
Final Report

Mortality of Employees of an Ammonium
Perfluorooctanoate Production Facility

Jessica I. Lundin, MPH

Bruce H Alexander, PED
Associate Professor
Principal Investigator

Division ofErvironmental Health Sciences
University of Minnesota, Schoolof Public Health

August 22,2007

Exhibit
2168

3MA02557439
2168.0001

Final Report 

Mortality of Employees of an Ammonium 
Perfluorooctanoate Production Facility 

Jessica I. Lundin, MPH 

Bruce H Alexander, PhD 
Associate Professor 

Principal Investigator 

Division of Environmcntal Health Sciences 
University of Mittnesota, School of Public Health 

August 22, 2007 

2168.0001 

3MA02557439 



Excoutive Summary
Backgrounds This report presents the results of cohort mrtaiy studyofworkers employed
at the 3M Ammonium Perflaorooctanoate (APFO) production fcility in Cotage Grove
Minnesota. The purposeofthis study was to examine possible associations between working in

jobs with varying exposure to APFO and spcifc causesofdeath.

Methods: The study populationincludedall employees ofthe Cottage Grove fcility witha
minimum of 365 daysofcumultive employment priorto 1997. Thepopulation was followed
from the time they entered the workforce through 2002. Underlying nd contributing causes of
death were obtained from the National Death Index and death certificates.

Work history records were used to determine potential APFO exposure.Eachjobheldwas
assigned 0 one of three exposure categorie; nan-cxposed, probable APFO expasire, and
definite APFO expose. Exposure categories were niall established based on duration of
employment cach of thes jobs. The cohort members were classified 2evro neve hevinga
ob with probable exposure, probable or defite exposure ofor minimum periodoftime in
these job cstegorics, To estimate cumulative exposureweighted cumulative exposure model
‘was constructed by multiplying the durationofemployment by an exposure weight of1 for non

exposed, 30 fo probable exposurean 100fodefinite exposure. The weights, tough somewhat
abirary, rfc differences in biological monitoring ofthe jobs and consider th long hal? ie
of the chemical. The cumulative cxposures wer the categorized as estimates equivalent o less
than one, ane to five and mre thn five years ofemployment in high exposure job.
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Executive Summary 

Background: This report presents the results of a cohort mortaIity study of workers employed 

at the 3M Ammonium Perfluorooctanoate (APFO) production facility in Cottage Grove 

Minnesota. The purpose of this study was to examine possible associations between working in 

jobs with varying exposure to APFO and specific causes of death. 

Methods: The study population included all employees of the Cottage Grove f~tcility with a 

minimum of365 days of cumulative employment prior to 1997. The population was followed 

from the time !bey entered the workforce through 2002. Underlying and contributing causes of 

death were obtained from the National Death Index and death certificates. 

Work history records were used to determine potential APFO exposure. Each job held was 

assigned to one of three exposure categories; non-exposed, probable APFO exposure, and 

definite APFO exposure. Exposure categories were initially established based on duration of 

employment in each of these jobs. The cohort members were classified as ever or never having a 

job with probable exposure, probable or definite exposure or for a minimmn period of time in 

these job categories. To estimate cumulative exposure a weighted cumulative exposure model 

was constructed by multiplying tee duration of employment by an exposure weight of 1 for non 

exposed, 30 for probable exposure and 100 for definite exposure. The weights, though somewhat 

arbitrary, reflect differences in biological monitoring of the jobs and consider the long half-life 

of the chemical. The cumulative exposures were then categorized as estimates equivalent to less 

than one, one to five and more than five years of employment in high exposure jobs. 
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Standardized mortality ratios (SMR) were estimated for all cause and cause specific mortality

using mortality rates from the general populationofMinnesotaasareference. SMR estimates

‘were mad for the sub-cohorts over exposed to APFO, by exposure category, and for a minimum

ofone yearofexposure.

Time dependent Cox regressionmodelswere used to estimate th risk of specific causes ofdeath

using an internal referent population. Risks were estimated for working ina definite exposure job

fora minimumof 6 months (high exposure) and ever inajob with probable exposure or a job

with definite exposure for les than 6 months (moderate exposure) in comparison to those who

never helda job with definite or probable exposure (low exposure). A similar time dependent

analysis for cumulative exposure used weighted estimates equivalent to less than one, one o five

and more than five years inajob with definite exposure. All models were adjusted for sex, birth

year, yearofeligibility, wage type (salary, hourly or both), and an estimateofsmoking habit,

‘Causesof desthofa priori interest were liver, pancreatic and testicular cancer and cieaosis of

the liver based on animal toxicological dats, and prostate cancer and cercbrovascular disease

from prior analysesofthis cohort,

Results: There were 3993 eligible workers, and 807 deaths, inthe cohort. The SMR for all

causesof death was 0.8 (95% C1 0.7-0.9) and 0.9 (95% C1=0.5-1.0) for malignant causes of

death, No malignant or nonmalignant causesofdeath had significantly elevated for any

‘exposure classification, however the membersofthe non-exposed cohort had significantly

reducad mortality due to prostate cancer (SMR=0.4, 95% CI-0.1-0.9), cerebrovascular disease.

(SMR=0.5, 95% CI-0.3-0.9), and ischemic hart discase (SMR-0.7, 95% C1-0.3-0.). The
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Standardized mortality ratios (SMR) were estimated for alI cause and cause specific mortality 

using mortality rates from the general population of Minnesota as a reference. SMR estimates 

were made for the sub-cohorts ever exposed to APFO, by exposure category, and for a minimum 

of one year of exposure. 

Time dependent Cox regression models were used to estimate the risk of specific causes of death 

using an internal referent population. Risks were estimated for working in a definite exposure job 

for a minimum of 6 months (high exposure) and ever in a job with probable exposure or a job 

with definite exposure for less than 6 months (moderate exposure) in comparison to those who 

never held a job with definite or probable exposure (low exposure). A similar time dependent 

analysis for cumulative exposure used weighted estimates equivalent to less than one, one to five 

and more than five years in a job with definite exposure. All models were adjusted for sex, birth 

year, year of eligibility, wage type (salary, hourly or both), and an estimate of smoking habit. 

Causes of death of a priori interest were liver, pancreatic and testicular cancer and cirrhosis of 

the liver based on animal toxicological data, and prostate cancer and eerebrovascular disease 

from prior analyses of this cohort. 

Results: There were 3993 eligible workers, and 807 deaths, in the cohort. The SMR for all 

causes of death was 0.8 (95% CI 0.7-0.9) and 0.9 (95% CI=0.8-1.0) for malignant causes of 

death. No malignant or non-malignant causes of death had significantly elevated for any 

exposure classification, however the members of the non-exposed cohort had significantly 

reduced mortality due to prostate cancer (SMR=0.4, 95% CI=0.1-0.9), cerebrovascular disease 

(SMR=0.5, 95% CI=0.3-0.8), and ischemic heart disease (SMR=0.7, 95% CI-0.3-0.8). Th~ 
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members ofthe cohort with definite exposure did have lower than expected rateofdeath from

ischemic heart disease, but not prostate cancer (SMR=2.1, 95% C1=0.4-6.1), or cersbrovascular

disease (SMR=1.6, 95% CI=0.53.7)

“The time dependentanalysis using the intemal referent population produced hazard ratios

indicating an association with APFO exposure and prostate cancer endcercbrovasculardisease.

Those with high or moderate exposure had an elevated riskofdying from cerebrovascular

disease (HR=S.1,95%C1= 1.4-18.6 and HR=2.1,95% CI = 1.0-46, respectively)and prostate

cancer (HR=7.0, 95% CI = 1.2:42.2 and HR=3.0, 95% CI = 0.8-11.0, respectively). The highest

cumulative exposure score was associated with an elevated risk of dying from cersbrovascular

discase (HR=2.4, 95% CI=1.1-5.5) and prostate cancer (HR=3.8, 95% Cl=1 2-132). When

stratified by wage type similar associations were observed for prostate cancer and

cerebrovascular disease. Lagging exposures by 10 years made lite or no difference in the

hazard ratio estimates.

‘Conclusion: APFO exposed workers did not heve an elevated riskof death when compared to

the population of the stateof Minnesota, however within the cohort riskofdeath from prostate

cancer andcerebrovasculardisease was elevated for workers with higher estimated exposure.

Interpreting the somewhat contradictory results requires caution end consideration ofseveral

assumptions. A priori causesof death selected based on animal toxicology studies, liver,

pancreatic and testicular cancer and cirvhosisofthe liver, were not observed to be associated

with APFO exposure.
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members of the cohort with definite exposure did have lower than expected rate of death from 

ischemic heart disease, but not prostate cancer (SMR=2.1, 95% CI=0.4-6.1), or cerebrovascular 

disease (SMR=1.6, 95% CI=0.5-3.7) 

The time dependent analysi~ using the internal referent population produced hazard ratios 

indicating an association with APFO exposure and prostate cancer and cerebrovascular disease. 

Those with high or moderate exposure had an elevated risk of dying from cerebrovascular 

disease (HR=5.1,95% CI = 1.4-18.6 and HR= 2.1, 95% CI = 1.0-4.6, respectively) and prostate, 

cancer (HR=7.0, 95% CI = 1.2-42.2 and HR=3.0, 95% CI = 0.8-11.0, respectively). The highest 

cumulative exposure score was associated with an elevated risk of dying from cerebrovascular 

disease (HR=2.4, 95% CI=1.1-5.5) and prostate cancer (HR=3.8, 95% CI=1.2-13.2). When 

stratified by wage type similar associations were observed for prostate cancer and 

cerebrovascular disease. Lagging exposures by 10 years made little or no difference in the 

hazard ratio estimates. 

Conclusion: APFO exposed workers did not have an elevated risk of death when compared to 

the population of the state o£Minnesota, however within the cohort risk of death from prostate 

cancer and cerebrovascular disease was elevated for workers with higher estimated exposure. 

Interpreting the somewhat contradictory results requires caution and consideration of several 

assumptions. A p1"iot’i causes of death selected based on animal toxicology studies, liver, 

pancreatic and testicular cm~tcer and cirrhosis of the liver, were not observed to be associated 

with APFO exposure. 
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Introduction

Ammonium Perfluorooctancate (APFO, CFy(CF2)(COyNHL) is a thermally stable:

synthetic surfactant which is resistant to a large varietyofchemicals, and resistantto

degradation. These unique properties led to its use in industrial applications, as well as ist use as

an ingredient in consumer products such as non-stick coatings for cookware, clothing,

automotive products, and paper coatings (sandwich wrappers, popeor bags, etc) for oil and

moisture resistance (1). Inthe presence ofbiologic media, APFO dissociates into

perfluorooctanoie acid (PFOA, CFy(CF;).COOH), an anionof ABFO. APFO was produced at

the 3M facility in Cottage Grove, Minnesota from 1947 until the year 2000.

Laboratory studies have shown PFOA tobe absorbed through inhalation, ingestion, and

dermal contact andi distributed in the liverand in the blood with notable gender differences

varying by species (2). PFOA is metabolically inert; it is not biotransformed or conjugated and

is eliminated primarily through urine and feces (2).

Biological monitoring data indicate that occupational exposures to APFO in

manufacturing workers result in medien serum PFOA levels in the range of 0.3 10 5.2 parts per

millon (ppm), depending on the work area (3). The general population has been shown to have

‘average sera PFOA concentrations of $ parts per billion (pp) (4, 5). A comparisonsofbanked

serum from community base samples showed an increase in serum concentrations between 1974

anc 1989, but no significant change between 1989 and 2001(6). Preliminary data suggest that the

‘population exposure has decreasedfol owing the phase outof the productionofthese materials

.

PFOA isa peroxisome proliferator with demonsirated effects in laboratory animals

Anima studies have shown effects on the liver, atrophy of lymphoidtissues (spleen and lymph

nodes), benign hepatocellular tumors, , pancieatic acinar cll tumors,and testicula leydig cel
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Introduction 

Ammonium Perfluorooctanoate (APFO, CF3(CF2)6CO2"NI-I4+) is a thermally stable 

s3aathetic surfactant which is resistant to a large variety of chemicals, and resistant to 

degradation. These unique properties led to its use in industrial applications, as well as ist use as 

an ingredient in consumer products such as non-stick coatings for cookware, clothing, 

automotive products, and paper coatings (sandwich wrappers, popcorn bags, ere) for oil and 

moisture resistance (1). In the presence of biologic media, APFO dissociates into 

perfluorooctanoie acid (PFOA, CF3(CF2)6COOH;), an anion ofAPFO. APFO was produced at 

the 3M facility in Cottage Grove, Minnesota from 1947 until the year 2000. 

Laboratory studies have shown PFOA to be absorbed througlq inhalation, ingestion, and 

dermal contact and is distributed in the liver and in the blood wi~h notable gender differences 

varying by species (2). PFOA is metabolically inert; it is not biotransfonned or conjugated and 

is eliminated primarily through urine and feces (2). 

Biological monitoring data indicate that occupational exposures te APFO in 

manufacturing workers result in median serum PFOA levels in the range of 0.3 to 5.2 parts per 

million (ppm), depending on the work area (3). The general population has been shown to have 

average sera PFOA concentrations of 5 parts per billion (ppb) (4, 5). A comparisons of banked 

sermn from community base samples showed an increase in serum concentrations between 1974 

and 1989, but no significant change between 1989 and 2001 (6). Preliminary data suggest that the 

population exposure has decreased following the phase out of the production of these materials 

(7). 

PFOA is a peroxisome proliferator with demonstrated effects in laboratory animals. 

Animal studies have shown effects on the liver, atrophy of lymphoid tissues (spleen and lymph 

nodes), benign hcpatoceltulal tumors, , pancreatic acinar cell tumors, and testicular leydig cell 
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tumors (2) A previous mortality study ofthis cohort have shown an association with working in

the chemical division ofthe APFO manufacturing facility and dying from prostate cancer(8), and

a updated analysis identified potential association with high APFO exposure and death from

cerebrovascular discase (9). The purposeof tisstudy with an updated mortality follow-up was

to further evaluate potential associations between occupational APFO exposure and specific

causesofdeath in this cohort

6
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tumors (2) A previous mortality study of this cohort have shown an association with working in 

the chemical division of the APFO manufacturing facility and dying from prostate cancer(8), and 

a updated analysis identified a potential association with high APFO exposure and death from 

ccrebrovascular disease (9). The purpose oftl3is study with an updated mortality follow-up was 

to further evaluate potential associations between occupational APFO exposure and specific 

causes of death in this cohort. 
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Methads

Study Population

“The protocol for this study was reviewed and approved by the Universityof Minnesota

Institutional Review Board. This occupational cohort ofworkers atthe APFO production plant

in CotiageGrove, Minnesota included all workers with one year (365 days) ofcumulative

employment between the datsof January 1, 1943 and December 31, 1997. Cohort members

mecting eligibility criteria were followed until either December31, 2002 or thei daeof death

“The human resource records of al eligible employees were bstracted for demographic

information, including the worker's ame, social curity number, employee identification

number, datofbir, and detailsofwork history: The late included job specific start nd end

dats, depariment codes, and job classifications. Demographic information and vial status was

verified using TRW/Bxperian (a redit reporting agency) and the Social Security Administration

service for epidemiologic research studies.

Determination of Vit Status

Vital record searches were performed for all cohort members not ployed by the

company on Dezember 31, 2002 and who had not been identified as deceased in previous studies

(5.9). Vital statusofthese cohort members was determined through the Nations! Death Index
NDI). Al potential matches from the NDI search were reviewed by hand to ensurevalid
match. The underlying and contributing causeof death was obtained from NDI Plus for deaths

after 1979. Death certificates were abrained for decedents who died prior o 1979 and were

coded bya certified nosologist for causesofdeath in the Internasioral ClassificationofDisease

ICD) revision in effct a thetimeofdeath. Ifa death certificate could notbe ound for an NDI

7
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Methods 

Study Population 

The protocol for this study was reviewed and approved by the University of Minnesota 

Institutional Review Board. This occupational cohort of workers at the APFO production plant 

in Cottage Grove, Minnesota included all workers with one year (365 days) of cumulative 

employment between the dates of January 1, 1943 and December 31, 1997. Cohort members 

meeting eligibility criteria were fol!owed until either December 31,2002 or their date of death. 

The human resource records of all eligible employees were abstracted for demographic 

information, including the worker’s name, social security number, employee identification 

number, date of birth, and details of work history. The latter included job specific start and end 

dates, department codes, and job classifications. Demographic information and vital status wa~ 

verified using TRW/Experian (a credit reporting agency) and the Social Security Administration 

service for epidemiologic re.search studies. 

Determination of Vital Status 

Vital record searche~ were performed for all cohort members not employed by the 

company on December 31, 2002 and who had not been identified as deceased in previous studies 

(8, 9). Vital status of these cohort members was determined through the National Death Index 

(NDI). All potential matches from the NDI search were reviewed by hand to ensure a valid 

match. The underlying and contributing cause of death was obtained from NDI Plus for deaths 

after 1979. Death certitScates were obtained for decedents who died prior to 1979 and were 

coded by a certified nosologist for causes of death in the International Classification of Disease 

(ICD) revision in effect at the time of death, lf a death certiticate could not be found for an NDI 
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identified decedent, he individual causeof death was classified in the ‘other’ causeofdeath

category.

ExposureAssessment
The goalof this study was to describe morality experience n relation to fluorochemice!

exposure withparticularinterestin PFOA. Some biological monitoring data are available for

mre recent years, however they are insufficient o fully characterize exposure to Workers over

the life ofthe plant. Therefor, the exposure assessment relied on work history records and

expert knowledgeofthe history ofthe APFO manufacturing process to fist develop a qualitative

exposure assessment fo each job held by the cohort members. All perflurochemical

development and production occurred in departments affliated wth the chemical divisionof the

plant. The specific areas where APFO and other perfluorochemicals were produced changed

over the years, as did the work area department codes, this exposure levels could not be

assigned to workers based on work history alone. To remedy this, the department codes were

teviewed by year to determine the building and division assigned to cach code. The resuling

Hists were reviewed independentlyby apaneofveteran workers and plant industrial hygienists

to determine where the perluorochemical production, or the development of the

perfluorochemical produc, ook place over the history ofthe facility. The individual responses.

were summarized and the panel meta a group to discuss any discrepanciesandconfirm the

exposure assignments. The available information permitied the panel oclassify the jobs in the

work historis nto three general classificationsofexposure.

+ Definite occupational APFO exposure: These jobs were inareas where electrochemical

fuorinaion, drying, shipping, and packagingof APFO occurred and the worker would be

s
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identified decedent, the indi,~idual cause of death was classified in the °other’ cause of death 

category. 

Exposure Assessment 

The goal of this study was to describe mortality experience in relation to fluorochemical 

exposure with particular interest in PFOA. Some biological monitoring data are available for 

more recent years, however they are insufficient to fully characterize exposure to workers over 

the life of the plant. Therefore, the exposure assessment relied on work history records and 

expert knowledge of the history of the APFO manufacturing process to first develop a qualitative 

exposure assessment for each job held by the cohort members. All perfluorochemical 

development and production, occurred in departments affiliated with the chemical division of the 

plant. The specific areas where APFO and other perfluorochemicals ~vere produced changed 

over the years, as did the work area department codes, thus exposure levels could not be 

assigned to workers based on work history alone. To remedy this, the depaltment codes were 

reviewed by year to determine the building and division assigned to each code. The resulting 

lists were reviewed independently by a panel of veteran workers and plant industrial hygienists 

to determine where the perfluorochemical production, or the development of the 

perfluorochemical products, took place over the history of the facility. The individual responses 

were summarized and the panel met as a group to discuss any discrepancies and confirm the 

exposure assignments. The available information permitted the panel to classify the jobs in the 

work histories into three general classifications of exposure. 

¯ Definite occupational APFO exposure: These jobs were in areas where electrochemical 

fluorination, drying, shipping, and packaging of APFO occurred and the worker would be 
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exposed to APFO on a regular basis. These jobs also had the potentialforhigher

exposures.

Probable occupational APFO exposure: These jobswerein other chemical division areas.

where exposure to APFO was possible, bu the exposures wer considered loweror

transient

« No or minimal occupational APFO exposure: These jobs were primarily in the non-

chemical divisionofthe plant, These workers may have had the opportunity for some.

exposureifthey passed through an exposed ares, but were not exposed specifically as part

oftheirjob. They likely had higher exposures than the general population due to

contamination at the work site

Hereafter these job exposure subgroups will be referred toasdefinite APFO exposure, probable.

APFO exposure, and non-exposed.

ExposureClassification for Analysis

‘The employeesof this plat changed job classifications frequently, thus they could not be

classified into discrete, mutually exclusive exposure groups that mirrored the job exposure:

subgroups. To accommodate the migration between exposure subgroups we incorporated two

approaches for characterizing APFO exposure in the analysis. The primary analysis is based on

ver attaininga minimum tenure in jobs with probable or definite exposure. Asecondary

analysis used a cumulative cxposure model developed to exploreaweighted exposure:

distribution based on durationofemployment and an assumed exposure intensity.

Exposureby Job Classification. The initial analyses explored the mortality experience of

workers compared 10 thatofthe general population ofMinnesota with respect to their entire:

9
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exposed to APFO on a regular basis. These jobs also had the potential for higher 

exposures. 

¯ Probable occupational APFO exposure: These jobs were in other chemical division areas 

where exposure to APFO was possible, but the exposures were considered lower or 

transient. 

¯ No or minimal occupational APFO exposure: These jobs were primarily in the non- 

chemical division of the plant. These workers may have had the opportunity for some 

exposure if they passed through an exposed area, but were not exposed specifically as part 

of their job. They likely had higher exposures than the general population due to 

contamination at the work site. 

Hereafter these job exposure subgroups will be referred to as definite APFO exposure, probable 

APFO exposure, and non-exposed. 

Exposure Classification for Analysis 

The employees of this plant changed job classifications frequently, thus they could not be 

classified into discrete, mut~ally exclusive exposure groups that mirrored the job exposure 

subgroups. To accommodate the migration between exposure subgroups we incorporated two 

approaches for characterizing APFO exposure in the analysis. The primary analysis is based on 

ever attaining a minimum tenure in jobs with probable or definite exposure. A secondary 

analysis used a cumulativc exposure model developed to explore a weighted exposure 

distribution based on duration of employment and an assumed exposure intensity. 

Exposure by Job Classification. The initial analyses explored the mortality experience of 

workers compared to that of the general population of Minnesota with respect to their entire 
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work historyof ever working i jobs with definite or probable exposure, a minimum of one year
in definiteorprobable exposure jobs,oronly working in the non-exposed jobs. Subsequently a

more restrictive classification was developed for an analyss using an intemal referent population
which classified th cohort members 2s, 1)those working only i jobs ot exposed 0

fluorochemicals (low exposure) 2)everworking i a probable APFO exposurejob or working a

definite APFO exposure job for os than 6 months (moderate exposure, or 3) employment ina

definite exposure job for 6 months or more (high exposure). Eney into the liter two categories
could occur at varying points in the individualswork history. This model assumes that once a

person is employed in a igh exposure job for minimum period of imeor a moderate expostre
Job they reach a threshold where their isk i different rom individuals workinginjobs without

direct occupational APFO exposure.

Cumulative Exposure. A model estimating cumilaive APFO exposure requires that both

(ime and intensity be considered. Biological monitoring data indicate demarcationof exposure
byjob. Employees in the type ofobs classified with definite exposure had median serum PFOA

levels ranging fom 2.6-52 pm, while employees in jobs classified with probable exposure had

levels ranging fiom 3-15 ppm (3). The biological half-lifeof PFOA is believed obe 3.8 years

(10), thusshortterm peal exposes may equate to longer term lower exposures over time.

‘Considering these facts, he intial cumulative exposure assigned exposure weightsof 1, 30, and

10010 the ime in jos with no exposure, probable exposure, and definite exposure. These unit

less weighting factors, while somewhat arbitrary, were chosen to reflec the relative exposure

intensity ofobs and long biological half-ife ofPFOA. For each worker the weighted exposure
evel was muliplied by the otal days ofenployment at cach level weighted exposure
fevel"days exposed), which provides a medependent exposure metric. The cumulative

10
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work history of ever working in jobs with definite or probable exposure, a minimum of one year 

in definite or probable exposure jobs, or only working in the non-exposed jobs. Subsequently a 

more restrictive classit]cation was developed fdr an analysis using an internal referent population 

which classified the cohort members as; 1)those working only in jobs not exposed to 

fluorochemicals (low exposure), 2) ever working in a probable APFO exposure job or working a 

definite APFO ex!~osure job for less than 6 months (moderate exposure), or 3) employment in a 

definite exposure job for 6 montlns or more (high exposure). Entry into the latter two catcgories 

could occur at varying points in the individual’s work history. This model assumes that once a 

person is employed in a high exposure job for a minimum period of time or a moderate exposure 

job they reach a threshold where their risk is different from individuals working in jobs without 

direct occupational APFO exposure. 

Cumulative E~posure. A model estimating cumulative APFO exposure requires that both 

time and intensity be considered. Biological monitoring data indicate a demarcation of exposure 

by job. Employees in the type of jobs classified with definite exposure had median serum PFOA 

levels ranging from 2.6-5.2 ppm, while e~nployees in jobs classified with probable exposure had 

levels ranging from 0.3-1.5 ppm (3). The biological half-life of PFOA is believed to be 3.8 years 

(10), thus sh0rt-term peak exposures may equate to longer tema lower exposures over time. 

Considering these facts, the initial cumulative exposure assigned exposure weights of 1, 30, and 

100 to the time in j obs with no exposure, probable exposure, and definite exposure. These unit 

less weighting factors, while somewhat arbitrary, were chosen to reflect the relative exposure 

intensity of jobs and long biological half-life of PFOA. For eacl~ worker the weighted exposure 

level was multiplied by the total days of employment at each level (weighted exposure 

level*days exposed), which provides a time-dependent exposure metric. The cumulative 
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exposure was categorized a levels representing the equivalentofup to one year (36,499

‘exposure-days), one to five years (36,500-182-499 exposure-days) and five or more years

(182,500 exposure-days)ofemployment in a job with definite exposure. Because these weights

arc arbitrary we conducted a sensitivity analysis to explore how altermative weighting schemes

may affect the results. The alternate weighting schemes were 1,10, 50 and 1, 10, 100, which

would minimize migrationof workers in jobs with probable exposure being classified with the

igher exposed individuals.

‘Smoking was a potentially confounding variable for some diseases of eres. To

Characterize the smoking habitof the cohort, the occupational medical recordsofthe cohort

members were abstracted for information on smoking status; ever smoked regularly, year started

smoking years they smoked, and cigaretts smoked pr day. Cohort members were lasified by

the smoking history and the availability ofthe seconds; smoking history available, medical rscord

availablebut no information about smoking, and medical record not avaiable.

Determinationof Salary versusHourlyWage Type
Baseline socio-economic status is a likely determinant ofmortality from several diseases.

As a proxy measure ofsocio-economic status, the cohort members were classified by wage type

based on the work history records. Workers were classified as hourly, salary,orboth. The lter

was designated ithe job hisory included eamming each typeof wage for a least 365 days. A

dichotomous version of his covariate was also esteblished in which workers with both hourly

and slary experience were clasifed as hourly or salary based on th predominant wage ty.

n
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exposure was categorized a~: levels representing the equivalent of up to one year (36,499 

exposure-days), one to five years (36,500-182-499 exposure-days) and five or more years 

(182,500 exposure-days) of employment in a job with definite exposure. Because these weights 

are arbitrary we conducted a sensitivity analysis to explore how alternative weighting schemes 

may affect the results. The alternate weighting schemes were 1,10, 50 and 1, 10, 100, which 

would minimize migration of workers in jobs with probable exposure being elassit~ed with the 

higher exposed individuals. 

Determination of Smoking Status 

Smoking ~vas a potentially confounding variable for some diseases of interest. To 

characterize the smoking habit o~" the cohort, the occupational medical records of the cohort 

members were abstracted for information on smoking status; ever smoked regularly, year started 

smoking, years they smoked, and cigarettes smoked per day. Cohort members were classified by 

the smoking history and the availability of the records; smoking history available, medical record 

available but no information about smoking, and medical record not available. 

Deten-nination of Salary versus Hourly Wage Type 

Baseline soeio-economic status is a likeIy determinant of mortality from several diseases. 

As a proxy measure ofsocio-economic status, the cohort members were classified by wage type 

based on the work history records. Workers were classified as hourly, salary, or both. The latter 

was designated if the job history included earning each type of wage for at least 365 days. A 

dichotomous version of this covariate was also established in which workers with both hourly 

and salary experience were classified as hourly or salary based on the predominant wage type. 
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Case:Specific Mortlitiesof nerest

A priori causesof death ofinteres: were selected from toxicological literatureand prior

studiofworkers exposed to fuorochemicals, Cancerofthe liver, pancreas, and testicles and

cirrhosis of the liver were selected based on results from toxicological studies (2). Deaths from

prostate cancer and cerebrovascular discase (CVD) werepreviously reported to be associated.

with potential firoochemicl exposure in this cohort (8, 9, 11) and laddercancerwas

associated with luorochemical perlrooctancsulfonate (PFOS) exposure in anther occupational

cohort (11). Ischemic heardisease is included as an prior discase of interestdue(0 the

effect of PFOA on lipid metabolism. 1CD 9° revision codes used o classify the underlying

causes ofdeath: prostate cancer, 155; pancreatic cancer, 157; iver cancer, 155; badder cancer,

155, 189.3-189.9; CVD, 430-435; ischemic hear disease, 410-414; and crchossofthe liver,

571. Congenital cerebral aneurysm (ICD9 747.81) were not identified in this cohort.

“The mortality experiencofthe cohort was inially compared to the mortality rates for

the corresponding population ofth stateofMinnesota. Reference data were obsined from the

Mortality Population Data System (MPDS) center at the UniversityofPittsburgh, which were

derived from National Center for Health Statistics data. The all-cause mortality and malignant

neoplasm rates were available from 1940, and the nonmalignant cause-specific dsath rates from

1962. The referent cata were available in age (5 year), sex, race, and calendar period (5 year)

and were coded using the rules for the ICI revision in effec for the relevant calendar period.

“The Standardized Mortality Ratios (SRS) and 95% confidence intervals were computed using,

the PC Life Table Analysis System (PCLTAS) software developed by the National Institute of

Occupational Safety and Health (NIOSH) (12). State specific referent dats were only availible
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Cause-Specific Mortalities of Interest 

A priori causes of death of interest were selected from toxicological literature and prior 

studies of workers exposed to fluorochemicals. Cancer of the liver, pas~creas, and testicles and 

cirrhosis of the liver were selected based on results from toxicological studies (2). Deaths from 

prostate cancer and cerebrovascular disease (CVD) were previously reported to be associated 

with potential flurorochemi,zal exposure in this cohort (8, 9, 11) and bladder cancer was 

associated with fluorochemical perflurooctanesulfonate (PFOS) exposure in another occupational 

cohort (11). isehemic heart disease was included as an a priori disease of interest due to the 

effect of PFOA on lipid metabolism. ICD 9tl~ revision codes used to classify the underlying 

causes of death: prostate cancer, 185; pancreatic cancer, 157; liver cancer, 155; bladder cancer, 

188, 189.3-189.9; CVD, 430-438; ischemic heart disease, 410-414; and cirrhosis of the liver, 

571. Congenital cerebral aneurysm (ICD9 747.81) were not identified in this cohort. 

Anal~/sis 

The mortality experience of the cohort was initially compared to the lnortality rates for 

the corresponding population of the state of Minnesota. Reference data were obtained from the 

Mortality Population Data System (MPDS) center at the University of Pittsburgh, which were 

derived from National Center for Health Statistics data. The all-cause mortality and malignant 

neoplasm rates were available from 1940, and the non-malignant cause-specific death rates from 

1962. The referent data were available in age (5 year), sex, race, and calendar period (5 year) 

and were coded using the rules for the ICD revision in effect for the relevant calendar period. 

The Standardized Mortality Ratios (SMRs) and 95% confidence intervals were computed using 

the PC Life Table Analysis System (PCLTAS) software developed by the National Institute of 

Occupational Safety and Health (NIOSH) (12). State specific referent data were only available 
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through 1999 50 th referent rates for 1999 were applied forthe years 2000-2002. The all-cause

and cause-specific SMRs were first computed for the full cohort, SMRs were then computed

separately for the cohort member ever employe in a job with definite APFO exposure, those:

eho worked jobs with definiteor probable exposure for at east one year, nd for the cohort

‘members who worked primarily in the nou-chemica division. SMRs were also computed for

workers by hourly and salary wage type. For this analysis, workers with both hourly and salary

jobs were classified by the predominant wage type.

To model the risk of the cause-speific mortalitiesof interest as a functionof PFOA

exposure using an internal referent population, hazard ratios and 95% confidenceintervalswere

estimated using in multivarizble time-dependent Cor regression models (13). Exposure was

characterized by job classifcation and then cumulative exposure. Thetime variable was the

numberofdays from the first dayofemployment at the production facility to an event (death) or

the endofthe study. In the cause-specifc mortality models, all other causes ofdeath were

censored at the time ofdeath. The models were adjusted for sex, age cligibl to be in the study,

yearofbirth, and wee type. To explore potential effetsof latency the exposure models were

lagsed by 10 years prior to end ofstudy or the datc of death. The Cox regression analysis was

conducted using SAS 9.114).

‘Smoking is an important potential confounding variable in tis study, but smoking habit

data were unavailable for manyof the cohort members. An ital Cox regression model was fit

with smoking coded as ever smoked, never stoked, no informasion about smoking on medical

record, and no medial record available. Inasecond approach & multiple imputation model was

constucted using individuals with suoking data 1 predict the smoking statusof hose without
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through 1999 so the referent rates for 1999 were applied for the years 2000-2002. The all-cause 

and cause-specific SMRs were first computed for the full cohort. SMRs were then computed 

separately for the cohort member ever employed in a job with definite APFO exposure, those 

who worked jobs with definite or probable exposure for at least one year, and for the cohort 

members who worked primarily in the non-chemical division. SMRs were also computed for 

workers by hourly and salary wage type. For this analysis, workers with both hourly and salary 

jobs were classified by the predominant wage type. 

To model the risk of the cause-specific mortalities of interest as a function of PFOA 

exposure using an internal referent population, hazard ratios and 95% confidence intervals were 

estimated using in multivariable time-dependent Cox regression models (13). Exposure was 

characterized by job classi£1cation and then cumulative exposure. The time variable was the 

number of days from the first day of employment at the production facility to an event (death) or 

the end of the study. In the cause-specific mortality models, all other causes of death were 

censored at the time of death. The models were adjusted for sex, age eligible to be in the study, 

year of birth, and wage type. To explore potential effects of latency the exposure models were 

lagged by 10 years prior to end of study or the date of death. The Cox regression analysis was 

conducted using SAS 9.1(14). 

Smoking is an important potential confounding variable in this study, but smoking habit 

data were unavailable for many of the cohort members. An initial Cox regression model was fit 

with smoking coded as ever amoked, never smoked, no information about smoking on medical 

record, and no medical record available. In a second approach a multiple imputation model was 

CO/lSt/uctcd using individuals with smoking data to predict tt~e smoking status of those without 

13 

2168.0013 

3MA02557451 



smoking data (15). The predictors used for the imputation process were sex, yearofbirth, year

offirst employmentatthe fusiliy, age eligible to be in the study, and wage type. Eighteen

independent, completed data sts were generated and a Cox regression procedure, as described

above, was performed on cach data st. The results were pooled to give single parameter

estimates and 95% confidence intervals. The hazard ratios from the final models arc presented to

describe the potential effectsof confounding by smoking. All imputation procedures were

conducted using SAS 9.1(14).
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smoking data (15). The predictors used for the imputation process were sex, year of birth, year 

of first employment at the £~cility, age eligible to be in the study, and wage type. Eighteen 

independent, completed data sets were generated and a Cox regression procedure, as described 

above, was performed on each data set. The results were pooled to give single parameter 

estimates and 95% confidertce intervals. The hazard ratios from the final models are presented to 

describe the potential effects of confounding by smoking. All imputation procedures were 

conducted using SAS 9.1 (14). 
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Results

Ofthe 6678 individual workers identified a th facility, 3993 employees met the

inclusion criteria. Ofthese, $13workers (12.8%) were ever employed inaob with definite

PFOA exposure, 1638 workers (42.3%) were ever employed inajob with probable exposure

(and never worked # job with defirite exposure), and 1792 workers (44.9%) were employed in
jobs where they were never exposed to florochemicals (Table 1). The majorityof the study

cohort was male (80%), particularly for the definite exposure subgroup (92%). The average age

atthe end of follow-up was slightly youngeri the definite exposure subgroup, but the average

numberofyearsof employment was longer. The total mumberofdeaths in the cohort was 807,

with 68 deaths in the definite, 368 inthe probable, and 371 in the non-exposed exposure

subgroups.

‘Smoking data was found for 1430 (36%) cohort membes,of these, 763 (55%) were.

found to have ever smoked (Table 2). There was a higher prevalence of smoking in those who

ever worked a job with definite APFO cxposur: compared o the non-exposed workers, 65% and

47% respectively. However, smoking data was available for 66% ofthe definite exposure:

subgroup (338/513), whereas it was only available fora20% of the non-exposed subgroup

(35571792)

“The all-cause and cause-specific mortality ratios for the entire cohort, and exposure

subgroups, were generally lower than expected compared to the Minnesota referent population

(Table 3-6). The all-cause siandardized mortality ratio (SMR)fo theentire cobort was 0.8 (95%

C1=0.7-09) (Table 3). The results were similar for all deaths from cancer (SMR =0.9, 95% C1

=08-1.0). The cause-specific morality atios or one or more yearsofdefinite or probable

PFOA exposire were lower than expectedfor cerebrovascular ciscase (SMR=0.8, 95% CI-0.5-

13) and ischemic heart discase (SMR=0.7, 95% CI~0.6-0.9). The SMRs for prostate cancer
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Results 

Of the 6678 individual workers identified at the facility, 3993 employees met the 

inclusion criteria. Of these,, 513 workers (12.8%) were ever employed in a job with definite 

PFOA exposure, 16~8 workers (42.3%) were ever employed in a job with probable exposure 

(and never worked a job with definite exposure), and 1792 workers (44.9%) were employed in 

jobs where they were never exposed to fluoroehemicals (Table 1). The majority of the study 

cohort was male (80%), particularly for the definite exposure subgroup (92%). The average age 

at the end of follow-up was slightly younger in the definite exposure subgroup, but the average 

number of years of emplo3oment was longer. The total number of deaths in the cohort was 807, 

with 68 deaths in the definite, 368 in the probable, and 371 in the non-exposed exposure 

subgroups. 

Smoking data was fbund for 1430 (36%) cohort members, of these, 783 (55%) were 

found to have ever smoked (Table 2). There was a higher prevalence of smoking in those who 

ever worked a job with definite APFO exposure compared to the non-exposed workers, 65% and 

47% respectively. However, smoking data was available for 66% of the definite exposure 

subgroup (338/513), whereas it was only available for a 20% of the non-exposed subgroup 

(355/1792). 

The all-cause and cause-specific mortality ratios for the entire cohort, and exposure 

subgroups, were generally lower than expected compared to the Minnesota referent population 

(Table 3-6). The all-cause standardized mortality ratio (SMR) for the entire cohort was 0.8 (95% 

CI = 0.7-0.9) (Table 3). The results were similar for all deaths from cancer (SMR = 0.9, 95% CI 

= 0.8-1.0). The cause-specific mortality ratios for one or more years of definite or probable 

PFOA exposure were lower than expected for cerebro~asct~lar disease (SMR=0.8, 95% CI=0.5- 

1.3) and ischemic heart disease (SMR=0.7, 95% CI=0.6-0.9). The SMRs for prostate cancer 

]5 

2168.0015 

3MA02557453 



(SMR = 1.4,95% Cl= 0.7-2.4), pancreatic cancer (SMR = 1.2, 95% C1 = 0.5-2.4), bladder

cancer (SMR = 1.3, 95% Cl= 0.3.3.9), and diabetes mellitus (SMR=1.7, 95% CI = 0.9-2.8) were

modestly, albeit imprecisely, above unity (Table 4). The cause-specific mortality ratios for

cohort members ever employed ia jobs with definite PFOA exposure were greater than expected

for prostate cancer (SMR = 2.1, 95% CI= 0.4-6.1) and cerebrovascular discase (SMR = 1.6,

95% Cl =0.5-3.7), although the confidence intervals are quite wide and include the null (Table

5). Similar patterns are present when the analysis is restricted to one yearofdefinite exposure
(Table 6) though the numberofdeathsissmall. The cause specific SMR for all definite

exposure strata all have confidence intervals indicating theseelevationsare rot beyond chance.

Cohort members who worked in jobs with probable exposure, but never held a job with definite

exposure had an elevated riskofdeath from diabetes mellitus (SMR=2.0, 95% C1 =1.2-3.2), but

Tow riskof death from ischemic heart disease (SMR=0.3, 95% CI=0.7-1.0) and cerebrovascular

disease (SMR=0.7, 95% CI=0.4-1.1) (Table 7). In contrast, the numberofdeaths from prostate

cancer and cercbrovascular disease were significantly lower among the never exposed members

ofthe cohort; 0.4 (95% CI 0.1-0.9) and SMR 0.5 (95% C1 03-0.8)respectively (Table 8).

No deaths from testicular cancer were observed and only 3 casesof liver cancer.

(SMR=0.5,95% CI=0.1-1.4),ofwhich two held jobs with probable exposure. These small

numbers precluded further analysis for these causesofdeath. Thirteen deaths from cirrhosis of

the liver were identified (SMR= 0.7, 95% CI=0.4-1.2) with only 4 occurring in workers with at

least orc year of definite or probable exposure (SMR=0.5, 95% CI=0.2-1.4).
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(SMR = 1.4, 95% CI = 0.7-2.4), pancreatic cancer (SMR = 1.2, 95% CI = 0.5-2.4), bladder 

cancer (SMR = 1.3, 95% CI = 0.3-3.9), and diabetes mellitus (SMR=1.7, 95% CI = 0.9-2.8) were 

modestly, albeit iml~recisely, above unity (Table 4). The cause-specific mortality ratios for 

cohort members ever ernployed in jobs with definite PFOA exposure were greater than expected 

for prostate cancer (SMR = 2.1, 95% CI = 0.4-6.1) and cerebrovascular disease (SMR = 1.6, 

95% CI = 0.5-3.7), although the confidence intervals are quite wide and include the null (Table 

5). Similar patterns are present when the analysis is restricted to one year of definite exposure 

(Table 6) though the number of deaths is small. The cause specific SMRs for all definite 

exposure strata all have confidence intervals indicating these elevations are not beyond chance. 

Cohort members who wofl~ed in jobs with probable exposure, but never held a job with definite 

exposure had an elevated risk of death from diabetes mellitus (SMR=2.0, 95% CI =1.2-3.2), but 

low risk of death from ischem~c laeart disease (SMR=0.8, 95% CI=0.7-1.0) and cerebrovascular 

disease (SMR=0.7, 95% CI=0.4-1.1) (Table 7). In contrast, the number of deaths from prostate 

cancer and cerebrovascular disease were significantly lower among the never exposed members 

of the cohort; 0.4 (95% CI 0.1-0.9) and SMR 0.5 (95% CI 0.3-0.8)respectively (Table 8). 

No deaths from testicular cancer were observed and only 3 cases of liver cancer 

(SMR=0.5, 95% CI=0.1-1.4), of which two held jobs with probable exposure. These small 

numbers precluded further .analysis for these causes of death. Thirteen deaths from cirrhosis of 

the liver were identified (SMR- 0.7, 95% CI-0.4-1.2) with only 4 occurring in workers with at 

least one year of detinite or probable exposure (SMR=0.5, 95% CI=0.2-1.4). 
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“Ihe SMRs for salaried workers showed a decreased riskofdeath for all cancers (SMR
0.7,95% C1 0.6-0.8), respiratory cancers (SMR 0.6, 95% C10.4-0.9), prostate cancer (SMR=0.5,

95% C102-12), dinbetes (SMR=02, 95%C1 = 0.02074), cerebrovascular disease
(SMR=06, 95% CI=4-1.0) and hear disease (SMR=0.6, 95% C1=0,5-0.7) (Table 9). The
results were somewhat differentfo hourly employees; all cancers (SMR 1.0, 95% C109-1.2),
respiratory cancers (SMR 1.2,95% C109-16), prostate cancer (SMR=09, 95% C1 04-16).
cerebrovascular disease (SMR=0.7, 95% C1=0.4-1.0) and heart disease (SMR=0.9, 95% CI=0.8,

1.1) (Table 10). The SMR or diabetes (2.1, 95%C= 1.33.1) was clvated orth hourly
workers.

‘Comparing the morality experience within the cohort i the time-dependent Cox
regression models revealed differences for someofthe outcomes of terest. A high or moderate
exposure work history, compared to only wrking in low expose jos, was associated with an
increased isk forcerebrovascular disease (HR=5.3, 95% C1= 1.5 19.6 and HR= 2.1, 95% C1 =
10:45, respectively) and prostatecancer (HR=6.9, 95% C1 = 12-418 and HR=3.0,95% C1=
051110, respectively) (Table 11). A moderate exposure work history was also associated.
imprecisely, with an elevated riskofdying from diabetes mellitus; HR=1.9, 95% CI =0.7-5.4,

However no deaths from diabetes were reported in cabort members in the high exposure
category. Diabetes mellitus was included n these analyses becauseofmodestly elevated SVIRS;
sposficaly inthe hourly workers. The inclusionofthe imputed values for smoking status
derived fom the mulile imputation posed, nor th inclusion ofthe actual smoking daa,
made lite or no difference in the risks estimates (Table 11). The results for prostate cancer,
csrebrovescular disse, ischemic heart disease and dibetes were futher explored by string
by wage ype (Table 12), These analyses suffered from small numbers for prostate cancer,
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The SMRs for salaried workers showed a decreased risk of death for all cancers (SMR 

0.7, 95% CI 0.6-0.8), respiratory cancers (SMR 0.6, 95% CI 0.4-0.9), prostate cancer (SMR=0.5, 

95% CI 0.2-1.2), diabetes (SMR= 0.2, 95% CI = 0.02-0.74,), cerebrovascular disease 

(SMR=0.6, 95% CI=0.4-1.0) and heart disease (SMR=0.6, 95% CI=0,5-0.7) (Table 9). The 

results were somewhat different for hourly employees; all cancers (SMR 1.0, 95% CI 0.9-1.2), 

respiratory cancers (SMR 1.2, 95% CI 0.9-1.6), prostate cancer (SMR=0.9, 95% CI 0.4-1.6), 

cerebrovascular disease (SMR=0.7, 95% CI=0.4-1.0) and heart disease (SMR=0.9, 95% CI=0.8, 

1.1) (Table 10). Tlae SMR for diabetes ( 2.1, 95% CI = 1.3-3.1) was elevated for the hourly 

workers. 

Comparing the mortality experience within the cohort in the time-dependent Cox 

regression models revealed differences for some of the outcomes of interest. A high or moderate 

exposure work history, compared to only working in low exposure j obs, was associated with an 

increased risk for cerebrovaseular disease (HR=5.3, 95% CI = 1.5- 19.6 and HR= 2.1, 95% C[ = 

1.0-4.5, respectively) and prostate cancer (HR=6.9, 95% CI = 1.2-41.8 and HR=3.0, 95% CI = 

0.8-11.0, respectively) (Table 11). A moderate exposure work history was also associated, 

imprecisely, with an elevated risk of dying from diabetes mellitus; HR-1.9, 95% CI = 0.7-5_4, 

however no deaths from diabetes were reported in cohor~ members in the high exposure 

category. Diabetes mellitus was included in these analyses because of modestly elevated SMRs; 

specifically in the hourly workers. The inclusion of the imputed values for smoking status 

derived from the multiple ilaputation procedure, nor the inclusion of the actual smoking data, 

made little or no difference in the risks estimates (Table 11). The results for prostate cancer, 

cerebrovascular disease, ischemic heart disease and diabetes were further explored by stratifying 

by wage type (Table 12). These analyses suffered from small numbers for prostate cancer, 
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cerebrovascular disease, and diabetes. The risk associated with the high exposure category

persisted for cerebrovascular discase. The high exposure prostate cancer deaths were salary

workers while mostof the moderate exposure prostate cancers were hourly employees. Overall,

there was not strong evidence that the effects in the models adjusted for wage type were limited

to cither hourly or salary workers. Lagging exposures by 10 years also made litle or no

difference in the hazard ratio estimates (Table 13).

Estimated hazard ratios (HR) comparing thehighest10 lowest weighted exposure

category for cerebrovascular disease and prostate cancer were HR=2.4, 95% CI = 1.1.5.4 and

HR=3.6, 95% C1 = 12-10.6, respectively (Table 14). There was no association between the

metricsofweighted exposure and risk of pancreatic or bladder cancer, circhosisofthe liver,

disease and diabetes. The riskof dying from ischemic heart disease was, if anything, lower

among those with increased exposure. As with the results for exposure by job classification,

there waslitleevideree that the risksweredifferent between hourly and salary workers (Table

15). The sensitivity analysis using altemate weighting schemes did not change the overall

conclusions the analysisof cumulative exposure (Table 16).
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cerebrovaseular disease, and diabetes. The risk associated with the high exposure category 

persisted for cerebrovascular disease. The high exposure prostate cancer deaths were salary 

workers while most of the :moderate exposure prostate cancers were hourly employees. Overall, 

there was not strong evidence that the effects in the models adjusted for wage type were limited 

to either hourly or salary workers, Lagging exposures by 10 years also made little or no 

difference in the hazard ratio estimates (Table 13). 

Estimated hazard ratios (HR) comparing the highest to lowest weighted exposure 

category for cerebrovascular disease and prostate cancer were HR=2.4, 95% CI = 1.1-5.4 and 

HR=3.6, 95% CI = 1.2-10.5, respectively (Table 14). There was no association between the 

metrics of weighted exposure and risk of pancreatic or bladder cancer, cirrhosis of the liver, 

disease and diabetes. The risk of dying frora ischemic heart disease was, if anything, lower 

among those with increased exposure. As with the results for exposure by job classification, 

there was little evidence that the risks were different between hourly and salary workers (Table 

15). The sensitivity analysis using alternate weighting schemes did not change the overall 

conclusions the analysis of cumulative exposure (Table 16). 
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Discussion

“This study evaluate the mortality experience ofa population of workers al an

ammonium perfluorooctanoate production facility, with specific atiention to exposure to PFOA.

No excess mortality was observed for malignantornonmalignant causesofdeath when

compared to the corresponding Minnesota mortality ates. The SMRs for prostate cancer and

cercbrovascular disease were slightly elevated for those witha historyofworking in jobs with

definite PFOA exposure, while the SMR forthe membersof the cohort never working in a

PFOA exposed job were significantly below unity. Analyses using an internal referent category

found increased riskofdeath from prostate cancer and cerebrovascular disease among workers

witha history of greater PFOA exposure when compared to those working in jobs with no or

minimal exposure. A prior causesofdeath selected based on animal toxicology studies, liver,

pancreatic and testicular cancer and cirrbosisofthe liver, were not observed to be associated

with PFOA exposure. Interpreting these somewhat contradictory results requires caution and

considerationofseveral assumptions

‘Some clementof the study design for this study differs from the earlier mortality

analysesofthis cohort (8, 9). Gilliland and Mandel (8) required six monthsof cumulative

erployment for inclusion, while the current study required one yearofemployment to exclude

short-term workers, often summer interns, who might have different underlying risk factors than

the long-term workers. In that analysis,ob exposures were assignedas working for at least one

month in the chemical division compared to working in the non-chemical division (or chemical

division for less than one month). To minimize exposure misclassification the current study

focused on PFOA and classified jobs in the chemical division as definite or probable, as only

certain areas and tasks within the chemical division likely led o high APFO exposure. Lastly,
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Discussion 

This study evaluated the mortality experience of a population of workers at an 

ammonium perfluorooctanoate production facility, with specific attention to exposure to PFOA. 

No excess mortality was observed for malignant or non-malignant causes of death when 

compared to the corresponding Minnesma mortality rates. The SMRs for prostate cancer and 

cerebrovascular disease wore slightly elevated for those with a history of working in jobs with 

definite PFOA exposure, while the SMRs for the members of the cohort never working in a 

PFOA exposed job were significantly below unity. Analyses using an internal referent category 

found increased risk of death from prostate cancer and cerebrovascular disease among workers 

with a history of greater PFOA exposure when compared to those working in jobs with no or 

minimal exposure. A priorii causes of death selected based on animal toxicology studies, liver, 

pancreatic and testicular cancer and cirrlnosis of the liver, were not observed to be associated 

with PFOA exposure. Inteq~reting these somewhat contradictory results requires caution and 

consideration of several assumptions. 

Some elements of the study design for this study differs from the earlier mortality 

analyses of this cohort (8, 9). Gilliland and Mandel (8) required six months of cumulative 

employment for inclusion, while the current study required one year of employment to exclude 

short-term workers, often summer interns, who might have different underlying risk factors than 

the long-term workers, in that analysis, job exposures were assigned as working for at least one 

month in the chemical division compared to working in the non-chemical division (or chemical 

division for less than one month). To minimize exposure misclassification the current study 

focused on PFOA and classified jobs in the chemical division as definite or probable, as only 

certain areas and tasks within the chemical division likely led to high APFO exposure. Lastly, 
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169 additional cohort members were included in the current study that, according to available

employment data, were eligible for both studies. This study also differs from the more recent

‘mortality analysisofthis coor: 9). The population for the current study was followed through

2002, four years longer tha the previous study, increasing the umberofdeaths from 607 to

807, and included analyses using an intemal referent group.

“The association between prostate cancer and work in a APFO exposed job is similar to

the resultsofGilliland and Mandel (8) who reported a 3.3-fld increase (95% C1 = 1.0-10.6) in

prostate cancer mortality associated with working ten years in the chemical division compared to

non-chemical division workers; based on 6 cases. In the current study an association was

observed between both metricsofPFOA exposure and prostate cancer when compared to the

internal referent category. The biological mechanism for an association betweenPFOAand

prostate cancer is not clear. An effect of PFOA on the endocrine system has been described in

the rat which involves regulatiorofestradiol,testosterone, follicle stimulating hormone,

uteinizing hormone and thyroid stimulating hormone through action in the iver (16-15). In this

occupationally exposed population PFOA exposure was not clearly associated with changes in

circulating levels of eprodctive hormones (19), but this cross-sections] assessment was based

on single blood samples.

The association between APFO exposure and prostate cancer and cercbrovascalar disease

was most apparent when the internal referent population was used. An intemal referent

population from within a cobort may provide a more valid comparison, assuming similar social

and demographic characteristics; however the interpretationof these results should also consider

how the strata specific prostate cancer deaths compare (0 the expected deaths based on
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169 additional cohort members were included in the current study that, according to available 

employment data, were eligible for both studies. This study also differs from the more recent 

mortality analysis of this cohort (9). The population for the current study was followed through 

2002, four years longer than the previous study, increasing the number of deaths from 607 to 

807, and included analyses; using an internal referent group. 

The association between prostate cancer and work in a APFO exposed job is similar to 

the results of Gilliland and Mandel (8) who reported a 3.3-fold increase (95% CI = 1.0-10.6) in 

prostate cancer mortality associated with working ten years in the chemical division compared to 

non-chemical division workers; based on 6 cases. In the current study an association was 

observed between both metrics of PFOA exposure and prostate cancer when compared to the 

internal referent category. The biological mechanism for an association between PFOA and 

prostate cancer is not clear. An effect of PFOA on the endocrine system has been described in 

the rat which involves regulation of estradiol, testosterone, follicle stimulating hormone, 

luteinizing hormone and th>Toid stimulating hormone through action in the liver (16-18). In this 

occupationally exposed population PFOA exposure was not clearly associated with changes in 

circulating levels of reproductive hormones (19), but this cross-sectional assessment was based 

on single blood samples. 

The association between APFO exposure and prostate cancer and cerebrovascular disease 

was most apparent when the internal referent population was used. An internal referent 

population from within a cohort may provide a more valid comparison, assuming similar social 

and demographic characteristics; however the interpretation of these results should also consider 

how the strata specific prostate cancer deaths compare to the expected deaths based on 
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Minnesota general population. The SMR for the exposed categories were only modestly above.

unity, while the non-exposed membersof the cohort weresignificantlybelow. The latter

suggests that 3M employees who are not regularly exposed to APFO at work ar different from

other men in Minnesota with respect 0 baseline prostate cancer risk; someofwhich may be.

relatedtosocioeconomic satus (SES). The extent to which tis difference may ave influenced

the intemal analysis is unknown. Our analyses adjusted for wage status as & proxy for

socioeconomic satus, which may influsnce several factors associated with prostate cancer death

‘The proportional hazards analysis srstificd by wage type revealed similar pattems ofrisk with

exposure in the hourly and salary workers, though the nuanbers were very smal.

Deaths from heart disease and cerebrovascular discase are almost always below unity in

epidemiologic studiesof chemical workers (20), for this resson the increased risk of

carcbrovascular discase death assosiated with higher exposure was unexpected. Its possible

that thecodingofcerebrovasculardisease deaths vary by region, however using mortality from

Tocal counties rather than the statemadenodifferences in the carler analysis (9). The risk of

stroke is related to hypertension, diabetes, and if style factors including dict and smoking (21-

23). The SMRs for diabetes mellitus and hypertension inthe non-exposed subgroup were 0.52

ard 0.98, respectively and 1.73 and 1.84, respectively, inthe exposed subgroup. The SMR for

ung cancer,a potential indicatorof smoking in the cobort was 1.01 inthe exposed compared to

0.76 in the non-exposed sub-cohort. Thaugh no directly comparable, these pattems may be

related tothe cerbreovascular disease finding in thath lifestyle characteristicsofthe cohort

‘members with high PFOA exposure were different then the lower exposed persons. Nevertheless,

adjusting for smoking habit and wage type did no aler the association, and similar fo prostate:

cancer, the analysis sraified by wage (ype indicated higher isk ofdeath from cercbral vascular
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Minnesota general population. The SMR for the exposed categories were only modestly above 

unity, while the non-exposed members of the cohort were significantly below. The latter 

suggests that 3M employees who are not regularly exposed to APFO at work are different from 

other men in Mirmesota with respect to baseline prostate cancer risk; some of which may be 

related to socioeconomic status (SES). The extent to which this difference may lqave influenced 

the internal analysis is unknown. Our analyses adjusted for wage status as a proxy for 

socioeconomic status, which may influence several factors associated with prostate cancer death. 

The proportional hazards al~alysis stratified by wage type revealed similar patterns of risk with 

exposure in the hourly and salary workers, though the numbers were very small. 

Deaths from heart disease and cerebrovascular disease are ahnost always below unity in 

epiderniologic studies of chemical workers (20), for this reason the increased risk of 

cerebrovascular disease death associated with higher exposure was unexpected. It is possible 

that the coding of cerebrovascular disease deaths vary by region, however using mortality from 

local counties rather than tlhe state made no differences in the earlier analysis (9). The risk of 

stroke is related to hypertension, diabetes, and life style factors including diet and smoking (21- 

23). The SMRs for diabetes mellitus and hypertension in the non-exposed subgroup were 0.52 

and 0.98, respectively and 1.73 and 1.84, respectively, in the exposed subgroup. The SMR for 

lung cancer, a potential indicator of smoking in the cohort was 1.01 in the exposed compared to 

0.76 in the non-exposed sub-cohort. Though not directly comparable, these patterns may be 

related to the cerbreovascular disease finding in that the lifestyle characteristics of the cohort 

members with high PFOA exposure were different than the lower exposed persons. Nevertheless, 

adjusting for smoking habit and wage type did not alter the association, and similar to prostate 

cancer, the analysis stratified by wage type indicated higher risk of death from cerebral vascular 
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disease associated with exposure in both hourly and salary workers. Diet sa potential factor in

the riskof stoke, though it was not measured in thi study. In the same working population,

However, body mass index (BMI) ofalmost 50% ofthe workers ranged from 25-30 (24), which

is considered overweight (25). However, it ha also been shown thet worker BMIs were similar

among varying serum PFOA levels (26).

Any findings in a mortality study related to diabetes should be interpreted with caution as
the use of mortality data to evaluate disbetes risk is problematic. Tn study of 2,766 decedents

witha known historyof diabetes it was shown that diabetes was recorded as the underlying cause

ofdeath on spproximately 10%ofth death certificates, an those recorded were related by age,
durationof diabetes, and co-morbidiie (27). The excess in th hourly workers coud indicate

ifestyle differences, but fare research would require a mre comprehensive assessment of
diabetes morbidity 0 fll describe any potential relationship with PFOA exposure.

When interpreting his mortality analysis several limitations should be considered. Some

exposure misclassficaton is lkely. For example, maintenance and other mobile workers that
routinely entered the definite PFOA exposure departments and work areas, but may have not
been classified in the definite exposure subgroup. On the other hand, a few workers asigned to

the definite exposure subgroup may not have spent much ime in those departments or work

areas. The extentofexposure misclassification and the effects on the study results remains

unknown,a no additional cata are available fo verify thess assumptions. Although several

methods ofapproach were sed to find all death in this echart itis possible that some deaths

were not accounted for, which can occur when an individual leaves the court, changes heir

identity, or due to erors in survedlance systems. Race data were not availabe for th coor.
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disease associated with exposure in both hourly and salary workers. Diet is a potential factor in 

the risk of stroke, though it was not measured in this study. In the same working population, 

however, body mass index (BMI) of almost 50% of the workers ranged from 25-30 (24), which 

is considered overweight (:25). However, it has also been shown that worker BMIs were similar 

among varying serum PFOA levels (26). 

Any findings in a mortality study related to diabetes should be interpreted with caution as 

the use of mortality data to evaluate diabetes risk is problematic. In a study of 2,766 decedents 

with a known history of diabetes it was shown that diabetes was recorded as the underlying cause 

of death on approximately 10% of the death certificates, and those recorded were related by age, 

duration of diabetes, and co-morbidities (27). The excess in the hourly workers could indicate 

lifestyle differences, but future research would require a more comprehensive assessment of 

diabetes morbidity to fillly describe any potential relationship with PFOA exposure. 

When interpreting this mortality analysis several limitations should be considered. Some 

exposure misclassification is likely. For example, maintenance and other mobile workers that 

routinely entered the definite PFOA exposure departments and work areas, but may have not 

been classified in the definite exposure subgroup. On the othcr hand, a few workers assigned to 

the definite exposure subgroup may not have spent much time in those departments or work 

areas. The extent of expos’are misclassification and the effects on the study results remains 

unknown, as no additional data are available to verify these assumptions. Although several 

methods of approach were used to find all deaths in this cohort, it is possible that some deaths 

were not accounted for, which can occur when an individual leaves the country, changes their 

identity, or due to errors in surveillance systems. Race data were not available for the cohort. 
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‘The impactofthis i likely © be limited a the populationof Minnesota has been predominately

Caucasian over the decades (97% in the 1980 census, 94% in the 1990 census, and 89% in the

2000 census) (26). The analysis was able to account for ptential confounding by age, sex, wage.

status, and, to some extent, smoking habit. Unfortunately the smoking data were sparse, and

though sophisticated methods to impute the missing data were applied, it s debatable whether

the assumptions pertaining to this imputation were upheld. Arother noteworthy limitation is the

powerofthe study. The mean age at follow-up was 60 years, thus the relatively small number of

deaths from the causesof interest limits the ability ofthe study to examine exposure responses,

particularlyusing an internal reference category.

By definition, mortality studies, although cost effective and convenient, miss the cases

that do not result in death. Prostate cancer and cerebrovascular disease, the two findings of

potential importance, do not aways result in death and may not be listed as contributing causes

ofdeath ona death cartifcetc unless they had recently been diagnosed or th person was.

undergoing treatment, While the mortality study does capture the worse case scenario forthe

diagnosisofthese conditions, death from these conditions may be associated with other factors,

including access to heelth are and availabilityofscreening. The potential contributionofthese

foctors are difficult to quantify, however all membersofthe cohort were, at least for | year,
employed by 3M, and would have had access to similar health benefits.

‘There are also notable strengths ofthis study. The cohort was constructed from the

production facility employment records,thusallowing for complete enumeration of the coh.

“The availabiltyofthe work history information in conjunction withdetailed review ofthe
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The impact of this is likely to be limited as the population of Minnesota has been predominately 

Caucasian over the decades (97% in the 1980 census, 94% in the 1990 census, and 89% in the 

2000 census) (28). The analysis was able to account for potential confounding by age, sex, wage 

status, and, to some extent, smoking habit. Unfortunately the smoking data were sparse, and 

though sophisticated methods to impute the missing data were applied, it is debatable whether 

the assumptions pertaining to this imputation were upheld. Another noteworthy limitation is the 

power of the study. The mean age at follow-up was 60 years, thus the relatively small number of 

deaths from the causes of interest limits the ability of the study to examine exposure responses, 

particularly using an internal reference category. 

By definition, mo~:ality studies, although cost effective and convenient, miss the cases 

that do not result in death. Prostate cancer and cerebrovascular disease, the two findings of 

potential importance, do not always result in death and may not be listed as contributing causes 

of death on a death certificate unless they had recently been diagnosed or the person was 

undergoing treatment. Wh:ile the mortality study does capture tl~e worse case scenario for the 

diagnosis of these conditions, death from these conditions may be associated with other factors, 

including access to health care and availability of screening. The potential contribution of these 

factors are diffieuIt to quantify, however all members of the cohort were, at least for 1 year, 

employed by 3M, and would have had access to similar health benetSts. 

There are also notable strengths of this study. The cohort was constructed from the 

production facility employment records, thus allowing for complete enumeration of the cohort. 

The availability of the woik history infom~ation in conjunction witl~ de, tailed review of the 
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production historyofPFOA at this plant with veteran workers and industrial hygienists helped

reduce exposure uncertainty related to exposure misclassification. A final noteworthy strength to

this study is the comprehensive follow-up ofthecohort. An underlying causeofdeath was.

foundfor 99.6% of the known deaths (804/307), all unavailable o unfound death certificates

were from cohort members who worked in the non-chemical divisionof the plant

‘The low SMRs in the rer-cxposed subgroup are suggestive ofabias contributing to he

associations found in th irternal analyses. There s aso potential bias in the regression models

with an interna referent group in thet they were used under the assumption that all individuals in

the model were the same by ll isk fctors except exposure. An attempt was made to account

forthe differences in lifestyle by the inclusionof wage type and smoking status in the models;

however we were not able (0 fully account for the bias from sroking because the amount of

available data was so small and the abilityofthe wage type o fully account for socio-cconomic

differences is unknown. Interestingly, the ischemic heart disease mortality risk did not vary by

exposure strata, as would be expectedifsignificant differences in'isk factors for heart disease

existed between the exposure categories. To the extent tha the underlying (unmeasured) risk

factors for ischemic heart disease are similar (0 those for CVID and prostate cancer, potential

confounding from these factors sof less concern.

In summary, tis study evaluated the mortality experienceofan occupational cohort

exposed to APFO and showed an association within the cohort between both death from

cerebrovascular disease and prostate cancer and working in jobs with higher APFO exposure and

an estimateof cumulative APFO exposure. No association was observed between APFO

exposure and a priori diseases ofinteres: based on toxicology studies. While findings have been
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production history of PF()A at this plant with veteran workers and industriaI hygienists helped 

reduce exposure uncertainty related to exposure misclassification. A final noteworthy strength to 

this study is the comprehensive foll0w-up of the cohort. An underlying cause of death was 

found for 99.6% of the known deaths (804/807), all unavailable or unfound death certificates 

were from cohort members who worked in the non-chemical division of the plant. 

The low SMRs in the non-exposed subgroup are suggestive of a bias contributing to the 

associations found in the internal analyses. There is also potential bias in the recession models 

with an internal referent group in that they were used under the assumption that all individuals in 

the model ~vere the same by all risk factors except exposure. An attempt was made to account 

for the differences in lifestyle by the inclusion of wage type and smoking status in the models; 

however we were not able to fully account for the bias from smoking because tl~e amount of 

available data was so small and the ability of the wage type to fully account for socio-economic 

differences is unknown. Interestingly, the isehemic heart disease mortality risk did not vary by 

exposure strata, as would be expected if significant differences in risk factors for heart disease 

existed between the exposure categories. To the extent that the underlying (unmeasured) risk 

factors for ischemie heart disease are similar to those for CVD and prostate cancer, potential 

confounding from these factors is of less concern. 

In summary, this study evaluated the mortality experience of an occupational cohort 

exposed to APFO and showed an association within the cohort between both death from 

cerebrovascular disease and prostate cancer and working in jobs with higher APFO exposure and 

an estimate of cumulative APFO exposure. No association was observed between APFO 

exposure and a priori diseases of interest based on toxicology stuches. While findings have been 
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suggested in previous cohort studies; the current study had 2 longer follow-up period, therefore

mare deaths, increasing the powerofthe study. Additional follow-upofthis cohort is

recommended to clarify these associations, and ifpossible, should account for confounding

factors such es BMI, smoking, access to health care, and other lifestyle factors. Studies of

disease incidence that capture the cases that do not result in death would be informative, though

these typesof studies can be difficult to implement. Assessingthe incidenceofprostate cancer

through cancer registries would be helpful in clarifying the association with prostate cancer.

Future studies should also consider more sophisticated exposure models o properly assign

etilogically relevant estimatesofexposure.
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suggested in previous cohort studies; the current study had a longer follow-up period, therefore 

more deaths, increasing the power of the study. Additional follow-up of this cohort is 

recommended to clarify these associations, and if possible, should account for confounding 

factors such as BMI, smoldng, access to health care, and ether lifestyle factors. Studies of 

disease incidence that capture the cases that do not result in death would be informative, though 

these types of studies can be difficult to implement. Assessing the incidence of prostate cancer 

through cancer registries would be helpful in clarifying the association with prostate cancer. 

Future studies should also consider more sophisticated exposure models to properly assign 

etiologically relevant estimates of exposure. 
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‘Table 1. CharacteristicsofAPFO Manufacturing Cohort by Job Exposure Subgroups

Definite APFO_ Probable APFO
exposure’ exposure’ Nonexposed” Toul

Total EY 1688 1792 3993
Gender

Male MIO) RE) BBO 3184(80%)
Female AW0E% WASH) A0EE%)  $0920%)

Age at follow-up (Mean) 556 600 606 596
Personyears(Mean) 23 316 316 313
Yearofbirth (Mean) 1945 1938 1938 1939
Yearsof employment (Mean) 17.8 164 97 138
Age at death (Viean) 601 656 649 648

Deaths 68 368 371 307
a Frcrpoyed 10h with defn APFO Giposie
lo: Ever employment in job vith probable APFO exposure,but never 12aob withdefinite expose

Neverheld ob with deft: or probableexposure; prmirlyponcheval division
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Table 1. Characteristics of APFO Manufacturing Cohort by Job Exposure Subgroups 

Definite APFO Probable APFO 

exposurea exposureb Non-exposed° Total 

Total 513 1688 1792 3993 

Gender 

Male               473 (92%) 1389 (82%) 1323 (74%) 3184 (80%) 

Female 40 (8%) 298 (18%) 470 (26%) 809 (20%) 

Age at follow-up (Mean) 55.6 60.0 60.6 59.6 

Person years (Mean) 29.3 31.6 31.6 31.3 

Year of birth (Mean) 1945 1938 1938 1939 

Years of employment (Mean) 17,8 16.4 9.7 13.8 

Age at death (Mean) 60,1 65.6 64.9 64.8 

Deaths 68 368 371 807 
a: Ever employed in job with definite APFO exposure 
b: Ever employment in a job with probable APFO exposure, but never in a job with definite exposure 
c: Never held job with definite or probable exposure; primarily non-chemica! division 
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Table 3. Standardized Mortality Ratios (SMR) for Selected Cause-Specific Mortalities
for the Entire APFO Manufacturing Cohort

Gs TT Ohne peed SME Ha
All deaths S07 100018 081 07508
Cancers
All cancers 26 2628 086 076097
Buccal cavity and pharyn 2 ssi 036 004130
Digsstive organs and pecioncum 61 998 08 06112
Esophagus 4 730 055 Isle
Stomach 7 S49 082 033470
Large Intestine 2 348 Lio 07%

Rectum 4 523 076 02019
Bilary passagesand liverprimary 3 636 047 010138
Pancreas 13 1508 086 046147
Other 2 199 100 01238

RespiratorySystem 79 sea 091 072i
Larynx 3 248 121 025354
Trachea, bronchus, and lung 7s © 0% 07-113

Other 1 0% 108 003601
Breast” 5 128 053 019116
Female genital organs 5 674 07 02417
Conix 2 0s0 221 027799
Omer 3 30 0s 017237

Male genial organs It B60 043118
Prostate 16 220 om 04

Other 1 0% 104 003577
Urinary Organs 1 20 077 03913
Kidney 4 £53 047 013420
Bladder and other urinary organs 7 se 123 049254

Other and unspecified sites 2 1594 075 039131
Skin 4 418 0% 02624
Central nervous system 7 984 071 0204
Thyroid gland 1 0% 101 0036

Lymphatic and hematopoietic issue 2» 275 08 059127
Lymphosercoma and reticulosarcoma 3 250 120 02533

Hodgkin's disease 1 200 05 ona
Leukemia and aleukemia 2 1246 096 050168
Other 5 1580 082 0dslal

All otrer cancers 2 030 LIE 076176
Benign neoplasms 3 3096 02028

»
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Table 3. Standardized Mortality Ratios (SMRs) for Selected Cause-Specific Mortalities 
for the Entire APFO Manufacturing Cohort 

Causea                                    Observed Expected SMRb 95% CI 

All deaths                             807 1000.18 0,81 0.75-0.86 

Cancers 
All cancers 246 286.28 0.86 0.76-0.97 
Buccal cavity and pharynx 2 5.54 0.36 0.04-1.30 

Digestive organs and peritoneum 61 69.94 0,86 0.67-1.12 

Esophagus 4 7.30 0,55 0.15-1.40 

Stomach 7 8.49 0,82 0.33-1.70 

Large Intestine 28 25.48 1.10 0.73-1.59 

Rectum 4 5.23 0.76 0.21-1.96 

Biliary passages and liver primary 3 6.36 0,47 0.10-1.38 

Pancreas 13 15.08 0,86 0.46-1.47 

Other 2 1.99 1.00 0.12-3.63 

Respiratory System 79 86.42 0,91 0.72-1.14 

Larynx 3 2.48 1.21 0.25-3.54 

Trachea, bronchus, and lung 75 83.02 0.90 0.71-1.13 

Other 1 0.92 1,08 0.03-6.01 

Breastc 6 11.28 0,53 0.19-1.16 

Female genital organs 5 6.74 0.74 0.24-1.73 

Cervix 2 0.90 2.21 0.27-7.99 

Other 3 3.70 0,81 0.I7-2.37 

Male genital organs 17 23.16 0,73 0.43-1.18 

Prostate 16 22.20 0.72 0.41-1.17 

Other 1 0.96 1.04 0.03-5.77 

Urinary Organs 11 14.20 0,77 0.39-1.39 

Kidney 4 8.53 0.47 0.13-1.20 

Bladder and other urinary organs 7 5.67 1,23 0.49-2.54 

Other and unspecified sites 12 15.94 0,75 0.39-1.31 

Skin 4 4,18 0,96 0.26-2.45 

Central nervous system 7 9.84 0,71 0.29-1.47 

Thyroid gland 1 0.99 1,01 0.03-5.64 

Lymphatic and hematopoietic tissue 29 32.75 0,89 0.59-1.27 

L3qnphosarcolna and reticulosarcoma 3 2.50 1,20 0.25-3.52 
Hodgkin’s disease 1 2.00 0,50 0.01-2.78 

Leukemia and aleukemia 12 12.46 0.96 0.50-1.68 

Other 13 15.80 0,82 0,44-1.41 
All otlqer cancers 24 20.30 1.18 0.76-1.76 

Benign neoplasms 3 3..11 0,96 0.20-2.82 
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‘Table 3. (Continued)

Cause Observed Tapecied SMR 95% Cl
Non-malignant causes

Tuberculosis 1 049 205 005-1140
Diabetes mellitus. 2 1997 LIS 07
Cercbrovascular disease 35 5439 064 0450.90
All heart disease. 256 32961 078 068-088

Rheumatic heart discase 3 439 137 050297
Ischemic heart discase: 201 25923 078 067-089
Chronic diseaseoferdocardium n 1563 070 035126
Hypertension with heart disease 5 458 109 035255
Other 3 4578 072 050-101

Hypertension without heart disease 6 420 143 0523.01
Diseases of respiratory system 50 TOL 068 050-089

Influenza and preumonia 2 2253 053 028089
Bronchitis 1 1.49 067 0.02334
Emphysema 3 8.18 037 0.08107
Asthma 3 an 142 029415
Other 31 29.61 078 053111
Ulcerofstomach 1 30 033 001-186
Cirrhosisofthe liver 3 1787 073 039124
‘Nephrits and nephrosis 7 639 110 044226

Accidents a9 5584 088 065116
Motor vehicle accidents 27 2574 105 069-153

Other 2 3010 073 0d6LIl
Violence 2 2675 082 052125
Suicides ” 202 077 045124
Homicides and other Ss 474 106 034247

Alother causes 95 11461 083 067-101
a: Cause not sted fnck observed —
1b: Reference rates from sat ofMinnesota
Albreast cancers observed in female employees

3
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Table 3. (Continued) 

CaL1sea 

Non-malignant causes 

Tuberculosis 

Diabetes mellitus 

Cerebrovascular disease 

All heart disease 

Rheumatic heart disease 

Ischcmic hcart discasc 

Observed Expected SMRb 95% CI 

1 0.49 2.05 

23 19.97 1.15 

35 54.39 0.64 

256 329.61 0.78 

6 4.39 1.37 

201 259.23 0.78 

Chronic disease of endocardium 

Hypertension with heart disease 

Other 

Hypertension without heart disease 

Diseases of respiratory system 

Influenza and pneumonia 

11 15.63 0.70 

5 4.58 1.09 

33 45.78 0.72 

6 4.20 1.43 

50 73.91 0.68 

12 22.53 0.53 

Bronchitis 

Emphysema 

Asthma 

Other 

Ulcer of stomach 

Cirrhosis of the liver 

Nephritis and nephrosis 

Accidents 

1 1.49 0.67 

3 8.18 0.37 

3 2.11 1.42 

31 39.61 0.78 

1 3.02 0.33 

13 17.87 0.73 

7 6.39 1.10 

49 55.84 0.88 

Motor vehicle accidents 27 

Other 22 

Violence 22 

Suicides 17 

Homicides and other 5 

All other causes 95 
a: Cause not listed if not observed 

b: Reference rates from state of Minnesota 
c: All breast cancers observed h~ female employees 

25.74 1.05 

30.10 0.73 

26.75 0.82 

22.02 0.77 

4.74 1.06 

114.61 0.83 

0.05-11.40 

0.73-1.73 

0.45-0.90 

0.68-0.88 

0.50-2.97 

0.67-0,89 

0.35-1,26 

0.35-2,55 

0.50-1.01 

0.52-3.11 

0.50-0.89 

0.28-0.89 

0.02-3.74 

0.08-1,07 

0.29-4.15 

0.53-1.11 

0.01-1.84 

0.39-1.24 

0.44-2.26 

0.65 1.16 

0.69-1.53 

0.46-1.11 

0.52-1.25 

0.45-1.24 

0.34-2.47 

0.67-1.01 
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Table 4. Standardized Mortality Ratios for Selected Ceuse-Specific Mortals for APFO
Manufacturing Cohort Members with a Minimum of One Year of Employment in
Jobs with Definite or Probable APFO Exposure!

Came Observed Bxpesied SMR 95%Cl
All deaths 39 39802 078 069087
Cancers
All cancers 100 1258 097 080-117
Digestive organs and peritoneum 30 2781 108 073154

Esophagus 2 305 06s 008237
Stomach 4 33 8 0R30
Large Intestine 2100 120 062210

Rectum 3 200 143 030419
Biliary passages and liver 2 251 080 010288

Pancreas 7 599 117 047241
Respiratory System 3 300 097 067136

Larynx 2 12 195 0207.06
Trachea, bronchus, and lung 2 30 095 065134

Female genital organs 3 1? 175 036510
Male genital organs 3 933 139 074238

Prosiate 2 8% 135 070235
Urinary Organs 4 575 070 019-178

Kidney 1 35 029 001159
Bladder and other urinary organs, 3 225 13 02839

Other and unspecified sites 7 636 107 043220
Skin 2 175 LIS 04nd
Central nervous system 5 406 1240 040290
Lymphatic end hematopoistc tissue n B32 084 042150
Lymphosarcoma and reticulosarcoma 1 097 103 003571

Leukemia and aleukemia 6 502 19 044260
All other cancers 7 S08 087 0351
Benign neoplasms 2 12 Les 020591

Non-malignant causes
Diabetes mellius 13 787 16s 08828
Cerebrovascular disease. 1 0&2 os 041m

3
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Table 4. Standardized Mortality Ratios for Selected Cause-Specific Mortalities for APFO 
Manufacturing Cohorl Members with a Minimum of One Year of Employment in 
Jobs with Definite or Probable APFO Exposurea 

Catlseb 

All deaths 

Cancers 
All cancers 

Digestive organs and peritoneum 

Observed Expected SMRc      95% CI 

309 398.02 0.78 0.69-0.87 

109 i12.58 0.97 

30 27.81 1.08 

Esophagus 

Stomach 

Large Intestine 

Rectum 

Biliary passages and liver 

Pancreas 

Respiratory System 

Larynx 

Trachea, bronchus, and lung 

2 3.05 0.66 

4 3.39 1.18 

12 10.00 1.20 

3 2.09 1.43 

2 2.51 0.80 

7 5.99 1.17 

34 35.00 0.97 

2 1.02 1.95 

32 33.60 0.95 

Female genital organs 

Male genital organs 

Prostate 

Urinary Organs 

Kidney 

Bladder and other urinary organs 

Other and unspecified sites 

Skin 

Central nervous system 

Lymphatic and hematopoietic tissue 

Lymphosarcoma and reticulosarcoma 

Leukemia and aleukemia 

All other cancers 

Benign neoplasms 

3 1.72 1.75 

13 9.33 1.39 

12 8.90 1.35 

4 5.75 0.70 

1 3.50 0.29 

3 2.25 1.33 

7 6.56 1.07 

2 1.75 1.15 

5 4.04 1.24 

11 13.12 0.84 

1 0.97 1.03 

6 5.02 1.19 

7 8,08 0.87 

2 1.22 1.64 

0.80-1.17 

0.73-1.54 

0.08-2.37 

0.32-3.02 

0.62-2.10 

0.30-4.19 

0.10-2.88 

0.47-2.41 

0.67-1.36 

0.24-7.06 

0.65-1.34 

0.36-5.10 

0.74-2.38 

0.70-2.35 

0.19-1.78 

0.01-1.59 

0.28-3.90 

0.43 -2.20 

0.14-4.14 

0.40-2.90 

0.42-1.50 

0.03-5.71 

0.44-2.60 

0.35-1.78 

0.20-5.91 

Non-malignant causes 

Diabetes mellitus 

Cerebrovascular disease 

13 7.87 1.65 

17 20.62 0.82 
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‘Table 4. (Continued)

Cause” Observed Expected SMR® 95% CI
All heart disease 8 31ST 066 06308

Rheumatic heart disease 1 164 061 002338
Ischemic heart disease. EI 10394 071 056089
Chronic diseaseof endocardium 3 595 050 010-147
‘Hypertension with heart disease. 3 179 167 0344589

Hypertension without heart disease 3 163 184 038538
Diseasesof respiratory system 13 2849 046 024078

Influenza and pneumonia 4 849 047 013121
Emphysema 1 319 031 00174
Asthma 1 080 125 00369

Uleerofstomach, 1 117 085 002473
Cirrhosisofthe liver 4 735 084 015139
Nephritis and nephrosis a 244 164 045409

Accidents 19 2420 079 047-123
Motor vehicle accidents n 1137 097 048173
All other accidents 8 1283 062 027123

Violence 8 1186 067 029-133
Suicides 8 976 082 035161

Allother causes 2 4491 065 043093
5 Includes workers who accrucd oneyzarofexposure with definite and probable jobs combined
bx Cause no stedifrot observed
Reference rates fomsateofMinnesota
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Table 4. (Continued) 

Causeb 

All heart disease 

Rheumatic heart disease 

Ischemic heart disease 

Chronic disease of endocatdium 

Hypertension with heart disease 

Hypertension without heart disease 

Diseases of respiratory system 

Influenza and pneumonia 

Observed Expected 

87 131.57 

1 1.64 

74 103.94 

3 5.95 

3 1.79 

3 1.63 

13 28.49 

4 8.49 

SMRc 

0.66 

0.61 

0.71 

0.50 

1.67 

1.84 

0.46 

0.47 

0.31 

1.25 

0.85 
0.54 

1.64 

0.79 

0.97 

0.62 

0.67 

0.82 

0.65 

Emphysema 1 3.19 

Asthma 1 0.80 

Ulcer of stomach 1 1.17 

Cirrhosis of the liver 4 7.35 

Nephritis and nephrosis 4 2.44 

Accidents 19 24.20 

Motor vehicle accidents 11 11.37 

All other accidents 8 12.83 

Violence 8 11.86 

Suicides 8 9.76 

All otl~er causes 29 44.91 

95% CI 

0.63-0.82 

0.02-3.38 

0.56-0.89 

0.10-1.47 

0.34-4.89 

0.38-5.38 

0.24-0.78 

0.13-1.21 

0.01-1.74 

0.03-6.94 

0.02-4.73 

0.15-1.39 

0.45-4.19 

0.47-1.23 

0.48-1.73 

0.27-1.23 

0.29-1.33 

0.35-1.61 

0.43-0.93 
a: ~n~ludes workers who accrued one year of exposure wi~h definite and probable jobs ~ombined 
b: Cause not listed if not observed 
c: Reference rates from state of Minnesota 
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Table. Standrdized Moray Ratios fo SelectedCause Specific Morte or
'APFO Manufacturing Cohort Mmbers Ever Employed In Jobs wih Definite
‘APRO Exposire

Te owed Bes SW wa
Maem ow 7a os oli

Cancers
Ai cancers uss om oss
Digesiv organs and peroneum: + sw os owas
Esophagus 1 065 154 0.04857

Large tstine 2 am wr onass
Poser 1 oss oman

Respiratory System 5s Tn 17 ossow
Larynx 1 021 472 012-2623

Trsehe, rons,andang sem 7 osiza
Male genital organs 3 uss 1% ose
Prostate 35 es 20 omen
Lymphaticand hematopoieticss : 28 0m 001208

Leukemia end leukemia : 04 0% 00253
Al othercancers 2 ie in oss

Nommalignant causes
Cersbrovseulr dieise sau um oman
Ahan disase 2 aol os sens

scheme heart disease 1 0s 0413s
Hypertension with heart discse Lea aa oasis
Oter + sa us oars

Hypertension withouthear discase Lom am oman
Diseaseof espiatory sytem 5 am 0 0e1ss
Asia I ol 73 oases

oter > 2% om owas
Nephritis and nephrosis. 2 038 522 063-1885

Accidents sem 6 05023
Motor hice accidents 4 3m in ones

Otter 4 3d 12 oma
Violence § se 16 oss

Suicides S29 10 053%
Homicidesand her Vee a ows

ANothrcauses 5 so ox oot
+ Comenorte Sheed3 Renera om tefis
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Table 5. Standardized Mortality Ratios for Selected Cause-Specific Mortalities for 
APFO Manufacturing Cohort Members Ever Employed In Jobs with Definite 
APFO Exposure 

CaHsea 

All deaths 

Cancers 
All cancers 

Digestive organs and peritoneum 

Esophagus 

Large Intestine 

Pancreas 

Respiratory System 

Larynx 

Trachea, bronchus, and lung 

Male genital organs 

Prostate 

Lymphatic and hematopoietic tissue 

Leukemia and aleukemia 

All other cancers 

Observed Expected SMRb 95% CI 

68 77.3t 0.88 0.68-1.12 

19 21.95 0.87 0.52-1.35 

4 5.36 0.75 0.20-1.91 

1 0.65 1.54 0.04-8.57 

2 1.87 1,07 0.13-3.86 

1 1.17 0.85 0.02-4.74 

9 7.11 1.27 0.58-2.40 

1 0.21 4.72 0.12-26.23 

8 6.81 1.17 0.51-2.31 

3 1.55 1.93 0.40-5.65 

3 1.43 2.10 0.43-6.13 

1 2.68 0.37 0.01-2.08 

1 1.04 0.96 0.02-5.34 

2 1.62 1.23 0.15-4.45 

Non-malignant causes 
Cerebrovascular disease 

All heart disease 

Ischemic heart disease 

Hypertension with heart disease 

Other 

Hypertension without heart disease 

Diseases of respiratory system 

Asthma 

Other 

Nephritis and nephrosis 

Accidents 

Motor vehicle accidents 

Other 

Violence 

SuicidEs 

Homicides and other 

All other causes 
a: Cause not listed if not observed 
b: Reference rates from state of Mimaesota 

5 3.14 1.59 0.52-3.72 

21 24.01 0.87 0.54-1.34 

16 19.13 0.84 0.48-1.36 

1 0.31 3.27 0.08-18.17 

4 3.48 1.15 0.31-2.94 

1 0.27 3.73 0.09-20.71 

3 4.50 0.67 0.14-1.95 

1 0.14 7.32 0.19-40.68 

2 2.54 0.79 0.10-2.84 

2 0.38 5.22 0.63-18.85 

8 6.91 1.16 0.50-2.28 

4 3.57 1.12 0.31-2.87 

4 3.34 1.2 0.33-3.06 

6 3.64 1.65 0.60-3.59 

5 2.96 1.69 0.55-3.94 

1 0.67 1,49 0.04-8.26 

3 8.07 0.37 0,08-1.09 
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‘Table 6. Standardized Morality Ratios for Selected Cause-Specific Mortalites for APFO
Manufacturing Cohort Members with a Minimumof One YearofEmployment ia
Job with Definite APFO Exposure

Cane” Observed opecied SMR 951
All deaths 2 3595 070 045103
Cancers
All cancers 7 1029 068 027-140
Digestive organs and peritoneum 2 25 079 010285
Esophagus 1 031 328 0081821
Large Intestine 1 08 L2 00362¢

Respiratory System 2 336 059 007215
‘Trachea, bronchus, and lung. 2 323 062 008224

Male genital organs 2 080 251 0309.04
Prostate 2 075 267 032965

All other cancers 1 076 132 00373

Non-malignant causes
Cerebrovascular disease. 3 Lss 194 040566
All heart disease. 8 ns 070 030-137

Ischemic heart disease 6 916 066 024-143
Other 2 164 12 015440

Diseasesofrespiratorysystem 2 221 088 011318
Other 2 129 155 019561

Nephitis and nephrosis. 1 019 523 0132908
Accidents 1 277 036 001201

Other 1 19 01 00239
Violence 2 19 017sm
Suicides. 2 Ls 170 021613
All othercauses 1 383 026 001-1ds

To Casenateedinasbiened
b Reference rates from statofMiia
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Table 6. Standardized Mortality Ratios for Selected Cause-Specific Mortalities for APFO 
Manufacturing Cohol~: Members with a Minimum of One Year of Employment in 
a Job with Definite APFO Exposure 

Causea                                    Observed Expected SMRb 95% CI 

All deaths                           25 35.95 0.70 0.45-1.03 

Cancers 

All cancers 7 10.29 0.68 0.27-1.40 

Digestive organs and peritoneum 2 2.54 0.79 0.10-2.85 

Esophagus 1 0.31 3.28 0.08-18.21 

Large Intestine 1 0.89 1.12 0.03-6.24 

Respiratory System 2 3.36 0.59 0.07-2.15 

Trachea, bronchus, and lung 2 3.23 0.62 0.08-2.24 

Male genital organs 2 0.80 2.51 0.30-9.04 

Prostate 2 0.75 2.67 0.32-9.65 

All other cancers 1 0.76 1.32 0.03-7.32 

Non-malignant causes 

Cerebrovascular disease 3 1.55 1.94 0.40-5.66 

All heart disease 8 11.51 0.70 0.30-1.37 

Ischemic heart disease 6 9.16 0.66 0.24-1.43 

Other 2 1.64 1.22 0.15-4.40 

Diseases of respiratory system 2 2.27 0.88 0.11-3.18 

Other 2 1.29 1.55 0.19-5.61 

Nephritis and nephrosis 1 0.19 5.23 0.13-29.08 

Accidents 1 2.77 0.36 0.01-2.01 

Other 1 1.39 0.72 0.02-3.99 

Violence 2 1.43 1.39 0.17-5.03 

Suicides 2 1.18 1.70 0.21-6.13 

All other causes 1 3.83 0.26 0.01-1.45 
a: Cause not listed if not observed 

b: Reference rates from state of Minnesota 

37 

2168.0037 

3MA02557475 



Table 7. Standardized Mortality Rios for Selected Cause-Speciic Morales for APFO.
Manufacturing Cohort Members Exr Employed In Jobs with Probable APFO Exposure,
but Did Not Hold Jobs with Definite APFO Exposurc

Cae TTT Owed Ege SWE owidl
Adeatns Tes w3is2 083 075092
Cancers

All cancers 9 26 0% 07812
Buccal cavity and pharynx ! 247 040 001225
Digestive organs and peritoncu: z 59 087 057126
Esophagus 1 326 031 0onim
Stomach 4 373 106 029271
Large Intestine 10 3s 088 0416

Rectum 3 233 128 02637
Bilary passages and lve primary 2 286 071 0025s

Pancreas 7 674 104 0e2214
Respiratory Systema 5 BI 099 070.136
Laryns 1 Lo 091 002503
Traches, bronchus, and ung. 37 3686 100 070138

Breast 2 a2 02 0051s
Female genital organs 4 289 13 0335
Omer 3 159 18 05%

Male genial organs 10 012 0s 04ris
Prostate 9 969 093 04217
Other 1 043 233 006129

Urinary Organs s 630 019 026185
Kidney 2 380 05 006190
Bladder and other urinary organs 3 250 120 025350

Other and unspecified sites 7 700 100 040206
Skin 2 18 109 013395
Central nervous system 5 a2 16 03727

Lymphaticand hematopoietic tissue 1 1855 09 053161
Lymphosarcome and reculosarcoma 2 L180 026s

Leukemia and aleukemia 7 s 127 osiael
Other 5 74 07 02g

Allothercancers n 90 12 0628
Benign neoplasms 2 139 144 orrsiy

3

IMA02557476
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Table 7. Standardized Mortality Ratios for Selected Cause-Specific Mortalities for APFO 
Manufacturing Cohort Members Ever Employed In Jobs with Probable APFO Exposure, 
but Did Not Hold Jobs with Definite APFO Exposure 

Cause~                                  Observed Expected SMR~’ 95% CI 

All deaths                            368 443.52 0.83 0.75-0.92 

Cancers 
All cancers 119 126.63 0.94 0.78-1.12 

Buccal cavity and phar3a~x 1 2.47 0.40 0.01-2.25 

Digestive organs and peritoneum 27 31.19 0.87 0.57-1.26 

Esophagus 1 3.26 0.31 0.01-1.70 

Stomach 4 3.78 1.06 0.29-2.71 

Large Intestine 10 11.35 0.88 0.42-1.62 

Rectum 3 2.33 1.28 0.26-3.76 

Biliary passages and liver primary 2 2.84 0.71 0.0%2.55 

Pancreas 7 6.74 1.04 0.42-2.14 

Respiratory System 38 38.37 0.99 0.70-1.36 

Larynx 1 1.10 0.91 0.02-5.03 

Trachea, bronchus, and lung 37 36.86 1.00 0.71-1.38 

Breastc 2 4.72 0.42 0.05-1.53 

Female genital organs 4 2.89 1.38 0.38-3.54 

Other 3 1.59 1.89 0.39-5.52 

Male genital organs 10 10.12 0.99 0.47-1.82 

Prostate 9 9.69 0.93 0.42-1.76 

Other 1 0.43 2.33 0.06-12.96 

Urinary Organs 5 6.30 0.79 0.26-1.85 

Kidney 2 3.80 0.53 0.06-1.90 

Bladder and other urinary organs 3 2.50 1.20 0.25-3.50 

Other and unspecified sites 7 7.01 1.00 0.40-2.06 

Skin 2 1.83 1.09 0.13-3.95 

Central nervous system 5 4.32 1.16 0.37-2.70 

L3qnphatic and hematopoietic tissue 14 14.55 0.96 0.53-1.61 

Lymphosareoma and reticulosarcoma 2 1.11 1.80 0.22-6.51 

Leukemia and aleukemia 7 5.52 1.27 0.51-2.61 

Other 5 7.04 0.71 0.23-1.66 

All other cancers 11 9.01 1.22 0.61-2.18 

Benign neoplasms 2 1.39 1.44 0.17-5.19 
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Table 7. (Continued)

Cause” _ Observed __Fxpected __SMR®___ 95% CI
‘Non-malignant causes
Diabetes mellitus. 18 8.87 203 120320
Cerebrovascular discase IY 2415 070 041-113
All heart disease. 110 14686 075 0620.90

Rheumatic heart discese 2 196 102 0123.68
Ischemic heartdisease. 9 nss2 081 0650.99
Chronic discaseof endocardium 7 7.00 100 0402.06
Hypertension with heart disease 2 207 097 012349

Other 6 2031 030 011064
Hypertension without heart discesc. 3 190 158 0.33462

Diseasesof respiratory system i) 270 058 035091
Influenzaand pneumonia. 7 982 071 029-147
Bronchitis 1 066 153 004847
Emphysema 2 364 055 0071.99

Other 9 17.65 051 023-097
Ulcerofstomach i 135 074 0.02413
Cirrhosisofthe liver 6 7.94 076 028-165
Nephritis and nephrosis 2 282 071 0.09256

Accidents 23 2456 094 0591.41
Motor vehicle accidents 2 ne 106 0.55186

Other in 1327 083 041-148
Violence 8 160 069 030-136
Suicides 5 9.56 084 0361.65

TS Camenot wed no observed
b: Reference ratesfromsiaeofMinnesota
©: All breastcancersobserved nfemaleemployees.
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Table 7. (Continued) 

Causea 

Non-malignant causes 

Diabetes mellitus 

Cerebrovascular disease 

All heart disease 

Rhemnatic heart disease 

Ischemic heart disease 

Observed Expected SMRu 95% CI 

18 8.87 2.03 

17 24.15 0.70 

110 146.86 0.75 

2 1.96 1.02 

93 115.52 0.81 

Chronic disease of endocardium 

Hypertension with heart disease 

Other 

Hypertcnsion without heart dis¢:ase 

Diseases of respiratory system 

Influenza and pneumonia 

7 7.00 1.00 

2 2.07 0.97 

6 20.31 0.30 

3. 1.90 1.58 

19 32.70 0.58 

7 9.82 0.71 

Bronchitis 

Emphysema 

Other 

Ulcer of stomach 

Cirrhosis of the liver 

Nephritis and nephrosis 

Accidents 

1 0.66 1.53 

2 3.64 0.55 

9 17.65 0.51 

1 1.35 0.74 

6 7.94 0.76 

2 2.82 0.71 

23 24.56 0.94 

Motor vehicle accidents 12 

Other 11 

Violence 8 

Suicides 8 
a: Cause not listed if not observed 
b: Reference rates from state of Minnesota 

c: All breast cancers observed in *~male employees 

11.29 1.06 

13.27 0.83 

11.60 0.69 

9.56 0.84 

1.20-3.21 

0.41-1.13 

0.62-0.90 

0.12-3.68 

0.65-0.99 

0.40-2.06 

0.12-3.49 

0.11-0.64 

0.33-4.62 

0.35-0.91 

0.29-1.47 

0.04-8.47 

0.07-1.99 

0.23-0.97 

0.02-4.13 

0.28-1.65 

0.09 2.56 

0.59-1.41 

0.55-1.86 

0.41-1.48 

0.30-1.36 

0.36-1.65 
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“Table 8. Standardized Mortality Ratios for Selected Cause-Specific Moralities for APFO
Manufacturing Cohort Members Never Employed in Jobs with APFO Exposure

Cause” Observed _Bxpected SMR 95% CL
Alldeaths 3 4938 077 070086
Cancers
All cancers 08 13770 078 064095
Buccal cavity and pharynx 1 259 039 001214

Digestive organs end peritoneum 30 339 090 061128
Esophagus 2 339 089 007213
Stomach 3 408 074 015215
Large Intestine 16 1226 130 075212
Recum 1 25 040 001222
Biliarypassages and liver 1 304 033 001183
Pancreas 5 77 070 02316

Respiratory System 2 4094 078 03110
Larynx 1 116 086 002479
‘Traches, bronchus, and lung. 30 3935 076 051-109
Other 1 044 230 006-276

Breast’ 4 627 061 017163
Female genital organs 1 370 027 001-150

Cervix 1 051 196 0051092
Male genital organs. 4 149 035 009039

Prostate 4 108 036 010092
Urinary Organs 6 677 089 032193

Kidney 2 398 050 0061381
Bladder and other urinary organs 4 2798 144 039367

skin 2 190105 013379
Central nervous system 2 455 044 005159
Thyroid gland 1 046 216 0051200
Lymphatic and hematopoietic tissue Iu 152 090 049-151
Lymphosarcoma and reticulosarcoma 1 120 084 002465

Hodgkin's disease 1 092 109 0.03604
Leukemia and aleukemia 4 590 068 018173

All other cancers n 967 114 057200
Benign neoplasms 1 149 067 002373

a

3MA02557478
2168.0040

Table 8. Standardized Mortality Ratios for Selected Cause-Specific Mortalities for APFO 
Manufacturing Cohort Members Never Employed in Jobs with APFO Exposure 

Cause"                                    Observed Expected SMRu 95% CI 

All deaths                            371 479.34 0.77 0.70-0.86 

Cancers 
All cancers 108 137.70 0.78 0.64-0.95 

Buccal cavity and pharynx 1 2.59 0.39 0.01-2.14 

Digestive organs and peritoneum 30 33.39 0.90 0.61-1.28 

Esophagus 2 3.39 0.59 0.07-2.13 

Stomach 3 4.08 0.74 0.15-2.15 

Large Intestine 16 12.26 1.30 0.75-2.12 

Rectum 1 2.50 0.40 0.01-2.22 

Biliary pa~sage~ and liver 1 3.04 0.33 0.01-1.83 

Pancreas 5 7.17 0.70 0.23-1.63 

Respiratory System 32 40.94 0.78 0.53-1.10 

Larynx 1 1.16 0.86 0.02-4.79 

Trachea, bronchus, and lung 30 39.35 0.76 0.51-1.09 

Other 1 0.44 2.30 0.06-12.76 

Breast~ 4 6.27 0.64 0.17-1.63 

Female genital organs 1 3.70 0.27 0.01-1.50 

Cervix 1 0.51 1.96 0.05-10.92 

Male genital organs 4 11.49 0.35 0.09-0.89 

Prostate 4 11.08 0.36 0.10-0.92 

Urinary Organs 6 6.77 0.89 0.32-1.93 

Kidney 2 3.98 0.50 0.06-1.81 

Bladder and other urinary organs 4 2.78 1.44 0.39-3.67 

Skin 2 1.91 1.05 0.13-3.79 

Central nervous system 2 4.55 0.44 0.05-1.59 

Thyroid gland 1 0.46 2.16 0.05-12.00 

Lymphatic and hematopoietic tissue 14 15.52 0.90 0.49-1.51 

Lymphosarcoma and rcticulosm:coma 1 1.20 0.84 0.02-4.65 

Hodgkin’s disease 1 0.92 1.09 0.03-6.04 

Leukemia and aleukemia 4 5.90 0.68 0.18-1.73 

All other cancers 11 9.67 1.14 0.57-2.04 

Benign neoplasms 1 1.49 0.67 0.02-3.73 
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Table8. (Continued)

Cause” a Observed Expected SVR 95% Cl
Non-malignant causes oT
Tuberculosis 1 023 428 0112380
Diabetes mellitus 5 955 052 01712
Cerebrovascular disease 13 2700 048 026082
Al heart disease 125 15874 079 0.66094

Rheumatic heartdisease. 4 214 186 051477
Ischemic heart discasc: %2 12458 074 060091
Chronic diseaseof endocardium 4 78 051 014131
Hypertension with heart disease: 2 221 0% 011327

Hypertension without heart disease 2 205 098 012355
Diseasesof respiratory system 2% 3671 07% 0SI-L10

Influenza and pneumonia 5 150 043 014102
Emphysema 1 401 025 001138
Asthma 2 Los 193 023.697

Cirthosisoftheliver 7 827 085 034175
Nephrits and nephrosis 3 319 094 019275

Accidents 18 2438 074 044117
Motor vehicle accidents n 1089 101 050-181

All otheraccidents 7 B49 052 021-107
Violence 8 152 06 030137

Suicides 4 949 042 011-108
Homicides and other 4 202 198 054505

Allothercauses 2 5557 094 0704123
i —

© Reference ratesfromaofMinnesota
© All bras cancers observed in femls employees

a
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Table 8. (Continued) 

Causea 

Non-malignant causes 
Tuberculosis 

Diabetes mellitus 

Cerebrovascular disease 

All heart disease 

Rheumatic heart disease 

Ischcmic heart disease 

Chronic disease of endocardium 

Hypertension with heart disease 

Hypertension without heart disease 

Diseases of respiratory system 

Influenza and pneumonia 

Emphysema 

Asthma 

Cirrhosis of the liver 

Nephritis and nephrosis 

Accidents 

Motor vehicle accidents 

All other accidents 

Violence 

Suicides 

Homicides and other 

All other causes 
a: Cause not listed if not observed 
b: Reference rates from state of Minnesota 
c: All breast cancers observed in female employees 

Observed Expected SMRt’ 95% CI 

1 0.23 4.28 0.11-23.80 

5 9.55 0.52 0.17-1.22 

13 27.10 0.48 0.26-0.82 

125 158.74 0.79 0.66-0.94 

4 2.14 1.86 0.51-4.77 

92 124.58 0.74 0.60-0.91 

4 7.82 0.51 0.14-1.31 

2 2.21 0.90 0.11-3.27 

2 2.03 0.98 0.12-3.55 

28 36.71 0,76 0.51-1.10 

5 11.50 0.43 0.14-1.02 

1 4.01 0.25 0.01-1.38 

2 1.04 1.93 0.23-6.97 

7 8.27 0.85 0.34-1.75 

3 3.19 0.94 0.19-2.75 

18 24.38 0.74 0.44-1.17 

11 10.89 1.01 0.50-1.81 

7 13.49 0.52 0.21-1.07 

8 11.52 0.69 0.30-1.37 

4 9.49 0,42 0.11-1.08 

4 2.02 1.98 0.54-5.05 

52 55.57 0.94 0.70-1.23 
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Table 9. Standardized Mortality Ratios or Selected Cause-Specific Mortalities
or Salaried Workers of the APFO Manufacturing Cobort

Cause Deas Eapeced SMR 93%Cl
All deaths 07 4842 063 056071
Cancers
All Cancers 97 W047 06 056084
Buccal cavity and pharynx 0 268 000 000138
Diggstive organs and peritoneum 2 BI 0% 05316

Esophagus 2 356 056 007203
Stomach 2 406 049 006178
Large intestine 7 R313 sa

Rectum 2 250 080 010289
Bilarypassagesand liver 0 309 000 000-119

Pancreas 4 129 oss olsLéo
Al othe digestive 0 095 000 000387

Respiratory system 7 es 0s oon
Larynx 1 120 085 002462
Bronchus, trachea, and lung 25 W087 061 040090
Al othe respiratory 1 04s 220 0061222

Breast 2 590 034 ooe12
Female goital organs 3 33 0m 01264

All uterine (ron-osrvix) 0 103 000 000359
Cervix 2 047 420 0521549
Other female genital organs 1 18 0s¢ 001303

Male genital organs 6 ne os oil
Prostate 6 uo ose 020119
Testis and other male genial 0 046 000 000804

Urinaryorgans ses 0m 02s
Kidney 2 a8 04 006173
Bladder and other urinary organs 3 2% Lo 0238

Otherand unspecified sites 6 7m 0% o0xsiss
Skin 2 200 095s 01234
Bye 0 0 000 0004292
Cental nervous system 3 458 06 013180
Thyroid gandiother endocrine 1 048 207 0051150
Bone 0 037 000 000998

a

3MA02557480
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Table 9. Standardized Mortality Ratios for Selected Cause-Specific Mortalities 
for Salaried Workers of the APFO Manufacturing Cohort 

Cause Deatlqs Expected SMR 

All deaths 307 484.92 0.63 

Cancers 

All Cancers 97 140.47 0.69 

Buccal cavity and pharynx 0 2,68 0.00 

Digestive organs and peritoneum 27 33.77 0.80 

Esophagus 2 3.56 0.56 

Stomach 2 4.06 0,49 

Large intestine 17 12.33 1.38 

Rectum 2 2.50 0.80 

Biliary passages and liver 0 3.09 0.00. 

Pancreas 4 7.29 0.55 

All other digestive 0 0.95 0.00 

Respiratory system 27 42.53 0.63 

Larynx 1 1.20 0.83 

Bronchus, trachea, and lu.r:g 25 40.87 0.61 

All other respiratory 1 0.45 2.20 

Breast 2 5.90 0.34 

Female gcnital organs 3 3.33 0.90 

All uterine (non-cervix) 0 1.03 0.00 

Cervix 2 0.47 4.29 

Other female genital org~s 1 1.84 0.54 

Male genital organs 6 11.47 0.52 

Prostate 6 11.01 0.54 

Testis and other male genital 0 0.46 0.00 

Urinary organs 5 6.94 0.72 

Kidney 2 4.18 0.48 

Bladder and other urinary organs 3 2.76 1.09 

Other and unspecified sites 6 7.92 0.76 

Skin 2 2.10 0.95 

Eye 0 0109 0.00 

Central nervous system 3 4.88 0.61 

Thyroid gland/other endccrine 1 0.48 2.07 

Bone 0 0.37 0.00 

95% CI 

0.56-0.71 

0.56-0.84 

0.00-1.38 

0.53-1.16 

0.07-2.03 

0.06-1.78 

0.80-2.21 

0.10-2.89 

0.00-1.19 

0.15-1.40 

0.00-3.87 

0.42-0.92 

0.02-4.62 

0.40-0.90 

0.06-12.22 

0.04-1.22 

0.19-2.64 

0.00-3.59 

0.52-15.49 

0.01-3.03 

0.19-1.14 

0.20-1.19 

0.00-8.04 

0.23-1.68 

0.06-1.73 

0.22-3.18 

0.28-1.65 

0.12-3.43 

0.00-42.92 

0.13-1.80 

0.05-11.50 

0.00-9.98 
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“Table. Continued)

[oe Deaths _Broected SMR osc
Lymphatic and hematopoietic 5 1597 081 043139

Lymphosarcoma and reizalosurcoma 2 ue 172 021621
Hodgkins disease 1 09 10s 0037s
Leukemiaand aleakemia 2 610 033 004LIs
Other lymphatic hematologic 3 778 108 045204

Al other malignant neoplasms 8 99% 080 035.138
Benign neoplasm 2 111% 06am

Non-Malignant Causes
Diabetes melis 2 es oz oom

Cerebrovascular disease 16 2595 06 035100
All heardisease % 15789 061 049074

Rheumaic heart disease 2 203 099 012356
Ischemic hear disease 738 059 046074
Chronis diseaseofendocardium 4 752 053 014136
Hypertensionwith heart disease 0 216 000 00017
All ther heart dices vo 235 0% 02

Hypertension without heart disease 2 200 100 012361
Nonmalignant respiratory disease: 2 2 06 038093

Influenza and pneamonia S100 ods 015106
Bronchitis 0 0m 000 000521
Emphysema 1 391 026 0012
Asthma 2 103 19 0237.00
Other nonmalignant respiratory 1B 27 073 04012

Cirmhosis of liver s 868 058 019135
Nephits and nephrosis 2 sa 06: 00823
Nepritis and nephosis 2 a 064 008232

Accidents 1a 2720 0510 028086
Motor vehicle accidents § 123 06 027125
All other accidents 6 16 041 01508

Violence 7 BR 05 02108
Suicides 51093 046 015107

Homicides 2 23 ose 0103;
Allothercauses © 5560 076 0sel
Coaneno lsd orc

 Refienc rtefromeofMinnctosAll breast cancers abr n fre eployess

5
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Table 9. (Continued) 

Cause 
Lymphatic and hematopoietic 

Lymphosarcoma and reti,zulosarcoma 

Hodgkin’s disease 

Leukemia and aleukemia 

Other lymphatic hematologic 

All other malignant neoplasms. 

Dea~s 

13 

2 

1 

2 

8 

8 

Expected 

15.97 

1.16 

0.97 

6.10 

7.74 

9.96 

SMR 

0.81 

1.72 

1.04 

0.33 

1.03 

0.80 

1.33 Benign neoplasm 

Non-Ma, lignant Causes 
Diabetes mellitus 

Cerebrovascular disease 

All heart disease 

Rheumatic heart disease 

Ischemic heart disease 

1.51 

2 

16 

96 

2 

73 

9.75 

25.95 

157.89 

2.03 

123.83 

0.21 

0.62 

0.61 

0.99 

0.59 

0.53 

0.00 

0.76 

1.00 

0.61 

0.45 

0.00 

0.26 

1.94 

0.73 

O.58 

0.64 

0.64 

0.51" 

0.64 

0.41 

0.53 

0.46 

0.84 

0.76 

Chronic disease of endocardiuln 

Hypertension with heart disease 

All other heart disease 
Hypertension without heart dis, ease 

Nonmalignant respiratory disease 

Influenza and pneumonia 

Bronchitis 

Emphysema 

Asthma 

Other nonmalignant respiratory 

Cirrhosis of liver 

Nephritis and nephrosis 

Nephritis and nephrosis 

Accidents 

Motor vehicle accidents 

All other accidents 

Violence 

Suicides 

Homicides 

All other causes 
a: Cause not listed if not observed 
b: Reference rates from state of Minnesota 
c: All breast cancers observed in female employees 

4 

0 

17 

2 

22 

5 

0 

1 

2 

14 

5 

2 

2 

14 

8 

6 

7 

5 

2 

42 

7.52 

2.16 

22.35 

2.00 

35.92 

11.00 

0.71 

3.91 

1.03 

19.27 

8.68 

3.11 

3.11 

27.20 

12.59 

14.61 

13.32 

10.93 

2.39 

55.60 

95% CI 

0.43-1.39 

0.21-6.21 

0.03-5.75 

0.04-1.18 

0.45-2.04 

0.35-1.58 

0.16-4.79 

0.02-0.74 

0.35-1.00 

0.49-0.74 

0.12-3.56 

0.46-0.74 

0.14-1.36 

0.00-1.71 

0.44-1.22 

0.12-3.61 

0.38-0.93 

0.15-1.06 

0.00-5.21 

0.01-1.42 

0.23-7.00 

0.40-1.22 

0.19-1.35 

0.08-2.32 

0.08-2.32 

0.28-0.86 

0.27-1.25 

0.15-0.89 

0.21-1.08 

0.15-1.07 

0.10-3.02 

0.54-1.02 
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‘Table 10. Standardized Mortality Ratios for Selected Cause-Spesific Mortalties for
Hourly Workers of the APFO Manufacturing Cohort

Cause Observed Expected SVR 95% CI
All Deaths S00 51526 097 089-106
Cancers
All Cancers “9 M581 12 086120
Buccal cavity and pharynx. 2 28 070 008253
Digestive organs and peritoneum 343617 094 065131

Esophagus 2 374 053 006193
Stomach s 443 LI3 037264
Large intestine: 1 1315 08 042150

Recum 2 274 073 009264
Biliary passages ard liver 3 327 092 019268
Pancreas. 9 779 116 053219
All other digestive 2 104 193 023695

Respiratory system $2 438 LIS 088155
Larynx 2 127 157 019-566

Bronchus, trachea, and lung. 50 4215 119 083156
All ther respiratory 0 047 000 0007.87

Breast 4 538 074 020-190
Female genital organs 2 341 059 007212

All terine (non-cervix) 0 LI 000 000335
Cervix 0 044 000 000843
Other female genital organs. 2 187107 01338

Male genital organs n 16 | 094 047-168
Prostate 00 Is 08 06d
Testis and other male gerital organs 1 050 199 0051103

Urinary organs. 6 727 083 030180
Kidney 2 435 046 0061.66
Bladder and other urinary organs 4 291 137 037351

Other and unspecified sites 6 802 075 0271.63
Skin 2 207 097 012348
Eye 0 010 000 000-3785
Cenral nervous system 4 49 081 022206
“Thyroid/other endocrine gland 0 050 000 000-734
Bone 0 039 000 000.948

Lymphatic and hematopoietic 16 1678 095 054155
Lymphosatcoma and reticulosarcoma. 1 133 075 002417
Hodgkins disease 0 13000 000359
Leukemia and aleukemia. 10 637 157 07528
Other lymphatic hematologic. 5 805 062 020145

“
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Table 10. Standardized Mortality Ratios for Selected Cause-Specific Mortalities for 
Hourly Workers of the APFO Manufacturing Cohort 

Cause                                       Observed Expected SMR 95% CI 

All Deaths                              500 515.26 0.97 0.89-1.06 
Cancers 
All Cancers 149 145.81 1.02 0.86-1.20 
Buccal cavity and pharynx 2 2.86 0.70 0.08-2.53 
Digestive organs and peritoneum 34 36.17 0.94 0.65-1.31 

Esophagus 2 3.74 0.53 0.06-1.93 

Stomach 5 4.43 1.13 0.37-2.64 
Large intestine 11 13.15 0.84 0.42-1.50 

Rectum 2 2.74 0.73 0.09-2.64 
Biliary passages and liw~r 3 3.27 0.92 0.19-2.68 
Pancreas 9 7.79 1.16 0.53-2.19 
All other digestive 2 1.04 1.93 0.23-6.95 

Respiratory system 52 43.89 1.18 0.88-1.55 
Larynx 2 1.27 1.57 0.19-5.66 
Bronchus, trachea, and 1Ling 50 42.15 1.19 0.88-1.56 
All other respiratory 0 0.47 0.00 0.00-7.87 

Breast 4 5.38 0.74 0.20-1.90 
Female genital organs 2 3.41 0.59 0.07-2.12 

All uterine (non-cervix) 0 1.10 0.00 0.00-3.35 
Cervix 0 0.44 0.00 0.00-8.43 
Other female genital organs 2 1.87 1.07 0.13-3.87 

Male genital organs 11 11.69 0.94 0.47-1.68 
Prostate 10 11.18 0.89 0.43-1.64 
Testis and other male genital organs 1 0.50 1.99 0.05-11.03 

Urinary organs 6 7.27 0.83 0.30-1.80 
Kidney 2 4.35 0.46 0.06-1.66 
Bladder and other urinary organs 4 2.91 1.37 0.37-3.51 

Other and unspecified sites 6 8.02 0.75 0.27-1.63 
Skin 2 2.07 0.97 0.12-3.48 
Eye 0 0.10 0.00 0.00-37.85 
Central nervous system 4 4.96 0.81 0.22-2.06 
Thyroid/other endocrine gland 0 0.50 0.00 0.00-7.34 
Bone 0 0.39 0.00 0.00-9.48 

Lymphatic and hematopoietic 16 16.78 0.95 0.54-1.55 
Lymphosarcoma and reticulosarcoma 1 1.33 0.75 0.02-4.17 
Hodgkin’s disease 0 1.03 0.00 0.00-3.59 
Leukemia and aleukemia 10 6.37 !.57 0.75 2.89 
Other lymphatic hematologic 5 8.05 0.62 0.20-1.45 
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“Table 10. (Continued)

Cause Observed Expected SVR 05% CL
‘All other malignant neoplasms. 16 1030 Ls 088251
Benign neoplasm 1 160 06 002346

Non-Malignant Causes.
Diabetes mellitus 21 02 206 127314
Cerebrovascular disease 19 2843 067 040104
All hear disease. 160 17172 095 079-109

Rheumatic heart disease. 4 236 169 046433
Ischemic heart disease 128 13540 095 079-112
Chronic diseaseofendocardium 7 S11 086 035178
Hypertension with heart discass 5 242 206 067482
All otherheart discese. 16 24 06 03911

Hypertension without heart disease a 220 182 050.465
Nonmalignant respiratory disease 28 3800 074 049-107

Influenza andpneumonia 7 153 061 024125
Bronchitis 1 078 128 0037.3
Emphysema 2 426 047 006-169
Asthma 1 108 092 0054
Other nonmalignant respiratory 17 203 08 049134

Ulcerofstomach and ducodenum 1 159 06 00389
Cirthosisof iver 8 919 087 037172
Nephritis and nephrosis 5 328 Ls2 049356

Accidents 35 286 12 085170
Motor vehicle accidents 19 1S 14s 087226
All other accidents 16 1549 103 059-68

Violence Is 1343 LIZ 0s2Lss
Suicides. 2 1 108 056189
Homicides 3 234 128 026374

Alothercauses S301 090 067-117
Casterot bed 20 ened
Referee reontofiret
Albaconn sees mat mola
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Table 10. (Continued) 

Cal2$e 

All other malignant neoplasms 
Benign neoplasm 

Observed Expected SMR 

16 10.34 1.55 

1 1.60 0.62 

Non-Malignant Causes 
Diabetes mellitus 
Cerebrovascular disease 
All heart disease 

Rheumatic heart disease 
Ischemic heart disease 
Chronic disease of endocardium 
Hypertension with heart disease 

All other heart disease 
Hypertension without heart disease 
Nonmalignant respiratory disease 

Influenza and pneumonia 
Bronchitis 
Emphysema 
Asthma 
Other nonmalignant respiratory 

Ulcer of stomach and dueodenum 
Cirrhosis of liver 
Nephritis and nephrosis 
Accidents 

21 10.22 2.06 

19 28.43 0.67 

160 171.72 0.93 

4 2.36 1.69 

128 135.40 0.95 

7 8.11 0.86 

5 2.42 2.06 

16 23.43 0.68 

4 2.20 1.82 

28 38.00 0.74 

7 11.53 0.61 

1 0.78 1.28 

2 4.26 0.47 

1 1.08 0.92 

17 20.34 0.84 

1 1.59 0.63 

8 9.19 0.87 

5 3.28 1.52 

35 28.64 1.22 

13.15 1.45 

15.49 1.03 

13.43 1.12 

11.09 1.08 

2.34 1.28 

59.01 0.90 

Motor vehicle accidents 19 
All other accidents 16 

Violence 15 
Suicides 12 
Homicides 3 

All other causes 53 
a: Cause not listed if not observed 
b: Reference rates from state of Minnesota 
c: All breast cancers observed in female employees 

95% CI 

0.88-2.51 

0.02-3.46 

1.27-3.14 
0.40-1.04 
0.79-1.09 
0.46-4.33 
0.79-1.12 
0.35-1.78 
0.67-4.82 
0.39-1.11 
0.50-4.65 
0.49-1.07 
0.24-1.25 
0.03-7.13 
0.06-1.69 
0.02-5.14 
0.49-1.34 
0.02-3.49 
0.37-1.72 
0.49-3.56 
0.85-1.70 
0.87-2.26 
0.59-1.68 
0.62-1.84 

0.56-1.89 
0.26-3.74 
0.67-1.17 
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“Table 11. Hazard Ratio Estimates and 95% Confidence Intervals from Time-Dependent
‘CoxRegressionAnalysis to Model the Risk of Cause Specific Mortalities as a
FunctionofAPFO Exposue Characterized by Job Classification

TTTTTT Re haw
mod! model

CauseofDeath acted + imputed
JobExposure Noof Crude Adjusd smoking. smokingClassification’ _ deaths HR _99%C1 HR _95%Cl_dataHR 95%Cl duaHR _95%Cl

Prostate cancer’ 16
High 239 07211 69 12418 56 09359 70 12422
Moderate 1023 0775 30 08110 28 08102 30 08110
Low “1 1 1 1

Pancreaticcancer 13
High o .
Moderate 815 0545 LS 0453 12 0342 1S 0452
Low so 1 1 1

Bladdercancer 7
High 0 . .
Moderate 307 0233 04 0118 03 0117 04 OLS
Low aa 1 1 1

Cerebrovascular
disease. BS

High 323 0782 53 15196 66 17245 SI 14186
Moderate 1915 0831 21 1045 22 1048 21 1046
Low Boo i 1 1
inet

High 6 05 0314 08 0318 09 0421 08 0318
Moderate: 103 11 0815 10 0713 10 074 10 0713
Low 2 1 1 1 1

Cinhosisofthe
Tver w
High 0. :
Moderate 6 08 0326 LI 0337 Ll 0336 11 0337
Low 7 1 1 1

Diabetes ellis 23
High 0
Moderate 18 37 1499 19 0754 20 0756 19 0753
Low 5s 1 ra

TohCascaion. TTgh- Workedjob wil define exposurefo 6monsareser; Viodeaeo ver workedoil
probable expe ar worked job with efnke cpus or es thin 6 months, Low-E worked jb primary i hc
Ron-chenicaldivisionof theplant
Hazard aio adjustedforsc,geileto inhty, bit es, nd wage peMena, ne3184

a
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Table 11. Hazard Ratio Estimates and 95% Confidence Intervals from Time-Dependent 
Cox Regression Analysis to Medel the Risk of Cause-Specific Mortalities as a 
Function of APFO Exposure Characterized by Job Classification 

Cause of Death 
Job Exposure No.of Crude 
Classification~ deaths HR 

Prostate cancerc 16 
High 2 3.9 

Moderate 10 2.3 
Low 4 1 

Pancreatic cmlcer 13 

High 0 

Moderate 8 1.5 0.5-4.5 

Low 5 1 
Bladder cancer 7 

High 0 

Moderate 3 0.7 0.2-3.3 

Low 4 

Cerebrovascular 
disease 35 

High 3 2.3 

Moderate 19 1.5 

Low 13 1 
Ischemic heart 
disease 201 

High 6 0.6 

Moderate 103 1.1 
Low 92 1 

Cirrhosis of the 
liver 13 

High 0 

Moderate 6 0.8 

Low 7 1 
Diabetes mellitus 23 

High 0 
Moderate 18 3.7 1.4-9.9 

Low 5 1 

Adjustedu Adjustedu 
modal model 

+ actual + i~nputed 
Adj ustedt’ smoking smoking 

95%CI HR 95%CI dataHR 95%CI dataHR 95%CI 

0.7-21.1 6.9 1.2-41.8 5.6 0.9-35.9 7.0 1.2-42.2 

0.7-7.5 3.0 0.8-11.0 2.8 0.8-10.2 3.0 0.8-11.0 

1 1 1 

1.5 0.4-5.3 1.2    0.3-4.2    1.5 0.4-5.2 

1 1 1 

0.4 0.1-1.8    0.3    0.1-1.7    0.4    0.1-1.8 

1 1 1 

0.7-8.2    5.3 1.5-19.6 6.6 1.7-24.5 5.1 1.4-18.6 

0.8-3.1 2.1 1.0-4.5 2.2 1.0-4.8 2.1 1.0-4.6 

1 1 1 

0.3-1.4    0.8 0.3-1.8 0.9 0.4-2.1 0.8    0.3-1.8 

0.8-1.5 1.0 0.7-1.3 1.0 0.7-1.4 1.0 0.7-1.3 
l 1 1 

0.3-2.6 1.1 0.3-3.7 " 1.1 0.3-3.6 1.1 0.3-3.7 
l 1 1 

1.9 0.%5.4    2.0    0.7-5.6    1.9    0.7-5.3 
1 1 1 

a: Job Classification. High=Worked a job with definite exposure for 6 months or greater; Moderate=Ever worked a j ob with 

probable exposure or worked a job with definite exposure for less than 6 months; Low=Ever worked a job primarily in the 

non-chemical division of the plant 

b: Hazard ratio adjusted for sex, age eligible to be in the study, birth year, and wage type 

c: Men only, n=3184 
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‘Table 12. Hazard Ratio Estimates and 95% Confidence Intervals to Model the Risk
‘ofProstate Cancer and Cerebrovascular Disease, Ischemic Heart Disease
and Diabetes by APFO Job Exposure Classification and Wage Type

oo Wage Type”
Hourly I Salar,

Geran Nes =of —
Job exposureclassification’ _ deaths HR® 95% Cl_| deaths HR® 95% CI

Prostate cancer” |
High 0 2 97 13724
Moderate 9 43 05357| 1 10 01:99
Low 1 1 3 1
Cerebrovascular disease
High 2 89 l4sa6| 1 41 0533.9
Moderate: 2 16 0649 7 28 1080
Low 5 1 8 1
Ischemic heart disease.
High s 11 0430 10a 0131
Moderate: 8 11076| 20 08 0515
Low “0 1 52 1
Diabetes mellitus
High 0 - 0 -
Moderate 1” 19 0659 1 17 08339
Low. 4 1 1 1
Wage type for persons who workedbothhourly3ndary jobs s clasiRedby hepredominant wage (pe
JobClassificanin. High=Worked ajobwith definite expose or 6moisoFgreater, Moderate=Fver worked a
05 with probable exposureo worked jobwith definite exposure for less than 6 months; LownEve: worked 3 cb.
primarily in the non.chemieal divisionofth plant

: Hazard rato adjusted for sex, age lib tobeinthe study, bch yea, aud i both wagetype jobs were held
&: Men only, 03184
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Table 12. Hazard Ratio Estimates and 95% Confidence Intervals to Model the Risk 
of Prostate Cancer and Cerebrovaseular Disease, Ischemie Heart Disease 
and Diabetes by APFO Job Exposure Classification and Wage Type 

Wage 

Hourly 
Cause of death               No .of 

Job exposure classification" deaths HRe 95% CI 

Prostate cancerd 

High 0 
Moderate 9 4,3 0.5-35.7 

Low 1 1 

Cerebrovascular disease 

High 2 8,9 1,4-54.6 

Moderate 12 1.6 0.6-4.9 

Low 5 

Ischemic heart disease 

High 5 1.1 0.4-3.0 
Moderate 83 1.1 0.7-1.6 
Low 40 

Diabetes mellitus 
High 0 
Moderate 17 1.9 0.6-5.9 
Low 4 1 

Fype~ 

Salc~ry 

No.of 

deaths HR° 

2 
1 
3 

1 
7 
8 

1 
2O 
52 

0 
1 
1 

9.7 
1.0 

1 

95% CI 

1.3-72.4 

0,1-9.9 

4.1 0.5-33.9 

2.8 1.0-8.0 

1 

0.42 0.1-3.1 

0.8 0.5-1.5 

1 

1.7 

1 

0.8-33.9 

a: Wage type for persons who worked both hourly and salaryjobs is classified by the predominant wage type. 
b: Job Classification. High=Worked a 3o13 with definite exposure for 6 months or greater; Moclerate=E~er worked a 

job with probable exposure or worked a job with definite exposure for less than 6 months; Low=Ever worked a job 
primarily in the non-chemical division of the plant 

c: Hazard ratio adjusted for sex, age eligibie to be in the study, bit-th year, and if both wage type jobs were held 
d: Men only, n=3184 
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Table 13. Hazard Ratio Sstimates and 95% Confidence Intervals to Model the Risk of
Prostate Cancer and Cerebrovascular Disease Mortalities as 2 Function of
APFO Exposure, by Exposurs Lag (0 nd 10 years)

— TT Zrepent TU year expose
CauseofDeath

JobExposre ~~ Noof Crude Adjusied® Noof Crude Adjosed
Clusifcation’ deaths HR 99ACt HR 95%CI |deatws HR 95%Cl NR _95%CI

Prostatecance
High 239 07201 69 12418) 2 54 11280 82 15446
Moderate 1023 0775 30 0810] 9 33 1199 34 11107
Low a 1 so )

Pancreaticcancer”
High 0 0° .
Moderate § 1s 054s 1s 0453) 7 20 0759 20 0662
Low 50 1 [2 1

Bladdercancer”
High 0 0. . .
Moderate 307 0233 04 0LIS| 3 13 0358 08 0240
Low a 1 io i
Cersbrovascular
disease’
High 323 0782 53 1S196 5 22 0776 44 12155
Moderate Io 1s 0831 21 1045| 14 11 0729 18 0937
Low no 1 Bo 1
Ischemicheart
disease”
High 6 06 0314 08 0318| 6 06 0313 07 0316
Moderate 103 11 0815 10 0713[ 5H 08 0610 07 0509
Low 2 i i [EO i

Cirthoss ofthe
vert
High 0 0
Moderate 6 08 0326 11 0337) ¢ 08 0326 10 0334
Low 71 1 9 1 1
Diabetes melts
High 0 oo .

Moderate 1837 1499 19 0754[ 12 19 094s 13 0631
Low so 1 no i
Joh Classification. High=Worke ob with definite exposure or month geste; Moderatesworked oh with

probable expos or worked cb ih dea expose 63h 6 months; LowEVE worked fo prinsely he
Ron-<hemiaison of thepintbe Haar ratios fo 0, aesobnhtd,bith yea, sd age rp

& Menon, me3184

F
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Table 13, Hazard Ratio Estimates and 95% Confidence Intervals to Model the Risk of 

Prostate Cancer and Cerebrovascular Disease Mortalities as a Function of 
APFO Exposure, by Exposure Lag (0 and 10 years) 

Zero exlgosure lag 
Cause of Death 

Job Exposure No.of Crude Adjustedu 
Classification~ deatl~s HR. 95% CI HR 95% Ct 

Prostate cancerc 
High 2 3.9’ 0.7-21.1 6.9 1.2-41.8 

Moderate 10 2.3 0.7-7.5 3.0 0.8-11,0 
Low 4 1 l 

Pancreatic cancer° 
High 0 
Moderate 8 1.5 0.5-4.5 1,5 0,4-5.3 
Low 5 1 

Bladder cancerc 
High 0 
Moderate 3 0.7 0.2-3.3 0,4 0.1-1.8 

Low 4 1 1 
Cerebrovascular 
diseasec 

High 3 2.3 0.7-8.2 5.3 1.5-19.6 
Moderate 19 1.5 0.8-3.1 2,1 1.0-4.5 

Low 13 1 1 
Ischemic heart 
diseasec 

High 6 0.6 0.3-1.4 0.8 0.3-1.8 

Moderate 103 1,1 0.8-1.5 1,0 0.7-1.3 
Low 92 1 1 

Cirrhosis of the 
liverc 

High 0 
Moderate 6 0,8 0.3-2.6 1,1 0.3-3.7 
Low 7 1 1 

Diabetes mellitus 
High 0 
Moderate 18 3.7 1.4-9.9 1.9 0.7-5.4 
Low 5 1 1 

d 0 year exposure lag 

No.of Crude Adjustedb 

deaths HR 95% CI HR 

2 5.4 1.1-28.0 8.2 

9 3.3 1.1-9.9 3.4 
5 1 1 

0 

7 2.0 0.7-5.9 2.0 

6 1 1 

0 
3 1.3 0.3-5.8 0.8 
4 1 1 

3 2.2 0.7-7.6 4.4 
14 1.4 0.7-2.9 1.8 

18 1 1 

6 0.6 0.3-1.3 0.7 
59 0.8 0.6-1.0 0.7 
136 1 1 

0 
4 0.8 0.3-2.6 1.0 
9 1 1 

0 
12 1.9 0.9-4.4 1.3 
11 1 1 

95% CI 

1.5-44.6 
1.1-10.7 

0.6-6.2 

0.2-4.0 

0.3-3.4 

0.6-3.1 

a: Job Classification. High=Worked a job with definite exposure for 6 months or greater; Moderate=Ever worked ajob wifla 

probable exposure or worked a job with definite exposure for less than 6 months; Low=Ever worked a job primarily in the 

non-chemical division of the plant 

b: Hazard ratio adjusted for sex, age eligible to be in the study, billh year, and wage type 

c: Men only, n=3184 
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‘Table 14. Hazard Ratio Estimates and 95% Confidence Intervals fiom Time-Dependent
‘Cox Regression Analysis to Model the Riskof Cause-Specific Moralities as a
FunctionofCumulative APFO Exposure

Adjusted Adusicd
model model

Cause ofDeath +acual +imputed
Equivalentyears | Noof Crude Adjust” smoking. smoking
ofexosure’ | deaths HR 95%CL HR 9%CI daHR 95%Cl_caaHR_95%Cl

Prosuate cancer” | 16
25 7 38 14135 36 12006 36 10-127 33 12132
1-<5 103 0129 05 0136 05 0139 04 0136
<t 8 1 1 t 1

Pancreatic cancer | 13
>5 2 17 0380 15 0375 Ll 0262 16 0378
1-5 421 0672 22 0681 19 0569 23 0682
<l 71 1 1 '

Bladder cancer 7
25 113 0119 07 0172 06 OL71 07 0173
T-<5 219 03103 14 0286 14 0283 15 0389
<1 4 1 1 1 1

Cerebrovascular
disease 33

25 9 23 L149 24 LIS4 31 1373 24 LISS
1-<s 305 0116 07 0223 07 0225 07 0224
<i 231 1 1 1

Ischemicheart
disease 201
25 20 10 0615 07 0&Ll 08 0514 07  04ll
1-5 2 Ll 0816 11 0815 LI 0816 LI 0816
< Bs 1 1 1 '

Cirrhosis of
theliver 3

>5 107 0156 07 0158 07 0159 07 0157
1-<s 314 0453 19 0573 18 0571 18 0573
<i 9 1 1 1 1

Diabetesmellitus | 23
>5 416 0548 LI 0334 14 0448 11 0435
1-25 513 0537 10 0327 10 0429 10 0328
<1 “1 1 1 1

“SF Weighted cxposare ayscquivalent o §yeas (182,500 weighted expose day) 1-<3 years (36,500 182,499 weighted
xpusuu days), ond les han| year (<36,500weighicdexposuredays) ofworkininjobwihdefiexpose.

bs Hazard roth ojustedfor se,age ligibl 0be inth stdy, bith yea, and wag type
&Menonly, 23184.

I)
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Table 14. Hazard Ratio Estimates and 95% Confidence Intervals from Time-Dependent 
Cox Regression Analysis to Model the Risk of Cause-Specific Mortalities as a 
Function of Cumulative APFO Exposure 

Cause of Death 
Equivalent years 
of exposure° 

Prostate cancerc 
>5 

1 - <5 
<1 

Pancreatic cancer 

>_5 
1 - <5 
<1 

Bladder cancer 

>5 

1 - <5 
<1 

Cerebrovascular 

disease 
_>5 
1 - <5 
<1 

Ischemic heart 
disease 

>5 

1 - <5 
<1 

Cirrhosis of 
the liver 

>_5 
1 - <5 
<1 

Diabetes mellitus 
_>5 
1 - <5 

<1 

No.of Crude 
deaths HR 95% CI 
16 

7 3.8 1.4-13.5 
1 0.3 0.1-2.9 
8 1 

13 
2 1.7 0.3-8.0 
4 2.1 0.6-7.2 
7 1 

7 
1 1.3 0.1-11.9 
2 1.9 0.3-10.3 
4 

35 

9 2.3 1.1-4.9 

3 0.5 0.1-1.6 

23 1 

Adjustedb Adjustedu 

model model 

+ actual + imputed 
Adjustedb smokin g smokin g 

HR 95%CI dataHR 95%CI dataHR 95% CI 

3.6 1.2-10.6 3.6 1.0-12.7 3.8 1.2-13.2 
0.5 0.1-3.6 0.5 0.1-3.9 0.4 0.1-3.6 

1 1 1 

1.5 0.3-7.5 1.1 0.2-6.2 1.6 0.3-7.8 

2.2 0.6-8.1 1.9 0.5-6.9 2.3 0.6-8.2 

1 1 1 

0.7 0.1-7.2 0.6 0.1-7.1 0.7 0.1-7.3 

1.4 0.2-8.6 1.4 0.2-8.3 1.5 0.3-8.9 

1 1 1 

2.4 1.1-5.4 3.1 1,3-7.3 2.4 1.1-5.5 

0.7 0.2-2.3 0.7 0.2-2.5 0.7 0.2-2.4 

1 1 1 

201 
21 1.0 0.6-1.5 

42 1.1 0.8-1.6 

138 1 

0.7 0.4-1.1 0.8 0.5-1.4 0.7 0.4-1.1 

1.1 0.8-1.5 1.1 0.8-1.6 1.1 0.8-1.6 

1 1 1 

13 

1 0.7 0.1-5.6 
3 1.4 0.4-5.3 

9 1 

23 
4 1.6 0.5-4.8 

5 1.3 0.5-3.7 

14 1 

0.7 0.1-5.8 0.7 0.1-5.9 0.7 0.1-5.7 
1.9 0.5-7.3 1.8 0.5-7.1 1.8 0.5-7.3 

1 1 1 

1.1 0.3-3.4 1.4 0.4-4.8 1.1 0.4-3.5 

1.0 0.3-2.7 1.0 0.4-2.9 1.0 0.3-2.8 

1 1 
a: Weighted exposure days equivalent to 5 years (182,500 weighted exposure days), 1-<5 years (36,500-182,499 weighted 

exposure days), and less than 1 y~al (<36,500 weighted exposur, days) of working in a job with definite expostu-e, 
b: Hazard ratio adjusted for sex, age eligible to be in the study, birth year, and wage type 
c: Men only, n=3184 
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Table 15. Hazard Ratio Estimates and 95% Confidence Intervals to Model the Risk of
Prostate Cancer and Cerebrovascular Disease, Ischemic Heart Disease and
Disbetes by Weighted Cumulative APFO Expose and Wage Type

WageType"
Tar Setay

Cause of death Neo est
enderponeDaye deus WR otic | ese wR ocr
Prostate cancer’

25 539 ois | 2 30 o0sise
loss 106 07s9 | 0 00
a a1 ia

Corcbrovsscular disease
55 sr 0eso | 4 3s Lons
ss 103 0024 | 2 16 0374

« Bod oot
Ischemicheat disease

55 709 esis | 4 04 rw
ss S12 08s | 11 10 0519

<1 wo ss
Diabetes mellius

> 309 0333 | 1 33 02a
ss 510 oss | 0 -

a Bod I
Wake yeforpnhowoke ol oly 5 ny obs db he romana VES

b: Weighted exposure days equivalent to5years (182,500 weighted exposure days), 1-<5years (36,500-182.499eihed coors das and | yr (4 S00waged xpones Gofworn 14oitie copeHand eoadja for. sic oben ey, ihyon,ad bo vege os er ed§ Menominee

0
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Table 15. Hazard Ratio Estimates and 95% Confidence Intervals to Model tee Risk of 
Prostate Cancer and Cerebrovascular Disease, Ischemie Heart Disease and 
Diabetes by Weighted Cumulative APFO Exposure and Wage Type 

Cause of death No.of 
Weighted exposure Daysb deaths 

Prostate cancerd 
>_5 5 3.9 

1 - <5 1 0.6 
<1 4 1 

Cerebrovascular disease 
>_5 5 1.7 
1 - <5 1 0.3 

<1 13 1 

Ischemic heart disease 

>5 
1 - <5 
<1 

Diabetes mellitus 
_>5 
1 - <5 
<1 

17 0.9 
31 1.2 
80 1 

3 0.9 

5 1.0 

13 1 

Wage Type" 

No.of 
95% CI deaths 

1.0-15.4 2 
0.7-5.9 0 

4 

0.6-5.0 4 
0.0-2.4 2 

10 

0.51.5 4 
0.8-1.8 11 

58 

0.3-3.3 1 
0.3-2.8 0 

1 

3.0 
0.0 

1 

95% CI 

0.5-18.6 

3.5 1.0-11.5 
1.6 0.3-7.4 

1 

0.4 0.1-1.1 

1.0 0.5-1.9 

1 

3.3 0.2-71.7 

a: Wage type for persons who worked both hourly and salary jobs is classified by the predominant wage type. 
b: Weighted exposure days equivalent to 5 years (182,500 weighted exposure days), 1-<5 years (36,500-182,499 

weighted exposure days), and less than 1 year (<36,500 weighted exposure days) of working in a job with 
definite exposure. 

c: Hazard ratio adjusted for sex, age eligible to be in the study, birth year, and if both wage type jobs were held 
d: Men only, n=3184 
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