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Appendix II-A
Methods Used in Obtaining Exposure Data

Estimation of employee exposures in Plants Nos. 1, 2, 3, 8, 9,
13, and 14 were based on air and biological sampling and extrapo-
lation. It was the judgment of the industrial hygienist that
smelting plants could be meaningfully delineated into three
environmentally different periods designated as early,
prehoodigz. and contemporary operation. This was based on

both objective and subjective evaluations by the hygienist

who has made such evaluations from the late 1940's to the

present.

Estimations of exposures that occurred prior to this time were
made possible by extrapolation of more recent objective findings,
in accord with detailed plant histories that were kept for all
of the plants. The plant historians faithfully recorded all
pertinent (and many irrelevant) events that took place in their
plants from their beginnings. Qomments oﬂ environmental

conditions and technological and engineering changes recorded

. 4n the finest detail were important elements of these histories.

2
Because of this, it is believed that even the earliest estimates

are valid to within at least an order of magnitude.
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The designated year in which a plant went from one environmental
period to another (i.e., from early.yo prehooding or to
contempéfary operation) was based on the years during which
engineering changes took place that would signiticanfiy improve
the working environment. 8Such changes did ;ot take place at
the same time in all smelters. This explains why the cut-off
dates differ from plant to plant. Depending upon the age of
the plant and the environmeptal improvements that took place,

a plant could bave gone through one, two, or three environ-
mentally different periods. The rationale for the exposure
values assigned to smelting plant employees working during

each of the environmentally dif!erenf periods is given below.
CONTEMPORARY

This period includes the time following installation of pot
hoods to the cut-off year of the mortality study. Except for
the effects of wear and tear on equipment, minor variations in
work practice and environmentally insignificant engineering
or technology changes, exposures throughout this period could
~ be expected to be relatively constant.

bl

Potroom Exposures

Pot Tender. All values for this classification are based
on actual measurement with the exception of some sulfur

dioxide values. In these instances, the exposures found
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in the other plants (all quite consistent) were assigned
where values were missing.

LK)

Anode. The same comments relating to pot tender apply

here.

Crane Operator. Some values were derived from actual

measurement; others were extrapolated values determined
either from other plant data or from urinary fluoride

‘measurements.

Other Job Classes. All of these are extrapoclations based

on urinary fluoride data and estimat{pns of the relative
exposures of these employees with respect to those whose

exposures have been measured.

Carbon Plant Exposures

All Job Classes. Exposure values are based on actual

measurements.

YPREEOODIRG

At the beginning of this period, the plant histories showed that
a considerable number of changes took place in the plants that

would have a considerable impact on environmental conditions

A-15 511971 0423



(e.g., new equipment, improved technology, installation of
exbaust systems, etc.). This period was terminated when hoods

were installed on the pots.

Potroom Exposures

Pot Tender, Anode and Crane Operators. During this period,

a considerable amount of area sampling was done for fluoride
evaluations., Knowledge of the time speﬁt in various areas
of_the potroom made 1t possible to estimate some employee _
exposures. Urinary fluoride data made it possible to rank
order fluoride exposures to all job classes. The estimated
values were consistent with exﬁ;sures measured by an
industrial hygiene survey performed in one smelter in 1946

by a state Department of Health.

Total particulates were estimated from the fluoride results.
Sulfur dioxide exposures were estimated to be higher than
those that would be found in hooded potréoms. The health
department survey confirmed this and established the level

of these exposures.

g Since the principal source of coal tar pitch volatiles,
even during the prehooding period, was the carbon plant,
it is reasoned that the CTPV exposures should not be
significantly different than those measured in thé

contemporary period.
A-16
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Other Job Classes. Exposures to other job classes are .
based on extrapolation from the values determined for

poi tendef, anode and crane operator, together with more
recent air sampling and urinary fluoride data that provide

a rank ordering of exposures accordinéuto Job class.

Carbon Plant Exposures

All Job Classes. All exposure values are based on

professional judgment. S8Subjective evaluations recorded
1n-plant histories indicate that dust concentrations
increase as one goes backward in time. Results of dust

measurements made during this ﬁ;riod by the particle

éount method confirmed this. _

Vhere environmental improvements were made,}they almost
always were concerned with dust control. Little attention
was paid to the volatiles emitted from the ﬁitch. From
this one would assume that, although one might expect
somewhat higher coal tar pitch exposures as one goes back
15 time (because of generally poorer envirbnmental
controls), there would be a definite limit to the maximum
exposures to CTPV. One would have t6 remove few controls
before there were no controls, mixing was a batch process
with a limited capacity of the mixing vessels, and the
maximum temperature of the mix was essentially constant

through time. On the other hand, since the sources of

dust were infinite, there appeared to be no limit to the

amount of dust that could be generated.
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Pneumatic tools were common throughout this period so that
one would expect benzene soluble values to be higher than

thﬁée for PPOM (i.e., because of oil in the compressed air),

During this period, there undoubtedly ;ere significant
exposures to pitch dust, which obviously would increase
bgpzene soluble, PPOM, and B(a)P values. V¥Ye have no way
of estimating the magnitude of these exposures. On the
other bhand, by virtue of the manner of their generation,
- these dusts should contain much less respirable material
than that which would be found in the particulates

-

originating from heated pitch.
EARLY OPERATION

Potroom Exposures

Very little quantitative data is available for this period.

. Exposure estimates are based on professional judgment and the
plant histories. Fluoride exposures are anticipated to be about
the same as those estimated to exist ip a plant of very early
technology (and in which area measurements were made) where pots

 §pere small and ventilation was generally ﬁoorer. Ko significant
exposures to CTPV are expected since there were no sources of

pitch in the potroom.
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Carbon Plant Exposures

These vg}ues also are derived from professional judgment and
plant hiitoriel. One would have expected that benzene soluble
and CTPV would generally coincide since there was noré'band
labor (i.e., fewer pneumatic assists) and tg; only source of

benzene soluble material would be the pitch.

Yor Plant 5, estimates of prior exposure were developed by utiliz-
ing:

(1)- Industrial engineering studies which documented work
practices and labor-saving devices, from start-up to present. As
the plant was modernized, the worker efforts decreased.

{2) Control of emissions - that is, tﬂe capture of fumes im-
proved, as documented by daily emperical measurements of a “smoke
index"™ by plant personnel.

(3) Worker opinion - that is, workers and supervisors uho.

were employed during start-up provided opinions regarding condi--

tions of smoke and difficulty of work.

For Plant 12, the industrial hjgiene program began in 1972, &nd

results are based upon averages during this period. 1In 1975, re-

" .cycled scrubber ore was introduced and exposures increased signifi-

?

cantly. Data presented in previous years are simply estimates by
the industrial hygienist who integrated historical engineering
changes, feedback from plant personnel, and his best judgment.
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In Plants 4, 6, 7, 10, and 15, exposure measurements for the period
between 1973 and 1977 reflect results of routine industrial hygiene
studies. Since 1978, however, sampling studies in these plants
have followed the recommended strategy of lLeidel, Busch, and

Lynch in their "Occupational Exposure samplfng étrategy Manual.®
Utilizing this approach, a large enough sample size was collected
for each job category to yield a ninety percent (90%) probability
that at least one individual in each group had an exposure level
in the highest ten percent (102).

In order to arrive at estimates of prior exposure levels, two
factors were considered for all jobs, in Plants 4, 6, 7, 10, and 15:
(1) The time an employee was exposed at the worksite in an
8-hour shift. Prior to 1960, estimates of actual time worked were

provided on a plant by plant basis. After 1960, industrial en-
gineering time studies were used'to determine acfual time worked.
(2) The effgct of eﬁgineering controls, i.e.,enclosing pots -

during the period 1941 to 1977.

Plants 4 and 15 have been divided into their respective north and
south plants. While such a breakdown would not be included in the

-f,remployee personnel records, all employees working at Plant 4 prior

~ )
‘to 1959, and Plant 15 prior to 1968, would have been considered

south plant employees.
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In arriving at a multiplier to ascertain the effect of pot en-
closure for Plant 4 (north and south plants) Coal Tar Pitch
VOIatiléi:(Benzene solubles) data were used from special studies
undertaken in early 1973. At that time the north and ‘south plants
of Plant &4 were partially enclosed. These d;ta, collected in 1973
for the north and south plants, were then compared to data collected
in 1976 ?nd 1978, after the pots had been fully enclosed. The ratio
of exposure levels (fully enclosed divided by partially enclosed)
produced an enclosure factor which reflects the effects of fully
enclosin} a pot. As can be seen from Table 2, Plant 4 (south plant)
was partially enclosed froﬁ 1957 to 1573. Conseguently, a 3.7 en-
closure factor was obtained and used ‘for this entire period. Al-
though there are no data to calculate an enclosure factor for the
open pot (1941 - 1957), plant history reco£ds indicate a substantial
reduction in visual pot emissions, with the partial enclosure of the
pot. As a result, an enclosure factor of 4.5 (estimated) was de-
cided upon for the open pot. See Appendix B, for example of en- .

closure factor calculations.

Utilizing the estimate of actual time worked in an 8-hour day and
the enclosure factor, appropriate multipliers were developed for
'“iglants 4, 6, 7, 10, and 15 (See Table 2). PFor example: Plant 4,
.louth plant: 1957 to 1961 (partial enclosure) - The estimated work
time is 6 hours, and an enclosure factor of 3.7 was developed for

that time period. Given that 4.5 hours is the actual time worked
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today, the multiplier is calculated by the pfoduct of the enclosure
factor (3.7) and the estimated time worked (6 hours), divided by
the actual time worked today (4.5). See Appendix C, for exposure
estimate calculations. It should be noted that, for Plants 6, 7,
and 10, an enclosure factor was not utilized, since the control
gechnology used at those plants has remained the same since start-
up. Therefore, in Plants 6, 7, and 10, the £final multiplier only

reflects the longer hours worked during the earlier time period.

‘In addition, a special sampling sfﬁdy was carried out at Plants 6

- " (Soderberg) and 7 (prebake), to determine the relative exposures

for maintenance and casting workers. Those data were utilized to

estimate the exposure of similar employees at all other facilities

covered by the study.
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