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I. INTRODUCTION

A. National Institute for Occupational Safety and Health
The National Institute for Occupational Safety and Health (NIOSH)
which was created by Act of Congress in the Occupational Safety and Health
Act of 1970 is responsible fér conducting occupational safety and health
research. The Institute conducts a wide range of research on effectg of
exposure to toxic substances and harmful physical agents and to combina-
tions of exposures. .
Obviously priorities must be established to deéermine where fesearch
-ﬁay be conducted most effectively; One of the important functions of
NIOSH is to conduct research programs directed toward the de§e109ment or
modification of ecriteria which are used for recommendiné health or safety °
‘qtaﬂdards for promulgation by the U.S. Department of Labor., Research
priorities are bagsed upon occupational health and safety fisks which are
determined by a number of factors including the number of workers exposed
to a job hazard, that hazard's-potential for causing injury or disease
and the number of workers showing effects. Priority lists of needs are
devéloped to guide the research activities of NIOSH.
B. Health Hazards in Coal Tar Industries
.A ten-fold risk of lung cancer has been reported for men employed
five or more years at full-time top-side coke oven jobs. Dr. Lloyd1
reports that a review of éhe llterature oﬂ cancer mortality of men
employed in the coal tar industries show that all of these occupations _

evidence excess cancer at one or more sites.
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C. Use of Coal Tar ?itch in the Aluminum industry

In the production of alwminum, coal tar pitch is used to.prepare
anodes and cathodes {(a description of the production of aluminum ié
included in Appendix A). In the form of a carbon paste coal tar pitch
1s also used to £1l1 between cracks and edges of carbon blocks whicﬁ are
set in place to form the cathode of a cell {often called a "pot"). Once
the spaces between the blocks have been filleé, a layer of paste is put
over the blocks and tamped in place.

Coal tar pitch is also used in the preparation of anodes. The
anodes are of two types — pre-baked and Soderberg. As the name implies

_pre-baked anodes are prepared and baked before usé in the cell, In the
‘Soderberg type cell the anode material is added to the top of the celi
as a paste oI as sqlid chunks of material célled Sriquettes.

Exposure to coal tar pitch volatiles-occurs in the préparation of
the carbon paste materials and briquettes, and in the potrooms where
fresh anode material is added és the anode is consumed. ' In the potrooms
the greatest e#posure appears to be associated with the pin pulliﬁg
(stud pulling) operation. -

D. Purpose of the Industrial Hygiene Survey of Six Northwest
Aluminum Plants o .

-As previously stated men employed in the-coal tar indu;t;iés allegedly
show evidence of excess canceé at one or more sites. The present survey
was therefofe conducted to determine exposure_lgvels to coal tar.pitch
volaﬁiles and other potential health hazards for persons employed in the

various typeé of aluminum plants. The survey was considered a preliminary

[
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survey to provide information to the Division of Field Studies and Clinical
Investigations to aid in setting priorities for future epidemiological
investigations, and to enable NIOSH to evaluate existing guldelines and

standards for the ailr contaminants found in aluminum reduction plants,

II. . SURVEY METHODOLOGY

Appendix B lists the aluminum companies in the United States, Many
of these are located in the Northwest and from thgse, six plants were
selected for survey. Included were two pre-baked type plants, two
horizontal Soderberg, and two ﬁertical Soderberg. Only those areas of

'the aluminum plant where exposure to coal tar pitch volatiies might occur
were surveyed. |

This survey was conducted primarily tb deteruwine exposure levels of
workmen to coal tar pitch volatiles. However, éther hazérdous chemical
or physical agents found in sluminum plants méy have a s}nergistic* action
where they occur in the presence of coal tar pitch volatiles. Exposures
nay be significant. For example Largent8 states that "the largest single
group of industrial workmen potentially exposed to fluorides in the course

of their employment are the potmen in aluminum reduction plants." Exposure
occurs from inhalaéion or ingestion of the fluorlde materials used in the
cell (cryolite, fluorsgpar, aluminum fluofidé) and from inhalation of
~ hydrogen fluoride which may be emitted from the cell.

The following air contaminants were therefore investigated: '"benzene
soluﬁle material", total dust, carbon monoxide; sulfur dioxide, hydrogen

fluoride, and total fluoride. Urinary flueride was alse determined for

potline workers at each plant.

*Synerglsm-Cooperative action of discrete agencies such that the total
effect is greater than the sum of the two effects taken independently.
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A complete heat stress evaluation was made at one plant, an& measurements
were taken at another plant to evaluate equipment developed for NIOSH for
determining heat stress. Since most of the industriallhygiene SUrvVeys were
conducted during the ccoler seasons of the year, heat stress studies were
not conducted in all plants, The reader is referred to the Physiology and
Ergonomics Branch at Cincimnati, Ohio for what information was obtained frqm
the above mentioned surveys.

Asbestos 1s used in thg aluminum industry for thermal insulation,
Usagehfaries from company to company. JNo environmental samples were
taken since the use of asbestos is intermittent. If an ;pidemiological
study i1s conducted, exposure to asbestos wiil need to be considered.

Noise measurements were made where ccpsidered appropriate,

The present preliminary survey should be Qiewed a§ part of % broader
study of the potential health hazards of variocus ailr coﬁtaminants or
other health hazards in industry. As shown in Appendix C the aluminum
industry is only one of many buginesses which use coal tar pitch, It
was not the intent of th;s survey to conduct an extensive survey of the
hazards in aluminum plants, but rather to define areas needing further

investigation,

ITI, DISCUSSION OF EXISTING STANDARDS, SAMPLING METHODS USED.FOR THIS
SURVEY, AND ENVIRONMENTAIL DATA

This report is prepared for distribution to two groups ~ NIOSH and
the aluminum companies participating in the survey. General information is
included in the main body of the report for distribution to both NIOSH and
Industry. Tables previously sent to each plant pertaining.to the survey

at the plant are included in the Appendix for use of NIOSH personnel.
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-Each chemical or.physipal hazard will now be discussed under the
appropriate heading.
A, Coal Tar Pitch Volatiles
1. Criteria and Standards
"Polycyelic organic matter can be formed in any combﬁstion
process involving fossil fuels or, more generally, compounds
containing carbon and hydrcgen."2
"Coal tar pitch volatiles contain a large quantity of lower molecular

3,455 As these‘hydrocarbons.(naphthalene,

weight polycyclie hydrocarbons,
fluorene, anthracene, acridine, phenanthrene) sublime into thé air, there
is an increase of benzo(a)pyrene (BaP or 3,4-benzpyrene) and other higher
weight polycyclic hydrocarboms in the tar and in fhe fumes. Polycyclic
hydrocarbons known to be carcinogenic are of this large molecular type."6

There is no simple analytical procedure availaﬁle for deterﬁining
-ind%vidual polyeyclic hydrocarbons, therefore the weight of thé benzene
soliblé fraction of coai tar pitch volatiles 1s used as an index of the
high-molecular welght polyeyclic hydiocarbons in the work environment.

"Since no ‘'safe’ limit of exposure can be established for carcino-
gens aﬁd because of instabillity in the composition of volatiles from
coal tar pitch a threshold limit value of 0.2 milligrams of benzene-
soluble components of coal tar pitch volatiles per cublec meter of
air 1is recommended. A limit of 0.2 mg/M3 of the total components
‘present Should‘minimize exposure to these carcinogens."6

Tﬁe U.é. Department of Labor has adopted the Threshold Limit Value
of 0.2 mg/H3. An OSHA Program Directive 1ssued ane'Z, 1972 states that

"any 8-hour time weighted average above 0.2 mg/M3 (benzeme soluble



fraction) for an jdentified worker not wegring proper respiratory
protective equipment is considered a serious violation (serious hazard),"
It also states that "the terms 'de minimis' and 'nonserious® do not apply
to coal tar pitch volatiles exposures ahove the 8-hour Threshold Limit
'Value since no "safe' limit of exposure for all workers cao be established
for_carcinogens."
2. Samyling and Analytical Prdcedures
a. Sampiing |
Personal and Hi Volume area samples were taken in the pot-

rooms and the carbon plants. (Hi volume samples were not collected

in some plants due to company folicy restricting use of plug-in

type devices) ForApersonal saﬁpling, battery powered pumps were

attached to the belt of each worker. Rubbe; tubing was run from

- the pump to a sampling cassette ciipped to the ﬁorkers shire

near his breathing zone. Air was drawn through preweighed

37 mm diameter'silver mémbrane filters having a pore size

of 0.8u. Iﬁ two plants the siiver menbrane filter was pre-

ceded by a Gelman Type A glass fiber filter. It was noted

that 1f a tight seal were obtained to keep matefial from

going around the edge of the éilver membrane £ilter onto

the back-up pad comparable'reéults cdﬁld be obtaineﬁ by

using silver membrane filters only. The silver.membrane

filters were extracted with benzene before use in the field.

Sampling was conducted with an open face filter since this

procedure had been used in the coke oven study and it was

thought desirable to be consistent in sampling procedufeg

if data from the two types of industries were to be compared,



The sampling pumps were monitored periodically to verify that
consistent flows of two 1iters'per minute were being maintained.
The worker wore the sampling equipment throughout the workday
where possible-to better arrive at an 8-hour time weighted
average exposure. |
(1) Area Samples versus Personal Samples
Hi volume area samples were generally lower théﬁ
personal samples. An area sample télls very 1ittle about
a workers exposure in an aluminum plant. Exposure occurs
at the job site for exgmple, when a door which Qay be part
- of the ventilation ngtem i§ opened to permif a worker to
" perform his Job. |
(2) Respirable versus Non-respirable Samples
. One company indicated they thought the TLV should be
baaéd on the respirable portion of an air sample. Some
authors have stated that‘"for assessment of the potential
hazards bflairborne carcinogens to publié health, only the
respirable portioﬁ of the suspended particulate matter is
useful, Samples in the reguifed particle size range should

be collected by similar methods of sampling and analysis".z*

*The reference was taken from material which discusses atmospheric pollutants,
and refers to suspended particulate matter, the author may not have intended
to apply this statement to In-plant environments, :
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Collecting semples which give the respir;ble portion of
a workers exposure in an aluminum plant may eliminate extran-
_eous material, However, non-respirable material may al#o be
toxic., Present threshold limit values for benzene soluble
material are based on gross airborne samples;

4 comparison of gross airborne versus reSpigable sampies'
is presented in Table 1. Few respirable samples were collect-
ed and these were not collected simﬁltaneously with non~
respirable samples. Also, the benzene soluble conceﬁtfa~
tions for the respirable samples were determined‘on_very
small quantities of mater;al. Therefore, the fe% samples
may be indic;tive of differences in cencentration, bﬁt more’
‘extensive sampling would be required to reach valid coﬁ—
Qiusiona.

| The engineering staff of the Division of Field Studies
and Clinical Inveétigations of NIOSH, Cincimnati, Ohio
optically determined the size distribution of dust particles
in a potroom atmosphere in an Eastern pre-baked type aluminum
plant. The size distribution results of the airborne dust
and a bulk sample of alumina.by phase-contrast ﬁicroscoPy
are shown in Table II.

* The above study concluded "These data indicate
that the diameter of almost all of the airborme
particles were below 10 microns. Generally dust wﬁich ia

greater than 10 microns in diameter is considered to be too
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large to be respirable. The larger particles which are on
the airborne samples appear to be carbon. The majority of
the small particles were probably alumina. Apparently then,
the mass of the total airborne dust is mostly influenced

by the few large carbon particles, but the vast majority

of the small alumina particles were potentially respirable.

The size distribution of the bulk sample of alumina is

comﬁletely different, Here most particles ranged from
75-125u. The gelativelyllarge particles of the bulk
alumina would not stay airborne as long, leaving the dust
of smaller diameter particles to most heavily inflpence
the éize distribution of the airﬁorne material,"

For ten paired personal samples taken in the potroom,

during the study mentiocned above the welight of the respirable

 fraction ranged from 7 to 28 percent of the corresponding

total airborne dust determination, The average value
was appréximately 19‘percent.
Analyses (Refer to Appendix D) -

In the benzene soluble determination the particulate material

on the pre-weighed filters is extracted by benzene using the

continuous cycling process of a Soxhlet extractor. After

extraction, the solution is filtered through the original

filters and the weight loss of the filters is considered to

be the amount of benzene soluble material,

The benzene soluble analysis is based on a method

requiring weight determinations., Our experience indicates
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chaE the practical accuracy of the weight determination is
to the nearest 0.1 milligram. To overcome this source of
error (especially at concentrations near the 0.2 mg/M3 TLV)
several samples from the saﬁe job type-were combined to give
greater accuracy.

The chief disadvantage of the‘benzene soluble method ;s
tﬂgt it is not sp;cific for the polynuclear aromatlic compounds
that are potentlally car;inogenic. The benzene soluble frac-

tion me;ely indicates the conceﬁtration of organic material
present which is soluble in benzene.

On March 29, 1973, seven members of the health committee
of the OSH and Loss Prevention Policy Committee of the Aluminum
Association, seven chemists from member aluminum companies, |
three guest experts in the field of PNA analysis, and 12 NIOSH
_perSOnnel'met in Cinecinnati, Ohio to discuss the analytical
methods;available for determining polynuclear aromatic hydro~ .
carbons (PNA's), Industry representatives stated the need
-for a more accurate and meaningful methbd for the analysis
of coal tar pitch volatiles. Industry expressed.concern
that benzene soluble material was found in potrooms of pre-
baked type aluminum plants where industry expected none to
cccur.* Industry étated that an écceptable analytical method
should quantify Eertain related components as a group.
| Samples have been obtained from coke ovens and from two

aluminum plants for submission to a private research labora-

tory for developing methods for coal tar pitch volatiles,

*Two potential sources of coal tar piltch volatiles in these plants are from
the coal tar pitch used 1in the cathodes of the cells and from exhaust gases
blown back into the potrooms. Also no attempt was made to-identify those
workers who smoked during the sampling period which may have contributed to

the benzene soluble concentrations found.
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It is thought the values for benzene soluble material
included in this report are useful for classifying exposures
to various types of job classifications in the aluminum plants
surveyed. Samples were analyzed by the Western Area Qccupa-
tional Health Laboratory at Salt Lake City, Utah. This labora-

tory has not experienced the difficulty of the total particulate

. values being less than the benzene soluble concentrations

reported by scme laboratories, perhaps because of the 1owl
humidity in Salt Lake City. The chemist who ran most of the
samples states he does not feel that the énalytical method
ig in error by more than a factor of two fqr those Valugs
near the TLV (0.2 mg/M3). Wh;t these values mean is a moot
question at the present time. |
¢. Environmental Data

It is difficult to compare exposures for varioﬁs job
categories for different alumiﬂﬁm plants. Eve# where similar
type processes are used there are differences in work pro-
cedures even for the same type of job.  Equipment used to
perform an operation.also varies from one plant to another,
For example, crust breaking is performed in all plants, but
was done differently in 2ach plant. |

A summary of benzene soluble values is presented in-
Table III. It will be noted that anode workers receive the

highest exposures, especially in vertical Soderberg type plants,

R L nm St e g ST
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Other workers in the potlines in general receive less exposure
{generally less than 0.5 mg/M3). Rammers and paste plant
workexrs work in areas where exposure to volatile material
- 18 likely to occur,
Exposﬁres for each job classification in each plant should

be evaluated separately for that plant.

B. Total Dust (Nuisancé Dust)}

1., Criteria and Standards

"In contrast to fibrogenic dusts which cause scar tissue to be formed
in lungs when inhaled in excessive amounts, so-called 'nuisance' dusts
have a long history of little adverse éffect on lungs and do not produce
significant organic disease or toxic effect when exposures are kept under
reasonable control. The nuisance aerosols have also been called biclogi-
cally ‘'inert', but the latter term is inappropriate to the extent that
there is no particulate which does not evoké some cellular response in
the lung when inhale& in sufficient amounts. 'However, the lung-tissue
ré&ction caused by inhalation of nuisance aerosols have the following
characteristics: |

1. The architecture of the air sp;ces remains'intact.

2. Collagen (scar tissue) is not formed fo'a significant exﬁent.

3. The tissue reaction is potentially reversible.
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hExcessive concentrations of nuisance aerosols in the workroom air
may seriously reduce visibility, may cause uﬁpleasant deposits in the
eyes, ears and nasal passages, or cause injury to the skin or mucous
membranes by chemical or mechanical action per se or by ﬁhe rigorous
skin cleansing procedures necessary for their removal.

. A workroom level of 10 mg/M3 of nuisance aerosol, although 10 to 100
times the level in outdoor community air, should result in appreciable |
improvement of working conditions in plants where the old A.C.G,.I.H.
limit of 15 mg/M3 formerly prevailed. |

"Total particulates as described in this A.C.G.I.H. limit includes
the air-suspended particles greater.than respirable diameter. If particles
of respirable diameter only are present or are collected, a limit of 5 mg/M3
ﬁust be'used."6

The OSHA standards are 15 mg/M3 for total dust, and 5 mg/M3 for

respirable dust,+7

A huisanceAdusr value assumes the dust is biologically inert. This
may not be true for the carbonaceous materials used in the carbomn plant
and potrooms, No standard exists for coke dust or for some of the materials
present in potroowms. |
- 2. Sampling and Analytical Proced;fes

Samples were calle;ted on silver membrane filters as part of the
procedure for saﬁpling for benéene soluble material, A few respirable
samples were collected with Dorr Oliver 10mm cyclones operated at 1(7_
liters per minute., ¥Nuisance dust determinations require no analytical

c -
procedures, but are based strictly on a weight and air volume determination.
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Comparative gross airborne dust concentrations for the three types
of plants are reported in Table 1V, Comparison of respiyable and non-
respirable samples are reported in Table I,

C. Carbon Monoxide
1. Criteria and Standards

_ Most of the carbon monoxide in the pdtéoom is a result of the oxygen
released during the electrolytic reaction combining with the carbon of
the anode. The‘present OSHA standard for carbon moﬁoxide is 50 ppm,
determined as a time weighted average (TIWA) exposure for an 8-hour work-
'day.. A criteria document has been published by NIOSH,7 however, which
recommends that the U.S. Department of Labor lower this standard to 35ppm.

2, Sampling and Analytical Procedﬁres |

A Drager hand pump was used té draw samples of ailr through direct
reading indicator tubes. A color change is produced in the packing of
the tube which is read directly from calibrated markings on the tube,
The length of stain.which is read from the graduated tube is considered
an indicétion of the-concentration of the gas.

3. Environmental Data

Measurements for carbon monoxide were below existing standards or
proposed standards for carbon monoxide; The few measurements taken
that were above 35 ppm were in areas which'had not been provided
local exhaust ventilation;

D. Sulfur Dioxide

1. Criteria and Standards

The TLV and present QSHA standard for sulfur dioxide is 5 ppm which
was set "to prevent respiratory tract irritation in most workers and
cause only minimal effects in those workers who are sensitive to irritant

gases".6
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2, Sampliﬁg and Anélytical Procedures
Drager tubes were used for determining 80, exposures as described
under éhe carbon monoxide discussion.
3. Environmental Data’
-Sﬁlfur dioxide concentrations were below 5 ppm in all plants._
E. Fluorides -
1. Airborne Fluoride
a, Criteria and Standards
(1) Hydrogen Fluoride as HF
"Prolonged inhalation of HF in high concentrations would |
presumably lead to fluorosis, which.has been more often observed
és a result of the inhalation or ingéstion of fluoride saits {(q.v.).
In view of the greater irritating.prOPerties of HF, a slightly
lover limit is recommended than for most other inorganic fluo- -

6 The Threshold Limit Value for Hydrogen Fluoride is

rides."
3 ppm (approximately 2 mg/MB). The U.S. Department of Labor
has adopted this TLV éé a standar¢ for Hydrogen Fluoride.A

(2) Fluoride as F

"The toxic effects of fluoride ﬁave been placed in three
groups by Rohollm: (a) acute syétémic intoxication (usually
by ingestion); (b) local corrosion of the mucous membranes and
skin; and {c) chronic bone changes, ranging from mottling of

tooth enamel to crippling skeletal abnormalities,"®
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A Threshold Limit Value of 2.5 mg F/M3 is sufficiently
low to prevent irritative effects and to protect against dis-
abling bone changes, The U.S8. Department of Labor has adopted
this TLV as a Standard for airborne fluoride.
b. Sampling and Analytical Procedures

Two methods were used to éample for HF and particulate
fluoride. In the first surveys the particulates were collected
on an 0.8y vinyl metricel filter. This fiiter was followed by a
midget impinger containing 0.1 N sodium hydroxide to absorb
the gaseous fluorides. The second method used the same
procedure for determining particulate matter, but the gaseous
fluorides were collected on a back~up pad which had been dipped
in 6% sodium carbonate solution and air dried before use in
the field.

Use of the impregnated filter is not only more econvenient
to handle for general area sampling but even more important
this method f;cilita;es personal sampling,

The filters were analyzed for fluorides by a specific ion
electrode method. '
¢. Environmental Data

Fluoride, both total and hydrogen fluoride, weée
controlled where local exhaust ventilation had been provided

| for the individual pots. In pre-baked plant potlines not providea

such ventilation about one-third of the analyzed samples exceeded
the total fluoride standard of 2.5 mg/M3 and about one-fourth

exceeded the 2.0 mg/M3 standard for hydrogen fluoride,
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2. Urinary Fluoride

a. Bidlogical Threshold Limit Values

Elevation in the level of urinary excretién of fluoride

. in man is significant because of its relationship to ﬁhe

deposition of fluoride {n the bones of the body. The exact
gmount of fluoride deposited af any particular point in time
is not known, but the maximum deposition in the tissues is
about 50 per cent, the rest belng excreted. It is highly
probable that the higher the concentration of fluoride in
the urine, the greater the rate of deposition of fluoride
in the osseous tissues. Much has Been made of the fact tha£
persons drinking water at the level.ﬁ p.-p.m. (the concentra-
tion present in the communal water éupply at Lake Freston,
South Dakota)} were found to be excreting fluoride in the urine
at the level of 6 to 7 mg. peg'liter. None of the residents
there has been shown to have any clear-cut change in osseous
radiopaéity. .A part;cular point has also been made of the
fact that in Bartlett, Texas, the av;rage concentration of
fluoride in the drinking water was 8 p.é.m.,~and the average
‘level of urinary fluéride excretion was 8 mg. per liter, and
that a survey revealed changes in'ésseous radiopacity in 14

.to 18 per cent of the persons examined. No other bone changes

o p e i r T e e

g
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or 111 effects could be attributed to the ingestion of
fluoride (mottled enamel in Bartlett was of cosmetic signi-
ficance only and had no adverse éffeccs ont the general health
of the residents)., Even if those earliest detectable evidences
of increased rgdiOpacity have no significance from the standpoint
of health, it is highly important to know the level of urinary
fluoride excretion at which, or above which, these first changes
in osseous radiopacity may be discerned.®

| Urinary fluoride excretlon of 5-8 mg/day was considered

safe by Princi9

and Largents. According to HodgelQ 5 mg/iiter
would not result iﬁ osterjosclerosis, ﬁerryﬁerry, et al11
found that 17 workers with inéréased bone aensities had an
average urinary fluoride level of 5.18 mg/liter., Agate's

‘ group12 with urinary excretions of-3,6 to 9.mg/day, showed

" abnormal X;ray findings, but no disability.'

8 has summarized some of the data from the litera-

Largent
ture pertaining t§ thg relation between urinary fluoride and
increased radiopacity in bone. He indicafed there was no
increase in fadiopacity in subjects whose off-the~job urines
contained 3.1 to 3.8 mg F/li;ef, but radiopacity was increased
in subjects with higher urinér? fluoride levels.' 

‘ Finaily, Irwinl> has excellent evidence from industrial
experience that ostéosclerosis does not develop when ufinary
fluoride concentrations are maintained beleow 5 mg/Liter. The
experience of Derryberry, et alll with end-of-shift samples
~and of RyelA with ﬁre~shift samples suggest 4 mg/liter and
Elkinsl5 considers values above 5 mg/liter in pre-shift uéines

®
as indicative of excessive exposure.
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Largent states that "If fluoride exposures are controlled
so well that no workman repeatedly excretes fluoride at a level
as high as 8 mg. per liter, there is very little likelihood
that any 111 effects will result from exposure to fluorides,
although a slight increase in osseous radiopécity might in
rare instances develop after many years of occupational expo-
sure, Under conditions in which urinary fluoride levels
rarely of never exceed 4 mg. per 1iter{‘there is very little
likelihood that even the slightest increases in osseous radio-
pacity will occur among workmen, and fluoridé—induced disability
and/or 111 effects will certainly never occur."8

No bilological threshold limit values for any sgbsténce
‘has been adopted by the U.S. Departmént of Labor. All standards
for toxic materials are based on airborne concentrations expressed
as parts per million of air or milligrams per cubic meter of air,

The Biochemical Assay Committee of the American Industrial
Hygiene Associatioﬁ in 1971 published a Biological Menitoring
Guide for fluorides and concluded that "urinary fluoride con-
centrations not exceeding 5 mg/liter in before-shift spot
samples taken after two days offvwork are nét associated with
osteosclefosis, énd such changes are unlikely at urinary levels
of 5 to 8 ﬁg/litet."lﬁ
Studies need to be conducted to correlate air cencentrations

of fluoride with urinary fluoride levels.
4
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b. Sampling and Analytical Procedures

In most plants ufine‘samples were collected by the company
during routine periodic monitoring of urinary fluoride levels.

In two plants spot samples were collected by NIOSH industrial
h&gienists.

The samples were analyzed by the Western Area QOccupational
Health Laboratory in Salt Lake City, Utah.

Where fluoride conceﬁtrations éb;ve's mg/liter were deter-
mined another sampie w&s obtained énd analyzed, since the first
sample may have been contaminatgd.

;. Biological Data

Some 699 fluoride analysis were conducted on the initial
samples collected or submitted, and 52 samples or about 7 percent
of the saﬁples were found which exceeded 8 mg/liter.- Res;mples
collected by the aluminum companies almost without exception were
below 8 mg/liter. However, resamples have not been received from
all companies.  Table V-1 gives the number and pefcent of
samples exceeding 8 mg/liter, and the mean-and staﬁdard deviation
for <8 mg/liter* for the initial urine samples subﬁitted or coilected

. Table b;z-describes how the saﬁples were collected.
| Since company monitoring procedures varied between companies
(some collected samples after 6 days work, some pre and post
ghift samples, etc.) and because samples collected by NIOSH
personnel were spot samples cbtainable as wost practical during

the time period of the survey, one should consult the data and

*Values above 8 mg/liter were discarded as possibly due to contamination. A
mean and standard deviation was computed for the remaining values.
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the conditions Qnder which the samples were collected for any
attempt to evaluate the data for each plant. The fiﬁdings support
the need for consistency iﬁ any saﬁpling agsociated with an
epldemiological study. The aluminum companies have conducted
urinary fluoride sampling programs for a number of years. Such
data would need to be evaluated in terms of the work period in
which the samples were obtained.
F. Noise °
":’"I;" Noise Standard

fhe current OSHA standard for noise allo%s an 8-hour
exposure to 90 dBA with a ceiling value of 115 dBA. The
formula which gives the permitted noise level for a given

time of exposufe is obtained from:
T =16 % 2 (L-85)/5

T = permitted duration in hoﬁrs

L = effective noise level in dBA-slow meter sétting
2, Noise Measurements

bue to .the variety of equipment used in aluminum plants

it is not possible to summarize data for all plants. Table VI
presents nolse measurements taken in one ﬁlant. In general,
the crust breaking operaﬁion in pot rooms is noisy, but here
again this depends upon the type of equipment used to break
the crust, Jack hammers are uéed in pot relining and high
noise levels are producéd. Ball mills in paste plants also

préduce high neoise levels, but often workers spend little

time in the high noise areas.
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IV. CONTROL OF EXPOSURE TO ATR CONTAMINANTS

A. Respiratory Protection
Respiratory protection was made available by all companies. A
' disposablé respirator wherein the filter material was coated with aétivated
alumina had been developed for the aluminum industry and was reported to
be effective in reducing exposure to fluorides. Cartridge type respirators
were also available. Respirators were generally used during short exposures
to high concentrations of air contaminanté, but %t was not uncommon to find
two ﬁorkers performing the same jobs, one wearing a respirator, the other
not. The care and cleaning of respirators was an incidental activity in
some plants rather than an organized functioning program.
'B. Control by Engincering Methods
RaSpiratﬁrs should be usged only for short term intermittent exposures
‘and should not be considered a substitute for engineering control methods,
The type of ven;ilation provided at each plant is available in data
uséd to compile the individual plant reports. In general, verﬁical Soderberg
type plants qsed roof ventilation as a me£hod for contrelling exposure to
air contaminants. This method of control is ineffective. Pre-baked and
horizontal Soderberg type plants used some method -of local exhaust ventila-
tion., Hdwever. usually when the worker wés required to perform his duties
around a pot the door to fhe pot was required to be opened thus exposing
“the worker to the volatile material from the pot. 1In spite of this difficulty
a workers overall exposure was reduced by the use of local exhaust ventilation
as was demonstrated at one plant where one potline had been provided exhaust
ventilation andeanother had not. Personal samples were collected for workers

in both potlines, The differences in the concentrations of air contaminants
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are reported in Table VII. One may question the accuracy of analytical

methods for the benzene soluble vélues, but the fluoride values were also

reduced,

V. SUMMARY AND CONCLUSIONS:

"This preliminary survey has pointed out areas where high exposures
of benzene soluble material were found in aluminum plants, Other types
of exposures have been defined. 1In the opinion of the authér two areas
ghould be given serious consideration before any further environmental
sampling could be Justified,

(1) As has been pointed out better methods of identifying and
quantifying potential carcinogens in algminum plants needs to

be deﬁéloped. | .- |

(2) An epidemiological study needs.to be done in aluminum plants

to determine whether 11lness or deaths in aluminum plants differ

from'those of simllar industries not using coal tar pitch,

Reduction of worker exposure can best be achieved by the elimination
of emissions througﬂ well méintained engineering conﬁrols or oéerating
procedures, Respiratory protéctive devices will need to be employed

until environmental concentrations can be redqced to séfq levels.
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TABLE II

RESULTS OF S1ZE DISTRIBUTION DETERMINATIONS

LOCATICON

General Air'Sample, by outside
wall in potroom

Personal sample on a craneman

Personal sample on the sweeper

Bulk sample of alumina

IN POTROOMS

PARTICLE SIZE DISTRIBUTION

<Particle Diameter lu 1.5u 2.1up 3.0p 4.2
6.0p 8.5p 12,0u 17¢ 24u

Cumulative Percent 67 70 87 89 93 96 97
98 99 100

Heavier and difficult to size, has

basically the same particle make-up and
size distribution as M-1,

Too heavy to size, more carbon particles
present, Otherwise the sample particle
make-up and size range as M-1.

Mostly large particles, approximately 90%
of them in the range 75-125p in diameter



'. , - - - . . - - . ) I ) . °

..mz\wﬁ 0°T 3noqe aq pInos ofeasaw pa3jyltom vuy) ‘CATuo porlad Jujuweld INOY OMI 0Ty
. *2ans0dxo o8exaar poIy3ToM SUTLaVMLxxx
. _ *mool1 youny oYy
UF 2wyl sTY jo 3aed spuads aavios Iyl ITYI STSeq IYI uwo paan3dyy sem Juefd syyl ao3 1T 30 23uadAav polyITom DWTlyx
*seansodxa Jaom isetaray Sulanp seyduss Inoy H Iudsaidal IsSIYLy

¥8°C 80S'0 Z- sxautyax jod 1
0'1 . : g 3uelg *‘q
70 060°6 11 . Isumiey T
%0 : : ¥ juelg ‘e
L0 = = = m e e m e e et et a e e e e e e m et e, e = e == .- = =~~~ ~ 813wy ‘Al
2°0 09%°0 T ._ 1edder 1
7oz _ g 2uerg 'q
40 _ _ o . v luelq ‘e
£'0 = - = = = m m e e e e e e e et m et e st e .- == - - ===~ - - 5I3ddel *IIT
C£'0 L8T°€ | g uvawiod g
£°'0 ‘ g Juerd *q
90 A 41 szojexadp T19) T .
#'0 o v juerq ‘e
owoo lll-lvl.l.l-ll.l|I.All..ll-||ll|||.l.ll.lol...ll.|||..II..I.II.I¢I-.|I-I..IWHOU.NHUQ.OUON *1T
0°2 668" 1 K #532ddTTg Woer °g
L AA 987°L , 8T . yS2TTndurgy I
1T _ s g Juerd *q
€0 0zZ%° 1 z i . SI199T¥ AOBL 7
6'T 0%9° 1T ¢T SI2TINd pnaIs  *T1
1 : : . _ : . Yy jueyd °*®
i T'T = = = m e = e e = o mm e m - e = e = e e === = = - = = = SI3YIOM SPOUY °]
i ’ . s3juelg °d£L 312q12pog TEIFIIBA 'V
“ odL]
Juetld a1ad Iuerd asy
; . mz\mﬁ Ve e saTaueyg
; S2TQNIOg dudZUAg saTqniog 2uNTOoA 30 Iaquny
uotidiaosag qor aoj auazuag @11so0dmon
¥xxVMI Po3IewrlsSy a37sodwo)

‘ : NOIL4I¥0SAA 90r ANV SEJAL INVId OL ONIMIODOV SAINIVA TT4NT0S ENHZNIE 30 NOSTIVAXOD -IIT dA14VL



€0 . ETTTLR 8T s103eaedg 304 *T
£°0 | : q Juetd ‘q
50 : THO €T T stozeradp 304 °1
$*0 . o 0 IuEeTg ‘e
n-c. I.l-.l-illllll.lllnllul..l.lll.l.l.ll..l.lllll.llllfl..lllll.m.ﬂoumhmnmouom..HH
£'0 6€8°1 < ugy °pouy °/[ .
1°0 Y% a4 € uewslog Spouwy ‘9 -
€0 L1T°¢ Vi sxeduey TauUURY) ‘g
20 960°Y K S23TTNd uld ‘¥
8'0 86" 1 z SISZZTM °*§
T°0> 048" T S237195 PRiS 'g
£°0 S6Z°8 0T T BISSTEBL XaTd T
£°0 . a Iuetd °q
9°0 : Z80°€ < . Saepual, Ipouy °I
9'0 ‘ . 5 JuBTd *®
.§*0 e e - e m e e mm e e m e m e, m M e e .= e —w == ==~ = — SI3I0Y IPOUY I
syuerg adA], Sawqaspos TEIUOZTION *d
spaydues Jou DI9A SI9NIOM IJUBTI 238ed
g 3uerd °q
T°C : 9640 T UBmIAYSNI) ‘¢
T°0> . 668°T 4 uwgy JI9XIH °7
T°0> 869°'T 4 s13ataq jenbrag °f
: L0 ) y Jusyd *®
20  m e e e e m mmmm t e E.m .., .-, Emm-e e —m—mem === -w - SIINIOY JUBTI 9358 ‘A
adAL _
1 JueTg 193 VT 29d
mE\wE mz\ws . ¢H - g9Tdueg
§3TqNTOS audzZuIg g9TQNIoS sunTop 30 Jaquny
wogadransag qopr 103 auazuag 933soduo)
£¥¥VML polewIIS]y a3180duwon

(p,3u0v) III FTEVL



sgansodxs vlezaar poaulTom 2WTI PIIBUWTISTyyy
ATuo porzad Supuwel 10iyx -

: s'0 R L AR~ <o 9 S 1231395 uwoqied T
¢'0 _ : 7 _ d 3ueld *q
T°0 018 91T .- 9T + aadyeq a23uey) apouy °7
T°0 : "QL9°ST ) 6T xonexadpg aeluey)y apouy 1
.ﬂno , . ,. N Mm U.G.,WHAH ‘e
€°0 = = = = = = = ek m e mE e m .. m.m,e e ... = == =~ - SINjION PpOUY ‘T
_ _ syueTqy @dLl paneg-~-aag ‘2
T°0 120°'¢ € . xo3evxadb 3jueTd 23Ised °*¢
£°0 . GE8°S 9 1o3exedg L1100 °T.
€0 _ 168°L ] uam3sed J9UP] dpouy T
2°0 o . a Jueld *q
0 0122 € ao3exedQ Jueld P3sed '€
%0 607" 1 A . wawagsed ‘7
. £°0. L't : € ' 10*3'R IuBIg d1seq '
€0 _ - _ . _ "0 3urld °"®
£'°0 = = = = = = = ® E . w e e mm et m e m e e e, ea = .= ow o= = - = 5I2)I04 JUBTIVISEI A
¥6°0 . - 01T T . : SIoumey 1
€0 . : _ : S . a 3uetd *q
RS - ST heety ) S e SI2PIINQaY 104 T
'T'0 |I.l|l..l.l..|r..l.l.-.lII.JII.......III‘.IJ.I....,.n.l.l.l.ll.l.l.ll.ll.ll.lll.l.l.l.l slamuey Al
: €0 . ElsE Sy ‘ Jaddeyr *7T
, €0 - . - . B I T 3uBId *¢
. : . €0 L6060 T . . zadde], *'T
€0 o R ) o S . J jueyd ‘e
€°0 = = = . = e = " Em e mEEE . e Em . mem-w e mm .- m.mmmmaae=o~==- 38T3dde] *III
9d4r : .
Juefqd a9d uelg a9y . - o i _
mz\ws mz\ma ¢r goTdueg
89TqNIOg duazuag sa1qnIog 2uUNTOA _ 30 xaquny
uotidraoseq qor o3 uazuag a31s0dwo) :
*»xxVML Polewyasy 237soduo)

(p,3u09) TII FTIAVL



(pe3ea9ae j0u

£'0 SOL'T € ordues ®a1w 2pouUy) IORTW Y
[ $19°¢€ Vi uemauRly) °¢
A 9¢9°¢Z € 103e1qTA ‘T
L E'T §66°1 z SururTiod I9XTH T
%0 | | VOOV °q
570 9Ly 1 z *do 3uerg °3seg FuTuYT ApOLITY Y
T°0 96€°S 9 : 103847 wsnxy g
rAY " 869°T . £ 103r uQ ssaag ‘g
S'0> 90L°T . € 1aTpueH yoITg ‘I
© £'0 . OOTVINI *®
#-Q U e EE Gl e o MR W MR R L e e e e M RE ek e e e e md A BB i b em e e v e e - e = o= = SIDAIOM Uﬁm.ﬁm -a3s8ed *A
o ¥'0 866° Y 9 sasupt 103 T
70 | YOOIV "4
£'0 266°61 £2 8I9UTTSY 204 T
£°0 . OOTVINI °®
%0 illllllllll.lllllIl.llll....lllllllllllI.lllllilllllmum.ﬁnm.m ‘AT
€0 00Z* 0T 1t 1eddey pesy T
€*0 VOOV °q
- T'0 068°9 g mumn.mm.m 2addey .N,.
- T'0 8LLtL 6 x03e3adg Iodder T
z°0 _ . O)IVINI °®
ﬂco |‘|lu'||.._t.lu||-1l-llll.“|l..|al||.l,l.-.ll...lll-l.‘|ll..I..l-l-.ll.l'll..llllmHUQQﬁH. 111
20 rAYARY €1 usuicd T
z°o ¥OoTy '
A 618°S L sio3ezadg Burrdmes 1
z'0 | . 0DTVINI °®
N-o - e o e e e e e ey e E e = o e o - - - - --- - EE wm dr S m W M m W e o = e NQHN.H.NQQ Hom -HH
ad4y,
Jueyd 19g  Juelg 19d
gH/ 3w ¢H/3m A sordmus
S2TQNTOS duazZuayg 8aTqQNnTO0S U TOA Jo tequny
uopidTadseq qor o3 " suIzuag #31s0dwmo)



SHOILVYINIONOD ISOd INJOLYIV $S0¥D 40 NOILAGTHLSIQ - AY dTEVL

0L Le 12 gatdueg 30 ¢
: _ % o1 Z . sa1dmes jo *oN
6§ oJNafm.c rAS _ poyeq-2213 I
9s {4 L €1 satdmeg jyo ¥
: 29 Lo g ST saTdueg 3o ‘oON
11 o 8'9%-9%0 £'L : payeq-axd q
08 61 1 gordueg jo ¥
. o - 8 6T T - gaTdues jo ‘ON
20T - ¥'8-9°'0 1€ : 8xsq19posg a
1®3U0ZTI0H
08 9T Vi gatdmeg jo ¥
a4 [ rA gordues jo ‘*oN
11 L*'TZ«T1°0 o8¢ 81aqrapos 9
: Te3u0ZTacH
89 €1 1t 8 ga1dues 3o %
‘ , - 9¢ S i € saTdues jo *oy
8e - §°6%+S°0 .69 81aqaapos q
. : TROTITIAA
€9 0t S z saTdues jo %
oY 6T €. T soydues jo ‘oN
- : 810q12pog
€9 2°1e+1°0, 6°S TROTIILA v
52T dWES N7 oW n/3u nz\ma mzxmﬁ., mz\ME mz\wﬁ Juetd JUBTd
jo - a3uwy advaaay S0 0T+S CT<0T ¢l ¢ 30 2d4y
Iaquny : A



28ed 1¥au a2y uo mmvaaunw BT PO302TTO 2aom saydues Lem 243 Surulacuod

*(Z=A 2T9%L)
uollemIoIul  FION

81 £°c 0T 61 R TA pajeq-a1g a

6'1 LUE 1 12 €zt poveq-2xd 1
_ , : 31aqasposg

L°1 L'z v : .9 2 SET . Te3uU0Z IO a
¢ L'g LT v 1sog 81wqaepos

T°1 1°T 0 - : 0 @23 £ Te1U0ZTIOH o

A ,M : 31sqaapog .

1 1°C o. 0. S 7eT TBITIA3A g
o B . R 818q19p0g

9T 0°'¢ < ._. . 4 . .. . 80T TeSTI2A v

13171 /3u g> 1937T/dm o> 13371 /3w wa_ uwuwaxmﬁ g< POZATRUY SaTAWES ueTd juetg

so1duug Jo03 . sotdueg 103 ~ soydumg jyo % so1duEeg 3O laquny Telor 30 2d4iy

uoTiIefAR(]
pazpueag

-

ueay

Jo Iaquny

pe3oRTTo) X0 pailtuqng svdues ﬂmawﬁﬁH 03

3937T/3w g Buppeodxy SANTEA DUTI JO IUINIYY pue IIQqWAN - T-A ATAVL



‘i

- .kuosopw 29MNI0M DY ADIIV PIUTLIQO IAOM
gaTdweg  *3IITUS Y9 1rayl SurioTdmod a23Je SuTARRT 3394 8IIIOMA
wooxleg @y} se juerd oyl v Auedwos U3 Lq pa329710Y XM sardues

*3FTUS Y3/ 9yl uc oeq IysSnoiq uayl
(paefaavad 10 ‘3upas ‘Aep) IJTYs Y39 SIaiom dYI JO puad 2y3 Ie
Iayxom wooxlog yita Auedmon oyl £q swoy WIS 3I2M §2T3II0q dUTIN

*gaadion juerd mnupente Jo sadil I Woxy ueToTsdyg Auedmo)
£q uopieutmexs Ted1sduyd jo 3xed se pPajloTIoo 2x3m sardumeg

*potdues 919M SIITYS TBIIAIS " poidnoys
393304 23 133J° PRIVITTOD 2i1am safdues 3ITYS I1s0g pue g
*Aupdwtoy 2y3 £q 83931I0M wOOI30J 103 PaideTTod 214 soidues

. . : ‘83137Us
3o Buyrdwuss wopuey °paioncys IoNloM 1913® Touuosrad ysoIin £q
pa109110° sordmeg ' rrauuosasd asnoyise) pur wooalold wolj soaydueg

‘paaosoys Iaviom
a9313% udyel sadmes TV *SIITYS TRIDADS UQ PIIII[TOd sardazg
*Tauuosiad HSOIN £q P23IveT{o) *8a9i0a woolxjol Woixj soydueg

uoTjvwiouy sufTdusg

SHIINVS ANINN ¥OZ NOIIVWNOINI ONITINVS - Z-A TIEVL

uBTd



~33-

" TABLE VI

NOISE MEASUREMENTS AT ONE ALURMINUM PLANT

MEASUREMENTS @
~ Sound Level
Location ' dBA Commnents
Pot rebuili area 102 All hammers operating
Ore truck - _ ' 90-100 93 most often
Crust breaker , N  to 112 .
Hot metal transfer truck 7 " 98 Average
Cathode rebuilld area: | o 102 : 8 jackhammers operating
90 About 50 feet from above
area -
Anéde repair 112 During "buckling up”
: ' anode
Paste plant between ball mills . 115

Paste plant general area | 108
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APPENDIX A

PRODUCTION OF ALUMINUM

Bauxite is the raw material needed to produce primary alumiﬁum.
Bauxite is a clay-like material containing at- least 40 per cent aluminum
o#ide (aluﬁina). Calcined alumina, which 1s nearly free of water is
required in the production of asluminum. Alumina can not be smelted like
‘iron ore by heating to a high temperature with coke. 1If alumina is re-
acted with carbon, instead of forming carbon dioxide and aluminum metal
(2 A1,05 + 3 C~ 3 COy + Alp) the product formed is aluminum carbide
(2 A1203 +6C~+3 602 + A1;C3). The reason for this 1s that the melting
point of the oxide is over 2000°C while the ﬁetal melts at only 6$8°C.

So when the oxide melts and dissociates, the metal is a highly reactive
vapor which combines immediately to form carbide instead of condensing
into the pure metal,

To overcome the great difficulty iIn reducing the oxide to the metal
by the thermal method, electrolysis isremployea. Mogt chemical and thermal
processes have been unsuccessful because of higher operating costs or in-
fer:'l.o'r products,

Aluminé is reduced in furnaces kﬁown as "pots" (cellsj. A reduction
Vplant conéists of a nuwber of pots connectéd electrically and known as a
“"potline". The pot assembly is an insulated, carbon lined, steel box,

“which. wvhen operating'contains 2 mixture of molten fluoride salts iIn which
the alumina is dissolved and wherein electric Eﬁrrent disassociatés the

alumina into molten metal. Elécﬁric current is introduced through carbon
electrodeg sﬁspehded in the molten salts. (Metal "pins" are inserted into

the anode to facilitate the flow of electric current.) Carbon electrodes



—T -

are used at the top of the pot (anode) and the bottom of the pot (cathode),
However, the aluminum metalhin the pot is the true cathode. The passage
of current results in the heavier aluminum metal going to the bottom of the
pot where the metal is tapped (siphoned off) at intervals and éast into pigs
or conveyed to holding furnéces for further treatment. |

Two types of processes are used to prepare the anodes for the pots.
In one process the anode is prepared in place. Material (a coal tar pitch -
coke mixture) is added to the top of the pot as the anode is consumed. This '
process is called the.soderberg process., Another method is to prepare the
. anodes, pré—bake them, and then §1ace them in the pot. 'This method is called
the pre-bake process, | —

These two processes will now be discussed in greater detail.

SODERBERG ANODE CELLS

. A metal sheet shell is set up over the surface of ;hé bath and packed
with a coke and coal tar pltch paste. No further preparation is required
since the anode is baked by conductive heat. The 1oweét zone is alwayé fully
baked while fresh carbon paste or briquettes are added at periodic intervals
to replace what is consumed.

The operation of‘these cells is similér to the pre-béked process. The -
crust on each cell must be broken by the potline worker., Various equipment
is used to do this in different aluminum plants.r A-man must also control the

‘additions of the alumina or other compounds to ihe pot. There are also crews
responsible for pulling pins and raising the bus bar assembly. The metal pins
in the anode must be pulled out before they are exposed to the molten bath

and a fresh pin Is inserted. After cooling and cleaning, the studs can be’
reused. The entire anode height must be adjusted since the bath depth varies

with the production and tapping of the molten aluminum.
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Eventually the pot has to be torn down and relined, but fortunately

this is infrequent.

PRE-BAXED ANODE CELLS

Finished, cured blocks of carbon with a metal rod inserted into them
:5 provide both support and conduct electricity are put into the mﬁlten
bath. The electrodes start with soft pitéh and coke and are baked before
installation in order to make the anodes har&er, drive off volatiles, and
improve their electrical conductivity. Once in the cell, the anodes are
lowered until they aré gradually consumed. A new arcde must then be inserted
to reélace the one consumed.

In sﬁme plants the operator musf 1owér the anodes, adjust eéch cell to
" the proper voltage, break the crust that forms at the top and add alumina
and small amounts of fluoride compounds as-requiged. In other plants additions
-éf alumina and flueride have been computerized and automated. |

PRODUCTION OF ANOBES AND CATHODES

The materials used in the manufacture of the:anodes and cathodes varies
in'&iffééent_plants;” ﬁowever, the following description written by Patrick
- Shuler describes the generél processes involved.

To manufacture the carbon materials required, seven bésic raw maferials
are utilized: coal tar pitch of three different softéning'points, 46°C

(1iquid), 75“? (2iquid), and 110°C (solid), rotary calcined pitch coke,
Agraphite, gllsonite coke, and anthracite coal, fhe grade:and ena use of
the product determines the proportiens of the rvaw materials needed. The
amount of coal tar pitch ranges from 15-28% by weight. A brief description

of the methods and paterials used in the various carbon products follows.
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1. Pre-Baked Anodes: Solid coal tar pitch with a softening point
of 110°C and rotary calcined coke are unloaded and conveyed to a sﬁorage
area. Next they are crushed and sized and put iInto holding hoppers. The
coke and-pitch are weighed, dumped into heated mixers, and allowed to agitate.
After being dumped, the mixture is conveyed to a hyd;aulic_presé which forms
the bléck shape. The anode must then be heated at about 1100°C to drive off
the volatiles and form a hard block., Finally the steel studs are sealed into .
the finished anodes and are ready for inétallation. (in some plants the anodes
are sprayed with aluminum before use in the pots.) |

In some planté operations are monito;ed and controlled from a central
control panel, |

2. Soderberg Anode Paste: The raw materials are rotary calcined coke,

" gilsonite coke, 75°C and 110°C softening point pitch. The crushing, sizing,
end mixing are very similar to that of the pre-baked anode except that the
resulting mixture i1s in a molten state. The paste mixture is distributed

to the Soderberg cells on a regular schedule.

3. Cathode Block: The raw matefials graﬁhite, anthracite ceal, énd
the solid coal tar pitch with softeniﬁg point 110°C are utilized. After
unloading, crushing, grinding, and sizing the material is mixed. The
cathode blocks are formed near the mixers by a j§1t preés. After baking
in ring furnaces similar to those used for the pre;baked anodes, théy are
cleaned and metal conductors are inserted. | |

4, Cathode Lining Mix: One alternative to having several large

blocks for the cathode is to have a paste to form one monolithic mass
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by £illing in the bottom of the cell with paste. Even if several pressed

blocks. are used, it is still necessary to £111 in the cracks with a paste.
The monolithic-type paste is a mixture of anthracite coal and 40°C

softening point pifch. The coal tar pitch is handled as a liquid and

the coal processed in the carbon plant as described above, After leaving

the mixer, this material is ready for use to patch or form new cafhodes.

A similar mixture is used to produce a pasté suitable for filling in

among the pressed cathode blocks.

L]

Much of this information was obtained from a report prepared during August,
1972 by Harry M. Donaldson, Patrick J. Shuler, and William Parnes, M.D. -
NIOSH, Cincinnati, Ohio,
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APPENDIX C
LiST OF SIC CODE NUMBERS AND DESCRIPTION

OF COAL TAR PITCH VOLATILES EXPOSURES
(1967 SIC List)

1621--Heavy Construction, Except Highway and Street Construction
(Pipe line wrapping: general contractors)

1761--Roofing and Sheet Metal Work

1771--Concrete Work (Asphalting and Blacktop work)

1799--5pecial Trade Contractors, Not Elsewhere Classified
(Waterproofing 'and pipe covering)

" 2661~-Building Paper and Building Board Mills (Asphalt)(Tar paper)

2815-~Cyclic (Coal Tar) Crudes, and Cyclic Intermediates, Dyes, and Organic
Pigments

2821—Plastics Materials, Synthetic Resins, and Nonvulcanizable Elastomers
(Coal tar resins) _

2851--Paints, Varnishes, Lacquers, Enamels, and Allied Products
{Coal tar pitch)

2913--Petroleum Refining (Coke production)

2951—-Paving Mixtures anﬁ ﬁlocks (C#al tar paving materials)

2952-~Asphalt Felts and Coatings |

;3312—-Bla$t Furnaces (Including Coke Ovens) Sﬁeel Works, and Rolling Mills
-3321-—Gray Iron Foundries (Cast iron pipe and fittihgs) | o
-333b-~Primary Production of Aluminum |

3341--5econdary Smelting and Refining of Nohferrqus Metals (Aluminﬁm)
.3691—*Storage Batteries (Sealing compounds) |

3692--Primary Batteries, Dry and Wet

3996--Linoleum, Asphalted-felt-base, and Other Hard Surface Floor Coverings,
Not Elsewhere Classified

 4925--Mixed, Manufactured, or Liquefied Petroleum Gas Pfoduction and/or
Distribution {Coke oven gas, etc,)

NOTE: This information was taken from a U.S. Department of labor memo
concerning coal tar pitch veolatiles.
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PARMA STANDARD TEST METHODS

UktiOr CARBIDE CORPORATION, PARMA TECHE\IC&L CERTER

‘ _ ANALYSIS
PSii— 1013 Benzene Solubles
WNGE _ _ ‘ KEY REAGENT
0.1 mg to > 100 mg ‘ Benzene i
PRECISION MATHIX
£0. 1 @ 1.0 Air Particulates Trapped on Silver
; mg@ 1.0 mg range and/or Glass Fiber Filters
- - - _ ~ L ~ owvnow - -
DATE ISSUED 10-29-71 .. DATE REVISED 1-14-72 o E

SOXHLET EXTRACTION OF BENZENE SOLUBLE MA_TERLAL
IN AIRBORNE PARTICULATES TRAPPED ON SILVER
AND/OR GLASS FIEER FILTERS

1.- Purpose and lextatmn

1.1. This mc*‘rod was ~designed for the. determma‘-mn of be,-aene

soluble material in airborne particulates collected on silver andfor

glass fiber filters by repeated extraction with hot benzene..

2. Principle of Method
2.1, The particulate material on the filter(s) is extracted by‘ benzene,

- using the continuons cycling process of a Soxhlet extractor, After
extraction the solution is filtered through the original filter(s}.

2.2. The weight losa of the {ilter(s) is considered to be the amouat

of benzene solibles,

3. Apparatus and Reagerits
3.1, Apparatus ‘

3,1,1, Soxhlet extractor apparatus - Six 250- ml si‘.a, Fisher

Scientific, Catalog No. 9-551B or equivalent,

3.1.2. Extraction heater and support - Six positions, Ficher

Scientific, Catalog No, 9-678 or equivalent.

3.1.3, Analytical balance - 0.0l mg sensitivity,
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3.1.4. Copper basket - A copper basket is fabricated by c_utting- a

copper screen (approximately 40 mesh) into 35-mm diameter circles,
Two single strand copper wires are attached to the screen to form
handles, This basket is used to support the filter(e) in the Soxhlet

extraction chamber (see drawing).

-— copper wire

' -~ copper screen

3.1.5. Miscellaneous - Tweezers, 4 inch size and 10 inch size;

aluminum tray, 9 x 12 inch; watch glasses, 2 1/2 inch diameter;
microspatula; thin cotton gloves; 250-ml graduate; Carborundum
" boiling chips.

3.1.6. Filtering assembly - 500 or 1000-ml capacity suction flask;

a fritted, 40-mm ID, coarse porosity, Pyrex Buchner funnel inserted
into 2 rubber stopper (the appropriate size to ﬁtAthe suction flask); a
38-mm OD glass ring,‘ appx;oximately 3 mm thick and épproximately
12 mm tall. The glass ring is used to hold the filter(s) firmly on the
fritted surface, This also prevents the filter from ﬂoaﬁng.

3.2. Reagents

3.2.1. Benzene - Spectroanalyzed grade.

3.2.2. Alconox and acetone - for preliminary cleaning of apparatus.
4, Procedure o

- 4.1. Preliminary cleaning of Soxhlet extractor glassware.

4.1.1. Using a solution of Alconox in water, wash each part of the |
Soxhlet extractor, Rinse thoroughly with disfilled water, Dry the
outside of eacﬁ part with a lint-free tissue. Dry the inside by rinsing
with acetone. Air dry to remove the excess acetone.

4.1.2, Add 180 ml of benzene and 5 to 10 boiling chips to each extrac-
tion flask. Assemble the Soxhlet extractor. Place the copper basket
in the extractor, Apply heat and continue heating for 2,5 hours after

the slowest Soxhlet extractor cycles for the first time.

Al i LY . —rty W,
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4,1.3. Turn off the heat and discard the benzene and boiling chips.
(Benzene should be discarded. in waste solvent can.)

4.2, Sample procedure - Samples are usually analyzed in lots of six.

4.2.1, Check for sample labeling on the bottom portion of the cassettes
containing the samples., Relabel if necessary. Remove the tops from
the cassettes. Expoée the samples to room conditions for 1 hour. This.
process equilibrates the moisture content of the filter(s). -

4.2,2. Using the small tweezers and micro&patula, remove all. ;che
filters above the bottom support filter. The number and type of filters
may vary. A silver filter usually is located next to the filter support,
Once removed from the cassette, the silver filter is used both as 2
sample and as a support for the other filters. if a silver filter is not
contained in the cas s.ette, use a.. silver filter previously extracted in the
Soxhlet extractor. Using tweezers, place the filter(s) directly on tl_le
balance pan. Weigh and record the filter(s) weigﬁt to the _ﬁearest 0.01

' mg. Remove fiiter(s) and place on a numbered watch glass. Repeat

for each sample. | '
4.2.3. Place 180 ml of benzene and 5 to 10 boiling chips in each extrac-
tion flask, _ - ‘ _ o
4.2.4. Carefully transfer the filter(s) to the A'.:opper basket. Using the
large tweezers,' lower éhe basket into the Soxhlét chémbef. Assemble
Soxhlet apparatus, Repeat for each sample. This portion of the pro-

- cedure miay be performed the da.y pr‘ior to extraction. .

4.2.5, Turn the heaters on maximum setting. Extract for 2.5 hoﬁra
after the slowest Soxhlet extractor cycles once, ' |

4.2.6. Turn the heaters off. Samples may g-r'ma.y' not be fiitéréd
immediately. '

4.2.7. Assemble the filtering apparatus in well-véntila.téd hood. --Con-
nect the filtering appacatus to suction, Remove the extractién cﬁamber
and flask, while still assembled, from the heater. Tilt the entire assem-
bly in order to drain as much benzene as pbssible from the extraction

éhar_nber into the extraction flask. Using the large tweezers, remove

1af?2ai771? 2 . i Nowr tAaTa P,
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the copper basket containing the filter(s) from the Soxhlet chamber,
Using the small tweezers, carecfully mount the filter{s} on the filtering
apparatus. Using the small tweeze rs, lower the glass ring on to the
silver filter, Using‘a benzene washing bottle, rinse the Soxhlet cham-
‘ber at least three times, Pour the washings into the filtering funnel,
Care should be taken to remove from the Soxhlet chamber all insoluble
particles that may have been removed from the filter. Continue filter-
ing the entire coritents of the extraction flask {minus the boiling chips)
through the Ifiltering funnel. Rinse extraction flask three times with
benzene, Add the washings to the filtering funnel. |
4.2.8, Using small tweezers, remove the filter{s} and place cn a
‘nombered watch glass. Repeat paragraph 4,2.7. for each sample, Air
di‘y all the samples for 1 hour after the last sample is filtered. '
4.2.9. Using small t\Ve-ezers, place the filter(s) directly on the balance
pan. Weigh to the nearest 0.01 mg. Record weight, -
5. Calculation S | - '
(A - B) (1000) = C e i

where _ . _
A = Weight of filter(s) before extraction, g (Paragraph 4.2.2.)
- B = Weight'of filter(s} after extraction, g {(Paragraph 4. 2.9.)

C = Be-nzene soluble, mg.
Report to the nearest 0,1 mg.
6. References _ ' , . _
6.1. R.T. Richards, D.T. Donovan, and J.R. Hall, Amer. Ind. Hyg.
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