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Methoda for reconotructing historic dust erposures, taking into account jobs and controln, vere
davcloped nod combinad with n retroopective cohort mortality study of chrysotile nsbestos tertile
workers, between 1940 and 1975, to evajuate dooe-reoponse relationships for lung cancer and noo-
salignant respiratory dismnes.  Among 7600 white males, statistically sirmificant exceon sortality .
wnan oboerved for lung cancer (SR = 348) and nonsalignant respirntory diseasrs (5MR = 263). There

were fifteen denths duc to nabiatosis or pulmnnary fibroaias.
calendar time, combined with detailed work hiotories,

ror lung concer, a linoar dose-responne rolationahip w
cumulative domo entegory, Siemificant doar-ren
respiratory dismoco mcluding ncute upper respi

STIMATES _OF 5F-R NSE CAlC
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Of the 191 doaths among white malea, only one wae due to muoothelioma.

It in well entablinhed that oceupationn] crpoaure to a
of rany dinsases including pulmonary fibromia (nnbeatonin)
rloural and peratonml Linaumn, and eancer of the enatreintentinal tract,
been ohovn repoatelly using different popiintions and study methole (K103,

Although thera han been a large amount of reeemrch devated to aahenton
epidemiolonical ntudin

" INTRODUCTION

Using catimated fibre dosn by joh and

mortality by cusulative done was investisated, r
a8 obtained with an SKR of 223 {n the lowsnt

ponse relationnhips vere nlso obncrved for prnoalismant

ratory infeclion, influenza, pneusonis, and bronchitio,

8horton in nonocinied «ilh sncrmaecd rioke -
o respiratory cancer, menothellorn of Rath

Theae hmith effe-ta have

1976; 1aRC, 1977},

+ thers have baen (e

3 of cancer rinkn Among workers exjonod only to chrynatile, which necounin fap '
gore than 90 percent of A1l anhenton unel In the United Stateo.

develop ripopure eatimaten and to investirntn dose<responne relnt)
To provide further information on lung cancer risks asoocint
retroapective mortality atudy wan conducted amons & cohort of aab.
datn was comhined with fibrr rxposure mtimates to
caacer and nenma lignant reapiratory diseanen,

Even fewer atwliea have attiepted to

onohipo in a quantitative maner, :
ol with chrysotile expomures, n

onton textile workern,

The mortality =
investigate dose-response relationships for lung

1
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.
The plant aelnctl for atudy 1o unlque in arveranl ¥Ays. Firet, oanly an invimificant qurntity of W
unkeatos fihor other than chrysotile wan rver proceaaed,  Secondly, Uhe plant wan cneaeed §n a
proereaniva dust contra) program brzinning in the mid=1930's; therafors, the roasibllity of
fenluating effecto at eciponure levels lover than those of previous stulien exiated, Ferhape more H
important In the fact that a considerable quantity of exposure data was available for estimtion of
worker exposures. ‘
. METHODS |
Cohart Mortality ity ‘
Althotinh the plant under ntudy begnn product jon of aahraton producty in VWG, detailed pernnnnel e

recorda were flentl moints gned hepianing In npprnrimtely 1730,
remarkabhly unchancet ainee that (fmn,
rrloyment eiving aame, data of hipth,
Thin anme curd Alan contnined the
AepAr tnevilennd npecsfar b, A1l Information from theme cardm we

) The ert wam Limited to 700 white ma]eg cwployed six or
Joerrrations with at 1eat one manth of mplnysent betweon Januar
cohort wan fallowenl throush Dacemper 31, 1975,
inoure that all workers would have n minimum
An allempt was made Lo determine the vyt

Tha primiry sourcea of informtlion uosd for thin follow-up included the Sncinl
(G54), Intermal Revenue Servics (m3),

filra and ntate vital

traced unine loeal racords nuch aa tolephonns
records, records of funersl howes, and various other local sources.

ntatinticn officen,

10,4 = 1

The record agatem han remninesl -

For eieh worker, an mmployment eard wan completsl At gngtaal ‘
At vaee, aocial ancurily nuster, marital niatus, and adieean. ~
detailnd work hintory miving exnct daten of employment by pinnt
re enlered ontn & conpater data fale, ‘
more monlhe in Lextle productnn
y Yy 1940, and Decembar 30, 1905, The
The 1965 cot=off date far cohart entry wam choaem to f
“liatency® of 10 yoare an of the olwly md date,
a1 atatus of All cohort memhars an of Decembar Y1, 1975, *
Security Adminintration |
3. Tontal Mall Correction Sorvice, state drivern liceman
Individuale not locntet through theae Primary sourcee were )

Hotinge, Polk directories, property records, voler
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Canae apeeifie astandardized moartalitly ration (2 ) were enlent tol uaane A Lafe tahle annlvags

Proet on the tectmagne developed by CUTLER nmd BDBRUIN (V) Ierasn-yeira Al rink of dyine wers
dimtrihuled by five year ane, ealemdar Lime, and Lime 2ynce initing rmployeent (1atency) nroups,
lrraon-yeira were nccunulatal for ench cohort member besinning when all requirementn for cohort ™try
wero mel unti) the date of death or Decrwher 31, 1975,  Thonn whos+ wital otatun rom:inml unknow R
were ansumed alive na of the study cut-off date, thereby contributing lheir marimus posaible porson-
yoars tn the nmnlynia,

The follow-up period for this atudy opnns the Fifth throush Eirhth Revinions of the [nternational
Lints of Dinenses nnd Cawnrn of Denth. Denth certificates vere coded by & Aqualified nosolonmint
according to the ICDA revinfon in effect nt the time of denth, All denth coxlen vere then rrouped
into 09 dmth categorieca based on the Seventh Revioslon for purposco of standardization. Individuale
known Lo be deconsod, but for whow no death certificates vore available vere assused to be decoased,
cause nown,

THe number of expectel deatha, ntandardized for sox, ogr, race nnd calendar time, vere caleulinted
by npplication of caune npecific donth rates for the total United Statns to the peroon-yonra at riask
of dying, . Denth raten npecific to the 09 Sevonth Revision death groupe vere casiculsted from yoarly
talliead@denths nnd conoun data,

Fi Juwating done-reapoane, cumulative CXposure strata were crmied and A vorker vas mnved from
onc o to the next a3 his cusulative exposure incrensed during the courae of follow-up (ERFSLOW,

*1976; LUMDIN et al., 1971). By thie method, & worker contributed person~yoars and thuo riprctod

. deathe in severnl exposure strata while contributing observed donth to only the highent atratum

. schicvm, Phch worker's cumulative cxposure wao cotisated by combining detailed vork histories from
rlant employment recordas with atimates of ciposure by Jjob.

Statintical significanre of observed caune specific excesses or deficits vas evalusted wing the
Pniogon dintribution (PEARSON and HARTLEY, 1958),

ure Entimates
From 1930 to 1975, 5952 environmental onmplec were collected lu the plant undor study nn shown
in Table '. Prior to 1965, a1l anmples were of the impinger type; from 1965 until 1971 meshrane

filter onmples were also collected. In 1971, the impinger method vae @tirely replaced by the
scabrane filter method. .

TABLE ). SUMMARY OF SQURCES OF INDUSTRIAL HYGIINE
SANPLING DATA FOR 19301975
NUNBBt OF SAMTLES

SOURCE OF SAMILE DATA 1930-1945  1945-1960  1960-1935°

Company Sampling Program -— 179 ) 4919
Company Insurance Carrier "2 : — ——
State Board of Health 12 4 a——
U.5. Public Umlth Service 67 :- 657
TOTAL HIMAKL OF SAMPLES 193 183 9576

Far purpeaen of e bimaling warker axporure 1ovels, it wns neceannry that
he dame apit el mmoure; therefors, n converaion 1)
tartielen cer bz tendl or ajr ),

All erposure data ba of
rom impinser countn, mensured in oillionn af
‘o mrabrane filtey eounta, mmoured an fahera lonser than
L per eubie fenlimetes af oy (fiverafec) 4ns neceonary, Fortunately, there were two relatively
=crd Ampreen of Aata for “hia ~timate; 120 paired fepinger-sembrane filter samples eollreted in
“hia plnt by the U3, Fublic limith Srrviee in 1965 and 96 concurremt mmmplra by throe tvn sethodn
tn elant opceations collonted during 1960=1971, Relntionohipo between tha two methads were
invertimited uaine miltiple linenr rerreaafon, Results of theoe convernion entimten and approzi-
mitely 79 pereent eonfidenee intervala are riven in Figure 1, Far nll textile operationa meept
1 prepaention, a eonvernion of 3 fiher/ce for ! HPICE wan uned.  For preparation, a conversion of O
wAn waed, aines thean coanvernion valura, all Sample datn were expreansd an fihern/cc,
Hean crpasnee Teveln by joh hetwren 1930 and 1915 were eatimited uaing linme atatiaties modeln,
Toellle operntions were divided {nla 16 Frpoimre gones acrarding Lo Aiminrily of proeeaney npd
CELOINFED AT deacrihal by CORN and B (V979), AL Jobn wilhin emch mpature zons wers further
LE) ulz-u-ﬂ in v‘mr ;-r frmr Uniform Joh Categarien (UJC) baoed upon thake associatol with the particainr
o (i, vy,
ane the rrpasure one and Ungform Jok Cateporien, linear modeln were developed ta allov

| n--l.mw of worker reipusures in aeh Tposure zone over time; takins fnto nceount chanpn in
preceane® aml enmineering controla,  The Jiner modal for each

eiponure gone Look the folloving
| form:_
Teo® Thada LG DA,
k . t
where: £
;' = mn of lor of concentration waluen for exposure sone |
$ Sik w mulliple reereision pirameteor for WIC &k jin exponire rone |
Tie =+ andepmndent varanhle waed Lo ldntify WG & in reporire zane |
diy = oultiple revresngan parameter for control 3 in exposure zone {

N4 =2
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Zyy = independent varinhle unel to represent daten of control chmngen for exposure zone {
Aip = multaple reprenaion pramcter for time interval t in expnture sone i
Zgyy = independent warinble uoed to represent calendar time periodo.

The firat term in the model for evch mpomire zone tiken into Account tinjiform Jah Catepory, the
second ters nccounts for proreans or control changes and the last term ia used to account for any
residual time trendn in the datn, Detnila regarding proccsn And control chanses vore determined
throurh studies of plant engincering records and reports, discusoions with long-ters caployeca and
from daty collected by the UG, lublic NHerlth Service, .

Inraseters of the exposure modelo were estimnted by multiple linear repreadion uaing the historie
industrin) hymicne data. The resrennion models predict the mmn for the log of dunt conerniralion
walueo; hovever, othora have ohown that the arithmetic mcAn may mve Lthe beat mtimation of the
av e comcentration to which workern are cxpooed (51 ER¥OOD, 19C5; COBIEN, 1966; COMiki, 1974,
LEIDE. and DUSCH, 1975). Thia in copecinlly true whem short “grab™ oampleo of approximtely equal I
nanplisg dumtion are usod to catimale vorker exposures, s in the present study, Mesn expogurcs
vere matod by the following expreosion:

wp (7 +40)

wh
’ _i = eatimnted arithmotic mmn concentration
y_ = tman of log soncentration valuea
o2 =« pooled oatimite of wvariance of y from the regression model.

Details of all methods used in this study have been presented elsewhere (DEMINT, 1980) .

RESULTS

Mortality Stu
Reoults of the follov-up efforts sre oummariced in Table 2. Vital statun wno deterninod for
97.1 percent of the cohort, Of the 191 deaths, all but !} death certificatos vere obtained.
TADLE 2. «SUMMARY OP COBORT DEMOGRAPHIC DATA AND

VITAL STATUS AS OF DECEMBER 3V, 1975, WHITE MALES

Vital Statun ¥hite
Known to be nlive 995
Knovn ta be drcenand 191
Doath certificate oblained "
Dmth certificate not obtained 13
Unknowvn vital status 22
Total 768

A totnl of 21, 150 prraom-ynara at rink were oxperiencod by white malea between January 1, 1940,
and Deeembor 31, 1979,  Oboerval and ripnctod deathe by chuce are sivon in Tadble 3,

Amons while milea, 191 deathe were oboerved wherenn only 141.04 were cxpectad (SIR = 135, pn.0'),
Othor dinmar ealesoring showing significant ezcesseo were all malignant neoplasms (SMR = 174, p<0.01
nnd nonealisnant renpirntory dienanen (SHR = 263, p0.01).

Tahle 3 ahown the slevatal MR for All malismant neoplnomn amons whitna to be larsely actountel
for by cancer of Lhe trachea, bronchun, and Jung, A tolal of 26 luns; cancera wers ohnervel and only
7.47 wero mpeetol (SMR = 3A0, pe0.01),  Tahle 4 nhovo obanrvod and ampercted lung cancar dratha hy
tnterval nines initinl amployent (latemey). Of the 26 dmtha dus Ln lung cancer, 15 oncurrsl aftar
50 ar =are youra lalency, The MR for lung cancor demonstratead an Increaning trond wilh lntmcy
rrachine: 444 Al preater Lthan 30 ymra,

Uainr duration of ermploymont an a nurrogale for cumulntiva fiber done, dose-renjonne relation-
nhipn for lune eancer are given in Table 4.  These dats domonstirate an incrensing trend in the lune
eancer UMR with durmtion of eaployment,

1 '0 of the nonmlignant renpiratory diseaae donths fall into the eaterory "other rrajpimtory
dinennrn” Fcluding upper ronpiratory Anfaction, influenza, pnrusonin, And bronchitin. 0f thwa 10
dentha, anbentonin or pulscnary fibronle was the underlying erune of death for 15, one van dur to
emphynema, ona nepticemia and ana pulsonary ndesn, Other significant conditiona eent ionml on Lhe
dmth certificnten of the 15 ashmatonls deths include bronchitis on tvo certificates and chronic -
obetrugtive lung diomas on one oertifieate,

The ‘¥R for nther nonm ] ignant reapiratory diamnce also desonatrated no tremd with Intmecy but
nome incronning trenda with employmsnt duration (Table 5). Nine of the 10 deaths occurrod after 30
or more years since initial raploysent (3MR = 763, p<0.01).

e e e e el i b i B e ik i
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AW 3, VIEVID W0 BXPWETED  DRATIG Y CAUGE POR  YHITE MALE |
ASPMSTOS TEXTILE <OMKHNS, 1940-1975 ’ |
.
ICDA Tth ;
Cnnar nf Donth Lint S r
' at No., Obo, Exp, SMR r
' All Cannes 191 .04 . . s
- Halirmant fleoplasma 'S ) 24.66 17400 ; |
= Dirrative Syatem 150-159 9 1.0 127 i |
‘} Trichea, Bronchus & Lung 162-163 26 T.47  340% g i
Other & Unopecified Sites e 10.09 9 A g ‘
Dioenoe of Lhe Central 30-134 ; -
llervous Syotem 345 ! 9 7.72 "7 ‘ ‘
v Discroea of the Circulatory e [ |
. SGeatem &
400-468 5o 57.43 101 s |
A1) Tuberenlonts 0010y . 2.1 = |
Nonmilirnant Reopiratory =
Dinrane ‘ > | |
: 18 6.85 26) t ‘
Acute lipper Reopiratory =)
Infection 4T0-475 0 0.04 = L
Influenza 460-483 o 0.37 —_— - :
Pneumonia 490-493 (4] 2.90 —- 2 |
™ h "
ronchitin 500-502 o 0.41 A 2 ‘
Other Respiratory Discasss 510527 18 3.05  $30e g F
Acejdente B00-962 7 16,64 o4 ‘ :
Other Violent Dontha 963=964, = :
5 .
970-905 7 6.10 15 o i
All Other Knowvn Causes 23 17.92 120 = :
Unknown Cauacs 15 0 — a .
* pe0,06 e .
** 50,01 -
b2l .
TADLE 4 E r
. ONSRVED  AND 5 ;
i BIPICTID DEATHS DUE To wMG CuCm (1mpk 162, 163) = [
BT TIME INTIRVAL 3mNCZ INITIAL EMFIOYMENT AnD VAT iON  oPF E; i
BTIOTNRIT, WIITE MALFS :
.
Tenrs Sinco Initinl l
Dratho
Faployment obn, Bxp. s :
<o :
| o 0 0.7 p— R
_ i 3 e 214 i
;"l n Y. 201 y
y
» 230 15 2.0 Ad4 e ;
« Yeara bnployed Oba, ::;"I. ] ‘
1
3 : <o 9 4.9 ‘o1
20-‘9 4 1,00 ANO*
0-29 12 t.on 1200 '
»30 ' 0.47 213 '
L
__I:’:l 26 T.47 pLITLS l
. FeU0
'
** pt0.0) "
§
e -4
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TABLE 5. OBSERVED AND EXPECTED DEATHS DUE TO “OTHER NONMALIGNANT
RESPIRATORY DISEASES" BY TIME INTERVAL SINCE INITIAL

BIPLOYNINT AND DURATION OP MMPLOYMENT, WHITE nu‘
P Years Since Initial Deaths
< Bsployment Obs.  Exp. ;R
: AR <10 1 0.21 -—
. ? " 10-19 4 o5 78400
W > © 20-29 PR 3500
. 230 9 1.18 763
Deaths
Years Bmployed Obs. Exp. SHR
<10 3 1.9 157
10-19 6 0.39 1538%«
20-29 T 042  1667%e
230 2 0.2 895
Total 18 3.0 590
* pa.05
#e p<0,01

Only one mesothelioma was observed among white males, This was a peritoneal mesothelioma
confirmed by autopsy. The interval (latency) between initial eployment and death vas 34 years,
There were seversl other deaths which mentioned "cancer of the abdomen” which may be suspect; however,
Do autopsy or other confirmatory data vere available,

Digestive system cancers were only slightly elevated in this cohort. In addition to the
peritoneal mesothelioms mentioned above, other digestive system oancers inoluded one esophagesl, two
stomach, one intestinal, two liver, and two pancreatic cancers; however, none of these sites vere
statistically elevated,

o8 ° -

Estimated mean exposures by Uniform Job Category and time period are sumsarized in Table 6, '
Before 1940, mean exposures as high as 78.0 fibers/cc vere estimated for certain dusty jobs in the 1
preparstion department. After 1940, mean exposures gmerally vere between 5 and 10 fibers/cc acept
for persons handling raw fiber,

Both lung and asbestosis require lengthy periods from initial exposure to become clinically
evident. In the present study, no asbestosis or lung cancer deaths occurred among white males prior
to 15 years after initial ewployment (latemncy). Por dose-response studies, it is important to
restrict the analyses to those achieving sufficimt latency to be "at risk” of dying from lung cancer
or asbestosis, JFor this reason, the presemt dose-response analyses vere restricted to those
Achieving 15 or more years sinoe initisl employment (latescy). This was accomplished by beginning
accumulation of person-years for sach worker after the 15 year latency period was satisfied, Those
dying before reaching 15 years latency vere excluded.

Resultes of the dose-response analyses for all causes, disesses of the circulatory system, lung
cancer, and other ponmalignant respiratory diseases are given in Table 7. The SMR for all causes was
elevated for all exposure categories increasing to 235 in the 40, 000-100,000 fiber/cc x daye exposure
group. Diseases of the circulatory system were statistically elevated only in the second dose
category and demonstrated no consistent patterns of dose-response,

In contrast, strong dose-response trends were observed for both lung cancer and the disease group
referred to as other nonsalignant respiratory diseases. TFor lung cancer, statiotically excess
mortality vas observed in all exposure groups with an SMR for the low cumulative exposure category of
223 and 5000 for the higheet wxposure category. Although statistically eignificant, the SMR in the
highest exposure category is based on only tvo deaths; thus, the SMR is unstable.

The SMR for other nonmalignant respiratory diseases was 71 in the lowest dose category; it rose
to 2500 im the highest category, Statistically significant excesses vere observed in all of the
three highest dose groups. Again, the DR in the higheat group was based on only two deaths and
stability of the SMR should be considered.

It is realized the SMR's for the four exposure groups may not be strictly compared to each other;
hovever, 4t is useful to plot the dose-response data to observe patterns and trends. Such a plot is
given in Pigure 2. The data points for the highest exposure category are not included since these
were judged to be unstable.

Although only based on three data points, Figure 2 suggests a linear dose-response relationship
for lung cancer with no threshold. The data for nonmalignant respiratory diseases are not as linesr
a8 lung cancer; however, the SMR rises much more steeply with incressing dose and may reasonably be
described by a linear relationship,

10.4 = 5
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TABLE 6.

SUMMARY OF FEGTIFATED MEAN FIRER EXMOSURES BY OPERATION,

CALDNDAR TINE, AND UNIFORM JOP CATIGORILS

A

ESTIMATFD MEAN EXTOSURE BY WC (fivers > 5 pw/ce)

B, MACHINE OPERATORS

¢ — — =g ~p

D
PLANT OFPMRATION AND CENEAL 5Un- 5UB- SUp- 5UB- RA4 FIRIR
CALENDAR TIME PERIOD AREA cu':non CATRCORY CATEGCORI CATEGORY CLEAR-UP  HANDLING
2 3 4
[ronnrnthane
. Recovery 2
1930-1944 2.2 8.0 8.0 5.9 e 54.4 35.0 o
1945-1964 8.1 23.9 23.9 14,1 e 16.7 10.8
+© 1965-1975 5.8 17.2 —— 10.1 — 12,0 1.3 \
Carding . L
1930-1935 10.0 13.3 — e i 18,1 22.8 !
1936-1945 5.3 6.5 — — — 8.8 1.0 l
1946-1965 2.4 2.9 — —_— — 4.0 5.0 3
1966-1975 43 53 7.2 9.0 13
Ring Spinning '
19301965 8.2 _ 6.6 —— SR R R R
1966-1970 8.6 6.9 P P ——— N ]
19711975 6.2 5.0 = Ly e N n r
Mule Spinning 1930-1975 4.6 4.6 — ~— — 6.7 R
Foster Winding |
1930-1937 10.4 13.6 —— m— ——e 20.9 n |
19381975 4.2 S5 — — —— 8.4 N |
Twinting :
1930-1930 24.6 36.0 —_— ——— - 31.9 3.9 |
1939-1975 5.4 7.9 —_— —— —_— 7.0 7.0 |
Univeranl Winding 4 \
1930-1975 4.0 4.1 — P — 8.4 ] |
Renvy Wonvang |
1950-1936 9.2 17.3 9.7 4.3 5.3 0.6 30.6
1937-1975 2.6 4.6 2.6 3.8 1.4 8.2 8.2
Draper ¥eaving 1930-1975 2.7 2.7 —_— -—— —_— 6.9 —
¥ ~ No joba within particular UJC
\
' \
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Statistically ercesn mortality was observed for lung eancer and nonma
amone chrysotile nobestos textile warkers, Purthersore, using cusulntive dose an the exposure
wariable and the MR as the mmsure of discane risk, oatrong dose-rooponsne rolationships vore obaerved
for both lung cancer nnd nonmalignant respirnlory disonsro. A linear relationahip appeara to
adequately deacribe the fore of Lhe dooe-reaponne curve for both dineasco. Luns eancer dewonstrated
o statisticnlly visnificant excens {n cven the lovest Cusulative exposure category of less than
10,000 fiber/cc x daya,

There are several factora which need to be conajdernd in ovaluating the oceuprlional contribution
to observed wortality prtterns, Tho soat fmportant of thmo are the choice of ostandard population
death ratea to oatimte expected doatho and cigerette omoking patternn among the cohort. Other
potential confounders such as 8ge, race, sex, and celendar time period were dealt with in the study
design.

The stnodnrd population donth mtes chosen for this study were thone for white mnlea for the
entire United Statoe, Table B glves & comparison of lung cancer (ICDA 162,163) fgo-nd justod sortality
rotea for 1950-1967 for countien in the oase aren ss the study plant with state and U.5, raten
(MASON et al., 1975). Lung esncer death raten for the state in vhich the plant voo located wore

oemrly equal to U.S, ratea. On the other hnnd, rates for the county where the plant was located vere
T5 percent higher than U,S, rates for white ma)es,

1irmant reopirntory discasca

TABLE 8, COMPARIZON OF LUNG CANCER MORTALITI RATES (1cpa 162,163)
BEIVEEN COUNTY IN WBICH STUDY PLANT WAS LOCATED
AND CONTIGUQUS COUNTIES, 1950-1969

Apo-Ad junted

Deathn/ 100,000
White
v ) U —
United States 37.98
Siate in Which Plant Located 37.83
County in Which Plant Located 66,5
Contiguous Counties
A . 40.1
B 43.3
¢ 2.5
D 40,2
B 53.4
Counties One Rmmoved
1 40,1
2 4.0
3 25.9
4 30.7
5 36.7
6 43,2
7 Jo.2

The choice of an approprinte corparinan poyulation
Argusento could be made for uning rates for a set of countien comtiguous to the county In wrieh the
pinnt vna loeated. However, Lhere are serioun limitatinna Lo \his Approsch which were ennaidered in
this atidy and reaulted in rejecting the wae of Jocal county mtea, Firat, the zounty in whieh the
plant wns located s Lhe aite of & Inrge nhipynrd induntry with poak employment of approvimately
27,000 peraonn in 1943 (ALOT et a1, 1970).  Feployeon for thin induotry were Intrely drawn from the
local population. Hany of thme vorkers are thought to have been cspon~l Lo anheston during ohip
conatruction and repair.  1n an ecolorienl atudy, BLOT et ai, (1970) demonatrated an a3nocintion
betvoen county lung cancer rotes and shipyard cmploysent. In a sore refined case-control oludy,

for mortalfty annlynen 1a diffsmull and

10,4 -8

e
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’ clevited by local ohipynid employment,

of 200 or wore for thene workera.

cent, not narly oufficient to nccount for the observal excean lune eanzer riok.

. - used as the otandard populntion for retimation of cxpectad lung concor donthn,

emokers, 25.3 percent nonamokers, and 22.3 past smokers.

ASBESTOS TEXTILE WORKERS AND COMPARISON ¥ITE DATA

- FOR U.S. VHITE MALES

. ‘st At e (V) Arwanatestel 4 aummary odds et ie of 1.6 for ahipyard soplosment And lune ¢ neer
a After sdunline for smoking, other nccupations, ace, race, npd conunty of reaidence,
ougest that June cincer dodth rates in the ares in which the plant was locnted are likely to be

These dat,

A arcond factor Lo be condiderod in choosing lacal ratea for comparinon in the effeet thit the
piant heing studied wight have had on local lunr cancer doath mten,  Necouse of a luck af an
ewploymont record nystem prior to about 1930, 1t is difficult to eatimite the exnct nusbrr af peroane
ever ewployed at thie plant; hovever, this is Iikely to exceod 10,000 prior to 1965,
could hive A significant impnct on local lung concer dosth rates soauming an overall lung cancer GMR

i The effecte of shipyard and anboaton plant employment mnke the uso of local donth ratoa in-

approprinte for thin atudy, MWowever, even if rates for contiguoud counting had been uved (Table n),
! the expected lunm evncer rales for white malwo vould have beon incremand by only approcimately 15 per- |

Ciparette omoking io n known risk factor for reapiratory cancer and nmoking and anbenton evponires

have been ahove to act §in n synerpistic maner to greatly increnne the risk of lung cancer (1ammonp e
et al., 1970), Roopiratory oymptom queationnaires including questions on omoking histery vere .
sdministered by the U.S. Public Henlth Service to active vorkers in thie plant in 1964 And amin in
197).  In nddition, amokins dntn avajilable from plant medicnl rocords wero nlno collected, While
nmoking historion are not nvailable on 8l) cohort wrmhrra, theoe dntn are unclyl in etimating the
prevalence of smoking in thio plant for comparison with asoking patterns among U.5. mnlos vho were

The prevalence of ciearotte amoking nintun among the anbenton ntudy cohort in Zilvon \n Tabln 9,

s Thene data Iargely represent the omoking prevalence found by the 1964 PN rurvey alnce cohart enlry
wan limited to those nchieving 6 montha employment before 1965. The Pils 1971 data and company dnte

were uoed only for thone minaed in 1464, Among vhite males, 52.4 parcent vore found to be current

TABLE 9. SUMMARY OF CIGARETTE SWOKING PATTIRNS FOR WHITE MLE

Thio number

— ——

e ————

r
| ; : Current Pant lon
Swoker & Smoker X Samoker %
Aobeotos Workers (N = 292) 52.4 22,3
|
‘ U.5. White Adult Malea (1965) 51,5 22.1 -
Table 9 alno comparen omoking prevalence nsong the study cohnrt membern vith compirable data for
U.5. mdulte (USPHS, 1998).  These datn show the prevalence of amoking Among white mlm in the study
cohort to be nenrly identical to that of U.S. white males. The 22,) percent prevalenco of past r
omokers §s also identienl to U.5. figurea, Availnble omoking data for thin cohnrt nierent that the
oborrved luni cancer and nonmalignant wrortality exceos among white ma)en cannot be mplained by 2
ciparetie amoking: independmmt of asbeaton €xpogure. Thio {e oupportod by the dons=responae dnatn, )
“hile omoking cannot explain the observed lung cancer exceos, an interactive effect with Asbeotoo e

expomure in likely,

An impartant finding of thin otudy is exceos lune enncor and noam lirmant reapimtory diaenan
Amonr woikery crpoacd to chrysotile,  There nre fev other publishod reports vith whieh to compare the
done-renponae data oblainml fn thin Atudy, In fact, there are no other rerortn of dosr-reaponae
utine erponuren erpreannt an fibers/ee by Lthe phane contrant mmthad; nll nther reporta have yand
Impincer (MITCF) data ( NTIRLINE and HRIDIRGON, 1973; MCOOKALD ot al., 1973 1FR MAJIITY'S
STATIONIRY OFFICE, 1979). For comparioon with other pub)jished dntn, npproximate ijeplincer ~Tponure
viluen, expreanod an MPICF » yonrn, vere enleulated for dnta from the curront Atudy using tha
impinger-mrmhrane ({1ter conviraions derived n thin ftudy.  Fatimatet dnve-rcaponse for lung eancer

bioed on thrae eatimites are miven 4n Tablo 10, nlong with ather rubliahed data,

The data in Table 10 ahoun the 5PR for lun; cancer st A piven cumulalive done for the preaent
atudy ta be mach hisher than alher hHiahed valuen,  Howewer, Lhern are Aifforemeen in the
of the thres atudiea whieh may neeaunt Far pome of thiy AppATnL dlmrepaney, For vaneple, \he

PEMOMALD et aY, (V973) ntwly Ancluded prrnon=yeirn prior Lo 1he'ts ymra Juleney;

deathn are overemutimitol, vapecinlly in Lhe Jower erpansira galecorien, The study by IITINLINE and
WDIRGEON (912} econniated of retirees 6y yurn or nlder, In the preamt atudy, anly 6 af 24 ng
enncer deathn were 6 or alder,  The HITRILINE ptudy sy be A ourvivor populntion with leno tung

eancer rink for thoas nurviving Lo are 65,

The currmt 0514 exposure standard of 2.0 fibera/ec in baa~d nn an Allavihle Jifetime cxpoiure
of ‘Il) fidera/cc 3 ymra (1.08., 2.0 fihera/ec for 50 yeiral.,  paarsl on daty fean Unga AMudy, el teg
rinks are predicted far lune eineer and for nonmyliamant renpirntary dizriam At this erpavure jevel,
emespt nnd Apnarine any PONIIBLS "dose rate”
effrct an averace erpomices for mont memhers of the cohort were emzideribly above 2,0 fibero/ce.

Of courac, this in hiaed on uae of cumuintive doan

Wintoric exposurea at this plant have been considerably above 2.0 fidera/ce,

0.4 = 9

denimo

frpeetog
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TABLE 0. COMPARIZON OF DOGE-REGTONSE RELATIONGHIPS FOR
LUNG CAMCER WITH OTHER PUBLISIED DATA )

Present Study Enterline and Henderson (1973) KcDonald et al, (1973) !
?
Approtimite ‘
'47,. MPFCP x Yro. SMR MPPCF x Yre, SMR MPFCF x Tre. SMR -
¢
1 / - ?
. <9.1 223 <10 927 e
9.1-36.5 357 10-30 &~ F
i 36.5-91.3 978 J0-100 17 {
125 168,2 '
125-249  224.5 100-300 119 !
L
25049 296.3 300-600 15
t 500-749 500.0 » 600 281
- » 150 555.6 r
L :
A notevorthy finding of thin otudy is that oaly one of 191 dontha (0.5)) nmon; whito mles wae '
t due to meoothelioma, It 48 poosible that mesotheliomn in under~dinrmosed among thia cohort and
cortain deaths mentioning “cancer of the abdomen® are muapect. llowever, others have nlso found lover
mortality due to merothelioma among cohorta exposcd only to chryvotile (MCDONALD ot al,, "7
NICHOLSON ot al., 1979; WRILL, ct al., '979). ROPINSON et sl. (1979) obaerved 17 meaothelinma .
omong 1040 denths in a plant uwing predominately chrysotile;  hovever, some crocidolite and Amoaite
: vore used in the plant,
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