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& 4? ® Natiora]l Institute for Oceupntiona) Safety and Health, : é\? d Morgnntown, Vest Virginia 

. A *® University of liorth Carolina, Chapel Hill, North Carolina - 

f $ ABSTRACT Va0 - Methods for reconotructing historic dust exposures, taking into account jobs and controln, vere daveloped nod combind with a rotroopective cohort mortality study of chrysotile asbestos textile workers, between 1940 and 1975, to evaluate doce-response relationships for lung cancer and noo- o lignant respiratory dinmaen, Among 7611 white males, etatistically simnificant exceon mortnlity ¥ van oboerved for lung cancer (SYR = 348) and nonsalignant respirntory disersrs (5MR « 263). There vere fifteen denthn duo to nabiatosis or pulmonary fibroais. Using catimated fibre dosn by Jjoh and calendar time, cosbined with detajled vork hintories, mortality by cusulative done was investigated, r ror lung cancer, a linmr dose-responne rolationahip was obtained with ao SKR of 223 in the lowent cumulative dome category. Simnificant dosn-renponse relationnhips vere nlso obnerved for annea liemant respiratory diemoeco mxcluding ncute upper reapiratory infection, influensa, pneusonis, and bronchitio, Of the 19! deaths among white mles, only one wvae due to musothelioma, 

. 
" INTRODOCTION 

) 

It in well entablished that oceupationn] erpoaure to ashonton in acsocinied «ilh jncrma~d riako of rany dinmaaes including pulmonary fibromin (nnbeatonin), respiratory eancer, menothellomn of path rloural and peritonml Linauen, and eancer of the eatrointentinal tract, Theae henlth effe-ta have been nhown repoatedly using different poriintions and study sethols (N103H, 1976; 1ARC, 1977). Although thers han been n Jarge nmount of research devoted to sahenton, there have baem (e spidemiolortical ntudiva of cancer riokn among workers *"rponed only to chrynatile, which nceauntn far ' more than 99 percent of All anhenton unel In the United Stateo. Even fewer astuliea have nttiepted to develop ripooure eatimiten and to investiratn dose-reaponse relntionohipn in a quratitative maner, ¢ To provide further information on lung cancer riske asoocinted with chrysotile expomures, a retroapective mortality ntudy wan conducted nmons & cohort of mabeoton textile workera., The mor tality 4 datn wan comhined with f{ber rxposure mtimates to investizate dose-response relationships for lung cancer and nenma l{gnant reapirntory diasenes, 
Thoe piant selacted for atudy 15 unique in arveral ways, Firot, anly An invimificant quentity of nnkheatos fihor other than chrysatile wan rver proceaned. Secondly, the plant wan cncaeed in a proeeeaniva dust contro) program brzinning in the mid-1930's; therefore, the roasibllity of rvnluating effecto at exponure levels lover than those of previous stulien eriated, Fermapo more : important In the fact that a considerable quantity of exposure data was awvailable for estimmtion of worker exposures. 

.
 

’ METHODS 

Cohart Mortality “itly 
Althotsh the plant under ntudy begnn production of asheaton producty An V6, Actailed pernnnnel - recordn were fient myintained hepginning in Approrimitely 1130, The record ayatem han remafnesd remirkahly unchaneol ainee that timn, For coch worker, an mmployment eard wan completel At nitaal rployment eiving aname, dn'n of hirth, ave, yaee, nocinl ancurily nusher, marital niatun, and ad iroan, £ Thin snme courd alnn contnined the detny lnd work hintory miving exnct dalen of employment by plant depart wd apicifar gnb, All Informtion from theme cardn were entered ontn & conputer data file, ' Thmorl wAR imited to 70N white ma) ey wployed sl or more monthn in Lerit,le productinn /o orerations with at Jmnt one manth of mploynent batweon January 1, 1940, and hecemhar I, The cohort wan Pallovel throueh Dacomyor 31, VN5, The 1965 cut-off date far cohart miry was choaen to f inoure that mll vorkers would have n winimum “iatencyTM of 10 yoare am of the oludy end dnte, ' An aliempt wan made to determine the vital atatus of All cohort membars an of Decmbar 31, 1975, ¢ Tha primiry sources of informtion uosd for thin follow-up included the Sncin) Security Adminintration | (55&), Intermal Revenue Servics (IR3), .5, rostal mail Corroction Service, ntate drivern licemasn fil7a and state vital atatinticn officen, Individuale not loented through theae primary sources were | traced unine loea)l records nuch am tolephone 1intinge, Polk directories, property records, voter records, records of funersl howes, and varfous other local sources. : 
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fanae apeeific atandirdized mortalily ration ( 7' ~) were enlen i tol uaine A Lafe table annlvags Freet on the tecimome developesd by CHTLER and RDIIN (veny, I'eraon-yeira At rink of d7ine were imirihutel by five year ase, ealendar Lime, and Lime 2ineo imitin) rmployment (1atency) proups, lvraun-yeirn vers accunulated for ench cohort mesber besinning when all requirementn for cohort mitry vere mel unti) the date of death or Decrwher 3, v, Thonn whose vital otatun rom:inmd unknawn were ansumed alive na of the study cut-off date, thereby contributing lheir marimus posaible peraon- yoars tn the analynia, 
The follov-up period for thin atudy opans the Fifth throush Eighth Reviaions of the Intermational Linta of Dinennea and Caunrn of Donth. Denth certificates vere coded by a qualifiod nosolorint according to the ICDA revinfon in effect nt the time of donth, All death colen vere then rrouped into 09 dmth categorica based on the Seventh Revision for purposco of standardization. Individunle known (o be decensed, but for wvhow no death certificates vore available vere assused to be deconsed, caude nown ., 

TRe number of expectel deatha, ntandardized for aox, ogr, race nnd calendar time, vere calcuinted by appligation of caune npecific donth rates for the total Unitod Statna to the person-yonrs at risk of dying. . Dmth raten npecific to the 09 Seventh Revision death groupe vere calculated from yoarly tallien denths and cemouo data, :&-luflum done-reasponne, cumulative cxposure strats were crmted and a vorker vas snved from onc o to the next na his cumulative fxposure incrensed during the course of follow-up (BRFESLOW, <1976; LUNDIN ct al., 1971), By this wmethod, & worker contributed person-yoars and thus miprctod deathe in several exposure strata while contriduting observed donth to only the highent atratum schicved, Prch vorker's cusmulative €Iposure was rotimated by cosbining detailed vork histories frow prlant employment records with mtimates of cxposure by job. 
Statinticnl significance of observed eaune specific excenses or deficits vaa evalusted using the Poioson dintribution (PEARSON and HARTLEY, 1958), 

Fxposure Enrtimntcs 
From 1930 to 1975, 5952 environmenta) anmples vere collected lu the plant undor study an shown in Table '. Prior to 1965, a1l anmplen wero of the impinger type; from 1965 until 1971 wenhrane filter onmplea were also collected. In 1971, the ifspinger sethod vae @tirely replaced by the scabrane filter method. R 

TABLE ). SUMMARY OF SOURCES OF INDUSTRIAL HYGIENE 

SAMPLING DATA FOR 1930-1975 

NUNDEX OF SAMTLES 
SQURCE OF SAMILE DATA J1930-1945 1945-1960 1960-19175° 

Company Sampling Program — 119_ : 4919 

Company Insurance Carrier 12 —_—— —_— 

State Board of Health 12 4 - 

U.5. Public Nimlth SGervice 67 :- 657 
TOTAL HIMAHU OF SAMPLES 193 183 5576 

Far purpeaes of eotimaling sarker axpomure levels 
the same onit of mmoure; therefors, a converaion Crom impincer counta, mensured in eillfonn of tarbie ey cer suhis fent or agr L) to mesbrane filter countn, mmoaured an fibera loager than 0 per cubie 2intimctee of ar (fisera/ec) «nn neeeonry, Fortunately, there were tvo relatively =tvd Amureen of Aata for ‘hya “tisate; 120 paired fepinger-membrane filter samples collretal in “Mia plint by the V.5, Public limith Seeviece yn 1965 and 6 concurrent sampleo by throe tvn srthodo in plant opreationa collonted during 19601971, Relntionshipo between the two methads were investimited unine miltiple linenr rerreaaion, Results of thewe convernion ceatimtes and approzf- mitely 75 pereent eonfidmmee {ntervala are riven in Figure 1, Far nll textile operations rcept preparntion, a eonvernjon of 3 fiher/ce for | MPICFE wnn uned, For preparation, a conversion of O wAn waed, aines thean eonvernion valuea, all sample data wore expreansd an fihern/cc, Heam cepoomre Teveln by Job hetwren 1930 and 15 were eatimited waine linme atatintien ] madeln, Toallle operntiont ween divided {nla 16 TrpIMES gonea acrarding Lo aimidnritly of proceaney npd CAPOINFEDY AT deerihal by CORN and B (1919), ALl Jobn wilhin eeh mpoture zone were further LE] -|;-m-| in rnr :),r fmir Uniform Joh Categarien (UIC) baoai upon thske associatol with the mrticalar Jon (izon, vy, 

Haan= the #rpasare one and Uingform Job Caterorien, Llinear models were developed to allow -'-hmw of worker ciposures in meh Mponure zone over time; taking into aceount ehanpn in Frerra And enmaneerine controla, The linear modal, for ench exponure sone Look the follovang orm: 

R T T NERR LITC 
k J t 

» it wna neceusary that al) FIposure datn be of 

where: 
f ;‘ * ®mn of Joi of concentration valuen for erposure sone | Sik o= mulliple recreizion pirameter for W0 K in exponure rone Zge =+ andeptndent variahle vaed Lo Wentify WC & 4n cxporure sane | 

iy - sultiple reereanton parameter for eontrol § (n exposure zone | 
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2,y = independent varinhle unel to represent Aatea of control cvngen for expoaure zonc § 
L"‘ = multiple regrenalon parancter for time interval t in exponure sone | 

d Zjy = independent variable uoed to represent calendar tise periodo. ) 
The firat term in the model for edeh expomire zone tiken into account tiniform Jah Catepary, the - 

second term nccounts for proress or control changes and the last term i used to account for any 
reaidual time tremdn io the data, Details resarding procesn and control chanses vore determined . . . 
through studies of plant ensincering records and reports, discusoions with long-ters cmploycca and r 
fros data collected by the U.5, Fublic Nlealth Service. y 

Pnrameters of the expooure modelo vere estimted by multiple linoar repression uaing the historice 
industria) hysiene data, The resreonion models predict the mmn for the log of dunt comerntration H 
valueo; hovever, othora have shown that the arithaetic mran sy mve Lthe best mtimation of the \ 
av e comeentration to which workera are expooed (5HERWOOD, 19C5; COBIIN, 1966; COMiki, 1971; 
LEIDR and NUSCH, 1975). This in eopecinlly true whem short “grab" oampleo of approximately cqual I 

dumtion are usod to catimile vorker caposures, os in the present study. MNesn expoource - 

mted by tho following expreosion: ’ 

. - 2 . 
«p (y ¢+ d0°) 

wh 

= eatinnted Arithmetic mmn concentration [ 
=« omn of log =oncentratjon valued 
= pooled eatimite of variance of y from the regression wodel, 

| 
Details of all methods used in thio etudy have been presented elsewhere (pesenT, 1960). 

RESULTS 

Reoults of the follow-up efforts ore oumorised in Table 2, Vital stntun wne determinod for 

97.1 percent of the cohort, Of the 191 deaths, sll but ') death certificatos vere obtained. 

TADLE 2. ~SUMMARY OF COHORT DEMOGRAPHIC DATA AND ' 

VITAL STATUS AS OF DECEMBER 31, 1975, VHITE MALE 

Vital Status ¥hite 

Known to be nlive 995 
‘ 

Known ta be drcensed 1 
Dmth certificate obtainnd " 
Dmth cortificate not obtained 13 ] 

Unknovn vital etatus 22 » 

Total 768 

A total ef 21, 150 prraom-ynnra at rink vere oxperiencod by white malen brtween January 1, 1940, 
and Drermhor 31, 1975. Oboerval and cxpnctod deathn by cruce are rivon in Tadble 3. 

Amons white milea, 1101 deathos vere ohoerved wherens only 141.04 were cxpectad (S = 125, p.0'), 
Othor dinmar categoring ohowing significant exceeaeo were all malignant neoplasmo (SMR = 174, p<0.01 
nnd nonea lienant reapiratory dionanen (SMR = 263, p<0.01). 

Tahle 3 nhown the alevatel ‘MR for All malismant neoplaosa amons whitea to be larsely accounted 1 
for by cancer of the trachma, bronchun, and lunt. A total of 26 luns;; cancera wera obnervel and only 
7.47 were mpectol (GMR = 340, pe0,01), Tahle 4 nhovo obanrrvod Aand axprcted luns cancoer dratha hy 
interval nince inftinl omployemt (latmey). Of the 26 dmtha due \r lung cAncor, 15 oncuresl after 
30 ar ware youra litency, Tha MR for lung cancer demonolratad an Increaning Arond with Jatmey 
rrachine A44 Al preater than 30 ymwre, 

Uaine duration of employmant an a nurrognte for cumulntiva fiber doan, dose-renonne relation- 
ahipn for lune eancer are given in Table 4. These dats dononstrate an incrensing trend in the lunx ’ 
eancer SMR wilh dumtion of caployment, 

1 0 of the nonmlignant renpiratory diseaae denths fall into the caterory “other reajimtory 
dinenars” emrcluding upper raapiratory iInfaction, influmza, pnrusonia, and bronchitin, Of thma 10 
dentha, anbentonin or pulsonary fibronie van the underlying crune nf Aeath for 15, one van dur to 
emphynema, ona nepticemia and ana pulsonary ndemn, Other significant conditiona sentionml on Lhe 
dmth certificaten of the 15 ashentonis deaths include bronchitis on tvo certificates and chronic - 
obetrugtive lung diomaa on one oertificate, 

1The ‘¥R for other nonmalignant reapiratory diamnco also desonatrated no tromd with Intemecy but 
nome incronoing trenda with employment duration (Tavle 5). Nine of the 'O deaths occurrod after O 
or more years since initial ruploysent (SMR = 763, p¢0.01). 

i i Al it B ik St i 

Estimates of Dose-Response for Respiratory Cancer Among Chrysotile Asbestos Textile Workers (1982)
ACL Doc 25485 · Page 3 of 11

Published by AsbestosClaims.Law

asbestosclaims.law/library/25485/3

https://asbestosclaims.law/library/25485/3


TAN. 3§, VLIV WD BXPWTHD DRATIG W CAUGE PR wHITE MALE 

ASPISTOS TEXTILE <OMKING, 1940-1975 

ICDA 7th 
Cnamar nf Donth Liat No, Obo, Bxp. S 

' ! ALl Cannes 191 LGN L 
.« Halirmant fieoplaamn [3] 24.66 17400 ; 2 Dinrative Syatem 150-159 9 7.0 127 i Trachea, Bronchus & Lung 162-163 26 7.47 340+ 

Other & Unopecified Sites e 10.09 9 
Dioenne of Lhe Contral 30-334, liervous Syotea 345 9 7.72 "y 

P 
Discroea of the Circulatory . 

Syatem 
400-468 58 $7.43 o 

A1) Tuberenlonis 00t-0t9 4 2.1 144 
Nonmlirmant Respiratory ' 

Dineane 
18 6.85 26) 

Acute lipper Respiratory 
Infection 470475 o 0.04 -— Influenza 4680-483 o 0.37 — 

Pneusonia 490493 o 2.9 — 
Nronchitin b 500-502 0 0.41 _— 

| 
Other Respiratory Discases 510-527 18 3.05 530°%¢ Acejdento B00-962 " 16.64 04 

Other Violent Dontha 963904, 
970-905 7 6.10 15 

All Other Knova Causce 23 17.92 120 
Unknown Cauaca 15 1.75 _— 

® pe0,05 

** p0.01 

TADLE 4. ONGANVED AND EXPECTED DEATHS DUE T0 LUMC CANCER (1o 162,163) 
BI TINE INTIRVAL Smcw INITIAL ®FIOYMENT anD VRATION OP 

MrIomMmT, wWilte MALFS 

Tears Sinco Initinl 
Draths Faployment Obn, Pxp, um 

<to 
o 0.37 -— ) 10-19 3 e 21 ! 20.29 n 3. S 

2% 
15 2.0 LLLRL] - 

Donthe « Yeara bmployed 
Oba, fxp. el 

*eho 
9 4.9 o » 10-19 P 1,00 A0 

20-29 12 t.on 1200+ 
» 30 ' 0.47 213 

i 

Total 

26 1.47 Jaue -UT'::,_()', 
.. p40.0! 
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TABLE 5. OBSERVED AND EXPECTED DEATHS DUE T0 "OTHER NONMALIGNANT 

RESPIRATORY DISEASES" BY TIME INTERVAL SINCE INITIAL 

EMPLOYMENT AND DURATION OF WMPLOYMENT, WHITE IM.T 

) Years Since Initial Deaths % Bmployment Obs, Bxp. DR 
= <10 1 0.21 Niag 

o " 10-19 4 o5 78400 
> * 20-29 T R 3500 

230 9 1.18 763 
Deaths 

Years Employed Obe. Exp. SMR 

<10 3 1.9 157 
10-19 6 0.39 1538+ 

20-29 7 0.42 16674 
230 2 0.22 895 

Total 18 3.05 590 
* p0.05 

** p<0,01 

Only one mesothelioma was observed among white males, This was a peritoneal mesothelioma confirmed by autopsy. The interval (latency) between initial employment and death vas 3¢ 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 cancers inocluded one esophageal, two stomach, one intestinal, two liver, and two pancreatic cancers; however, none of theso sites vere statistically elevated., 

o8 0] X Estimated mean exposures by Uniform Job Category and time period are sumaarized in Table 6, Before 1940, mean axposures as high as 78.0 fibers/cc were estimated for certain dusty jobs in the 
preparstion departsent. After 1940, mean exposures gmerslly vere between 5 and 10 fibers/cc except for persons handling rav fiber, 

Both lung cancer and asbestosis require legthy 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 employment (latemcy). Por dose-response studies, it is important to restrict the analyses to those achieving sufficiet latency to be "at risk" of dying from lung cancer or asbestosis., For this reason, the present dose-response analyses were restricted to those achieving 15 or more years since initisl employment (latemcy). This vas accomplished by beginning accumulation of person-years for each worker after the 15 year latency period vas satisfied, Those dying before reaching 15 years latency were excluded. 
Results of the dose-response analyses for all causes, disesses of the circulatory system, lung cancer, and other nonmalignant 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 @roup. Diseases of the circulatory system were statistically elevated only in the second dose category and demonstrated no consistent patterns of dose-response. 
In oontrast, strong dose-response trends were observed for both lung cancer and the disesse group referred to as other nonmalignant respiratory dieeases. For 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 highest exposure category. Although statistically significant, the SMR in the highest exposure category is based on only two deaths; thus, the SMR is unstable. 
The SMR for other nonmalignant respiratory disesses was 7! in the lowest dose category; it rose to 2500 in the highest category. Statistically significant excesses vere observed in all of the three highest dose groups. Again, the SR in the highest group was based on only two deaths and stability of the SMR should be comsidered. 
It 4s realized the SMR's for the four €xposure groups may not be strictly compared to each other; however, 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 unstabdle, 
Although only based on three data points, Pigure 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 reasonabdly be described by a linear relationship. 
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x 
1 

TABLE 6. SUNMARY OF FGTIFATED NEAN FIRER EXPOSURES BY OPERATION, r 

CALDIDAR TINE, AND UNIFORM JOB CATIGORIES . 
3 

| P 
\ ESTIMATFD MEAN EXPOSURE BY UJC (fibers > 5 uw/cc) f 
| B, WACHINE OFIRATORS . ¢ 

A 
PLANT OFERATION AND CENEAL 5Un- Sup- Sun- SuUp- RAZ FIRIR ! | CALENDAR TIME PERIOD AREA CATICORY ~CATRZORY CATEGORT CATEGORY CLEAR-UP HANDLING | 

1 2 3 4 \ . } Proparation/Maate . ! | l . Recovery 
7 

1930-1944 26.2 8.0 76.0 45.9 — 54.4 35.0 | [ © 1945-1964 8.1 23.9 23.9 14,1 — 16,7 10.9 
« ot 1965-1975 5.8 17.2 — 10,1 —_ 12,0 7.3 \ 

Carding . ' ‘ 1930-1935 0.6 133 J— s e 18.1 22. { 1936-1945 5.3 6.5 — —_— P — 8.8 11,0 I 1946-1965 2.4 2.9 s - putne 4.0 5.0 ! 1966-1975 w3 5.3 1.2 9.0 N 
Ring Spinning f 

1930-1965 8.2 _ 6.6 —— R - ' 'l 
1966~1970 8.6 6.9 — — —— N n 19711975 6.2 5.0 ey o——- - ¥ " r 

Mule Spinning 1930-1975 4.6 4.6 p— —— ———— 6.7 R 

Footer Minding | 
1930-1937 10.4 13.6 — - -— 20.9 n | 19381975 4.2 5.5 —— — s 8.4 N | 

Ivioting 
> 1930-1930 24.6 36.0 — —— o 31.9 3.9 ‘ 1939-1975 5.4 7.9 — — _— 7.0 7.0 ‘ 

Univeranl 'EE‘ ' | 
1930-1975 4 4 - s i 8.4 X | 

on Yonvy 
| 193021936 9.2 17.3 9.7 1.3 5.3 30.6 30.6 

1937-1975 2.6 4.6 2.6 3.8 1.4 8.2 a.,2 

Draper ¥eaving 1930-1975 2.7 2.7 —_— f— — 6.9 —— 

¥ ~ No jobs within particular UJC 

t 

| 
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- DRAFT. SUBJECT 10 REVISION. NOT 10 B QuoTen 

Statiostically excean mortality was observed for lung cancer and nonma npons chrysotile nobestos textile warkers, Purthersorc, using cusulative dose aa the exposure variable and the SMR as the mmsure of discane risk, strong dose-rooponsec rolationships vore observed for both lung cancer nnd nonmalignant respiralory disonsro. A linear relationahip appeara to adequately describe the form of the dooe-reaponse curve for both dinensco, Luns eancer dewonstrated 8 statioticnlly virnificant excens in even the lovest cusulative exposure category of less than 10,000 fiber/ce x dnys, 
There are several factora which need to be connjdernd in ovaluating the oceupationad contribution to observed wortnlity patterns., The most fmportant of thmo are the choice of standnrd population death rotea to ontimte *xpected doatho and cigorette omoking patternn among the cohort. Other potential confounders such as sge, race, Sex, and calendar time period were dealt with {n the study design. 
The stnndnrd population donth mtes chosen for this study vere thone for white mnles for the entire Unfted Statee. Table B gives & cosparison of lung cancer (ICDA 162,163) ago-nd justod mortality roten for 1950-1967 for counties in the oaso aren ss the study plant vith state and U.3. raten (MASON ot al., 1975). Lung erncer death raten for the state in which the plant woo loented wore aemrly equal to U.S, rates. On the other hand, rates for the county vhere the plant was located vere T5 percent higher thao U,S, rates for white males, 

1izmant reapirntory discasca 

TABLE 8. COMPARISON OF LUNG CANCER MORTALITY RATES (ICDA 162,163) 

BEIVEEN COUNTY IN WBICH STUDY PLANT VAS LOCATED 

AND CONTIGUQUS COUNTIES, 1950-1969 

Apo-Ad junted 
Deatha/100,000 

White 
y —fitlco____ 

United States 
31.98 

State in Which Plaat Located 37.03 

County in Which Plant Located 66.5 

Contiguous Counties 

A ‘. 
40,1 

B 
43.3 

c 
42.5 

D 
40,2 

B 
53.4 

Counties One Rmoved 

1 
40,1 

2 
“. 

3 
25.9 

4 
30.7 

5 
36.7 

L] 3.2 

0.2 
The choice of an Approprinte covparinon ropulation for ortality annlynen ia Aiffamsult and argusento could be made for uning rates for a set of countjes eomiiguoun Lo the county in which the plant wno leeated. However, Lhere are serioun limitationa to this Approach which were eonajdersd in thin sty and reaulted in rejecting the wae of local county mtea. Firat, the counly in which Lhe . piant wan located in the aite of » Inrge shipyard industry with poak employment of approvimately 29,000 peraona in 1943 (MOT ~t a1, 197). Feployeon for thin induniry vere Inrrely dravn from the local populntion, Hany of theme vorkers are thought Lo have been erpon~TM Lo aaheaton during ohip conatruction and repair. 1o an ecolorlenl atudy, BLOT et al. (1970) dewonatrated nn nanoeiting betvoen counly lung crncer rotes and shipyard ewployment. In a sore refined case-control study, 
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Mot mt v 11900) Armanatestel 4 awmmary odis et e of 1,6 for AMapvrd coplormrnt and June ¢ neer 

— 

—_ 
=T erene—— 

After adguntine for smoking, other occuptiona, arr, race, nnd county of reardence, Tieve dat, ourest that June eincer dorth rates in the ares in which the plant was locnted are likely to be \ clevated by focil nhipynrd employment, 
A arcond factor Lo be condiderod in chooning lacal rates for comparinon {n the effeect thit the piant heing studied wicht have had on local luni cancer donth mten, Necruse of a laek of an employmnnt record nystem prior to about 1930, 1t is difficult to eatimite the exnct nusbrr af persane . ever ewployed at thie plant; however, this 1s likely to amxceed 10,000 prior to 1965, Thio number could have A significant fmpct on local lung concer dosth retes soouming an overall lung cancer MR of 200 or more for thene workera, 
The effects of shipyard and snobeaton plant employment mnke the use of local donth ratoa in- approprinte for thin study, MNowever, even if raten for contiguoud counting had been wred (Tabla n), the expected lunm encer rates for white malio vould have beon incrmanl by only approximtely 15 per- | cent, not nmrly oufficient to nccount for the obaerval excean luni eancer riok. Ciparette omoking 10 o known riok factor for reapiratory cincer and nmoking and anbenton crrontree have been ahowe to act in a synerpistic mnner to greatly increnne the risk of lung eancer (axnonp ' et al., 1970). Roopiratory oymptom questionnaires including questions on omoking hiostory vere . edministered by the U.5. Public Henlth Service to active vorkers {n thie plant in 1964 and agsin in 197'. In nddition, mmokins datn aveilable from plant medicnl rocords vere nlno collected, While fmoking historion are not available on 8l) ecohort wrabero, theoe dala are uneful fn estimating the prevalence of amoking in this plant for comparison vith amoking pattern' among U,5. mnlos who were used Ao the otandard populntion for rotimtion of cxpected lung concor donthn, The prevalence of cisarotle oamok ing nlatun among the anbenton ntudy cohort in #iven in Tabin 9, Thene data largely repreoent the omoking prevalence found by the 1964 115 rurvey aince cohart entry v limited to thoae nchieving 6 montha enployment before 1965. The PILG 197 data and company dnte were used only for those winaed in 1964, Among vhito males, 52.4 parcent wore found to be current emokero, 25,3 percent nonsmokers, and 22,3 past smokers. 
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TABLE 9. SUMMARY OF CIGARETTE SWOKING PATTIRNS FOR WHITE MALE 

ASBESTOS TEXTILE WORKERS AND COMPARISON ¥ITH DATA 

- FOR U.S. VHITE MALES r | 

Current Pant Non ‘ ‘ Swoker & Smoker X Samoker % 

Aobeotos Vorkers (N = 292) 52.4 223 25.3 

U.5. White Adult Malea (1965) 51.5 22,14 26.4 s 
Table 9 alno compares omoking prevalence among the study cohort membera with compirable data for U.5. adulta (UsPus, 1919), These datn shov the prevalence of omoking Among vhite malrm in Lhe study cohort to he nmrly {dontical to that of U.S. white mles. The 22,) percent prevalence of ot omokers {3 nlso fdenticnl to U.5. figureo, Available omoking data for thin cohort auerent that the o obarrved lune cancer and nonmlignant mortality exceos among white m)en cannot be mplained by # ciparette amoking independmnt of aabeaton cexpogure. Thio {® supportod by the done=renponae data, t “hile omoking cannot explain the observed lung cancer exceos, an interactive effect vith asbeoton expomure in likely, 
An impartant finding of thin otudy is exceas lune enncor and nonmilirmant respimtory disenss Amonrs woikrra frpoacd to chrysotile, Thore nre fev other publishod reports vith whieh to compare the done-renponae data obtainml in thin Atudy. In fact, there are no other reporte of dose.reaponae uting erposuren expreaant an fibdera/ce by the phane contrant mathad; All ather roporta have ysed ’ Impinrcer (MITCF) data (RITIRLINE and HINDIRGON, 1973; MCOOKALD ot al,, 973; W MAJILTY'S STATIONIRY OFFICE, 1979), For comparioon vith other mbliohed datn, approzimte iepincer exposure viluen, expreaont an MIICF & yenrn, wore enlevinted for data from the curront Atudy using tha impinger-mrmhrane (llter convivaions derived §n thin ntudy. Fatimatet Anve-reaponse for lung eancer bioed on theae eatimites are wiven in Tablo 10, nlong with other publiahed data, The data in Tahle 10 ahown the PR for luni eancer ot A piven cumulative dose for the preaent atudy to be mach hisher than alher NASRed valuen, However, Lhern are 4ifforemeen in 'he denimme of the thren atudien which may neeant far nema of thia apparent diwerspaney, For ceneple, the PEDUNALD et ad. (1975) ntwiy incinded pernon-ymrn prior Lo Vout yomrn Julency: thun, erpeetod dintha are overeatimitol, vapeeinlly In Lhe Jowrr erposura eatecorica, The Aludy by IITINLINE and WmnsGon (V991°) conriated of retirees 5 ywrn ar nlder, In U preamt Awly, anly 6 af 26 g eancer deathn were 65 or alder, The MITHILINE otudy my be A ourviver papulntion with lena Tung eancer rink for thone nurviving to are 64, 
The currmt 0514 exposure standard of 2,0 fivera/cc 1n baaml on an allawibie lifetime rxposure of ](l) fiders/cc 3 ymrs (3.0., 2.0 fibera/ec for 50 yevra), Bhasl on data feam tha AMudy, elrratal rinks nre predicted far lune ewneer and for nonmyl irmant renpiratary dizriae At this frpavire fevel, 
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Of conrne, this i1n hiaed on uae of cumilntive dosn emernt and Apnarine any POYIILIS "done rate” r cffret an Average crpomires for mont memhern of the cohort were emsideribly above 2.0 fibero/cc. Wintoric exposurca at this plant have boen considerably above 2.0 fivern/cc, ? I 
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TABLE 10. COMPARIZON OF DOGE-RESMONSE REIATIONGHIPS FOR 

v
 

LUNG CANCER VITH OTHER PUBLISHED DATA 

Present Study Enterline and Henderson (1973) KcDonald et al, (1973) ! 

Approzimite 
¢ '/f’ AFFCP x Yro. SMR MPPCF x Yre, SN MPICF x Yre. SMR - L= 

.1/ 

¢ . T 490 223 <10 97 ) 
9.1-36.5 357 10-30 [N r 

i 36.5-91.3 978 B-100 17 ; 
<125 1682 p 

125-249 224.5 100-300 19 ! 
L 250499 296.3 300-600 75 r 500-749 500.0 » 600 281 

- » 750 555.6 r L * A notevorthy finding of this otudy is that ooly one of 191 dontha (0.95) amon: white mles wae ' due to meoothelioma, 1t in posaible that mesotheliomn in under~dinrmosod among thias cohort and cortain deaths mentfoning "cancer of the ntdomen® are muapect. llowever, others have also found lover mortality due to merotheliosa Among cohorta exposcd only to chrysotile (MCDONALD ot A, Y901 NICHOLSON ot al., 1979; WFILL, et al., 1979). ROPINGON et a1, (1979) obaerved 17 mesotholioma - omong 1040 dentho in a plant wsing predosinately chrysotile;" hovever, some crocidolite and asoaite 3 vere used in the plant, 
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