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Abstract

Background: Former workers at a Southern aluminum smelting facility raised
concerns that the most hazardous jobs were assigned to Black workers, but the role
of workplace segregation had not been quantified or examined in the company
town. Prior studies discuss race and gender disparities in working conditions, but few
have documented them in the aluminum industry.

Methods: We obtained workers' company records for 1985-2007 and
characterized four job metrics: prestige (sociologic rankings), worker-defined
danger (worker assessments), annual wage (1985 dollars), and estimated total
particulate matter (TPM) exposure (job exposure matrix). Characteristics of job
at hire and trajectories were compared by race and sex using linear binomial
models.

Results: Non-White males had the highest percentage of workers in low prestige
and high danger jobs at hire and up to 20 years after. After 20 years tenure,
100% of White workers were in higher prestige and lower danger jobs. Most
female workers, regardless of race, entered and remained in low-wage jobs,
while 50% of all male workers maintained their initial higher-wage jobs.
Non-White females had the highest prevalence of workers in low-wage jobs at
hire and after 20 years—increasing from 63% (95% Cl: 59-67) to 100% (95% Cl:
78-100). All female workers were less likely to be in high TPM exposure jobs.
Non-White males were most likely to be hired into high TPM exposure jobs, and
this exposure prevalence increased as time accrued, while staying constant for
other race-sex groups.

Conclusions: There is evidence of job segregation by race and sex in this cohort of
aluminum smelting workers. Documentation of disparities in occupational hazards is

important for informing health interventions and research.
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1 | INTRODUCTION

Some seminal studies have documented disparities by race, ethnicity,
and gender in occupational exposures,* 3 and there is a growing body
of literature on contemporary disparities,*® but little research has
been done to formally examine occupational characteristics and
exposures by gender and race in manufacturing industries. Further,
most manufacturing occupational cohort studies have focused on
White male industrial workers, with little empirical analyses of
exposures among women or non-White workers.* The purpose of
this manuscript is to add to the occupational epidemiology literature
describing differences in workplace exposure burden by documenting
race and gender differences in cumulative manufacturing workplace

71011 and testi-

exposures, informed by theory of labor inequities
mony of former workers.*? In this analysis, we are interested in
estimating the total effect of race and sex on disparities in job
characteristics and exposures. Racial and gender disparities in job
characteristics and exposures may arise through multiple pathways.
Discrimination may occur at the worksite; and, discrimination may
also occur outside the worksite and commence well before a person
is hired into a job. These longer-term processes, which may include
racial and gender differences in access to educational resources, also
play a role in employment segregation and subsequent job
characteristics and exposures.'>!! Given our focus on the total
effects of race and sex on job characteristics analyses do not adjust
for education.

The study concerns an aluminum smelting plant which was
established in 1913 and operated for most of the 20th century. It is
located in the southeastern United States, and in this company town,
the smelter was the major employer for the entirety of its time of
operation.*® Environmental justice literature documents that workers
and fence line communities of color are disproportionately burdened
by toxin and hazard exposure throughout the United States,*14-1¢
and at this facility, many employees have reported that the least
desirable jobs in the plant were most frequently assigned to Black
workers.!” Over the years, community members have voiced
concerns over workplace injuries and a perceived high incidence of
cancer, and a mortality study of an earlier cohort of unionized
workers indicated excess respiratory and bladder cancer mortality
among pot room workers (the department where Black males
contributed the majority of their worker years).!® In interviews
conducted by one of the authors (P. Vasudevan), former workers
have also described segregation in both their residences and their
workplace, including worse working conditions for Black employees.
In this facility, many Black workers report having suffered from high
exposure to hazards and harmful chemicals,*? but this workplace
segregation has not been quantitatively documented.

Aluminum smelting is an electrolytic process on alumina, which is
refined from bauxite ore. The alumina is dissolved in carbon-lined
steel pots filled with molten cryolite baths, and aluminum electro-
lytically separated using current from carbon anodes hanging above.
The electric current maintains a temperature of 1760-1780°F.%7
Aluminum smelting generates a variety of airborne chemical

contaminants including carcinogenic coal tar pitch volatiles
(a measure of polycyclic aromatic hydrocarbons) and fluorides, which
are potent respiratory irritants.?°

Health disparities resulting from workplace segregation may arise
from differential risk of hazard and toxic exposures,* differential

1021-23 3nd differential access to

wages and occupational prestige,
preventive care.2* Using information on aluminum workers employed
at the plant between 1985 and 2007, we compared distributions by
race and sex of census-based prestige rank, wage, worker-rated
danger, and total particulate matter exposure categories to provide
quantitative documentation in support of former workers'

experiences.

2 | MATERIALS AND METHODS
2.1 | Study setting

The study site is an aluminum smelter in a southeastern US town. A
company town, the site was established by the corporate owner of
the smelter. Residences, churches, schools, and businesses were
racially segregated, and a highway remains a physical barrier between
two communities, with the east side being majority White and the
west side largely Black.?® The aluminum smelting facility, its landfills,

and dumping sites are located in the west side of town.?¢

2.2 | Study population

This study uses deidentified data from the American Manufacturing
Cohort (AMC), which includes workers from several aluminum
manufacturing facilities and is maintained at the Stanford Center
for Population Health Studies.?” This study's population is a subset of
the AMC which includes all individuals (both salaried and hourly) who
were ever actively employed at the smelting facility of interest
between 1985 and 2007.

For the purposes of the current analyses, two study populations
are defined: (1) the entire study population of workers; and, (2) the
subset of the worker population limited to incident hires, defined as
only those workers with start dates on or after follow-up began on
January 1, 1985.

2.3 | Explanatory variables of primary interest

The primary explanatory variables of interest in the current analysis
are race and sex. Information on these variables was derived from
human resources files that recorded demographic information
including date of birth, race, and sex. To have adequate sample size
in stratified populations by race and sex, we dichotomized the race
variable (which was originally coded as a seven-level variable) as
White versus non-White. Any worker who identified with one of the
seven categories other than “White,” including those who identified
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as more than one race, were included in the non-White binary

category.

2.4 | Outcome variables of interest

Four metrics were used to characterize outcomes of interest. These
were occupational prestige (based on sociologic rankings of prestige
by job title?®28), occupational danger (based on former workers'
assessments), annual wage (standardized to 1985 US dollar), and
estimated total particulate matter exposure (in mg/m?2, based on a job
exposure matrix?’). Information on these outcomes is derived from
two administrative sources—human resources and industrial hygiene
records.® These data include job titles, annual wages, and start/end
dates of jobs for all workers; all were updated at the time of each
change in job. In addition to work history data, job exposure matrix-
based estimates of exposure to total particulate matter were used

from industrial hygiene data.

2.5 | Occupational prestige

Occupational titles for workers in the aluminum manufacturing
industry were coded to a standardized census classification through
the National Institute of Occupational Safety and Health (NIOSH)
Industry and Occupation Computerized Coding System (NIOCCS)
single record coding tool.3! Prestige ranks, on a four-point scale from
low to high based on scores from national sociology survey results,
were assigned to 1990 census-coded occupations and crosswalk-
linked to 1970 census codes.?®?® Appendix Table A1l shows the
mapping of job titles to prestige, danger, and total particulate matter
exposure metrics. Some examples of high prestige job titles include
“Plant Manager” and “Financial Manager.” Examples of low prestige
job titles include “Potliner” and “Pot Tender.” Manufacturing jobs
(in the pot room, furnace, anode, cathode, and other departments) in
general are categorized as low prestige.

2.6 | Worker-defined job danger

A group of former workers from the smelting facility scored each job
title based on their perception of its danger. There is precedent for
using worker perspective to characterize job hazards in the aluminum
smelting industry; for example, Friesen et al.*2 found good concor-
dance between perceived and quantified exposure metrics, as well as
conceptual validity, when using worker perspective to characterize
less readily available measures of job danger. Seven former workers
were given a list of every job title in the data set (N = 103) and ranked
each on a scale of 1-4, with 1 being the least dangerous and 4 being
the most. In discussions of dangers at work, former workers
described physical hazards, heat, and toxin exposures.*? All of these
dangers were discussed for consideration before former workers

ranked the jobs. Jobs with more than 2 discrepant rank levels (N = 36)

INDUSTRIAL MEDICINE]

were brought to the full group for review and consensus was reached
for all job titles. Some example low-danger job titles include
“Secretary” and “Accountant.” Examples of high-danger job titles
include “Potliner” and “Pot Servicer.” Workers stated that overall, the
most dangerous jobs are in the pot room.

2.7 | Annual wage

Annual wages were standardized to the 1985 dollar, using annual
conversion factors from the National Bureau of Labor Statistics'
Consumer Price Index.2® Annual wages were obtained from human

resources records.

2.8 | Particulate matter exposure

Estimated job-title-specific total particulate matter exposure was
quantified using a previously developed job exposure matrix. The job
exposure matrix provides an average plant, department, and job-
specific total particulate matter exposure at the time of measure-
ment, which was conducted by the department between 1985 and
2000.2? Estimated exposure levels are based on industrial hygiene
samplers worn by a random subset of workers intended to represent
day-to-day total particulate matter exposures in each position at the
facility. Workers' exposures varied depending on location and time
spent in specific tasks. For example, pot room production workers are
likely to have elevated exposure to coal tar pitch volatiles relative to
maintenance workers who only enter pot rooms intermittently.>*
Administrative and management-style jobs, including “Secretary” and
“Accountant,” as well as salaried employees, that were considered by
the facility's industrial hygienist as unlikely to experience particulate
matter exposure in excess of 30% of the allowable limit more than
5% of the time did not have measurements made, and were assigned
a “no exposure” category.?’ Those jobs with measurements were
divided into three categories (low, moderate, and high) such that
there were equal numbers of workers in each group. Examples of job
titles with high total particulate matter exposure include “Baghouse
Fume and Control” and “Pot Servicer.” Salaried jobs were not always
in low exposure departments. For example, a “pot room supervisor” is
a salaried worker with relatively high total particulate matter
exposure. However, their exposure would be categorized as “no
exposure” in this analysis because their salaried status precluded

inclusion in the job exposure matrix.

2.9 | Statistical analysis

The quantity we wish to estimate is the total effect of race and sex on
the prevalence of job characteristics and exposures. We examined
the association between race and sex and changes in each job
characteristic with time since hire. We aimed, conditional on

continued employment, to characterize job mobility, analogous to
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economic or class mobility often described in sociology literature.?®
Using linear binomial regression models (generalized linear models
with an identity link and a binomial outcome®®), we compared each
race-sex group's average probability of being in a more desirable job
(e.g., less dangerous or lower exposure), each year since hire using a
race and year interaction term, across the four job characteristics,
which were dichotomized for interpretability and sample size within
race-sex strata. For the prestige characteristicc we assessed
probability of being in a higher prestige job (any category but lowest
prestige); for danger, the probability of being in a less dangerous job
(any category but highest danger); for wage, we assessed probability
of being in a job that was not low-wage (above the bottom quartile of
1985 dollar-standardized wages for the entire study population); and
for exposures, the probability of being in a lower total particulate
matter exposure job (any category but high exposure). Models were
adjusted for an individual study-member fixed effect to control for
any time-invariant worker characteristics and calendar year. Models
were not adjusted for education. Education may be related to our
outcomes of interest (job characteristics and exposures). However,
we do not believe that education affects race; therefore, education is
not considered a confounder of the associations of interest. We do
believe that race may affect access to resources that influence
educational attainment; and, because we believe education may be
related to the job characteristics and exposures of interest, one path
by which race may influence the outcomes of interest is via education
(i.e., race—~>education—job). The current analysis does not involve
mediation analyses (e.g., decomposing how much of the total effect
of race and sex on the prevalence of job characteristics operates
through education). Such mediation analyses would require additional
longitudinal data and strong assumptions to yield valid estimates.3®
Model-based predicted probability curves and confidence bands for
each race-sex group were plotted in each job characteristic. While
the linear models are not constrained, we capped reported values for
estimates and confidence intervals for probabilities at O and 1. In the
text, probabilities are multiplied by 100 and reported as percentages.

To assess potential for healthy worker survivor bias, we
conducted analyses restricted to incident hires, as has been
previously done in analyses of manufacturing workers.>” Sample
characteristics were quantified as well as distributions of each job

characteristic (based on first job at hire) stratified by race-sex group.

3 | RESULTS

Table 1 shows the study population characteristics as well as those in
the subpopulation of incident hires. This full study population
includes 1234 workers, and the incident hire subpopulation includes
534 workers. Of the full study population, 1077 (87%) were male and
917 (74%) were White. Consistent with the demographics of town
residents, over 90% of workers identifying as non-White were Black
or African American. Former workers report that the vast majority of

k,12'18

non-White workers at the plant identified racially as Blac so the

small number (<10) of non-White workers in the study population are

categorized as Black in analyses. The worker population was an
average age of 28 years old at hire and 36 years at the start of follow-
up (1985). The incident hires were slightly older on the date they
were hired and were younger at the start of follow-up (1985) in
comparison to the full cohort. The gender and racial composition of
the two cohorts were similar. The cohort had minimal (<1%) missing
demographic data.

Table 1 also shows the characteristics of time accrued by
workers in the full cohort and those of the incident hire
subpopulation. The full cohort accrued a total of 287,894 person-
months of active work time. About half (49%) of the full cohort's
person-time, compared with 63% incident hire person-time, was
spent working in jobs classified as low prestige. In 1985 dollars, the
average annual wage over the study period was $42,632 in the full
cohort. While 21% of the person-months contributed by the full
cohort was spent in jobs considered by former workers to be the
most dangerous, 32% of the months contributed by the incident
hires was spent in these jobs. Eleven percent of the full cohort
person-time compared with 18% of the person-time in the incident
hires was spent in the jobs with the highest total particulate matter
exposure. Similar proportions of the person-time were missing
(person-time spent in jobs that did not have wages documented or
under job titles that could not be mapped onto a category in the
three other job characteristics) in the full cohort and incident hire
subpopulation.

Figure 1 shows job trajectories (over time since hire) by race and
sex across each of the job characteristics examined, as predicted by
the linear binomial regression models. The curves in the top left
represent the prevalence of workers in each year since hire in a
higher-prestige job. At hire, non-White males had the highest
percentage of workers in low prestige jobs (92%), followed by White
males (74%), then non-White females (66%), then White females
(44%). Over time since hire, non-White males had the slowest
transition into higher prestige jobs, with 52% remaining in low
prestige jobs after 20 years since hire. After 15 years since hire,
White females were entirely working in higher prestige jobs and
White males reached 100% prevalence of higher prestige jobs by 19
years since hire. Linear binomial regression model estimates and
confidence intervals represented in the figure are shown in Table 2.

The top right of Figure 1 shows race-sex group trajectories for
worker-defined job danger. At hire, non-White males had the highest
percentage of workers in the most dangerous jobs (50%), followed by
non-White females (40%), then White males (28%), then White
females (16%). White females and White males reached 100%
prevalence of lower danger jobs by 15 years since hire, and
non-White females reached 100% by 20 years since hire. However,
10% of non-White males were still in the most dangerous jobs after
20 years since hire.

The bottom left of Figure 1 shows the probability of being in a
higher-wage job as time since hire accrues. At hire, non-White
females had the highest percentage of workers in low-wage jobs
(53%), followed by White females (56%), then non-White males and
White males (both 50%). Over time since hire, all male workers
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TABLE 1 Characteristics of workers at start of follow-up (1985, or date of hire if later) and person-months full cohort (workers = 1234,
person-months = 287,894) and incident hire sub-cohort (workers = 534, person-months = 79,466) for workers in the aluminum smelting facility,

1985-2007.
Variable Full cohort (n=1234), n (%) Incident hire subcohort (n =534), n (%)
Sex?
Female 156 (13) 75 (14)
Male 1077 (87) 459 (86)
Race?
Non-White 316 (26) 169 (32)
White 917 (74) 365 (68)
Mean, median (25th-75th percentile) Mean, median (25th-75th percentile)
Age at start date® 31, 28 (23-36) 36, 35 (26-3)
Age at start of follow-up? 38, 36 (27-47) 26, 27 (17-36)
Person-months = 287,894, n (%) Person-months = 79,466, n (%)
Census-based prestige rank®
High prestige 40,449 (14) 8708 (11)
Medium high prestige 21,385 (7) 3422 (4)
Medium low prestige 58,335 (20) 7249 (9)
Low prestige 141,533 (49) 49,694 (63)
Worker-rated danger rank®
Least dangerous 64,368 (22) 18,108 (23)
Not very dangerous 61,344 (21) 11,028 (14)
Dangerous 86,027 (30) 23,559 (30)
Most dangerous 61,765 (21) 25,079 (32)
Total particulate matter exposure rank®
No exposure 171,235 (69) 46,492 (59)
Low exposure 28,640 (10) 10,437 (13)
Moderate exposure 31,291 (11) 8569 (11)
High exposure 30,547 (11) 13,968 (18)
Mean, median (25th-75th percentile) Mean, median (25th-75th percentile)
Active person-time by worker (in years)’ 20, 19 (10-26) 12, 14 (7-17)
Annual compensation (in 1985 dollars)® 42,632, 39,213 (27,916-50,200) 46,950, 42,354 (35,701-58,084)

?n =1 missing in full cohort, no missing in incident hire subcohort.

bNo missing.

“Nine percent missing in full cohort, 13% missing in incident hire subcohort.
9Five percent missing in full cohort, 2% missing in incident hire subcohort.
*No missing.

fNo missing.

8One percent missing in full cohort, <1% missing in incident hire subcohort.

maintained a 50% prevalence in low-wage jobs. Female workers'
prevalence of individuals in low-wage jobs increased as time since
hire passed for both race groups but more quickly for non-White
females. After 20 years since hire, all non-White female workers

were in low-wage jobs.

The bottom right of Figure 1 shows the probability of being in a
job with lower exposure to total particulate matter. Non-White males
were most likely to be hired into a job with high exposure (24%), and
as time accrued since hire, the prevalence of workers in lower

exposure jobs decreased. While nearly all White females were hired
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FIGURE 1 Linear binomial regression model predictions of prevalence in more desirable jobs over years since hire by race and sex in the full
worker cohort, 1985-2007 (N = 1234). Linear binomial model predicted probability of being in a more desirable job each year since hire for each
of the job characteristics. Stratified models were run for each race-sex group. Models are adjusted for individual study-member fixed effect.
Plotted probabilities were capped at 0 and 1.

TABLE 2 Linear binomial regression model estimates of prevalence in more desirable jobs over years since hire by race and sex in the full
worker cohort, 1985-2007 (N = 1234).

Non-White female Non-White male White female White male
Estimate (95% Cl) Estimate (95% Cl) Estimate (95% Cl) Estimate (95% Cl)

Probability of being in higher prestige job
Intercept 0.34 (0.30, 0.38) 0.08 (0.06, 0.09) 0.56 (0.54, 0.58) 0.26 (0.24, 0.25)
Slope 0.03 (0.01, 0.05) 0.02 (0.00, 0.04) 0.03 (0.01, 0.04) 0.04 (0.02, 0.06)
Probability of being in lower danger job
Intercept 0.60 (0.56, 0.64) 0.50 (0.49, 0.51) 0.84 (0.82,0.87) 0.72 (0.71, 0.73)
Slope 0.02 (0.00, 0.05) 0.02 (0.01, 0.03) 0.01 (0.00, 0.04) 0.01 (0.00, 0.02)
Probability of being in higher-wage job
Intercept 0.37 (0.33, 0.41) 0.51 (0.49, 0.52) 0.44 (0.42, 0.46) 0.52 (0.50, 0.53)
Slope -0.02 (-0.05, 0.02) -0.01 (-0.03, 0.02) 0.00 (-0.03, 0.03) 0.00 (-0.01, 0.01)
Probability of being in lower exposure job
Intercept 0.96 (0.92, 1.00) 0.76 (0.74, 0.78) 0.98 (0.96, 1.00) 0.91 (0.90, 0.91)
Slope 0.02 (-0.01, 0.05) -0.01 (-0.03, 0.02) 0.00 (-0.02, 0.02) 0.00 (-0.01, 0.01)

Note: Linear binomial models predicted probability of being in a more desirable job each year since hire for each of the job characteristics. Stratified
models were run for each race-sex group. Models are adjusted for individual study-member fixed effect.

85U80|7 SUOWWIOD @A eaID 8|qedt|dde ayy Aq peuenob ae SSple YO ‘@SN JO S8 10 A%eiqi]8UlIuO A8|IAA UO (SUORIPUOD-pUe-SW.el W0 A3 1M ARelq 1 Ul |UO//:Sdny) SUORIPLOD pue swie | 8y 8eS *[€202/20/9T] uo ArligiTauliuo Ae|im ‘10 0jul d ISHON a0 Aq 9vez Wife/z00T 0T/I0p/woo A3 1M Akeiq1jeul|uoy/sdny woJy pepeojumod ‘v ‘€202 ‘7/20.60T



McCLURE ET AL.

313

into low exposure jobs, and 100% were in low exposure jobs by 2
years since hire, a large proportion of non-White males were in high
exposure jobs, with 44% in high exposure jobs by 20 years since hire.

The percentages of each race-sex group in the least desirable job
characteristic category were similar between the incident hire and full
cohorts. Non-White males had the greatest prevalence of lowest
prestige (89%), most dangerous (64%), and highest total particulate
matter exposure (26%) jobs at hire. Non-White females followed with
the second highest prevalence of low prestige (75%) and high danger
jobs (54%), but White males had the second highest prevalence of
high total particulate matter exposure jobs (14%). Meanwhile, White
males had lower prevalence of low prestige (67%) and high danger
(34%) jobs at hire; and White females had the lowest prevalence of
low prestige (62%) and high danger jobs (23%). Non-White females
had the highest prevalence of low-wage jobs at hire (63%), followed
by White females (54%), then non-White males (52%), with White
males at the lowest prevalence (34%).

4 | DISCUSSION

This study examined differences in job characteristics (both at
baseline and by trajectory) by race and sex among workers who were
employed between 1985 and 2007 at an aluminum smelting facility
in the southeastern United States. We found that non-White male
workers were most likely to be hired into low prestige jobs and least
likely to transition out of them. White male workers were the next
most likely to be hired into low prestige jobs, but by 19 years since
hire all were in a job with a higher prestige level. Non-White females
were nearly as likely to be hired into low prestige jobs and less likely
to move out of them, while White females were least likely to be
hired into low prestige jobs. Non-White males and non-White
females were the most likely to be hired into the most dangerous
jobs, and White females and males moved out of the most dangerous
jobs quickly and uniformly.

Additionally, there was a large sex difference in the prevalence of
workers in low-wage jobs in this cohort, with male workers having
higher percentages of workers in higher-wage jobs and the largest
percentages of non-White females remaining in low-wage work as
time accrued since hire. Females were less likely to be hired into jobs
with high total particulate matter exposure than male workers, and
non-White males had the highest prevalence of high exposure jobs.
This reflects a pattern endorsed by former workers in which dirtier
and more dangerous jobs received higher compensation.

These findings are consistent with former workers' narratives,
which indicated segregated hiring and mobility in the plant. At
meetings of retired plant employees in the study site, former workers
report that nearly all workers in the pot room—the most dangerous
and least desirable positions—were Black men, and Black women
after gender integration. More White workers were hired into these
positions starting in the late 1970s because of the mechanization of
particular tasks associated with pot room production, specifically

crust-breaking, but former workers report that White workers who

were hired into the pot rooms were quickly moved into jobs in more
desirable departments.r” Quantitative documentation of race and
gender disparities in work exposures at this site both supports the
organizing of former workers and serves as one example of a
common impact of workplace segregation. This adds to the literature
describing which workforce populations carry the greatest exposure
burden, a key mission of the occupational epidemiology field.

A strength of this study was that it focused on one southeastern
US facility and was responsive to concerns expressed by former
workers, whose input provided important context for interpretation
of quantitative findings. However, our focus on a single facility
inevitably limited the size of the study population. To ensure stability
in estimated differences for some demographic groups, we were
forced to dichotomize job characteristics and race categories.
Additionally, because the data were collected for administrative
purposes rather than for research, some of the variables are prone to
misclassification. Notably, the race and sex variables may be self-
reported or assigned by workers’ supervisors. The “sex” variable in
the human resources data may be an incomplete proxy for worker
gender in this analysis, as the social constructions of gendered work
roles may be more practically informative for workplace practices
than does biologic sex.*® Another limitation is the occupational
prestige score that we used, which was developed in the late 1970s
and neglects intergenerational and educational aspects of occupa-
tions.2?*% We chose this scale instead of more modern interpreta-
tions of occupational prestige because this prestige scale adds an
important dimension to the other job characteristics considered here
and was developed during the time period of greatest relevance to
former workers at this facility.

All prospective occupational cohort studies are affected by two
potential sources of bias—survivorship into the cohort, and trunca-
tion of follow-up at termination. Because the aluminum smelter was
in operation for many years before follow-up began in the form of
digital collection of administrative records, we were concerned about
the influence of the healthy worker survivor effect (sicker workers
leave the workforce and healthier workers continue to accumulate
exposure), which can attenuate study results.*>*2 We used sensitivity
analyses®” to assess the extent of potential HWSE through analyses
using a subpopulation of incident hires, and found that the race and
sex distributions of workers at hire were similar across the four
characteristics between the incident hire and full cohorts, which
suggests that our results are minimally affected by healthy worker
survival effects. However, we note that these sensitivity tests do not
fully address biases among early career workers, for whom health
may be far less influential on job acquisition than social factors such
as alternative job opportunities, discrimination in hiring, and so forth.
Previous research in the AMC cohort shows that disability,
absenteeism, and early termination vary by demographic factors
including race, gender, and hourly/salaried wage scheduling.*>#*

The reported analyses only include information about actively-
employed workers; once a worker terminated employment at the
plant their data were censored. The percentages of workers in the
more desirable jobs 15-20 years since hire represent the members of
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each race-sex group still working at the plant. The trajectories we
show demonstrate job mobility, conditional on staying employed at
the plant. Former workers' reports indicate that it was difficult to find
as high-paying work elsewhere as they obtained at the low prestige
and high danger level of the pot room, and it is likely that White male
workers had more opportunities to leave the plant for other jobs than
non-White and female workers.?” The trajectories of job character-
istics might therefore appear more similar between race and gender
groups as a consequence of such self-censorship bias.

Despite these limitations, this analysis provides quantitative support
for community members' collective narratives of segregation and
differential exposure burden among non-White workers in the aluminum
smelting facility. These findings have been provided to community
members in a report, which they may use to substantiate their concerns
at public hearings and local government meetings. It additionally involved
development, piloting, and demonstration of a novel, worker-generated
scale for characterizing a salient job characteristic, perceived danger risk.
No studies to date have assessed differences in aluminum smelting work
exposures by race and gender. However, one study of coke oven
steelworkers in the United States found that 69% of those working jobs
with the highest levels of toxic exposure were non-White, while 9% of
those working jobs with the lowest exposure levels were non-White.*®
This analysis begins to address this gap and also responds to calls in the

literature to combine health disparities and work hazard research.*¢-4®

4.1 | Conclusion

Given that high exposure jobs in the aluminum smelting industry have

49-56 race and gender

established associations with many diseases,
differences in job characteristics have implications for health equity.
Based on our findings, job segregation and resulting race and sex
differentials in experiences of occupational hazards may contribute
to differences in mortality and morbidity by race and sex. Our
findings suggest that job segregation may contribute to greater
disease risk for non-White men and women, because we demon-
strate increased exposures in these populations. This analysis may
inform policy development by giving some indication of the potential
benefits and limitations of equity-focused job assignment interven-

tions and regulations.
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Metallurgical Engineer
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Job title categorizations for prestige, worker-defined danger, and total particulate matter exposure.

3

Area Supervisor-Anode

Area Supervisor-Casting

Area Supervisor-Cathode

Area Supervisor-Construction

Area Supervisor-Electrode

Area Supervisor-Engineering
and Maintenance

Area Supervisor-Field
Maintenance

Area Supervisor-Ingot

Area Supervisor-Labor

Area Supervisor-Machinist

Area Supervisor-Potlining

Area Supervisor-Potroom

Area Supervisor-Smelting
Maintenance

Cathode Foreman

Cathode Technician

Central Maintenance

Dam Maintenance Mechanic

Electrical Maintenance
Foreman

Fume Control Technician

Ingot

Ingot Foreman

Ingot Technician

Labor Foreman

Load Dispatcher

Maintenance Foreman

Mechanic

4

Anode Operator

Anode Technician

Bag House Repairer

Bake Furnace
Operator

Brickmason

Carpenter

Caster

Cathode Block
Production

Construction

Construction
Mechanic

Crane Operator

D C Operator

Electrode Production

Equipment Operator

Filter Operator

Furnace Operator

Inspector

Intern

Janitor

Lead Potliner

Machinist

Materials Processor

Metal Furnace
Operator

Metal Processor

Metal Trucker

Millwright
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TABLE A1l

Metric

Worker-defined
danger

Total particulate
matter exposure

(Continued)

1

Accountant

Administrative Assistant/
Secretary

Area Supervisor-Laboratory

Brickmason

Business Analyst

Human Resources

Intern

IT Specialist

Labor Foreman

Laboratory

Painter

Plant Clerk

Plant Manager

Public Relations

Security

Accountant

Area Supervisor-Casting

Area Supervisor-Construction

Area Supervisor-Electrode

Area Supervisor-Engineering
and Maintenance

Area Supervisor-Field
Maintenance

Area Supervisor-Ingot

Area Supervisor-Labor

Area Supervisor-Machinist

Carpenter

Chemist

Construction

Construction Mechanic

Electrical Engineer

Engineer

Engineering Manager

Industrial Hygiene

Inspector

Machinist

Maintenance Foreman

Manager

Mechanical Engineer

Medical

Metallurgical Engineer

Metallurgical Technician

Metallurgist

Shipping Foreman

Supply Attendant

Tractor Loader Operator

Truck Driver

Welder

Machinist
Crane Operator
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3

Plant Clerk

Pot Repair Foreman
Potroom Foreman
Rod-Chain Foreman
Security

Service Technician
Shipping Foreman

Area Supervisor-Anode

Area Supervisor-Cathode

Area Supervisor-Mechanical
Engineering

Area Supervisor-Potlining

Area Supervisor-Potroom

Area Supervisor-Smelting
Maintenance

Caster

Casting Technician

Cathode Technician

Central Maintenance

Crane Operator

D C Operator

Dam Maintenance Mechanic

Electrical Maintenance
Foreman

Electrician

Environmental Specialist

Equipment Operator

Furnace Operator

Ingot

Ingot Foreman

Ingot Technician

Janitor

Load Dispatcher

Materials Processor

Mechanic

Metal Furnace Operator

Metal Processor

Metal Trucker

Millwright

Packer Loader

Packer Puller

Pipefitter

Service Operator

Service Technician

Anode Operator
Cathode Block Production
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4

Packer Loader

Packer Puller

Painter

Pipefitter

Pot Servicer

Pot Tender

Potline Technician

Potliner

Potlining Technician

Potroom

Potroom Technician

Quanometer Operator

Rod-Chain Handler

Service Operator

Smelting Operator

Supply Attendant

Tractor Loader
Operator

Truck Driver

Welder

Anode Assembly
Forman

Anode Operator

Anode Technician

Bag House Repairer

Bake Furnace
Operator

Cathode Block
Production

Cathode Foreman

Cathode Technician

Electrode Production

Filter Operator

Fume Control
Technician

Lead Potliner

Pot Repair Foreman

Pot Servicer

Pot Servicer

Pot Tender

Pot Tender

Pot Tender

Potline Technician

Potliner

Potroom

Potroom Foreman

Potroom Technician

Quanometer Operator

Rod-Chain Foreman

Rod-Chain Handler

Smelting Operator

Anode Operator
Anode Technician

(Continues)
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TABLE A1l

Metric

McCLURE ET AL.

(Continued)

1

Administrative Assistant/
Secretary

Anode Assembly Forman

Area Supervisor-Anode

Area Supervisor-Casting

Area Supervisor-Cathode

Area Supervisor-Construction

Area Supervisor-Electrode

Area Supervisor-Engineering

and Maintenance
Area Supervisor-Field
Maintenance
Area Supervisor-Ingot
Area Supervisor-Labor

Area Supervisor-Laboratory

Area Supervisor-Machinist

Area Supervisor-Mechanical

Engineering
Area Supervisor-Potlining
Area Supervisor-Potroom
Area Supervisor-Smelting
Maintenance
Bag House Repairer
Bake Furnace Operator
Bake Furnace Repairer
Brickmason
Business Analyst
Carpenter
Caster
Casting Technican
Cathode Foreman
Cathode Technician
Central Maintenance
Chemist
Construction
Construction Mechanic

Dam Maintenance Mechanic

Electrical Engineer

Electrical Maintenance
Foreman

Electrician

Electrode Production

Engineer

Engineering Manager

Environmental Specialist

Filter Operator

Fume Control Technician

Human Resources

Industrial Hygiene

Ingot

Ingot Foreman

Ingot Technician

Inspector

Intern

IT Specialist

Janitor

Labor Foreman

Laboratory

Load Dispatcher

Maintenance Foreman

2

D C Operator
Metal Processor

3

Crane Operator
Equipment Operator
Furnace Operator

Lead Potliner

Potliner

Mechanic

Supply Attendant
Tractor Loader Operator
Truck Driver

4

Packer Puller
Pot Servicer

Pot Tender
Service Operator
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McCLURE ET AL.

TABLE A1l

Metric

(Continued)

1

Manager

Materials Processor
Mechanical Engineer
Medical

Metal Furnace Operator
Metal Trucker
Metallurgical Engineer
Metallurgical Technician
Metallurgist
Millwright

Packer Loader

Painter

Pipefitter

Plant Clerk

Plant Manager

Pot Repair Foreman
Potline Technician
Potlining Technician
Potroom

Potroom Foreman
Potroom Technician
Public Relations
Quanometer Operator
Rod-Chain Foreman
Rod-Chain Handler
Security

Service Operator
Service Technician
Shipping Foreman
Smelting Operator
Welder
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Note: For all job characteristic metrics, 1 is best (high prestige, least dangerous, no exposure), and 4 is worst (low prestige, most dangerous, highest

exposure).
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