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Sursesary
Obnective
To detormine whether accupatonal exposure 10 perfluorooctanoi acid (FFOA) asd othar
Wuwumwﬁuudedhmwmth
Grove, Minsewta
Meeorods
Aummmshﬂmmdqmmuwmmmd‘hhh
Mbhnuy.cwmmhtmmpdbudunmwun
MMMWMWIOM&MM”M
The cobort was followed Soough December 31, 1997. Desth cortificates were sbexined for all
mmummmmmw«mmmam
dmnﬂxuﬁunﬁumﬂymhhmmdm.a
WMMmeNMwwum»m»w
camegory, and for a musimurs of one year of caposcre.
Rezulu
Mmsmmp»mmmmm.mmmabmu
mmm«umm-ummmmmm
mmummmmmmmmwuhuw»
cohorts were loss than expocied in e general population. There was 50 aisociation between
wwmAuMMdmdumw:.amw
mduum,Amwma“mwmmm
cbserved i the definize PROA exposure subcohoet 2 (S observed, 1.94 expecied, SMR=2.58,
55% Cle084-6.03). A dose respomae relationship betwees PFOA or other fuceoachesracal
exposere and CVD was not appasent.
Corclugsg
Employees of the Comage Grove facility were noe shutrved 10 have an excess ritk of mostality
anmnanm-imm«mmmm
berwees FFOA exposare and CVD was modest, but uneapected The association may be due 0
some occupational exposure although there is no beslogically plausible mechasem identified st
this time.
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Introduction
The Comage Grove manafactaring facility of the Minnesces Mining and Manufacutring

Corporation (M) has produced perfloccomated comspounds tince 1947, A primary product from
this plant is ammontem perfiucrooctancate (CRUCRCONHL", AFFO), a potent synthetic
surfactant gsed in industral applications. APFO rapidly dissocistes in teologic medis 1o
perflucrocctancate (CFICFWC0;", PROA) which is the snion of perfluomoctancic ackd
(CF{CFCO0H). In laborsory animals, PPOA sed s salts are- 1) absorded by ingestion,
ndalation or dermal contact; ' 2) distributed primarily in the Bver and blood:* 3} not
teotransformed, conjupaed or imcoeporated ineo Bpids* and 4) eliminatod in Ge female rst ot &
greater rame of excretion than the male rae” In rats, administration of APFO resshted in
percusome prolferation, uscoupiing of mutochondnial oxidative photphorylation and akiered
Bpid metabobam ¥ s lifetione fooding Siosssays of rats, APPO in the diet & 300 pprn (dadly
dose of 15 mpkp'duy) incressad the incidence of kver Leydhig cell and panceeas scinar cell
sdenoman " The liver tumors mow Ekely occursed vis the nongenctoxic mechasisms of
onsfatve sress and apoptos:s. Increased Deparic aroematase activity may have resulted 1n &
boemonc-mediaed mechanism (increesed estradicl) for the formason of the Leydeg cell
tumors. ' The pancreas acinar cell adenomas have been hypothesized 10 be 2 resclt of 3 mild
Bt sastained increase In cholecystokin (OCK) Jevels secondary to bepatic cholestanis. ™ In 2 90.
day gavage sy of rhesus monkeys, monality was frenocaced prior 1o ead of study in the 100
mp/kg/day and 30 mg/kgiday dose grovps " Hissopathalogse examinasion revealed marked
diffuse bind depietion in e adrenals, shght 10 moderse hypoceDuanty of bone marrow and
modersts atropby of lymiphesd follicles. No damopesialogic changes were repomad in e 3 aad
10 mg/kg/day dose prosps. A secencly completed 6-month gavage study of cynomolgus prmatos
demcastrated & steap dose response curve.”’ Both the low (3 mp/kg/day) and maé (10 mg/igiday)
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dose groups resulted solely is incressed Nver weights. The Righen dose grovp (3020
kg/mp/iday) resuled in severe sonicity, which reguired the remmoval of teatmest for soene of the
high dose proup animals. The easct mechanism of soxicity in the peisate remaias 1o be
eluciamed

Hepatic taxscity, Aypolipideria and adeormal hormone levels (e.g., sstradial) have not
been associated with the PROA Jevels measered (n male APFO peodoction workers. ™™
However, it should be noced that the serum concentraton (30 ppe) msocsated with Niver
enlarpoment in e 3.0 my'kg'day dose group of the cynomolges poumane study is within Be
tasge experisaced by workers with higher occupational exposare ™ A setrespective cobont
mectality wedy of workers engaged i APFO prodacson st the Comage Grove facility found 20~ .
sgnificantly incesased casse-spocific sandacdized mortality ratio aldough a two-fold
noes pafixcant iscrease in prostate cancer morzality, based 0o 4 observed deaths was reponted ¥ - -
Thus sep0n ecmmarizrs the realts of an spdate of Bt cohars mortality study with a specific
emphasis e expodure 1 PFOA.
Methods
Cobon Enumeraion
The cobort for S study was enumersted using employment recoeds fromn Se Comage Growe
facility, Wocken accruing af least 1 year of cumulative employment &t the Cottage Grove facility
& of December 31, 1997 were eligidle for inchasion i the cobors. A review of employes werk
history records by M personsel] idearified worken eligitie foe Be cobort. The recards of sy
Cottage Grove employee with ot Jeast one year of cemcldative employment weoe sbstracted 10
record the weeker's name, Soclal Secunity Number, 3M identification number, date of birth, nd
the dates of any eatry on the work history recoed, including bayodfs and leaves of absence.
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Infor=aton sbout each job was sbstracted wherever avaslable. includag the departmest codes,
and Job clansfications. The names, Social Secesity Numbens, 3M ideatification sumbers, and

dates of Brth weve recorded for worken with less thas coe year of cumulative employment for
companion with the original cobort. The abstracted data were ensered (ato 3 compeser database

and peowided to University of Minmesots investigatons.

The newly ensmerated cohort wis kaked o records from the onginal coheet % spdace e
employmest information and verily names, Social Secursty Numbers dstes of benth sad dates of
deah. Drscrepancies identified 1 the recoeds were resolved using TRW/Experies, o credit
reporung sgency, snd the Social Security Admisiat=ation service for epidemiologic research
studies. The lamer reports the most recent account activity of as individual and whether they o
Tocorded as deceased in the Social Secunity Death Index (SSDI). Deplicate recceds due 10 name
changes or incorrect data were eliminated.

Investguions & the University of Minscacta reviewed the eligibiliny for inclutios in the codort, -
To be eXigible for the cobon a worker kad 10 sccrue & least 365 days of cusulative emphoyment
u&%&wmmﬁﬁhddmmwww“m
Of her dates of employment, exclusive of periods of sbsence due w illness, military leave,
muersity leave, or layoff. Currently employed worken were assigeed December 3. 1997 &

St last date of employment.
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Fel . : Vel S
Eliphle cohort members were followsé from the éay they accrued 365 days of sumulative
e=ployment till Decemder 31, 1997 or thest dace of death. Vital recoeds searches wese performed
for all cobort members not employed by 3M oo December 31, 1997, o foe whas & death
cenificale was not obtased In e ceiginal study. The National Deash lades (NDT) was searched
tad-mnummummwuummwmw
Adesunistration data aad/or Be SSD] were searched to versfy the vitad status of workers who
tenmunated employment befoee 1975,

The recocds of cobon members ideatifiad as deceased through the NDI or SSDI were reviewed - -
by hand 1o ensure & vahd manch and » copy of the death certificae was requested from the state

of recoed. A bcensed nosclogiet coded the death ceruficates 1o the treemational Classificasion of
Discae Version 8. A second hcensed nosologist coded the deash cestificate usig the rules for

Be ICD version in effect w Be Sime of deash. This second codiag was weed for verification and
enabed the e of actual (unsdjated) mortality refersace data.

Raporas Asne:

The goal of B wtady was 10 descnde mortality expenence in relsson 10 Nuceochermical
exposcre. OF particular mterest was expossre 10 PROA. The areas i the Comage Grove faciley
where PROA and other flucrochemicals were prodoced changed over the years. Because the
Wmu»mmmkmmwmmuumm&»
atsign S workens 1 eaposars categones on work dastory isformation alone. To mcertain
FXposire sted (he department codes were reviewed 1o determine e batlding and divinos
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ssEpned 10 sach code. These lists were then reviewsd indepesdestly by a panel of veteran
wivkers and piast industnal hygiesists 10 detenmine where (Jorochemical production or the
development of Nuorochersical products took place troughost the distory of the Cotage Geove
Facility. The resposaes of the individual revsews were sumananzed and the panel was convesed
& & group o ducuss the exposure amignments. The available informanion limied the panel's
sbility 10 classify each department with certaiety, thas general classifications of exposure wese
adoptod. The job history ssfoemation wad classsfied 10 the three following groups;

¢  Definnte PFOA exposure (potentially hegh). These jobs included workers employed in the
arcas where cell genenaticn, dryiag, Shipping, sad packaging of PFOA cccarred throughout
S history of the plamt,

* Probable PROA exposure. These jobs inchude otter chemical divinion jobs whese sxposues 10
FPROA was posuibie, but with Jower 0f transient exposaees.

*  Not exposed to Nluccocherscals. Prisurily noo-chessica! divizion jobs,

Hereafler these exposure subgroups wall be refermed 10 as definite exposure, probabile expossre

nd monexposed, respoctively. -

Posertial for exposure 10 other fuceochesacials wis possible in the chemical divisicn. In
Faticular, there has deen production of some saits of perflucrocctane sulfonic acid, which may
Sisasaociate 10 perflucecctassesciionss (PROS, CoF 35057 However, this dd sot uswally ocoer
whero definse FFOA exposure i the workplace was likely, s the production areas were in
different buildings. 1t is fearible that employees who had worked in Jobs widd definite PROA
sxposure may have trasafesred %o this other bufldag Ia the coune of thelr carser.
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Asabais

The martality expenence of the Cortage Grove cobort was compared 1o that of e general
population of the state of Mintescta. Mortabity refesence rates from seven regicaa! countiss
(Hesaepia, Ramasy, Anoka, Carver, Dakota, Scom, snd Washington) were also ssed to ruls out
large vasiations based on regpional monality reporung dfferences. Referesce data were obtuned
from the Mortakty Popelason Data Syssem (MPDS) center at the Ursversiry of Pittsburgh. These
data are derived from National Center for Health Statutics data and provide all casse mertlity
&3¢ maligrant neoplasm rees back 10 1940, and con-malignant cause specific deard ratey from
1962 forwaed. These reference daca are age (5 year), gender, race, and calendsr peciod (5 yeat)
specific and sve ¢coded saing the rules for the ICD vession in effect for the calendar period

Standar&zed mortality rascs (SMR) wers computed for al canse and cause specific deaths uaing
e Miznesota reference data. The expectad number of deaths for all cause and malignant
mm-«utammmwm«mm-»
maliprant causes was computed for the years 1962.1997. Observed deatha and persoa-years in
e denommmator ocournng before the peference data were avatlable were exciuded from the
szalyns The SMRs and appeopriate $5% confidence maervals were compated ssing e PC Life
Table Analyws Systom (PCLTAS) software developed by the National Instituses of Occupstional
Sadety and Health (NJOSH) ™ This program computes age, gender, and race specific SMR wting
standard life table methods. The expected sumber of deaths are estimated by multiplysng B¢ age,
peader, race, and calendar period tabulmed persos-years of follow-up 5 the conesponding cause
specific morality reference rates. No daza on race were svailable for the cobort, Sherefore, the
reference data were Bamited 10 the mortality rates for whise Minnesotans.
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The all canse and casse specific SMRs were initially computed for the eatirs cohort and the
sabcohorts with defircne exposure, probable exporure, and not exposed 1o Duorochemicals. A
=ore eaposure specific analyss sratified worken based oo & ces-year minimum employment in
jobs with definine PFOA exposcew and definiie or probeble expostse. The latier inchuded
wacken who accrued oze year of exmployment with § combimation of defimite and probabie
cxposed jobs.

Four causes of deacy pocensally relsied 1o PROA exposcre based on laboratory ssiznal data and
e carfier cobont study, prostate cances, Bves cancer, Kidney cancer, and cirsbosis of the liver, -
were asalyzed by duration of expossre ie each Nucrochemical exposure subgrocp. Ofher cacses -
Of dear’ that sppeared 10 be b excess n one o more of the Mluorochamécal exposed groups were
110 evalusted %y &iration of exposue.
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Results

Of e 6678 indvidual workers sdesnfied at the Comage Grove plant, 1992 employees tet the
ooe year (oclusion criteria Of these, 12 percent (492) worked & least one day In aress whess
mﬂmbmmmW(lmwmwum
definie FFOA exposcoe, and the remaining 45% (1815) were sot eaposed 1o flvorochesricals
(Table 1) The laner ace noa-chemical division jobs & Comage Grove. Male workers made
0% of the coboer, but were 2% of the PROA exposed cohort. The sverage age at follow ep was
slightly less in the PFOA exposed coboct, bat the average deratioe of employment at Costage
Grove was slighly longer. There were 607 deaths identified s the cobort, 46 deaths in the
definire PFOA expossoe group and 267 in the probabie PROA exposure group Death ceruficates -
were obtained for $90 of the desedents (V7%). Six of the missing death cenificates were in the
probable FROA exposure grop and e rest were in the son-exposed group. More extemaive
amumuadanmmmwamwm-
oocurred 1o 152 workers (17 deaths), sad 1673 werkers had definite or probable exposure forat -
ast one yeur (219 deaths) (Tebie 2).

mmmmmmmmmhmmm«mmmw
compared 10 the general popslation: 607 cbserved and 715 expected (SMR=0 15, 95% Cla0 75-
0.52) (Table 3). A ssmelar patiern was observed for all deaths from cancer: 172 cbaerved. 204
expected (SMR=0 54, 95% C1 = 0.72.0.98). Deaths fooss all caunes and alf cancers wese fewes
han expecied for the exposure sebcohorts (Table 4-6), and for Be struta lesited to woekers with
4 minimum of ooe year of definite cxposwee (Table 7), or 2 combination of defisite or probeble

exposure (Table §).
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Muumwoﬁuﬂmw“umdmm
Sver, kadney, of fron cirhosis of the liver (Table 4-8). I the definite PROA exposure subcoboet
only ome death from prostate cancer was observed (077 expecind). Five deaths from prosuse
Sancer were obderved in the probable PROA exposere grocp (5.8 expected), and snother 2
obsrrved i the non-exposed sud<codort (6.8 expected) Only one cances of the liver was

muumumwmmm.mmummm
minimum of cse year of exposure did nox alier the sesulis,

Ovenall, nonmaligrant causes of death & not exceed thar expected in Minnesota. Desths feoen . -
cercbrovascular disease (CVD) &d eaceed the number of expecied i the definite PFOA exposed
cobort, S obwerved and 194 expected (SMR=2.58, 95% C1 0.84-6.03). Deaths from CVD were -
oot elevated in S rest of Re cobort Theee CVD deaths ocourred in the schoobort with definie
exposure for &t least one yoar, where (.89 deaths were expocted (SMR 3,36, 95% Cl=0 66,
9.82). 1t is plausitie Bat the coding of CVD deaths varies by region, wheee 3 CVD death is an
Older penon may e seported as “Nasera! Causes™ on the death cerificane, which would receive a
Mmmmromommumm-mmwmmm
mortality rates. The rescits were ementially the wase.

nmmmmmammusmmummm
sub-cobort were stratified by durstion of employment in PROA exposed jods (Table 9), aad
expodure weighted time of employmess (Tabde 10). In the exposece-weighted time of

employmers weights of 0, | and 3 were assigned respecti vely % the non-exposed, peobabie

i
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FFOA exgosed, srdd definite PPOA exposed jobs i the work historses. The weighted time of
exposure was derived by multiplying the duration of employmest in the exposed jobs, in days,
by the weighting factor. The ressits for the years of employment ia PROA exposed jobs &4 not
sevedl a dose-sesponse relaionship berween PROA exposure and the risk of CVD; however, &e
SMR for high PFOA exposere for five or more years was 6.9 (95% Cl = 1.39.20.24). Thia,
however, was bssed on only three cases, snd no deaths from CVD occurred among workens with
ten or more years in high PROA jobs (Table 9). The weighted exposure analysis, which laciudes
mformation from the wockers with probable exposuse 10 PROA indicated that the foceochemical
axposed workers wish loss than 10,000 exposure days exgesieaced fewer than expected deaths
from CVD. The SMR for hose with 10,000 or more exposeee days was 3 32 (95% Cl=0.49.
§.4%). An exposare duys valoe of 10,000 equates 10 27 yoars of exposice in pecbable PPOA
expoked jobs or 9 years in definiie PROA exposed jobs.

The nuzsber of deaths from traumeatic injunies was less than expected for the essire cohoet,
m.mmmdmaum-uwyhmuuwwm
cohor. Five of the s viclent deaths were suicides (2.1 expected, SMR 2.3, 9% Cle0.76-5.45)
(Table 4).

12
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Discusyion

This spdated moctlity study evaluated the monalicy expersence of workers with at least ome year
of exployzaest ot the IM Cottage Grove facility, with specific aneetion to exposare to PEOA.
No excems mortality was observed for maliprant neoplasms o for all causes of deach. There wese
madeat elevations in Ge rak of death from cesebrovascular Sucase and deadhs due 1o viokece in
the hagher PROA exposed workars, bet these reaulis see based oo very fow cases.

Some hestations mast be conuidered when incerpretisg the resuls of this moralny analyss.
Althoegh several mathods of follow-up were employed 10 mcentats deaths in Sis cobor, the
posstdiiny remars that soeme deaths were ot accounted for in the enalysis. A death cersificate
was not obtased for seventeen known decedents; thus they were 2ot included in e cavsr
spocific death analysia. The extent 10 which these hmitatsons would affect the results is
niowa, however most of the misung death certficates were in the noneaposed sub-cobort -
Another limntation of this szady is ©e Jack of employee specific exposcee dats for PROA and
other Nucrochemicals. The determination of potential expossrs 1 these compounds was made
uuing all available informuation froes work histoties and eapert inpat from veteran workery and -
plant indusinal bypemus Neverheless, some mesclassification of exposure was likely.
Maisaenance and other mobue workers 2ot specifically identified as definnely PFOA exposed
workers may have routmely entered the PFOA exposed sites, ad 4 few worken assigned to the
PROA eapossos areas may not have spest much tme in those areas. The extent 1o which this
misciassification oocursed and the anendant effects oo the study resslts remain usknows.

This study differs from the analyxis published by Oliland and Masdei™ by e study inclusion
cnferia and te expossrs definition. The earlier saady requured six moeths of cummalative
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employment for inchasion, while Se current stody required one year. The change wis made
peimanly 1o exclide the relasvely large tomber of hort-term werkers Workens who Jeft ater
ocaly sx montha on e job were likely 1o have different underlying ik factors hanm e long-
termm workers. The Gulliland and Masde! ssalysls limited the expodure assignmest 1o Chermical
Divissca/Nea-Obemacal Divitios sod ssssmed doration of employmmest in the chemical division
eguated with exposure 16 PROA. The cusress analyses was dfiven by moee recent toxscolopesd
evalustions of the compound, end specifically categorizes PROA exposure aa definite and
peobeble within the Chermpcal Division as enly cemain areas and tasks withia e Chesical
Division would have Jod 1o Righ eapossre 10 PFOA. . Another difference of noee betwees e two
analyses is e inclusion of 169 additiosal cohort members im the current stady that, sccordag 10
available eczployment data. were e2 pble for both studies

T?;mmdudmﬁhbybmbhm:uw“m
Ssease. The previous ssalysis identified 6 cases of prostate caacer, four Of whick were i the
Ohesncal Dvvinon. The current soalyss identified eight cases of prostase canter, one ia e
definne PFOA cxposure groep snd five in e peodadle PFOA exposses growp, In neither of he
erposure groups did the mamber of prostete cancer deaths excoed the crpected number, Ose case
of prostate cencer identified 1n the previous sady wis nor iscluded in the carrent analysis
because the worker &id sot meet the Ose- year mirsmum employment criters

Although Gilliland and Mandel considered s sssocistion between FFOA cxpoture snd prostate
cancer as beclogcaily plassible based oo the animal snd buman data.”" ¥ sibseqoent ressarch,"

¢
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25 well & O prosest study fiandings would argue thal, & Ses e, there (s not an assocition
observed in thas workforse

The result for cerebeovacular Sineans (s difficult 10 interpoet. There were 13 CVD deaths i e
previous analysts sod 16 10 the carreet study. There was no excess of CVD deahs {n e noo-
exposed group or the probable PFOA expossse group. In fact the SMRs were well below 10,
There was 22t s apperent dose-Tesponss celationship, however such an enalysis was haspersd
by the celazvely few cases available 10 ssalyze. The lack of an association in the probable-PFOA
CXApOsIre Froup and the sbience of a chazge by uning B Jacal counties as a reference suggest
that this is not an enifact of death centificate coding. CVD may be relsted to Ide style facton
including smolong. It is soteworthy tat the SMRs for all heart Sscase (1.08) 3nd lung cancer
(1.17) were at or above usity in the PFOA exposed sub-<cobort. These dissases may be markers
for smolong relaced iness. Heart disease and CVD are almost always below usity in
epdempolopss swadies of chemucal workers. Thesefore, these SMRs repaned in the defisite
PFOA exposses grocp are unexpected  The observed assocation may be doe 10 some
cccspational exposure 3 the Cottage Geove facility. sithosgh there i 8o biologically plassitie
mechanism idescfied At this time & cacnal ansociation camaot be drawn between exposere 1o
FPOA and deats from cersbrovascilar Sacase.

The abience of measurable adverse beakh effects from PPOA exposure was alio reponed {8

exrlier studiet on this popslation. PFOA exposure did not alter ciculating levels of reprodxtive
hoemeonos ™ and & study of (he effects of PFOA on markers of lver function &d not detect frank

hepatoton effect '™

i3
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Recommendations

There doas not appear 10 be a clear association betwees exploymest at the Cottage Grove plast
snd risk of mortabity feoes cancer cr oher causer. Howeves, doe 10 Se previous observation of 2n
23301000 Witk prosiate cancer, the apperent excess occurrence of deach from cereboovascular
Saease, ard the evolving understanding of the jonicology of PROA, contirued monality fellow-
ep of thia cobhort §s warramad.
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Table 1. Chanactesistics of 3M employess with ose or mors yean of employmest st Comage

Grove.
Definas  Prodable
PROA PPOA ‘
Toml 92 1685 1815 1992
Gender
M 452(92%)  IISTOIOM)  I344(74%) 3183 (5OW)
F W(E%)  29EUTW)  ANR6W) 50D (20W)
Mesn age #t followep  $2.0 $74 50 %6
Mediss age ot follow.up 506 573 576 §10
Meae year at urth 1944 193 1938
Median yesr & birth 1946 1938 1934 199
Mean years & OG 166 145 86 121
Modisn years 3t CG 142 107 as 72
Perscn yeans of follow-up 10703 4295 a0 108198
Deachs 40 287 _—- «r

& Ever employed i= job with definnte (high) PFOA expossee

B Eves employed in a job with peobable to other fusrochemicals including Jow PROA expossce,
dut never in & job wath definite expossre.

¢ Primardly noe-Chemical Division.

9
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Tadle 2. Charactenstics of Contage Geove workers with definite PROA expossre and definne or
probable PFOA exposcre for & minimum of toe year

Definite Definite or Probable
JEQAciporses”  PROAcipompe® =~
Total 182 1673
Deacts " 219
Perscn yean 97 41457
Gender
M 168 (2%) 1442 (B5%)
¥ 14 (4%) 231 (14%)
Mean age &t follow-p 5 56
Mean year of tisth 1943 1940
Mesn years ot Costage Grove 178 157
Mesn yesi of exposgee. 2 94

& Definne (high) PRFOA exposace for ot Jeast one yeae.

& Delinite or Prebable PFOA oc other fiuorochemmicall exposure foe ot Jeait one year. Inclodes
workers who accrued ooe year of exposare with defisize and probabie jots comtrined
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Table 3. Cause specific deaths and standandzed mestality ratios for selected casses of death for

all Cotage Grove employees.
Cale
All Deaths 607 71513 0AS 07092
Cancens
All Maligrars Neoplasma 1m 20396 03¢ OMNO98
Boccal Cavity and Pharyss 2 416 048 006174
Digestive Ovgans and Pentonsum a 20.38 083 060113
Esophages 3 54 056 012164
Suommach 4 6.3) 063 o0&
Large lasesnee 19 1818 14 0618
Rectom 2 in 051 006184
Siltary Passages and Liver Primary i 443 023 001125
Pascema 12 1078 LIl 05T
All Ocher Digestive ! 1.40 om0y
Resgersiory System % 6144 09! 08118
2 150 L1t oay02
Bronches, Teaches, Lusg 2 897 050 067118
Breast 6 £60 070 . 0235152
Female Reproductive 3 523 057 01108
Male Reproductive 9 27 0683 O
Prostage 8 1341 060 026118
Teatis and Other Mals Gexstal Organs 1 0.86 L6 003647
Uninary Organs 8 5.50 081 03\
Kideey 3 6.06 049 010145
Bladder and Onder Usinary Organs S 183 131 042308
Maligaaot Melanoesa of Sian 4 324 124 0M316
All Lympbatic and Hematoposetic Tissoe 18 Ba7 077 045121
Noscmaligzart cages
Cerebrovascelar Discase 26 3591 072 047106
All Heart Dyscase 195 23449 083 0724096
Noamal gnant Respeatory Discas » 4592 063 0424091
Certhosss of Liver 1 1833 07T 038137 -
Nephoitis and Nepheosis 3 12 048 006175
Accideots 2 4632 069 047058
Maotor Vehicle Accidents 19 208 086 0352134
AR Other Accidensy 3 W 04 030"
Viclesce 17 2245 0% 044121
Swicides 13 1E23 0N 022
flomucides 3 222 095 026243
a
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Tadie 4, Cause specific deaths and standardized moraliny natos for sclectod casses of death for
Cozage Grove employees ever emxpioyed in jobs wid definite PFOA exposare.

Cauise Otserved  Fapected SMR 3%l
All Deaths 46 5014 o9 o6
Cansers
All Maligrass Neoplasres i 1399 080 040143
Baccal Cavity and Pharyna 0 o 000 000-11.81
Dipestive Organs snd Peritoneum 3 £ ) 087 018255
Faophagus 0 042 000 000836
Stomach 0 0.42 000 000335
Large Inteauice 2 1.2 167 020602
Rectum 0 026 000 0001397
Boliery Passages and Liver Primary 0 0.30 000 0001212
Pancreaa 1 0.75 1 00 &2
All Oher Digeative 0 009 000 0004054
Respiratory Sysem s 445 112 036263
Lacysx 0 0.33 00 0002797
Bronchus, Trachea, Long s 426 117 038aM
Breast 0 0.1 000 0002031
Female Reproductive o 009 000 0004065
Male Repeoductive [ 088 117 003451
Prostate ! om 13 00312
Testis and Other Male Genizal Organs = (e ] 000 0004500
Urinary Organs ' 0 omn 000 0008522
Kidey ] 047 000 000TR2
Bladder and O2er Usirary Organa o 023 000 Q001572
Maligeara Melanomas of Skin [v] 030 000 0001227
All Lymphatic sed Hematopoietic Tusoe 0 1.7 000 000217
NOD-MALZNANT Sadics
Careteovasculsr Discase b} 1% 258 Oms00
All Heart Disense n 1569 108 063173
Notexaligrast Respiratory Duscase } 5 03 001216
Curhosis of Liver 0 118 000 0QO0314¢
Nephritss aad Nephrosis 0 023 000 000601
Accideras b 4 1M 0M24
Metoe Vehicle Accidents 2 143 08 oOloaw
All Other Accidents 3 235 128 02637
Violence 6 164 227 0E349S
Suictdes 5 114 233 0763545
_ Homicdes 1 049 203 0081123
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Jobe with definite PFOA exposure.
o -
All Deanra 27 347 085 0975096
Caxen
All Mahignent Neoplasma 0 $0.13 0 07110
Buccal Cavity and Pharyrx 1 1 85 05« 001300
Drgeative Organs and Pernoneum 19 246 085 o0sla%
Esophagus i 240 042 o012%2
Swemach i 278 03 001200
Larpe Imestine $ (4} 0% 0430M
Rectum 2 174 LIS 0le4)S
Biliary Passages and Liver Primary } 199 0% 00120
Pancreas 6 L 124 045270
All Other Digestive 0 Q6] 000 Q00400
Respurstory Sysiem % 2748 095 0862139
Larynx ! 050 123 00349
Broochas, Traches, Lung bl %5 098 061,140
Bream 2 358 0% 007202
Female Reprodoctve 2 n 050 011326
Male Reproductve 6 615 0% 036212
Prostate S 578 08 028302
Testis and Ofher Malke Genutal Organs 1 03 275 00715
Uninary Organs 3 438 068 014200
Kidney 2 % 0% 009267
Bladder and Other Unnary Organs | 1568 05 00233
Makgnam Melancens of Sken 2 1AL 142 01241
All Lymphatic ané Hemanopotetic Tissse ¥ 104 077 01N
Noo-malgneol saucs
Cerebrovascular Disease 10 1570 06 0X0-117
All Heamt Disease L 10404 078 o080,
Nonmaligrant Resplranory Discase 12 017 080 0311
Clrshoats of Liver é 6.35 095 035206
Nephnitis aad Nephrosis ! L7 05 001310
Accidents 16 198 031 04613
Motor Vehicle Accidents 12 03% 128 0s62D)
All Other Accidents K 1048 038 01009
Viclence [ 935 083 039y
Ssicadas 6 m 077 0280468
~amiites 2 J28. 000 000200
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Table 6. Cause specific deathy and wandardized mortality ratios for selocted causos of deah for
Cotiage Geove employoes never exposed 10 PFOA or other fluorochemscals (soa-chesmical

divisaon).
Cause
Al Deathy 254 M4 O 0%%0%
Cameny
All Malignaar Neoplauss 8l %17 0B 065103
Boceal Cavity and Pharymx 1 1% 051 o0am
Digestive Organs and Pesionecn 20 MoS 083 0514128
Esophagus 2 249 0% 0J02%
Stomach 3 I 0% 0202388
Large lstemae 9 £74 100 047196
Rectom 0 138 000 00019
Biliary Passages ead Liver Primary 0 211 Q00 000178
Pancreas 3 312 0% 032228
All Oer Digestive i 067 149 004526
Respiratory System 25 MIE OB 0SS
Lasysx 1 08S 1LI18 003469
Beoachus, Trachea, Lurg 23 230 o o520
Breas: 4 47 08 023213
Femele Repeoductive | 28] 036 001198
Male Reprodecnve b 7219 0328 o00M00
Prosuste 2 652 029 004106
Teatis and Oher Male Genital Orgara 0 036 000 0001012
Unsary Organs S 47 106 034247
1 254 035 00196
Bladder snd Other Orgams ® 18 211 058540
Makpnant Melsnoma of Skas 2 148 138 01648
All Lymphatic and Hesatopictic Tiswee i0 1110 0% 043166
Non- saliman ceiset
Cesebrovasculsr Distase 1 1821 060 0108
All Heant Dhscase 103 14 0% 073109
Noamaligrast Respirmory Disease 17 PEN )| O™ 04118
Cierhonis of Liver 6 674 o0 032.0%
Nephritiy and Nephrosis 1 210 04 001264
Accidents 17 2071 o052 04813
Motor Vedicle Accidents 10 964 14 050191
All Other Accidents 7 1no7 o8 02%1%
Vicieace ¢ 987 06l o022a%
Suicades 2 804 03 00309
_Hemicde B 1829 060560
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Table 7. mmwmmhm’mm with a

Caase.
All Deaths 17 22 0% 0441
Caacen
All Mahgnant Necplasrma 4 63 063 01%aM
Digestive Organs and Perilonesms | 1.59 0863 002348
Esopbagus 0 0.2 000 GO00-1887
Swenach 0 01y 000 Q001933
Lasge Imestine 1 0% 199 005954
Restum 0 012 000 000322
Bilary Passages snd Liver Prumary 0 014 000 0002638
0 035 000 000-1067
All Ocher Digestive 0 o 000 0008575
Respirstory Sysiess ] 09 045 001266
Bromchus, Trachea, Lung | 208 050 oo0IaMm
All Other Respirstory 0 002 000 000.16098
Breast 0 o 000 0.00-5186
Prostase 1 03s 263 0071482
Usindry Orpans 0 032 000 0001139
Kodney 0 ol 000 000177
Bladder and Other Urinary Orgams 0 ol 000 0003312
Melanoma of Siun 0 012 000 0002999
Thyroid snd Other Endocrine Glands 0 om 000 0.00.155%
Al Lymphatic and Hematopoietsc Tissue 0 075 000 0004%0
Ceredeovascclar Doscase 3 0%9 313 o058
All Heart Dissase 7 723 096 039198
Ocher Noamalignant Respiratory Q 070 000 000530
Cirtosis of Liver 0 052 000 000711
Accxdonta H 174 058 00130
Moter Vehicle Acciderts [v] 054 000 00044l
Al Other Accidents i 050 LIl 0006109
Violente 2 0o 21 026775
Suscides 2 0% 262 032548
Homicides 1 o1 000 O00-2207
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mammmmmhmmwm.
mEsiesum of eoe year of eaployment in a job with definite or yrobable PFOA".

Cane
All Deaths 21% 74306 080 07009
Qanseny
All Maligrant Neoplasees 68 7733 088 06811
Digestive Orgass snd Peritoneum 2 1940 108 067148
Esophagus i 116 046 001257
Stomach l 142 04 00129
Large laterane 10 691 145 0652466
Recvar 2 L5 12 016478
Bilisry Passapes and Liver Primary | ) 0% 0013
Pancreas 6 an 144 0353303
All Ocher Drgestive 0 052 000 000.706
System n 2420 098 060143
Bronches, Trachea, Lang Pl an 095 059143
Breast 0 209 000 000177
Prostate 6 519 1.16 042.252
Urinary Organs 2 jss 052 00618
Kidaey 1 241 042 00123
Bladder and Oher Unnary Organs 1 147 048 0021
Malignam Melasoma of Skon 2 130 154 0195358
Thyreid and Other Exdocrine Glands 0 028 000 00010
All Lymphatic sad Hesanopcsetic Tissoe 4 903 044 0.12.1.13
Nooinaliznare cawses
Cesebrovasculsr Discase 8 1303 088 04218
All Heart Disease 64 0 %0 078 058084
Noamaligsast Respiratory Discase L 1709 035 0.130%
Cirrhosis of Liver 4 569 070 019%1%
Accidens v 8] 1875 069 037119
Mosor Vehicle Accadents 19 895 112 053206
All Other Accidents 3 930 031 00509
Viclence ) 935 075 0300
Suicrdes 7 762 092 037.1.%
~temicdes 2 134

000 000213
x Inchades workers who sécrued one year of exposure with defirste and probable jobs combined.
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Table 9. Observed and expocted deaths from cerebrovasculer dsease with SMRs and 95% CI by
years of exployment in jobe with definite PFOA expoture.

Yool PROAR s OBS  EXP SME 938 Cl

<1 2 105 191 022491

1<8 0 046 000 0.0-402
<10 3 019 1503 3024391

* 10 0 023 00 00-1517
Totd - L2 Ash__ 083600

"
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Table 10 Observed and expected deaths from cersbrovaacelar disease with SMRs and 94% C1

by cumeulative exposure.

Watghied Exposure® QRS EXF _ __SMR__9S%Cl
»0.2459 ¥ 947 0.5 0361.63
25004959 2 180 071 008258
S000.7499 1 an 0.43 001-240
75005999 0 1.76 000 0208
10000-& Over < 121 AN 089846
JTatal A5 125 0N 042139

a: Durstios of employment (days)*exposare weighting factor,
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