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February 20 . 20;)8

Via Hand Delivery

3M Document Control Offic e
Docket AR-22 6
EPA Last Building . Room 6428
1201 Constitution Ave- N.W .
Washington. IX' 20460
Phone: 202-564-893 0

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

Re : Information on Perfluorooctane Sulfonate, Pertluorooctanoic Acid, and Related
Compound s

Dear Mr . Krasnic :

This continues 3M's voluntary submissions of data on lx :rlluorooctane sulfomatc (PFOS),
perfluorooctanoic acid (P1=OA), and related compounds . We are enclosing a CD which contains
PDF copies of the following :

• 13 .M_ Elcombe, "4-Week Study to Investigate Perfluorotwtane Sulfonate
( P1'OS)-lnduccd I icpatome6al}• in Male Sprague I)awlev Rats ." CXR
13iosciences, February 8, 2008-

• Stump, et . al ., "An Oral (Gavage) Developmental Neurotoxicity and Thyroid
Function Study of M"I'D1D 208 (PFOS) in Rats." «'IL Research Laboratories,
January 10, 2008 .

• Krueger, et . al ., "PFOS : A Survival and Growth Sediment Toxicity Test with
C'hironomus lenlans using Spiked Sediment, Final Report," Wildlife
International Ltd ., November 27, 2007, along with robust summary of the
study .

• Lundin, Jessica and Bruce H . Alexander- "Mortality of Employees of an
Ammonium Perfluoroocaanoate Production Facilitv," Division of

1=nvironmcntal 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-ethylperftuorooetane
sutfonamidoethanol . The test substance is correctly identified as N-methylperfluorooctane
suifonarnidoethanol in the submission of the same study at AR226-1030a 075 .

Please feel free to contact me with any questions .

Ve ry truly yours,

/, 4"""""~ ✓ U~'N~

Michael A. Santoro
Director of Environmental Health
Safety and Regulato ry Affairs
3M Center, Building 236-IB-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)
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Final Repor t

Mortality, of Employecs of an Ammonium
11crnuorvoctanuate Production Facility

Jessica 1 . Lundlit .,MPH

Bruce H AIcxarlcr, t'i;D
Associatc Professor

Principal lnve,;fi .r,amr

Division of [?nt-ironn?c-ntai H: afih Cc.icnccs
University of ~1inr?eec ta, ~rhrx~) of Put,hc ( Ie.alti?

~1u~usl 2 :' . 'UU'
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Executive Suriiinar )

t3ackgruuuil : Tic :s rc}h)rt ~1fL'sc : ;a the results u( a iuhutt ; :tvt :u!it y study uf aurk u rs rnnplcjc A

at t' : : 3 N1 w ;urroW un: Prr!lnnmoc :anratc {APFOl pturIuctivfr latilitti itr Cutt :,~e Cirv-~r

`;ttnnusnl ; ; . TO t ;ut pn=e o f this stttk Was ti~ ~tian :in, possfblr a:,sscrattutt~ between v.u :kitt~ ill

jobs 1,v tth ~ arl-in~ r~vo~u[e to A .PFU And specific causcs of death .

m ethods : Hie study population included all emplnyc:es of the ('nrta ge ( irrn•e Cacillvv with -4

minimum of 3 G5 days of cumulative employment piior to 1997 The population was :61to wed

finFn the tin~c: the•~ ctntere~I thi• Kvrk :c~rce ttuou`h 2Ctt~? Cfn~r.rl~~ in~ cnrf cr:ntr itiutin~~ :ru~r ; •_,1

!c .ith were obtained Ircmt the National Death Itultcx arid ctr..,tl [

Work hss?nry records were used to detetntinc p otential APFO exposure . Each job lick was

:essi,,nc:.d to one of three czposurc catc gurin , [cou eal>u~r.l, 1xu6aE[te rtPFO expusu[e, arid

cfCl :t„t ;: :1PF0 exposure ► ' xpo t'!re categories wcrc tnittatly :,s :ahllshcd based on duration of

cnthloyt-ne trt ir. of thrsc• jnhs The cohort rncn;hcrs \rerc clas,thed as cvcr or never hxvrn . ; a

:oh wcch pruL ab le c:xpuswre . Prnnahlc or dcfirnte exposure or for a minimum pcnod of-time in

tltuse job cutegorbs To estimate cumulative cxposurc a wetghtcd cumulati ve cxpositr-- model

was constructed by multiplying the duration of employment by an exposure weight of 'l for non

ctposcd, -)0 for p[ub;,ble exposure and 100 for definite cxposurc . The w;.it;ltts, thou g,h snn,ewhat

arbitrary, reflect differences in binln g ir.al monito .*int, o f the jobs anci cnnsicier the Ion,,! half=lifr

ot ' lhc eh .:n :ical . The currnulati 'V e e.Ylxocure; were then cate Y0 ri 7 erj as c=tint :=tc~ equivalent to lc-'s

than one . l}t?C ti? t'• u arid mote than five y C?r s ot t'ni(ll nyTtt:rlt in high exposure jobs

I
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S:2.ndardrZtd mortality ratios ( SIt`1R) u•Ctr z~tiu+4.rd fu+ all k_ aus: and cause specific mortalily

ust :t i., morl ; rlity rate s from the g es+rnsl population ul N tsr+rse,:ota a~ :cfeses,ce . SR1R rssim :at :>s

,-,,.:re made for thc ;uh-cohor?s ever exposed to :1PFQ, by r~_Jwsittr :. :+tr ~ :: ry . :iud for ~+tsinirr?+trn

o t <znC year ul'exhostsr e

"I irnr dependent C v>. regression model ; %%'r-T(' used CO estimate the risk OF 5pcei~tc causcs of ucath

us 1 +11~,, an r n tc rn :d r :fc•retit po},ulatr ci r•. Rrsks were estimated for working in a definite exposure Iob

for a nnntmurn ul' b rs+onth, ( hit ! h e-x pnsure) and e ver ►n a{oh with probable exposure or a job

with clerintte cxpo s ure for less than 6 months (moderate cxpnsure) in cornj~artson (n those who

nrves held a job w ith definite vi provable exposure (low cxposure . A similar time dependent

ar.x'ysi5 fO r ,. un:ulattve c;~posure used weighted estitttates euui v t.tles+t to le ~, ; than onc, one to fivr

and rn,-ii :r tha n fil : ycsrs in a .10b v. it1s dc:finitc shus,.irr a11 ruudrls ~ti~sr. ; rc{j ;r,tr.cl fc+s sr .x . l+irtl +

y ear o f eli shthtv . u•a s_, c type ( salar V , hourly or both)_ : uirl all ;-t tiis : .ftr ul ss :wkisr~ Isubit .

Causes of death ot' rrrrrnrr interest were li ver, pancreatic and testicular cancer and cirthusis of

the liver based on .,nim:+! tn veoloc;tcal data, and prostate cancer and cerebru v t:scular disease

Irnltl prior ttnal,;srs o t t}}te coho rt .

Results : I here w -_r~ 3993, Fi+ ~.+hle w•ori ;ers . and 907 deaths . in the coho rt . ! he 5 .M It for all

c :it+ecs of death w as U .S (9 5 ".%, Cl f+• 7 _ 0 .9) and 0 .9 ( 95% ( 'l=t] .n-l -t ;) for malrr■nant causes of

dcath . No tnafi~srsrsss or non -rnah4nant causes of'death had sr5mrticrntly elevated far any

exposure classiftc :+tinn, however the members of the non-exposed cohort had significantly

reduced mUttalit~ due t o prost :tse cancer ( :ti N1R=0 .4 . 9-S ; -D' CT=0 1-l) 9) . ce rc:hrnva .ceul :jr disease

tSM R=f) .> .'s, C[ t) .?- ;) S) . and ischemi heart disease (SMR=Ci 7_ 95°.' . Cl=+_i ; 0 $1 The
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m : :mhcrs of We uohot t :,: ill[ definite cxposrrrr c9iri haw Irnv :•r than rxpeclrd i_ : . of clrallr t ;vtcr

r~citen?tc heart cli,casc . but not pronatr' ranccr (tiLiR =' 1, 9101 CI - ti 4 t'r It, i . ; urefrcrrascular

cilsc?..sc (Sl'llt- f .Ci, 9511o CI 0 j 3 .7 )

Thr nme dependent analysis using the inteunal referent population produced It :izard ratio s

in . trrat,*, .~, an associatton with :1PF(? rxpusurr and prv~,tate cancer and ccrct-,rcvascnlar ;tisra~e

"l hn ;r- with hTh or t ;iod.ratc exposure had an clcr ;ttcd risk of dvme from cerehrovascula r

cir :r :r .~ (I IR =5. I_ MRS Cl = 1,4-18 6 and HR- 2 .1, (1 = 1 .0-4 .6, respectively) ard prns'. : tr-

r,rnrer(iiR='% .i ;_ 9551 Cl = 1 . 2-42.' and HK 3.U.0`~e CI =(t .,',,.-I 1 .0 . respccti%•c{ti'} . "I-hehisthcYa

cunwcl .invc exposure score was associated with at elevated risk of dying from cci-chro-vascular

disease (HR=' .<t ; 9512 ('1- l .1-1 .>) and prostate canccr (HR-3 .K, 95",6 Uf--I '_, ? ^) Whet :

,tr :ttified by ~~a<<c type similar associations were observed for prostate cancer and

:arreEr ►ot•ascu[ :+r disrase. I .agnln ;, exposures by 10 years : ;tcle little or no difTctcrrcr ill lltr

ha/and ratio estiniates

Conclusion : AF'FU exposed vvor Lets did nut Ita~r an elevated risk of death \ti•her compared to

the poput :!t :on of thy stale of Knnw;ut ;r . huwnvr %i'lrirt the cohort risk of death from prostate

cancer ard cerrE-rovasca ;' .ir disease was r.le.vatel} Or workers with higher rstunzttcd exposure .

',tt ;tpNtin_ tlte some what ccaurariirtnrv results reqAres caution and consideration of scvcrai

:r ;~rrnpt :ura :f priori causes of death selected based on animal tusiculogv studics, li ver ,

p :ri, reatte and testicular cancer and cirrhosi~- of the liver . were not observed In he 3sencizctcd

with AN`() ;;xposurc .

~
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Introduction

lrntnnntutrl ['crat:~,t~,ort : rv :~tr, ( .~PFO. (.'i :(('1 ,j{.('{)~ ~li ;') is a thcnnally s :ablc

;~*ttlr, tit: s.tsrtacta :-it,.tihich is resistant to a large variety of'chernicals, and resistant to

tlc-r :lrtation . These unique ptoprrties, led to its usc in. industrial app'.tcations, as wclI as ist t: se as

all ir-redic-nt in consumer products ;trr.h as non-,lick coatini-c for cookware . clothin- .

:tuivtuotivc products . and paptt wati ►rgs (sandwich wtappers, popconi bags, eic) for oil and

rnotslurc resistanct' ( I) . in the presence of biologic ntedia, APFO dissociateti to

pertluoroocta :rc+ic acid (PFOA, (-T,((:t-,)6COOH ;) . an anion of Al-TO . .APFO was produced at

the 3itt iaci'iiv Cnita L~c GrOw, Minnesota from 1947 unt i l the year -1000 .

1. : ► bur :.ito : .• 5t111iics have shown 1'rOA to be ahsorbcd throuLh inhalation, Invc,lit?rr, and

r;cr.-rial coa . .ict and is tlistrihnted in he liver and in the blood with notablc gender tllffirenccs

b,,.'spce ;i~! :s (2) . PFOA is metabolically tnert ; i' rs not Mntransfhrmeri or contu :'atc,i an d

;v~ r-lin•inatcd primarily thruu-li urine and fer .r:r (2 )

Biological trrunitorin ; data indicate that occupational cxposnres to A('IY? r;

nra~~ :it :~ctnnnL workers result in median setvni PFOA Iew•Is in the range nl 0 't in S :•' p .- ;.Ti' . hr.r

niillion ('rrin), dcncnd:ng on the work area (3) . The genera l. population has been shown to ;l,ive

ave.ra,,c sera 1°l- OA colrcLttttations of 5 parts per billion (ppb)(4, 5) . A comparisons of banked

scram lron-i community base samples sItowrd all increase in serum cot,ccsrtratio :ts bet~~eei . 1974

and 1989. hnt no significant c;lt :ut i-,t_ between 19S9 and _'n01(G) . PrClinti,taty dicta suK.xest tlt~;t the

lx)p:rlation elhnsnre has decreased following the phasc out of the production of ihrse n :uterial s

PF(f A !s a percltsomc pTohjcrator with Licit t,~narated AI Cects in laboratory aniniuk .

;tnint :rl ,► iidies hatc s :1u :vn cheers on thc livcr, a_ruph;• of l,rnphvid tissues (Splc•cn and lyrnpli

iwdc:-,) . henurn hehatocetlttlar trunclrs, . panereatic a;,an :rr coil turnors . and testicular levdig ;.e . :

~
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ttln7[irs ( ) ) % h[c k i a tls mortalit v study'O l tlas cohort have shown an assow r_t, on "'!Ih working in

tftc citcrnicj dh ision of or a l'f'O manutactunn p laci ;ltY and dying Mn r r,,et,lrn ianwQ ), and

;! It"1t~~ltl:li : :I1 :l~'i'S :~ Itlt'IIT~'i~'[' : 1 r?~11 :'1?11?~ Sti1~-1t :1iltl[11' l4'lth hr +, APF() dc-ill ., Flo m

;'r rchro t , :scula r ditic:a; {91 . Thr purpose of 0 is snicay " ith in qY,,t^d n lortsllt , Ell W" -u p a u~

it-) Itlrihcr evaluate potential associations bctwcen occupational APFO c ..po,, utc,r,ncl savcitic

[ ..3ttset Of death in this Luhutl .

6
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letiroci~

tLIC:\_ t'U t1t1 :,Sl~lT i

The protocol for this study was reviewed and approved by the [.%ni-,•rrsity c,f Minttrsuta

Ir~stitutiotial Review Rnard . This cx:cupatiurtal c;uhurt of workers at the AYt-0 pi(Auctioir plant

in t :ottay :: Gro%,t•, Minnesota ir,cludcd all workers with one vcar (365 days! of curr ► utativc

rnniE,~~rn ; : : t,'Ct~vccr, the rl ;itta of January 1 . 194 3 and fJcccrnhcr Si . 1 91)' .' . Cohen nicniber s

c ;tL.ibtlitv critena were Inl!,nred until either l)ceemher )1 . 2t)tt'41 or their date of death

'I!)- human resource rccords of r, l) t':I w ihic crnhlm~ee ; ~~:cre ah~tra,~t r1 for :`?em t' , :*r :r piiir

infornnatinn, including the worker's name, social security number . employer identification

r,umher, dale of htrth, and details of work history . The latter included Job specific ;tltit and cud

department c.odcs . -mid job class+lications . Demographic in1•ot ttrati0u and vital stUtuh was

I?11" ;1_ :.nc!iau t :, +'Irtlit re t~r,rtin~ :iven~ yl :Irnl the Social SrL .trritv :lrlnrirtistrati<m

service for cptde?n?ologic rutieart ;lr Studies .

1)e tc;nr i itation of Vitai `iialus

Vital record searches were pcrior:ned for all cohort members not employed hv the

company on DC'C^=nher 11 . ZUU:_' and who had not been identified as deceased in Pre,.-otts stutir~.~.

J) . Vital srattrc, of these cohort rncnthcr< was determined through the -Natto- ;3t t)cath fnde x

(-.\,Dl ) . All polcnti,at matches from the Ni)I search were reviewed by hand to ensure a vali d

m atch . The underlyinh and cnntrihnttnL~. cause nf"death was obtained from \()t Plus frx deaths

:A ter l9-71) 'Dr, ;rnc certificates :t-ere obtained 1or decedents who died prior to 1979 an d

coded by a t-r.rtifird nn~~lnr!st fOrCatt.~es ol'r~eath in the International ( l :?ssititntirn r,` f~i~e :r~.c

t li'U! r•v,sivn in effect at the time of death if a death certificate could not he found for in NC31
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Wentltll'V dc:Cc'lle :tt . we Indl`.-Irllllt C.311Ce nt dCarh vas ciaCCltlCi{ in I}le. 'mime va"ren'deal)

I_,C )Q~ItP;; .~s~e5_1 ;ler r t

The eoat of this study was to dc'sctibe cuottal :ty exNe :i :n :e in .elatiul : tu tluurucltcrrtscal

~ .~t~vstrlr kvitf; r :trtlc ;ttar interest in PFOA . Some biuluKic al naunttc}rit~> data arc ak-atlz .blc tnr

rltitw :ecent vcars . howe"r they are insufficicm to fully charactcrizc exposure to workers over

be life of the plant . Therelore . the exposure assessment relied on work htstor y, rrecords and

eYpr>rt t;nnwlede: ot th:. history of Ule :1}']-O rtlanufacturink process to first develop a qualitative

exposure 3cce- .r,smcrlt for cacti job held by the whorl I :Irltibrrs . All pc;r iltturpchem,icat

dtvCinpn-t`_tt' .+Q! l,rsltittc,ton t?ecttrTCd :,7 (]cpiirt111cnts tiffil ►atCCl with the chemical tlrvlS•(ln (-)I [he

I_I :L' St),'C ;!lc :irc'?\ where .4l'Ft) and other per? :lh1r(`Chc'.'"nlcsllc were rrntjncr• d C.1 ;inF!k

ot~r lllv as did he work area rierartmenl codes . thus exposure levels rould not be :-

<tssl ened to " Mrs s based on work history alone To reme•.av .his, the department cuar; vvrrc

rcvtew-cef b•. ye,tt Lo drtelntine the building and division assignzd to each code . The resulting,

lists 4vcrc r t :c~~'ed indlependently by a panel of veteran workers and plant aidwtria l

to delC:rn?t!'t_ !'•'Ilcre tlte }t:'r(lt ;mnc.hentis-al prndnclinn• w the dt--veloplitent of [lie

h; rllucrctrh .rnteal products . took place over the history of the facility . The irldtv ;dual r~:sput :sca

:': c-re satll m ari : ::d and the Fr,,uel met as 3group to discus :<tn ~l ; .>clri~ancic_. and c .mf•tTn the

exrn.ctlre .:sstgnmmnts . The available infurntat ;url per nutted the panel to classtly the jobs m the

wok P,ictorles into three _gcneral cla~.silic:atiurts of ex ;>.>>ure .

C11tinitf-. ,xcttl; .lrio~nal Af'F!) exposure : "l'heselohs were in arnns. where

fl {.w Illation- Ilrti'in`` thll'?~1T1J>, and I'11c.ki3r!ltl o t ,A Pf) n i.ctrrrCd and the woikei would be

C
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c~}~o;•_cl t ;_iP! t) ,~n a r . ',ti . :r ba~i~. I Itc,~ jo :"s also ! .,ud the pole! rt :s! tut 1?i?_1er

~••t},~ , .:rr=:

• f'rohable c,"cupatiorta : :'tPFtl) exposure . These johs were in other chemical dirisron area ;

,yhcrc cxposutc to APFO was possible, but the exposures were considered lower or

transient .

• No (it tnwi :lial occupational AI'FO :xposurc : Thcscjobs were primarily in the non-

chen :ical ci~ i,irnn nfthc plant . ! hCse «ror ::crs may have had the opportunity for some

c>.po,ut : theti- p.lssrr thrn, :-h an cxro,cd area, hut ~vcrc not cxposcd specifically as part

o!-lhcir job . TheY likely hart htnher rxposure, than the !-eneral population due m

cc,nt :rmtnation at tlte "-ork sit e

Hrrr-lfter these ;ob exposure subi:toups will be referred to as definite APFO exposure., probable

r1F'FC) exposurc . and 11011-expn:eti

F>_ .c~stir. . ('Iassiiic3tivtt lot Analysi s

The employees of this Plant cltattged job classifications lteyueutly, tjtus tltey could JIUL b-,,

classified Into dtscreie . mutually exclusive exposure groups that mirrorrc! the job ex-C)Osure

sub~tvups. To arrnTntnodatc the migration between exposure subgroups we incorporated two

appr<r:c•h .s lot ch ;rricten/in.2 At't-O exposure in thc analr•'sis . The primary analysis isbaticd on

c\,cr rtttainit ;0 .1 mtnimum tenure in jobs with probable or dcfini, : exposurc . A secondary

analysis used a cumul :nve exposure model developed to explore a weighted exposure

d1st : tbuttcm ba;ed on duration of emplo}rtent and an assumed exposure intensttv .

t_ ., l"o»-r~ rc hY .l,.h ('1J.c.si rccuiorr . The tnitial analyses explored the mortality experience Ot,

workers ~:<<irp-nerl la` Olaf nf thc: general population nf Mirmesota with respect to their entir e

~1
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14itrl ; ht~a,~r~u ; C~'~I' ~tUri.llt` !Il )ol? ; with (tt"flntle or probable PXOQ~tlrc, ?!?1I17!JT!ttnl Vt UI1C' ye1t

in ci ;,rimtc c~r pri>babt~_ _~.F>os~rrr Jobs . orc,nly wnrkin~ in the non-h x pn~:ed joL, ;. Suhscq : :ently a

more restrnctivc cla ~, si ficati on was developed for an analysis usin g ; n internal tc elerrt population

xhtr.l r.l2r ,t(tetl the ulr•jrt nicn7bc.rs as; I)those working only in ji,lis not exposed t o

fl .rororhem!ca!s {lo w cxrusutel . 2} evet ti,url.itts in z: probable aP170 exposure jub or t;orktn , ~

& lirritc .'lPt'f) c .rr,surc toh for less than 6 months trtlotleratc cxposur::?, or')) crn!llnymc=nt in a

L;i ll'tllc' c').l~i? .\f!rC' t : h t~lr ~~ months or r;torc (hlgil c .r•posurc:l . kntrv into the ti ttCr t~"t) ~d{w'!~Cll'lC S

could occur :if varying potnts in the individuals work htstorv . This model asSUmcs that onrc, a

prtson Is cmplrlycd in a high CYnosllTc Job lor a minimum period ol time or a mntieratc exposure

jul, they reach a t--lreshold where ttlcir risk is diCfcrcnt from individuals ',vorkrna tn y,hF ; without

r!ire,t occupational AN'() cxposurc .

t7r+rruiut!1-c Eipu : :.,irr A model estimating cumulative APFO cxposttte requires that both

fin-ic and tntunsit}- be c:o!sidercd. Biological monitor i!1g data indic :rtc a uel!tarcJtion Of exposure

by lob . l-:mp:uN.1ccs in tl :e type of jobs classified with deficrite exposure had median scram 1'F( )A

levels ranging lror.l 2 .6-5 .2 pNnl . ~xhilc eu ►pluyees in jobs classified with :-irobablc exposure had

!cvcls r :tn,tn_; irctm cl 3-1 .5 pFltn {) ► . The biological Etttll=lile of PFOA s believed to be 11,,' years

i H Y) thus ih -rt-tcr:rr peak exposures may equate to lan~er lCrtu lower vxposurcs over time .

('onttc!errn :~ thew facts, the initial eulnula!11e exposure a ;signcd cXposurc wctpht, oil 'lj, :,nri

! tlti to Ili_ t,me in !oh: :%"th no e .';pvsure, probable r .Kpu _-,trre . and definite exposure The-.e imw-

h• :,, ~vr htin! ! :leters . while somewhat arbitrary, were chosen to reflect the rclattvic eyn,, s,rr e

ttcttsit> !II tt~h~ and lone biological half-life of PFUA . t-or each worker the ~tir.u itrxi exposure

It:vei "vas multiplied by the total daN-s of employment at cacti level (wer-Atcti cxPozt,r ;

lvvct' d :!y., expn5c-~d) . r: hlch provides a time-del7encient c-<rnls : ► re rnc-tr !r The,_utnula :iVe

! (r
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exposure -,vas C .tlc`t ;IZPtI .3r rC17rCst ;ntitt` tllr equivalent of up to o .lC v Car C? 6 .i 09

e~{~osurc J,ry .•) . ~nr to five yCars (3( ; .tii1+'1 tS'- 4 99 cxtrosure day- :;'} arid five or more }•.;,r;

( IN,2 .5,t)t? er posure-rlav,~) o[ct?lplo)•Ytletlt in a job xitll definite rxNt~~ :ntc: R ecause these ;; ei,'hts

:lrc arbitrary ;vr condu :.terl a sensitivity analysis to explore how alteinative weighting schemes

maY at"fcc : the results The c3lrernale weiehtitlg schemes ~~,ere 1,1 0, 50 and 1, 10, 100 . '.+tucll

wOtilA i71t1]tI711%l,' ri)1giatlon of,vnrker ; in ,ohs with probable exposure being classified with the

iti«hcr cxt?osccl individuals

De rrn,ir; :3t ~n o f Smoking Startr~

Smnklnc was a potentially confou]]din g, variable for some diseases nf interest . TO

ch<Ira:tt rirc the sn] oklr.g habit of the cuhutt, the occupational medical records of the cohort

?11L'1Titfrr -, ti:-1e 31?stractcd for lrtfurnlatluli utt tirttc.tt;nt` -,t ;rtlr :; . eve ! ,n]nt:Ctj ie`.u1 .3r1 v " year st311ee 1

;wvhitl~ . <<e :erti the',- smoked, and ci ;arittcs smoked per day. Cull( :] Inrll ;it :~ts w t. :; c'assilie~t by

t?C atll~ t d'1 ' ~lt~i ::rti anC the ax a1l21blllty of the 't'C131115 . Smoking history avalla l le. . tnc-Ara l

av al+.ab l t• but no r-]tnrl? iatton about Snlutcitll- , and nled ical teculd not a vailabl e

i)e :crtttina ► ivn uf SalaTY versus Ho?arl ' Wag

Baseline ~ucio economic status is a likely determinant of mortality from several discascs .

ai~ a prov: nlra-',u! ;' Of sorit;-economic stanls . ,']c cohort members were classified b\• Nva-,c t~1sr

h.i,ed on the i, history is Workers were classlticd as hourly, salary . or both . f hC latte r

:tcsi; : .It :- . .f if r11_, inh history Included can]tng each type of ;vavc for at least 3b5 :l .a,.5 . A

dichotomous vetsiull of thit covariatc was also established in which workers with both hourly

and salary cxj)~--rlellce were classiFrecl as hourly or salary based on the predominant wage tN .pc .

t'
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(_~ :11tS1'-',11~c!tic_~1Orta :~tr~' :~ u! 1tN~'r'~C t

}~^r'tC•1'! :Ia~ ~ i) t C}C,tt1' o t interest were selecitiQ trflnl ti?\rco !n'.!i ;lli : irh=r.lttrre an(i prior

c.r m t ;c : ::, : workers t o flunrcx:hemica},. Cancer ofthe }i vcr . parn:reax . :rn d re s trcle ; arid

rr,rrh :-vcr, ot th ,-- }t \ ci - c• :e sclecrecl based on results from tn -% icnln".rcal studic ,~ Cl . i-)c:ath - I -rnm

} rota .~rc t ane:er and c,:tebrvvasculnr disease (CVD) were previously reporte•cl to be associated

w ith potr.mi ;ri rlurnrochcmica ; caposure Hi this co!to:-t (S' . 9. 11) and bladder cancer w as

:r,,or :i :;tr.el •.;ith tlt :orochemicxl prJlltcrvu~I~u ►rsu!for ;< ► tr (PFt_lS) e.kpaxrrr in another vccupnonal

~: ohort (1 t) . lschcn:ic heart disease was included as at, a priori dise:>ve Of inICTest due (o til e

t•ffect of Pf'C?A on lipid metabolism . (CL7 9`r' revision codes used to classify the utrJerlyrny

causes of ric .A: prostate cancer . 185, pancreatic cartcer, 157 ; liver cancer, 155 ; bladder cancer .

IS8• 189 .3-1189 .9, ('VD . 430- 438-, i5c;hetnic heart disease, 410-414, and cirrhosis of the livcr .

C on ;rnita! ; .erchral aacurvsm (ICU') 74 ; .31) were not identlfrcct in this cohor! .

ina:,,•sls

1 he mortality ext>t: riene.e of tht cohort was intiially cornpare.d to the ruu,tality r ;.rtes for

th ccwrespondin ; population of the state of Minnesota Reference data Nt•er c• obtained frurn tlre

Morta}rty 1'r ;pEr},rtie~u Data System (N4 PD,) center at the I Iniversity of Pitt,l~urs,h . ~,~iI ir} : writ

;?cr►vcd twin National (`emrr for I Ictalrh Statistics data . The a11-cntu ;e mortality and maii ,nznt

neoplasm r :rics were available from 1940, and the non-m ;tliflnant cause spr_.cific death rate~, fionr

196? The referent data k\- ;;re available in a,ve (5 year), sex, r ;tce, and culcrrdar period ;; ~ year)

and were coded using the rules for the ICl^1 revision in effect for the relevant calendar per.od .

The Standardized Mortality Ratios (SMRs) and 95% cc ;nfiJetrce intervals wcrc computed usnt-.o

tie PC' I tfr 't'able Analysis System (PCLTAS) software c3cvclopcii by the National inswute o f

t Icalth (NIOSH) (1-') . State specific referent data were only

i'
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th r>e : !t Iyy~isoo th ccf tenl r :rtcs for 1'1'I'1~~crr applied firt the ycut5 2U:itt ? :Ili? The,ill-,~.<tusc

rncl cau:e spc ific S~,fR ;were ttrs : con;puted for the full cohort . S-MRa Aerc then cr>r?Iltute.d

separately lot the cohort nternbcr ever employed in n job with elelittitr: APFO r rpr .,,.t :rr . tit{r .r

u•ho ,k•kA-cd j,)trs with definite or probable exposure for at least uric and for the L~vliott

members who worked pritnari ly in the non-chemical division . SMks v'.crc also computed for

wvrlceis h,.• hourly and salary -wave type For this analysis, worker, ; with both hourly .and sil :tr,~

ew c!a~.crfied bt- the prrdornittant -k- atie type

To model the risk of the. cause specific mortalities of interest ac n tt2 :utrnn or PF.OA

exposure usin .c!- an internal rcfrtent population . hazard ratios and 95% confidence intervals 'Wt-l"r

estimated using in multtvanablc time-dcprndent Cox re ~rc ~siun rrtc~clrls +,"1 ~) . Ex}tc~suc waa

characterized by '(-,I) classification and then cumula t

nt :mncr of days from the first (fay of cmplo}rnent at the production facility to an event (death) or

[f' _ 'T.1k] ;Of'ti :e sttF!t• Ir the cause-specilic mortality muelc•!s, all other cut :se_, of cleatit w-et e

c ns-)lccf at :he tit . . ;- ::,t <icath . the modcls'.%•crc adlustcd for scx, 31!C We to be In [Ile s!tjdv

year ot birth . and ~tia ce t~Pe Tn ::>;t,lnrc potential etfecte nflate,tcy the exposure niodels were

la !;o(lcl by i t) years prior to end of study or the date of de ;tth The (_'ox rr.nrc:z~, ~n :rn :rlv,ic: was

condr ;ctGd using SAS 9 .1(1=3) .

Smoking is all irstportant potential c'onfnnnr!inr,, v :.ri :+hlc in !hit stttri%, h ;a Frnnkrnc, habit

data acre unavat4abb' .1161 ,nany nf the cohort members . An initial Cox re~resston mcdel was fit

K itii :tttokrnt! coded as t viffr smoked, never smoiced, no information about 4zrnokine on medical

record, and no medical record avail ;thic . In a,,~ccnntf approach a multiple imputation model was

cnn,;tntcaed using individuals with stncikin,- data to predict the smoking Status of those W" .111011T

13
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s F : h?r;ing tl :i W ( ! 5i . The pr m iir.r o rti used 16- t he imputation r?rocea, were sex, ycar o l Wh, year

it tirst ct27pWwincnt at be fac W, . ir,^ ehrihle to he in the ~tu,iy. anti w r+s ,, e rvp c: . ! i a ;e cn

~rj ;Icnend:; n t . ~:ornpirtrd data sert were ~ aner;ited and a Cox hroci:efinre, as rr-scrihrd

vas p cri~trn : wd on each data .;et The re~ul[s ~ ere E~nnlrcl rn ,,~c: ~rn•lIe p :+r~nt^t<r

cm rrnates and "W cwnlidrnc ; intervals The ha : 2 rri ratios From the fin .-,I niodcls arc presented tu

ilcs :rtb ;, th e potential cffc.ctsi,f confounding by smoking Al! imputation pioc.cJ w zs wcc ;

condi :cted ustn g S AS `) .1( 0) .

l~
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Rr,ults

Ol tl :c mttnlrit :al .% orkCfJ ILkntilied at t' :c Ca",lity . .',L11)3 cn :ploti•ces nict ihr

inclusion rr:trri ., t)f these . 5 1 .5 workers (12 .8".-0 Ht:rc ewrr r.nrpluyeci il, a Ji)O with dc tinrtr

were ever employed in a job with prubabir exposurePFOA cxpuJwe, ttiS4 workers (42 . 3% )

(and never :vurked a job with definrtc exposurc), and 1792 workers (44 .91-;/u) were employed irr

ioht whcrc tic} v-ete never cxpc>scd to fluorochctnicals (Table I) . The majority or the t'tudy

co►.~~~n was nZ ak (SCl"1pj, part i,-ularlv fhr the detinite exposure subgroup Ol2the avcralc a,;c

at the cncl of iol :om-up was slightly vntrng .^r in the tletinrte exposure tiuhrrrotlp, but the avera_r, e

Rt}"number nt vears of ctl:pluylaent was longer The total number ot'death-; in the cohc,r wa s

with 68 deaths in the del-mite, 368 in the probable . and 371 itt the non-c-xposr.d :-ipo .srrre

sutti~4r0ul) s

S 3rl o i<InY data was fOUTtll for 1 4 30 (36Q19) CUlrUtt tl?eirlbets, of these, 783 ( `i°'<, l wCIC

loulid to hct~c ever smoked ( l able 2) . "!'here was a higher prevalence of smoking in those who

cvct worked a job :x ith definite Ai'FU exposure cumpared to the non -expuseei wUtl:ers . 6~'% and

4 "•o I ~n pccti vo 'v I lowever, snt o kin g> data was available iut bG°o of tlir d t•linite exlxcsule

su't.)~ :clup {? ;8,'~ I>), whereas it L~',~ti urtly available 161 a?0`%0 tcf rfre twit expos W- SLIb~'19LI p

0» l -:,~~'} .

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

snhrroups, :vc:rc generally lower than expected compared to the Nfinnesota referent population

(Table '1 -6) . The all cause standardized mortalrty ratio. (tiN1R) tor the entire cohort was tl .ti (95%

Cl = ti . ~.'It ( t-u6lv 3) The results were slmiiar ti)r all deaths from canc :er (ti-,\•]!Z = t) .9 . 95% ('I

i! .8 l .tt) Thc r :tl ;t: specific mortality ratios for one or more years of definite or pre hxol c

"('i):', r..tr lnw'C lhan expected ; N ccrehrovascu!ar disease (5 Vlj~° ~ .ti, t)i'!,, i't tl .'>-

? t :in.l t~clirncic l .~att ctsc:+~e (CiLTR= (1 7 r)Sr~o C! s`l ;i-iJ 9t . The WRS fl,r t,m~t ;lic

li
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:) . pancreatic C.'t - t1 .5- 2 .4) . hi,t :Mc,

iS11R = 1 1 , {)s'! (~1 -- U .3- .i .9,) . and cliab~lrs n ;cllitus Ititi11L- I ., c)5 "; t'1 =O ;-? ;l u :,r

tnotle :,tly, albeit i :npr:~ ;sc!}, abovc unity ( l ablc 4) . 1 tic cause-specttic mortality ratios 63r

coitnrt mcmhers e~~ri cmplo~• :~I ;n jc~h< <vith rletimte t'! Or~ exrl~~l ;rr lvere gret,te r titren e~pe~t :d

t, r pri~st .3t : eance•r±s1•1R ? . 1 . 9~`;o CI = 0 1(fi !),~ne' c•e;e~~rovasculat clisea5e (5ti1R = i .t1 ,

Cl tt .~-? . 1, altlwu~l ; the confidence tntenak are quite widt: aud include :hc nAl ( I :thlc

~l similar patterns trt, present when the citralysit is restricted to one ye. :+t of dcrinite exposure

(Table G) ti ::±uelt the number of death-, is ~rnall The r.aure spc:rific SMRs ior all deli jute

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

t-'nl .nrt mewhcrs viho Ylorked iit jut?s m+itlt probable eYpusu :r, but ne%er held aI-oh u't :h definit e

nr.sttre ha d, an elevated risb, of clcath flout diabetes turllitus (SMR= MU, 95"1i• Cl =1 2-12 l, but

'„a ri„•: n± death from ischet.zic ltCrut disease (SMR O .S•')~°<, Cl=t) .?-l .Oi and :crehrn,asrular

c1 ) .,~ti, : . C'C=' ► .1-I . 1 1(Tablc 7) In contras, the numhcrot deaths trnrn (,rn c~t ,jte

Cat)cei and t'('reh .* o :3siUlar disease %.s'CrC significantly fewer among t hi e never -r.xposcd :nembets

ofthe Cl (l .l -l ► 9 ) and S MR (I .i (c)i';I, ('I l) 73 -0 $ ) resnectively (Table S) .

No from testicular cancer were observed and only 3 ca~;zg of livet (%alie :er

rSN1R. u ti, 95^, :. i'l=01 -l .4), al 'which two held jobs with probable exposure These small

nurnlwi s prrcannic.ci !itrthcr analysis for these causes of death- Thmcen deaths from ci!ihosis c,l

ahw 1 : :•e ; VVe :-e rJerfttic-rl (S .~9K= t) . ; . 95"vr', ('1=t? .-*,-1?) "'tth only .1 ocrurrim) III with at

Icast one year ol'defitirti. or probable cxpn;ure (S1,1R=(1 S . Pi'!/;, Cl= 0 .2 1A} .

16
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1 hc :itiIRS (ut sal :~ !cd ttiorKcrs sh O:•:cd adccrcase :I risk o1 cI v ath all ~:anccrs (SMR

+~"• :, ( 1 t) .(i-r' . .̀') . resptr :crc~r, cancers iJ~'IIZ 1" .6, `)~`:'~ G' 0 .4-0-9). prostate (5:~1 .-) 1) . : ,

y` ~ C I'a .'- f . ' ► , i ii :thrte> (S\E1C-- U ._', Cl = 0-02A) . 14,), ccrcbruvas : :uia r

(tiMR=u .b . 9_S°'" CV-0 . 4- 1 .0) and heart disease ( SMR-U.ti, 95% )(Tahlc 9). The

res :rlts ,a, cre somewhat different ior hourly employees; all cancers (SMR 1 .0, 9_5/"O Cl 0 .9-1 -2 .) .

tespiratnrti• canccrs ( Sit~1R 1 .2, 95°'o CI 0 9- i .6), prostate cancer (S'V(R=fr .9, Cl f+ . f- I .fi}

t'rcc"hrovascnlar disease ( SM R -6 7 . 4i"-,,p CI=() . i 1 tl) and heart rlisctasr. (Sti1R=0 . 9 , 9>`% ('J- tt ti,

' .}' ( 1 ah}c 1(+) f lu S .ER for diabetes (? I . Cl = 1~~ ) n'ns cacvat~,f )MR rha~ hourly

~~~Ur l•:r'rt

Comparing the mortality experience u•itl+ict the cohort it ► the tilnr dependent Cox

rcgrc s-s iutc nto..-fels rcvealed differences for some o f the outcomes of inter e st . A high or moderate

exposure «•ock hi ;t0rV, ctrnpa-cd to only working in low exposure jobs, was associatcd with an

inc .usrd rt ::k for cerrhrttva,cular disease ( HR=5 . 3 , 95% Cl = 1 .5- 1 9 .6 and H R= 2 . 1, 95°4 ~ C :l =

1 1.)-4 .3, res :}rctivcl1") and prostate cancer (IfR=0 .9, 95°%,, Cl = 1 .2-41 .8 and IiR=< 3 .0 . 95% Cl =

tt S -1 1 . 0 . rrsptcti velv) "Fable 11) . A moderate exposure work history was also associated,

imprecisely, w ith an elevated risk of dvin~ from diabetes tne[Ittuc ; HR-1 . 9 . 95u ;. ( ' I = EI .7-5A,

hn \vLticr no ticcths from diahctr=, w ;;rr reported in cohort members in the hirh exposure

c atcr,o rv . Diabetes t,rG'fitu ,~ was inclttded in tllese analyse-s bt,cans e of mndo ,tl y elevated SlviRs ;

;pc•c oicall Y in the hc :ur!y work :•rs . The inclusion of the imputed values for s 11-10 E:in2 status

~_i t•rt v t_cj tiorn tftc t* ► ufti,+Ir P aput ;eti O rt l .roec durc, nor the inclusi~~n of the ac'ual smoking data ,

de little or no t]ItIelCnCe_ in the risks estimates (Table I )I The results lot prostate cancer,

ccr;ariwascuIar eli mr;,sc, i•,Ch erni,: heart further ex p lo r ed f~y ~,tiati`~inr .

hvu ;tCi t:-.e t I'ttble lltr ~- r: .cn :~l ,uFCcted floor ~rnal .̀ rtnnr}.si : 11, tirt ptv ' t :+tr c :+?cr :r .

17
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crr.»rov a sc ttl :3r tttSCaSC, and lll :l b CTes - The l l sk as&)1i .1 rc'(1 `.YU!l ri1C T?tuh c"x t)C)',lti~ l'atC~Ul ~'

1,cr .;t :. .ai !or ccr_br ~~ ~:s ul~ r disease . The high t,.xl,nstlre rrn,~talr cancer deaths wet c ;alal,•

.vnr ;;e•r<: while most Of lllt tnv~lrtatc VxpoSUte prc)sta,r. caliccts ~tielr (tvuJll' er :IplUyCe:, . (hcrwll .

there was nor strnne cvtc:enc :; that the e(lrc:ts in the models aCltuslCC7 for \+r :igc: type 'L'vcrc ilmrtcd

t~> rithcn cocrll' or salarv 4vorkers . LavIKing c ;xl,r)yures by !~) years also made little or no

cii''let~lrcc in the :'1,17artl r3Ttn CSttRtatcs (Table i .i) .

F t•t :nt .-tt c l hazard ratios t f[R) comparing the Mg hcst to lc~ti- zst w•ciehted exhns:, r.

c.,► te ~,c)ry for t .rrchrovatcular dtscasc and prostate canccr \A .•crc HR==2 . l, 9-511•~ Cl = 1 . t-5 :1 and

FIR 3 .6 , 95°• 4 CI = 12-10.0, respectively (Table 14) . There was no associati on hct vveen the

metrics or weighted exposure and nsk ni " pancreattc or hladde- cancer, cirrhosis of the liver,

disease and diabetes. The risk nfciyinn from tsc:hemi c heart rjlscase w as, if,:ty,-thin- , lowrt

among fl ]U5C Wltl : :[r t- 12'a s ed e\}hlSi :rr A ti with the r!'¢I11!s For rxposttrc t v .j u (,) c}aI~J1 :te~aliln,

'tl~r~ li2L'i tlt .tC cti'tk!etH :ti Illal Illc' r: .̀•I;s l:'P.rr tiitfrrrnt b-rtt~.•~~c ~i hnurlv 1-t(rl! .,i5lar 1 ~.k 1)rkCr ; {! abl;

1 he scn .-itivit" analysis using :lite?llale %Veightitt,, schemes cid uut cilait-;c the overall

conclusions the a ; .ai~sis ofrum.:latit-e exl.rosutr (Table iG) .
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Ui~cu~5iun

~;otiir .uric •aurl•,•' no lt :atcd tl:r nroutalit Y •_ X f,e:icuce Of a pcfrulatro;t Of

Urnrn U ui :rn} Pt rfl iIQrooct a rk7 :ttC 1)rUt]irctiLlri CuCiIitV, with S} .rr'l rliC attr.nlirlii tir e\Ilnsrtri In PFOA

\ :r excess rnortalitv was observed for nrali gnaut or non malignant causes of death when

cor.ipared : ,., the corresponding Minnesota rnortality rates . The SMRs for 1? :ostate cancer and

crrcanr v a n cr.rlar disease Were slightly elevated for those tv ith a history uf vvvrkink in ;k&s %,, itlt

tfefintte f'FOA rx posure, while the tiR•tKs tor the members of the coho rt ncvcr working in a

PF t),3, exposed job were si~nificanrl, hefn v; unity . Analyses using an internal r°tereni c-tc orv

inm ± increased risk of death from prostate cancer anri c.crehrovasr ! tlar disease amnn ~~~nrker~

with a history ( +C W ratet PFOA e-x posr ► rc when compared TO those working in Johs with no o r

m n :m:rl eXI?osurC . :1 priori c :r11CCs Weath seterted based nn animal toxicnlogy studies . liver,

pancreat ;c and tcsticulur cantxr and cirrhosis OF the liVrr, were not rib .ea-t:ci tir';,i• ;tssociirtrd

with PFr t .a exposure . Intzrprtiing these somewhat contradictory results requires caution and

consideration of several assunipdorn .

>nr.,c elements oi the s :uJ~•1ipn Or this stuJ~ Ji! fe rs frc m 01c earlier mortality

analyses ofrhis cohort {K,9) . Gilliland and Mandcl (8) required six months ofcurnuilalti~ :e

C'Filf?loynirrt t*,,r tnclusion . while the current study required one year of employment to exclucle

short-tCiill tSprkErs, nlTen summer tnterns . who might have d ;fferent underlVinL~ risk factors than

ihc IcrttY teirri workers III that analysis, ioh exposures were assigned as working for at least One

month In tiir rlrrmicaf division compared to working in the not-chernical division (Or chrmit-,11

division fui less than one month) . To minimize exposure m:sclasstfication the current oudy

AustJ on PFOA and rl :rssified jc>hs in the chemical r1it--~Sinn at cloiinitc, or prnhahlo . :a s onl y

c- ri :rr arras and iacl:s within the chemical division iik :-1v Odin Koh APFO exr.~osure. I_u,tlv,

19
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Ci~t :Sltljltiitn .! ~Vt't .l - l :11 :ni1)rr-. V;Crc: fnc:lll :G'~ in hC current i(li(tt' ~ ;1 ;11, ai ;'tlrt~lrl'~` i,l .=va :lalJll'

~ : ;lj}!t1'±I ;ICt :( i!at :t, ttt"r' tai`thlc; for bo th s(tiil : e s 'I his study also iiitter5 from tht: nlelr^ re.f ('nF

mortality ~:,tal .-si :, this cohort i9) . The population for Ihe curTen~ ;iuciv was f+~il o«i Cd tlirolt gh

1010. four years ltnl"Ct than the previous study, increasing the number of deaths 607, tu

~t.t, . ,lnt1 lnc iudcd analyses usink all inteillal referettt gtoup .

The association beE w~x tt prl.,strttl; cancer and work in a A PFU exposed job is strnllar to

the results nf ( ; tli(land and tM anciel ( S ) who reporte d a 3 .3-fold increase ( 95°;, Cl = I .U-1C► .5 ) in

pro -,rate cancer mortality associated with working tell yeats in the chemical division comparcd to

non chemic a l division workers ; based on 6 cases . In the current stud}' an association wa s

tit scll cci b e t ween both metrics of 1'F'-OA cxposurc and p .-ostatc cancer when compared to the

n .cvn .c! referrta i :ltc-. ~nrv . t•hc biolo 2 lcal mechanism for an aSSncla( l nn hc't'PCn PFOA arid

rrl' -, :aiC t' :1lliCr not ('tPar 1 -,i AtfC:ct of !'t OA on the em"n r -1'ic: ~z } 'c`C'T? : ~'1 .=$ ~lrt'fl l1C' :i<tt ;1Ct1 iii

ihC rat which II :~'t~tt'iS 1'e-`I]13rtnn rlt e c tratilol, testnster~nt3, G~t 11iC1T stimulating iKTI nl'Jtle,

lutclniiiuti ht~l lnene- and thyTl~id stimtllating hormone through action in the likel (16- 1 S) . In this

occupationally c xposed population PFOA exposure was not clearly associated t':!(h chan v is ill

circulating tevel S urrept+xiuc - tive 1lrmnones ( 19) , tint this t:rU55-SetittUntil asscsstl;cilt was based

n s lnl'lc blood ~alu ;~l4s

I he association i;et m,•cen APFO exposute and ptvs W tr :an ::er and e:crcbro l- asc.ular <Ile :~asc

w ;a .c most apparent when the internal referent population was used . A n internal referent

population from «' ► tilitt a cohort may p,ov tde a rtlo,e Valid colnparison , 35SUnt1nR? Stmllar social

anc? cirmn vrafllue e' iaracteristics ; however the interpretation of these resutt .; s-inuld also cnisidel-

Ilt+ x'.' It, . :tl :+!'t ~nrClt±C prostate cancer deaths comp are In the ^X p t' : r ed deaths bilaVlj kil l

2t1
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\linncc,itt~ in : .tl I}„~rul,,tx,n I h~ J~IEt i "11 ~ 1 Ott: r> t~u> ;cI C at k: .~ uurL, w t•lc n:11•, moae ;t .` : .-i h ::v l -:

trni w , uhtle ( hc nun : tlincerl tl?emhCrs of the cohort were ~itiuilie , :ttlr Crrl rw la tter

r, u ;i .-cst s ttt ::t 3 'tit employees v:ItU are not regularly exposed t o ,1PFU at work .-,rc different !°ncx n

unc c~ r men in m irtnrsota w ith respect to bascline prwta!r cancer ria. ; Sortrc uf t% lli c lt may be

r~.latccf to sociocwttumic status (4F.ti) . I he extent to which this difference tnay ha%c influenced

the inteni ::1 analysis i s unknown . Our analvses adiustcd for wage status as a proxy For

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

file ptolaorttnnal ha7ards analysis stratified b v u , a~c type revealed ~. 'mllar pattern s of n 5 k with

exposure in the hnuriy and salary w°otkc:s, though the numbers were, very c mall .

Deaths From hea rt disease an d c•erc•hru~ascula, Ji~ea,r air: :ilrnu ;t - I w a ;--, hetrnx rnity in

~ptdrr,iinlns ic studies ot chattical workers ( 20 ) . for this rr_t '.Axl lilt' risk ,A •

ccrc:hr umascular di sease death :-tssuciated with I,iglnt exposure was unexpected It is possible

tilaf t!1 coL .trti of c crcbrn v3Sci fl .1 .• Arscatc deaths vary by region, hUa'c~'cr u5irrs, trruttaE!tY Crum

I~ :r,tt cout?ucti rrarrr than thr ~tatc made no differences in the earlier analysis (9) . I he risk of

;?nokc 1 t~ related to I :yhcrtensiori, ,i,ahctcs . and Irtc style tactors i nclud rn lo diet and smoking (2 1-

'z1 The 5 N 1Ks f6r diabetcs melhnt ., and hypertension In the non-cxposed subgroup vcrc

and 0.98 . resp t 'c :i vely and 1 7 ') and I .84 . rc~-pectrvely, in the exposed sub ggroup . The SMR for

ltm' , cancer, a potential i ndic:ttnr of smnk i r.r . in the coh ort was 1 .01 in the exposed comparcd to

tl ?6 in the non-c x posed sub -cohort . Though not directly comparable, thesc patterns may he

u-l . ,tr-cf to the eerbreo v at- cul:u f ruriinrt in that the lifestyle characteristics o f the cohort

.,~ t, mhe :-c tit ttlt il : L i ; l'Ft=t 1 r xpne, ;re were different than the lower exposed pcrsons . N ;, ,.- crthelcss .

r•.lilrr.trr. ;or stntskitt- habit an d ~+•a`~c~ t~pc did nnt alter the ass ~ciat nn . an 1 1 similar to prostate

c ;rnrr- the ana lvs ! s :,irxtifivd by wage ttipe Indicated hi-her risk of death from cer,- hra! vascular

~1
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c'.aci~c rswcratcCf with r. N hnsure in bo th hot : -,]-,, and sa!arv wo r1•;er.c D iet i ,~ z 11t, ► enti,tl facro ► in

the risk of strok c% thouwh if was not measured in this studv. h- the same workjn~ population,

huwrvet , i>oc:ti• mas ~, inclex ( 11M t) of alm o st 50 ',4, nf the workers ranged from 2~ 30 ('4) , ti+'ltich

is 4on s idrr ,2 J u k c•r wei±;ht ( ?. S ) l iow•ever, it has also been shown that worker B`'! IS were similar

: Fr.-, or.,, varying sc:runt PFOA levels (26) .

Any findings t :t a nun-ta i :y study related to diabetes should be tntcrprctcd with cautin-l a~

the usc of rnortalttv data to evaluate diabetes iisk is p tobletnatic. In a study of 2,766 dccedentq

with a known history of diabetes i ! was shown that diabetes k~as recorded as the undcrl ,orw. carrsc

ot death on approximately 1 0°-%C!f tite dcath certilicuie5 . and thvsc recorded were rrlatc-d by age,

rlt,raron nt ; ta.h~tes, and co-;norhl(ltttes (2 -: ) -l he excess in the hourly xorke ts could indicate

tr} fi rctlcCS, hut tLlturC rc$C~ .̂rch would require a more cnmhrehensi ._ a~>C~iff ;Crit of

di ; het .--: mnrh«itr.; to fully describe any potential relationship with PFO 11 cxpo ,l,rC .

When inteTprt?.tin^ this mortality analysis several finiltations should be considered. Some

_vpwure nrisi l ;tssifrr.atii~n i : likeiv Fri- exsmtile, maintenance arrd otltcr nlobtlc: workers that

r o utinc.•l v rwwrrrl the ricfrnite PFOA extlncrn e depnitmviits- arid work areas . but may have no t

CtaS S rC ;'et in tht`taPltlltTC: eC?1ciCl :re. SUtI`!rtll ql On the other lTalrt i . a few Lt-c1r kers assigned in

tFt : definite •~spostrr,. ~rrhr;rr~n11 :nay not have spent much time in tErc~se duflurLinci-its or work-

yr•_as . Tlt_ e x ter- t of exposure misclassification and the effects on the study results remains

unknown. as no additiona' data are available to vetify these assumptions . AWIOLI;vh severa l

tn thtrc}s v! . tpr~roach were used to find all deaths in this cutrort, it is possible that snmr ;teaths

acre not accounted fur . uhich can occur v- lren an individual lcavc.e the cnuntr,••, chan (! es their

t~r ( iuc t o cn-vrs : t 1 sut vcil'.anec systems . !lace c1at .) were not available for the cohort .

?')
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[ hc impact ot this is likely to be limited as the Ix.rpulatirnr of Minnesota ha, : been hrcdon;inrttelv

dc-s (97% ,C- .+rrcasi :.rt ovc:r the clrca t!: the 91'ISU census, 94""" in the : ~)`t c rtl~.rlS. . :ntT S9~ , in the

?0()il census) (2 Si . The analysts was able to account f m l,wa stia) confounding by we, sr.x, war n

_,tat ;rs, and, to some extent, smoktnL habit . Utt fort :cnately the srrroking data were sparse . and

tlunr gh snph<stteatetl methods to impute the missin g data were applied, it is debatable whether

the assumptions pertaining to this imputati on were upheld . Another notcworthy limitation is tile

T ow rt MAP sntdr the 17IGdr1 age at hollow -r ►p was h(, years, thus the relatively small number of

clCaths hoot the c a : ►ses nl itttcr est limits 0w abilit y of the stnrjti• in cxamrne exposurc; respOnscs .

particularly is in ; an internal reference .atyur•:

BY definition, mortality studies, although cw t effOn ti ve- and cnnvenient . m i ss the cans

that do not result in cleath . Prostate c: antcct and ceiebrovascular cli,ear.e, the two Wings of

potential importance, do not always resu?t in death and ma y not be listr~d as cnntrihrninn, ratites

ni death on a death cerrific l te unless the, had recently been diasurosed or the person was

u r,cie:rrrnn g trcatrtrent . While the mortality study docs capture t.}re worse casc: sc .~,tat io for the

ilr .f gnntr; of thcs: torrditions . death from these conditions may be associated with other fot:tOjN,

inclurlin o access to health care and atjilabititv Mcrecnin g . The po'ennai contribution of thesc

lacturs am rlitlicult to yuatttify, ho wever a'I memherc MY ; ohon »•crc . at least for 1 yettr.

rttr p lnyed by 3h'1, and would hrr ; ;r had, r.c.ess to similar health bcncftts .

l-h?'rC am also notable ;trer7 p hs of 10; <hrdy The cohort was .^nnttrt:ctcd from the

pt o,luctinn t : c ilrt•.' cmplvytnent i ec a rds, thus allo e- in -, tnr complete enurtcratron o i•th c coho rt .

Ihc :n~aiiahihtvof th e 4\, or ;m hrz,tnr y intorrn :+ti on in conjunction with d eta i led re vi ew ot the

23
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) nrd !tftlt)n lltSt :}( v !`1 l10A p l :_:!f ~'• o rlcCr~_, ail,! i n CluSt;la! h~'p' Clli.iti hc'irltil

rcifucc exposurc urrcrtta u!~ rr°Iat°cl tu i-xtro,ure ntis c iassiGcation . A littal notc«•orthy'strcn g.th tn

this study is the cornl.~rel .err s ive follow up oi•the cohort . An undc:rly;ng cause ot ' dea:h w :ts

liAtttd tnr 99 .6`-S, of the known drat} j y ( SUd•'SQ%), all unavailable or unfound death certific:ate:

were from cohort members who s•orked in the rion-chenixal division of the plan t

The low ti',•t[ :s in th : nor.-cxp•oscd suber oup are suY._~est ,,v c of ci bi ts corzt :! b u :irt l! to thc

asst,riatromc tbund in the tnicrna l analysCs . there is also potential bias in the rC _v rcas:un models

with an internal reterent group in that they were used under the assurnptiou that all individuals. in

the model were the same by all risk tactnr, except mpn strre . An attempt was made to account

Iiy the differences in lite q tvtc hv the inrln;i o n of wage type and smoking stattts in the n i ocit'l s :

hU vv C \ tr ktir ccC! c [lot :t!~)r tC iit!t ; ,icic~ul ;' lo : the b ! .ta fi ont stTtoktni because Ihc ;trrmount or

a v;ttlah) ;; data 'k a_, ~' u 5r_ial : a nd tl!c• .tb itit % crf tt!c type to fully account fnr sncro r ; ( ;nurnic

cittlcrcnces is ur.kntt w rt . fntr rr5!in` :} . lie !schcmic heart disease niortalit)',isl; 'i itl nut vary

exposure strata, as would be expected if significant ditfcrcnces in risk factors Fo r hea rt disr WI> e

,,~ xlstCCt between the exposure catc ia oltC:, . TO the extent that the undcrly IRr (unmeasured) risk

tact o rs Co, ischc'trtic heart disease are similar to those for C'VD and prostate rancer . potentia l

ounclrng From thesu t"acters i5 of 1c5s concern .

In ;tRnrnary, this study evaluated the mortality rXperiel ;c Of all occupational cohort

c.Npr,S.et-? to A1'FO and showed an association within the cohort between buth death from

c4:r0f,ro .•iscrrl,ir di-,ease and Prostate cancer and workin g in jou s u ittr Iri9hc:r :V}-() exposure and

: :!t t ;timcs ►r n+ cnrrulatscc 1PirO exposure No association was ubsr^, cd bCt ~'cen APF{)

x_ic sr=. t Irirt n tiiCeases of intr.rr!~r based on toxicology studres . While finiii!T-s ftac'e beell

,24
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suggested in nreLivus cohort studies ; the cu--Ten', study had a lunget follow up p .~ri),l, tllc.rrfolr

more deaths, incrr. ; ;sillt the pnwcr of the study. Additional lullow-up of this cohort i s

ri`i 41 M nl C ?lil : :.tl W c l .trit y Ta( Ne C s:i4cIdn 011s , and if possible, tihOlftd at'CltllIlt IUC C .ttl~l'uE ;l~lll`

t'f' o rS ; tlCil'<i .; 1j)4A , `•!110t<In!T, .'.Ccc i `` i^ health CArc, and Ut1fC! IiIC s tYIC talttt315 . Studies U .

,fisea sr incidence that capt«re Ihe cases that do not result in dcath would be informative, though

these t, peq of studies can be d i flicnlt in implement . Assessing the tncidenu; of prostatc cancer

throu gh cancer regist r ies would he helpful in clarifyin g the association w ith prostate cancer .

Future Stndles should ulso co n sider more sophisticated exposure models to properly assqpn

. :ttvivclc ;tlf y relevant Cstilttatt_ ot cxpostur .

~~
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(~ :, c I ~:h ;~rc+rtc n=.t cs oi•A:'}'U N•tanuf .cCturin,; t,ulnot ; 'ov job .-xpos tn c Strbrnrn ;

i)crin ;tc aPFO Pm7ahlc .lf'!Y)

rx x»tuc i-~po~:ar V,~rt-cx ir~rr.ci` f ntat
-- -- ------- _ _ _ -J.~__

1'c,,al -S1-' 1688 1792 3993

()CndC r

\•lctle .171 (9 ~D4,) l 1,8 9 (K•' 11,o) I 2 : ') (74%) :51$-3 (80%)

Female 40 (81V,) 296 j ! ",,} 4 ?t, ( '6 ° .o) 309 (20%)

Agc at (Mean) 55.6 60.0 606 59 6

Per.-,on )-cars (>4 :ea1:) 29.3 31 .6 31-6

1'rat uf :birth ( '1~Sean) 1945 1911S 19,14 193 9

Years o f ;:ntpluynient (Mean) 17.8 16.=t 9.7 1~.~

Ave at death t Vl ean) 60_1 65.6 6,19 Gq 4

1~calhc 68 368 33 1 1 $o 1
- -- - -- -~ -

Ever cm[sl ovr r l it , it-4i with definite APFO exposure

b . Ever cntpto yrri e.nl III a iob xvith probablc APFO exposure. but never in a)ob with definite oxposure
•' teve.r ht•I ;i job with dctinitc or prot,abte exposure : primarii y non- chrmic.rl , .6ti•s•:ictin

' 9
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1,rG1 ;t -rr! :rrtlt, ti ~ :v t .rl : :~ R :r! (Stifks.) ror Sclcct ; :d t' cus tipccr! :c `.lort .rlt : . : ;

trcr :'t .,.! Cohor t

Ub>crwcl F .~IK'ctrJ S N1R ~J-- CI -
-

All deaths 607 16
Cancers
A ll cancers 246 286.28 IN 116419 -'

Buccal ca", and p E1 :1q tl .C 2 5 ~54 0.30 {l .t)=1!-1 . 30

Digestive organs and prritu :r e-um 6 1 09 . 94 0.86 0 . 67 -1 .1 2

F~Opliacus 4 7.30 0.55 0 .15-1 .40

stomach 7 4 49 0 g7 033 110

l,:>_=c, tnttatinc 28 25 48 I 10 073 1 .>9

K.rtilmr 4 5 23 076 021-I .r)cI

L} W3 pa:,n .igs and liver rrrrna :': 3 Q 3 6 UA' t_ t t?-1 . 3S

t'ancrc:r_> 13 15.i15 t1.86 t_i A 6- 1 .4'

Other 1 ')'> Ito O.1-_'- 3 .(i ;

{Ze';~ZPtraiorti' S, ~A:m 79 S6.=32 0.91 ARM-

Larynx 3 2.46 111 U.2;- y14'

Tr;i,.higi . hrottclrua. and tune 75 S3.i)'~ U .`)U U.71-1 .13

Clthcr 1 t).92 l .t)S t).tl;-6 .() :

Rre:rct` 6 11.28 003 3 119-1 .1 6

f ci :iai .^ ,,enrtal organ :. 5 614 174 t).25 I- il

Cer:'it 090 2.21 077-799

t)tir<•r ? 3.70 081 ti.17 2.37

Malu priit.rl organe 17 23 16 0.73 043 i .IS

PruAate 16 72 20 072 0-41-1 .17

Other I 0.9(i I .U4 U.U3-5j i

!'nnarv Ormam 11 14.2U p.'': 0.39-1 .39

K idrtcv 4 853 0l47 0.1 3-1 .20

Bladder and other ut in ar y organs ~ -5-h? 1 .2 .; 0.49-2_5 :;

Other and unspecified ;itc _ 12 15.94 0.75 0.39- 1 .3!

Sol] --' Us 0.96 02&2A5
Cr-ntrafi t :cr~ ;~us stistcrn 7 9 94 0.71 O.29-1-=}7

Ttni-otd gland 1 0.99 1 .U1 {f.0 3- 5 . 6 4
1 . .nrfi4apc and ltetnatcpotctic tissue 29 32 75 0 89 (t 59 1V

1.v:uNfressart'nm :., and rettcul~tsr~r~unta 3 2 50 1'() 0 75 .3 5?

liodgl:inA Mew I 2.00 0 50 0 01-278

Lcukcrrria and rlrrrkcrnr.t 12 12.46 0 .9(; 0-J0- ; .64

C)tilar 13 13. 80 ti. 82 0.44- . .4 I

AN otF,er .'unwrs 24 'U.;iU 118 'i.10-106

Rcnt2n tr opl~s, > > ?.l ! J.yU 0.20-2 . ;4.2

J :,'
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T :rE:,lr ; i('ontlnucd)

- -- ----- - - ~- C)'
tr sr rv rcl t=xjsectrtl S \IR ~

._`J .-'`
C l ~"8tac

N ort-tn:rlitinant causes --- -^~ _ -

- 1 ubcnu'.vsis 1 0-49 205 005 1 1# U

t?~ .ahet ::.s rncili,tts 2: 19.97 K j R73-1 - 51

C crt•h :onasc :tl ;rr Kc'asc 35 5139 0 64 045 090

Al heart dissasi: 130 3290 ON S S Ul>'=>-Uk S
cit-~ 97i :'ttci ;r?~ :+rl ; car; disc-vi,: 6 1 19 117 0h

lschmir Wit! discase 2U I 2)9 . 23 U .:'S 0.(i7-0 .59

Chwinrc disease of ettckx:attiium 11 15-63 0.70 (t-3S-1 .2C,

Hypertension with :tcart disease 5 4 58 159 () 35 2.55

Othcr 33 45.78 0.712 (i . 51 t)-1 .() 1

H yprrtension without heart disease 6 4.20 1 .43 052 3 .11

I)tsaascs of respiratory tyzsern 5 0 73 . 9 1 0 .68 tl . 50 -0 .$9
Ilttlufn%a and pncamonia 1 2 22 53 0 53 028 089
L3rVnc:f[tts 1.4') 0 .07 0 .02-3 . ' 4
F nl(71";VsCnl ;i 3 Ell . i ..~i (1 .? 7 l'r .Q ;±- 1 . 0 -

A slf :i•;a 3 Z.! i IA_' (: 204 .1 5

AM 31 31 6 1 O17 `s (KIN 1 .1 1
UIcer of stomach 1 3. 02 0.33 001 1 .811

C:it thosis of the liver 13 17.87 &73 039 1 .24

N;;plu itis and nephrosis 7 6.39 1.10 0.44-2 .26

Accidents 49 55 .8~1 0.88 0.65-1 .1 6

Moto r Vchtc :e acclcicttts 27 ?5 74 I . 05 0 69 1 53

Other 22 31 10 0M 0 4 (5 - ! . ! !
Vo lcac : 22 2175 482 f 1 5 2 -1 . 2 5

Str;i irleK 17 210= 0.77 (..45 1-24

i :omi :'ieles a,;d other 3 lX I .CKr TM . +7

W oth c.r causes 95 114 61 0 .S 3 067 1-JI
_ . , zu~ ; ru~t liste I Ff er ; r~h .ervcd
N R_rcmnce nw ; him, vote of NINMOt a

ail breast c.rnrc,~. ni3scr•e ..̂' in tzmztc :mp o yc ;~s

33
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T:?hlt• l 5i :tndarc}i/td Mortaliry Ratio .; for Sclcctcd Cause-Spec:ilic 1lur :aiitir-- liOr :1PFO
`,lan :r( :rct :irir« C'nhnrt •.licmhcr` with a !lqiuriltru :rr u(C1nr l r~s c,~ f rrr! :,•: u, :? irr
I )hs . :̀wt :Jrtirrit,~ or Prohahlc :'Ll'1-U L-\posUrc J

, s
.rsc - - - -- - - -- ( ib

. er; cd E• :a?r . tcci --, .x I lt

:Vt Jraths - - - IN ~)ti .tr~

Canccr 5

AR cancers 109 112.58 tl.U - 0.8U-1 .17
t)tkc:sti v r or pans anti peritoneum 30 27 .81 1 08 0. 7 3 1 . S 4

1.soI.3nacrUS 2 3.05 0.(}6 0.0-S-2 .'37
Stomach 4 3 19 1 .1 r; 10_32_1,0'?
L:u v,r 1ntesti7.1e 1 2 10.U0 1 .'0 0 62 2 10

Itc:tutn ; ?.Url 1 .43 f ► .33-~ .1`)
fSilia :y passa«P~, :rnd Over 2 ' C, 1 0Vl Q lp-? .S R

P:3nc-cas _7 5.99 I . i t1 . :1 4 ;

i?c5piruto! v tiwar.rn 34 3500 ~11J; (► .'.t? I ;(,

f a-.,ms Z 1.U 2 1 .'3;1 U.24-'t11,

Ttachea. bronchus, and Iurt- 32 33.60 0 9 r 0. 6,; 1 .34

t'enlatc gcnitul ur0ans 3 1.7Z I .7~ U.36 ~ . E l)
i\•itrlr •enital nrhan; 13 9 3; 1-,9 0 7. 1

Nruslnte 1 ? $.9U 1 . _-, = 0 .70-2 .35
C'rin:jrV Organs 4 5.75 U.70 0 .19-i .78

Kisrrev 1 3.50 0.29 0O1-1 .59

13iaddcr anj otlrc ; urinary or :!ans i
Uarvt aid r!n=:P~ciireL? sacs , 6.56 07 0-13 2 20
Skin ? 1.75 1 .15 0. 14-4 1 4
C~ntiai rteivouc: ~~~~ICrn ~ 4.04 !?4 U :1(I ? 90

lymphatic ar,d hcmatr,poietic tissue I 1 13 .1 2 !r.Sd C'. 42 -1 .> :?

L4rnpl-:nsarcoma and reiiculusarcotna I 0.97 i .01) Ofi;-i % I

t..crubt•mi„ arid altuker7tia G 5.02 1 .!9 04 4-?. 60
Al! nthcr c,tt:c .:r; 7 8.08 0.87 0 .35 -1 .75
1 3an?s;t; rrruplasn1~, ? 1 .2_' 1 .64 0.20-5 91

Non-m-alignant cause s

i7r~hetc5 m llitu~ 1 i 8~.' Cr. SJ- 2 .' 6 ?

l: c tcbrova~r.rilardisc a-tic: 17 'f1 6? (l.,ni :?

34
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?' :! ?c- t i('t~ntinu~clr

Utr ~, e t'cx; E-.L prctr0 N?Vtl: r ~51kn, (--T

.\ :`I hr,zrt ciiscasr- ---- n' 13 1 . 5 7 0.66 0.63-0.8'

Khe-uMatir, heart disease: f 1<, t ().61 () .( ) ?-3 . .>S

►seheirtie heat t diseasr. 74 103-94 0.71 0.56 0.89

('lucinic tlisease of endocarcliuiIt -1 5~7t (t .Srt (1 1 r1-1 .47

il~Pertcnsiort with heart di-Fasc .. 1.79 1 .67 (1.34-4 .89

lfi~pertca:sion wrthout heart di srltsc 3 I!'t 1 .84 f) l t-i- .iF

~i :,~;e ; of respiratu) y sy:~tem 13 25.-3') 0.46 0,24-0.78

lrrflucnza arc! pneumonia 1 R -19 F) .~37 It 13- 1 .2 1

!;[nph,~5c111a 1 3 .19 0 .31 U.01 1 .74

Asthma 1 t) 80 1 .25 0.03-6 .94

Ulcer oCsturnach 1 1 17 C) 85 0 02 4 .73

CirThnSr1 of the liver 4 7.35 0.54 ().1 N-1 .39

\cpfn :i-~ and nr'phrrlsis 4 24-1 1 .61 0.4 .5-4 .19

A: rrtlcnts 19 24.20 0.79 0 .47-1 .23

Vvrnr ~•ehtcl :: accidents 1 1 1 1 ().97 O.4 .ni-1 .73

:\'I othcr ac idcnts ~ 12 . S; rl.ti_' (!? -1 .23

~ .Ulct:i e Q 1 19(i !).67 O 19- I . i i

'Suicide :, y 'J. r''0 0 .8 2 f) . 3 3 1 . ( l

\!I other causes ?9 ~ i 91 ( t .hS O.-1 . 1 -O .rJ3
d' t~L'1~SC1C5 wniRt-~~, who aGCfUCC onc \'CSI' o : :Cpo3ull with ctt'`!?~ilr :!~1,) FSfnh'ih I r It~h~ , :rn ;i! 1 in :at ~

(_ :Uigi' not limed if not obsGT v c d

~4crrr.r~ur :R :trrr•rerr. 1a,cs from st;ttc or
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-fable ~ Standardized Mrtafitv RaMs tor Selected Cause-Srecrtic %ionaltttes for

AC1=U Manufacturing Cnhnrl Members F,vcr Employed In Jobs with l3cf-Inile
_1['I-U Exposure rllxrrvcrt Fx

prcrr° ,i S%,9f? 95°o C• t

All deaths 68 - : 1 ohs no] { >

Cancer s

A 11 can«•rs 19 20; O . 152-1 .3S

i )r :~e .tt~ e (Trew:s and Ixc itc,neum It 5 116 0 %5 020-1 .91

Esr,l,hagt+s: 1 0.6 5 1 .54 0.04-8 .5 7

Large Intcstine 2 1 8 7 1 .('r7 i?. I 3- ; .8f

Pancreas; 1 1 17 085 O 02 - 4 .1=1

R cspiratunySysrem 9 %.11 1 .2

7 I,urtiTts I rl ?1.1 7? 0.12 2 : ', ,2 3

-Ita( he .r . hronc.itus, and lun y. S 6.S 1 1 . ;% rI .51-: . 3, 1

M .iic gcnital Mgar:s 3 155 1 9' ft. tt)-K !i=,

Pnwcat° 3 1 .43 2- 1 0 0.43-0 . 1.

I}•mphattc and heEn._topoietic ttssne^ I ? F6S () ;1 0 01 2 .08

Lcukcrnia and alenkPmta 1 1.04 ( ) .tJ() 0.02-5 ;4

A Il nO cr c-ani,er, 2 1 .62 1 .23 0.154A5

Non-malign ant causes

E rrebrnL•atct=laritiseasC 5 3.14 1 .59 0 . >2 - 3 .-i2
All heart disease 21 2101 t) .);7 tl W?•1

lcchcnttc hca : . clisc<,~r 1(, 19 1 3 !1-5-', 0 4S- I .?6

Hypertension with :,ea .*r j: r ;ea.,c 1 ' . :i i1 327 ') rIfi-1 C 17

Other t ".I 5 1 .15 t .3 l 2 .94

Hyperttr.siryn without heart disease 1 017 + 33 J.09-24 ; 1
(o .;ea,cs of rnpirakm _, system i .`f i0 06 ; Ci .1 4 1-95

A stiim :I 0 .1 4 7.32 t).19-4U .6,li
OlhCr :.' 2.54 0.79 ().1 0-

2 Neplrritis.inci ncphrosis 2 11.35 5.2' t1.(i :i-I S .ti 5
>ccEdcros R (;.91 1 .1G 0.50 ?_? , :

Motor vehicle ac,:t rcnts 4 :57 1 .1 2 0--'1-2 .,S,
Qther 4 3 .34 1.' 4313 .t)6

Vtnienc.e. ri 1 6"1 1(5 0 60 3 59

SWIM j 2.96 1 .69 0 .J : -3 94

1lomlcrd_s and o:ftrr 1 iJ 67 1-19 0 . 04-S . : 6
:1{1 o :hurr cause .; 3 8.0 7 !:) .3 ` E) .tlti-t (11)

a Causr :u t i, .rcd a :n.~E o~scroe d
h Krtrt - c wr Imes t-com sr,>rc o f'lim:c, oca

.iC)
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"T :e`)', :~ i ; 5tancl :ire3ir.rcl Mortalitv Rattos tur 5cle~ctrd Cautv-Spec ; fic >ti4ottalitir_ti for -\P(Y)

ti-tanutacturitrg Cohorr Mcittbcr5 vi'ttlt a Minimum of One Year of Emplo}m»nt in

a Job A itlr Drtinite APf'( ) Exposure

---- --- -- --- - -.~~- -- -
Et.prcirij SMR~ 953; (I

All deaths 35.95 0.70 C:.45-1 .~t;

Cancers

All cancei s '. rl. 29 0.68 1.=:0

nivt.titivc organ; and pr-rit()nettm ? 2-54 0 79 Q 1

Esophagus 1 ().31 =t-2ti () .US-1 b .~ 1

f .argc Intestine 0-89 I 1? 0 01-6 ' . 1

R-rspir:itnryS~stcnt 2 3.36 (:.51) 0 .(J /-2 .I)

Vrachca, hrcrchn,, and lunl, 2 3.23 0 Fil 0 08-? ' .1

Male ~!en.ital organs ? 0.80 2.51 0.30-9 .04

Prostate ? 0.75 ?.F' i).~2-9 .65

:\ll other cancers 1 U.76 1 .32 0 .03-7 .32

N on-ma lignant causes

Czrehrn.3nculdr eli5casc .• 1.~5 1 .94 0.40-5-66

:V1 hew' : cffcc:«c ? 1 41 I).71i 0.1 i)-1 . ,

I .SChemtc h---an dtscciar. 6 !.16 0.6o (!.24-I 4 ;

(lthrr ? 1 G~9 1.?? I).1 .5-a .=ii )

Diseases k,-,I respir .nory <Vsjem 2 ? .2? O.S8 I 1 "I PS

Other 2 1.29 I .15 U.19-5 .6 1

Ncphritis arid nephrosrs 0 19 5.^3 0 .13-19 OR

A; ricients 1 -?."l",' 0.36 0.01-2 .0 1

Gthvt E 1.39 0.72 0.02-3 .99

Violence L 1.43 1.39 0-17-5.03

Suicrc+es Z 1.115 1 .70 0 .21-6.( ±

All olhrrcaus.t:5 1 3.83 0. ?6 0.01-1 4 1

a . t73usc rio: hstcd 11 not ~e.i -- -
b : R .fcr.ncc r:i 1-, fr0m : :I tc : of N1r ;atesota

2 ;



p. 40

Case 6 :06-cv-00530 Document 207-6 Filed 04/07/2008 Page 10 of 2 4

able - Sranciarclr/;:d tilUrtaltty Ratios toi Selected (' :rn<<•-SPc>rific Mortalities forAPF(i
.Manufacturing Cuhoitmfrnhcr, rver Frnhlnyeci in Ic;hs w irn Prnhahlr API70 F-:hosnre
hot Did !'vot lOlcl Jub .; with Mrtite A PFO ('xhosurc

t sac' - - Ohscrvcd 1-.xpcctcd S -M P. 951.11„ Cl

AN deaths - - - 368 443.52 Q.9

3 Cancer s

:\II c m tc:m 1 1 9 12163 094 0 78 -1 .12

I3uccal cavttr and pharynx 1 1 .47 (11 .40 0 ill -?-2s

(Z :~eat~e oreans and pcrit~nri :ru 77 :,1 19 0.87 11.57 1 .2~

f_suhha~~rs 1 3 . :'4 0.31 (} .t71-I .% :)

~tor.i .:clt t 17H 136 f► ?9 "' 71

LaTr Intestine IO 11 .35 488 0.42-1 .62

Rectum 3 133 I 21t 0111 75

F3iiiany passages and liver pri ► rsat}. _' 2.44 oil 400205

Pancreas 7 6.74 1 .04 0 .42-2 .1 4

Rc~.piratorytiys :f:m 38 33.37 0.99 f1.%()-1 . ; ;)

Larynx I 1.1U 0.91 0.02-5-03

Trachea . bronchus, an_I lung ?- ?() R 6 1 .00 0.71 1 .3 3

2 4./2 O.lJ 0.05-1 .53
t-cm :ilc gan;t .i l o ;gans 4 _ .S 1) 1 .39 t) ._,ft- ; 5 .1

Other 3 I 59 1 .89 U.?rt-5 .~ :'.
'.na!c ; ::nit : i lui? .tn : lt) 11 1 2 (199 (147-I .X2

Pr«stxt^ Q 9.69 013 M411 36

Other I ON 23 3 DAN! 2 96
LA irtat-v Orrrins 5 630 0.79 (1._4I .85

Kidney 2 3.~fl 0.5 3

!3Ucicr and otlrrr u : :nary o r ,, ant ; ? St) 1 .~(t O .?> 'z 50

tJthrt ard uz~sn~ : tie<1 tiitCS ; 71.G) 1.00 U.4U-'? .'Ci

"kin 2 113 .(K)1 vi 95

Cenrril nM-ous s~strnt 5 4 32 1 .16 tJ. t / - 2 .-,'~r

Lymphatic and h mn .-+tr_~l.xo tr-rtc tissue 14 14.55 i)-yfi fi.511-1 f11

Lvmphnsarcotna and rcticulosarcon -m 2 I'll 1 .80 0.22 6 .51
Leukemia anrl aleukemia ? 5.51 1 .27 0.51-2 .61
Other 7.f'4 ti ;1 023 1 G(:

All other cancers 11 9.O1 1?2 0 61-' .1S
B0n6gn c wpL'. ori ; 2 ` .39 1 .4

4 3s
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l-blc . . (C c1111 inrirrl)

--"----- --- _-- - - -----
C,,u,,~' - - -- (ihtervec1 FlzPn:red S%iF° 95"•„ CI

N'nn-Inalignant cause s

Diabetes mcl Iltus I 4 S.S7 ? .()l 1-2t1-3 .2 I

Ct:rbrovascular dtscasr 17 2.1 15 070 0 4 1-1 1±

Al llr.urt disF :r:e 110 146.86 0 .75 fr 6? 0 9 0

f ;hcurnatiL ilCat1 CIEsC' : -c 2 I .96 1.02 0.12-3 .68

fst hemic fjcart disease 93 I 1>.SZ 0.81 01)J-0.1;9

Chronic chsc:asc uf,.-srdocardiurn 7 760 1 .00 0.40-2 .06

1-(yEwit,:nnsion vvttli :1cart tliscusu 207 0 .97 0 12 149

Other 6 20.31 0.3(} 0 .1 i-16 4

H}px:rtc:rlsiol without heart disease 3 I,90 1 .58 0.33-?62

Di;cascs of lrspiritory system 11) 32.70 0.55 0.=5-U.9I

IntliwnTa and pnr ;< :jivnic: 7 9.82 0.71 (1 .29-1 .47

Bronchim-, 1 066 113 004 847

t :~ttpl :.. :c m ;~ 2 3(r1 0.55 007 1 99

;Other ? t~; 0.51 U.23-0 .00

1 . ;CCr of sum wch 1 . 32~ O . A (J-02-4-13

('crriicfsrs of (lie Iiticc 6 7.9+ 106 428-1 .55

'`ephriti.c and ncpltruh~ 2 2 R2 0.71 t! f)9-2 . C 6

Accidents 23 2?56 0.94 059 1 .4 1

NSotol vehicle :+ccAcnts 12 111 .29 1.06 G.55-1-56

Other 11 13.27 0.83 t, A l-1 .43

Violence b 11.6U U.69 t,-3U-1 .36

ti~lic zdCS R 9 . 56 014 U341 A5

^--- --au n r n .,r f ; trd if not Men&
h 12.rlr:;, . r racs Yrnm statc of Nir : :nc,o? :.

? i' rc .: .̀t tanC ri c)1iSCR ~ ;I rn I~rr :ra- rantr n~c r t

i ~)
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Table S tii .rn,l :rr;i+zedSlonaiity RutiuS for Srlectucl Cause Spr-tfii tq,,,ttalitirs for :\PT(1
M amtf;tcturlrtg C :oht,r ; \-1t•rnNrs New Fn?t?b?yN in Jobs ON :1P1-<7 L .ipssure

951.1o (,' I

:lll tlcttlh
s - -------

3 ! 4&34 077 0740 . 86
Cancers

All carc e r c. 108 137.70 t:.78 0.64-0 .9:

Buccal cavity and p)taryna 2.59 f;.39 0 fti - 2 .1 4

l~i~csrivc nrt,ans and pc:)-i(onrurn 30 33.39 0.9() 0.61-128

Escrh,hazi:s '~ 3_3 9 0.59 (1.07-2 .13

Stomach 3 4.08 0.74 0.15-2 .15
I .arggc Intestinc 16 12.26 1 .30 O.75-2 .12

Kccturrr ? i0 0.4 0 (} fj1 2 .22

liili ;rr'; pawra_cs and ttt-cr 3.C;.} t).3 ; t! (+1 -

E'ar,ercm 5 7-1 . (13) 023 1 .6 3

F:-r,nrr :-i!nry ~1's'.~nt 32 40 .94 si,?$ 1).i3-1 . fC)

Larynx I 1 It, 086 O.(t? =3-74

Trachea- 7ronchus, arid 1u11~ 30 39.3 5 0.75 t).31- i .U`)

bthi•r 0 . 44 2.30 0.06-1 2 .76

Breast 4 6.27 O.64 0.17-1 .63

Feurale genitalnm_ans ! ".r ) 7: U.~' 7~ t).Oi-1 .50

C.rrv ix 1 0.51 1.96 005 10.92
Male ~;eniral nrv ans 4 11.49 (0) 0.09-0 .89

t•'r O •t a tc 4 1 I .t}~ o,16 (l .1 ta-0 .9?
1-'r,-i:iry Organs 6 () 77 089 0.32-1 .91

Fotclney 7 z.yR 0 54 106 19 :

RAW and Mr Am, wgmw -1 218 L" MAIM .,
Skirt 2 1.91 1 .03 0. 1 i-3 79

C~nrral n :.n~ous wstenr ? 4 55 0-44 0-03-1 .39

T1r ;•roid gfarni I 0.46 2.16 0.0~-12.00

LyTnpltutic and ' Ncm I mpnietx:tissuc 14 1S .?2 0.90 0.49-1 .51

Ly nnphosarcoma and rettcnlnsarcoma 1 1 .20 n 9 4 0.02-4 6 5

Ho<Is>kin', disease f 0.92 1 .09 0.03-6.04

Qul.rntia and Mkcmin 4 3 .90 !).fi ;i () 13-1,71)

\ I I other cancers 11 9.67

Ir-G % rl tl^ .; .7 ,1 1 . 4 9

~1C)
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l a:ac` - (}hurGCC! E xpr L: tcd S\•IP." 95° ;, Ct

_ - -~-~----- --- ---Non malignant cause s
l ubclrttlr~st: I 0.21 •1?S () .1 1?3 .S!1

U ► abttc .s tilellitt;s S 9.55 0.52 0.17-1 .22

('-rchrovascular d;scasc 11 77 10 fJ_43 0.'G L) g?

All hc :tct dtsc:+sr• 12i 155.7=+ 0.79 0.66-0 .94

I~hcuntalic h att disease 4 2.14 1 96 (). ~ 1-4 .i7

Iachentic hem disease; 92 1 2 4 . 5 3 (0 .7=3 0.60-0 .1)!

Chronic cli5e :zsr of endnc :trdium •a ' C;' fl ~ 1 (1.1'1 1 31

1-1~j:w.rrenc,1cm with hcatt tliszasc 3 2 21 0.90 C► .! 1-3 .27,

I I~pcrter:stun heart ehteac~ 2 ? f)" C) 99 C1 1?-3 55

C,,t respiratory ~_:51r1) ?f'+ -G 71 0 76 051 1 .1 0

It;f1 u<° nra and pneumonia S i 1 .5U 0.43 0.14-1 .02

Ianph,~scua 1 4 . 01 t)?5 O C)i-I .3 4

.lsrhm;t Z 1.04 1 .93 0 .23-6 .97

Cirrhu:iiz~ of the 111.1f:r 7 "Z.?? 0.85 ().34-1 .75

\ephritts and ncphrosis 3 3 .19 0.94 u. :9-2 .75

Accidents Ig 24.38 0.14 t!.4-i-l .1 :'

.%(+}t . .~r vchtclcarcidt.r.ts 1 1 I 0 t;.9 1 .01 0 ~;0 I .S I

:\11 otllc ; :?c c-1ri:'tl'a 1 3.49 t).>? 0 .11-1 .f)~

~ rnlenc, R I I .5~ ~.69 0-10 1 .3 ,

~tri,.i(lcs 4 !).49 0.42 ().11-1 .U5

i-1011 :ik:iJi.s and oth('r ~l 2 .t72 1 4S () 59-S 05

All Othercauses 52 55.5? 0.94 0 .70-1 .2 ;

ttr,c nnt Laud if not obscnc d
h Kt-`» ; . ncc rates from st: tc af Riirtnrsot a

All lneast tancers observed in 1Finale e nr, In•yre_+

al
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Table 9. Sta ► tilat :iizcd N-jortalit_t Rario .s for Sclot.ted Cause-Specific mortaittle-I
fm Sa?ar-irtl Waxkem of the A1'1'o \danufr~tnrir.r ('nhnrr

i' : :, :.,c [)cat}rs Fx~c:cc SM R 95~ ~ f1 y

All deaths 307 481 .92 '1 G3 ~) Sh.tJ . :~ 1

Cancers

A1! Canc_crs ~>7 140 17 0.69 0.56-0.84

[3ttcc.lf cavity and pharynx 0 2.68 ►J .r►t ► 0.00- 1 Is

Crr,esti,•e or~ans int~ pentoneum 2' '% 080 0.53-1 .1()
Fsu~ira~tts 3.56 t). ~!i 0,tJ71-2 .(1 i

Stomach ' 4.;)!, 0.49 (i.(?(;-1 _75

Large intestinr i ;' 1? :± 1 .38

Rectum. ? _'.~i) t;.titi !) 1fi-? 9

1311MIti" (la5S3''C'.s arid liver l; i.rl`) (} tt: OW(1-1 . y

i'an; rca~ 4 1 ; 1 40

•>!1 nt}~er riieestnvc t? (r.tli 000 J.00-3 .8 :

Respiratory si•slent 2- 42 ).i 0.63 0.43 ()-92

i.irvnX I I 2() 083 0.02-4 .62

B :Ouchu~ . u-achea, anti lrunp. 25 40.5; 0.61 0.40-0 .90

All other respiratory 1 Cr. 45 2.20 r1 p(,-! 2 .~ ~

E3t_ast ? 5.90 t1.34 0.04-1 .22

t cm<rl~ z~cnilal u[ka~3s ? i .33 0 .90 O .19- 2 63
',11 trtt~nnc (rnnn-,:crvix) (1 1O3 0.00 0.00-3 .54

(l . :i ; 4.29 (}.52-1i 49

Othcr fcittalc vnitdl O r I-I artS 1 1.5-1 O i•1 0 .01 -3 .0,

\lalr ~rr:ital i,t 'ctt s i t l . :, :j. ! U.1`)-1 .1

1'rO;tatc 0 1 l.t t 1 ~ ► 5 : U.?Cl-

Tcsus c+nd ntl}cr mr:lc: tWnttal (r U.-iti (1 .U'J 1.00-8 .04

I rmar} C,ans 6.94 f► ',? 23 5-

F:ii?ac~, ? ~1.4.$ (J.Ofa-I i=)

ti?acicler acrd utltcr utiuary organs 3 I .t><) 0 .2? 3 18

Qttic:t and lltisl.)P.c.rfictl sties 6 i .92 0.76 0.28-1 65
Skin 2 2. 1 U 0 .95 () 12- 1 43

I- V,:! C: 0.09 () rr(} 0.00-42 .92
C cttttal t3t'rvotts 3 4.18 0.6 1 0.13-1 .90

; lttiTC>ic! Oa : ► cl .,uihrt :nductine ! 0.48 2 .(}7 0 0i 11 50

licrnr
. ~ - ~) 0.17 0 . 00 0 . 110- 9 .9s

42
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C:, I m c Deaths Expected - SMR 95';i, CI

i•: rttphatic and hematopoictic 1 3 15 .97 0.81 0,13 1 39

LtiTnphosarco :na anrl renculosarctrtna ' 1 .16 1 .?~ 0.21-6 .21

1 I~x1rT.l;ln's disease 1 (1.97 1-04 I1.t) :1- .5 .75

l .i•ukertria 3nr{ alcukemta 2 6.10 U.33 0.04- ; .1 S

()?hCr lymphatic hwirratolopic 1{ 7 ;' } 1 () i 0.4 5 -2 flft

All other ni :,lr Tndnt r.copltuttts ()96 () 8" (: tl ;5 I 58

L3cnt--,n ncopttt5rrr 2 1 .51 i . .i:i U.I 79

Non-M atiKnaut Cnuses

Dialx,tta mellitus 2 9.75 t) .21 0-02 0.74

(.'crcbrUvasculat diseasr 16 ?~ .~1> U.(i :_' 0.35- 1 .00
All heart discasc 96 I57-R9 0.61 () 49-0 7 .1

ELFscsur,iatic heart r?„eaSe 2 2.03 0.99 1J.! 2--1 .56

Ischemic heart disease 71, 12 3-Fi; 0.59 0 46-0 74

Chromic c?t ;ease of cnclucarcliuru 4 7.i? 0.53 0.14-1-36

Il ;:pcrtc *.tswtt -itlt heart cliKeaSe (l 2 16 (1 .(1(1 (1-0(1-1 .7i

!11! ntaen ccan ciiscuw 1 ??->> 0.76 0.44 1? ?

Hypertension n•ithont heart discase 2 . 00 1 .00 0.1?-3-61

Norttnalirrrtant resp;ratory rlisrtsr 2 2) 35 .9? 0 .61 ()38 ( ) .9 1

tnilurnia and pneumcmia 1 1 .0U U.-?J C► .19 1 .O(~

T3-nnchttis il rJ 71 0.00 000-i 71

Emphysrrna 1 3.91 {).26 0.01-1-42
Asthma ? t il; 1.9=1 () ?1--, t?()

Other nonmalirtzant rcspirutut14 19.27 0. "13 0.40 1 .22
Cirrhosis of Iivi 5 S.bb U.58 0.19-1 .35
Nephritis and ncphrosi~, : 1 1 0.64 0 Q8 2 3?
`.rpItr itis and ncphrosts 2 3.11 U .64 0 . 1) 5-_ .3 ")
Accidents ;4 27 ?O f1 51 * ('i ZS-(1 gG

1•fotor vehicle accidents ~ 1_'.5J 0.64 0 . 2 7-1_ 25
r111i1thC' : :tC:C'ICl cIlt~ I 01 (].=~1 ~1 .1 .-(~~1~

Vrulrttctr 7 1 3 . 1121 0.53 !?._'1-1 .0$

Suicides ~ 10.93 {).46 r).15-1 .()7
11omicidcs 7 39 0R4 0 10 3 .t)2

~Il other cause- 42 ~5 .6U U.76 O.-s4- 1 .0Z
ausc .Nos ?i;tcdtt not nbscrve-,' ~ - -

Rricrcncc rams (rom state o! tilmnvai .a . j

c . All 'e-,cast cancrrs utr, ; vrd in. temalc cmplaqt-cs

43
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7a(rtr St:+n,ir:r,ir :t•lorTaltt% Ratio-, Jur SOrCtr.d l :ru_c Speculie

1i0ur1v :VorL:rs ot tnz :\PFi) ~1 ; :nul ;+ci~rrins (=c3hc,r 1

- --- - - - - ------

C
All Deaths 51 00 -5 1 ;.26 t} .()7 (}.59-1 .r:6
Cancers

All C'aticer s 149 145.51 1 .U2 (}.8b 1 .2i)
Fiucua1 cavity and hh;,~ryolx _ 2.86 0.70

Ciwrstr ;•enresr:s and p~ritwr~~nr "1 3(, 1 .' 0 94 0.6 5 ! 3 1

f :sopha~t.~ ? 1 i 1 ir S; ri 06 1''=3

S,0111ach 4.43 1 .13 0 ._7-2 64

I .ar!~c intcstin,: 11 13.1 i 0$4 0 .4•?-1 . ;,)

ttc~tum ' ?.7 4 f► 7 : 0 01> 2 64
Mi, rv 1?:r.caE•cti and lzN•Cr ~ 3 . 27 t).')L U. 19-21 .68
Pancreas 9 7.79 1 .16 0 . 53-2 .19
All other digestive 2 1.04 1 .93 0 2 :1 6 9 5

Respiratory sYStem 52 43. 8 9 1,19 0 89-1 -is
~artnY 2 1 .'i f .~7 ►) .1y 3 .f~t,
I 3ronchus, trac)rra . and lunz 5C •a2.1 _5 1 .1 9

Al! vtha; rr-~prntn-,: l O.<1? ( : ii( ► ti . :► f, ? S?

Brt-•ast .I ~.? `

I e ;n,rl : acnttal irrg :;i,s 11 .U•.'- 2 . 12
Al" ut~ri ar {n ;~ crr~ i~.) (i 1 10 G.00 I?-00 ~ .z ;:

0.44 (?.UU 0.00-8 .41

Othcr female nnital oreany 2 l .s;? 1 .0'%

Male gcnital (>ruw,s 11 11 .69 0.94 0.47-I .68
Fr-ostatt, 1U 11.15 0.$9 (Y4- 1 .61
Tcrr;t arid other malc gcnital organs 1 ( .)0 ! .99 (1 .05-11 .(t ;

f ;rrni: yoruanti r; 7.27 (}.$3 0.301 .8 0
Kidne\- ' 4 . 1i 04(j ti .ta(i-I (iu
F3[aid,-°r :inc-i or :,cr urrnar':' oreans - 2.91 1 .;? 0. ;7- ; S I

(liher and unspccilrctl srtr: $.(I? U. -l> U.2 -1 .6 3
' .C► ' r}.<) ' U.1? ? -iS

r- Ye 0 0.10 0.00 0,00-,) -11 .85
(-cn:rdi nervous svstem. 4 4 96 0.81 U.22-2 .U6
1-h}•ruid`uthc•r endocrine c-land 0 f ►. so 0.00 0.00-7 .34
Gr~nr 0 0.39 0.00 ().(0-9 .4 R

I vmhh .ttrc and hcmatupoieti(: lti 16.78 0.95 0.54-1 .5-5
I .trrt~ho~arcam :t and rr rir.r ► lo~ar; r~n~a 1 I 3± (► 75 () U2 4.1'

ciiceace (! i .C)? i► .Qil ~) ±tn-i .59
L,~t,kcrr.ra a:i,i slcukcmira 1(J Cz ._ "; 1 .57 ►► 5-' .~;9
t)t!,, r l~.Tnphs:i 1 :1•rnatv!( r ,i c
- - - ) I. ;

~t~
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l ~ ..,Ic 1 t't (Cnnrinucd )

t au~< <~ t_tbxrtrci htprctr~ SNlti 9Y;L~ c t

All other m ;3li,;nant r.corlasms IG 10.34 1 . 55 0 .88 2 51

l1 : :-!trn neoplasm 1 1 60 0.62 02-' l!,

?Nirrt 10A is~natl! ('tusC S

ll!ahctcs ntcilitus 1 1t).2'2 "'.(t(, 1 .Z7-11 t
l .ercbroti•asculai discase. 19 25.43 0-67 0.40-1 04
All l!rait disease 1 60 171 .72 0.93 0- -110- 1 .01 )

Rheumatic heart disease 4 2 .36 1 .69 () .46 4 . ; ;
lsche!mc heart iliseztsr !?R 135 40 0.95 0.79 1 .12
Chronic disease ol c.nrincarii!um 7 8.1 1 0.86 0. :15-1 .7",
N,,pt:rtcnr,ion %-:!th heart ciis,:asv 5 2. 42 2.06 0.67-4 .82
A 11 other heart Ji~ru_ri: 16 : ;•1; 0.68 0.39 1-1 1

I I%Turtvt!t)tott .vithr,nt hcart disease 4 2 .2O 1 .82 0.50-4.0
Nutimalwn :ini rc,ptraton' dtscast: 28 ~ 8.00 0.74 0 . 49 -

Intlui,nwa and pncumania 7 11 r" 0 .61 0- 24 1-35
Bronchitis 1 0.78 1 .2R 0 - 03 7 . 1,
Emphysema 2 4.26 0.47 0.0b-1 .6t!
Asthma I LOS 0 .92 0.02--5 .14
()ihcr nOnrmali-,t!attt tespiratorv 1 2 0.34 0.84 0_49-1-,4

t_lccruC~,tu ;nachmid tfitra-xjc.num i 1.59 O.63 19
Cirrhosi•: rrf liver '-I .19 t>.57 0. .17-1 .72
\,-rhriti .,~ and ncphrusi:, 3.2S .52 0 .49-3 sb
.1c:citJ-ins 35 28-04 i 22 1) Ri-1 70

Motor vehicle accidents 13.15 1 .45 0.87-2 .26
A :1 other accidents 16 15.49 1 .03 0.59-1 .68

Violence 5 13.4 i 1, 12 O C, :' 1 ~ .i
Suicides I' 11 .09 1 t)K i? S6 -1 89
1 lnm!c!dcs 3 2 .34 1 .26 i: .2(i- 3 . *?4

All other ca ;! ;u 5 4Z9 01 0 .9(} 0 . 67 1 .17
1

;A!t -•^ : ,• r: r. c^ ubr.ts .~ .f .n tctr.alc tt :F!o~ :i ;

~t5
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T;rtdr 1 . H ;+z"rr# R :nn I~tin~at ~. and'li+S• ( :ottltdcnce Intervals I"rorn Tint:.: l)enendetlt
Cox F:z =rc ;sir~tt :ln~thst ; to Model tic Risk of Cttusc-SPccitic 'Nlnr,afi ► i :•t ;,":
Fnnrtior ofAI'RO t: :;posttrc Charac :crizcd hy .Irth (' Ias~itii attnn

tticsJel ^~nC~i
(' .nr m • ntDeath - actt:ai + i:nltat .•J

Job L,:po :t:rc No of f'nt,ic ,1+tpttiertt, snnrlan g ,mol :tnL+
C la :, s ifi cation' dcat.hs i Ilk 95"_. C'1 tIR - 95;a CI data HR 9551%, . Cl + l;ua 1lK 't < ° / , C'[

Pro - t A tc c- ;tnccr` 1 6

}-iw,lt 2 =-9 (l.7-'1 6.9 1 .2-31 .R 5 6 0 ri 35 9 7.0 1 . 2-42 .2
Modctate W 2.3 (t.7_7 5 3-0 0.8 11 .0 2 .3 0.6-10.2 10 ft IQ, 11 .0
Low 4 1 1 1 1

P,tncre,ttic cancer 1 .1)

High 0 . -
1loderate 8 1 .5 0.5-4 .3 ;.- t)U.3 1.2 0.3 0.4- , .2
Low ~ I 1 1 1

Bladder cance r
llt h i)

Moi!crate ? C1.7 ?1 1- 1 . S I% 0.4 0 . 1 1S.
1

{ 'crC'hrC>tiaSCUla r

t: :s~15c

5 .3 1 .>-19 .(; b.6 1 . :'-7_1 5 5 . : l .a-IS .b
:~9t~~?rr.tte 19 1 .5 {).5-3 .1 2 .1 1 .6-4 .5 0 4.S _' .i 1 .0-4 . 6
Loiv 13 1 1 1 1

lschcm :c heart
r :!sease 20 1

I(t~~a h 6 0.6 0.3-1 .4 0 . 8 0 . 3 -1 . 8 0.9 (} .4-2 .1 4.8 0 .3-1 .8
Moderate 103 1 .1 0-9-1 .5 1 .0 0,7 1 3 1 .0 0.7-1 .4 1 .0 (1 .7_ 1
Low 9? 1 1 I !

Cirrhosis 01*111C
(t "'c:r 1;

I li;Zh ~J
iV1hC4el .3te 6 tt . i tt.! _' O I . 1 (+ i i! 1 1 !_I. ~ (7 I . 1 11 ;- i
AM : I I I

D rzh ett s tr. C l!ttus 23

High t?
Niodcrat_r lfi 3.i 1 .~1-9.9 1 .9 6 .7 i.l ? .r1 () -j b ; .,i (} .7-5 3
Low _ 5 I i _ _ I t_

a : hAl C; l ;,ssif ,--n Ttnn Hnth= W rttkr.il a Inb with deim.rtr rxrner.re for 6 months or ffn tcr ; tilodcr ;atc-G~-cr ..rrl:ec! .r u!s w~ttf :
pro -a able :xposarr rx wrnl.rrf a tns - with clefiuitr rcxprr,trre• for less than 6 mnnths ; LotvmFvcr workcd a jnb ;+rirn:,rrlv in the
r!cn- heFmr'~I lrvrarm r>1 th: plet ; t

h Ha7 :~ir1 t .++r+ ::t!C~ar ;t t~i : ;c~:, a c cl :c :E~Ic tn bc ir. tFc ~rudti, t : ;++lt )r :r : ;+ttr! x:,gr typc
`:! : ;rt+~,!~ . :r 3 kbt

r, ;4
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T;rhlc ;? . 1 fr .>arci Ratio l s(ttttar~,. :,rltt 9 :°., C trnficlr.n cr Intr.t \ at,, to Ntudrl tlu• fCisl:
(it !'rostatc Cancer att d Cerrbravasr_i :lat Disr .lSl', ISI h C11itC HG3t1 D IscJSC

and Diabetes by .API n Job j.xpntlrr^ Clatsifiratlorr and Vl1.u!c Type

Wage TYIX '
!-fourh Solari.

Cause r>f death Noof No-of
- Job cxpostn-r cLlvorlcannn" deaths FIR' 95"4' CI deaths If(Z` 9•:; ; . (1

Iit h I) ? ',). . E.i 7? . :
1lot;Cratc tI -t. t~.5 -35 .7 1 1(t it 1L) 9
L(',-,k 1 1 1;

( rrrhrtw:t .;cr :lzr discas c
}II•11 _' S.9 1 .4-54.6 1 4 1 0 i rI
Modcra(c t' 1 .6 11.6 4 .9 7 2.b I 0 b .0
LcnN; 5 1 I K 1

I tich Lt}71c heart disease
Hi2h 5 1.1 0.4-3-0 0.1 3 . r
Mvtlvtate 5± 1 1 ()-7-1-fi 2

0 fcw 40 1 5-2 t
Diabc•t .-s rnc'lli :u : t

1lucle :atr. 1.9 0 6-? .c1 1 1 - (t S _ .t)

4 _ _ 1 1
,V :,-:c t1T ; ; for pcr,ons who worY.cc ho ;h h Kt*tv .znd >alar} jobs is clttwficd h t' th : pr_':1cnn :nar. : +~a : tE ;h

r. Sn{- (~?~~<I :' :3tk,n ttrL'h .1•nrhr..1 . : ~u1f µ•ral,trilatlr t' :(ti,ylirt' l,II ~` t :k~n!1U Jr ~,r!'~ .cr ; ~'tryG~rat :--[_YCr tcOrtYl1 ]
t,-)h a•tth p'c,hahl,, c\posurr .u :~,n',r.cl • 1 ;r,i, ::-, :h t 1.-tlr,rr rlpo,orC tor less than 4 nX nuu, Lu'~ Ltcr .uorktd a job
- nni,^,r.lr in Ott- nt,n nct-l :, :czl di% is,on of the p :dn t
i truard ratu, . ,,itus.fe :i kit !~ex, age eLgiblc to be in the studY• built pcat, aud if'rrnrh :,•:, ,r lypr ,obs :~ere hcJ,3

d M.rtr or :h . rr=±I84

.l ;
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I ablc 13 . Hazard Ratio E.~titrt ;rtr.ti atttl 95% Confidence 1t11PiV :}is tcr Model Lhc Risk of
E'ru~,tatc• Cancer and Cerchmvasr :ular Disease N lortaliti~.;~ as u Fu ► rcticrn oi
:\PFO E :xlro~,trtr> . by Exposure I .a ,̀ (O and 1(1 yt-3t ;

---------~-- 1 . .-e : :r ~':!}ns i :rc i.lr•
(' :1uSC ut 1)eatt t

l,,h I:xpoctrrc ti~+ .u( t'rtt~r 1Jj .c,tr1~ No.of C'radc ,tiinti;r :+ r
~- l:, t .;,tnnt' dtatl ;s~ HR 94~1°;, Cl HR y=• '~• C'I cic :1 t 1 r. Ilk 9'o t-! AR 95'; Cl-.-~.---?tuat~ltc Cancel-
fit -h 9 '_?.1 6.9 I' 11 S 2 ti .~ Ll ?~.U 8.2 1 s.a4 (

N'Ik-+clk:rutc 10 ; 0.7-7 i ~ n 08 11 .(1 9 3 . 3 1 . -,).g ~ . 4 1 1 I0 .7Law •E 1 i 5 1 1
E' :utctratic c artc-e r'-

fii~h
Muclrt ate '~ 1 > 05-4-S ( 5 (1.4 5 ; 7 ?.Q U . ;% j .y ? .(1 !1 i. (r ?
Loa j 1 ! 6 1 i

F~13ctcicr c;cn~_ct` i

Ffi~lr !~ U .
.1.1c"ilerte ~ 0-7 0 ? 3. 3 0.4 0. I-1 .8 - 1 . 3 ('i.i-5 IR 0-8 i1.2-4 .0c~tiv ~' 1 I 4 1 1

C t : ;brc+~a~~u!at
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