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February 20, 2008
Via Hand Delivery

Document Control Office
Docket AR-226

EPA East Building. Room 6428
1201 Constitution Ave., N.W.
Washington, DC 20460
Phone: 202-564-8930

Attention: OPPT Docket No. AR-226 (Toni Krasnic - Room 44 10L)

Re:  Information on Perfluorooctane Sulfonate, Perfluorooctanoic Acid. and Related
Compounds

Dear Mr. Krasnic:

This continues 3M’s voluntary submissions of data on perfluorooctane sulfonate (PFOS),
perfluorooctanoic acid (PFOA), and related compounds. We are cnclosing a CD which contains
PDF copies of the following:

. B.M. Elcombe. “4-Week Study to Investigate Perfluorooctane Sulfonate
(PFOS)-Induced Hepatomegaly in Male Sprague Dawley Rats.” CXR
Biosciences, February 8, 2008.

. Stump, et. al. “An Oral (Gavage) Developmental Neurotoxicity and Thyroid
Function Study of MTDID 208 [PFOS] in Rats.” WIL Rescarch Laboratories,
January 10. 2008.

. Krueger, et. al., “PFOS: A Survival and Growth Sediment Toxicity Test with
Chironomus tentans using Spiked Sediment, Final Report,” Wildlife
International Ltd., November 27, 2007, along with robust summary of the
study.

. Lundin, Jessica and Bruce H. Alexander. “Montality of Emplovees of an
Ammontum Perfluorooctanoate Production Facility.” Division of
Environmental Health Sciences, University of Minnesota, August 22, 2007,
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In addition, 3M would like to note for the record that its May 23, 2000 submission
incorrectly identified the test substance in the study at AR226-0379 as N-ethylperfluorooctane
sutfonamidoethanol. The test substance is correctly identified as N-methylperfluorcoctane
sulfonamidoethanol in the submission of the same study at AR226-1030a 075.

Please feel free to contact me with any questions.

Very truly yours, \ ﬁ‘

fidido XUS&M

Michael A. Santoro

Director of Environmental Health
Safety and Regulatory Affairs
3M Center, Building 236-1B-10
St. Paul, MN 55144
651-733-6374 (phone)
651-733-1958 (fax)

E-mail: masantoro@mmm.com

Enclosures

cc: Dr. Jennifer Seed (w/o attachments)
Mr. Charles Auer (w/o attachments)
Dr. Oscar Hernandez (w/o attachments)

p-2



Case 6:06-cv-00530 Document 207-5  Filed 04/07/2008 Page 3 of 30

Final Report

Mortality of Employces of ag Annunonium
Perfluorooctanoate Production Facility

Jessica b Lundin, MPH
Brucc H Alexander, PhD

Associate P'rofessor
Principal Investipator

Division of Fnvitonmaental Hzalth Sciences
Univeraity of Minneseta, School of Pubhe [ealth

Augusl 22, 2007
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Fxecutive Sumnary
Background: Thus report preseits the resulls of a cohortrmorielity study of workers cmplosed
At e 3M Anunomiom Perflneroociancate (APFO) production facility in Cottage Giove
Mnncsole. The purpose of this study was to examine possible wssociztons between workimy in

johs wath varying eapusuie to APFO and specific causes of death.

Methads: I'he study population included all employees of the Contage Grove facihty with a
mimimum of 365 days of cumulative employment prior to 1997 The population was ‘ollowed
fronm the time they entered the workd foree tiwongh 2002 Undexlying and contuibuting causes of

death were obtained from the National Death Index and desth certficates

Waork history recerds were used w determine potential APFO exposure. Each job helé was
assizned to one of threc exXposure calegorics, nou-eaposed, probable APFC exposuie, and
deninite APFO exposure 'xposure categorics were mitially cstablished basced on duration ol

i
cmploymient i wich of these jobs The cohort members were classified as ever or never having a
:0b with probabie exposure, prohable or definite exposure or for a mimmum penod of ime in
these jub categories. To estimate cumulative exposure a weighted cumulative exposure model
was constructed by multiplying the duration of employment by an exposure weight of | for non
cxposed, 30 for prubable exposure and 100 for definitec exposurc. The weights, thouch somewhat
arbitrary, reflect differences in binlogtcal monitoring of the johs and consider the long half-hife

ot'the chemicul. The cmnulative exposures were then cateporized as estimatee equivalent ta less

than onc. one to five und more than five years of employment i high exposure jobs
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Srandardized mortahity ratios (SMR) were estimated for alf causs and cause specific mortahiy
using mortality rates from the generul population of Minnesota as a reference. SMR estimates
were made for the sub-cohorts ever exposed o APFO, by expusute catesary, and for 2 miniminn

nt ong year ol exposure

Time dependent Cox regression models were used to eshmaic the nsk of specific causes of death
using an icmal referent populatior Risks were esumated lfor working in 2 definite cxposurc job
rfor 2 nmmmum ol 6 months (high exposure) and ever in a job with probablc cxposurc or a job
with defimie exposure for less than 6 months {(maderate exposure) in comparison (o those who
never held a job wath definile ur probable exposure (low exposure). A similar time dependent
aralysis for cumulative cxposure used weighted estunates equivalent to less than one, one to five
and mwie than (ve vears i a Job with defintte exposire Al models wore adpasted for sex . birth
vew:, vear of ehgmbility, wage type (salary, hourly or buth). und an estinate of snoking habit,
Causes ol death of « prioriinterest were hver, pancreabie and teslicular cancer and circhosis of
the hver bused on animal tex:cological data, and prostate cancer and cercbrovascular diszase

trom prior analyses o this cohort.

Results: | here wore 3993 ehotble workers, and 807 deaths. 1n the cohort. {he SMR for al!
causcs of death was 0.8 (95%, C1 0.7-0.9) and 1).9 (95% (T1=0.8.1.0) for mahgnant causes of
death. No malignent or non-malignant causcs of death had sigmticantly elevated for any
cxposure classification, however the members ot the non-exposed cohort had significantly
reduced mortahity due to prostate cancer (SMR=0.4. 95% CT=0 1.0 9). cerchrovascular discase

ISMR=0.5.95", CT 6.2-08}). and ischemic heart disease (SMR=07_ 959, Cl=0 3 (: &) The

(P )
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members of the cohor Uwath defimite expostre did have lawer than expecied 12:¢ of death [rum
iccnemic heart discase, bul not prostate cancer (SMR="1,85%, C1-0 4 6 11 v careb ovascular

diseasc (SMR- 1.6, 93% CT 05-3.7)

The nme dependent anulysis using the mternal referent populativn produced hazard retios
mdicating an assoctation with APFOQ exposwre und prostale cancer and corchrovaseniar disease
Those with lngh or modcrate cxposure had an clevated risk of dving trom cerchrovascular
dieease (1R =5.1.93% Cl = 1 4-18 6 and HR~ 2.1, 93% Cl = 1.0-4.6, rcspectively) ard prostaie
concer (TR =7.4.95% Cl = 1.2-42. 2 and HR 3.0, 95% Cl = 0.8-11.0. respectively). The highest
cumulanve exposurc score was associated with un clevaled risk of dying from cerebrevascular
discase (HR=2.4, 95% ({=1.1-2.5) and prostalc cancer (HR=3.8, Y5% Ci=1 2-11 2} Whep
statified by wage tvpe similar associations were obscnved ter prostate cancer and
cerebrovascular discase. Tagging exposures by 10 vears made little or no diffeicnce in the

havand ratio estimates

Conclusion: APFO ¢xpused workers did not have an elevated risk of death when compared to
the population of the state of Momesota, howeser within the cohont risk of death trom prostate
cancer and cerebrovascnar disease was elevated for workers with) lugher estumated exposure.
terpreting the semewhat contradictory results requires caution and consideration of severai
assumplions A prior causes of death sclected based on animal wxicology studics. hver.
princreatic and testicular cancer and cirrhosis of the Hver, were not observed to he associate

with AP0 exposurc.
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Introduction

Ammonnan Perfluctooctanoate (APFOQ, CTH(CT ) CONIL 1 s a thermally siable
svithetie surtactant which is resisiant to a large variety of chennicals, and resistant 1o
deeradation. These unique properties led to s use in industnal apphications, as well as ist use as
an negredient in consunter products such as non-shick coatines for cookware, clothing.
autoinotive praducis. and paper coatings (sandwich wiappers, popcorn bags etc) for oil and
morslure resistance (1) In the presenee of bivlogice media, APFO dissociutes intu
periluorvoctanoic acid (PFOA, CF(CE2)COOH;), an anion of APFO. APFQ was produced ut
1he 3M factlity in Centape Grove, Minncsota from 1947 until the year 2000,

Laburatory studies have shown PFOA o be absorbed throwgh inhalation, ingestion, and
dermal contuct and is distributed in the hver and in the blood with notable pender differences
varying by species (2). PFOA is metabohieally mert; 115 not iotranstormed or comupated and
> elintinaicd primartly throush urine and feces ()

Biolowical moenitoring data indicate that occupatinnal exposures 1o APIO i
manufacimring workers result in median serum PFOA levels in the range of 0 310 § 2 pans per
million (ppm). depending un the work area (3). The general population has been shown 1o have
averaze sera PFOA concentrations of S pans per billion (ppb) (4, 3). A comparisens of banked
seram from communily buse sumples showed an incivase in serun concentrations betwee: 1974
and 1989, but ne sigmificant chunge between 1989 and 2001(6). Prelinnnary dita suggest that the
pupulation exposure has decreased following the phase out of the production of these muterials
Az

PFCIA s 2 perexisome profifcrater with demonsirated cffects in laboratory antmals.
Aninal stadies have shown effeets on the liver, atrophy of ymphoid tissues (spleen and lymph

nedes). henign hepatocelhular tumors, | pancreatic acinar cell tumors. and testicular levdiy cell
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tmors (2) A previous modality study ol this cohort have shewn an assoc ztion with warking in
the chemicul division of the APFO manutactunng factinty and dying tram prostate cancern 83, and
a undated wnabyscs identified o potennal assocatior with el APTO evpoour: and deah fiom
cerehrovasculer discase (93, The purpose of this study with an updated martality follow SUp ws
1o turther evaluale potenhial associations between occupational APFO exposuie and specific

causes of death in this cohort,
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Methods
stuay Pupulation

The pratocol for this study was reviewed and approved by the Umivensity of Minnesota
Institutional Review Board. This occupational cobiort of workers at the APFO production plant
ir Cottage Grove, Minnesota included all workers with onc year (363 days) of cumulative
emplovina between the dates of January T 1945 and December 31, 1997 Cehort membera
precing cheibility eniternn were toliowed unul 2ither December 31, 2002 or therr date ot death
The human resource 1ccords of all eligible emplayees were aberracted for demographie
information, including the worker’s name, social security number. employee identification
number, date of birth, and details of work history. The fatter included job specific stait and end
dates. department codes. and job classificatnons. Demographic infonnation and vital status was
verified using TRW Lxperian o credit teponting agency) and the Social Security Administration

service for eprdemiologic rescearch studies,

Detenmination of Vital Status
Vital record searches were performed for att cohort members not emploved by the
campany on Decamber 31, 2002 and who had not heen wdentified as deccased in previous studies
¢&. ), Vital siadis of these cohort members was deternuned theough the Natonal Death Index

{(NDI;. Al potennal matches from the NDI search were reviewed by hand 10 ensure a valid
match. The underlyme and contnbuting cause ot death was obtained from NDI Phis for deaths
alier 1979 Deark certificates were obtained for decedents who dicd prier 1o 1979 and were
cuded by u cernified nosnlog:st for causes of death in the Inmtemnanional Classification of Dicease

11CD Y revision n effect at the ime of death  1f a death certificate conld rot he found far an NI

~1
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weentticd decedent, the individnal canse ot dearh was clasatied in the “other” canse o7 death

category.

Lxposurs Assessient

The poal ol this study was o descnbe montality experience m celation ty Nuorochemical
eapasure with particutar iterest in PFOA. Somie bivlogical moutonng data arc available tor
nune secenl years, however they are insufficient to fully charactenze cxposure to workers over
the hfc of the plant. Therclore. the exposure assessment relied on work history records and
expert knowledge of the history of the APFO manulactunng process to fiest develop a qualitative
expostre assessment tor cach job held by the cobortuemnbers. All perfluorochemical
devetnoment and production occurred oy deparuments affilialed with the chemcal divisran ot the
plant The specific areas where APFO and other perfiuarechemicals were praduced chanped
over the years, as did she work area depantiment cedes. thns exposure Ievels conld not be
assigned 1o wothess based on work history alone Te remedy this, the departiment codes were
reviewed by year w deternine the building and division assigned to each code. The resulting
hsts were reviewed independently by a panel of veteran workers and plant industrial hyyienists
o determire where the perfluorachemical production, or the development of the
perllucrochenncal products. teok place over the histery of the facility. The mdividual TUsponses
were summianyed and the panel met as 2 group to discuss any Jdiscrepancies and confirm the
expasure assienments. The evailable mformation permited the panel  classiiy the jobs in the
wark Bistories it three general classilications of exposure.

o Detimite oconparional APF() exposurc: These jehs were 1 areas where slectrochemical

fuvsmation. dryine, shippig, and packaging of APFO necirred and the woirker would be
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cxpored o APTO on o regadar busis., These jobs also Lad the potenteal to higher
‘.“‘;pl.’b;.‘,' [

e Prohable occupationai APFO exposure. These jobs were in other chemical division areas
where exposute to APFO was possible, but the exposures were considered lower or
transicnt.

e No ot mnmal occupationat APFQO cprsurc; These jubs were primanty in the non-
chemical éivision ot'the plant. ! hese workers mey have had the opponunity for some
axposure :f they passed through an cxposcd arca, but were not cxposcd specifically as pant
of their job. They hkely had higher exposures than the reneral populanon due 10
contamination at the work site

Hereafter these job cxposure subgroups will be referred 1o as defmite APFQ exposure, probable

APFO exposurc, and non-exposed

Exposurs Classiiicauon for Analvsis

The employees of this planl changed jub classifications frequently, thus they could 1ot be
classified imto discrete. mutually exclusive exposure groups that mirrored the job exposure
subgruups. To accommaodate the migration between exposure subgroups we incorporated two
approzches for charactenzma APFO exposure in the analysis. The primary analvsis is basced on
cver atlainiig A mimmum tenure in jobs with probuble or defintic exposure. A sceondary

analysis used a cumulanve exposure model doveloped to cxplore a weighted cxposure

distnibution based on duration of employment and an assumed ¢xposure intensity.

Eaposure Ay tub Classification. The imtial analyses explored the montality expericnee ot

warkers conpared to that of the eeneral population of Minnesota with respect to their entire

9
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work hrsiory of ever working w jobs wirh defimite or probable exposnre. & nunumam of one yem
i deimic or probable exposure jobs. or onty working in the non-exposed jobs  Subsequently a
maore restrictive classiflication was developed for an analysis using an internal referent pupulation
which classitied the cohort members as; ithose working only m jobs not exposed o
fuorochemicals (low cxposure). 2} ever working i a probable APFQ exposure job or working »
deNoite APTO exposurc job for less than 6 moniths (modcerate cxposurc), or 3) employment in a
definnte exposere job tor 6 months or more (high cxposure). kntrv inte the latier two catevories
could ocrur a1 varying points i the mdividual s work hustory. This modcel assumes thar ance a
person is cmployed in a high cxposurc job tor a mmmmumi peniod of time or a moderate exposure
jub they reach a threshold where thair nisk is different from individuals werkimg in jobs without

direct vecupation2l AP() exposurc.

Cumuiairve Faposure A model esnmating cumulative APFO exposure teyuires that both
timie and ntensity be considered. Riological monitoring data indicute u demmarcation of exposure
by job. Emplovees inthe type of jobs classified with defiinite exposure had median scram PFOA
levels ranging [rom 2.6-3.2 ppm. while employees i jobs classified with probable expesure had
fevels ranging from 0 3-1.5 ppm (3). The biological half-life of PFOA 13 believed 1o be 3.8 vears
{10y thus shon-ternin peak eaposures may equate 10 fonger tenn Juwer eaposures over tume.
Conslenng these facs, the initial cuinulative exposure assigned cxposurc weights of 1 %) and
Hof) 1o the tmic i 1obs with no exposure, probable exposure, and definste cxposurc These nnit-
feas werehting facters, wiitle somewhat arbitrary, were chosen to reflect the relative expostre
intensity of johs and long biological hall-lifc of PFOA. For cach worker the werghied exposure

level was mulnphed by the total days of cmployment at cach level (werghted exposure

level” davs exposad) which provides a ume-dependent exposiire meirie The cumulative

10
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cxposure was catexnrized ar levels representing the equivalent ol up to oae vear (36,4499
exposure-ditys), onz to tive years (36.500-182-499 exposwe days) and five or more years
{182,500 exposure-davs) of cmployment in a job with defunte exposie Because these weiphts
are arhitrury we conducted a sensitivity analysis to explore huw alteinative weighting schemes
may affect the results The alrernate weighting schemes were 1,10, 50 and 1, 10, 100, which
waonld minimize migration of workers m johs with prebable cxposurc being classified with the

higher cxposcd individuals

Dererminanion of Smoking Status

Smaking was a pulentially confounding variable for some diseases of interest. To
churacterize the smoking habit of the cohon, the occupational medical records of the cohon
members ware absiracted tor infonnation on stmokimg status, ever smoked regularly. year started
smoking. vears they smoked, and cigarettes smoked per day. Cobott members were elassified by
the smoking histary ang the avaitability of the records. smoking history availadle. medical record

avarizbie but no itermation gbout smmoking, and medical record not available

Nescrmination of Salary versus Hourly Wage Type

Bascline secio econamic status is a hikely determinant of mortality from several discases,
A< 3 proxy mezsur2 of sorio-ceonomic status, the cohort members were ctassificd by wayge type
haced on the warl history records . Warkers were classitied as hourly, salary. or both. [ he latter
was desigeated Hf the job listory included canmung cach type of wagce for at least 365 days. A
dichotomous version of this cavariate was also established 1n which workers with both hourly

and salary cxpenence were classified as hourly or salary based on the predommant wage type.
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Coaee-Specric Mortalipes of iteresy
4 pricir causss ot deatl o imterest were selectea trom toxicolomcal inerature and prior
anpdies 0f workers exposad 1o flnorochemicals. Cancer of the rver. pancreas. and resneles and
crevhogg of the liser were selecied based on resuits tom toxicolopical studies (7). Deaths from
prastarz cancer and corebrovascular disease (CVD) were previously reported to be associated
with potennial thurorochemical exposute m this cohort (8,9, 11) and bladder cancer was
associated with tluorochemical perflurvoctanesulfonme (PFOS) expesure in another vreupational
cohor {11} Ischenie heart diseave wus included us an a priori disease of inlerest due (o the
effect of PFOA on ipid metubolism. ICD 9% revision codes used to classi fy the underlying
cuuses of death: prostate cancer, 185, pancreatic cancer, 157; hver cancer, 155; bladder cancer,
IS8, 189.3-189.9; VD), 430-438; ischemnic heart discase, 410-414, and cirrhosis of the liver,

271 Convennal cerchral ancurysm (ICD9 747.81) were not identificd in this cohort.

Anaivsis

Ihe mortality eaperience of the cohort was inttially compared to the mostality vates o
the corresponding population of the state of Minnesota  Reference data were obtained ltom the
Mortality Population Data System (MPDS) center at the University of Pittshineh, which were
denived trom Nattanal Cemer for Health Statisties data. The all-canse mortality and malignant
neaplasm raics were avatlable from 1940, and the non-malignant cause spacific death rates fiom
1962 The referent data were avalable in age () year), sex, iace, und culendar period (> year)
and were coded using the rules for the ICD revision in effect for the relevant calendar penod.
The Standardized Mortehity Ratios (SMRy) and 9394 cenfidence intervals were compuicd using
the PC Life Table Analysis System (PCLTAS) software developed by the Nauonal institute ol

Oveupationad Satery and Health (NIOSH) (1), Swete specific referent data were only availuble

12
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theoerh 1989 so the referent macs for 1999 were applied for the yeurs 2086 2002 The all-cause
and cause-spectfic SMRs were tirst computed for the full cohort, SMRs were then computed
separately for the cohart member ever employed 1n 2 job with delinite APFO exposure. thuse:
who worked jobs with definite or probable cxposure for at feast one rear, aud for the cohont
members who worked primarily i the nen-chemceal division. SMRs were also computed for
workers by hourlv and salury wage type For this analvsis, workers with hoth hourly and salary

jobs were classibied by the predominant wage type

Ta model the risk of the cause spectfic martalities of interest as a tunchion of PFOA
cxposure using an internal refetent population, hazard ratios and 95% confidence intervals were
estimated using v muluvanable time-dependent Cox regression miodels {13). Exposure was
characterized by job classification and then cumulative exposure.  The time variable was the
number of days from the first day of cmployment at the production factlity w an event (death) or
the ond of the stiedy Ir the cause-specihic mortality models, all othier caeses of death were
censored at the tme ol death. 'he models were adjusted for sex, age cligible to be  the study,
vear of birth, and wage type  To explore potential eftects of latency the exposure models were
langed hy 10 years prios to end of study or the date of death  The Cox regression analysis was

conducied using SAS Y.1(14).

Smoking is an important potenual confounding variable in this study | bt smoking habnt
data were upavwiable for inany of the cohort members. An tial Cox reeression model was fit
with smoking coded s ever smoked, never smoked, no imfermation about smoking on medical
record. and no medical record availahle, In a second approach a multiple timputation mode! was

conctructed usimiy individuals with smoking data to predict the smoking status of those without
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srroking data {15). The predicrors used for the imputation process were sex., year ol burh vear
ot nrst emploviment at the facility. are eheble to be in the study. and wage type. Fishteen
independont, completed data sers were penerated and a (Cox regression procedure, as cescribed
above, was perforiied on each data ser The resithis were poaled 1o pive smvle parameter
cshmates and 23% confidence intervals  The hazard ranag from the final models are presented
idescnibe the potenual effects of confounding by smoking All imputation procedures wese

conducted using SAS 9.1(14).
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Results

O the GOy idhvidual workers sdentilied at e oo hity, 3993 eniplovaees met the
incluston criterie Of these, 313 workers (12.8%) were ever employed ma job with defimite
PFOA exposure, 1688 workers (42.3%,) were ever employed in a job with probuble expusure
(and never worked a job with defimte exposure), and 1792 workers (44.9%) were employed i
jobs where they were never exposcd to fluorochemicals (Table 1), The myjorily of the study
cohor was male (80%). partinularly for the detinite exposure subgroup (Y294). ['hc average age
at the ened of foliom -up was slightly youneerin the defimite exposure subgroup, but the averape
nurnber of vears of employment was longer  The total number ot deaths 1n the cohor was 817
with 68 deaths i the definite, 368 in the probable. and 371 in the non-cxposed zxposnre
subygroups

Smwking data was found for 1430 {36%) cohort memnbers, of these, 783 (55%) were
found o huve ever smoked (Table 2). There was a higher prevalence of smoking t those who
over worked a job with definite APFO exposure compared 1o the non-exposed workers, 63% and
4.0 1espectively  Towever, smoking data was available for 66%0 uf the detimite exposuie
subgroup (338°513), whereas i was only available for a 20% of the con exposed subgioup
(33071742

The all-cause and cause-specific mortahity ratios for the cntire cohort, and cxposurce
snhproups, were generally lower than expected compared to the Minnesota referent popuianon
tTable 3-6)3. The all cause standardized mortality ratio (SMR) for the entire cohort was 0.8 (95%
Cl=i3.7-0.9) (Table 3)  The resnits were somiiar for all deaths from canzer (SMR = (3.9, 95%, (]
- 18-y The conse speciiic mortaity rahios lor one or more vears ot detinite or probanie
PROA cxposurs were lower than expected or cercbrovascular discase (SMR-0.85. 952, (1 0.5-

U 3y and ischemie heart digease (SMR=0 7,987 C1=0 6-0 9). The SMRs far prostate capcer
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(SMR 14 9% O 0722 ) pancreane caneer (SMR = 1.2 99%, C - 0.5 2.4 bladde:
canve: (SMR =13, 95%, (1= 0.3-3.9), and diabetes mellitus (SME=1.7,93% 1 =062 ) were
moduestly, albeit imprevisely, above unity (lable 4). 1 he cause-speaitic morahity ratios tor
cohort members ever emplayed in joh< with definite PFOA exposiire were greater than eapected
tor prostate cancer iISMR - 2.1, 93%% Cl= 04 6 1) and cerebrovascular disease (SME = 1.6,
Q3% CF = 00200 althouyh the confidence mtervals are quite wide and include the nall (1 able
3y Similar patterns are present when the analysisas restnicted to one yen of definile exposure
{Tablc 6} though the number of deaths is small - The canse specific SMRs for all definite
exposure strata all have confidence intenvals indicating these elevations are not beyond chance.
Cohort members who worked in jobs with probable expusuze, but never held a job with delinne
svposure had an clevated rish of death fiown disbetes suellitus (SMR=2.0, 95% (! =1 2.7.21. b
low risk ot death from ischenuic hewt discase {SMR 0.8, 952, Cl=0.7-1.0% and cerebrovaseniar
dismase (SMR=0.7_93% Cl=0.4-1. 1} {Table 73 In contras,, the number of deaths trom prostate
cuncer and verehrovascular discase were sigmificantly lower among the never exposcd membeis

of the cohort. 113 (95% CT0.1-09) and SMR 0.5 (95% €10 3-0 S)respectively (Table 8).

No deaths from testicular cancer were observed and only 3 cases of liver cancer
(SMR 05, 95% Cl=0.1-1.4), of which two hcld jobs with probable exposiure These smali
nurnbers prechaded further analysis tor these causcs of death. Thirteen deaths fram cirthosis of
the bver weredertified (SMR=0.7.95% (=041 2) with anly 4 occurring in workers with al

Jeast one yaur ol defimie or probahle exposure (SMR=0 5. 95% Cl- 0.2 1 4).
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the SMRs for salarred weorkers showed a decreused risk of death Jor all cancers (SMR

BT S, 060 ) resprraro ey cancers (SMR 0.6, D59 7 0.4-0.9), prostate cancer {(SMR 1.3,

G CHIL2-1.2)y, shabetes (SNHE- 0.2, 9% CL= 0.02-0./3)), cercbrovascular diseuse
(SMR=0.6. 95% CI-0.4-1.0) and hcart discasc (SMR=0.6, 93% CI1=0,5-0.7) (Table 9) The
results were sumewhat different for hourly employcees; all cancers (SMR 1.0, 9346 C10.9-1.2),
respiratory cancers (SMR 1.2, 95% CI1 0 9-1.6), prostaie cancer (SMR=0.9, 95% C10.4-1.6),
cerebrovasenlar discase (SMR =0 7,955 C1=0 4 1 0] and heant disease (SMR=0.9, 93%, (*1=0 8§,

Py Table 10y The SMR for diabetes ( 2 1,939 C1 =113 3 1) was elevated for the hourly

workers

Comparing the mortality expertence within the cohort i the tune-dependent Cox
rcgression models revealed differences for some of the outcomes of interest. A high or moderate
exposure work history, compared 1o only working in low cxposurc jobs, was associated with an
increased sk for cerebrovascular discase (HR=3.3, 5% Cl = 1.5- 196 and HR=2.1, 05% (] =
1 u-3.5, respectively) and prosiate cancer (FIR=6.9, 93% T = 1.2-41.8 and HR=3.0.93% (7] =
) 5-11.0. respectively) {Table 11). A maderate exposure work history was also associated.
imprecisely, with an elevated nsk of dying from diaheies melhrus; HR=1.9, 3%, C1 = 0.7-53.4,
however ne deeths from diabetes were reported i cohort members i the hieh exposure
category. Digbetes ielhitus was icluded in these unalyses becanse of madestly elevated SMRs:
spectically  the hourly workers. The inclusion of the imputed values for sinoking states
derved itom the muluiple nputation procedure, nor the inclusion of the aciual smoking data,
made htte or no difference 1 the risks estmates (Table 1) The results for prostate cancer,
cerebrovascular discase, ischemic heart disease and diabetes were further explorerd hy stratifying

by waee type t Fable 12). These arabyses sufferad fiom snall numibers & prostae cancer,

17
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cerehrovascular discase, and diabetes. The risk assocated with the high exposure categury
persisted for cercbrovascular disease. The high exposure prosiate cancer deaths were salar ¥
workers while most of the moderate exposue prostaie cancers were hously cployees. Overall
there was not strong evidenee thal the cflects in the models adjusted for wage type were inmited
to either hourly or calary workers. Lagging exposures by [ years also made little or no
difference in the hazard rabe estimates (Table 13).

Estunatesd hazard ratios (HR) companng the mgheost to lowest weighted exposie
vategory for cerchrovascular discasc and prostate cancer were HR=2.4, 95% C1=1.1.5 4 and
HR 3.6,95% Cl=1.2-10.6, respectively (Table 14). There was no associaton betwesn the
metrics of weighted exposure and nsk of pancreatic or bladder cancer, cirrhosis of the liver,
discase and diabetes. The nisk of dying from ischemic heart disease was, if anything, lower
among those witl: cucieased exposire. As with the reanlrs for exposure by job classi feation.
“here was blie evidense that the risks were different benween hourly cnd salary workers (abls
131, Lhe seneitivity analysis using aitemate weighting schemes Eid not change the overall

conclustons the unalysis of cumulatve exposuie (Table 16).
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Discussion

This sninty evaluated the mortality expesience of a pepulation of wotkers at an
ammoniom perflucrooctanoate production (acthity, with specific athenhion 10 exposure ta PFOA
No eacess mortality was obscrved for malignant o1 non malignant causes of death when
compared 1o the corresponding Minnesota mottality rates. The SMRs for prostate cancer and
cerchrovascular disease were shghtly elevated for those with a history of working in jubs with
Jdetinite PFOA exposure, while the SMRs for the members of the cohort nover working in a
PTOYA exposed job were sigmticantly below umity. Analyses using an internal referent caterory
fonnd mcreascd risk of death from prostate cancer and cerchrovasenlar disease amons workers
with 4 history of greater PFOA exposure when compared to those working in jobs with ne or
muimmal exposure. A poon canses of death selected hased on animal toxicology studies. liver,
pancreat:c and testicular cancer and civhosis of the liver, were not nbserved to be associated
with PFOYA cxposure. Interpreiing these sumewhat contradictory resulls requires caution and

cunsideration of scveral assuniplions.

Sore elements of the study design for this study diflers from the carlicr monalhity
analyses of this cohort {8, 9). Gilliland and Mandc! (8} rcquired six months of cumulatve
cinploymert for inclusion. while the current study required onc year of ecmplayment to excinde
short-term workers, ofien summer interns. who might have difterent underlying risk faciors than
the long-tern workers  In that analvsis, job exposures were assigned as working for at least one
month i the chemical division compared to working 1n the non-chemical division (or chemival
diviston fur fess than one month). To minimize exposure m:sclassification the current study
tocused o PFOA and rlassificd jobs in the chemical division as definite or probable, as only

certain weas and 1asks within the chemicat division hkely led 10 high APFO exposure Lastly,
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FoU addibonae] cobort members were inalnded inthe corrent stady thar accordins to svailable
capleytuert Jata, were elimble for both studies. This study also diifers from 1the mare recent
mortaiity wialyses of this cohont (9). The papulation for the current sty was followed through
2002 four years longet than the previous study, increasing the number of deaths Jom: 607 1o

s07, and meiuded analyses using an internal 1eferent gioup.

The association between prostate cancer and work ina APFO exposed job is similar to
the results of Gilliland and Mandet (8) who reported a 3.3-fold mcrease (95% C1 = 1 .0-10.6) in
prostate cancer mortahty associated with working ten yeais e chemical division compared 1o
non chemical division workers; based on 6 casces. In the current study an association was
chserved between both metrics of PFOA cxposure and prostate cancer when compared to the
avernal referent catepory. Fhe biological mechanism lor an associaton hetween PFOA and
prostafe cander tonot clear An eifect of PFOA on the endocine eysrem b been descried i
the rat whirch involves regnlation of ectradiol | testosterone, follicle stimulating honmone,
tutemizing honnene and thyrmid shimulating harmone through action in the liver (10-18). Inthis
occupationally exposed populaion PFOA exposure was not clearly assoviated with changes in
crrculating levels of repyaductive hormones (19), bt this cross-sectional asscssment was based

on smgle blood samples

Phe associubion bclx&-ccn.APFO exposwie and prostute cancer and cerebrovaszular diszase
was most appuarent when the internal referent population was used. An internal referent
population from within a cobort may provide a mose valid comparison, assuming simlar social
and demographic characicnishics: however the interpretation of these resulis should also consider

frows ther stata specnie prostale cancer deaths compare to the expested deaths based on

20
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AMinesota general popmlanion The SMRCier e eaposed caterunies were only modestly abave
umty, while the non exposed members of the cohort were signilicantly below The lanter
sugecsts that 3M employees who are not regulunly exposed to APFO at work are different from
other men in Minnesota with respeet 1o buscline prustate cancer tsk; some of which may be
related 10 sociocconoemic stans (SES). The extent to which this difference inay have mfluenced

the intermat analysis is unknown. Our analvses adyusted for wage status as a proxy for

sovigeconomice status, which may mfluence several factors associated with prosiate cancer death.

e proporunnal hazards anulysis stratified by wage 1ype revealed ssmilar paiterns of nsk with

exposute in the hourly and salary wotkers. though the numbers were very amall.

Deaths from heart discase wnd cerebrovasculur disease ine alinost alwavs below unity in
eprdemiologic studics ot chenncal workers (26} for this reason the nereased sk of
cerebrovascular dicease deuth assoctated with ngher exposure was unexpected. It is possible
that the coding uf cercbrovascular fiscase deaths vary by region, however using mortality from
et counties rather than the state made no ditterences in the carhier analysis (9), The nsk of
stroke s retated o hypertension, diabetes, and hie style 1actors includime dict and smoking (21-
71)  The SMRs for diabetes mellinis and hypertension in the non-cxposed subgroup were .32
and 098, respectively and 1 73 and 1.84. respectively, in the cxposcd subgroup. The SMR for
lun» cancer, a potential indicator of smokina in the cohort was 1.01 m the exposcd comparced to

1) 76 in the non-cxposed sub-cohort. Though not directly comparabhle, these pattemns may be

retated to the cerbreovasculic disease filing in that the lifestvle chamcteristics of the cohor

members with ingh PFO A expocure were different than the lower exposed persons. Novertheless,

admenny tor smeking habil and wage type did not alter the association. and similar to prostare

canees the analys:s siratiflicd by wage type indicated higher risk of death from cerchral vascular
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isease assocrated with exposure in both hourly and salary workers. Diet i< a potential factor in
the risk of stroke, though 1w was not measured i this studv. In the c<ame working population,

however, body massndex (BMU) of almost 30% of the workers ranged from 25 30 (24) | which
is consider=d vverwerght (253 Howeaver, 11 has also been shown that worker BMIs were simular

amonr varyimg serum PFOA levels (20).

Any findings m a mortaity study related to diabetes should be mterpreted with cantion as
the usc of mortuhity dutu to evaluate diabetes sk s problematce. In @ study ot 2,766 decedents
with a known history of diabetes it was shown that diabetes was recorded as the underlying cause
ot death on approximately 10% of the death certificates. and those recorded were ralated by age,
duraton ot dizbefes, and co-morbiditics (27). The excess m the hourly warkers could indicute
Uiesty e differences, bul future rescarch would require a mare comprehensive assessment of

dizbetes morbubity to tullv desenibe any potenuial relabonship with PFOA axposure.

When interpreting, this mortality analysis several limitations should be considered. Some
expusure nnsclassification is bikeiv - For example, maintenance and other mobile workers that
routinely entered the definite PFOA exposure departnients and work urens, but may have not
been classified in the definire exnosere suheronp  On the other haned, u few workors assigned 1o
thz defimie exposure subpronp may nat have spent much time in thuse depariments or work
arzas. The extent of exposure nusclassification and the cffects on the study results remaing
unknown. as no additional data are available to venify these assumplions. Althouph several
methods ol approach were used to find all deaths in this cobort, it is possihic that some deaths

were nob accounted fur. which can cccur when an individual lcaves the country, changes thei

deniryor due to errors i survetllanes systems. Race data were not available for (he cehort,
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The impact ol this is likely to be bimited as the population of Minnesota has beer predeminately
Caneasian over the decades (97% 110 the 1950 census, 94% in the 199 cencns, and 89% i the
2000 census) (287 The analysis was able to account fur putential confounding by agpe, sex, wape
Satas, and, 1o somie extent, smoking habit, Unfortunately the sinoking data were sparse, and
though sophsticated methods tn impute the missing data were applied, it 15 debatable whether
'he assumptions pertaining o this imputahion were uphcid. Another noteworthy Hinitation is the
power of the smdy. The mean age at follow-np was 64) vears, thus the relatively small number of
deaths from the causes of inferest bty the abilitv of the study 10 examine exposure responsces.

parucularly asing anniernal refercnce vategory

By definition, mortality studies, although cost effective and convenient. nuss the cases
that do not result in death. Proslale cancer sud cerebrovascular disease, the two findings of
potential importance, do not aiways result in death and may not be listed as contmbuting causes
nf death on a death certificate unless they had recently been diugnosed ot the person was
enderesoing treatment. While the mortality study docs caplure the worse case scanario for the
Hagnosts of these conditions. death from these conditions may be associzled with other fuctors,
including access to health care and avalabibty of screening. The poiential contnbution of these
factors are dithicult 1o quantify. however all members of the cohort were. art Jeast for 1 year.

ciiployed by 3M. und would have had access to similar health benerits.

Yhere arc aise notuble strengths of tic amedy - The cohart was consrructed from the
production facility empleyinent iecards, thus allowine for complete enuricration of the cohort.

The avattabibity of the wodk Instory infonmastion in cenponetinn wiath detared review ot the

1SV
(5%
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Aroducton story of PROA ot s plaat wath seteran workers and industrial hvaieniais heiped
reduce exposure unvertanty related to exposwe nisclassification. A final noweworthy strength ta
this study is the compreliensive follow up of'the cohort. An underlying cause of death was
found for $9.6% ol the known deaths (804/807), all unavailable or unfound death certificates

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

The tow SMRs i the nor-exposed subgroup are suggesnve of a bias cont: tbuting to the
associabons found m the micrnal analyses. here s alsa potennial bias in the regress.on models
with an mternal reterem group In that they were used under the assumption that all individuals in
the model were the same hy all risk factors excepr exposure. An attempt was made to account
for the differences in litestyle by the inclnsion of wage tvpe and smoking status in the models:
howeser we were not able to fuslly account ton the bhas fom simoking because the amaount of
avatlable data was so simall and the ability of the wage type to fully account far sncio ceonomic
ditierences s unknown. Interestingly. the ischemic hean discase mortality rvisk did not vury by
axposure strata, as would be expecied if significant ditfercncees in risk factors for heart disvuse
cxisled between the exposure categories. To the extent that the underlying (unmeasured) 1isk

factors for ischemic heart disezse are similar 1o those for CVD and prostate cancer. potential

sonfounding from these factors is of [oss concern.

In smmary. this study cvaluated the monahty experiencs of an occupational cohort
exposed 1o APFO) and showed an association within the cohost between both death from
cerchrovascular dhsease and prostare cancer and working in jobs with higher APFO exposure and
wir estimate of enmulatve APTO evposnre No association was observed betweesn APFO

exposie amd o priort diseases of interest based on tesicology studies. While findines have been

24
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sugvested 1 previvus cohort studics; the current study had a longe: follow up perind, therefore
more deaths, increasing the power of the study. Additional follow-up of this cohart s
recormmcenided to chaily theee associations, and if possible. should account tor confounding
Prciors such as BMIL smoking, 2eccss 0 hoalth care, and otlrer Lifestyle Tuctors. Studies o?
disease mcidencee thet capture the cases that do not result in death would be tnformative, though
these 1ypes ol studics can be difficnlt toimplement. Assessing the incidence of prostate cancer
througeh cancer registiies would be helpful in clanfying the association with prostatc cancer.
Future studhes should ulso consider more sophisticated exposure models to properly assign

ctivloercally relevant estimates of exposure.
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Tahie | Charactensiics of APFO Munolectuning Cobiost by Tob Exposie Subrronns

5
CADUSIL

Total S13
Gendetr
Male 473 {925%0)
Female 4t} (8%4)
Aye at follow-np (Mean) 35.0
Persan ycars (Mean) 293
Y e of birth (Mcean) 1945
Years of cmipluyment {Mean) 17.8
Age at death (Mean) 60.1

Deaths (§%d
a: Bwer C&pluywl i pab with definite APFO exposure

Defintte APFO  Probable API(O

p- 31

b
(o p()‘;!il(‘

1688

IR (K2%)
298 (18%)
60.0
31.6
1938
16.4
65.6
368

Non-expased’ Total
1792 3943

1323 (74%)
470 (26%)
60 6
31.6
1938
9.7
649

371

3184 (80%)

809 (20%)
5916
313
1939

b. Ever employment 1n a job with probable APFO exposurc. but never in g job with definite exposure
¢+ Never heli job with definitc or probable oxposure: primaniy non-chemical division
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Case 6:06-cv-00530

Document 207-6

Filed 04/07/2008

Toble 3 stopdardeced Mottaliny Ratos tSMRe) ror Selected Cause-Speeific Mortudin.es

Sorthe Fatire APFON Munutn teeerr Colon

Cause - ) o Observed Expocted
“Aldeaths o 507 0015
Cancers
Al cancers 246 2%06.2%
Buccal eavity and pharynx 2 3.54
Drgestive organs and perituncum 61 69.94
Fenphagus 4 7.30
Stomuch 7 849
Large Intesnne 28 2548
Recturs 4 523
Biitary passages and hiver primary 3 6.36
Pancreas 13 15.08
Other : 1YY
Respiraiory System 7 §6.42
Laryny 3 2.48
Trachca. bronchus. und hung 73 53.02
Other ] 0.Y2
Rreast 6 11.28
Fernale penital organs 5 6.74
Cervin K G0
Otinn 2 3.70
Malde genital orpans 17 2316
Prostate 16 2220
Other 1 .96
Urary Organs 11 14.20
Kidncy 8.52
Rladder and other minuy organs 7 567
Other and unspecified sites 12 15.94
Skm 4 4.18
Central nervous system 7 9 84
Thvrond gland ! 1.99
Pytphaie and hematepeictic tissuw 29 3275
Lvinphosarcoma and rehiculosarcoma 3 250
Hodgkin's diseasc ! 2.00
Loeukenna and alenkemia {2 12.46
Other 13 1330
Al other cuneeis 24 20.30
Benion neoplasioes o 3 i1t

oy

.30
(1.30
(1L.86
0.55
082
110
076
AT
.86
1.00
0.91
1.21
.90
1.08
3.83
73
221
081
0.73

72
1.04
D."‘I'_i
0.47
1.23
0.75
0.9¢
0.71
1.01
089
120
050
090
J.82
L.1%
1.96

(}_Z'_‘ (:l

Gof>-U.8u

.70-0.97
.04-1.30
0.67-1.12
0.15-1.40
033 1.70
073159
021-1%
0 10-1.33
0.46-1.4~
0.12-5.03
0.72-1.14
0.25-3.54
0.71-1.15
0.03-6.0
0.19-1.16
0.24-1.77
627-799
G.17 237
(.43 1.18
0.41-1.17
C.03-5.77¢
0.39-1.39
0.13-1.20
00.49-2 54
.39-1.3!
0.26-2.35
0.29-1.47
0.03-5.64
(159127
(25320
001-2.78
(.50-: .68
0.44- 41
0.76-7.70

¥

(1.20-2 82
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Table 7 1 Continucd)

Document 207-6

Filed 04/07/2008

Page 5 of 24

(‘fulist' - Observed E.\pcu(cd SZ\-]R" \;;‘;‘.:r.';( 1
.\Fon—m;;lignam causes B
] ubcreulosis 1 0.49 2.058 065 11 40
Diahercs mellus 23 19,97 b.ls IRPREY SR
Cerebrovasculbar discasc 35 3439 (1G4 (hd5 G 90
Al heart discase 250 329.01 6.8 0.65-0.8§
Rhcumane heart discase 6 1139 137 0 Sn.D g7
Ischomic heart discase 201 25023 u.’8 0.67-0.89
Chrome discase of endocardium Tl 15.63 (.70 (335-1.26
Hypeniension with heart disease S 458 1.09 (35255
Other 33 4578 .72 (.30-1.61
Hypertension without heart discuse 0 4.20 1.43 G52 311
Phseascs of respiratory system 50 73.91 0.68 .30-0.89
Influenza and pncumonia 12 2253 033 038089
Bronctitis ! .49 .07 0.02-3.73
Fmphkysemu 3 §18 G.37 0.G8-1.07
Aslhin 3 201 |.42 :20-4.]3
{nher 31 39.01 0.7y Go3-1.11
Ulcer of stomach l 302 )33 COo1 181
Cuthosis of the hver 13 17.87 073 639124
Nepluitis and nephrosis 7 6.39 1.10 034226
Accidents 49 55.84 0.88 0.65-1.16
Motor vehscic accdents 27 2574 1.03 069 133
{her 22 3010 0.73 1ac-1.11
Vinlenc? 22 2p.75 V.52 (3.82-1.28
Suicides 7 2202 0.77 345 1.24
fiomicides and other > 4.74 1.00 (0.33-2.47
Al other canses 95 11401 0.83 067 101

a: Cause not Jisted «f not observed
b: Reterence mies from state of Minnesota
ol A

il breast cancers observed in female cmployecs

p-35
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Case 6:06-cv-00530 Document 207-6  Filed 04/07/2008 Page 6 of 24

Tabie 4 Standardized Morality Ranos for Sclected Cause-Specific Moralities for APFQO
Muanutuctmne Cohort Members wih a Maminmiem of One Yew of Froplovinent m
Jabs with Delinite or Probablc APFO Lxposure®

{oase o o Observed bxpected ' 5_.\'!}(‘ : DY)
All deaths T 09 s TS omouws
Cancers
Al cancers 109 112.38 0.9 0.80-117
Digestive organs and peritoncum 30 278t I 08 .73 1.54
Esophagus 2 3.08 0.66 (0.08-2.37
Stomach 4 1139 1.1R8 (1.32-3.02
Lasge Intestime 12 10.00 1.20 062210
Rzctum 3 2.09 1.43 035419
Bilta: v passaces and hver 2 251 O8N 5 13G-2 88
Pancrcas 7 599 b 0a7.2 3
Respintory Sysien 34 3500 097 06713
2 1.02 1.3 0.24-7.00

Farynx

Trachea. bronchus, and luny 32 33.060 0.95 0.651.34
Femalc genital vrgans 3 1.72 1S U.36-2.10
Male eenital organs 13 933 139 (171238

Prostate 12 S.90 1.33 (.70-2.25
Urinary Organs 4 5.78 0.70 0.19-1.78

Kudney 1 3.50 0.29 0n1-1.59

Riadder and other uripary oreans 3 2.2 133 0 28-3 9
O:her and enspeeiiied sites 7 6,56 107 033220
Skin 2 175 1.15 0.14-4 14
L entisl nervotis sysicm 5 4.04 124 (40 294
Lymphatic ansd hematepoienc tissuc 11 13.12 1.84 0.42-1.50
Lyimplosarcoma and reiiculosaccoma ] 0.97 .03 D033 7)

Leubhemis and aleukemia §] 5.62 119 034-2.60
Al ather cancars 7 8.08 0.87 0.35-1.7%
Bemgn neoplasms 2 1.22 1.64 0.20-5 91
Non-malignant causes
Thaberes mcllitus 13 .87 o> G.53-2.8
Cuerebrovascular discase _ 17 20062 0.82 0 4k-1 3>

34



Case 6:06-cv-00530

Tabte 1 iContinued)
Cause”

Al heart discase
Rhewmmnane heant discase
Jechemie hemt disease
Clnonic disease of endocardium
Ihvpertension with heart diseasc

Hyvpertension without heart disease

Thaeases of respiratory system
Influenza and pncumonia
Emphysema
Asthima

Lheer of stomach

Crrhaosis of the Tiver

Nephrits and nephrosis

Acendents
Niotor vehele aceidents
Allother seeidents

A oolence
Swicrdes

All other canses

Ohserved

K7
1
74

'

o

29

Document 207-6

Page 7 of 24

Filed 04/07/2008
Exprcted SMRS 940, 1
I51.57 .60 0.63-0.82
1 64 6l 0.02-3.38
103.94 D.71 0.56-0.89
598 030 0 10-1.47
£.79 L.o7 (1.33-4.89
I 1.84 ) 3R-3.38
2849 .40 0,23-0.78
89 1,47 6H33-1.21
319 0.31 0.01 1.74
1 &0 1.25 .03-6.94
117 0 8s 002473
7.38 0.54 U.13-1.39
244 1.64 0.435-4.19
24.20 0.79 0.47-1.23
[ RN 697 0.48-1.73
12.84 0.62 0.27-1.23
11 86 .67 029131
Y. 70 .82 0.32 1.0l
21N 0.65 0.43-0.93

n Cansi oot heted 1f ot observed
o: Reterenve 1ates from st of Minnesoti

»
¥4

i

p-37



Case 6:06-cv-00530  Document 207-6  Filed 04/07/2008 Page 8 of 24

Table 5 Srandardized Mortality Rabos tor Selected Cause-Specttic Monalities for
APFO Manufacturing Cohort Members Ever Employed In Jobs with Definiic
AP Exposure

(i (“).l-wf.cr\';d l;;(pr(mn’r o ‘;MYE - 79;% 'l
:\Iﬁi;;iths o T 63 RS 0 xS 0ax-1.12
Cancery
Al cancers 19 2195 0% 0.52-1.35
pesuve organs and peritancum 4 3 075 0 20-1.9}
Esophagus ] 0.65 [.54 0.04-8.37
Large Intestine 2 187 1.067 0.13-3.86
Puncreas ] 117 08z 0.02-2.74
Respiratory System bl R 127 0.5%-2.40
}.aryny 1 H 01 472 0.12 25,23
Truchea, branchus, and luny 8 5,81 147 0.51-2.31
Malc senital organs 5 133 163 1 10.€ A3
Prostate 3 1.42 2.1 0.43-0.13
1 ymphatc and hematoporetic tissie ! RGE 37 001 208
Leukeina and alenkemia | 1.04 0.96 0.02-5 34
AN other cancers 2 1.62 .23 0.15-4.45

Non-malignant causes

Cerebrovascenlar diseasc 3 3.14 1.59 0.52-3.72
Al heart disease 21 24.01 .87 053131
Ischemic hear: disease 10 1913 084 (048-1 26
Hypertension with heart disense ! 1131 327 Q08-18 17
Other 4 348 1.15 (.31-2.94
Hypertersion without hean discase 1 U.27 373 0.09-20.71
Miseases of respiratory system 3 130 0067 (314 195
Asthma ! 0.14 7.32 0.19-40.08
Otlier 2 2.54 0.79 0.10-2 8a
Nephiius and nephrosis 2 .38 522 0.63-18.83
Avcudents R .91 116 4.50 228
Matar vehicle acoidents 4 357 P12 U.31-2.87
Orher 3 334 1.2 1.33-1.00
Violence 6 364 1 65 16O 359
Surcides 3 2.96 1.69 £2.5>-344
Homicidss and oihies ] 67 149 0.04.8.26

Al other causes 3 &.07 03! 0.08-1 O

a Caust not baed 51 aot ohserved
b Reter=meeates from stire of Minnesota

p- 38



Case 6:06-cv-00530

Document 207-6

Filed 04/07/2008

Page 9 of 24

Tanle ¢ Standordized Mortality Rattos tor Selected Cause-Specific Mortahines for APTO)
Manufacturing Cohort Members with a Mimmum of One Year of Employment in
a Job with Definite APTO Exposure

Caaae”

All deaths
Cancers

Al cancers
Divestive organs and pertoneum
Esophagus
targe [ntestine
Respiratory Svstem
Trachea, bronchos, and lung
Male genmital organs
Prostate

Al other cancers

Non-malignant canses
Cercbrovascular disease
Al hear disesse
lschemic hzart discase
Othet
Miceases of respuatary sysiem
Other
Nephritis and nephrosis
Arcidems
Othiee
Violenge
Suicides
Ajl other causes

2. Cause not hsted 1 noi oh-erved
b: Reference rat»s from siate of Miinesota

Observed

o3

19 19 s

~ i

[¢2)

>3

[ T VI SV S

Fapeoted
15.9%

1029
2.54
.31
0.89
3.30
23
0.80
.75
0.76

[V

LD
tr

LY
Y.16
164
227
1.29
019
207
1.39
1.43
[.18
383

SMR* 957 (1
0.70 C.45-1.03
0.6% G.27-1.40
079 010-2.35
128 0.08-18.21
112 G03-621
(.59 0072-2.1>
062 0 0R-2 24
2.51 0.30-9.04
2.67 0.32-9.65
1.32 0.03-7.32
1.94 0.40-5.66
076 G.30-1.37
0.60 {1.24-1 43
122 . 15-4 40
0.88 011318
.35 0.19-5.61
3.23 0.13-29 08
0.36 0.01-2.01
0.72 0.02-3.99
1.39 0.17-5.03
1.70 0.21-6.13
0.20 0.01-145

|

p- 39
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Filed 04/07/2008

Page 10 of 24

Table 7 Srandardized Mortahity Ratios toy Selected Cause-Specific Mortalities for APFO

Manutacturing Cohiut Members Pver Fmployed In Tohs with Prohable APFO Fcposnre,

Bt Did Net Hold Jobs with Defite APFO Fxposire

Uause”

Ohserved

Fxpected  SMR"

G4 (1

Al deaths
("ancers
All coneers
Buccal cavily and pharynx
Digestive organs and peritoneun
Esophugus
stomach
Large Imestine
Rectum
Biliary passages and hver prima y
pPancreas
Respiratory Sysiem
Larvas
Trachea. bronchus, and hung
Breast®
Yemale yonital organs
Other
Male gontwl vrgans
Prostale
Qther
Urinary Orpans
Kidney
Bladder and vther uiinary organs
Other and unspecitied sites
Skn
Ceniral nervous sy stens
Lymphatic and hematopoienc tissuc
Lyvmphosarcoma and reticulosarcoma
Leukenua and aleukemia
Other

All other cancers

Bergn neoplaams

368

119

o

Ly
[o)-]

-y
N

LSS

o

~d e e

3

£

LY B S

r

38

443.52

126.63
247
3119
3.26

[y
36 86
4.72
2 NY
| 39
1012
969
0.43
¢ 30
3.8
280

.83

0.94
{340
(.87
0.31
1.06
.88
1 28
.71
1.04
0.99
0.91
1.00
0.42
1.18
1.89
.99
(.93

0.75-0.42

0.78-1.12
(61-2.25
37124
GOl-1.73
0292 M
0.42-1.62
0726375
0.09-2.55
0.42.2.14
(.70-1.3s
0.62-5.03
0.71 1.38
0.05-1.53
0).38-3 54
0.39-5.52
(1L47-1.82
0.42-1.76
0.06-12.96
0.20-1.83
0.1i6-1.90
1.25 250
0.40-2.006
0.13.1 93
0.3/7-2.70
(0.53-1 61
0.22 6.51
0.51-2.61
D231 Ge

0612018

(LIRS N Y

p-40



Case 6:06-cv-00530 Document 207-6  Filed 04/07/2008 Page 11 of 24
Foble 20 (Comined)
*«,;:{—‘7 T T B (,;7;‘.1";{‘;! B l"ixpm‘.red SVR® i ":)—F;,’»;, (!
;\ﬁ':)rt-;;-iignan[ c:@ts
Diabetes metlius I8 S.R7 2.0% 1.20-3.21
Ceiebrovascular discase 17 2415 070 041-1 13
Al heart disease L0 146.86 0.75 362 090
Rhcumalic heart disease 2 1.96 1.02 (.12-3.68
l[echemic heart disease 923 115.52 U.81 0.05-0.99
Chrome discase of endocardivm 7 7 00 1.60 f1.40-2.06
Hypertonsion with heart discuse 2 207 0.97 012 349
Other 6 20.31 0.30 0.11-0.64
Hypertension without heart diseasc 3 1.90 1.58 0.33-4.62
Discascs of respiratory system 19 32.70 0.5% {1.35-0.91
Inflnenza and pueainonie 7 9.82 a7 (.29-1.47
Bronchins I 060 1.53 G.04 8 47
Einphyvaema 2 jos .55 GG7 199
Other 2 763 0.51 023057
1. .cer of stormach ! 1.4 0./4 Ccn2-4.13
Cirrhosis of the hives 6 7.94 4,76 (328-1 .83
Nephritis and ncphrosis 2 7282 0.71 (0.09-2.56
Accidents 23 24.56 0.94 .59 1 41
Motor vehicle acerdents 12 11.29 1.06 0.55-1.86
Other H 13.27 0.83 G.41-1.43
Violenee 3 11.60 0.69 0.30-1.36
Siedes g 9.56 0.84 G.30H-1.65

a Cavse noa feted of not observed
b Reterer s rates fram state of Mnnesotz

i hpeast cancars obsen el an Iomale v s e

w

p-41
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Document 207-6

Filed 04/07/2008

Page 12 of 24

Tavle § Standardized Monainy Ratios for Selected Cause Speific Mottalities for APFQO
Manufactuning Cohort Mombers Never Fmployed in Iohs with APFQ Laposure

Canse’

Al denthy
Cancers
Al carcers
Buccal cavity and pharynx
Mgesnive organs and periloneumn
Esuphagus
Stomach
large Intestine
Rectun
Baliary passages and biver
Pancreus

LLDITAlNTY SVSIOm

Larvna
Trachea. bronchus. and luny
Othet

Rreast

Fertnule genital organs
Cervin
Male gemial oreans
Prosate
U'rivary Organs
Kudney
Rladder and other urinary vigans
Skin
Central nervous system
Thyioid gland
Lymphutic and hematoparenc tissue
Lymphosarcoma and reticulosarcoma
Haodgekin's diseasc
Leukenaa and alenkemia
Al other cancers

Boenign neoplosmes

Observed :
27l i34
108 137.70

l 2.59
30 33.39
2 3.39
2 1.08
16 12.26
i 250
| 3.04
S 707
32 10.94
1 16
30 39.35
i 0.44
4 6.27
I 3.0
i .51
4 11.49
4 TH.OX
G n77
2 .98
4 278
2 1.91
? 4 55
] 0.46
14 15.52
1 1.20
I 0.92
4 3.90
il 9067
] 1.49

40

1.09
.68
113

67

O3%, (]
0.71-0.86

.63-0.93
001-2.14
0.61-1.28
4.07-2.13
0.13-2.15
(73-2.12
G0 2
HO3-1.85
123 1.63
0
0.02 479
051-1.09
0.06-12.74
0.17-1.63
0.01-1.50
0051092
0.09-0.89
0.10-0.9?2

0.32-1.92

22

0.53-1

0061 8!
0.39-3.0,
0.13-379
0.05-1.39
Q.0>-12.00
(0.49-1.51
0.02-4 65
0.03-6,04
0 1R8.1.75
0.57.2.04

" mpa

(LN AN
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Case 6:06-cv-00530 Document 207-6  Filed 04/07/2008 Page 13 of 24

Pable 3 1 Conttnued)

e  Observed  Eapecked  SMR' 93%, CI
Non- nwﬁgnaut causcg ' S
Tuberculosis | 0.23 128 (11 2380
Diabetes meldlitus B 9.55 0.52 O.17-1.32
(Csrchrovascular discase I3 2710 048 026082
All heart disease 125 1538.74 0.79 0.66-0.94
Rhcumatic heant disease 4 214 1 86 0.51-477
Ischemic heant disease 92 124.38 073 0.60-0.9!
(‘hronic diseuase of endacardium 4 782 0¢} 01413
Hyperrenaion with hearl disease 2 221 0.00 0.11-327
Hypertersion without heart disease 2 303 0GR 012385
Diseases ot resprraiory systesy 28 3¢ 7] 076 051 110
Influenza and pnecumonia 5 i1.50 043 14-1.02
mphyscnia ! 4.01 025 0 01-1.38
Asthma 2 1.04 1.93 0.23-6.97
Cirthusis of the hver 7 .37 0.85 ).34-1.75
Nephritis and nephrosis 3 319 0.94 0.19-2.75
Acuidents 18 2438 .74 0.44-1.17
Motor vehicle accrdents | HIRNY 131 030 1.81
Al other aceadens K 13.4Y (.52 0n21-1.07
Vinlence R 11,52 C.6Y 0.30 1.37
Suicides 4 Y449 0.42 0.11-1.08
Honicwdes and other 4 2.02 1 98 ) 51-505
All anther causcs 7 A 52 25.57 094 0.70-1.23

a Cause not hated if not observed
h Refeience rates from state of Minnesota
. All bizast cancers observed in temale splayees



p-44

Case 6:06-cv-00530 Document 207-6  Filed 04/07/2008 Page 14 of 24

Table 9. Stundardized Mortahty Ranos for Sclected Cause-Specific Mattahties
fur Sataried Waorkers of the APTFO Manufacturine Cohert

Caase L Deaths Expreed  SMR - 95% (]
All deaths 307 484.92 63 456-0.71

Cancers

Al uterine tnon-cervix)

All Cancers u7 140 97 0,69 0.56-0.84
Buccal cavity and pharynx 0 2.68 .00 0.00-1 38
[hgestive organs and perttoneum 27 Y77 1.80 0.53-1.10
Fsophagus 2 3.55 .56 Y72,
Stomach 2 4.05 .49 0.06-1.78
Laree intestine 17 1233 1.38 0.80-2.21
Kectum 2 250 .81 N10-7 89
Ritiary passages and hiver G 309 0o 5.00-1.39
Pancreas 4 7.20 (.58 115140

All other choeshive 0 0.9% 000 0.00-3.8/
Respiratory system 27 4233 0.03 0.42 0.92
farmx 1 120 083 0.02-4.62
B:onchus, trachea, and hing, 25 40.87 0.01 0.40-0.90

All other respiratory 043 220 006-12.22
Bireust ? 3.90 0.3 0.04-1.22
Femalo gomital ergans 3 3.33 0.9 0.19-2 643
0 103 0.00 0.00-3.59
Cernvia 2 0.4 3.29 (152-15 49
Orther fomale gonital organs t 1.84 03 G01-3.02
Male yenttal oreans & 1 .s7 .52 0.19-1.14
Prostale O 1101 fy 54 0.20-1.1v
Tesus and orher male venital H 040 0.00 BL00-3.04

t rmary organs > 6.94 07 (+23-1.68
Kidney 2 418 .48 (.06-1 73
Bladder and other utinary organs 3 270 1.09 022318
Other and unspecified snes G 7.92 .76 0.28-1.65
Skin 2 21U .93 H12-343

Cve s 0.09 000 0.00-4292
Central nervous system 3 4.88 G.61 0.13-1.80
Fhvrowd glandiother endocnne ! 0.48 207 0051150
Rene o A7 000 000-5.98




Case 6:06-cv-00530 Document 207-6

Table 9 (Continned)

Filed 04/07/2008

Page 15 of 24

95% CI

Canse Deaihs Lxpected  SMR
I mphanc and hematopoictic 13 15,97 081 043139
Lymphosarcoma and reticulosarcoma 2 [.16 72 0.21-6.21
Hodgkin's disease 1 097 .04 0.03-5.75
[.cukenna and alcukerma 2 6.10 0.33 0.04-1 .18
Orher Ivimphalic hainatologic ¥ 774 b3 10.45.2 04
All other mahignant ncoplasims 8 VRS O 8 35158
Benign neoplasi 2 1.51 1.33 0.16-4.79
Non-Malignunt Couses
Dhabetes melhitus 2 9.75 0.21 0.02 0.74
Cercbrovasvular disease 1o 2395 0.62 0.35-1.00
Afl heant discase 96 157 RS 061 040.0 74
Rhcumatic heart dhseasc 2 2.03 0.99 0.12-3.56
Ischemic heart disease 7 123.83 0.59 0 46-0 74
Chronic disease of cndocardium 3 7.52 0.53 0.14-1.306
Fhypertension with heart disease 1] 216 0.00 0.00-1.71
All other heart discase 17 2235 0.7G6 0.44 122
Hyperiension withont heart discase 2 2.00 100 0.12-3.61
Noumalignant respiratory diseuse 22 35.92 0.601 038093
Influensze and pnenmonia 5 11.ou 0.45 0.15-1.06
Bronchitis 0 071 0.00 000-5 21
Emphysema 1 391 0.20 (LU1-1.42
Asthma 2 105 1.94 (237 00
Other nonmalignant respiratory 14 19.27 0.71 0.40.1.22
Carrhosis of liver 5 8.68 (.58 0.19-1.35
Nephritis and nephrosts 2 301 0.0 082132
Nepheotis and nephrosis 2 301 0.64 U.38-2.32
Accndents w4 2720 0s1> 028086
Motor vehiele accidents g 12.59 .04 4.27-1.25
Alb other uccrdents G 1461 0.41 f13-0 89
Violence ; 13.32 .53 0.21-1.08
Suicides 3 10.93 (0.46 0.15-1.07
Homicides 3 7 3 024 010302
42 55.00 070 0.54-1.02

Al other causes

2 Cause ot listed f not observes!
I Refercnce rates from srate of Mipnrsoig
c. All breast cancers abrasivedd in female ecmployvees

43

p-45
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Case 6:06-cv-00530 Document 207-6  Filed 04/07/2008 Page 16 of 24

Table 19 Stindardired Morahity Ravuos fur Sciected Cause Specitic Motalities for
Hourlv Workers of the APFO Manulaciunng Cohort

Case . Observed Eapected SMK 9% €]
Al Deaths 500 51526 097 0.89-1.06
Cancers
Al Caneers 149 145.81 1.02 3.86-1.20
Buvcul cavity and pharynx 2 2.86 0.70 G.08-233
Divestive orpans and peritoncum 3t 3617 094 0651 31
tsophagus ? Y74 053 D06 163
Stomnach > 3,43 1.13 0.27-264
larpe intestine 1 1315 0 84 D.42-1.50
Rectum N .74 073 009204
Bihary passages and hiver 3 .27 .92 2.19-2 64
Pancreas g 1.79 1.16 0.53-2.19
All other digestive 2 1.04 193 023695
Respiratory system 52 43.8Y 1.18 0 88-1.35
Lanmx 2 1.27 1.57 .19-5 .66
Bronchus, tracheu. and lung SG 42.15 1.19 0.88-1.56
Atbother tespuatory {} A7 0 On 000 787
Bicast 4 338 73 03.20-1 .94
Pemale aonital organs : 344 .59 -2 2
Albuterine tnan corving 0 110 G.00 0.00 3.35
Cervix ) 0.44 GO0 }.00-8.47
Other femalc genital oreans 2 1.87 1O/ .13-3.87
Malc genital organs i1 11.69 0.94 0.47-1.68
Prostate 10 11.18 (.89 43-1.64
Testis and other male genital oryans ! 0.5 1.9y 0.0511.03
13 7.27 0.83 0.30-1.80

Lirnary organs

Kidney 2 4.3% 0 46 (.06-1 656
Rladder and other unnaryv organs 3 291 137 1373 51
Oiter and unspecihed siles 0 3.002 0.7 0.27-1.03
Shis o 2.07 0.97 0.12 348

Eye Y 0.10 0.00 {1.00-37.85
Ceniral nervous system 3 496 0.81 0.22-2.U06
I'hvrotd'other endocrine gland 0 0.50 0.00 0.00-7.34

Bonr 0 0.39 0.00 0.00-9 18

I ymphatic and hemalopoictic 16 16.78 0.9> U.54-1.55
Lymphosarcoma and reticnlosarcoma i 133 075 002 4.17
Huodgkm's diseace Q 1.05 (.00 H00-3.59
Leukenna and aleukeniia 10 6.37 1.57 f) 75-2 K9
_Dther hanphati- bematologic $03 g6 020-1.43
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Tasle 10 (Continued)

Cause B o Observed  Fapected SMR Yaue LUl
Al other mahpnant ncoplasms 10 10.34 1.55 .88 2 51
Henen neoplasm 1 160 .62 (:.02-2 36
Non Moahionant (Causcs
hiahcics mellitus 21 140).22 2.06 127314
Corebrovascular disease 19 2543 .67 0.40-1 04
AN heart disease 160 171.72 093 0.79-1.0v
Rheumatic heant disease 4 236 1.69 0.46 4.32
Ischemic heart discase 128 135 40 0.93 579 1.12
Chronic discase of endocardium 7 8.11 .86 0.15-1.78
Hypertension with heart discase 5 2.42 2.06 0.67-4.82
Al other heartl disgase 16 2343 (6% 039 1.11
Hyperteusion withont heart discase 4 2.20 ].82 0,30-4 .65
Noenmahignant resprratory discasc 28 38.00 0.74 0.49-1.07
Intlucnza and pncumonia 7 1153 0.61 0.24 125
Bronchits 1 0.78 1.28 0.03 7.13
Emphysema 2 4.26 (147 0.06-1.69
Asthma ! L.0S 0.92 0.02-5 14
Onther nonmalignunl respiratory 17 20.34 0.84 0.49-71 34
Llcer of stuinach and ducodenum 1 1.59 .63 G.02.3 19
Cirthosts of liver 3 9.1y 087 0.37-1.72
Nephrits and nephrosis 5 338 1.52 0.49-3 56
Accudents 35 28.64 122 0851 70
Motor vehicle aceidents 19 13.135 1.45 0.87-2.26
At other accidents 16 15.49 1.03 0.59-1.08
Violence 'S 13.43% 1.12 62184
Suicides 12 11.49 1 OK 01 56-1 89
Homicides 3 2.34 1.28 .26-3.74
i 3901 0.99 067 1.17

All other causes
2 Cause oot hisesd s ast ebzerved T
e Refeeenwe ey fio w2 ol Minrcseia

eoAl Fera e obrerood i tamale emiplonocs
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Tavle 1 Hazard Rano enimates 2nd 95%% Conhidence Intervals from Time Dependent
Cox Rearession Analvsis to Model tic Risk of Causc-Specific Moralitic< as a
Funciior of APFO Exposure Charac:crized by Joh Classitieation

T Adyated 7 .’\djm— o
mude] mocel
Cunse ot Death , - actual + nputed
Job Lxposure Noof Crude Adprsted” smuking smoking

Classification’ deaths 1R 95% (1 HR _95%Cl damHR  95% 1 daw HR W5 (1

Prostate cancer’ 16

Hivh 2 39 07211 6.9 1.2-41.8 560 09339 7.0 1.2-42.72
Modcrate 10 23 03.758 3 08110 28 0.8-10.2 30 08110
Low 3 ! t 1 1

Pancreanie cancer 13
High 0 .
Moderate S 1.3 0545 iR 0.4-33 1.2 0342 ] = .4-3.2
Low 5 | 1 } 1

Bladder cancer v
theh 0 . )
\Moderate 3 0.7 0233 0.4 V118 (.3 01-17 a g.1-1 8
fow 4 { ] l ]

(erchrovascular ,

Jissase -2
[hsh 3 23 0782 52 13196 606 LTS5 51 14-186
Moderate 19 1S 0.8-501 2.1 1.6-4.5 22 1048 21 1.0-46
Low 13 ] 1 l ]

fschemic heart

disease 201
Iigh 6 06 03-1. 0.8 0.3-1.8 0.9 0.4-2.1 08 0.3-1.8
Moderate 103 1.1 0815 1.0 6713 1.0 0.7-1.4 10 (17-13%
Low 92 1 1 ! i

Cirrhosis ol the .

liver I3
Ihah g
Modeiate 6 0Ny 0526 It 6337 11 D336 11 TR
fow 7 ! ! . ]

Diabetes melfitus - 22
High U . . .
Moderate 18 3.7 1.1-9.9 1.9 0753 14} 0.7-5.6 g 07-51%
Low 3 ! ! 1 ]

a: Job Classificanon Hiph=Waorked 2 job with dehiniie exeosire tor 6 months or greater, Moderate=Lver worked 4 0h wih
prozable axposure or wanbed u job wath definite cxposumne for less than 6 months; Low=FEver worked a job s insedy ma the

aon-chermeal division of ihe plait
b Havind rasio aslpeaed for sex, age eligible w be in the sudy, birh year md wage type

S Menanhyng 381
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Table 12 Harard Rato Estimates wnd 93% Conlidence Intery als 1o Model the Risk
of Prostatc Cancer and Cerebrovasculal Disease, Ischemic Hearl Discase
and Drabetes by APFO Joh Fxposure Classification and Waae Type

Wage Type”

Howrly - Salary
Canse of death Nuo.of i Nooof o
__ Job exposure elissificanon”  deaths  HRC 95%Cl | deans  HIR 95% (1
Prostate cancer” ' T
Hirh i i 2 9.7 1.5-72.4
Modetate Y 4.5 (.3-357 1 10 0199
Low I 1 3 I
{"crebrovascular discase
High 2 59 1.4-546 l 1 0531 ¢
Modcrate 12 1.0 0649 7 25 1 0-8.0
Low 5 ] f R ]
Ischemic heart disease ,
High 5 11 0430 | 042 013
Moderate 83 11 0716 20 0.8 0.5-1.5
low 40 ! .52 !
Diabetes metlius
Hiok 0 ; 0
Mode:ate s 1.4 659 ] 17 08 329
Clow 4 1 [ i

4 Wage typs for persons who worked both hourly and selary jobs s classined by the predommars w 2ge type

b Job Clasatication thueh Warhed s b wel defiaine vrpasure for & months or greeer: Moderate—~Ever worked a
pob with prohable exposure i winhed s gub wih debinite exposure tor less than 6 menths. Low-Ever worked a job
romarthy i the san cherncal division of the plant

< Hazard mno nimeted fon cex, age ehgible to be in the study. birth year. and o bisth witere Lype sobs were held

G Newanly, n=2184
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Case 6:06-cv-00530 Document 207-6

Fable 13, Huvzard Ratio Estimanes and 95% Confidence Intervals 1o Model the Risk of
Prostate Cancer and Cerchrovascular Disease Montalities as a Function of
APFO Exposnie. by Fxposure Lag (0 and 10 vemrs)

Cause c;l Peuth

Zerr vpisare Ly

I vear exposare Lie
—————— e e ——

Job I'xposure Nool Crude /\dj.l:s(t'dh : No.oot Crude Adppsted”
i l:s:.}.ll'u.;ﬂn.u‘xj _deaths HR 9N G _HR 95T deutls. HR AV 1R 989, (1

Proslute cancer” i V T
High o 39 07211 6.9 F2-11 8 2 540 L2882 15.44 6
Muoduiate 10 XY 0775 50 o8 110f g 33 Ll 3.4 11107
Low 4 1 i s 1 ]

Puncreutic cancer”
High 0 ) . ' 0 ) ) )
Moderate R IS 0545 15 0453 7 280 0739 2.0 0602
Low s 1 1 ] 6 I i

Bladder cancer’ |l
High 0 . .0 . .
Moderate 3 07 0233 0.4 orig 3 1.3 07358 0.8 0.2-4.0
Low 4 ] [ 4 i ]

Corehbrovasoula

diseasc” }
High 3 23 0782 5.3 !.5-19.6l 3 22 07746 443 1.2-13.5
Maodaerate 1e 1.5 08-3.} 2.1 1.0-45 " 14 14 Q0729 1.8 0.U-47
Low 13 1 ! Fos ] 1

tschemic heart

Jdiscasc’ ;
ihiuh b 06 0314 .8 0318, 6 06 0313 0.7 0.3-1.6
Maderate s L0815 10 07130 S0 08 0610 07 05.00
fow 92 [ ! 136 ] I

Crirrhocas ot the

ver )
Hioh 0 . . ! 0 . . .
Maoderaie 6 2.8 0.3-206 i 0337 4 & 0.3-26 1.0 1.3.14
I o 7 1 | 0 i 1

i haheres meiiitus
Hih 0 . . 0 )
NModerate R 7149y 19 n7.s4 12 19 0944 11 0631
SRS M l o Ml ' | 1

¢ Joo Classiicanon High=Wiwked 4 joh with definite expasure for 6 months of greater, Moderate~Eyver worked a job with

rrobablc exposure or worked i job with definne exposure tor less than 6 months; Low=Ever woiketl o Job primarily in the
non-chenvcal diviion of the plant

b Hazard rane sdastsd fur sex, age ebipible 1o be . the sty berth year, and wage nype

- Menoniy n- 3184

18
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Tanle 14, Hazard Rabvo Estimates and 95% Contidence Intervals tfrom Time-Dependent
Cox Regression Analysis to Model the Risk of Cause-Specific Mortalitics as a
Function of Cumulative APFO Exposurc

T T Adyusted Adyusted” T
inodel node]
Cause of Death + actual + ymputed
Equivalent vears { Nvof Crude Adpited” siokng, stokinze
of expooune® " deaths  HR - 93%C1 HK 98% (1 dataHR 9% (1 dsmHR  93%, (1
Prostatc cuncer” 16
P -7 3.8 4-13.5 36 1.2-10.6 3. FO-12. 3.8 1.2.13 2
1.<8 o 03 01-29 08 0130 0.5 0.1-3.9 0.9 01-306
1 by : i 1 ]
Pancreatic cancer 13
>N ki 1. 0.3-5.0 1.2 .3-7.5 I.1 0.2-6.2 1.6 0.3-78
JEPEN 1 21 0672 22 0651 19 03569 23 0682
1 7 : ! ! }
Biadder cancer 7
> 1 13 91118 0~ 01720 06 0171 07 01-73
Jos 2 1Y 03103 14 (256 14 0.2-813 1.5 N289
<1 ;4 ! 1 I
Ceorchrovascular
disease i 33
>5 by 23 1.1-49 2.4 1.1-3.4 31 }.3-7.2 2.4 [.1-2.5
P -3 ©3 05 0116 07 0223 0% 02325 07 G324
<} 23 1 | 1 1
tschemie heart
thseaze 204
>3 2t 10 0615 07 0411 08 35-14 0.7 0.4-1.1
1 <3 42 L] 18-1.06 1.} 0.8-1.5 I S-1.6 {1 0.8-1.6
<} 138 i I ] 1
Cirrhosis ol
the hiver 13
5 1 0./ Q.1-3.8 0n.J L.1->8 s 31-39 0.7 1.57
[ -5 3 1.4 0433 1.9 0.5-7.3 1.8 .5-7.1 1.8 (3.5-71%
<} : 9 1 i | ]
Diaberes mellhitus 223
o3 Py 1.6 0543 1.1 (.3-3.3 4 uddy 1 1473
LS Cs L3 33T L0 0327 10 0429 10 03028
<1 K i 1 ] 1

a1 \\:c::;".lcd axposere davs ennalent to v seuwn (1R2 00 wershiet eaposane diyn ) 1oy yenrs (30D 187 309 werghted
oxpesare davs; amd less thin 1 yew 230500 weaghted eapostne days) of woikiug we @ job with Cehinae expOsTTe
& Hazars crbe adqusted tor sex. age eligible to be in the study. birh year, and wage type

BN ] R HVERTEE S B

49
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Fande 13, Hazued Ratio Cstmates and 93% Conhidence Intervals te Model the Rsk ot
Prostate Cancer and Cercbrovascular Discase, fschomic Heart Discase and
Diabetes by Weichted Cumulative APFO Exposure and Wage 'ype

Wape Type~

Hemrly Salaiy
Causc of death  Noof Noor o
Weighted exposure Days”  deatas HR U3¢, deaths IR 35 Cl
Prosl.ui‘r cancer o :
3 s 3.9 1.0-15.4 D 10 65 18.0
| I 1 (1) 07459 0 00
<] 4 ] 4 1
Cerebrovascular dicease
sy 5 1.7 0.6-50 1 35 LO-TES
] -<3 } 0.3 0.0-2.4 2 [.6 ) 3.7.4
B 13 1 10 |
Ischemic heurl discase
>5 17 0.9 0.51.5 4 0.4 b1-11
i- 28 31 1.2 0.8-1.8 1 1.0 1.519
A {0 ] S8 1
N abetes meihs
= 3 6.9 9337 1 33 T B
MR 3 1o 328 0 .
i i3 ! oo |

2 Wage type for porsons who worked both hourly and salory jubs 1> classified by the predominart sezye type.

b, Weighied exposure days equivalent o > yenrs {187 200 weighted exposure davs), 1-<5 vears (36.500-182.499
woighted exposiae days)wnd less than 1 yedr (36,500 weighied exposcre disys) of workime 1n a joh with
defimite expomine

Hazartsehio udjusted for sex, age ehigible to be in the snudy, brth year, and if both waye tyjee ol were hehid
Men aonly, n—31R1

L3, "
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