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ABSTRACT
Elizabeth Sarah McClur®isparities in Work Exposures, Health, dvidrtality at the Alcoa
Aluminum Smelting Facility in West Badin, North Carolina
(Under the direction dDavid Richardson)

Badin, North Carolina is the site of one o
operated by Alcod917%2007.Residence andjobs were racially segregatechdplant andts
dumping sitesre inWest Badinthe Black side of town. The Concerned Citizens of West Badin
formed in 2013 to advocate for remediation of contamination in their community. Since then,
they havevoiced concernthat theworstjobs in the plant were most frequently assigned to Black
workers.

The first aim of thiglissertatiordescribeé differences in jolzharacteristicby race and
sex using data from company recomfsvorkers employeat the Bain plant19852007.Black
males had the highest proportion of workers in high danger jobs at hipeesisting20 years
after hire.Thesecondaim involved enumeration of a cohoof employeest the plani 9802007
from the United StedlVorkers We comparednortality rates in the cohotd North Carolina
population ratesising standardized mortality ratji@ndmortality rates among ever pot room
workersto thase among never pot room workesngstandardized rate ratio&ll-cancer,
bladdercancer, and mesothelioma were in excess. Workers in the pot room experienced higher
all-cause and cancspecific mortality rates than workers avhever worked in the pot room.

Finally, thethird aim critically evaluated raelased clinical metrics in oapational

epidemiologyWor ker s compensation for respiratory i



lung output taacespecific,algorithmically predicted capacitieBy estimating compensation

using racecorrected and uncorrected algorithms, we fountrd@ebased clinical metrics result

in Black workers being under compensated for lung impairment related to work exposises.
research sergas a starting point to addressing concerns about disparities in this group of former
aluminum smelting workerst may informinterventions to make departmestguitablysafe for

workers.
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SPECIFIC AIMS

Smelting poses a wide range of occupational hazards including exposure to heat,
chemicals, and heavy metatfduminum smelting involvesan electolytic process from bauxite
ore, generating group of airborne chemical vapansd dusts whiclkan be absorbed through
inhalation or contact with the skinTheir constituents include several known carcinogenic
agents’. Badin, North Carolina was the site of oneofthenaon 6s f i rst al umi num
facilities, operated by Alcoa from 1917 through 280When it was established by Algd@adin
was residentially segregated by race, and Highway 740 remains a physical barrier between the
residing communities, with East Badin being majority white and West Badin largely ‘BlEic&
closed facility as well as its dumping sites are located in West Badin. The ConCérnexls of
West Badin formed in 2013 to advocate for remediation of contamination from the now closed
Alcoa aluminum smelting facility in their communityln interviews, former workers at the
facility have voiced concerns regarding imbalances aupational exposures by race and
gender, as well as a high incidence of cancer in Badin.

Communities of color are disproportionately burdened by industrial pollution throughout
the US®7; and, at this facility, employees report that the least desirable jobs involved work in the
pot rooms and were most frequently assigned to Black workers. Workplaces in the United State
tend to be segregated by race and sex, leading to differences in jobs, responsibilities, pay, and
exposuré. However, previous occupational cohort studies generally focused on white male

industrial workers, with little empirical anges ofexposures among women amah+white



workers®. Further, no previous epidemiology studies examined disparate occupational exposures

at Al coabs Badin facility, or in the aluminum
This dissertatiomims to characterize diffanees in occupational exposures by race and

gendey discuss the implications of these differences in shaping health disparities, and evaluate

whether workers at the facility experienced excess morit#iiyill serve as a starting point to

addressing conees about occupational disparities in this historical aluminum smelting cohort. It

will further provide considerations for developimgerventions to make departments uniformly

safe for workers, regardless of race or gendkrk historyand exposurenformation for Badin

Alcoa workers employed between 1985 and 208%a s semb | ed fr onf;aAd coads -

work history and mortality information for hourly Badin Alcoa workers employe&0-P®901

wasassembled from United Steel Workers (USW) records and the National Death Index (NDI).

Aim 1: Describe differences in job assignment and occupational exposures by race and
gender.Using information on Badin Alcoa workers hired between 1985 and 2007,
Aim la. Assess whether baseline job assignment varies by race and gender.
Aim 1b. Given initialjob assignment, assess whether expected job trajecogs by race and
gender.
Aim 1c. Characterize differences by race and gendebicharacteristics across four
domain® 1) censusbased prestige score, 2) workated degree of danger, jBp-expasure

matrix-basedparticulate matter exposure, and 4) wage



Aim 2: Characterize mortality among USW members at the Badin Alcoa facility relative to
reference populatiors. Using information on BadiAlcoa workers hired between 1980 and
2007, 1:

Aim 2a.Compare the agesex, race, and calendar periestandardized atauseand cause
specificmortality rates among hourly, USW member, Badin Alcoa workers to reference rates
for the general population of North Carolina using mortality ratios.

Aim 2b. Adjust for healthy worker survivor bias by comparithg age, sex, race, and
calendar periogtandardizeall-cancer, bladder cancer, respiratory cancer, and
pleura/mesotheliomapecificmortality rates among hourly, USW member, Badin Alcoa
workers tonegatve controlreference rates in trsameworker populatiorusingmortality
ratios.

Aim 2c. Compare¢he age, sex, race, and calendar periestandardized atauseand cause
specificmortality rateof ever workers in the pot room to those of never worketise pot

roomamong hourly, USW member, Badin Alcoa workeseg rate ratios.

Aim 3: Critically examine the use of racebased metrics in occupational epidemiology
Using a Critical Race Theory framework and simulation informed by North Cawlma k e r s 6
compensation policies; |
Aim 3a.Document and evaluate the discussion of race and gender differences in lung function
and hearing loss in the occupational epidemiology scientific literature
Aim 3b. Estimate the impact of radmsed algorithmimir med i nj ury threshol d

compensation for lung capacity impairment and hearing loss.



CHAPTER 1. BACKGROUND & SIGNIFICANCE

Theoretical and Conceptual Frameworks
Conceptual Model of Work and Health Disparities

While the literature examining determinants of health disparities is growing, it largely
ignores the harms and benefits of work in its analise&/ork is a source of income, social
status, and access to healthcare, as jobs are the main source of health insurance in the United
States (US}L. Similarly, despite the long history of job discrimination in the%, the large
body of literature documenting the dangers of toxic work exposures in the aluminum smelting
industry?!®1’has not included assessments of disparities by race and gender. | draw on
Lipscomb et. al.od6s fiConceptual Model of Work
aims. Specifically, the aims focus on insibuial interventions and policies rather than behaviors
of individual workers. The aims assess how individuals are assigned to jobs with an awareness of
how the community and broader economic structure influence the availability dt.jobs
Ecosocial Theory

My approachs alsoinformed by Nanc\Xr i eger 6 s Ecosocial Theory
epidemi ol ogy. Ecosoci al Th e ordynétiag ttmoaluminumonst r u
smelting workers, their families, and their communities biologically incorporate their social
world into their bodies; pathwaysg embodimerd focusing on the increased toxic work hazards
experienced by women and minority workers; the lifecaunsederstanding the cumulative

impact of such exposures and their influence on intergenerational embodiment of discriminatory



practices in ad from the smelting facility; and accountability and agéncgntering the
guestions and concerns of the Badin community. Ecosocial Theory also includes an explicit
focus on the historical context shaping the current disparate condfig
Critical Race Theory and Public Health Critical Race Praxis

| apply Critical Race Theory (CRT), a framewaf antiracist constructs and approaches
to knowledge production developed by legal scholars of é3ltmrough Public Health Critical
Race Practice (PHCRP), which is designed tateeCRT to health disparities reseatth
Linking with the aforementioned frameworks, | examine racism beyond the individual level, and
measure itsmpacts at the institutional and policy levéls

The four foci of PHCRP inform my dissertation analyses. Focus 1 is on contemporary
racialization and contemporary forms of racism, i.e. covert, ordinary, and systematic
perpetuations of inequalities established through historic acts and policies of mdnaosm
(e.g. Jim Crow, redlining, etc?y 2°. | also consider the structural factors influencing the
consideration of racism in existing occupational epidemiology research and literature (e.g. health
research funding mechanisms, years of corporate control over research questjofRscets 2
is on knowledge production. | attempt to conduct analyses with an awareness that
epidemiologyds cumul ative biases (including r
drives an interest in the estimation of disparities rather thangesthypothesis that racism had
an impact on worker health. Focus 3 is about measurement. These dissertation aims attempt to
operationalize racisfrelated variables and measure the impacts of racism in seemingly non
racial constructs. Focus 4 is actiorhigh again is operationalized through the collaborative
nature of this work and its objectives to directly benefit the affected comntlriy primary

collaborators on this project, the@terned Citizens of West Badin (CCWBJst raised the



guestion motivating this research: were Black workers disproportionately exposeddtajed
toxins and hazards that cause negative health outc8tes
Environmental Justice
Finally, this dissertation draws the work of Pavithra Vasudevan. She uses Cedric
Robinsondéds term Aracial capitalism, o0 which pl
social system of capitalisfi, to describe the environmental justice concerns relatedetguah
burden of industrial toxicity in West Badin voiced by community members she interviewed. We
are collaborating with the Concerned Citizens of West Badin (CCWB) and the North Carolina
Environmental Justice Network (NCEJN) on a household survey toesuppt my dissertation
aims in an effort to validate community membe
an open dialogue, and provide health research that is useful for environmental justice organizing.
We are also collaborating with the United Steel Workers (USW) for the third aim of this
dissertation, with an appreciation for the historic and significant role of labor unions in the
environmental justice movemetit Sone CCWB members have expressed distrust of the USW
local, and there is a dominant dialogue of a dying interest and effectiveness of unions in the US,
starting in the 1980s. However, this dialogue ignores the aggressive tactics, includurgaamti
legislaton, among southern states to appear more attractive to northern and international
industries. It also ignores several substantial wins with respect to race and gender equity in
wages and workplace safety, as well as continued, nearly unanimous worlat supypre
recent decade'd'’> While maintaining a critical approach to assessing USW documentation, we

value the partnership and its contributions to worker struggles in West Badin.



History of Aluminum Production in the United States

Aluminum is produced industrially in a three stage process from bauxdenoireng,
refining, and smelting. Each stage has vast energy input requirements and toxic outputs. Raw ore
must wusually be transported | onitgisciinedfromnces ( a
four countries), and the cheapest method is often by ship. Alumina refining produces liquid
waste which releases caustic soda, which has frequently been detected in the groundwater of
surrounding facilitie$%2° Finally, smelting releases dangerous heat as well as dusts and fumes,
many of which are established carcinogéns

Because bauxite is very exmsive to transport and smelting requires huge amounts of
hydroelectric energy, most aluminum production has historically occurred in industrialized
countries’>° Al umi numdés strength and | ight weight ma
automobile, and weapenelaed machinery and parts. The first major increase in its popularity
and production occurred during World War I, and it peaked again during the Second World War
to meet military demands. During both wars, Alcoa was the main producer of aluminum.
Aluminumbe ame a major driver of the United States
GermanUboat i nterference with the Un-WorldWarBt at es @
policies to establish independence in aluminum production and expand the ntidbeed
Statesbased corporate producéts

The United States was the worl dés | argest
it produced over a third of the worl doest al umi
producer. The United States reached its highest absolute production level in 1980, when it
produced 4.64 million tons of aluminum. Currently, the United States produces closer to 4% of

the worl dé&s al umi num



Existing Health Literature on Aluminum Smelting Work
Aluminum Smelting Occupational Expossire

Aluminum smeltings an electrolytic process on alumina, which is refined from bauxite
ore. The alumina isissolved in carboitined steel pots filled with molten baths using electric
current from carbon anodes hanging above. The current maintains a temperature-bf7/B@%0
F. Once dissolved into a molten metal, the nearly pure aluminum is then formedyottan
alloyed with other met&?.

Aluminum smelting generates a group of airborne chemical vapors called coal tar pitch
volatiles®. Coal tar pitch volatiles can be alnised through inhalation or contact with the skin.
Their chemical constituents are listedliable1.1 23%33 Polycyclic aromatic hydrocarbons
(PAHSs) have been most frequently studied in relation to cancer and most strictly monitored by
industrial regulator$. Work exposure to coal tar pitch volatiles has also been quantified as the
degree of exposarto benzene soluble materials, a marker that captures all particulate matter
agents in the vapofé>° More general measures of particulate matter have also beet# &%ed

Table 1.1 Potential Exposures in Aluminum Smelting Work

Alumina dust Hydrogen chloride

Aluminum metal dust Hydrogen fluoride

Aluminum fluoride Polycyclic aromaticwydrocarbons
Ammonia Magnesium dust/fume

Asbestos Mercury

Beryllium dust Nickel

Cadmium dust Fluorides

Carbon monoxide Lead

Chlorine gas Ozone

Chromium Phosgene

Coal tar pitch volatiles Silica

Coke dust Silica dust

Copper dust Sulfur dioxide

Extreme heat Trace elements (e.g. chromium, nickel)
Fibrous sodium aluminum tetrafluoride particle Vanadium

High static magnetic fields Welding fumes



Aluminum smelting workers experience a varying degree of toxic exposures and hazards.
Thejobworkedand t he tasks completed in each | ob,
likelihood of exposure. For example, workers involved with pot room production are likely to
have elevated exposure to coal tar pitch volatiles relative to maintenance workers wéat@mly
pot rooms intermittently or supervisdfs Job exposure matrices are typically used to account
for these variations in exposufte

Technological advances in smelting processesl@#bto exposure variation over
calendar time, as the magnitude of emissions produced by the smelting process depends on the
approach. The two most common approaches are
pitch paste is fed into pots and baked,pr@l] t he HApr e b ak e opitahpastbie d, i
baked into a solid in a separate carbon plant before use in the pots. Emissions are much higher
when the Soderberg process is uebut the prbake method may increase risk of worker
exposure to particulate matt€r Technological changes in production processes are sometimes
evident in administrative records and included in occopatiexposure modelirfd.

Changes in regulations, industrial hygiene practices, and screening requsrameant
also varied in aluminum smelting over the past several decades. In 1983, the Occupational Safety
and Health Administration (OSHA) began requiring yearly audiometric surveillance among
workers exposed to noise levels of 85 decibels (dB) or greathrawhreshold of a 10 dB
decrease for reporting of worklated hearing los8. In addition, the National Institute for
Occupational Safety and Health (NIOSH), the United States Environmental Protection Agency
(US EPA), and the United States Coast Guard (USCG) have estdldispineering (e.g. facility
design, exhaust fans, etc.), workplace (e.g. personal protective equipment (PPE), isolation and

cleaning of dusts, etc.), and administrative (e.g. designated work uniforms and shoes) controls to



limit the degree of worker artdkehome exposure to specific agents, like beryllium and
cadmium dusts, through inhalation, ingestion, and skin cotftadtOSH also requires medical
surveillance for irdke of such agents. Some industrial hygiene practices and regulations were
introduced as early as the 197Qs
Potential Impacts of Aluminum Smelting Work Exposures on Health

The International Agency for Research on Cancer (IARC) is an intergovernmental
agency, a branch of the World Health Organization, which evaluates scientific evidence for
agent s 6 c amans.Mhey dlassiy altinanum $melting occupational exposures in
Group 1, i ndisudffmientevidence of eaycindgenicitgn ih uthans o

Documented evidence is strongest for aluminum smelting work exposures causing
bladder cancer, followed by lung canéeincreased aluminum smelting occupational exposure
has been correlated with several disease out@brimetudingbladder cancef®-33444%51 Jung
cancer®°2 central nervous system cané&#®>3 respiratory disease, cancer of the digestive
system, Alzheimer disease, cerebrovascular disease, Q&M other respiratory diseases
30.5355.%¢ Several studies have also reported associations between aluminum smelting work and
cancer mortality#3540.49.51.54.57.58imjlar to cancer incidence studies, this literature provides the
most support for an impact of aluminum smelting work on increased risk of bladder and lung
cancer.

Aluminum smelting workers are also exposed to physical hazards, like heat and noise,
and have been shown to experience a higher risk of ifjdd?°®¢, Because of the potential for
a broad range of hazards and toxic exposures, as well as limited chemical exposure measurement

data, exposure is often characterized simply as employment in an aluminum smelting facility

36,62

10



Lung function and hearing loss will be considered as healéted endpoints in Aim 2,
asthey have been identified in the scientific literature as key health concerns in relation to
aluminum smelting worR®°6:59.60.62.63Regpiratory illneséand compensation in relation to it)
was mentioned by multiple former employees in conversations at Concerned Citizens of West
Badin meetings. Further, hearing loss and lung function have been shown to vary by gender and
class®®®*> are good approximations of the direct impacts of tthmes work environmen£s-°
and have documented associations with further morbidity and declines in quality’®faffe
All -cause mortality, in addition to cancer mortality will be assessed in Aim 3, given the breadth
of potential exposures and hazards. Further, mortality and years of life lost have been supported
in conceptual frameworki®r understanding the influence of work environment on health
disparitiest®*3
Limitations of the Occupational Epidemiology on Aluminum Smelting

While occupationaépidemiologyof the aluminumindustryhasresultedn many
successfulhealthpromotingworkplaceinterventions,it haslimitationswith regardto addressing
healthdisparities NancyKriegerargueghatdominantframeworksof epidemiologygenerally
considerresearcton asmallerscaleto be morerigorous(prioritizing internalvalidity), because
of animplicit basisin biomedicalframeworks As aresult,aninappropriatgroportionof the
researcloperate®n the molecularscalewithout acknowledgingorocesseat largerscales|ike
socialandpolitical contexts™. In this framework,race canbeignoredby studyingrestricted,
homogeneousampled amethodconsideredo increasescientificrigor by removingbias.
Historically, occupationatohortstudieshavetendedo focuson white maleindustrialworkers,

with little empiricalanalyse®f exposuresmongwomenor nonwhite workers®. Additionally,
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VanderWeelandRobinsonpoint out thatepidemiologiss tendto includeracein quantitative
modelswhile failing to acknowledgell aspect®f the construcits quantifiedeffectcaptures’.
In the contextof aluminumsmeltingoccupationaépidemiology specifically,thereare
someinconsistenciebetweerfindingsandcommunityconcernsWhile somework is
confirmatory(e.g.documentatiothatthe potroomjobs arethe mostdangerous®°8%y, thebulk
of the publicationsfocuson companyinitiatedinterventioneffectivenessandmethodological
advances’%2639 |t doesnot addressacial disparitiesin health,andit doesnotreflectthe

workerexperiencalescribedy communitymembersn WestBadin.

Study Site: Alcoa Facility in Badin, North Carolina

The town of Badin is in Stanly County, ruveestern North Carolina, near Charlotte. It
was established in 1913 and was the site of an aluminum smelting plant, operated by the
Aluminum Company of America (Alcoa), for most of thé"2@ntury. The smelter in Badin was
a major employer in town for the entirety of its time of operaffo®ver the years, community
memberdave voiced concerns regarding several workplace injuries and a high prevalence of
cancer. In interviews, former plant workers described segregation in both the town of Badin and
their workplace, including worse working conditions for Black employees. Manmlers

suffered from high exposure to hazards and harmful chemitiglere1.1 shows the location of

Badi n, NC and that of it sitefofsanothér &ange faciiity, whicd Al c o

is still in operation.
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Figure 1.1 Badin, NC Location (Map: Tim Stallman)

Communities of color are disproportionately burdened by industrial pollution throughout
the US®’. The town of Badin is one case in which an organized group of citizens are currently
fighting for environmentalystice.The Concerned Citizens of West Badin formed in 2013 to
advocate for remediation of contamination from the now closed Alcoa aluminum smelting
facility in their community’. The town of Badin was founded on the Yadkin River by a French
aluminumcompany that was quickly purchased by Aléok was strictly racially segregated,
and Highway 740 remains a physibalrrier between the communities, with East Badin being
majority white and West Badin largeBlack *. The aluminum smelting facility as well as its
landfills and dumping sites are located in West Badfigure 1.2 shows residential divide as

well as sites of potential toxicity in Badin.
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Figure 1.2 Alcoa Aluminum Smelting Facility and Dumping SiteLocations; Badin
Residential and Recreational Locations (Map: Elizabeth McClure)

Alcoa is the largest aluminum company in the world, with regard to revenue. Its
headquarters are in Pittsburgh, and it operates facilities in 31 codhtAdsoa purchasethe
Badinlocated French aluminum smelting facility in 1917 and ceased operations in 2007. In the
height of its operatias, the plant produced over 100,000 tons of aluminum anrndalespite
being closed and employi ng mhazardossipadigants s f or
remain in West Badin. Residuals from the smelting process known to bé'tbxiganide,
fluoride, andpolychlorinated lphenyls (PCB<) leached from an unlined landfill have been

identified in Badin Laké2
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Badindés facility was the only of three Alc
designated an EPA Superfund site. The other two Is&tes been extensively cleaned, while
Al coa maintains a fAnatural attenuationo cl ean
place until they dissipat€é. A fish consumption advisory was established in 2009, and the state
has required Alcoa to cover Badin Lake bedos
remains in violation of the €an Water Act and the disproportionate impact on the African
American community is in violation of Title VI of the 1964 Civil Rights Act, while Alcoa
continues to seek relaxed standards from the state of North CdrolinaA | smelang facility
ceased operations in 2007, but the company maintains jurisdiction of the hydroelectric power
generation and ownership of the dam near town on the Yadkin River

In additiontocontamnat i on of Badinds residential wat
Badin have been filed against Alcoa with regard to wetlted injuries and diseases. In
collaboration with the North Carolina Environmental Justice Network and the Concerned
Citizens of Wet Badin, Pavithra Vasudevan wrote a play based-oejth interviews she
conducted with West Badin residents entitRate and Waste in an Aluminum Towhe play
was performed in Badin, followed by an open discussion. In this discussion and thewrstervie
former workers report that the least desirable jobs in the plant involved laboring in rooms with
combusting petroleum and inhaling black soot. They also voiced that these jobs were most
frequently assigned to Black workers. The workers assigned t® tisss were informally
known as Adthe bull gang, 0 but their official
mentioned the A25 year c¢club, 06 which came with

Black workers after the establishment of tred® United Steel Workers Local 303 divisith
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was often referred to as fithe graveyard, 0 bec

plant for 25 yeardrigure1.3 shows a photo of the open discussion followtimg play in Badin.

Figure 1.3 Community Forum Discussion Following the Race and Waste in an Aluminum
Town Performance in Badin, NC (Photo: Snehal Patel)

No research has been done to formally evaloetedity or differences iroccupational
exposures at Al coabés Badin facility. Further
exposures by race in tladuminum industryThis work is in partnership with the Concerned
Citizens of West BadiflCCWB)d a group of former workers and their families at the
segregated, now shuttered smelting facility in Badin, North Carolina who organize around
environmental justice in their communityand the North Carolina Environmental Justice
Network(NCEJN) TheCCWaBffirst raised the question motivating this research: were Black
workers disproportionately exposed toqj@ated toxins and hazards that cause negative health
outcome£®? Figure1.4 is a photo of key collaboratonrsvolved in this researcht a Quarterly

Meeting of the NCEJN in July 2019, which the CCWB hosted
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Figure 1.4 Valerie Tyson (CCWB), Pavithra Vasudevan{University of TexasAustin,
NCEJN), Libby McClure (University of North Carolina -Chapel Hill, NCEJN), Macy
Hinson (CCWB), Elizabeth Haddix (NCEJN), and Naeema Muhammad (NCEJN) at the
NCEJN Quarterly Meeting in June 2018 (Photo: Coutney Woods)
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CHAPTER 2. MATERI ALS AND METHODS

Study Design

The dissertation aimsereaddressed in an aluminum smelting occupational cohort
through retrospective, observational study. Data fosthéywereobtained from administrative
data sources, supported and informed by findings from a household survey of West Badin
residents. A novel occupational cohort using USW receradsalsassembled for the third aim.

Statistical analysesereconductedo acconplish the three aims.

Data Sources
The study populatiowas identifiedhrough two sources: contract data from Alcoa
company records and seniority records provided by United Steel Workers (USW). No major
exclusion criteriavereapplied. Work historyandexposurenformation for Badin Alcoa workers
ever employed between 1985 and 20@fea s semb |l ed f r on?’®Aahdworla6s ar ch
history and mortality information for hourly Badin Alcoa workers ever employed between 1981
and 200lwereassembled from USW records thertthoCarolina voter registry database, and the
National Death Index (NDI).
Alcoa Contract Cohort Study
Alcoa contract data from all of its United States plants (both currently operating and
closed) are maintained by the Alcoa Consortium at the Stanforer@enPopulation Health
Studies. Alcoa company records from 1996 onward were made available to researchers through a

partnership between Alcoa, Stanford University, and Yale University for the purposes of
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workplace health research. The contract datalaseli udes records from al
which are located throughout the US and abroad. For some facilities, including Badin, data from
as early as 1985 is available. Variables come tr@oadministrative sourcdshuman resources
andindustrial hygene.

The data includall individuals (both salary and hourly) who were ever employed at the
Badin, NC Alcoa aluminum smelting plant between 1985 and 2007. While the plant officially
closed in 2007, the facility initiated cutbacks in smelting in 2002séobed production by
2004.ElizabethMcClure and David Richardson received access to Alcoa contract data in July
2018.

United Steel Workers Cohort

The USW dataverefirst identified in historical seniority records collected by the USW,
Local 303. The lodaoffice stored seniority records by department at the Badin smelter and the
Yadkin River dam starting in 1969. Seniority records were collected irregularly but at least once
per year to evaluate incidents, complaints, and payroll and membership chaargesami
social security number were available for workers ever emplogedeen 198@nd 2001. Steve
Burgess, current USW representative for the Local 303, gave access to the paper records with
permission from the regional supervising team.

ElizabethMcClure, Pavithra Vasudevan, and Nathan DeBono scanned the seniority
records on site over two days in March 2018. McClure then processed the images through text
recognition software and converted them to text fildizabethMcClure, Jeff Yang, and Linnea
Olsoon manually cleaned the text files against the images for fidelity to printed name and social

security number from May through August 2018.
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The USW dataset includes identifying information for all union member, hourly workers
ever employed ahe Badin facility between 198hd 2001McClure then identifiedther key
variables for this cohort through linkage witha t i o n a | dr iveterregigdry | i cense a
databasethrough LexisNexisand theNational Death Index\DI). The final, enumeratedSW
study population dataset will work start date, work end date, date of birth, race, gender, vital
status and cause of death (among decedents).
Table2.1 Data Sources and Relevant Characteristics by Dissertatiosi#oms the data
sources and relevant characteristics (including date ranges and variables used) to complete
analyses for each of the three dissertation aims.

Table 2.1 Data Sources and Relevant Characteristics by Dissertation Aim

Aim 1 Aim 2 Aim 3

Data Source Alcoa Contract United Steel Random Samples o
Cohort Workers, National | Publicly Available

Death Index Cohorts

Number of Workers 1,2% 754 400

Dataset Year Range | 19852007 19812001 N/A

Variables Used Race, Sex, Date of | Race, Sex, Date of | Race Hearing
Birth, Job, Job Date Birth, Company Threshold Lung
Department, Start Date, Vital Function Wo r |}
Department Date, @ Status, Date of Compensation
Job Exposure Death, Cause of Dollar Amount

Matrix Measures Death

Household Survey

To supplement this dissertation research, a household suagegonducteth
collaboration with Dr. Pavithra Vasudevan, the Concerned Citizens of West Badin, &tattthe
Carolina Environmental Justice Network. The Concerned Citizens of West Badin organized
several former workers to participate in qualitative interviews, administered by Dr. Vasudevan
and the North Carolina Environmental Justice Network, about the@riences living in Badin.

Interview content specific to working at Alcoa both motigktas dissertation research and
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informedquestions for the survey. The opemded survey involaeyounger folks from West
Badinand other parts of North Caroliaa adninistrators. It servéto capture richer information,
provide context to the dissertationaihs and better support the Conc

efforts than the traditional epidemiology methods described idisisertation aims alone.

Study Population
Aim 1

The study population from the Alcoa contract data includes workers who were ever
employed at the Badin facility (either the smelter and/or the dam) between 1985 and 2007.
Human resources information includes demographic informatiomtéisised date of birth
race and sex. The race variable magve beeselfr e por t ed or assigned by
supervisors. The fsexo0 Vv poxiesworkeegendrinthish e human
analysis, as we are primarily interested in the social constructions of gendered wofk roles
Similar to race, the sex variable may have been assigned-oepetted.This study population
includesl,23 workers, of whon816identify as Black917 identify as whiteand 1,07 4dentify
as male.
Aim 2

The study population from the USW data includes hourly workers who were ever
employed and members of the union at the Badin facility (either the smelter and/or the dam)
between 198 and 2007 Formerworkers state that all hourly workers during this time period
were union members as well. This study population inclu8dsvorkers. Racegendey and

date of birthweredetermined through the data linkages witlter registrationdatand dr i ver 6 s
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license recordsThe cohort was thesearched in the National Death Index (NDI) ¥dal status
and cause of death among decedents
Aim 3

Aim 3involvesarandomsamplef 200 Bl ack and 200 white wo
measurements from the demonstration database in the NIOSH Spirometry Longitudinal Data
Analysis Softwaré¢°and a random sample of 200 Black and

measurements from the 192000 NHANES®°.

Employment History
Aim 1

Alcoa contract data includeletailed information from human resources. This includes
titles and start dates of jobs and departments for all warketive beginning in 1985.
Aim2

The USW records include company start date and department start and end date.
Aim 3

As Aim 3 is an example analysis to investigate the impact of algorithms that use race

based clinical metrics, specifically, no wdristory was included in the study populations.

Exposure Assessment
Aim 1

Four metrics were used to characterize jobs in Aim 1. Theseoseupational prestige
(based on sociologic rankings of prestige by job 1R, occipational danger (based on former

workersbé assessments), annual wage (standardi
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particulate matter exposure (in md/rhased on a job exposure mafiix Job titles, annual

wages, and start/end dates of jobs for all workers were updated at the time of each change in job.
In addition to work history data, job exposure mabased estimates of exposure to a total
particulate maer were used from industrial hygiene data.

PrestigeJobtitles 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 @apation Computerized Coding System (NIOCCS) single
record coding todt3. Prestige ranks, on apbint scale from low to high, were assigned to
census coed occupations based on scores from national sociology survey #&&tilts

Danger:A group of former workers from the smelting facility in Badin were given a list
of every job title in the dataset (N=103), and they ranked each on a scale of 1 to 4, with 1 being
theleast dangerous and 4 being the most. Jobs with more than 2 discrepant rank levels (N=36)
were brought to the full group for review and consensus was reached for all job titles.

Wage:Annual wages were standardized to the 1985 dollar, using annual convers
factors from the National Burea® of Labor St a

TPM ExposureAlcoa contract data include jedxposurenatrices (JEMs), which link

department, job, task, and period to derive predicted exposure levels to specific agents (e.g.

PMz.s). These predictions are informed by direct measurements of agents and mapped to
industrial hygi ene DE®Gs)STheiDEGstare knked with jolrtides fgpomo u p s 0
the human resources recording system. Department arspgmiific estimated total particulate

matter (TPM) exposure levelgereavailable for the Badin facility®. | usedthe existing JEMo

estimatendividual workerlevels of exposure.
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Aim2

The purpose of Ain2 is to makecharacterizenortality ratesamong workers at the Badin
facility relative toreference rates. Exposure in this aim is conceptualized as ever being employed
as an hourly, union member worker at the Badin Alcoa facility between 1981 and 2001. It is a
proxy for all job exposure to carcinogenic and otherwise hazardous agents anidmcs kst
specific job and task information is not available in this data source. Depadpesmific
estimates magharacterize exposures to hazards and hdesaeds that are unique to certain jobs
(e.g. pot room work typically involves exposure to hewt higher levels ofarcinogenic agents
than janitorial work at aluminum smelting facilitie$herefore, we additionally characterize
exposure as time worked in the pot room for stratified mortality rate comparisons.
Aim 3

The primary explanatory variabile Aim 3 is race, which is examined in relationship to

interpretation of clinical metrics.

Outcome Assessment
Aim1

The purpose of Aim 1 was to describe differences in job characteristics by race and
gender. No health outcome information was incluidetthis aim
Aim 2

Workers identified through USW record®re followedfrom 1980(or their company
start date if later) througDecember 312017 for vital status and cause of death. This
informationwasobtained from the National Death Index (NDIhe NDI includes a record of all

deaths occurring in the United States and is complete as of 1979. Individwalsked using
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their social security numbgname date of birth, race, and sex as available from the voter
registry and ddsinthelLexisNexis seacch.a s e a s e d o undatlyingi dual s
cause of death was identified with death certifi¢@@-9 or ICD-10 codes. Cause of death codes

were grouped into causpecific deaths according to the NIO3H9 cause of death categories

8, Referencenortality rates for the general population in North Carolina from 1981 until 2017

were obtained from the Department of Surveillance, Hazard Evaluations, and Field Studies at the
Nationallnstitute for Occupational Safety and Health (NIOSH) with permission from the

National Center for Health Statistics.

For Aim 2b, all-cancer, bladder cancer, respiratory cancer, and pleura/mesotheirena
identifiedapriorias causes of interest because of f or me
exposures at the Badin smelter and other plants with similar proé&ssdpisted causspecific
SMRs were estimatddr these causass i ng t he wor ker cohortos mort
related to cancer, heatti sease, and injury as negative cont
wor ker survivor biaso (i.e. when the | east he
healthier workers accumulate more occupational exposure®iffeYo meet the assumptions
required to reduce bias in the ad@sSMR, negative control causes of death were chosen that
were 1) unlikely to be affected by smelting work exposures and 2) shared the theoretical sources
and directions of healthy worker survivor bias as the causes of death of #fteFastnegative
control causes of death included: disorders of blood and blood forming organs, diabetes mellitus,
mental and psychological disorders, nervous system disorders, diseases of the circulatory system
(other than heart disease), diseaddbe digestive system, diseases of the skin and subcutaneous
system, diseases of the musculoskeletal and connective system, and diseases of-the genito

urinary system.

25



Aim 3
Am3e st i mat e idjurywxcompg&nsatian Galues orsample ohypothetical
manufacturingvorkers. North Carolina policy, recommends that clinical providers use the
American Medical Association Guidesf or eval uating workersd compe
impairment®™. The Guides define degree of lung function impairment across four classes using
two of the workerds spirometry results, force
in one second (FEY, relative to a predted value. The predicted value comes from the
Hankinson equation, which is a function of age, race, sex, and Reighass 1 impairmensi
equivalent to normal lung capacity, Class 2 is defined as FVC of lfdiWeen 75 and 90% of
the predicted value, Class 3 is between 50 and 74% or the predicted value, and Class 4 is lower
than 50% of the predicted value. A typical case in North Caraliverds an average of $2,500
per each impairment class abov¥&.1Hearing loss is evaluated using the average of decibel
thresholds a worker demonstrates across four frequencies. If their average threshold is greater
than 15 and not attributable to any degenerative or genetic disorder, workers are eligible to
receive 70ve e ks ® pay for one ear % Fa aluhibubn smetdimgk s 6 pay
production work, the national averag® for 70
Thedata in Aim 3includes rawFVC, FEV1, and hearing losgalues thenanufacturing

cohors represented

Analytical Methods
Aim 1

Linear binomial regression modelgre used to predietverage probability of being &
more desirable jobach year since hire, across the four job don@iichotomized for analyses)

within racesex stratal assessed probability of being in a higher prestige job (any category but
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lowest prestige); probability of being a less dangerous job (any category but highest danger);
probability of being in a job thavas not lowmwage (above the bottom quartile of 1985 dellar
standardized wages for the entire study population); and probability of being in a lower TPM
exposure job (any category but high exposure). Models were adjusted for an individual study
member fixed effect to control for timenvariant workeflevel confounders as well aslendar
year.To assess potential for healthy worker survivor bias, we conducted analyses restricted to
incident hires.
Aim 2

Standardized Mortality Ratios (SMRJere used to congse mortality rates in the USW
population to those in the general population of North Caroliha SMRservesas a summary
measure of the USW study populationds mortald]i
population in North Carolina or theegative control withithe worker populationl interpret it
as the ratio of the observed to the expected number of deaths in the USW study population. The
expected number of deatisthe number that would have been observed had the USW study
populationexperienced the mortality rate of the general North Carolina poputatibe
negative controls over the same time period, with the same race, sex, and age disttifithion
major assumptions required for this interpretation are 1) that the p@rsodistribution in the
study population would have been the same in the abséna@loexposures and 2) that the
reference mortality rates represent the rates the cohort would have experienced in the absence of
exposureé® %4

SMRs for allcauseand causepecific deaths werestimated using the referenegeas for
the calendar years 1980 through 2@1Rorth Carolina andmong negative controls in the

worker population. For age standardizationsedfive-y e ar age categories. Wo
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time at risk of masality in the USW study populatidmeganaccumulating odanuary 1, 1980 or
the first observed date of hjné later. The accumulation eedon the date of death for dedents
and on December 31, 20fat workers presumed to be aliv@MRswerecalculatedor all-cause

mortality and causespecificmortality using the following formula:

Where:
A = Observed number of causpecific deaths in the USW study population
P = Persoryears at risk of death in the USW study population
R = Causespecific mortality rate in the North Carolina population
i = Index for strata oface, sex, fyear calendar period (198®84 to 20162017, and 5year
agegroup (224 to 085)
Adjusted SMRs (aSMRs) foltlacancer, bladder cancer, respiratoayecer, and
pleura/mesotheliomeelated deaths were estimated using negative control mortality rates from
the USW population. The negative control causes were chosen to approximate equivalence in
magnitude of the negat i v eiasfo)andthat bfthe calsesafi t hy w

interest]( ). The aSMR is the summary figure shown in the following formula:
o

D
&YD Y
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Where:
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— = The ratef causespecific deaths in the USW stugdgpulationover the rates in the

external, North Carolina population

— = The rate®f negative controtleaths in the USW stugyopulation over the rates in the

external, North Carolina population
| =The log of the straturspecific rate ratio, the targparameter of primary interest
T =The degree of bias in the negative control
1 = The degree of bias in the catsgeecific death of interest
k = Strata ofrace, sex, year calendar period (198®84 to 2016017, and 5year age group
(2024 to 085)

The aSMR is the weighted mean of stratum specific comparative statistics. It

approximates the summary ratio of the observed counterfactual+a}elsdcause the reference

rates for the negative control outcomediffer from the counterfactuahtest by a factof

that equals 88 Theoverall, race and sex stratified, and-ageup stratifiedSMRswere
estimated using weighted Cox regression moidelSAS 8. Adjustedall-cancer, bldder
cancer, respiratory cancer, and pleura/mesothetspeaificSMRs were estimated using SAS
version 9.48%

Standardized Rated®os (SRR) were used to compareaalse, all cancer, bladder
cancer, mesothelioma, respiratory cancer, and respiratory dg@saséc mortality among
individuals who ever worked in the pot room to that among those who never worked in the pot
room. SRR were calculated for alause mortality and causpecificmortality using the

following formula:
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Where:
A = Observed number of causpecific deaths in the USW study population
T = Persoryears at risk of death in the stratum i for the exposure group
W = Weight for the given stratum i
i = Index for strata oface, sex, fyear calendar period (198®84 to 20162017, and 5year
agegroup (224 to 085)
a = Exposure group never worked in the pot room
b = exposure group ever worked in the pot room
Aim 3

Linear regression models were useéstimate thedblar amount of wor ker
compensation the example cohorts would have r
true races are known, 2) assuming the workers are all white, 3) assuming the workers are all
Bl ack, and 4) t heowwé&arlkng fusciion esttimatmrss, wa used then k n
Hankinson et al raespecific equations in conditions3l and in condition 4, we used a
prediction equation that did not correct for race. For hearing loss estimations, we applied race
specific equations inonditions 13, with a 7% decrement for white workers and a 7% increase
for Black workers (informed by the race difference in the full 22000 NHANES population),

and in condition 4, we used audiometric output uncorrected for race. We applied the Guides
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impairment class definitions and assumed $2,500 awards for each class above 1 for lung
function, and $42, 700 for one eardéds hearing I
Household Survey

| began attending Concerned Citizens of West Badin (CCWB) meetings in May of 2017
Pavithra Vasudevaand Ishared a onpage document about the benefits and limitations of
doing a health study, as they relate to supporting organizing (A&ppendix).At multiple
meetings, members of the CCWB expressed that many former workers haeematble to tell
their stories, and there has been excitement about the idea of conducting a household survey.

We researched examples of household surveys that have been used for environmental
justice organizing, and drafted two versions of a surveyMest Badin. One was largely
prescriptive, with clear categories for exposures and health issues from which respomaednts
choose. The other haposures promptvith some opefended followup questions, and a
health outcomes prompt, with more opamted questions. We brought these two versions to a
CCWB meeting in July of 2018, and there was consensus around preference for the more open
ended version.

After settling on a final version, with comments from the CCWB, we developed a
training program for tw members of the West Badin community to conduct the surveygaoor
door. The CCWB discussed the importance of this opportunity to involve younger community
members in the organizing, and two young women were hired to conduct the surveys. We had
the trainng in Badin with two members of the CCWB present. We brought maps of the nearly
200 homes in West Badin, printed survéppendix),recorders, and consent forms. The

CCWB members were able to give background on the importance of the surveys and act as
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practice respondents for the research assistants. We ended the training with the research

assistantso reflections on the survey and the
The two research assistants took other opportunitiesyardredtwo new research

assistants from oér parts of North Carolina to conduct the surveys. We contmiteratively

update the questions, as we get feedback from

to the questions. The CCWB are also developing a list of former workers aniduthiéir

members who have moved outside of Badin to recruit for a phone survey.

Human Subjects

All components of this dissertation research have been described, and all study affiliates
have been listed in the application to the University of North Cardfistitutional Review
Board. The study IRB number is-1B53, and the most recent modification was approved on

August15, 2019
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CHAPTER 3. DISPARITIES IN JOB CHARACTERISTICS BY RACE AND SEX
IN A SOUTHERN ALUMINUM SMELTING FACILITY

Introduction

The study site ia southeastern United States town, was established in 1913, and hosted
an aluminum smelting plant for most of thé"2@ntury. The smelter was a major employer in
town for the entirety of its time of operatiéh Aluminum smelting is an electrolytic process on
alumina, which is refined from bauxite ore. The aluminassalved in carboiined steel pots
filled with molten baths using eleatrcurrent from carbon anodes hanging above. The electric
current maintains a temperature of 1,-26080° F?°. Aluminum smelting generates a variety of
airborne chemical contaminants including carcinogenic coal tar pitch volatiles (a measure of
polycyclic aromatichydrocarbons$f and fluorides, which are potent respiratory irrita#itgt
this smelting facility, some employees have reported that the least desirable jobs in the plant
were most frequently assigned to Black workér©verthe years, community members have
voiced concerns regarding workplace injuries and a high incidence of cancer. In interviews,
some former workers have also described segregation in both their residences and their
workplace, including worse working conditis for Black employee#n this facility, many
workers report having sufferécbm high exposure to hazards and harmful chemfals

Little research has been done to formally examine occupational characteristics and
exposures by gender and race in the aluminum industry. Historically, most occupational cohort
studies have focused on white male industrial workers, with little empirical analyses of

exposures among women or aahite workers. Since most work has been done on white men,
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the typical distributions of exposures that inform occupationatysgtedelines may be biased.
In this analysis, westimate disparities in job characteristics and exposures by race and sex.
Usinginformation on aluminum workers employed at the plant between 1985 andn2907,
compared distributions by race and sex ofsceibased prestige rank, wage, workated

danger, and total particulate matter exposure categories.

Methods
Study Setting

The study site is a southeastern United States town. A company town, the site was
established by the corporate owner of the smdResidences, 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 Blatle aluminum smelting
facility, its landfills, and dumping sitesealocated in the west side of toW. It is well
documented thaksidential communities of color are disproportionately burdened by industrial
pollution throughout the U%°% and, in this plant, employees report that the least desirable jobs
in the plant were also most frequently assigned to Black wotkers
Study Population

Study data are a subsettbé American Manufacturing Cohort (AMC), maintained at the
Stanford Center for Population Health Studf®sThe study includes all individuals (both
salaried and hourly) whoave ever actively employed at the aluminum smelting plant between

1985 and 2007.

34



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 limitezident hires,
defined only those workers with start dates on or after felipvibegan on 1/1/1985.

Explanatory Variables of Primary Interest

The primary explanatory variables of interest in the current analysis are race and sex.
Information on these veables was derived from human resources files that recorded
demographic information including date of birth, race, and sex. In order to have adequate sample
size in stratified populations by race and sex, we dichotomized the race variable (which was
originally coded as a-level variable) as white versus nuaihite.

Outcome Variables of Interest

Four metrics were used to characterize outcomes of interest. Thesecagpational
prestige (based on sociologic rankings of prestige by joBtitRs occupational dangébased
on former workersdé assessments), annual wage
total particulate matter exposure (in mé/imased on a job exposure maffi. Information on
these outcomes is derived from two administrative sodrbesnan resources and industrial
hygiene record$* These data include job titles, annual wages, and start/end dates of jobs for alll
workers; all were updated at the time of each change in job. In addition to work history data, job
expasure matrixbased estimates of exposure to a total particulate matter were used from
industrial hygiene data.

Occupational prestigeOccupational 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 (NIOCCS3ingle record coding to8f. Prestige ranks, on apbint scale from low to
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high, were assigned to census coded occupations based on scores fromsuaiologly survey
results?>®2 Supplementalable3.4 shows the mapping of job titles to prestige, danger, and total
particulate matter exposure metrics. Some example highgrestij ob t i tl es i nclud
Manager 06 and AFinanci al Manager. o Examples of
APot Tender. 0o Manufacturing jobs (in the pot
categorized as low prestige.

Workerdefined job dangerA 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 exXamesken
et al. found good concordance between perceived and quantified exposure metrics as well as
conceptual validity when using worker perspective to characterize less readily available
measures of job dang®. Seven former workers were given a list of every job title in the
dataset (N=103), and they ranked each on a scale of 1 to 4, with 1 being the least dangerous and
4 being the most. Jobs with more than 2 discrepant rank levels (N=36) were brought to the full
group for reviewand consensus was reached for all job titles. Some example low danger job

titles include ASecretaryo and AAccountant. o

=]

APotlinero and Pot Servicer. o Yfobsaeinttepstt at e d
room.

Annual wageAnnual wages were standardized to the 1985 dollar, using annual
conversion factors from the National™ Bureau o
Annual wages were obtained from human resources records.

Particulate matter exposurdobtitle specific estimated total particulate matter exposure

was quantified using a previously developed job exposure matrix. The job exposure matrix
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provides an average plant, department, anespezific total particulate matter exposure at the

time of measurement, which was conducted by department between 1985 arif2000

Aluminum smelting workers experience a varying degree of toxic exposures and hazards. The
joowor ked, and the tasks completed in each | ob,
For example, workers involved with pot room production are likely to have elevated exposure to

coal tar pitch volatiles relative to maintenance workers who only pateooms intermittently

40, The pot room at t he st ud-pitchspasteés bdkedintoapr e b a k
solid in a separate carbon plant before use in the pstisnated exposure levels are based

industrial hygiene samplers worn by a random subset of workers intended to repredgent day

day total particulate matter exposures in each position at the facility. Administrative and
managemenstyle jobs that were considered by the facility indushyaienist unlikely to

experience particulate matter exposure in excess of 30% of the allowable limit more than 5% of
the time did not have measurement s®zhost were a
with measurements were divided into three categories (i.e. low, moderate, and high) that

prioritized equal numbers of workers in each group. Some job titles with no exposure include

fSecretarydaand onRAcc oveh | as some salaried emp
tot al particul ate matter exposure include nABa
Salaried jobs were not always in | ow exposure
superviso 0 i s a salaried worker with fairly high 1

exposure would be categorized as AnNo exposure

precluded inclusion in the job exposure matrix.
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Statistical Analysis

We examined the association between race and sex and changes in each job domain with
time since hire. We aimed to characterize job mobility, conditional on continued employment,
analogous to economic or class mobility often described in sociology liefatlsing linear
binomial regression models, we compared eachsaeex gr oup6s average prob
a more desirable job (e.g. less dangerous or lower exposure), each year since lsrtheatoos
job domains, which were dichotomized for interpretability and sample size withiseacstrata.

For the prestige domain, we assessed probability of being in a higher prestige job (any category
but lowest prestige); probability of being a lessigerous job (any category but highest danger);
for wage, we assessed probability of being in a job that was natéme (above the bottom

guartile of 1985 dollastandardized wages for the entire study population); and probability of
being in a lower t@l particulate matter exposure job (any category but high exposure). Models
were adjusted for an individual studyember fixed effect to control for any tiAmevariant

worker characteristics and calendar year. Mdideded predicted probability curves and

confidence bands for each rasex group were plotted in each job characteristic domain.

To assess potential for healthy worker survivor bias, we conducted analyses restricted to
incident hires, as has been previously done in analyses of manufacturkegst§. Sample
characteristics as well as distributions of each job domain (based on first job at hire) stratified by
racesex group were quantified.

This research was approved by the UnivgrsitNorth Carolina Institutional Review

Board.

38



Results

Table3.1 shows the study population characteristics as well as those in the sub
population of incident hires. This full study population includes 1,234 workers, and the incident
hire subpopulation intudes 534 workers. Of the full cohort, 1,077 (87%) were male and 917
(74%) were white. Consistent with the demographics of town residents, over 90% of workers
identifying as norwhite were Black or AfricasAmerican. The total population was an average
ageof 28 years at hire and 38 years at the start of fellpwf1985). A similar proportion of
incident hires were female and rathite, relative to that in the full study population. The
incident hires were slightly older on the date they were hired thanwtkers in the full
cohort, and they were younger at the start of follgn(1985) in comparison to the full cohort.
The cohort had minimal (<1%) missing demographic data.

Table3.2 shows the characteristics of time accrued by workers in the full cohort and the
incident hire sufpopulation. The full cohort accrued a total of 287,894 personths of active
work time, while the incident hires accrued 79,465. Abouthal 4 9 %) of t he f ul |
time, compared to 63% incident hire perdimne, 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 and $46,950 in the imk&nt hire population. While 22% of the personnths 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. 29% of the full cohort
person time compared to 32% of the person time in the incident hires was spent in the jobs with
the highest total particulate matter exposure. Similar proportions of the iEngowere missing

(persontime spent in jobs that did not have wages docurdemteinder job titles that could not
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be mapped onto a category in the three other job characteristic domains) in the full cohort and
incident hire suipopulation.

Figure3.1 shows job trajectories (over time since hire) by race and sex across each of the
job characteristics examined, predicted by the linear binomial regression models. The curves in
the top left represent the proportion of workers in each year since lail@gherprestige job. At
hire, nonwhite males had the highest proportion of workers in low prestige jobs (92%), followed
by white males (74%), then navhite females (66%), then white females (44%). Over time
since hire, nostwhite males had the slowdsansition 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 jabby 19 years since hire. Linear binomial regression model estimates and
confidence intervals represented in the figure are shoBnpplemental able3.5.

The top rght of Figure3.1 shows racesex group trajectories for workeefined job
danger. At hire, nomvhite males had the highest proportion of workers in the most dangerous
jobs (50%), followed by newhite 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 novhite females reached 100% by 20 years since Howeever, 10% of
nonwhite males were still in the most dangerous jobs after 20 years since hire.

The bottom left ofFigure3.1 shows probability of being in a higher wage job as time
since hire accrues. At hire, navhite females had the highest proportion of workers in low wage
jobs (53%), followed by white females (56%), then +wdmte males and white males (both
50%). Over timesince hire, all male workers maintained a 50% prevalence in low wage jobs.

Femal e workersdé6 prevalence of individual s i
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for both race groups but more quickly for rehite females. After 20 years sincedjiall non
white female workers were in low wage jobs.

The bottom right ofigure 3.1 shows probability of being in a lower total particulate
matter exposure job. Newhite males were most likely to be hired into a job with high exposure
(24%), and as time accrued since hire, prevalence of workers in lower exposure jobs decreased.
While nearly all white females were hired into low exposure jobs, and 100% were in low
expasure jobs by 2 years since hire, a large proportion ofwlute males were in high exposure
jobs, with 44% in high exposure jobs by 20 years since hire.

Sensitivity analysis results are shownTiable3.3. Proportions of each rasex group in
the least desirable job characteristic category were fairly similar to those in the full cohert. Non
white males had the greatest prevalence of lowest prestige (89%), most darf§é%o), and
highest total particulate matter exposure (26%) jobs at hire.whate 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 totailcpéate 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%). Nonwhite females had ¢hhighest prevalence of low wage jobs at hire (63%), followed
by white females (54%), then novhite males (52%), with white males at the lowest prevalence

(34%).

Discussion

We examined differences in job characteristics (both baseline and trajedigmasg

and sex among workers who were actively employed between 1985 and 2007 at an aluminum
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smelting facility in the southeastern United States. We found thaivhite male workers were
most likely to be hired into low prestige jobs and least likelyansition out of them. White

male workers were the next most likely to be hired into low prestige jobs, but 100% of them
were in higher prestige jobs by 19 years since hire-\Maie females were nearly as likely to be
hired into low prestige jobs andds likely to move out of them, while white females were least
likely to be hired into low prestige jobs. Nevhite males and newhite females were the most
likely to be hired into the most dangerous jobs, and white females and males moved out of the
mostdangerous jobs quickly and uniformly.

There is a large sex difference in prevalence of workers in low wage jobs in this cohort,
with male workers having higher proportions of workers in higher wage jobs and the greatest
burden of low wage work falling osistently on notwhite females as time accrued since hire.
Females were less likely to be hired into jobs with high total particulate matter exposure than
male workers, and newhite males had the highest prevalence of high exposure jobs (24% at
hire and44% by 20 years since hire).

These findings are consistent with for mer
segregated hiring and mobility in the plant. At meetings of retired plant employees in the study
site, former workers report that nearly all waskéen the pot rood the most dangerous and least
desirable positiores were Black men and Black women, after gender integration. More white
workers were hired into these positions starting in the late 1970s because of mechanization of
particular tasks assotes with pot room production, specifically cruseaking, but former
workers report that white workers who were hired into the pot rooms were quickly moved into

jobs in more desirable departmefits
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While our focus on one southeastern United States facility addressed former worker
concerns and provided rich context for interpretation of quantitative findings, it limited the size
of the study population and, thus, statistiaalpr to detect estimated differences. The small
stratified samples required us to dichotomize job characteristic and race categories. Additionally,
because the data were collected for administrative purposes rather than for research, some of the
constructsaare mismeasured. For example, the race and sex variables mayrepaedd or
assigned by workersdé supervisors. The fisexo
gender in this analysis, as documenting the social constructions of gendekedle®may be
more practically informative for workplace policy than documenting the impact of biologic sex
78_

Third, there is both survivorship into the cohort, and truncation of fellpwat
termination. Because the aluminum smelter was in operation for neany lpefore followup
began in the form of digital collection of administrative records, we are concerned about the
influence of the healthy worker survivor effect. Healthy worker survivor effect generally creates
bias in estimates of work exposure effemtsdisease risk when sicker workers leave the
workforce and healthier workers continue to accumulate exposure. This results in attenuated
effect estimates, and in some cases, make work exposures look pratééti/ave used
sensitivity analyses iilar to those used by Applebaum et we assessed the extent of bias
introduced by survival into the cohort through analyses using-aguiation of incident hires.
The race and sex distributions objoharacteristics at hire were similar across the four domains
between the incident hire and full cohorts. However, these sensitivity tests do not fully address
biases among early career workers, for whom health may be far less important than so@al factor

such as alternative job opportunities, discrimination in hiring, etc. Previous research in the AMC
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cohort shows that disability, absenteeism, and early termination varies by demographic factors
including race, gender, and hourly/salaried wage sched$fing

The reported analyses only include information about acteeigloyed workers; once a
worker terminated employment at the plant they were censored. The proportions of workers in
the more desirable jobs 15 to 20 years since hire represent the membelsratesex group
still working at the plant. The trajectories shown demonstrate job mobility, conditional on
staying employed at the plant. We know from
work at the low prestige and high danger lefehe pot room with pay as high, and it is likely
that white male workers had more opportunities to leave the plant for other jobs thahiteon
and female worker¥.

Despte these limitations, this analysis responds to community concerns and is consistent
with collective narratives of differential disease burden amongaiote workers in the
aluminum smelting facility. It additionally involved development, piloting, andalestration of
a novel, workegenerated 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 genderHowever, one study of coke oven $tearkers in the US found that 69% of those
working jobs with the highest levels of toxic exposure werewbite, while 9% of those
working jobs with the lowest exposure levels were-miite %, This aralysis begins to address
this gap and also responds to calls in the literature to combine health disparities and work hazard
researctt 112113

Given that high exposure jobs in the aluminum smelting industry have established
associatios with many diseasé83%384454114 race and gender differences in job characteristics

haveimplications for health equity. Based on our findings, job segregation and resulting race and
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sex disparities 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 navhite men and womeiGiven the concesvoiced by former

workers, disparities are of primary interest, and these findings are consistent with their reports.
This analysis may inform policy development by giving some indication of the potential benefits

and limitations of equitfocused job asgnment interventions and regulations.
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Table 3.1 Characteristics of the Full Cohort (n=1,234) and Incident Hire Subcohort
(n=534) for Workers in the Badin NC Aluminum Smelting Facility at Start of Follow-up
(1985, or date of hire if later).

Variable Full Cohort Incident Hire Sub-cohort
n=1,234 n=534
n (%) n (%)
Sex
Female 156 (13) 75 (14)
Male 1,077 (87) 459 (86)
Racé
Non-white 316 (26) 169 (32)
White 917 (74) 365 (68)

Mean, Median (28-75"

Mean, Median (28-75"

percentile) percentile)
Age at Start Dafe 28, 25 (2234) 30, 27 (2640)
Age at Start of Followp* 38, 36 (2747) 31, 27 (2336)

h=1 missing in full cohort, no missing in incident hire sathort

no missing

46




Table 3.2 Characteristics of the PersoAMonths Accrued by the Full Cohort (N=23,991)
and Incident Hire Sub-cohort (N=6,622) for Workers in the Badin NC Aluminum Smelting
Facility, 19852007

Variable Full Cohort Incident Hire Sub-cohort
N=23,991 N=6,622
n (%) n (%)
Censusbased Prestige Rah}
High Prestige 3,371 (15) 726 (13)
Medium High Prestige 1,782 (8) 294 (5)
Medium Low Prestige 4,861 (22) 604 (10)
Low Prestige 11,794 (54) 4,141 (72)
WorkerratedDanger Rank
Least Dangerous 5,364 (24) 1,854 (29)
Not Very Dangerous 5,112 (22) 993 (15)
Dangerous 7,169 (31) 1,656 (26)
Most Dangerous 5,147 (23) 1,920 (30)
Total Particulate Matter
Exposure Rank 6,478 (28) 1,509 (23)
No Exposure 4,078 (18) 919 (14)
Low Exposure 5,758 (25) 1,963 (30)
Moderate Exposure 6,957 (30) 2,090 (32)
High Exposure
Mean, Median (28-75" Mean, Median (28-75"
percentile) percentile)
Active PersorTime by 20, 19 (1626) 12, 14 (717)
Worker (in years)
Annual Compensation (in | 42632, 39213 (27,916 46950, 42354 (35,701
1985 dollars) 50,200) 58,084)

19% missing in full cohort, 13% missing in incident hire sahort
5% missing in full cohort, 2% missing in incident hire sahort
33% missing in fullcohort, 3% missing in incident hire sabhort
“no missing

1% missing in full cohort, <1% missing in incident hire sahort
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Table 3.3 Distributions of Job Characteristics at Hire by Race and Sex in the Icident-Hire
Badin Worker Cohort, 19852007 (N=534)

% of % of % of % of % of all | % of all
Non- Non- White White Females | Males
white white Females| Males N=75 N =459
Females | Males N=41 | N=324
N=34 N =135 | n (%) n (%) n (%) n (%)
n (%) n (%)
Prestige at Hire
1 (highest 2 (5) 7 (5) 1(3) 39(12) {3(4) 46 (10)
prestige) 1(2) 4 (3) 12 (29) | 19 (6) 13(17) |23(5)
2 6 (18) 4(3) 2 (5) 49 (15) |8 (11) 53 (11)
3 26 (75) |120(89)|25(62) | 217 (67)|51(68) |337(73)
4 (lowest
prestige)
Workerdefined
Danger at Hire 5 (15) 15(11) |12(29) |39(12) |17(23) |54 (12)
1 (least 2 (4) 12 (9) 6 (15) 55 (17) |8 (10) 67 (15)
dangerous) 9 (27) 18 (13) |14 (33) | 120(37)|23(30) |137(30)
2 18 (54) |86(64) |9(23) 110 (34)| 28 (37) | 197 (43)
3
4 (most
dangerous)
Wage at Hire
1 (highest wage) | 3 (9) 24 (18) |4 (9) 94 (29) | 7(9) 118 (26)
2 2 (7) 35(26) |7 (17) 45 (14) |9 (12) 81 (18)
3 7 (21) 5 (4) 8 (20) 29 (9) 15(20) |35(8)
4 (lowest wage) | 21 (63) | 70(52) |22 (54) | 152 (47)| 44 (58) | 222 (48)
Total Particulate
Matter Exposure af 19 (55) |92 (68) | 13 (31) | 113 (35)| 31 (42) | 205 (45)
Hire 6 (18) 32(24) |10(25) |100(31)|17(22) |133(29)
1 (lowest 7 (21) 10 (7) 7 (18) 65 (20) | 15(19) |74 (16)
exposure) 2 (5) 1(1) 11 (26) |46 (14) |12 (16) |47(10)
2
3
4 (highest
exposure)
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Figure 3.1 Prevalence Workers in More Desirable Jobs Over Years Since Hire by Race and
Sex in the Full Badin Worker Cohort, 19852007 (N=1,234)

Points are fiveyear averages overlayevith linear binomial regressiefit trend curves Non

white females are shown with circle point markers. Mante males are showwith darker

triangle point markers. White females are shown with square point markers. White males are
shown with crospoint markers.
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Table 3.4 Supplemental- Job Title Categorizations for Prestige, WorkerDefined Danger,

and Total Particulate Matter Exposure

Metric 1 2 3 4
Prestige Accountant Area Supervisor| Area Supervisor| Anode
Administrative - Laboratory - Anode Operator
Assistant/Secretary Chemist Area Supervisor| Anode
Area Supervisor Electrician - Casting Technician
Mechanical Environmental | Area Supervisor| Bag House
Engineering Specialist - Cathode Repairer
Business Analyst Human Area Supervisor| Bake Furnace
Casting Technican Resources - Operator
Electrical Engineer Laboratory Construction| Brickmason
Engineer Public Relations| Area Supervisor| Carpenter
Engineering Manager - Electrode | Caster
Industrial Hygiene Area Supervisor| Cathode
IT Specialist - Block
Manager Engineering Production
Mechanical Engineer & Constructio
Medical Maintenance| Construction
Metallurgical Engineer Area Supervisor|  Mechanic
Metallurgical - Field Crane
Technician Maintenance|  Operator
Metallurgist Area Supervisor| D C Operator
Plant Manager - Ingot Electrode
Area Supervisor|  Production
- Labor Equipment
Area Supervisor Operator
- Machinist | Filter
Area Supervisor Operator
- Potlining Furnace
Area Supervisor Operator
- Potroom Inspector
AreaSupervisor | Intern
- Smelting | Janitor
Maintenance| Lead Potliner
Cathode Machinist
Foreman Materials
Cathode Processor
Technician | Metal
Central Furnace
Maintenance|  Operator
Dam Metal
Maintenance Processor
Mechanic Metal
Trucker
Millwright
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Electrical Packer
Maintenance| Loader
Foreman Packer Puller
Fume Control | Painter
Technician | Pipefitter
Ingot Pot Servicer
Ingot Foreman | Pot Tender
Ingot Potline
Technician Technician
Labor Foreman | Potliner
Load Dispatcher Potlining
Maintenance Technician
Foreman Potroom
Mechanic Potroom
Plant Clerk Technician
Pot Repair Quanometer
Foreman Operator
Potroom Rod-Chain
Foreman Handler
Rod-Chain Service
Foreman Operator
Security Smelting
Service Operator
Technician | Supply
Shipping Attendant
Foreman Tractor
Loader
Operator
Truck Driver
Welder
Worker - Accountant Area Supervisor| Area Supervisor| Anode
Defined Administrative - Casting - Anode Assembly
Danger Assistant/Secretary Area Supervisor| Area Supervisor| Forman
Area Supervisor - - Cathode | Anode
Laboratory Construction| Area Supervisor|  Operator
Brickmason Area Supervisor - Mechanical| Anode
Business Analyst - Electrode Engineering Technician
Human Resources Area Supervisor| Area Supervisor| Bag House
Intern - - Potlining Repairer
IT Specialist Engineering | Area Supervisor| Bake Furnace
Labor Foreman & - Potroom Operator
Laboratory Maintenance| Area Supevisor | Cathode
Painter Area Supervisor - Smelting Block
Plant Clerk - Field Maintenance|  Production
PlantManager Maintenance| Caster
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Public Relations Area Supervisor| Casting Cathode
Security i Ingot Technican Foreman
Area Supervisor| Cathode Cathode
- Labor Technician Technician
Area Supevisor | Central Electrode
- Machinist Maintenance|  Production
Carpenter Crane Operator | Filter
Chemist D C Operator Operator
Construction Dam Fume Control
Construction Maintenance|  Technician
Mechanic Mechanic Lead Potliner
Electrical Electrical Pot Repair
Engineer Maintenance| Foreman
Engineer Foreman Pot Servicer
Engineering Electrician Pot Servicer
Manager Environmental | PotTender
Industrial Specialist Pot Tender
Hygiene Equipment Pot Tender
Inspector Operator Potline
Machinist Furnace Technician
Maintenance Operator Potliner
Foreman Ingot Potroom
Manager Ingot Foreman | Potroom
Mechanical Ingot Foreman
Engineer Technician | Potroom
Medical Janitor Technician
Metallurgical Load Dispatcher, Quanometer
Engineer Materials Operator
Metallurgical Processor | RodChain
Technician | Mechanic Foreman
Metallurgist Metal Furnace | RodChain
Shipping Operator Handler
Foreman Metal Processor| Smelting
Supply Metal Trucker Operator
Attendant Millwright
Tractor Loader | Packer Loader
Operator Packer Puller
Truck Driver Pipefitter
Welder Service
Operator
Service
Technician
Total Accountant Machinist Anode Operator| Anode
Particulate | Administrative Crane Operator | Cathode Block Operator

Assistant/Secretary

D C Operator

Production
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Matter
Exposure

Anode Assembly
Forman

Area Supervisor
Anode

Area Supervisof
Casting

Area Supervisof
Cathode

Area Supervisof
Construction

Area Supervisof
Electrode

Area Supervisof
Engineering &
Maintenance

Area Supervisor Field
Maintenance

Area Supervisof Ingot

Area Supervisor Labor

Area Supervisof
Laboratory

Area Supervisof
Machinist

Area Supervisof
Mechanical
Engineering

Area Supervisof
Potlining

Area Supervisof
Potroom

Area Supervisof
Smelting
Maintenance

Bag House Repairer

Bake Furnace Opator

Bake Furnace Repairer

Brickmason

Business Analyst

Carpenter

Caster

Casting Technican

Cathode Foreman

Cathode Technician

Central Maintenance

Chemist

Construction

Metal Processor

Crane Operator
Equipment
Operator
Furnace
Operator
Lead Potliner
Potliner
Mechanic
Supply
Attendant
Tractor Loader
Operator
Truck Driver

Anode
Technician
Packer Puller
Pot Servicer
Pot Tender
Service
Operator
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Construction Mechanic

Dam Maintenance
Mechanic

Electrical Engineer

Electrical Maintenane
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

LaborForeman

Laboratory

Load Dispatcher

Maintenance Foreman

Manager

Materials Processor

Mechanical Engineer

Medical

Metal Furnace Operato

Metal Trucker

Metallurgical Engineer

Metallurgical
Technician

Metallurgist

Millwright

Packer Loader

Painter

Pipefitter

Plant Clerk

Plant Manager

Pot Repair Foreman

Potline Technician
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Potlining Technician
Potroom

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

Service Operator
Service Technician
ShippingForeman
Smelting Operator
Welder

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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Table 3.5 Supplemental- Linear Binomial Regression Model Estimates of Prevalence in
More Desirable Jobs Over Years Since Hire by Race and Sex in the Full Badin Worker

Cohort, 19852007 (N=1,234)

Non-White | Non-White | White White Male

Female Male Female Estimate

Estimate Estimate Estimate (95% ClI)

(95% CI) (95% CI) (95% CI)
Prestige Intercept 0.34 0.08 0.56 0.26

(0.30, 0.38) | (0.06, 0.09) | (0.54, 0.58) | (0.24, 0.25)
Prestige Slope 0.03 0.02 0.03 0.04

(0.01, 0.05) | (0.00, 0.04) | (0.01, 0.04) | (0.02, 0.06)
Danger Intercept 0.60 0.50 0.84 0.72

(0.56, 0.64) | (0.49,0.51) | (0.82,0.87) | (0.71, 0.73)
Danger Slope 0.02 0.02 0.01 0.01

(0.00, 0.05) | (0.01, 0.03) | (0.00, 0.04) | (0.00, 0.02)
Wage Intercept 0.37 0.51 0.44 0.52

(0.33,0.41) | (0.49, 0.52) | (0.42, 0.46) | (0.50, 0.53)
Wage Slope -0.02 -0.01 0.00 0.00

(-0.05, 0.02) | (-0.03, 0.02)| (-0.03, 0.03)| (-0.01, 0.01)
Total Particulate Matter | 0.96 0.76 0.98 0.91
Exposure Intercept (0.92, 1.00) | (0.74, 0.78) | (0.96, 1.01) | (0.90, 0.91)
Total Particulate Matter | 0.02 -0.01 0.00 0.00
Exposure Slope (-0.01, 0.05) | (-0.03, 0.02)| (-0.02, 0.02)| (-0.01, 0.01)

Linear binomial models predicted probability of being in a more desirable job each year since
hire for each of the job characteristic domains. Stratified models were run for easkexace

group. Models are adjusted fiodividual studymember fixed effect.
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CHAPTER 4. CANCER AND NON-CANCER MORTALITY AMONG
ALUMINUM SMELTING WORKERS IN BADIN , NORTH CAROLINA
Introduction
Production jobs at aluminum smelters involve demanding and difficult work under
adverse environmental conditiod$® Aluminum smeting poses a wide range of occupational
hazards, including extreme heaitborne metal dustsisbestogyolycyclic aromatic
hydrocarbonssilica, and othechemical vapors which can be absorbed through inhalation or
contact with the skitr®3%58 Toxic work exposure constituents include asbestos, beryllium, coal
tar pitch volatiles, lead, polycyclic aromatic hydrocarbons and oti&r8 Aluminum smelting
workers havelso been shown to experience a higher risk of injury due to exposure to physical
hazards, such as heat and noise3>°%1, Exposures in thaluminum production industry
cause bladdet444952541143nd Jung cancef>?as classified by thimternational Agency for
Research on Cancer (IAR&)in addition to being positively associated with other cancer sites,
including cantral nervous system canc®f>>3and cancer of the digestive syst&m®>556
The Concerned Citizens of West Badin, a group of former aluminum smelter workers and
their families in Badin, North Carolina havoiced concerns about excess mortality among plant
employees in oral histories, at state conferences, and before panels of government?®tficials
The aluminum smelting plant in Badin was established &8Xhd continued operations until
2007. During its peak of operations, the plant produced over 100,000 tons of aluminum annually
0 Workersreported that the least desirable jobs in the plant involved work in the pot room, and

that these jobs were most frequently assigned to Black wafk&pecifically, community
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members have voiced concerns regarding a high prevalence of cancer in relation to work
exposures at the plafft

A group of former workers, in collaboration with the United $teekers (USW) union,
requested epidemiologic support to investigate these condéhils. some previous research is
consistent with workerso6 report s®¥%mogt. pot ro
epidemiological publications focws companyinitiated health and safety intervention
effectiveness and advances in statistical methodoldgé83%° Existing studies do not address
racial disparities in worker mortality nor the health concerns described by workers and
community members in Badin.

The purpose of this study was to investigadacerns regarding excess and disparities in
mortality among union members employed at the Badin aluminum smelting plant-$pacge
mortality rates in the study cohort were compared with North Carolina general population rates,
guantified as standamkd mortality ratios (SMR). We also estimated cassparcific adjusted
standardized mortality ratios using non cancer, heart disease, orreljaigd mortality as a
negative control, to adjust for unmeasured differences between the occupationalrubtivet a
reference popul ati on r e Enally,dve ésimatddassaclatiolsy wo r k
between time worked in the pot room and mortality rates overall and according to race and sex
using standardized rate ratiodR($). This investigation involves de novo enumeration of a
cohort with vital status and cause of death ascertainment.

Methods
Study Setting
The town of Badin is located in Stanly County, rural western North Carolina, near

Charlotte, North Carolina. Badin wahe site of an aluminum smelting plant, operated by the
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Aluminum Company of America (now, Alcoa Inc.), for most of th# 26ntury. The smelter in
Badin was the major employer in the town for the entirety of its time of operatithe
workforce at the plant was unionized with the USW through the plant shutdown id*2007
Despite being closed and employing no residents for over a decade, hazmilidiants remain
at the plant site and throughout the town as of 2020. Residuals from the smelting process known
to be toxi® cyanide, fluoride, angolychlorinated biphenyls (PCBS)leached from an unlined
landfill and have been identified in Badin Lake a central recreational feature of the town.
These environmental exposures also are of concern to these former workers, as Badin is a
company town where many workers and tli@milies lived and continue to live after operations
at the smelter ceased.
Study Population
The study cohort includes 754 hourly USW members employed for any duration (1 day
or more) at the Badin smelting plant. The cohort was enumerated for this retodgeniority
records collected and stored by the USW, Local 303; due to limitations of available union
records the study cohort is restricted to workers employed between 1980 and 2007 only.
Seniority records were collected at least once per year to evatealents, complaints, and
payroll and membership changes. Full name, department, and social security number (SSN) were
available for workers evagmployed between 1980 and 2007. Records also included work
histories with month and year start datesfoet company and depart ment,
roomob. Gaps in employment were deduced by a w
The current USW president for the Local 303 gave access to paper seniority records with
permission from the regional supermgiteam. Three members of the study team scanned the

seniority records on site over two days in March 2018. The images were then processed through
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text recognition software and converted to text files. Three study team members manually
cleanedthetext®ls f or fidelity based on the scanned i
and SSN from May through August 2018.

A commercial database (LexisNexis Accurint) was used to obtain information on birth
date, sex, and race for workers in the cohort. Therse h i ncl uded dri ver o0s |
registration databases and was conducted using complete name and SSN. The search provided
birth date and sex for all individuals in the cohort and provided information on race for 93% of
individuals. Of those m&ng race data who were deceased, race was obtained from the death
certificate, leaving 30 workers with missing race information (4%¥%isNexis searches and
worker reports indicate that the vast majority of wwdmte workers at the Badin plant identified
racially as Black and are therefore referred to as Black throudhdiltere were no exclusions
applied to the study cohort due to missing data. The study protocol was approved by the
University of North Carolina Institutional Review Board.

Exposure Characterization

The USW data include department higgerfor workers in the cohort. Howeven
agenispecific exposure information, industrial hygiene monitoring data, espelific work
histories were available for this study. Therefare,conducted analyses based on compasis
of those ever employemshourly, USW memberat the Badin Alcoa plant between 1980 and
2007 to an external reference populati®®ecause of the potential for a broad range of hazards
and toxic exposures, as well as limited chemical exposure measurement data, this approach is
similar to several prior studies on aluminum smelting work and health have characterized

exposure simply as evemployment in an aluminum smelting plahf?

60



In addition, we conducted internal analyses using employment in the pot room as a proxy
for potential exposure to hazards associated withiggoh processes. This proxy was informed
by both worker testimony and previous studies. Two of the authors (PEMhparticipated in
several Concerned Citizens of West Badin meetings and interviews with former workers. In
these conversations, former workers in Badin report that the least desirable jobs in the plant
involved laboring in the pot rooms with combustirerpleum and inhalation of black soot, and
that these jobs were most frequently assigned to Black workers. The workers assigned to these
tasks were informally known as Athe bdll gang
Workers describe exposure to extreme heat as well as concerns albstdasaahd toxic
chemicals involved in repair of and waste management related to spent pots at tfe plant
Scientific literature also suggests that jobs in the pot room amadist hazardous at an
aluminum smelting plant. Workers involved in pot room production are likely to have elevated
exposure to carcinogens, heat, and oslgent classes of concern here (e.g. PAHs including
benzoea-pyrene, sulfur dioxide, and trace metalsluding chromium and nickeljelative to
those working in other departmerit$%-°8.58 The two most common pot room technologies are
[ 1] the fASoder ber gpitah pasteis fadinto potsnandvibakeds and [2] thé e
Aiprebakeod me bkkmtchpaste is bakel into dsolid in a separate carbon plant
before use in the pots. Emissions are much higher when the Soderberg proces¥,ibuistad
prebake method may increase risk of worker exposure to particulate thaftee Badin plant
used the prebake method during the entire study period.
Mortality and Cause of Death Ascertainment

Vital status of the study cohort was ascertained through December 31, 2017 using the

National Death Index (NDI). All 754 workers were searched in the NDI from 1980 through
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2017, using name, SSN, date of birth, sex, and race. The NDI provided the daitth @
underlying cause of death codes listed on the death certificate of decedents. The NDI
probabilistically identified decedents, and w
with probabilities above the threshold imposed by the NDThe underlying cause of death
code was classified according to the International Classification of Diseases (ICD) revision that
was in effect at thertie of death’. Individuals not identified as deceased in the NDI as of
December 31, 2017 were presumed to be alive.
Statistical Analysis

We estimated altause and causpecific Standardized Mortality Ratios (SMR) using
t he National |l nstitute of Occupational Safety
LTAS)¥8 The SMR serves as a summary measure of
experience relative to that of the general population in North Carolina. It is the ratio feabse
to expected number of deaths in the USW study population. The expected number of deaths is
the number that would have been observed had the study population experienced the mortality
rate of the general North Carolina population over the same tinelpExpected deaths are
estimated within strata of age, race, and sex distribution to remove any confounding effect of
these factor$®. Assumptions required for this interpretation are 1) that the p¢irsen
distribution in the study population would have been the same in the absence of work exposures
and 2) that the reference nality rates represent the rates the cohort would have experienced in
the absence of exposi®“ For all SMRs, cause of death categories are based on the NIOSH
119 underlying causef death classification schent€.

Wo r k e r s-6mepteisk ®fonortality in the study cohort began accumulating on the

first observed date of @ or on January 1, 1980 if hire occurred before that date. Falbow
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ended on December 31, 2017 for those presumed alive and on the date of death for decedents.
Persortime at risk was stratified by years of work in the pot room (never, ever, 0 to 5 yé¢ars

10 years, and 10+ years), attained agge@ groups), calendar period of hireygar intervals),

sex (male, female), and binary race (white, Black). Referent rates were based on North Carolina
mortality rates in the general population from 198@tgh 2017. Alicause and causpecific

SMRs were stratified by race and sex to assess disparities in mortality patterns. We calculated
confidence limit ratios for causspecific SMRs by takinghe absolute value of the ratio of upper

to lower confidencéounds to provide a readily comparable indication of precision for each

SMR.

We used a negative control to adjust for
SMRs wherein the SMR may be biased in worker populations, because working populatons ten
to be healthier (and therefore tend to have lower mortality rates) than the general population
119120 A negative control adjusted estimate of the SMR may reduce bias related to healthy
worker effects by reproducing a condition that involves the same healthy worker selection effect
but does not involve the causal effect of work exposureat@ihested SMR (aSMR) is estimated
by comparing the observed catsgeecific mortality rates in the worker population to cause
specific mortality rates in the worker population that satisfy these bias reduction corfditions

All cancer, bladder cancer, mesothelioma, respiratory cancer, armdatigmant
respiratory disease (COPD and asths@gcific aSMRs were estimated using negative control
mortality rates from the worker cohort. These causes were iderggiedtcomes of intesea
priori because they have been associated kmtiwn workplace exposures at the Badin smelter
and other plants with similar processegrevious studie$0:44:56.64.69.97.12125 gnd/orwere of

specific concern among former worké#sTo meet the assumptions required to reduce healthy
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worker bias in the aSMR, negative control causes of death were choseeriai) unlikely to
be affected by smelting work exposures and 2) shared the sources and directions of healthy
worker survivor bias as the causes of death of int&teBhe negative control causes of death
included: noAmalignan disorders of blood and blood forming organs, diabetes mellitus, mental
and psychological disorders, nervous system disorders, diseases of the circulatory system (other
than heart disease), diseases of the digestive system, diseases of the skin astksuiscut
system, diseases of the musculoskeletal and connective system, and diseases of-the genito
urinary system. For adjusted estimates, the negative control mortality rates are used in place of
the referent rates when estimating the SMR. Adjusted SMRs egtimated using SA®B,

We used SRRs to compare-edluse, all cancer, bladder cancer, mesothelioma,
respiratory cancer, and reigdory diseasespecific mortality among individuals who ever
worked in the pot room to that among those who never worked in the pot room. Comparisons
were also made according to duration of employment in the pot room. SRRs were used rather
than SMRsbecaiseSMRs for two different groups are not readily comparable due to the use of
different standards of age and demographic characteristics in each group. SRRs are mutually
standardized to the covariate distribution of the total coBistributions of pesontime worked
in the pot room by race and gender, alongside the pot room SRRs, were estimated to assess
disparities in mortality related to work in the pot room and workplace segregation. SRRs were

estimated using LTAS'®

Results

Table4.1 shows characteristics of the study cohort. The cohort of 754 workers had a

median age of 33 (Interquartile range, IQR:4Z9 at the beginning of follow up and was mostly
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male (94%). 493 (65%9)f the workers were white, with 35% identifying as Black or other (96%
Black, 4% other). At the end of followp, December 31, 2017, 507 (67%) of the cohort was
presumed to be alive, while 247 (33%) were deceased. The cohort had a median of 31-(IQR: 26
36) years of followup and a median attained age of 67 (IQR78Dat the end of follovup. The
oldest presumed alive worker at the end of follgpwas 95. Black males spent a
disproportionate amount of time working in pot rooms compared to their Whitéecparts.
Black males spent 38.5% of their total employed petsoa in pot rooms compared to 19.9%
among White males, 7.6% among White females, and 15.6% among Black females. The full
cohort spent 25.5% of employed persa@ars in the pot room.
Standadized Mortality Ratios

Table4.2 shows alcause and causpecific mortality relative to the North Carolina
general population. After standardizing for age, race, séxcalendar period, the alause
mortality rate in the overall worker population was lower than that in the general population of
North Carolina (SMR: 0.81, 95% CI: 0-0192, CLR: 1.30). However, there was imprecise
evidence of excess mortality due tosothelioma (SMR: 15.00, 95% CI: 3-849.82, CLR:
10.69), bladder cancer (SMR: 2.27, 95% CI: 66622, CLR: 9.39), urinary cancer (SMR: 1.52;
95% CI: 0.563.30, 5.89) cancer of male genital organs (SMR: 1.42, 95% CE205E] CLR:
3.59), multiple myelom&SMR: 1.65; 95%: 0.34..81, CLR: 14.15) and leukemia (SMR: 1.93,
95% CI: 0.634.49, CLR: 7.13). Combiningrinary tract and bladder cancer (both are
predominantly transitional cell carcinom&9, the SMR is 1.72 (95% CI: 0.8807, CLR: 3.49).
There were relatively fewer deaths than expected due to heart disease (SMR: 0.84 95% CI: 0.65
1.07, CLR: 1.65) and other diseases of the circulatory system (SMR: 0.49, 95 €).85625

CLR: 3.44).
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There was relatively lower mortality among both Blackin®MR: 0.80, 95% CI: 0.65
0.96) and among white men (SMR: 0.82, 95% CI: M&X) than expected based on reference
population rates. Black females in the study cohort experienced more deaths than would have
been expected based on North Carolina refereates (SMR: 1.23, 95% CI: 0.4086), and
Black males experienced more deaths due to cancer than would have been expected (SMR: 1.11,
95% CI: 0.791.51). Only two deaths occurred among the 29 white females in the study cohort,
whereas n were expected. Base of the small cohort size and sparse numbers in stratified
estimates, detailed race and sex stratified SMRs are not shown.

Table4.3 reports all cancer, bladdeancer, mesothelioma, respiratory cancer, and
respiratory disease mortality in the study cohort relative to negative control mortality in the study
cohort. The SMR for the negative control outcomes in study cohort was98%#(: 0.50
0.87). The adjuste@ll cancer SMR is 1.55 (95% CI: 1-P021) after correcting for healthy
worker bias, suggesting excess cancer mortality among-b®wWber workers at the Badin
aluminum plant. The adjusted SMRs also indicated excesses of bladder cancer and mesothelioma
mortality (aSMR: 3.47, 95%CI: 1.28.62 and aSMR: 17.33, 95%CI: 5-88.59, respectively).
Standardized Rate Ratios

Table4.4 shows SRRs comparing rates of@luse and causpecific mortality among
ever pot room workers to those among workers in the cohort who never worked in the pot room.
Ever workers in the pabom had higher altause mortality than never pot room workers (SRR:
2.83, 95% CI10.889.10. Ever workers in the pot room also had higher cancer mortality than
never pot room workers (SRR: 1.48, 95% @R22.39. Workers who ever worked in the pot
room had higher rates of respiratory cancer mortality than never pot room workers (SRR: 2.99,

95% Cl:1.237.26). Relative to never pot room workers, those who work&dy8ars in the pot
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room had elevated respiratory cancer mortality rates (SRR: 2.28, 99¥6€&7.81), and the
excess was more extreme among workers who spedtygars in the pot room (SRR: 4.27, 95%
Cl: 1.1715.62. Those with over 10 years in the pot room had lower respiratory cancer mortality

than the never pot room workers (SRR: 0.726951: 0.19-2.69).

Discussion

All -cause mortality in the study population of USW members working at the Badin
smelter was lower than that of the general North Carolina population, adjusted for age, sex, race,
and calendar year. This is consistent with p#tedies of SMRs comparing aluminum smelting
workersdo mortality patt etisHoweeer thdhcorme i n gener
experienced excess mortality due to bladder cancer and mesothelioma, causes id@nimied
to be of concern based on exposure to asbestos in production prd¢assethe IARC
classification of exposures in this industry as carcinogenic to the bfaddese findings are
basedon only 4 and 3 deaths, respectively. Elevated rates for other causes of interest were
indicated, including cancers of the urinary tract, male reproductive cancer and
leukemia/lymphoma mortality?’. While the numbers of deaths due to these causes are small, the
paterns are consistent with observations in prior studies of smelters. Cancer, and specifically
bladder cancer and mesothelioma, have documented associations with smelting work
2,26,40.44,69.12850t js a known cause of scrotal cané&rBenzene and other polycyclic aromatic
hydrocarbons as well as polychlorinated biphenyls (which are potential occupational hazards in
the aluminum smelting industry, and also may barenmental hazards in Badin as these agents
have been detected in Badin site wastewater evaludiéhhave been associated with

lymphatic and hematopoietic cancé$32

67



Black workers spent a greater proportion of their employed pgtesans in the pot room
than white workers. Black female workers at the Badin smelter experienced exctggym
overall, relative to the general population of North Carolina, and Black male workers
experienced excess death due to cancer. These findings support the narratives of former workers
26 Standardized rate ratios comparing mortality among workers with more time in the pot room
to that among thosewh never worked in the pot room provi
concerns related to long term employment in dangerous conditions at the plant. Workers ever
employed in the pot room had 1.5 times the rate of cancer mortality as never pot room workers.
They reference that the fA25 year c¢club, 0 which
opened to Black workers after establishment of the Badin United Steel Workers (USW) Local
303 divisioninthe 19608, was often referred to as fAthe gr
died after working in the plant for 25 years. Our findings are consgiéh previous studies
suggesting that the pot room process entails greater worker exposure to carcinogens than others
at the plant?°6:5868 Much of the literature distinguishes between the two most common
smelting approaches with regard to carcinogen
when using the % Bubtdegpreake methind (whéch \was ased at the Badin
plant during the studgeriod) is associated with higher risk of particulate matter exp63u@er
study provides evidence of elevated camisiramong pot room workers despite use of a
smelting method that is generally presumed to be safer with regard to carcinogenic exposures
30,133.

The reduced altause mortality in this study kbort relative to the general population
may be due to healthy worker biases, as this has been documented in similar occupational cohort

studies®®. Further, the rates of mortality and poverty were high in North Carolina, refatiie
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general US population during the study perid> Individuals in the study cohort were able to
obtain employment in a unionized plant, whitrey likely gained access to better health and
retirement benefits as well as higher income than the general population. This is likely to have
conferred mortality advantages within the study population that limit their comparability to
general populatioreference rates. Adjusted SMR estimates attempt to mitigate biases related to
unmeasured differences between the study cohort and the general population of North Carolina.

If the assumptions of our negative control choice are met, i.e., 1) the negatna co
causes are not influenced by work exposures, 2) the same healthy worker survivor bias affects
the negative control causes as the causes of interest, and 3) the bias is in the same direction and
of similar magnitude for the negative control and cao$asterest, then the adjusted SMRs
represent less biased estimates than the SMRs using the external population reference rates. Our
adjusted SMR results suggest occupatioraigociated excesses of mortality due to all cancer,
bladder cancer, and meselioma, and they also provide support for excess respiratory cancer
and other respiratory diseasdated mortality. Previous studies have documented excess
respiratory disease and cancer incidence among aluminum smelting wopké&d23
Moreover, the results are consistent withgkeeral conclusions of IARC, which classifies
aluminum smelting occupational e xyffocisnur es as
evidence of carcinogenicityn h uiffans 0

The mortality deficit we find among Black men relative to the general population may be
due to agreater difference in mortality between workers and the general population among Black
than white men and a higher-alhuse mortality rate among Black men than white men in the
general population. A similar property of these disparities has been obsepresious

southern occupational cohort studies in the US south during similar time periods to thi$Study
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OQur findings are consistent with Ainverse haz
hazard | aw states that Athe accumul ation of h
and resources of the populations affedféd®® ¢ Thi s structural bias mal
study in the form of limited and biased data, and affects who is counted in the study population.

For example, salaried workers, who were more often white, likely had lower averagerexio

many dangerous conditions compared to their hourly counterparts at the Badin plant, who were

more often Black. Because salaried employees were not unionized, their records and vital status

are not included in this analysis/orkers also expressedncerns about takeome exposures

related to laundering of clothing worn in the pot room. However, we do not have mortality

follow-up on family members of the workers in the study.

This study has several limitations, the first of which is the lack ofifspegposure
guantification. There is consistency in for me
but the prevalence and intensity of exposures in the cohort over time has not been quantified.

This limited our ability to make mortality compsons within the Badin workforce with respect
to exposure. However, we were able to characterize mortality relative to work time in the pot
room, a department known to be more dangerous than other smelting dep&aftfiéht§ 6898

Second, the small numbers of some cancer outcomes reduced statistical precision and
limited our ability to make reliable inference from stratified estimates. A large proportion of the
cohort was younger at the end of folleyp than the typical age at whisbme causes of disease
result in fatality. For example, the median attained age at the end of follow up is 67 while the
national median age at lung cancer diagnosis {$°7@We plan to update this cohort in the future

to improve the statistical precision of estimates.
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The imprecision in the atause SRR is likelyelated to the divergent age distributions in
the ever and never pot room worker populati®@wh groups accrued similar amounts of
personrtime before attained age 40, but the ever pot room group experienced greater mortality.
Between attained ages 40 @ both strata experienced less mortality than would have been
expected in the general population of North Carolina. At attained age 65 and older, the never pot
room group accrued substantially more person time than the ever pot room stratum, while the
ever pot room workers experienced excess mortality in this attained age group. The 65 and older
age group is wweighted in the summary ever pot room SRR because both groups are
standardized to the total cohort age distributidrns may be due to changing demographics in
the worker population that represents a gradual decay of the healthy worker hire effect over time.
People are healthiest relative to the general population when they are first employed, and this
advantage graduglreduces as they age. This has been observed in occupational cohort studies
and can lead to underestimations of work expeseleed mortality risk in SMR¥?,

A third limitation of this study is that information on cause of death does not reflect the
true burden of disease in tbhehort, especially nefatal conditions and diseases with long
periods of morbidity. Under registration of some causes of death is known to affect several
diseases of interest to former workers, including lung and bladder ¢dhd@eath cetificate
coding also has documented misclassification of disease diagnoses associated with the cause of
mortality 142143 Diseases of interest were captured in our analyses only if they were reported as
underlying causes on the death certificate.

Strengths othis study include that it used available data to address the concerns of
former workers at the Badin aluminum smelting plant. It involved the enumeration of a novel

cohort and preliminary analysis of mortality with the potential for further fellpanthe future.
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The work history records ranged 27 years, covering a relevant period of exposure for concerned
former workers. The cohort was followed for a median of 31 geadequate time to ascertain
mortality related to most causes of interest.

This stug also included an exposure assessment process involving input from the USW
and Concerned Citizens of West Badin. The research addresses a concern with direct public
health need, substantiates and documents workplace injustices in the pot room thaistenton
with worker complaint$8, involves an application of communibased participatory methods
which are underused in occupational epidemiofdgy*S and uses advanced statistical
methodological techniques for dealing with healthy worker biases. While SMR analyses are
vulnerable to a form of healthy worker bias, we attempt to indirectly address thilrbiagh
calculation of adjusted SMRs, and we also calculated SRRs which are internal comparisons of
rates.

Our study suggests that this study cohort of hourly, umember aluminum workers
experienced higher rates of bladder cancer and mesotheliomditywtrtan the general
population of North Carolina, standardized by sex, age, race, and calendar period. Hinever,
SMRs for these outcomes are based on smatibers. Black females experienced excess all
cause mortality, and Black males experienced xcancer mortality relative to the general
population. Workers in the pot room experienced morealse and cancer mortality than those
who never worked in the pot room. After adjusting for healthy worker survivor bias, we found
that the study populativhad elevated rates of all cancer, bladder cancer, and mesothelioma
mortalityd all causes oé priori interest due to worker concern and previous scientific findings
2,26,40,44,69.98,124 Eormer workers at the plant and their families have expressed coretated

to cancers, as well as race and gender disparities in harmful work expéslihese
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preliminary findings provide foundation for future mortality follay of this cohort and
potential followup of broader worker and family cohorts at risk of aluminum smelting work

exposures.
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Table 4.1 Descriptive characteristics of 754 hourly USW members eveemployed?® at the
aluminum smelting facility from 1980-2007 in Badin, North Carolina

Characteristic Black Black | White White Total
Female | Male Female | Male
Total number of workers, N 19 238 29 468 754
Presumed alive at end of follewp, n 14 134 27 332 507
(%) (74) (56) (93) (71) (67)
Deceased at end of folleup, n (%) 5 104 2 136 247
(26) (44) (7) (29) (33)
Age beginning of followup, median 33 35 30 33 33
(25", 78" (30, 35) | (28, 41)| (25, 37) | (27, 40) | (28,
40)
Attained ageat end of followup, median | 66 68 63 67 67
(25", 758" (57, 69) | (61, 75)| (59, 69) | (60, 74) | (60,
74)
Median duration of followup, (25", 75" | 34 29 34 33 31
(28, 36) | (23, 36)| (26, 36) | (27, 36) | (26,
36)
Personyears of active employment, n | 218 2,791 | 225 5,456 8,690
Personyears of active employment in th 34 1,075 |17 1,087 2,213
pot room n (%) (15.6) |(38.5) | (7.6) (19.9) (25.5)
Personyears of active employment not| 184 1,716 | 208 4,369 6,477
the pot roomn (%) (84.4) | (61.5) |(92.4) (80.1) (74.5)

20ne day or more of continuous employment in the plant.
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Table 4.2 Standardized mortality ratios comparing causespecific mortality among 754
USW members everemployed from 19802007 b North Carolina referent rates?@

Cause of death Obs | SMR | 95% CI CLR
All Causes 247 | 0.81 | 0.71,0.92| 1.30
All Cancers 86 1.02 | 0.81,1.26| 1.56
Buccal & pharynx 2 1.00 | 0.12,3.61| 30.08
Digestive & peritoneum 19 0.94 | 0.57,1.47| 258
Esophagus 3 0.97 | 0.20,2.82| 14.10
Liver, biliary passages, gall bladder 2 0.67 | 0.08,2.42| 30.25
Respiratory 24 0.75 | 0.48,1.12| 2.33
Trachea, bronchus, lung 23 0.75 | 0.48,1.13| 2.35
Mesotheliomd 3 15.00| 3.82, 40.82| 10.69
Male genital organs 11 1.42 | 0.71,255| 3.59
Urinary 6 1.52 | 0.56,3.30] 5.89
Kidney 2 0.91 | 0.11,3.29| 29.91
Bladder & other urinary site 4 2.27 | 0.62,5.82| 9.39
Lymphatic & hematopoietic 9 1.28 | 0.58,2.43| 4.19
Non-Hodgkin's lymphoma 1 0.41 | 0.01, 2.28| 228.00
Multiple myeloma 3 1.65 | 0.34,4.81| 14.15
Leukemia 5 1.93 | 0.63,4.49| 7.13
Other & unspecified 7 1.14 | 0.46,2.34| 5.09
Diseases of the respiratory system 17 0.69 | 0.40,1.10| 2.75
Chronic Obstructive Pulmonary Disease 10 0.74 | 0.35,1.36| 3.89
Asthma 1 2.33 | 0.06, 13.01] 216.83
Heart diseases 66 0.84 | 0.65,1.07| 1.65
Hypertension with heart disease 4 0.94 | 0.25,2.40| 9.60
Ischemic heart disease 49 0.84 | 0.62,1.11| 1.79
Conduction disorder 3 0.68 | 0.14,1.98| 14.14
Other heart diseases 3 0.61 | 0.12,1.77| 14.75
Other diseases of the circulatory system 12 0.49 | 0.25,0.86| 3.44
Cerebrovascular disease 11 0.69 | 0.34,1.23| 3.62
Diseases of the arteries, veins, lymph 1 0.17 | 0.00,1.47| 147.00
Diseases of the gen#trinary system 4 0.55 | 0.15,1.40| 9.33
Acute glomerulonephritis & renal failure 1 1.05 | 0.03,5.84| 194.67
Chronic nephritis & renal failure 2 0.43 | 0.05,1.57| 31.40
Diseases of the digestive system 10 0.77 | 0.37,1.41| 381
Cirrhosis & other liver diseases 6 097 | 0.36,2.11| 5.86
Other diseases of the digestive system 4 0.73 | 0.20,1.86| 9.30
Nervous system disorders 9 1.09 | 0.50,2.07| 4.14
Other nervous system diseases 9 1.13 | 0.52,2.15| 4.13
Mental & psychiatric disorders 1 0.11 | 0.00,0.64| 64.00
Diabetes mellitus 7 0.70 | 0.28,1.45| 5.18
Diseases of skin & subcutaneous tissue 2 4.33 | 0.52,15.66] 30.12
Diseases of blood & blood forming organs 4 272 | 0.74,6.97| 9.42
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Intentional sekharm 1.17 | 0.43,255 | 5.93
Symptoms & iltdefined conditions 1.53 | 0.32,4.48| 14.00
Other & unspecified causes 10 093 | 0.44,1.71| 3.89
Obs: Observed number of deaths in study cohort; SMR: Standardized Mortality Ratio; Cl,
Confidence Interval; CLR, Confidence Limit Rat{the absolute value of the ratio of upper to
lower confidence bounds)

a SMRsstandardizethy age, sex, race, and calendar year.
bPleural cancer and mesothelioma deaths are combined.

Transportation injuries 3 0.42 | 0.09,1.24| 13.78
Falls 1 0.47 | 0.01, 2.64 | 264.00
Other injury 5 0.72 | 0.23,1.67| 7.26
Violence 7 0.83 | 0.33,1.70| 5.15
6
3
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Table 4.3 Standardized mortality ratios for deaths due to select causes of death among
USW members everemployed from 198062007 adjusted using negative control outcomes
observed in the same cohort

Cause of death Obs | Adjusted SMR (95% CI)

Negative Control Outcomés 58 1.0 (ref)

All Cancers 86 | 1.55(1.10, 2.21)
Bladder & other urinary site 4 3.47 (1.25, 9.62)
Mesotheliom& 3 17.33 (5.40, 55.59)
Respiratory 24 1.24 (0.77, 1.99)

Diseases of the respiratory system 17 1.05(0.61, 1.82)

Obs: Observed number of deaths in study cohort; SMR: Standardized Mortality Ratio; Cl,
Confidence Interval.

2 SMRs standardized by egsex, race, and calendar year

bNegative ControDutcomes werenon-malignant disorders of blood and blood forming organs,
diabetes mellitus, mental and psychological disorders, nervous system disorders, diseases of the
circulatory system (other than heart disease), diseases of the digestive system, diseases of the
skin and subcutaneous system, diseases of the musculoskeletal and connective system, and
diseases of the genitainary systemStandard SMR for the combined outcomes: 0.65 (95% ClI
0.500.87).

“Pleural cancer and mesothelioma deaths are combined.
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Table 4.4 Standardized rate ratios comparing mortality due to select causes of death among
USW members everemployed from 19802007 who worked in the pot room to workers
who never worked in the pot roon?

Pot Room
SRR (95% CI)
[Obs]
Cause of death Never Ever
All cause 1.0(ref) 2.83(0.88, 9.10)
[158] [89]
All cancer 1.0(ref) 1.48 (0.92, 2.39)
[51] [35]
MN bladder & other urinary site 1.0(ref) 1.58 (0.15, 15.28)
[3] [1]
Mesothelioma 1.0(ref) 3.36 (0.2153.78)
[2] [1]
MN respiratory 1.0(ref) 2.99 (1.23, 7.26)
[11] [13]
Non-malignant respiratory disease 1.0(ref) 0.33(0.07, 1.71)
[15] [2]

Obs: Observed number of deaths in study colsiR: Standardized Rate Ratio; Cl, Confidence
Interval.
aEstimates are standardizleg age, sex, race, and calendar.
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CHAPTER 5. RACE-BASED METRICS IN OCCUPATIONAL EPIDEMIOLOGY:

PROBLEMS AND | MPLI CATI ONS FOR WORKERSDS®

Introduction

Scientific racism is a term that has been proposed to describe the afisosace in
medicine that perpetuates arguments used to justify slavery and conflates race with f&netics
151 In thischapter we examinethe uss of two representativeacebased metrigin occupational
epidemiology lung function and hearing, andiscuss how they may exemplify scientific racism
Our inquiry is informed by critical race theory, which leads us to focus on the role of racism in
analyses of race differences, challenge the overt or implicit claims of objectivity iad@
based medicine scientific literature, center the experiences (as assets) of People of Color, and
inform practice through interdisciplinary, contextually and historically aware inéffity> This
work is in partnership with the Concerned Citizens of West Badigroup of former workers
and their families at the segregated, now shuttered smelting facility in Badin, North Carolina
who organize around environmental justice in their commudnity

We are considering lung function and hearing loss incthégpter because both metrics
are commonly monitored in manufacturing industries in response to decades of Occupational
Safety and Health Administration (OSHA) regulation related to eachured$!®> Further,
hearing loss and lungfiigtion vary by socioeconomic stafii$*% are good approximations of
the direct impacts of hazardous work environmé&ht® have documented associations with
further morbidity and declines in quality of 1i¥&5%5¢ and are frequently used masss in

wor ker so ¢ o mp'¥ mpamtanilypochnicat heasuremsentsiofu ng f uncti on
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for race'®"182 while those of hearing loss do not. In the United States population, Black people

have better average hearing and worse average lung function than white Peo6pieFLes, we

critically evaluate howace differences in the two metrics are examined in the literature

compare how they are measunedhe context ofegulationsandclinical practice We also

provide an empirical example, in which we est

compensation.

Lung Function: A cl|l i ni cal measure that o&écorrectsdé fo
Lung function injury and disability thresholds are made relative to a sex and race
corrected predicted capacfty'®® The American Thoracic Societgcommended lung function
predictionequations for the United States population are based on a study by Hankinson et al,
conducted on data from the National Health and Nutrition Examination Survey (NHANES)
91166167 Typically, the predicted score is generated by the spirometer thsirtankinson et al
equation$*. The spirometer is usually operated by an occupational medical staff person. The
cliniciand notthepatieddent er s t he patientods PacWonrnher s@& x
compensation claims are evaluat edelabvatothal on wo
predicted lung capacity, and the literature says thatspeeific predictions can be accurately
replicated with a standard 15% decrement for Black patiérithis means Black workers must
experience more lung function loss than white workers to qualify for compensation because their
baseline is set lower by the algorithm.
Proposed mechanisms for race differences
There is repeated documentation of Black/wdiferences in lung functianNhite study

participants and clinical patients have better lung function than their Black count&hbHrte®
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185 The biological mechanisms for baseline differences in lung function are seldom discussed in

the literature butthe most common explanations are physiological and behavg@adrate

standard predictoe quat i ons exi st for AAfric-AmeAmeanoan
race groups, and they are used to define respiratory disability both clinicallygaiigl 1819,
Hankinson et al state that the Bl ack/ white di
difference in body build: AfricasAmericans having on average a smaller trunk:leg ratio than do

C a u c a $iThinistiee main referenced explanation for the differéht®@1%¢despite

repeated failed atpts to quantitatively explain the Black/white difference in lung function

using chest and torso measureméttts’L. Other studies more vaguely attribute the difference to
genetic ancestrif3 165,

Much of the occupational epidenagy on lung function controls for smoking or restricts
samples to nosmokers. This is problematic for causal identification of the impacts of work
exposures, because smoking is |Iikely to be co
job (e.g. argeted marketing, leisure tradeoffs, stress relief, social reinforcement!ef@aspite
a general lack of empirical investigation of tisée of smoking in Black/white differences in
lung function, it is frequently offered as a conceptual consideration. This requires some logical
acrobatics, as Black Americans are less likely to be smokers than Whies avoid this
obstacle, muiple studies have argued that smoking plays a role in the Black/white difference in
lung function by proposing that Black smokers absorb more nicotine than white smokers
164174175 While it is standard to adjust for sex in lung function prediction equatipne could

find no proposed physiological or behavioral mechanisms to support this practice.
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Impact on regulations

Most states, including North Carolina, recommend that clinicaligers use the
American Medical Association Guid&sfor determining disability in lung capacity when
evaluating wor k er ¥ dheGuidepdefimesdagreie of ungduhciidn ms
impairment acrossfor c¢cl asses using two of the workeros
(FVC) and forced expiratory volume in one second (EEM¢lative to a predicted value. The
predicted value comes from the Hankinson equations, which are functions of agedsex,
height, with racespecific parametef®. Class 1 impairment is equivalent to no reduced lung
capacity, Class 2 is defined as FVC or kBgtween 75 and 90% of the predicted value, Class 3
is between 50 and 74% or the predicted value, and Class 4 is lower than 50% of the predicted
value. The i mpairment c¢class in which a worker
they are awardeéd a typical case in North Carolina might award $2,500 per each impairment

class above %2

Hearing Loss: A clinical measure that does no
Hearing loss is evaluated using the average of decibel thresholds a worker demonstrates

across four frequencieBlack individuals have better hearing than whité<%2 while females

have better hearing than malé% Sudies of hearing loss include some critical estibn of

whether race, sex, and/or age should be used to identify control ¢tbtfiswhile race, age,

and sex correction seems to be uncontested, standard practice in lung function research. The

hearing loss literature examines the role of occupational exposures in population avététes

while the lung function literature adjusts for baseline risk before examining role of occupational
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exposure$*!4” More generally, there is minimal focus on the roles of race and genetics in
population distributions of hearing losslatéve to that in lung function.
Proposed mechanisms for race differece

There are multiple physiological explanations proposed in relation to the Black/white
difference in hearing. The most frequently referenced theory is that melanin provides averotecti
function for hearing®"159.161.162179180 ot her s, | i ke Hel zner et al ,
f unct i o nfactordos hearingrldsssaknong Black women while listing cardiovascular
disease as the main risk factor among white tfeAdditional behavioral mechanisms in the
literature include nonuse of hearing protection, lack of exercise, and pobditizner et al
also offer different behavioral explanations by rgeader groupOccupational noise exposure
is proposed as a major risk factor for white men only, moderate alcohol use is proposed for Black
women only, and salicylate use for Black men dafySmoking more easily fits the narrative
with regard to Black/white differences in hearnegptive to lung function differenceand it is
referenced as a theoretical mechanism in multiple stéifiés 178
Impact onregulations

Lung function and hearing lossetrics are also treated differently when it comes to
regulationsFor hearing losselated injuriesno racebaseddecrement is applietHearing loss
injury and disability thresholds are made based on absolcifeetieanges (regardless of a
wor ker 6s %8 8%f theirravesage thjeshold is greater than 15 and not attributable to
any degenerative or genetic disorder, workers are ddid e f or compensation of

one ear and 150 w®eksod pay for both ears
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Empirical Example: Workersd Compensation Awar
Frstwe analyzed a random sample of 200 Bl ack
measurements from the demonstration database in the NIOSH Spirometry Longitudinal Data
Analysis Softwaré>We t hen esti mated the amount of wor ke
have received under four ¢ omownt2jassaomsingthd ) t he w
workers are all white, 3) assuming the worker
unknown. For lung function estimations, we used the Hankinson et adpac#ic equations in
conditions 13, and in condition 4, we used eegdiction equation that did not correct for radée
applied the Guides impairment class definitions and assumed $2,500 awards tdasaabove
1.
Next, we analyzed r andom sample of 200 Bl ack and 2(
measurements from the 4982000 NHANES®. For hearing loss estimations, we applied face
specific equations in conditions3l with a 7% derement for white workers and a 7% increase
for Black workers (informed by the race difference in the full 22000 NHANES population),
and in condition 4, we used audiometric output uncorrected forFac@aluminum smelting
production work, the natioha aver age for 70 weekso flaosy is $4°2
we assumed awards$f4 2, 700 f or one ear 6s bearing | oss a
Figure51s hows Bl ack workersé and white workers
they would be measured to evaluate compengatparcent of predicted FVC for lung
functiond under two of the race specification conditions. The curve in yellow is condition 1, the
percent of predicted capacities using the equations corresponding to the race of the workers
(Black for Black workers and white for white workers), the purple curve is condition 2, using the

white worker algorithm, and the blue curve is condition 3, usin@thek worker algorithm. The
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vertical line shows threshold for initial compensation, below 90% of predicted capacity. Using

the Black worker algorithms, 81% of Bl ack wor
compensation. When applying the white worker atgar to the Black workers, 94% of the

results qualify for compensation. Among white workers, 60% qualify for compensation when

using the white algorithms and 30% qualify when using the Black algorithm.

Figure5.2 showsdistributions of left ear hearing loss in decibels. The yellow curve is
condition 1, the decrement or increase corresponding to the race of the workers (7% increase for
Black workers and 7% decrease fdrite workers), the purple curve is condition 2, using the
white worker decrement, and the blue curve is condition 3, using the Black worker increase. The
vertical line shows threshold for initial compensation, above 15 decibels. Using the white worker
decement, 47% of workers qualify for compensation, and 63% qualify when using the Black
worker increase.

Table5.1 shows the total amount of compensation estimaiethe worker cohostunder
each condition. The total compensation for lung function impairment that would have been
received by the 400 workers varies by up to $422,500 when changing only their assufed race
the absolute values for FVC remained constaetich condition. Among only 400 workers,
removing the race correction from the prediction equation resulted in 34 additional worker
impairment designations, as the total award value under condition 4 was $85,000 greater than
that under the current standar@ondition 1). Total compensation for hearing loss is
substantially higher than for lung function impairment. Additionally, there were no changes in
total compensation when applying the white decrement but a substantial rise in compensation in

when applyng the Black hearing increase.
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RaceBased Metrics in Occupational Epidemiology Reflect Scientific Racism

The field of occupational epidemiology has roots in supporting worker orgaf#Zing
and much of it is currently motivated by social and environmental justice efféfts®> Despite
this, scientific racism in the form of ratased metrics is especially pervasive in the field. We
argue there are three main reasons for its prominence. First, discussions nélnazgsm are
largely absent in occupational epidemiology literatAreelatively small body of literature
examines differences in occupational characteristics and exposures by gender #fd race
Historically, most occupational cohort studies have focused on white male industrial workers,
with little empirical analyses of exposures among-nie or noaAwhite workers. Since most
work has been done on white males, the typical distributions of exposures and outcomes that
inform occupational safety guidelines and compensation thosshmay be biasedturther, the
validity of clinician-assigned race categories is problem&fiand is becoming increasingly so
as pdient and worker populations in the United States grow and change.

Second, we use CedricaRobbl nsapbsatesmjiooto
understanding of how scientific racism operates within occupational epidemiology. Robinson
describes racialapitalism as a structure in whichce is a central operating logic of the political,
economic, and social system of capitaliste.discusses hovacism against Black communities
is the engine that allows United States capitalism to grow, not oslgvery, but also in
20" and 2% century industrializatiof’. |l ndustryés reliance on fund:
perpetuate use of rat®sed metrics to describeand avoid social, environmental, and
occupational explanations fordifferences in health by race.

As Lundy Braun highlights in her work on the history of spirometry, the main

measurement improvements in the literature have focused on identifying specific genetic
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influences on outcomeé&*8” This reinforces a narrative of biologic determinism by adding

measurements of ancestry to improve algorithmic prediction while further burying social,

environmental, and occupational measures as relevant predictors of lung fifticfiMore

material resourcesre required to measure these markers of genetic ancestry than to measure

social factors, but literature conflicting with genetic explanations remains largely ulf€it&t

Examining this phenomenon through the lens of racial capitalism would suggest this

demonstrates a vested interest in maintaining a biological explanation for Black/white

differencesinlungfuici on. As one former worker i n Badin

a million dollars to®8eep from giving me a di
Finally, whileit is established in the literature that toxins are unevenly distributed by

racial capitalist logics®, mol ecul ar | evel alterations are mos

and difficult to prove. This leads dependence on forms of knowledge production that are

limited in their articulation of race and have complicated histories of denying, erasing, and

reiterating racism®2

Conclusions

In thischapter we discussed conceptual, historical, and practical issues withaaed
metrics in occupational epidemiology. We then estimated one of several (e.g. job loss,
displacement, psychological impacts, etc.) potential material consequences of ushapehce
metrics in occupational epidemiologic practice. Our empirical example demonstrated substantial
differences in typical compensation for hearing loss and lung capacity impairment, with hearing
loss being compensated at a much higher dollar value. Futthleowed the potential impacts of

using racebased metrics in occupational injury compensation determidatiarrent evaluation
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standards under compensate workers for lung disease because of their assumed race alone. This
aspect of our science is basedanist logic with origins in eugenics used to reify racial

differences for capital gairt8®1®3 Through use of raeleased metrics, occupational

epidemiology research is facilitating structural racism in the fdrjplosegregation, thereby

undermining core values of the discipline whose primary purpose is to support wtkers
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Figure 5.1 Distributions of percent of predicted value for forced vital capacity (FVC) under

different race-based correction conditions
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Figure 5.2 Distributions of left ear hearing loss under different racebased correction
conditions
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