke oven are described in the following sections.



i

¥ILPUTTE OVER

Bt b
L

CONBUSTION
OCCURS HERE

Schematic representation of the differences in firing
methods emploved in the three most common types of by-
product coke ovens used in the United States. Individual flues are
not shown. The firing procedures shown are for a single phase of
heating which is reversed at the end ol a specified period, at
which time the flow dircetions indicated by the arrows become
reversed.

FIGURE II-2
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(a) Gas Collection System

The coke oven is equipped with one or two offtakes to carry off the
volatile products liberated in the coking process. Where one off-
take is provided, it is through the roof of the oven at one end of
the oven, and where two are provided, there is one at each end of
the oven. The volatile products pass through the duct or ducts in
the oven top and enter a refractory-lined standpipe (sometimes
referred to as an "ascension pipe”). This in turn ié connected to
a colTecting main through a damper-valve which is used to isolate

the oven from the collection main during the pushing cycle.

(b) Coal Storage Bins and Charging Larry Cars

A11 modern by product coke ovens are designed to take a definite
volume of coal per charge and are charged from a larry car operating
between the overhead coal-storage bins and the ovens on a track
supported by the battery top. The desired amount of coal for an
oven charge is drawn from the storage bin into the larry car hoppers.
The gravity-discharge larry and the mechanically-unloaded larry are
the two main types in use at the present time. The coal is charged
into the oven from the larry car hoppers through charging holes
provided in the roof of the oven. The oven chamber and the heating
system are designed for a coal charge of definite volume, haVing a
level top surface a definite distance below the oven roof, usually
one foot. The number of charging holes and the physical character-
istics of the coal have a definite bearing on the time required for
charging the oven with coals. To prevent escape of gases from the

oven during charging, it has now become standard practice at most



(c)
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plants to "charge the oven on the main." Charging on the main is
accomplished by steam-jet aspiration, which puts the oven chamber

under suction during the charging and leveling operation.

Pusher Side Equipment

The pusher-side equipment is generally similar on all types of ovens.
The pusher may be a combination of three machines, a Teveler, a

door extractor, and a pusher so designed that it operates on a track
parallel to but independent of, the battery. In many plants, the
door-handling equipment is a separate, self-propelled machine,
operating on its own tracks. The function of the door extracting.
element of this machine is to remove and hold the pusher-side door
during the pushing operation. It is operated from the elevated cab
which contains all the machine controis. The function of the
leveling element is to Tevel the coal charge in the oven, leaving

a free-gas space below the roof of the charged oven. This is done
by a Teveling-bar carried by the pusher-machine structure in such a
position that it may be introduced through a suitable opening in the
top of the pusher-side door. When this bar is moved in and out of

the oven, the scraper plates level the humps of coal into the valleys

The function of the pushing element is to push the coke cake from
the oven. This is done by an electrically-powered ram, equipped
with a suitable head that, when spotted immediately in front of the
oven to be pushed, may be moved forward until all the coke has been
pushed from the oven and through the coke guide into the quenching

car spotted on the opposite side of the oven.



(d)
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Where self-sealing doors are not used, it is necessary to provide
equipment for the preparation of Tuting mud and for conveying the
luting mud to the doors to be Tuted. The mud is usually prepared
in the conventional-type wet put mill from returned Tuting mud,

coke breeze cleaned from thé oven benches, and certain amounts of

wet clay.

The pusher side of the battery is equipped with a bench serving as
a walkway along the entire length of the battery and as a working

platform for men serving the pusher-side doors and jambs.

Coke-Side Equipment

The coke side of the battery is equipped with a door-extracting
machine, coke guide, and, when using luted doors, a luting buggy.
The coke-side equipment operates on a track integral with the

coke~-side bench.

The function of the door machine is to remove and hold the coke-
side door during the pushing of an oven and to place an attached
coke guide in the proper position to conduct the coke across the
bench into a quenching car operating on a ground level track which

is parallel with the battery.

The design and operation of the door extractor is generally similar

to the door extractor of the pusher machine.

The coke guide is equipped with a movable Tattice framework that is
power aperated from the door machine. When spotted at the oven to
be pushed, this movable framework prevents coke spillage at this

point during pushing.



- 15 -

ITI. COKE MAKING MASTER JOB
DESCRIPTIONS AND CLASSIFICATIONS

Many of the jobs at a coke oven facility are formally described and
classified in the Job Description and Classification Manual, dated January 1,
1963, agreed to by the United Steelworkers of America - AFL-CIO (U.S.W.) and
the Coordinating Committee Steel Companies.

Eight job descriptions in which the work described is generally
common to the Industry and are representative of the tasks required to operate
a coke battery have been selected.

Although a degree of uniformity exists within the Coordinating
Steel Companies due to a history of coordinated bargaining with the U.S.W.,
detailed job descriptions for each plant will vary because bargaining relation-
ships and agreements may vary widely from company to company within the industn
and from plant to plant within a company. In addition to the subjects covered
on a coordinated basis, each company has entered into agreements on matters of
a local nature, many of which are peculiar to a particular location. Also
many companies have acquired plants and have inherited agreements in existence
at those plants, anq there are locations that have agreements with unions other
than the U.S.W.

The following Tist identifies the jobs selected and their "Primary
Function." Included in the Appendix of this Report are the Job Descriptions

and the Master Job Classifications for each of the jobs listed.



Job

Job

Job

Job

Job

Job

Job

Job

No.

No.

No.

No.

No.

No.

No.

No.
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Job
6 - Heater:
8 - Larryman:
9 - Lidman:

10 - Pusher Operator:

11 - Door Machine Operator:

12 - Door Cleaner:

13 - Quencher Car Operator:

15 - Oven Patcher:

Primary Function

"Observes and regulates gas reversals
and checks temperatures on one or
more by-product coke oven batteries
to produce coke from coal.”

.'"Operates larry car in charging coal

into coke ovens."

"To pull Tids and otherwise assist
in the preparation of the ovens for
pushing and charging."

“Operates pusher machine to push coke
from ovens, to level coal charge,
and to remove and replace oven doors
on the pusher side."

"Operates door machine in removing
and replacing doors on coke side
of ovens."

"Cleans doors and jambs on coke ovens."

"Operates quench car to transport
coke to quencher and coke wharf."

"Patches coke ovens and auxiliary
equipment with refractory slurries."
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IV. DATA ANALYSIS

EXPOSURE DATA

Questionnaires were sent to all AISI member comapnies having coke
p]ahts requesting exposure data on coke oven emissions relative to workers
on and around the coke ovens. Environmental data requested were personal air
samples (respirable and total dust) for the coke oven jobs outlined in Section
ITI. Standard industrial hygiene samp]in§ procedures using battery-operated
sampling pumps and membrane filter media were used, as well as a benzene
extraction - gravimetric analysis, for all data reported by AISI companies.
The samples represent 8-hour time-weighted average exposures.

Exposure data were returned from 74% of the companies that received
questionnaires and were obtained during the period 1968-1972. The data
represent a wide range of coke oven operations which involved many variables,
including both new and old batteries, different operating practices, and a
wide range of meteorological conditions under which the samples were obtained.

The data are tabulated in Table IV-1 according to the 1ist of jobs
described in Section III as being common to all or near]y all coke ovens.

The number of samples obtained at each job are as shown. The concentrations
of coke oven emissions reported in milligrams per cubic meter represent the
maximum and minimum average of the plant averages submitted. The mean shown
is the overall average of the individual plant averages. A total of 802
total and 257 respirable particulate samples are included in the AISI data;
198 respirable particulate samples are included in the NIOSH data; and 210
total particulate samples are included in the Pennsylvania data. Such
average data are not representative of conditions at any one coke plant.

Coke oven data obtained in studies conducted by NIOSH in coopera-

tion with AISI and five member coke plant operating companies have been
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summarized and included under corresponding work positions for comparison.
These data are from Summary Data Reports I and II prepared by NIOSH. Some

of the data in Report II have been open to question and are being reevaluated
by NIOSH.

It was found that some NiOSH analyses for respirable coke oven
emissions were reported to be greater than the corresponding total samples
from which the respirable fraction was obfained, but all were included to
determine the ranges and averages shown in the table. It should be under-
stood that any comparisons made or conclusions drawn must be conditional,
depending on the results of the reevaluation.

Unpublished data from studies made by the Pennsylvania Department
of Environmental Resources are also included. The studies were made in
1968-1969.

Average exposures to respirable dust calculated from the NIOSH
data indicate about the same average exposure for the Tlarry car operator as
the average calculated from the AISI data, but only one-half the exposure
calculated for the quench car operator. All other average exposures show
NIOSH results about 1.8 to 2.6 times greater than the AISI results (lidman,
door cleaner, door machine operator, pusher machine operator). Al1 compari-
sons between NIOSH and AISI data are for respirable dust (benzene soluble
fraction).

In all but one case, the Pennsylvania calculations of average
concentrations, based on total air samples, were 1.2 to 2.1 times greater
than the AISI results. As noted earlier, these data were obtained in
1968-1969 and are not representative of present conditions.

The Tarryman and 1idman jobs, as is generally known, and according

to the data, are exposed to higher concentrations of coke oven emissions.
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Workers located on the bench and away from the top of the battery are seen

to have average exposures one-half or less than those of top side workers.
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V. COKE WORKER TIME STUDY DATA

Table V-1 indicates the format of a questionnaire which was sent
to eighteen AISI member companies having one or more coke plants. Approxi-
mately 66% of the companies returned information on the jobs selected for
this study. The purpose of the questionnaire was to determine the typical
work time in a high or Tow exposure area as well as the stand-by time which
could be spent in areas having a reduced or zero exposure to coke oven
emissions. The areas were segregated into three groups:

Area 1 - "Between Pinion Walls" is that section of
the battery that 1ies between the first
and last oven and is subject to the most
severe exposure.

Area 2 - "Top Side - End Platforms" are the areas
on the ends of the battery and are
subject to much less exposure.

Area 3 - "Other Areas" include all other areas away
from the top of the battery proper such
as reversing rooms, lunch areas, etc.,
that are subject to very little if any
exposure.

Reporting companies submitted data which were prepared to represent
working practices as determined by competent supervisory personnel at the
respective coke plants. Time 1imits imposed by this contract did not permit
detailed watch-board studies to be made. The results in Table V-1, as shown
in the high-Tow columns, indicate a wide variation in the work practices
among the various coke plants. In some cases, workers are shown to be active
on the topside or on the bench for a major portion of the turn while in other
cases a relatively small fraction of the turn time is spent in actual work

in such areas. Although stand-by time, where it exists, is shown as a single

number, the amount of time practically available to spend in Tow exposure
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areas, especially fixed controlled air rooms, may be limited if many short
periods of stand-by time compr%se‘these total figures. Consequently,
these overall times listed can be used to project the potential reduction

in exposures only in a general way.
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VI. RESPIRATORY PROTECTION

CONTAMINANT CHARACTERISTICS

There has been limited study to characterize the contaminant
arising from coke oven emissions.(7) It is felt that its identity changes
in both physical and chemical compoSition depending on the operating con-
ditions of the coke oven and the characteristics of the coal being coked.
The particle size ranges from gross partiéu]ates which settle out quickly
in the vicinity of the ovens to a significant fraction in the respirable
range which represents approximately forty per cent of the suspended parti-
culates. The form of the particulate phase, as revealed by scanning electron
microscopy, is a complex of discrete granular particulates, including coal
and coke, flocs of sub-micron fume, and condensed fractions. It is important
in this discussion to recognize that this is a complex and unique aerosol.
There are other contaminants present in the coke oven smoke.
Limited studies by AISI member companies have shown that sulfur dioxide,
hydrogen sulfide, and carbon monoxide are present in concentrations normally
below the respective TLVs. For this reason, respirators designed only for

protection against particulates are necessary for coke oven workers. The

validity of this conclusion will be discussed later in this section.

CURRENT RESPIRATOR PRACTICE

Current respirator practice was determined through a questionnaire
sent to all AISI member companies with coke producing facilities. The

results of this survey are shown in Table VI-1.

(7) Masek, V., "“The Composition of Dusts From Work Sites of Coke Ovens,"
Staub-Reinhalt. Luft., 30, No. 5, pp. 34-37 (May, 1970) (Translation)
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Some exp]anation‘of the method used to abstract the information
from the questionnaire is necessary. The classification of workers who
wore respirators on a regular basis was expressed as topside personnel,
workers at, or above, the bench level, and all oven personnel. "Topside
workers" include lidmen, larrymen, tar chasers, and heaters. Those working
“at or above bench level" are the topside workers, pushermen, door machine
operators and door cleaners. "All oven pérsonnel" includes all the above
listed job categories in addition to foremen and oven laborers.

Respirator acceptance was graded as good, fair, or poor, as noted
in Table VI-1. A review of the replies in this Table reveals that all 24
plants have respirators in use. The respirators in use at the various
plants are listed in Table VI-2 with an identification of the facepiece type
and the number of plants where used. A1l respirators in use at coke facilities
were oral-nasal "on-the-chin" or quarter facepieces, with the exception of

one "under-the-chin" facepiece.

FEASIBILITY OF RESPIRATORY PROTECTION

Conventional Air-Purifying Respirators

A variety of respiratory protection devices have previously been
suggested for coke oven applications. In this section of the report a
review of the performance characteristics of these devices is presented.

a. Facepiece Design

As demonstrated later in this section, the seal between the respi-
rator facepiece and the wearer's face is the major source of leakage on
conventional (negative pressure) air-purifying respirators. It will also be
shown that a respirator with a leakage of 5% when sealed to a test manikin

may have leakages of 15% to 20% when worn by a worker who has not been
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properly instructed in its use. The facial seal must, therefore, receive major
attention in any discussion of respirator performance.

, The "under-the-chin" or half-mask will, through effective
fitting and a choice of masks, fit most workers. The major advantage of this
type respirator is that the chin cup stabilizes the faceﬁiece on the face.
The facial seal can usually be maintained during facial movements when
talking, or due to involuntary movements during work. However, this type of
facepiece creates acceptance problems.

A review of Table VI-2 reveals that the great majority of dust
respirators used on coke ovens are “on-the-chin” facepieces. This mask has
considerable merit. It is lightweight, compact, easy to adjust and position
on the face, and causes less discomfort from heat than the half-mask, due to
its reduced seal area. In addition, it can accommodate a large percentage
of the population since it can be "floated" on the face to achieve fit. The
"on-the-chin" mask does not, however, have the suspension stability of the
"under-the-chin® facepiece. If the "on-the-chin" mask is used with limited
facial movement, one can achieve protection values at least equal to the

“"under-the-chin" type.

b. Replacement Filter Dust Respirators

1. Manikin Tests
Although widely used on coke ovens, little performance data for
coke oven particulates are available on dust respirators. Limited test data
have been provided on the performance of selected filter respirators from
sealed manikin tests by one AISI member company as shown in Table VI-3.
Other respirators introduced recently have not been evaluated. These manikin

tests were conducted on larry cars at a single coke works at a flow rate of
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Table VI-2

RESPIRATOR USAGE BY TYPE

Respirator
MSA Dustfoe 66

MSA Dustfoe 77

MSA Custom Cumfo, Type H
Ultrafilter

WiTllson 560

Willson No. 841 Gas Mask
Wilson Monomask (600 A)
AO Sure-Guard R 2090

A0 R 8100 (R 100)

Welsh 7165

Type Facepiece

1/4
1/4
1/2

1/4
1/4
1/4
1/4
1/4
1/4

No. Plants

Where Used

7
10
2
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56.6 1pm using silver membrane filters for sampling of coke oven emissions.
These data, although limited in quantity and variety of conditions, do
provide useful information in evaiuating the performance of filter respira-
tors on coke ovens.

The 1971 data demonstrafe that high quality resin impregnated
wool, such as used in the MSA Dustfoe 66* (new) and the Willson Monomask
600A, can provide high removal efficienciés. This is consistent with tests
of the single use respirator (Welsh 7165) which also uses a similar filter
resin-wool which showed efficiencies in the mid-ninety percentile on manikin
tests. (See pages 36 and 37).

It is obvious from the 1967 test data in Table VI-3 that no
extrapolation can be made from other test results to evaluate the performance
of filter media for coke oven emissions. It was expected that the Type S
and H cartridges used with the MSA Custom Cumfo would exhibit consistent
efficiencies in the high-ninety percentile for any particulate and yet these
cartridges performed poorly against coke oven emissions. The Type H cartridge
has been tested against 0.3 uM DOP in the high ninety percentile. Against
coke oven particulates, it was outclassed by the resin-impregnated wool
media. This apparent anomaly was also noted in the AISI development of a
powered air-purifying respirator in which high efficiency media (99.98% DOP)
provided removal efficiencies for coke oven emissions in the mid-eighty per-
centile. This fact also suggests that testing of particulate filters under
existing Bureau of Mines/NIOSH approval schedules may not be useful in

rating a filter for use against coke oven emissions.

* The mention of a company or a registered name product in this report is
not an expressed or implied endorsement of any product.
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The data in Tab]e VI-3 also demonstrate the variability of
performance of a given filter media due apparently to changes in the char-
acteristics of the coke oven partfcu]ates.

| 2. MWearing Tests
Limited coke oven wearing test data are available on replacement
filter, "on-the-chin" respirators. No data are available on "under-the-chin"
devices. The "on-the-chin" tests by one AISI member company indicate an
average protection factor of 10 based on nine full shift wearing tests on

the topside of coke ovens.

Single Use Filter (Dust) Respirators

An evaluation of disposable air-purifying respirators was com-
pleted during 1971 by W. A. Burgess as a part of the AISI sponsored study on
respiratory protection for coke oven workers. The major respirator manu-
facturers in the United States were asked to submit their disposable respira-
tors for efficiency and acceptance tests on coke ovens. A number of the
manufacturers stated they were not ready for field study. However, American
Optical Company and Welsh Manufacturing did agree to participate in this
study. American Optical Company had received U.S. Bureau of Mines Approval
BM-21-107 on its AO Disposable Dust/Mist Respirator. At the time of the
study Welsh Manufacturing had submitted its Welsh 7165 Disposable Respirator
for approval. This respirator has since been granted Approval No. BM-21B-219.

The field evaluation was conducted in two separate topside tests.
In the first test the efficiency of the basic filter media would be evaluated
for the benzene soluble fraction of coke oven emissions. If the media tests
were acceptable, it was then planned to conduct wearing tests on coke ovens.

The efficiency of the filter media used on both respirators was evaluated
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by sealing test masks to a manikin and drawing air through the mask at 32
Tpm for a period of three to four hours. Larry cars were used as the
exposure location. Air samples were collected with silver membrane filters
at}the mask exposure position and from the test duct downstream of the
mask.

The results of the manikin tests, shown in Table VI-4, indicate
efficiencies in the mid-90% range. These tests demonstrate adequate media
filtration efficiency for coke oven application. The low increase in resis-
tance to flow of the test respirators during the test period was acceptable
and data indicate that the wearer should not find the breathing resistance
of either mask objectionable.

A series of eight half-shift man tests were then conducted on the
two disposable respirators. The respirators were worn topside on the battery
by three subjects and inside and outside air samples were taken on silver
membrane filters using personal air sampling pumps. The subjects walked the
ovens, talked, occasionally 1ifted their masks, but were not working. How-
ever, the subjects deliberately exposed themselves to heavy smoke plumes.
The test data on the man tests indicate, as expected, that the leakage of
benzene soluble coke oven emissions was somewhat higher on the man tests
than the manikin tests due to facial seal leakage. This demonstrates the
variation in protection anticipated with air-purifying respirators depending
on individual fit. However, the average protection factor under actual
wearing conditions on the topside of a coke oven was 8.0 for the Welsh 7165
and 5.2 for the AO Dust/Mist Respirator. These data are shown in Table VI-5.
A more extensive topside wearing study was conducted by a member company of

the AISI in the manner described above. A series of fourteen (14) full shift
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man tests were conducted. The test data revealed an average protection
factor for the Welsh 7165 of 10.0 and 5.0 for the American Optical dispo-
sable mask.

These two studies indicate that quality, single use, disposable
respirators will provide high level protection on coke ovens. The studies
also confirm the data presented on "on-the-chin" reusable dust respirators
which show that these respirators will provide protection factors equal to
"under-the-chin" models based on half and full shift wearing tests on coke
ovens.

A Timited acceptance study was a1so'conducted at two coke plants.
Ten coke oven workers at each plant wore each of the two types (American
Optical and Welsh) on alternating days. Interviews were conducted at the end
of the test period to determine the subjective response of the workers.
While a number of workers found the AO respirator acceptable, the Welsh
respirator was preferred by most workers. One of the major differences
between these two respirators is the exhalation valve. The Tow resistance
valve on the Welsh 7165 insures a cool breathing mask. Facial leakage on
quality disposable respirators will not be significantly greater than on
conventional respirators with replaceable filters.

Based on this study, it appears that the disposable air-purifying
respirator has an application on those coke oven operations where the con-
centrations of benzene soluble coke oven emissions are not greater than
2 mg/cu.m.

The comments on acceptance of the disposable type filter respirator
obtained in this survey in 1971 are consistent with the observations of the

participating plants in the AISI study (Table VI-1), which show good accep-

tance of the single disposable respirator in routine use on coke ovens.
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Chemical Cartridge Respirators

Under the discussioﬁ of coke oven contaminants, it was stated
that certain gaseous contaminants on the coke ovens were present in concen-
trations less than the applicable TLV. Due to the overriding importance of
the particulate emissions, it does not appear appropriate to include
respiratory protection for these gases.: | |

It has been stated that benzene soluble contaminants are present
not only in a particulate form which can be collected by filtration, but
also as a high vapor pressure material which could be collected by an adsor-
bent, such as charcoal used in chemical cartridge respirators. A series of
respirator tests on a coke oven battery conducted by an AISI member company
using a paint spray type respirator, which included both a particulate filter
and adsorbent chemical cartridge, showed that the efficiency (particulate
plus vapor) of the respirator only approximated that for a good dust respira-
tor. These limited data support the view that the chemical cartridge respira-
tor will not provide an improvement in efficiency for coke oven emissions.
In addition, a respirator equipped with both a filter and chemical cartridge

is heavier, more bulky, and presents higher breathing resistance.

Supplied-Air Respirators

The supplied-air respirator, which includes both hose masks and
air 1ine respirators, provides high level protection with good wearer accep-
tance in applications other than coke ovens. The details of the equipment
and its normal application base are familiar to environmental health specialists
and need not be discussed here. Hose masks are used with full facepiece
devices for entry into tanks and enclosed spaces. It obviously has no

possible use on coke ovens.
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The conventional continuous flow a&r Tine respirator supplying
an oral-nasal mask with 4 cfm, or a hood or helmet at 6 cfm, can provide
efficiencies in excess of 99.0%.

| The supply for air line respirators can be a compressed gas
supply from a manifoid, a low presgure air system serviced by an acceptable
plant compressor, or conceivably, an indiyidua] air pump with suitable air
cleaning system located in the work environment. The serious disadvantage
is that the wearer must trail an umbilical in the form of an air line or
hose. The workers on the coke ovens must have complete mobility to perform
their tasks without hazard and assure their personal safety by allowing
immediate egress from the work area.

Therefore, there are no applications for supplied air respirators

on the coke oven.

Powered Air-Purifying Respirator

During 1969-1970, an AISI funded program to develop a powered air-
purifying respirator (PAPR) suitable for coke oven workers was conducted by
W. A. Burgess. It was hoped that such a device would improve worker protec-
tion and acceptance when compared to conventional air-purifying respirators.

PAPR consists of a battery powered motor-blower which draws the
contaminanted air through an air cleaning component and discharges it to a
mask, hodd or helmet. These devices, ranging from the small Fenzy to the

(8)

backpack of Personal Environmental Systems, have been described elsewhere.

(8) Burgess, W. A., "Personal protection devices," Chapter in Industrial
Hygiene Highlights, Vol. 1: 319-343, Ed. by L. V. Cralley, Industrial
Hygiene Foundation, Pittsburgh, Pa. (1968).
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Table VI-3

RESPIRATOR EFFICIENCY STUDY, COMPANY A

SEALED MANIKIN TEST

Efficiency for Be Sol. COE *%

Respirator No. Samg]es : Average Minimum Maximum
1967 (10 1pm)

MSA Dustfoe 66 (old) 3 85.6 82.7 86.7
MSA Custom Cumfo (S filter) 3 91.4 88.3 94.6
MSA Custom Cumfo (H filter) 3 87.1 76.8 96.1
MSA Dustfoe 77 3 69.4 45.9 89.6
MSA Dustfoe 66 (ol1d) 2 52.6 38.2 67.0
Willson Monomask 600 A 3 81.6 72.6 88.7
1971 (56.6 1pm)

MSA Dustfoe 66 (new) 7 96.4 91.5 99.2
Willson Monomask 600 A 5 78.0 33.2 97.5
MSA Dustfoe 66 (old) 2 56.8 45.0 68.5

* Coke Oven Emissions (COE)
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The PAPR developed under the AISI project is a relatively compact, belt
worn unit weighing approximately three pounds and delivering a minimum of

4 cfm for an eight hour period. 9' The media studied under this develop-
ment program revealed efficiencies consistent with those described above

for conventional respirator filter media. The choice of a resin impregnated
deep wool batting was based on media collection efficiency in the 90% range
~and acceptable resistance to flow at the desired supply rate.

One hundred units were evaluated in actual wearing tests by workers
during the first development year and at later dates. A summary of the
protection afforded by these units is shown in Table VI-6. A1l tests were
conducted with personal sampling pumps using silver membrane filters. An
average protection factor of 37 was noted in ten tests with oral-nasal masks
and two tests with helmets showed protection factors of 100. In a separate
series of field studies topside, a member AISI company found an average pro-
tection factor of approximately 40 in seven tests using the PAPR with an oral-
nasal mask.

Acceptance of the device was initially reviewed at 10 coke oven
facilities during the first year and in two subsequent years at selected
coke oven plants. The response varied from a wish to wear one continuously
to a refusal to wear the device during the study. The major criticisms of
the initial unit was the hose-mask air delivery system. Many workers felt
that the hose was bulky and awkward to work with. Over additional test periods

it was found that mask systems prompted complaints about supply air temperature

in winter and summer.

(9) Burgess, W. A., "Design of a Powered Air-Purifying Respirator for Coke
Oven Workers," American Industrial Hygiene Association Journal, Vol.
32, No. 11 (November, 1971).
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The initial study endorsed the concept, and subsequently, various
air supply methods, including @ light weight hose-mask system and an
inexpensive helmet supply system; were developed. The disposable mask was
a Qacuum formed facepiece with foam peripheral seal which could be disposed
of at the end of the week. The heimet system achieved the integrated head,
eye, and respiratory protection that sgemed necessary on coke ovens. To
increase acceptance of a helmet system aﬁd the mask system during hot weather,
a light weight dry-ice air cooler has been developed and is now being evaluated.

The present development of the PAPR is advanced to the point where
it can be applied on coke oven operations at certain seasons. Extremes of
summer and winter conditions may require alternate use of a conventional dust

respirator until a suitable cooler and helmet system is available.

RECOMMENDATIONS ON RESPIRATORS FOR COKE QVEN WORKERS

General Considerations

As expected, there is no single answer to the application of
respirators on coke ovens. A number of general considerations do apply,
however, and can be the basis for a respirator application guide. The first
concerns the contaminant which warrants our attention. The bulk of the
polynuclear aromatic hydrocarbons are associated with the particulate
emissions from the ovens. A dust respirator, shown to be specifically effec-
tive in removing benzene soluble coke oven emissions is felt to represent
the most effective respiratory control with relatively good acceptance by
the worker. This air-purifying device can take several forms.

The second general consideration is an awareness of the difficulty
of the problem in establishing an effective respirator program for coke oven
workers. Acceptance of the program by workers offers the most difficult of

challenges.
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Respirator Application Guide

Previous discussion has indicated that a number of respiratory
protection devices have app]icatibn on coke ovens. The efficiency of these
devices based on actual man tests on coke ovens and other industrial exper-
ience suggest that the protection factors shown on Table VI-7 can be
assigned these devices and can be recommended for the assigned applications.

In selecting respirators it should be noted that the table refers
to Time Weighted Average (TWA). This implies that the concentration of the
benzene soluble fraction of coke oven emissions must be determined, as well
as the work time for each of the work areas involved and for the standby
Tocations.

Finally, the respirator selected for use must be compatible with
the various safety apparel and equipment that coke oven workers must wear

and use during the course of their work.
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Table VI-7

COKE OVEN RESPIRATOR APPLICATION GUIDE

TWA Exposure Respirator Protection
(mg/cu.m) Factor
z 10 PAPR with helmet 50
=6 PAPR with half-mask 30
z 2 Replacement filter oral- 10

nasal mask and single
use "on-the-chin” masks

Note: In each case the filter media used on the respirator must be
shown to provide efficiencies against benzene soluble particulates at

least greater than the stated overall efficiency.
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VII. ADMINISTRATIVE’CONTROLS

INDIVIDUAL PLANT SURVEYS

It can be recognized from analysic of exposure data (Section
IV) and time study data (Section V) that both “he exposure and work load for
the coke oven workers varies widely from plant to plant. In order to
establish a base for evaluating workers' eXposures, each company should make,
or have made by recognized industrial hygienists and industrial engineers,
coke oven workers' exposures and time studies for each individual coke
plant. The data resulting from these individual plant surveys should be
used as a guide for establishing the need at that particular plant for
changes in work procedure, operating procedures, engineering controls
(Section VIII), and use of respiratory protective devices (Section VI) to

reduce coke oven workers' exposure.

WORK PROCEDURES

The term "work procedures," as used in this study, includes
administrative procedures which may be considered as a means of reducing
exposures to coke oven emissions. Job rotation or adjustment of work
schedules, for example, might be used to limit a worker's time of exposure.
However, considerations are interwoven with labor agreements and may involve
changes in complex relationships.

Hoeurs of work, job content, and job assignments are matters
involving the employer-employee relationship and are either covered directly
by agreements or affect other matters that are covered by agreements. Thus,
changes in these areas generally cannot be made unilaterally. For example,

employees are entitled to jobs on the basis of seniority agreements and

cannot arbitrarily be reassigned to another job for a part of a turn or for
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a full turn if such reasSignment is in violation of those agreements. Many
Tocal agreements throughout the industry bestow privileges upon employees

to elect jobs, shifts, or assignments of their preference. Where such agree-
ments exist these privileges may not arbitrarily be taken away.

It is impossible to anticipate all the ramifications involved
because of the many existing restrictive agreements and the existence of
protected practices under the Local Working Conditions Agreements. However,
it can be assumed that job restructuring, job combination and job rotation

will create problems at all or some locations in the following areas:

Seniority
Lines of progression
Overtime assignments
Jurisdictional claims
Hours Qf work

~ Job preference
Shift preference
Scheduling
Training opportunities
Rates
Incentives
Crew sizes

Spell assignments

Definitions of the above listed terms are so complex in character
and application that they could not be properly dealt with in the purview of

this report.
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It should be further emphasized that there may be a wide variation

in application from company to company within the industry and from plant to

plant within a company.

OPERATING PROCEDURES

It is to be recognized that workers' exposure can be reduced if

certain basic procedures, generally common to operation of coke ovens, are

incorporated into the operating procedures which each company develops for

its individual coke batteries. These basic procedures are:

Prior to Charging Coal

a.

Gooseneck and standpipes should be inspected, and, where
necessary, buildup should be removed to insure free flow

of gas.

Liquor sprays on goosenecks should be cleaned to assure
adequate flushing Tiquor flow at all times.

Aspiration systems should be inspected for any accumulation
of tar and carbon buildup. The aspiration system should be
inspected before any coal is charged into the oven.
Standpipe caps should be closed and properly sealed.

The charging holes should be inspected, and, where necessary
any carbon buildup which will effectively impede the flow of
coal into the oven shall be removed.

The larry car hoppers should be filled with coal to a pre-
determined level as established for each indjvidual hopper
so that the oven is properly filled.

The larry car should be properly spotted over the oven to be

charged.
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Charging of Coal

a. The coal should be charged into the oven in accordance with a
specific procedure as established for each battery which will
insure that the charging operation can be completed in the
shortest possible time consistent with the least evolution
of smoke to the atmosphere.

b. Procedures should be established so that the leveling operation
is inaugurated and carried out in a manner to minimize the
evolution of smoke to the atmosphere.

¢. Charging hole 1ids should be replaced as soon as possible
after the coal has emptied from the hoppers. Charging hole
1ids that do not seat properly should be sealed to prevent
Teakage.

d. The aspiration system should not be turned off until all the
charging hole 1ids have been replaced.

e. The top of the battery should be maintained in a neat,
orderly condition free of excess coal.

f. Procedures should be established to adjust, repair, or
replace self-sealing coke oven doors which fail to seal after
the oven is charged, prior to the next coking cycle which
starts on the next daylight turn after the.leak is discovered.
Luted doors which fail to seal after the oven is charged

should be reluted as soon as practicable.

Coking of the Coal Charge

a. The coal charge should be uniformly heated for a sufficient

period to insure proper coking. For each battery, procedures
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should be established for measuring, adjusting, and main-
taining of heating flue temperatures to achieve this
objective.

b. Procedures should be established for checking the oven back
pressure controls to maintain uniform pressure conditions in

the collecting main.

Pushing of Coke

a. For each battery, procedures should be established for
dampering off the ovens at the end of the coking cycle and
removal of the charging hole 1ids to minimize emissions.

b. Procedures should be established so that doors and jambs
are cleaned before the doors are replaced after the coke is

pushed.
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VIII. ENGINEERING CONTROLS

CONTROLLED AIR SYSTEMS

Introduction

In considering the reduction of coke oven employees' exposures
to coke oven emissions, one method of control that merits consideration is
the provision of controlled air to either enclosed cabs of operating equip-
ment (i.e., larry car, pusher machine, door machine, coke car, etc.) or to
other enclosed areas (i.e., Lidman's area, etc.) where the practice would
be to have employees spend their available time during the normal work day.
Providing filtered air with lower concentrations of coke oven emissions
could reduce the employees' time-weighted average exposure in the 8-hour
work day. The magnitude of this reduction will depend on the overall
continued effectiveness of the controlled air system and the ability of
the employees to remain in the "controlled" environment and still accomplish
their normal work duties. However, due to the variations in environmental
conditions and operating practices at each coke oven facility, the evaluation
of the feasibility of this approach becomes complex.

Cufrent]y, there are only a few installations in the Unijted
States with controllied air systems that are attempting this approach.
Since these have only been in operation for less than two years, it is still
too early to establish representative experience from them. The larry car
cab system at Plant A is still in the process of being evaluated and is not
yet in full production use. The Tlarry car cab and other area systems in
Plants B, C, and D are in use, but with varying degrees of effectiveness

and problems.
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Factors Affecting Controlled Air Systém Design for Coke Oven Batteries

In the design of any controlled air system, certain basic factors
must be considered in order to attempt to accomplish adequate contaminant
control. Whenever sufficient technology is available to define all the para-
meters of these basic factors, then reasonable success can be expected.
However, with such a complex mixture of contaminants as in coke oven effluents,
and the variations in environmental conditions, successful reduction of
contaminants to an enclosed environment will depend on the use of the best
available information and the experience with use.

Unfortunately, this approach leads to costly maintenance and

high replacement costs as new technology is developed.

a. Concentration and Particle Size

Because of the nature of the operation, release of contaminants
from coke oven operations vary with weather conditions, operating conditions
(mechanical and human), and physical conditions of the coke oven battery
facilities. Studies conducted to evaluate airborne contaminants on coke
oven batteries to date have been primarily oriented toward evaluations of
personnel exposures and not for concentrations to challenge a controlled air
system. Therefore, estimating the loading on this system will depend on
evaluations at each individual facility.

With such a contaminant as coke oven effluent, it is important
to recognize that effective control must be made of "benzene soluble material”
as well as "total particulates.” Limited studies carried out at one
battery of a coke oven facility (Larry Car Cab System) indicate that better
collection was obtained for "total particulates" (95%) than for the benzene

soluble fraction (46%). This implies a relationship to particle size and
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benzene soluble material. Other limited studies conducted at this same
facility have shown that there is "increasing" benzene soluble material

with "decreasing” particle size and a need to efficiently collect particles

in the 1 to 2 microns aerodynamic diameter range. Due to the density of these
particles, their physical diameter may be two to three times their aero-
dynamic diameter.

Since the contaminants may be carried to a filtration/collection
device as a function of their aerodynamic properties, the number of particles
and their physical size and shape become important considerations for their
collection. Therefore, more representative studies must be conducted to better

define these properties.

b. Degree of Collection

In establishing the degree of co]]ecfion required to reduce con-
centrations of coke oven emissions, attention must be given again to some of
the unique characteristics of coke oven effluents.

Assuming that the previously discussed particle size association
is representative, i.e., decreasing size, increasing benzene soluble material,
high efficiency equipment would be necessary with predicted high maintenance
and operating costs because of significantly rapid loading.

In Timited studies inside Larry Car Cabs, a bi-modal distribution
of particle sizes of the total particulates and benzene soluble fraction was
found with peaks at 1 to 2 microns and greater than 10 microns aerodynamic
equivalent diameters. With this type of particle size distribution, a
primary filter/collector would provide longer 1life to the high efficiency

secondary collector.
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c. Characteristics of Air_ Stream

Coke ovens operating at high temperatures affect the density of
the effluent air stream and the contaminants being carried with it. In turh,
the intermittant generation of steam from the coke quenching operations
and the effect on the production of corrosive contaminants further adds to
the problem.

In addition, water vapor acts as a "poison" to an activated carbon
filter and hinders any attempt for collection of gases and vapors. Likewise,
organic vapors, even in small concentrations, also hinder the effectiveness
of activated carbon for collection of some gases.

Although the concern is to reduce coke oven emission (benzene
soluble fraction) concentrations, other gases in concentrations much less
than health hazard concern, must be considered in the overall effect on

filter media and corrosion of the system.

d. Characteristics of Contaminants

Of the factors affecting air filtration/collection system design,
one of the most important is describing the characteristics of the contami-
nants.

Depending on the location on the coke oven battery, aerosol mix-
tures range from solid, irregular-shaped coal/coke particulates to smooth,
spherical carbonaceous-organic material in various percentages. This
includes agglomeration of the smaller aerosols on to the larger aerosols and
adsorption of vapors.

Because of the process and temperatures involved, coke oven
effluents are also considered to contain tarry, sticky material.

Although it is felt that this agglomeration and adsorption of
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benzene soluble material occurs, it is not known to what degree this material
may be re-entrained or vaporized after collection with the velocities of the
air stream provided in the controlled air system. This aspect will require

further study.

Comparison of Existing Controlled Air Filtration/Collection Systems

Having briefly reviewed some ofyfhe factors affecting controlled
air (filtration/collection) of coke oven effluents for enclosed spaces, it is
important to relate these factors to some existing installations.

In various coke plants in the industry, there are different con-
trolled air systems with several applications. Plant A's larry car cab
system was designed for an estimated loading of 9.0 mg/M3 coke oven emissions
(benzene soluble fraction) with collection efficiency of 99.9% down to 1.0
micron particle size, and a discharge concentration not exceeding the
current permissible Timit for CTPV. A temperature of 72°F also is to be
maintained in both winter and summer inside the cab.

Although the larry car is not yet in full production use, the
controlled air system has been operated for extended periods at the end of
the coke battery, an area of reduced concentrations to coke‘oven emissions.
During this trial period the controlied air system has experienced problems
in temperature control, and the activated carbon trays, made of carbon steel,
have had to be replaced after several months because of corrosion. The
primary filter has experienced periodic plugging, and the secondary cloth bag
filter averages approximately 10 to 14 days between changes, depending on
experimental activities.

This system was installed on a newly constructed larry car. With

its physical size and electrical power requirements, it would be extremely
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difficult to install this complete system on existing larry cars.

Conditioned air systems at Plants B and D are modifications to
existing installations.

Plant B provides similar "air delivery" to Plant A in its larry
car cab and lidman's controlled area, but with 2.0 to 2.6 air changes per
minute to the smaller volume to be ventilated. Heating and cooling capabil-
ities are provided, with foam glass filter and an activated carbon bed.
Filter units are cleaned daily with compressed air and changed twice weekly
in the lidman's controlled area.

No performance evaluations have been made as yet. Unfortunately,
personnel do not choose to remain in these conditioned air spaces during
their available time.

Plant D's approach to conditioned air systems provide smaller air
changes per minute in larry car cabs, pusher car cabs, and coke car cabs,
as well as controlled air areas for the lidman. The pre-filter approach
has been applied with the use of rigid, pleated fiberglass filters and
followed by a secondary moderately efficient, larger surface area filter.
The pre—fi]ters are changed once per week, and the secondary filters are
changed once per month. Heating capabilities are included in the system and
cooling capabilities are to be installed.

Performance evaluations have been made which indicate significant
reductions in the benzene soluble fraction inside the enclosure. Although
this performance is considered satisfactory, problems with corrosion of the
carbon steel ductwork are experienced.

Plant C's larry car cab system incorporates a pre-filter, cloth
bag type secondary filter and an activated carbon bed. Collection efficiency

studies conducted on the performance of this system have found efficiencies
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of 90% for total particulates and 87% for CTPV. These are significant
reductions inside the cab.

However, due to the required work activities of larrymen outside
the cab on existing larry cars, their exposure would not be reduced in the
same magnitude as would be the larrymen in the controlled cab of Plant A

where they are required to remain for all normal work activities.

Conclusion

The systems above described are all in the developmental stages
and as yet have not been operated for sufficient period of time to evaluate
their total effectiveness. Although the various basic factors necessary to
be considered for design have been incorporated as much as possible, major
problems in corrosion, personnel acceptance, and maintenance do exist.
However, where performance evaluations have been made, results have
indicated that a significant reduction in the benzene soluble fraction of
coke oven emissions has been achieved.

The feasibility of this approach remains within the Timitations
of the individual coke oven facility. Only experience with use and further
study of the necessary parameters will resolve the feasibility of this

approach for use on coke oven facilities.

OTHER ENGINEERING CONTROLS

Where coke oven worker exposure data as developed for the particular
coke plant show extensive exposure for the particular job, certain engineering
controls can possibly be installed, if design and configuration of the
machine permits, to reduce worker exposure. Such controls can include but

are not necessarily be Timited to the following:
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Pusher QOperator

a. A controlled air supply could be ducted from the rear
of the pushing machine to the operating cab.
b. A smoke boot or comparable device could be installed

on the leveler bar.

Quench Car Operator

A controlled air supply could be provided for the operator's

cab.

Larryman - Lidman

a. Provide a controlled air operating and standby pulpit
topside.
b. If design and configuration of the larry car permits,
provide one or more of the following;
(1) controlled air operating cab
(2) wmechanical 1id lifters
(3) individual drop sleeves, operated either from
battery top of operator's cab.
(4) mechanized goose neck cleaners
(5) remote controlled dampering off and charging

systems.

Door Machine Operator and Door Cleaner

If design and configuration of door machine (and of
pusher machine) permits, provide one or more of the following:
a. Automatic door and jamb cleaners.

b. Controlled air cab for door machine operator.
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Since the engineering controls suggested above will involve new technology,
adaptation to existing equipment and extended break-in periods, it must be
recognized that substantial time periods will be involved. It must be
further recognized that it is not possible to predict the performance of

these systems in any given situation.
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IX. CONCLUSIONS

The coke industry in the United States varies widely in size and age
of plants and in methods of operation. Therefore, it is not deemed practical
to develop a uniform set of specific standards intended to reduce the exposure
of coke oven workers to coke oven emissions either on an individual job or
total work force basis. The conclusions presented here constitute guides
which should be considered in the establishment of practicable programs to

reduce worker exposure to coke oven emissions.

a. General operating procedures, as described in the text, will aid in
the reduction of coke oven emissions and exposures. These procedures
relate to‘the charging of coal, the coking of the coal charge and the

pushing of the coke. They can be incorporated into the operating

procedures for many batteries. (Section VII - pages 51, 52, and 53.)

b. Coke batteries vary so widely from plant to plant that administrative
control of worker exposure to coke oven emissions cannot be universally
prescribed. Individual plant surveys are needed to define local probiem
areas. Collective bargaining agreements (national and local) and local
labor relations customs preclude the use of job rotation of employees
on coke ovens or adjustments of work schedules as a feasible solution.

(Section VII - pages 49 and 50.)

c. Engineering Controls:
1. Means for providing controlled air to work/standby locations are
under development by the industry but have not been proven for
general use. Many variables exist and major problems are still

being resolved. (Section VIII - pages 55-61.)
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2. Other control measures haye shown promise in reducing coke oven
emissions and presumably the associated exposures. (Section VIII -

pages 61 and 63.)

3. Application of any given control measure may not be feasible at some
plants and appropriate feasibility studies are therefore necessary

in every case. (Section VIII - pages 61 and 62.)

4. Engineering controls suggested will require substantial time periods
for development and installation with no assurance of ultimate

performance. (Section VIII - page 63.)

The use of proper respiratory protective equipment is an effective means
of reducing exposures when assigned according to Table Vi-7 of this

report. (Section VI - page 47.)

Exposures to coke oven emissions, as determined by industry surveys are
generally less than those determined by NIOSH and the Pennsylvania Depart-
ment of Environmental Resources. NIOSH is reevaluating its own survey
results because of discrepancies found. The Pennsylvania data are rather
old (1968-69) and do not reflect recent improvements in coke oven

operation. (Section IV - page 18.)

Larrymen and Tidmen are exposed to higher concentrations of coke oven
emissions. Workers located on the bench and away from the top of the
battery have average exposures one-half or less than those of top side

workers. (Section IV - page 18 and 19.)
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Workers at some plants may be exposed on the topside or the bench for

a major portion of the turn while at other plants a relatively small
fraction of the turn time is spent in high eXposure areas. The amount
of time practically available to spend in low exposure areas is
influenced greatly by the Tength of the individual standby time periods.
(Section V)

The expression "coal tar pitch volatiles (benzene soluble fraction),"
sometimes abbreviated "CTPV," is not applicable to coke oven emissions
since these emissions consist mostly of coal and coke particulates with

only a small percentage of polycyclic hydrocarbons. (Section I)

The Threshold Limit Value for "CTPV," per se, was based on 11mited
unpublished data not accessible to the general scientific community for

evaluation. (Section I)
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