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ZI, EXECUTIVE SUMMARY 

Estimates of probable excess risks of lung cancer and meso- 

thelicma ars made for low levels of exposure to airborne asbestos 

under environmental conditions. This is done by extending to 

low doses the estimated risks observed for industrial workers 

who were exposed at substantially higher doses. An extensive 

review of the dose-response data for industrially exposed workers 

(extending an earlier review by Nicholson) leads to the conclu- 

sion that at an exposure of 1 fiber x years/ml the expected 

lifetime excess risk of lung cancer would lie in the following 

ranges: 

Men Women 

- Smokers 107? to 107% 3.x 1074*t0.3 x 107? 

Nonsmokers i074 to 1079 4x 107° to 4x 1074 

There is some empirical evidence that these risks are not strongly 

dependent on the age when exposure starts. 

For pleural and peritoneal mesotheliamas, the corresponding 

excess risk after half a lifetime's exposure {36-37 years) is 

estimated to be between 1 and 6 x 1074. This risk appears to 

be independent of smoking habits (and not clearly dependent 

on sex). Hewever, it is strongly dependent on the elapsed time 

since first exposure. 
- 
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levels corresponding to excess lifetime risks of 1075) are pre- 

dicted to be in the range 107> to 1074 fibers/ml for outdoor 

‘exposure, and 107® ¢ 1079 fibers/ml for indoor exposure. These 

concentrations are well below current detection limits. These 

estimates cannot be expressed reliably in units of ng/ml, because 

of wide variability in measured conversion factors, 

These estimates are subject to considerable uncertainties. 

The 10-fold range in the estimates that are presented reflects 

the variability in the results of occupational studies, and 

probably reflects the variability in the properties of asbestos. 

However, the estimates of risk may be much too high to apply 

to asbestos at an early Stage in processing. They would also 

be much too high if the assumption of a linear, nonthreshold 

Gose-response relationship proves incorrect. 

Risks of gastrointestinal and other cancers resulting from 

exposure to airborne asbestos have not been considered in detail 

in this report, but probably would add a small fraction (20-30%) 

to the estimates of excess risk that are presented. 
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a preliminary analysis of relationships between response, age, 

and elapsed time. 

The results of these analyses are then used to derive esti- 

mates of risks likely to be experienced by the general popula- 

tion, exposed to much lower levels of asbestos from birth onwards, 

The extrapolation involves a number of assumptions about dose~ 

time-response relationships. These assumptions are based on 

substantial empirical and theoretical evidence, but nevertheless 

introduce a number of uncertainties into the final estimates 

of general population risks. Uncertainties are also introduced 

by variability in the results of the epidemiological studies, 

which reflect variability in the properties of asbestos. The 

final estimates are presented to order of magnitude only. 

In preparing this report, we have greatly benefited from 

the pioneering efforts of Dr. William Nicholson in constructing 

dose-response relationships. We also acknowledge helpful advice 

from Dr. Nicholson and from Dr. Charles C. Brown of the National 

Cancer Institute. . 

We emphasize that our analysis of dose-time-response rela~ 

tionships is preliminary, and that we have probably not extracted 

all the information that is available in published and unpublished 

Studies. We recommend that a more formal and complete mathemat- 

feal analysis of the available data should be conducted, to 

Serve as the basis for improved estimates of general population 

risk. 
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Although each asbestos mineral is generally considered as a 

Single chemical and physical entity, the fibers themselves belong 

to more complex crystal chemical systems, so that they may range 

in both chemical and physical properties (Langer 1974). 

Chrysotile fibers are generally of a smooth, silky texture 

and whitish in color; crocidolite fibers are straighter, shorter, 

and less silky than chrysotile and bluish in color; amosite 

fibers are more brittle than either crocidolite or chrysotile 

and brownish in color. It should be noted, however, that color 

is not a reliable indicator for the identification of asbestos 

type in any particular product. These minerals may all occur 

in the nonfibrous form and in such cases are not considered 

as asbestos. 

Assestos fibers are flexible, possess high tensile strencth, 

-and are easily separated into filamentous strands. The propere 

ties which give asbestos its major commercial value are {nsolu- 

bility, noncombustibility, strength, ability to be woven, and 

efficacy as a binding or reinforcing agent when combined with 

other materials such as plastic or cement. In varying degrees, 

the different types of asbestos are also efficient at absorbing 

sound and resistant to electric currents, high temperatures, 

and alkalis. In addition, the amphibole fibers are resistant 

to acids. 

B. Uses 

Asbestos fibers can be adapted to a large number of uses 
—_—~ 

due to their high tensile strength, flexibility, chemical and 

eccecsa 

UCC 000567

Union Carbide trial exhibit UC-3309: Clement Associates (Schneiderman, Nisbet and Brett) Assessment of Risks P…
ACL Doc 18100 · Page 9 of 88

Published by AsbestosClaims.Law

asbestosclaims.law/library/18100/9

https://asbestosclaims.law/library/18100/9


gnsbneged .29isisqoizq Isnottoiz32 sidsiove? bos ,sonsceies: sseri 

bebiss ,nuqe sd nso 2osesdas ,219di3 eds to asitisqoig sz noqu 

dove 2fstieism 30 3snemsczictnis: Iszvsouizze 102 Bseau insvow 10 

miot of beeee1q bns Bisl 10 y3iedqes Bas ,otsesie .tasmes 26 

eiedi tedt etesppue nolitsiooe2A noissmioinI eosesd2é sdT .19qs8q 

.292u 000,€ msd3 siom 215 

-iitoesia ,aeli¢xes ni Bean od of Bnet 21sdit 2otzedes ispnod 

2o0s29¢e68 dipnsise-mumixem Bas ,sibem nottsisiid ,nolssiIvueni Les 

2isili2 pnioioinie: es beau sis arsdt3 dzpnsl mibeM .2touboig 

gisid es dove elfsirestsm noissiz3 ai ,atoubo1q jgasme5 eaoteedas a: 

boas eisdiz? rstiede? .31eqgsq ni Ons ,oniisvos sqig mi ,epninil 

tool? bas ,jisdiges ,aoisasiq ni e19edi3 pnioicinis: es Bsev sad of 

IDv) adnisq bas ebum oniiliiab [lew-fLio ni 2s Ilew es ,aslis 

« (BTL 

. songimus70 wD 

2epate Issevez to sfuasi s 26 21uU590 Noldsmio3 eosesd2d 

“imoloB ,olismeistiu) ax501 tnsisq doidw ni es229501qg Dipoloap to 

“1olensiT .sonssedue ods ojni Bsmsiotensist sis (snoseamift ro ,ors 

to anoisibnes bestisool 3asbny iws:0 ysm A501 Jns18q 30 nolsem 

gor Jo mofitos siz 3o 3iveest 5s 26 10 sive2e%g bos siussisames 

-2tadgo mzoi of alsisnim smoe istis nso jsdi enoigulo2 L[sisnim 

sonsizusso edd ,pniilim bas pninim {sto19mmon of noigibbs alt 

gostisvisni add mo13 givuasi1 yam snamorztvas sds ni 2eotesdes ito 

pnibliud Bsor 28 asisivisos yd etizogesb 2osesdes io sonsdiwse2ib 

noisifomed bas iatsges ,s2u ,stusseltunem ed? moi yonimis? 10 

to nolsstiogensit eds mozi ;esouboig pninisinos-eosasdes o 

0909 

UCC 000568 

Union Carbide trial exhibit UC-3309: Clement Associates (Schneiderman, Nisbet and Brett) Assessment of Risks…
ACL Doc 18100 · Page 10 of 88

Published by AsbestosClaims.Law

asbestosclaims.law/library/18100/10

https://asbestosclaims.law/library/18100/10


asbestos ore, milled fiber, products, and wastes; and from the 

disposal of asbestos waste. 

Individuals can be occupationally exposed to the substance 

during processing, including mining, milling, factory production, 

and handling of asbestos-containing products. Contamination 

of air with asbestos can result from the spraying of the material 

for fire protection or acoustical purposes. Workers may also 

be exposed Curing end-product use such as brake maintenance 

or application of insulation. Other examples of workers poten- 

tially exposed to asbestos include those in ship-building, gen- 

eral construction, demolition, building inspection, repair and 

maintenance (of asbestos-containing structures), waste disposal, 

and cleaning operations. Workers’ family members may be exposed 

to asbestos from dusts brought home on clothing, shoes and hair. 

People can be exposed in the home as a result of performing 

construction and repairs using asbestos containing materials. 

Such materials include asbestos plastie-fillers, cement sheets, 

and furnace and heating equipment cements. 

Finally, asbestos can be present in the general environment 

in air, water, food, and beverages, Asbestos concentrations 

in the range of 10-100 ng/m* have been reported in the general 

urban atmosphere. Near seme factories using asbestos, asbestos 

concentrations have been reported to be as high as 5,000 ng/m>. 

The air inside buildings can be contaminated due to working 

with or damage or erosion of asbestos material. In addition, 

asbestos has been detected in some samples of drinking water, 

10 
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bloodstream, asbestos is rapidly removed and deposited into 

various tissues, with the highest concentrations observed in 

lungs, liver and spleen (NCI 1978). 

E. Problems in Identification of Asbestos Fibers 

The identification of asbestos fibers requires structural, 

morphological, and chemical information. Due to the variability 

in the characteristic properties of asbestos fibers, their de- 

tection and identification can often be difficult. Several 

methods have been proposed for the identification and quantita- 

tion of asbestos in air, water, and biologic materials. These 

include optical and slectron microscopy, X-ray diffraction, 

differential thermal analysis, and infrared, emission and atomic 

absorption spectroscopy. A number of factors contribute to 

the difficulty in the analysis of asbestiform materials. The 

proSlems which can be encountered in such analyses include: 

complexity of sample preparation of the differing media; level 

of fiber exposure (contamination); presence {kind and amount) 

of other particles; variations in reactions of tissue types 

to different preparation techniques; improper choice of instru- 

mental technique; and the great amount of time required for 

analysis and quantitation (Langer 1974). 

F. Identification of Biologically Active Fractions 

The information available about the disposition of asbestos 

fibers following inhalation or ingestion is relatively limited 

due to the difficulties involved in the assay of biological 

12 
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microns should he considered in the active respirable range 

{Langer et al. 1979), 

An increase in asbestos fiber number may in some cases 

increase and in others greatly decrease biological activity. 

A correlation of activity and absolute number is probably not 

equal for all fiber types. Furthermore, such a correlation 

is probably not equal for all disease entities. 

It has been proposed that fiber retention may be partially 

related to fiber stability in vivo. Resistance to degradation 

has been considered to be of prime importance in the induction 

of cancer (Pott 1978). However, fiber degradation and dissolu- 

tion in vivo may also increase the activity of the fiber (Langer 

ec al. 1979). 

Approximately 10-30% of asbestos fibers retained by human 

lungs become coated with hemosiderin and mucopolysaccaride to 

form yellow-to-brown rod-shaped structures called asbestos bodies 

(NCI 1378). The effects of asbestos fibers and bodies are not 

limited to one target organ; they have been found in almost 

every extrapulmonary tissue. In certain cases removal of fibers 

from the lung may result in translocation to another site. 

Short fibers tend to be translocated more readily than long 

fibers and should therefore be expected to lodge in organs other 

than the lungs. 

It has been difficult to assign a scale of relative pathoge- 

nicity to various asbestos types. This is related to many fac- 

tors, including differences in physical characteristics within 
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Asbestos exposure has also been strongly correlated with 

pleural and peritoneal mesothelioma. The disease is one of 

the rarest malignancies and occurs mainly in workers in heavy 

industry, as in shipbuilding. Mesothelioma rarely occurs in 

the absence of exposure to asbestos dust. It is therefore much 

easier to distinguish its relationship to asbestos than is the 

case with lung cancer, due to the strong association of the 

latter with tobacco smoking. 

Several epidemiological studies have suggested that an 

excess risk of cancer of the digestive system is associated 

with occupational asbestos exposure. A problem with some of 

these studies has been sketchy clinical and pathological data 

and the possible inclusion of peritoneal mesothelioma cases. 

among all observed cases. This can make it difficult to document 

an increased risk of any one digestive system cancer independent 

of that for mesothelioma. It must be stated, however, that 

the excesses are larger than can be reasonably explained away 

in this manner, so that a true increase in gastrointestinal 

cancer seems more probable. 

Righly suggestive but limited evidence exists suggesting 

a casual link between asbestos and laryngeal cancer. The risk, 

in absolute terms, however, is much smaller than for the cancers 

already described. There ace currently insufficient data avail- 

able to permit adequate study of possible synergism between 

the effect of smoking and asbestos exposure on laryngeal cancer 

incidence. 
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TV. DOSE-RESPONSE DATA DERIVED FROM 
STUDIES OF INDUSTRIAL WORKERS 

A. Introduction 

Ideally, one would like to base estimates of risks to a 

human population on dose~response fata derived from studies 

in the same population. Unfortunately, this can rarely be done. 

The general population is usually exposed at very low doses, 

so that effects are likely to be small and hard to discern. 

Not only are members of the general population exposed to low 

coses of the material of concern, they are also likely to be 

exposed to many other things, usually also at low doses--which 

will also have some small effects--making the sorting out of 

‘ the different effects nearly impossible. Because of these prob- 

lems of low doses and of confounding with other exposures it 

becanes necessary to turn to populations that are more heavily 

exposed--usually worker populations, exposed on the job. 

Worker populations often show clear-cut effects at the 

high doses to which they are exposed. From the dose-response 

curves observed it is then necessary to infer dose-response 

curves that are likely to be valid at the low levels of ambient 

exposure. There are difficulties with making such inferences. 

Industrial workers are usually men. They do not include the 

very young or the very old. They are usually healthier than 

the general population. They are often exposed to more than 

one toxic material in their working or personal lives. For 

example, many are cigarette smokers. Thus there are logical 

19 
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B. Measurement of Health Effects 

This report deals largely, but not exclusively, with data 

On mortality--death from specific causes. This leads to sane 

immediate problems. The major causes of (cancer) deaths asso- 

ciated with asbestos exposure have been cancer of the bronchus 

and lung (ICD 1562), mesotheliomas, both pleural and peritoneal, 

‘ and cancers of the esophagus (ICD 150), stomach (ICD 151), colon 

(ICD 153), and rectum (ICD 154). Some increases have also been 

reported in the frequency of cancers of the larynx (ICD 161), 

pharynx and buccal cavity (ICD 140-149), and cancer of the kidney 

(ICD 180). Selikoff et al. (1979) have reported that for all 

other cancers the ratio of observed to expected deaths, as reported 

on death certificates, was 1.9l-+a significant excess. 

l. Ascertainment of cause of death 

Two difficulties arise in using data on these causes of 

death. The first is that reports on death certificates can 

be substantially in error. In a detailed review of death certifi- 

cate reporting compared to what they called "best estimates” 

from detailed hospital data, Selikof£ et al. (1979) found that 

the death certificates substantially over-reported cancers of 

5 the pancreas (ICD 157), liver and biliary passages (ICD 155), 

, and possibly brain (ICD 193). There was substantial under-reporting 

of mesotheliomas, and about a 10% under-reporting of cancer 

of the lung. Mesotheliomas, being rare causes of death, are 

usually not reported in national death statistics, 
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TABLE 1 

COMPARISON OF REPORTED FREQUENCIES OF CERTAIN TYPES OF 
CANCER FROM HOSPITAL RECORDS AND DEATH CERTIFICATES 

Site Hospital Death Percent 
{and ICD number) Records Certificates Difference 

Buccal cavity (140-143) 1,397 1,187 ~15 

, Colon (153) 4,546 §,131 413 

. Rectum (154) 2,098 1,367 35 

Liver (155.0, 197.8) 462 6a? +49 

Kidney (189) 984 939 =5 

Brain (191, 192) 1,074 1,171 ‘ +3 

SOURCE: .Percy. et al. (1961) 

to asbestos (Selikoff et al. 1979). For this reason, measures 

of excess risk of lung cancer in ashestos workers.are likely 

to be variable unless account can be taken of the prevalence 

of smoking among them. No interaction with smoking has been. 

reported for mesotheliomas, and as shown below, estimates of 

risks for mesotheliomas appear to be less variable than those 

for lung cancers. 

2. Dependence of disease frequency on age and elapsed 
time Since first exposure 

Cancer is clearly a disease of oider ages, with roughly 

half of all cancer deaths occurring ir persons over 65. It 

is also a disease of long delay; there is a long time from ini- 

tial exposure in a working population to the diagnosis of cancer, 

23 

000K3 

UCC 000581 

Union Carbide trial exhibit UC-3309: Clement Associates (Schneiderman, Nisbet and Brett) Assessment of Risks…
ACL Doc 18100 · Page 23 of 88

Published by AsbestosClaims.Law

asbestosclaims.law/library/18100/23

https://asbestosclaims.law/library/18100/23


d2se95 o3 2izonpsib moz3 emis msibeM) .1990865 mo13 dises6 of qo 

(.2ssons5 to ystilssos sd3 103 ,2axs9y & suods 2t 

pool mori end3se9b no bssiogs1 sved (@Tel) .fs +9 t30ALtLoe2 

Hstinvu sft ai 219t30w noissluani pnoms esmoilsdsoeem Bas i92ns9 

pniwollot ezisesy jo 1sdmun sds to noizonm? 6 26 s55sns) boas 2e9t832 

diseb of emis nsibom ad3 ,2z950nso pnul 107 -91v20gxe Isiting 

,esmiledjozem 10% .atesy SE tuods 2sw (sivecgxes text? mo1}) 

meec asd 31 w.aissy d€--ssenel tsdwoeme esw omit nsibem srs 

enivzome stzeispio Jo noisosisjni edt 30 tosties odd tads bes2eppoue 

SONS 1690CG5 263 amit ni biswickt svom o2 ei giuzcexs 2osz2edes dtiw 

eo0zzedes pridomenon ,alesdtoqyd aids xrs6nU .e2199Ns> paul sd3 to 

,2resxome eft 26 I9sons> Houm a6 goleveb yiisutneve tipoim e1sxti0W 

21sey Isisvee iseqqs tdpim sese2eib sdt .epei9evs and2 no ,sud 

33e7zspip yd betnestisnu sd oF rs9gqs coidw ,esmoiledtoeesM .ieisl 

(+8799189 enul ef3 ob nsdt adtesb istsl of beel ,sdome 

25 9ps sz 20 atostis sc3 Bbenimexe (@T@L) .Is 39 nschis2 

tients mo y3ososi stizoms as mi pnidiow bssisz2 nam ods doidw 

esw noteulonos rledT .1s9ns5 pnul to tnemqolsvab snsupsedue2 

gad 

35 ySseils 9158 ondw nem o¢ sm20qxs t0987ib yvsed... 
tives: neo [19v0 bas 02 nom ,.9.38) "29D8 19965" 

~eiiqiwa & al ysilsstiom nt sessioni spl yiev sg nt 

t92no0 193365 z3sey bl-2 ,smt+ 20 bolisq s1ode2 Yfens 
OF neve ,2sweogxs sosiib rsesdpil dtiw .xA1r0w to 

Bolisq yonsisl s 2: siene “2996 3199963" gs ybssils nom 
asessioni snssitinete sioted eissy to 1edmun 5 to 

a9lisme 916 es26519nl s2ed3 Bas asse 318 ytifsszom al. 
eeelbispei .nem be2ob yLivsed siom ant to szods nsd4 

ni efjssb we szow sists ,siue0egxes to Level ss to 
tniog 1ssy 2 ef3s te 2'0S sist nt seod3 .nem tspnueY 

.(S1u20eqxs to] t=e2n0 I93386 

BS 

BSDO0 

UCC 000582 

Union Carbide trial exhibit UC-3309: Clement Associates (Schneiderman, Nisbet and Brett) Assessment of Risks…
ACL Doc 18100 · Page 24 of 88

Published by AsbestosClaims.Law

asbestosclaims.law/library/18100/24

https://asbestosclaims.law/library/18100/24


The length of the latency period depends not 
only on the dosage but also on the age at which @xpo~ 
Sure takes place. 

This latter observation is consistent with the hypothesis 

that asbestos may act at a middle or late stage in the develop- 

ment of cancer, leading to the clinical development of cancers 

‘initiated earlier in life. 

The manner in which asbestos leads to cancer has also been 

considered by Day and Brown (1980). Analyzing the data of Seidman 

"et al. referred to above, they came to the conclusion that as- 

bestos operates as an early-stage, rather than a late-stage 

carcinogen for workers employed for less than 2 years. However, 

they qualified this conclusion by pointing out the unuszal manner 

of "residence" of asbestos. 

-.-there is some ambiguity in interpreting the evolu- 
tion of risk after the external exposure has stopped, 
because asbestos bodies remain in the lungs. It 
might be more appropriate to consider exposure as 
being continuous but at a decreasing level as the 
asbestos bodies are either excreted or their carcino~ 
genic ability is reduced. However, the mechanism 
of action of asbestos carcinogenesis is unknown, 
and it is not clear that its carcinogenic effect 
remains with the asbestos bodies that remain in the 
lungs. The observed increasing excess cancer inci- 
dence is thus consistent either with an early-stage 
effect or with a late-stage effect resulting from 
the asbestos remaining in the lungs. 

Seicman et al. did not analyze the age-at-first-exposure 

effect for mesotheliomas, but Day and Brown, examining other 

data, concluded 

soothe quadratic residence time model as described 
by Peto appears to fit the observed data reasonably 
well. Under this model, the incidence ay time T, 
@.9., I(T), £8 proportional toy (T-t) “c(t)dt, 
where c(t) is the exposure level at time t. It should 
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to expected deaths in the total population, one often finds 

that the workers show about 80% of the expected deaths 

computed from general population rates for persons of the 

Same age and sex, 

b. Excess among all causes Of death, or only certain causes 

of death? If earlier work or if animal studies have shown 

excess Geaths from certain specific causes, should these 

be the only ones considered? Are excess deaths from one 

cause made up for by reduced deaths from other causes? 

It is most common to look both at total causes of 

death and at specific causes that are likely to be asso- 

ciated with the exposure. Biological plausibility is often 

invoked to justify examining one cause and not another. 

Thus, in asbestos exposure, it looks most reasonable to 

. look at respiratory disease and probably noninfectious 

diseases of the digestive tract. It would be suprising 

to find increased leukemias, or increased diabetes, but 

not surprising to find increased pneumonias or bronchitis, 

or even cancers of the colon and rectum. 

ec. What specific measures of excess should be used? 

Relative risks (or Standard Mortality Ratios, SMR) or absolute 

increases? Average years of life lost because of premature 

death? 

The relative risk orc Standard Mortality Ratio is a 

commonly used measure. It compares observed deaths with 

expected deaths, where "expected" deaths are usually calculated 

27 

COCR? 

UCC 000585 

Union Carbide trial exhibit UC-3309: Clement Associates (Schneiderman, Nisbet and Brett) Assessment of Risks…
ACL Doc 18100 · Page 27 of 88

Published by AsbestosClaims.Law

asbestosclaims.law/library/18100/27

https://asbestosclaims.law/library/18100/27


“SEid spSisvs sd3 3t03 audT .s385 noltsiugqog Leisnep mort 

evitsele1 edi ,(ysb t9q 2esteuspio Of suods) isdoma stte2 

bstsqmoo If 10 Of suods 2i 1s9n6> emul mo1t d3seb to Aeix 

-00L,f 10 O000,L sd nent bluow AM2 eT)  .isaxomenon 5s of 

ei AMC adT {.betoeqxes alisups bevisedo ansem OOf to AMG A 

203 Bas edissS f[satod pnoms a92es90x9 3Ot sivesem Iudoeu 56 

-199n85 pnul es dove dzseb 2o eseausd nommoo yLloevisets. 

oisalugog Isignsp sd? ai 9151 915 3sdt ds69b to esausa 10% 

Ysinilni doseiggs bluow 2AMe odd ,2smoilLedsozem es dove 

vasmoliledjozem 10% .noissmoint sitsil yevnoo Biuow Bus 

2ids o+ sub eets1 diseb nt asesegionl stuloeds ,siotsiens 

~Osem sevsosE .sibessm ateligoiqqs add es bseuv sis seuss 

ai is3s{ 21secqs t5f3 sess2eib s sd of iseqqs esmileds 

tnssiogmt 2i ti ,ze9ns5 pnul asdt ,epsisvs edd no ,etil 

.Danizeb Llow 2d enoljsiugeoq Bseogxs aft to esps ads eds 

feups ns no Beisqmo> sd ysm anoitsluqog avolisy jsd3 02 

-2tesd 

2102283 onibnuotnos bas asesta@ .b 

eezsmises pnisioseib 103 asiziliditezeca 30tsm wot 928 si9sdT 

~OGxe9 zafso ntiw) paibnuetnes 30 ameldoig avoids xeii 2290x9 to 

svissineesigsinu to say si dpvordt esid {soisalisi2e 10 (2siue 

+@noisslugog mozizsqmoa 30 bezoqxs sf Ao esiqmse 

need ySserfs esd gost3s aidT ".¢0e22s 198%10W ydsIsek" .6£ 

osiminim o3 sbsm nead svsd enolsesppua ([s1isves2 .bsnolinsm 

-YIOI 2B Ieiss2 yilud emesz enon sud ,gostis eidz biovs 10 

jnemteu(bs on ted3 oniupis most spnsi enolsesppue sesiT 

8s 

UCC 000586 

BS000

Union Carbide trial exhibit UC-3309: Clement Associates (Schneiderman, Nisbet and Brett) Assessment of Risks…
ACL Doc 18100 · Page 28 of 88

Published by AsbestosClaims.Law

asbestosclaims.law/library/18100/28

https://asbestosclaims.law/library/18100/28


need be made, to suggestions that all individual SMRs be 

inflated by the inverse of the SMR for all causes, for 

example, by multiplying cause-specific SMRs, such as that 

for lung cancer, by 1/SMR for the total deaths. Thus, 

{£ the SMR for total deaths were 0.8 and the SMR for lung 

cancer was 1.2, the "adjusted" lung cancer SMR would be 

1.2 x 1/0,8 * 12.50. Another suggestion is that the SMR 

for a cause of death thought very unlikely to be related 

to exposure (such as diabetes) be used as a "normalizing" 

divider for the cause-specific SMR. In the example above, 

Say the SMR for diabetics was 0.75. The adjusted SMR for 

lung cancer would be 1.2 x 1/0.75 = 1.6. 

b. Other characteristics of the workers. Most workers 

are urban dwellers. Urban residents have, in general, 

higher cancer rates than rural persons. The.differential 

increases with the density of urban populations, although 

there is no reason to believe that population density, 

in itself, should be cancer-causing. Similarly, social 

class has been associated with increased cancer rates. 

Social class, however, is difficult to disentangle from 

occupation, since occupation often determines social class. 

Long-time patterns of diet, recreational activity (or lack 

of it) and other disease-related factors are associated 

with social class. In general, when generalizing from 

industrially exposed populations to more generally exposed 

populations, issues of urbanization, population density, 
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in so-called “natural” {unassociated) deaths, and a conse- 

quent underestimate of the associated deaths. Second, 

there is evidence of a "saturation" effect with increasing 

dose. For example, after some effective dose level, further 

exposure may not lead to deaths from lung cancer, but may 

lead to earlier deaths from asbestosis. For this reason, 

the dose-response curve would flatten or even turn down 

at very high doses, because persons died early of other 

causes. This saturation effect, due to competing causes 

of death, is also seen when followup proceeds for a long 

time. Nicholson (1981), in considering relative risks 

for asbestos workers for all causes of death, found the 

maximun relative risk after about 25-30 years of followup 

and then a slow decline in relative risk with continuing 

followup. Thus, a followup period of 25-30 Years appeared 

to provide the best measure of the excess risks of lung 

cancer. Shorter followup periods yield underestimatas 

of risk because the latency period has not been reached; 

longer followup periods also yield underestimates of risk 

because of competing causes of death. The latter phenomenon 

has not been discussed extensively in the epidemiological 

literature. 

5. Conversion of risk measures to estimates of Lifetime risks. 

Epidemiologic studies rarely measure lifetime risks. To 

do so would require following a population to extinction which, 

oe0e31 31 

UCC 000589 

Union Carbide trial exhibit UC-3309: Clement Associates (Schneiderman, Nisbet and Brett) Assessment of Risks…
ACL Doc 18100 · Page 31 of 88

Published by AsbestosClaims.Law

asbestosclaims.law/library/18100/31

https://asbestosclaims.law/library/18100/31


ows ,2dets osmissiil stemises oT .enob ylsisi1 at ,saie. 46 

-bo2ayn 9d asd 2eedosoxggs Isqlioniag 

asessionl jnsps edt new luiseu af dasozrqqs tezrii adT 8 

-nep edz ni snesups13 ylsis3} at doidw ses92i5 s to yonsupsr2 siz 

mi yonsupsi12) A xaia evissie2 edt 2 .asdT .moltssluqog Isi9 

“2s sd mass (nolisiuqog Isiensp ai yonsupez?\noitsiuaog Bs2oqxs 

Razr emisgetil sdz ,(9ps Jo gnsbnsqebni) snesenoo ad of heme 

emizeiil sis mori besemises sd nso noissivacg bseogxes sec nt 

~olitosgq2? .nolgsiuqoqg Isisnep oft ni sess2ib sit io yoneuper3 

ses92ib edt pnigolsveb jo ysilidsdoig emiszsiil eds tf ,ylls 

el notssiugeg Isisnep sft ni 

Je -f8 at 

edi ni gess2ib siz pnigoleveb lo yiilidsdorzg smitsitil sda neds 

@i nolssivgog bseoqxs 

my et qt 

~9iil enissmites 30 borsem eidt Gk&-= of A 30 aeulsv wol 107 "a 

102 ,290nB>D paul beoubni-e2osesdas 102 essiigoiqqs ai Aeiz smi? 

“nop yfecsmixoiggs af A jsd3 sonebive Isoiiiqms 2i sied3t dolidw 

-(woled 2.VI noisos2 992) tnste 

.9pS dtiw asiisv xeti svisgsle1 eds doidw at eses> nI ud 

-nsp of3 mi 161 ef sesseib aft seusosd bessivolss 9d gonnso 10 

enimuees yd betsluolss sd yino nso 2eXetr emistetil ,Nolssiugoq L[s1i9 

noissiv6& Bas eps no Aeta 3o sonsbnegeb eds 3r0t Lsbom oliiosqa 5s 

sonebive Lsstiiqms ai sist ,2199n85 ynsm 3107 -Siuz20gxs to 

Beegsle io\bns} sps jo 1swog d3'x edz no 2bnsqsb yonsupe12 tsd3 

spstimiA) 38 bne & neswsed yilsvev 2i A sisdw .(sius0egxs sonie smis 

sé 

26000 

UCC 000590 

Union Carbide trial exhibit UC-3309: Clement Associates (Schneiderman, Nisbet and Brett) Assessment of Risks…
ACL Doc 18100 · Page 32 of 88

Published by AsbestosClaims.Law

asbestosclaims.law/library/18100/32

https://asbestosclaims.law/library/18100/32


and Doll 1961). This is the basis for a number of models from 

which lifetime risks can be calculated (Armitage and Doll 1961, 

Day and Brown 1980}. This approach is necessary for asbestos- 

induced mesotheliomas, which are rare in unexposed individuals. 

A general problem with the approach is that the results are 

strongly dependent on the value assimed for k, because most 

of the lifetime risk falls in the last quarter of life for which 

Girect observations are often scanty. However, this problem 

is not very serious for asbestos-induced mesotheliomas, for 

which there are good data on frequency up to 35-40 years after 

exposure, and for which k can be estimated empirically (Peto 

1979, Day and Brown 1980}. ; 

Peto (1979) has applied the first approach to asbestos- 

induced lung cancer and the second to asbestos-induced mesothe- 

liomas. For mesotheliomas, Peto utilized a "guadratic residence 

time” model (see footnote to Table 3); this is equivalent to 

assuming k = 3. Tables 2 and 3 present the results of Peto's 

calculations, modified to present lifetime risks as a function 

of age at first exposure and duration of exposure. (Note that 

the calculations are designed only to illustrate the funetional 

form of these relationships; the exposure level required to 

cause this response is hypothetical.) 

In the case of lung cancer (Table 2), the calerlations 

assume a linear dependence of lifetime risk on duration of expo- 

sure (i.@., on cumulative dose), but predict that lifetime risks 

are independent of age at first exposure. In the case of 
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TABLE 2 

THEORETICAL DEPENDENCE OF LIFETIME RISK (%) OF LUNG CANCER 
ON DURATION OF ASBESTOS EXPOSURE AND AGE AT FIRST EXPOSURE 

Age at First Exposure 
Duration of 
Exposure 
(yr) 0 15 25 35 45 55 

1 0.04 0.04 0.04 .0.04 0.04 0.04 

2 0.08 0.08 0. 08 0.08 0.08 0.08 

5 0.19 0.19 0.19 0.20 0.20 0.18 

10 0.38 0.38 0.39 0.39 0.38 0.33 

20 0.76 0.76 0.77 0.76 0.69 

30 eee 1.1 1.1 ‘1.1: 

40; 1.5 1.5 1.4 

50 . 1.9 1.8 

60 2.2 

SOURCE: Modified from Peto (1979) 

Assumptions: relative risk independent of age, but propor-tional 
to exposure level x duration; lifetime = 73 yrs. Peto presented 
these risks as hypothetically resulting from continuous exposure 
to 2 fibers/ml. 
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Cc. Measurement of exposure 

Problems in meaSuring exposure to asbestos have been reviewed 

recently by Nicholson (1981), whose comments are reproduced 

here in their entirety. 

l. Importance of past estimates 

The accuracy of judgements on dose-response relation- 

ships for asbestos is largely limited by our knowledce 

of past fiber exposures of those populations whose mortality 

or morbidity were later evaluated. Few measurements were 

made in facilities using asbestos fibers prior to 1970. 

Further, those measurements that were done usually quanti- 

fied all dust (both fibers and particles) present in the 

workplace air. Current techniques, using membrane filters 

and phase contrast microscopy for the enumeration of fibers 

longer than 5 micrometers, have been utilized in Great 

Britain and the United States only since 1964 (Holmes, 

1965; Ayer et al., 1965) and have been standardized in 

the United States only since 1372 [National Institzte 

for Occupational Safety and Health (NIOSH), 1972; 19791. 

These techniques may be utilized to evaluate work 

practices and conditions believed to be typical of earlier 

activities. However, it is always difficult to duplicate 

materials and conditions of earlier decades and such retro- 

spective estimates are necessarily uncertain. Alternatively, 

fiber counting techniques and the instrumentation of earlier 

years can be used together to simultaneously evaluate a 
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2. Measurement techniques 

Even with the advances in fiber counting techniques, 

Significant errors may be introduced into attempts to for- 

mulate general fiber dose-response relationships. The 

convention now in use, that only fibers longer than § micro- 

meters be counted, was chosen solely for the convenience 

of optical microscopic evaluation (since surveillance agen- 

cies have such instrimentation}). It does not necessarily 

correspond to any parameter of biological importance for 

asbestosis, lung cancer, or mesotheliona. While it is 

readily understood that counting only fibers longer than 

5 micrometers enumerates but a fraction of the total number 

of fibers present, there is incomplete awareness that the 

fraction counted is highly variable. It depends upon the 

fiber type, the process or products used, and even the 

past history of the asbestos material (old vs. new insula~ 

tion material, e.g.), among other factors. For example, 

the fraction of chrysotile fibers longer than 5 micrometers 

in an aerosol can vary by a factor of ten (from as little 

as 0.5% of the total number to as many as approximately 

5%). When amosite aerosols are counted, the fraction longer 

than 5 micrometers may be 30%, extending the variability 

of the fraction counted to two orders of magnitude (Nicholson 

et al., 1972; Nicholson, 1976; Winer and Cossette, 1979). 

Thus, even perfect measurement of workplace air, with accu- 

rate enumeration of fibers according to accepted methods, 
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. t 
Excess risk in period (to - ti) = constant zel(tjdt, 

ty 

where c(t} is a function of the dose at time t. The model makes 

two important assumptions, which may or may not be true: 
? 

1. The dose-response relationship is linear. As dose 
increases, response increases, proportionately. 

2. There is no dependence on the timing of exposure--that 
is, a fiber makes the same additive contribution to 
risk no matter whether it is inhaled early or late 
in life. 

Several sets of data seem to support the assumption of 

linearity (see Nicholson 1981, and further discussion in Section 

IV.= below). However, some dose-response curves appear to flat- 

fen out at very high levels of exposure and at very long periods 

of followup. This may be due to dose saturation effects, to 

competing causes of mortality, or to both, 

“The second assumption is less plausible, for several reasons: 

1. Cancer is known to have a latent period after exposure 
before clinical disease appears, so that exposures 
late in life make little or no contribution to risk. 

2. Asbestos fibers are retained in the body for long periods, 
so that a fiber inhaled early in life has a much greater 
opportunity to cause biological effects than one inhaled 
late in life. 

3. ‘The multistage model of cancer provides theoretical 
Support for the assimption that cancer risks depend 
strongly on age and on elapsed time since exposure 
{Armitage and Doll 1961, Peto 1979, Day and Brown 1980; 
see discussion above). 

These considerations support several alternative formula- 

tions of the mathematical model given above: 

41 
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(ii) the cumulative risk after T years of continuous exposure 

lung 

is proportional to 1/k+l. Hence, if the first model 

listed in this section (in which k=0) is used to esti-~ 

mate cumulative risks, these estimates will be too 

high by a factor (k+l). Another way of putting this 

result is that only a fraction 1/kt+l of the exposure 

period makes a significant contribution to the cumula- 

tive risk. For example, for lifetime exposure (T=73 years) 

and for k=2 or 3, the effective exposure period is 

only between 18 and 24 years; this result is illustrated 

in Table 3. For this reason, in this report we relate 

risks of mesothelioma to cumulative exposures during 

the E£irst 25-30% of the exposure period. | 

It is less clear that this procedure is appropriate for 

cancer. The cumulative frequency of lung cancers in asbestos- 

exposed workers increases with age in parallel with that in 

the general population, suggesting that the above model is suit- 

able, with k equal to about 3. On the other hand, the data 

of Seidman et al. (1979) on workers first exposed in middle 

age suggest that k should be much smaller than this, perhaps 

nearly zero (see discussion in Section IV.B and Table 2). How- 

ever, ether data, such as those in Table 5, indicate that expo- 

sures to asbestos make little or no contribution to lung cancer 

risk within the first 10-15 years. Recognizing that a different 

model may be required to fit the data on lung cancer, we will 

assume conservatively that the effective exposure period is 

00043 
43 

UCC 000601

Union Carbide trial exhibit UC-3309: Clement Associates (Schneiderman, Nisbet and Brett) Assessment of Risks…
ACL Doc 18100 · Page 43 of 88

Published by AsbestosClaims.Law

asbestosclaims.law/library/18100/43

https://asbestosclaims.law/library/18100/43


tnoisvivps) bolLisq siveogxe Isutos sdz to tfsd suods oF laups 

tsda sqaoxea ,(noisefusiso nitioege eid? 3103 [=A pninwees of 

eissy @f-O0l seal sit boli1eq avizaatte edt mor? sbuloxe Iliw a
w 

snoistsvisedo siocied 

\ 

ecidanotjsla1 s2noge92-320b bevisedO .3 

azgons> prot Lf 

yiilesiom aft 30 2eeibuse gnin bewalve. (ieeL) noelodoiu 

gidenoissls1 eft to eetsmisas If baviseb Bns 213A 10W rotesdas 20 

giv20gx9 evissiumus bras sonebioni is9Ms5 pnuf e2e9oxs neswied 

djtw \b eidsT ni betsiudste1 918 estsmizes seedT -2otesdas of 

ziesd edt to yismme 5 bons ybuse toss no noljsmioini BruoipaAcsd 

dose mi 2e2neioit2ses senoq291-s20b to esssmisas a'noelodsik 303 

-sifez 9f3 mo au yd etnemmoo bas zeston esbufoni ¢ esidsT .8259 

.astemises sesd¢ to ysifid 

6 sildsT ni beseu smua0gxs Io ginu 19q senoges: to sivessm odT 

yeonss paul r0t Aelia svisslei ni sessioni spsins zieq ads 2k 

bessoibeiq et xebat 2ic3t 0 920 .9meogxs avigslumus to ginny 19g 

renolsqmuees ows no 

etsiiqoiggs np 1stis ,siveogxs to Level nevip s 302 (1): 
ai res0ons> pnul 10% A2ti sviselez sd3 bolieq jtnessl 

bns g1v20qx9 meswied amit beaqsis edt to tnsbaeqebat 
gnoissvisedo 

ylisenif eseseioni is oms> pnut 103 AXeta evissls1 sdt (it) 
.s20b svissilumus dtiw 

etesd Iszizigms Isijtnstedue svsd anoliqmee2s seedt djod 

8 elds? .{(mote2euserb rot I8@L nozlonoiv Bas evel otsd 992) 

noissiveni 008,°f£ pnoms 189ms5 pnul mort edtseb no stsb asssludss 

~(@T@L .is t9 ttodifls2) sbsensD boas estsse basinu sdt ai eisx10¥ 

bb 

£AOOO 

UCC 000602 

Union Carbide trial exhibit UC-3309: Clement Associates (Schneiderman, Nisbet and Brett) Assessment of Risks…
ACL Doc 18100 · Page 44 of 88

Published by AsbestosClaims.Law

asbestosclaims.law/library/18100/44

https://asbestosclaims.law/library/18100/44


S
p
U
a
w
s
 w
i
s
e
 a
e
 

J
o
y
t
t
 

ey 
y
u
a
r
a
n
g
 

i 
§ 
i
n
h
i
 

ys 
~
H
O
?
 
G
U
E
 
P
a
r
p
e
d
 

i 
€ 

F
I
A
e
L
 
‘
o
e
 

W
y
r
e
 
e
q
y
 a
a
d
 

' 
~
€
O
 
S
e
t
-
a
t
 
v
d
d
 

D
I
V
L
e
d
N
a
 
Q
E
 

"
H
e
t
 
uos t

a
u
n
t
 

a
8
o
G
 
W
O
 
Y
R
E
?
 
8At) 

“Y4fnne s
y
 

6 U
N
D
 

S
H
 JUDY 

g 
U
r
y
y
 

*s"a 
9
3
8
)
 
G
6
1
 

H
O
A
s
 
J
O
 
u
o
p
s
i
o
i
b
 

A
R
A
L
 
v
O
 
p
a
s
e
q
 

2
3
0
m
 
5
0
3
 
a
i
n
s
i
 

4
0
}
 
y
O
n
p
o
l
d
 

T
e
 
33 

q
u
a
w
a
g
 

7a) 
U
O
 
p
a
s
e
q
 
‘
B
i
t
s
 

S
'
G
t
-
C
2
°
2
 

*
1
e
/
)
 
o9-~s 

n
a
 
334 

9
9
0
-
0
8
 

P
L
P
I
O
B
K
 ayy 

a
y
t
y
E
a
n
 
*s 

8
2
9
4
4
0
 

2
p
 

Kescvg 
y
e
l
w
s
s
 

(
9
 
a
i
q
e
,
 
‘
G
2
 

-
S
E
 
L
a
s
q
u
u
n
s
e
a
s
,
 

“
A
Z
 
P
L
I
N
G
 
o
d
d
 

B3ZD3BjJ2 
U
O
y
y
e
I
n
i
r
s
 

p
u
e
 
A
r
o
h
a
y
e
s
 

a
t
T
e
p
 

f
a
 
f
a
t
 y
a
u
e
n
 

*
I
O
G
E
 
B
O
S
T
O
U
S
I
N
 

W
O
 
a
s
p
e
r
a
 

(
A
s
a
h
e
y
e
s
 

y
R
r
a
y
b
y
y
 
3
0
3
 
s
a
y
e
m
 

-
y
o
o
3
8
d
 
p
u
e
 

b
u
 p
a
n
q
o
e
 
p
n
u
g
e
 

' 
2
3
3
)
 
1
9
6
1
 

= A
d
o
f
i
a
y
e
s
 
y
s
a
n
o
y
 
3
0
4
 

W
R
a
M
O
y
}
 

«
$
9
8
3
 
A
u
e
d
a
o
a
 
u
c
 

a
s
n
s
o
d
u
a
 

 
a
t
}
s
o
w
r
 
awsur 

as 
o
n
p
e
s
d
 

: 
W
V
 
woslogoIN 

 Flep 
UO 

PaseYy 
f
A
L
'
 | 

96°C 
Hasey 

* Eas} 
08-01 

yA 
sat-ot 

214 
sat 

rapprasdayy 
BoUsagey 

“> 
tg 

s
a
n
b
y
y
 

w
/
y
t
 

a
]
 

*et-4t 
07 ~6t 

« 
jadda 

[107984 
3S 

‘
d
d
 
*
y
9
6
t
 

P
s
o
p
 
P
a
 
e
m
)
 1
6
8
 

V
O
I
S
I
R
A
U
O
D
 
p
o
n
s
 

a
r
e
T
O
p
 

s
y
u
e
|
d
 

on) 
U
O
R
T
O
N
I
I
N
 
a
a
s
)
 

U
O
 
y
S
I
4
 
a
a
i
j
z
P
y
u
r
 

-
s
e
 
!
s
a
p
i
o
h
a
y
e
n
 

-
1
9
0
1
5
 
awogs 

“
S
'
H
 
[
e
s
a
0
a
8
 

m
 

S
 

S
i
6
E
 
a
u
s
 t
i
e
 r
u
g
 

3
0
 
v
o
1
s
s
a
 i
b
a
 

q
o
f
 

310} 
s
y
w
a
o
w
 

a
i
n
s
o
d
s
a
 

4
3
9
1
3
0
8
4
 
4
D
 

*
f
u
y
 i
n
q
o
e
 j
o
v
e
n
 

~
~
 

: 
P
U
e
 
u
o
s
 J
a
p
u
s
y
 

M
a
 
p
a
g
e
q
 
“
A
C
G
 

B
i
o
 d
-
8
6
 

RL 
-
D
I
N
S
R
I
M
 
F
I
N
K
 

a
A
 
g
-
€
 
t
a
d
 
#
1
5
6
6
 

“
a
s
 

| R
o
w
y
 

B
o
 
w
a
g
e
y
 
°
C
 

i
s
 

{6 
a
a
n
6
1
4
 

a) 
*SC-oe 

fale 
“
8
6
1
 

@
s
O
p
P
 
P
a
 z
y
e
w
t
y
s
a
 

a
P
a
m
n
a
y
a
a
s
 

9
3
°
7
9
 

a
t
p
s
o
m
r
 

"
M
h
 
C
R
A
P
O
?
 

w
o
s
 T
o
y
r
i
n
e
 v
a
s
 

U
O
 
y
S
$
s
 
a
a
y
y
e
g
a
d
 
y
o
 

A
y
y
w
u
r
s
a
r
,
 
Y
a
y
 

y
o
u
 
a
r
a
g
a
d
e
n
 
j
o
 

p
u
e
 
a
l
p
s
 

*
G
u
y
a
n
i
o
e
 s
a
v
e
s
 

G
e
b
 
C
A
a
t
d
 
©
 U
O
P
S
t
a
a
h
e
a
s
 
u
o
 
p
a
s
e
y
 

P
F
I
W
I
S
 
J
o
u
 
s
S
I
s
r
Y
 

w
o
p
r
v
a
n
p
 
£
3
4
 
O
9
-
€
e
 

-
A
s
y
r
 
1
a
j
e
4
 

s
y
q
a
n
p
o
i
d
 

‘ 
p
u
r
 
a
s
n
o
y
a
o
y
 

“
e
p
e
e
 
CA 

T
R
E
E
 
CH 

Ct E
Z
-
t
e
c
r
 

*
y
m
/
3
 
0
r
-
§
 

‘a 
tah 

t
e
-
t
t
 
CH 

f
a
p
 
T
O
p
y
a
0
N
D
 

s
a
 yeaqey 

°7 

(€ 
Figes, 

‘p 
-
b
r
a
 

: 
“pe 

‘of-ry 
c
a
d
 

S
I
P
}
 LIOr) 

*
T
R
E
P
 
B
O
s
 T
O
N
d
I
 TE 

a
s
o
p
 
a
D
 
A
s
t
 s 

S
O
L
 y
e
s
s
 
G
e
 
S
i
t
a
 

W
A
 
Z
o
u
 

Y 
T
u
 
f
u
o
s
s
a
y
e
g
 

2
9
5
)
 
L
E
T
 

@
A
P
e
 L
a
d
 
F
O
 
V
O
Y
S
E
G
I
A
 

A
q
 
p
o
i
n
s
y
o
w
 

A
y
e
 
C
s
u
r
i
e
n
d
e
s
 

‘
b
u
y
 s
n
j
o
e
 j
n
u
e
n
 

*
1
e
 
y
o
 
U
e
a
p
r
a
g
 

“
2
s
 
U
O
 
P
a
v
e
r
s
 
“
H
1
'
&
 
0
5
°
9
-
S
E
 

‘
2
 

“
a
m
/
)
 
s
e
 

y
r
o
y
s
 
A
n
o
n
 
(
3
h
 
o
f
 

a
2
}
 
s
o
u
y
 

U
O
T
 
e
E
N
B
U
Y
 
°
T
 

g
o
u
a
 1
3
 J
a
y
 

C
y
m
/
s
A
-
g
 
a
o
d
 
g
y
 

S
y
s
e
t
 

R
y
o
e
q
 
p
u
w
 

a
s
a
s
e
n
l
e
a
 
p
o
 

S
O
Y
P
S
 I
M
S
 Y
 

d
n
o
i
g
 
A
p
n
i
s
 

f
a
s
o
p
 
p
r
u
n
 
p
o
d
 

P
A
L
 
O
e
 

M
O
P
 
O
a
 p
I
 

B
O
T
 
w
e
a
n
 
f
a
r
a
 

3
O
 
ackha, 

y
s
y
2
 

a
a
 
C
a
y
 

pcr 
sefoanare 

B
O
W
E
 

o
N
 

f
e
e
 
G
e
y
 
w
i
n
d
y
 

U
P
 

A
e
P
a
I
I
U
E
 

| 
Pree 

B
a
r
a
n
 

J
O
 
>
y
e
w
s
 
y
e
a
 

A
p
n
i
s
 
j
o
 
u
o
n
y
e
 2
g
 

. 
- 

. 
w
o
e
 

s
o
s
 

* 
t
e
e
n
 

n
e
 

s
a
e
 

o
r
o
 

e
S
 m
e
 

ae 

CTAGL 
O
N
T
 

WE 
yp 

OEGeL 
W
O
)
 
PO e
t
r
 

e
d
 
so. 

S
A
R
I
 
W
O
 
L
U
N
N
 
W
i
e
d
 
G
E
M
 
M
S
 

H
U
N
 
O
L
E
 

A
A
O
 
O
N
E
 
N
E
 

SUG. 
R
L
O
O
R
 
C
O
L
M
A
 od 

& 
A
s
 

C0045 

Union Carbide trial exhibit UC-3309: Clement Associates (Schneiderman, Nisbet and Brett) Assessment of Risks…
ACL Doc 18100 · Page 45 of 88

Published by AsbestosClaims.Law

asbestosclaims.law/library/18100/45

https://asbestosclaims.law/library/18100/45


s
o
n
a
z
e
i
s
a
 

h
a
e
 
O
8
0
!
 
o
f
a
4
 

a
s
2
)
 
n
i
s
t
i
o
 

n
o
z
 f
o
n
a
i
n
 

€
C
-
€
€
 
.
q
y
 
,
1
9
e
t
 

(
f
1
-
0
f
 
a
s
t
d
s
a
t
 

k
a
 
$
e
 
V
i
o
d
s
b
 i
s
a
 

o
3
8
)
 
Q
C
R
e
E
 

.
f
O
e
k
 
avez l

o
d
a
t
v
 

q
e
-
2
f
 
.
q
q
 

é
n
a
 
b
l
a
n
c
o
 

e
t
e
l
 
(
{
s
b
b
i
d
 

n
o
g
 l
o
t
a
i
f
t
 
s
a
e
)
 

A
f
 
.
q
q
 
.
i
8
e
i
 

a
w
o
e
l
t
 
,
o
f
-
e
f
 

qa 

e
t
a
 
4
9
 
a
o
e
l
o
d
a
i
h
 

a
s
e
}
 
e
e
l
 

w
n
o
e
l
o
d
s
i
t
t
 

-
Q
y
 

. £801 
q
i
t
 

-
O
€
 

e
n
e
 e
e
 

e
e
e
 e
e
 

e
r
 e
e
 

-
 

a
l
 
s
e
e
a
r
s
s
a
t
 
& 

b
a
v
i
g
e
d
o
 

f
a
t
s
 
r
u
n
e
 
e
a
u
l
 

S
o
 
o
u
m
e
t
 

.
e
e
0
b
 
l
a
w
 
1
9
q
 

o
v
i
t
e
l
s
s
 

(
I
m
\
t
y
-
3
0
 
a
a
q
 
F
)
 

a
d
z
i
3
 

c
m
s
 
B
1
s
h
3
0
O
u
)
 
S
T
U
.
0
 

B
c
.
f
-
0
e
.
!
 

y
t
d
e
e
l
 
s
r
o
l
a
d
 
b
s
y
o
l
y
 

o
m
e
 
a
i
s
d
i
o
w
)
 
£
6
.
0
 

2 (
O
C
e
l
 
s
x
s
l
e
 
b
a
y
o
l
t
y
 

q
u
e
r
p
 
n
v
 
b
a
z
e
d
 

”
 

B
O
s
 I
D
V
A
 

a
o
 
b
s
a
e
d
 
,
a
f
.
i
 

a
e
.
d
 

J
o
 
n
u
i
 
s
y
a
u
a
z
e
e
 

S
p
a
i
s
v
e
 
14 

2
f
 

a
 1UR0OYgKD 

m
o
 
bsezadé 

,
8
a
u
.
o
 

e
.
S
-
0
.
¢
 

J
o
 
n
o
l
a
z
s
i
p
s
1
 

d
e
l
s
 
e
v
i
s
a
l
o
s
 

s
u
o
b
 
0
0
 

n
o
 
b
s
e
z
e
d
 
8
2
9
.
0
 

s
2
.
¢
 

S
p
e
 
r
a
v
e
 
q
u
o
s
y
 

d
e
m
u
c
c
a
 

pax i
l
e
o
y
2
9
 

b
a
a
n
t
 
f
a
a
 

e
y
 
A
f
 
w
l
 

b
e
u
n
t
 i
a
n
o
?
 
.) 

S
I
N
A
T
 

Y
o
 
o
f
e
m
l
 
i
a
d
 

a
o
l
a
s
t
i
i
a
c
e
 

N
O
]
 
f
e
t
 Farsorten 

s
b
a
a
d
 
bite 

e
d
e
\
T
 
L
E
-
8
 
8
 

f
e
x
s
v
e
a
 
n
a
 
b
y
i
e
d
 

b
i
e
 
a
v
u
g
l
a
t
o
s
d
 

b
e
e
l
v
e
a
r
 
y
l
i
s
t
a
w
n
g
s
)
 

b
e
z
e
d
 
 
i
m
\
)
 
2
1
 

I
f
 -
8
d
€
!
 
a
a
 

a
l
 
e
i
n
e
s
 
w
e
e
s
 

-~ifqyse 
s
e
l
i
m
i
a
 

e
n
o
l
 t
n
o
 

s
J
o
y
g
a
 
£
8
-
2
8
 

e
x
e
 
n
p
 
h
y
z
a
d
 

t
e
u
b
 
»
v
i
a
n
s
)
 

s
a
 I
N
M
D
 
U
L
L
 

o
f
 
b
»
e
t
l
s
v
o
O
3
 

p
a
i
g
u
 
f
a
\
}
 

q
u
 
V
G
h
u
A
l
 

b
a
\
?
 

£ 
= 

d
o
g
u
e
 

1 

-
d
s
a
s
 
i
m
w
\
t
 
2
8
 

C
e
l
 
m
o
r
t
 
b
o
i
o
a
 

b
a
a
 
B
h
s
 
a
t
e
s
 

-
s
2
 

oO) 
b
e
y
a
e
v
e
o
n
d
 

w
i
d
s
e
s
 
J
o
o
}
 

. 
e
n
v
i
 s
i
b
a
e
s
 

Yybouia 
l
o
 
a
g
d
s
a
 
salt 

“
u
s
 
a
 
S
o
z
n
u
 
m
a
r
l
 

n
o
l
 
t
a
n
h
 

g
3
y
 
2
6
-
0
f
 

y
o
}
 
s
.
w
z
2
0
q
8
9
 

n
y
 
O
F
 
m
a
d
d
 
s
t
o
m
 

a
y
 
¢
0
¢
c
-
0
f
 

s
t
y
 
b
f
 
n
a
t
b
o
m
 

j
o
 
n
o
l
 i
e
w
b
 

e
i
d
a
l
t
e
v
 
s
q
u
e
o
y
a
s
 

a
b
i
u
”
 
y
a
y
 
6
3
-
0
0
 

n
o
l
s
a
w
b
 
n
i
 
“
s
p
e
n
e
r
 

I
n
e
m
y
o
l
q
m
a
 
i
o
 

y
y
 
#
O
f
 
p
a
y
 
t
a
d
-
a
£
 

P
e
r
t
 | 

s
t
u
d
0
O
4
s
s
 
J
o
 

J
a
 
a
q
y
T
t
 

a
o
d
z
a
d
a
a
 

q
u
o
i
 
y
b
u
t
e
 

s
i
l
j
s
o
e
y
i
d
d
 

o
l
l
s
u
s
t
 
1
2
 

s
h
o
t
 S
u
u
b
o
a
g
 

-
B
.
U
 
,
s
l
e
b
d
o
o
s
 

s
s
 t
i
o
v
y
i
a
d
s
 

n
o
l
t
a
l
u
s
a
l
 
.¢ 

s
i
i
z
o
m
s
 
b
r
e
 

a
n
d
)
 
S
a
n
t
i
 g
g
e
 

bone 
.
2
.
0
 

” 
a
b
a
n
a
d
 

b
a
a
 
palinitt 

.6 
.
a
d
b
u
Q
 
,
o
n
i
l
i
i
a
 

e
b
s
n
s
d
 

s
t
l
t
o
a
y
r
i
d
3
 

s
i
 h
t
o
e
y
s
d
y
 

O
n
a
 
p
n
i
n
i
n
 
.
@
 

y
e
d
s
u
Q
 
.
p
n
i
t
t
i
a
 

s
b
a
n
a
d
 

e
e
e
 

e
e
 
e
e
 
n
n
n
 

oA 

dh000 

UCC 000604 

Union Carbide trial exhibit UC-3309: Clement Associates (Schneiderman, Nisbet and Brett) Assessment of Risks…
ACL Doc 18100 · Page 46 of 88

Published by AsbestosClaims.Law

asbestosclaims.law/library/18100/46

https://asbestosclaims.law/library/18100/46


TABLE 5 

NOTES ON STUDIES SUMMARIZED IN TABLE IV~4 
AND ON NICHOLSON’S DOSE-RESPONSE ESTIMATES 

Study No. and Reference Notes and Comments 

1. Seidman et al. 1979 This is the most useful set of data 
because the workers were exposed to 
asbestos for only a short period, so 
that the dose data are not confused 
by late exsosures. However, the dose- 
response relationship is not a very 
close fit to a linear relationship 
(Nicholson's Pigure 4). The point 
for the highest exposure group (ca. 
140 f-yr/ml} falls below the Linear 
regression line, probably due to dose 
Saturation (Nicholson, p. 15). The 

. points for the three lowest exposure | 
groups (less than 7 f-yr/ml) fall above 
the regression line. If the calculations 
were based only on these three points, 
the estimate of % increase in lung 
cancer risk per unit dose would be 
37% per f-yr/ml. However, it is possible 
that the asbestos workers smoked more 
than the general population of New 
Jersey with which they were compared. 
This would explain the elevated rates 
of lung cancer in workers exposed for 
only a short period. If the regression 
line is not constrained to pass through 
a relative risk of 1 at zero exposure, 
the estimate of % increase in lung 
cancer risk per unit dose would be 
about 2.4% per feyr/ml. 
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TABLE 5, Continued 

Study No. and Reference Notes and Comments 

5. Dement et al. 1981 This study appears to be based on good 
‘ exposure data, involving calibrated 

measurements throughout the exposure 
period. However, the number of lung 
cancers recordec was small (26 versus 
6.5 expected}. The exposure estimates 
included some within 10 years of the 
end of the study and hence are likely 
to have overestimated effective dose 
levels. 

6. Peto 1980 This study is difficult to interpret 
because of the major revisions in the 
exposure data, the small size of the 
cohorts, and the unexplained differen 
in mortality patterns between the wor 
employed before and after 1951. The 
early cohort is anomalous because of 
the low rate of lung cancer (relative 
risk 1.5) despite a high frequency 
of asbestosis. Most of the workers 
in the later group were followed for 
less than 20 years after first employ~ 
ment, so the effective dose is likely 
to have been greatly overestimated, 
When the cohorts were considered by 
period since first exposure, the rela- 
tive risks ranged from 0.45-5.34 with 
the 0.45 risk in the subgroup employed 
before 1951 with 35+ years since first 
exposure; and the 5.34 risk in the 
subgroup employed after 1950 with 20 
years Since first exposure. 

oe 
> 

or 

~ 
o 
1 
Kers 

49 
coc42 

UCC 000607 

Union Carbide trial exhibit UC-3309: Clement Associates (Schneiderman, Nisbet and Brett) Assessment of Risks…
ACL Doc 18100 · Page 49 of 88

Published by AsbestosClaims.Law

asbestosclaims.law/library/18100/49

https://asbestosclaims.law/library/18100/49


bsunitnod ,@ SIsaT 

2jnsmmo> bas e2s30K sone tsten Bons .oK ybuse 

tesel ts 310% wol 2iseqqs etemites 2int 

ajnemsivesem IsuzoA (I) .anoassz seid 
eft ml aiew nolssisnesono> 2otesd2as 20 

etsmit29 2a'noalondoinv ;im\3 e@-£ sensi 

anoisqmuees no beasd at fm\3 eL to 

(f) .f28G edt nl s3uz0gxe isjissip jo 

.21s9y @L 1032 siueogxe bemuzes noelonolu 

-~izgmoa 103 pnol oo3 yidsdorg ai coidw 

fouz tA (£}) .s20b evitoeiis of noisud 

bleow efpetis mottezutsea 9206 ,es20b 

~besoeqxe sd 

gmoz 9eusped wol ed ysm sismises 2indt 

3o3 beyolqms need evsd yam 219A I0W 

to bone sdt ts e2rssy OL as elssil as 
isesnil boop s ,2eelsdsieve4 .ybuse sds 
benisido 2zsw gifdenoitsis1 genogas1 9205 
ybutea aint .(8 alfdeT ,[8eL noelodoin) 

2saupit wol yfavolsmons bebfsty coals 
-esdes bns smoiledsozam io aonebiont 30% 

zevd detd yiev ets pniasblanoo ,2i2o03 
-efavel 

zi nolsszgnesonos isd 30 sssmises adT 
30 botyeq bemuees sit bns ,2vouns3s 
coum yldsdoig 2i aiveacgxa assy OF 
evitosiis o3 etucizinos o3 pnol oof 

Aziz io stsmises adit dovonsiA .s20b 
nedt rsdeid eemiz €-" 2a s2e0b tiny 19q 

(eTeL) {fs66id Bans BlsnodoM to stent 
yawol abusinesm 30 rsbi0o as Ifise ai tl 
2idT .asibute isise teom at ssd3 ned3 

pninim mozi 2detz irewol stosliai ysm 
zeecesooig isdso sft 103 nsd3 eoseedes 

-Deibote need svsd stsc3 

ever .f{[8 39 2}odAiLse 

{Ilebbid 6ns BisnodoM — 
evel 

is t9 noelonoin 
etel 

.v 

02 

0c000 

UCC 000608

Union Carbide trial exhibit UC-3309: Clement Associates (Schneiderman, Nisbet and Brett) Assessment of Risks…
ACL Doc 18100 · Page 50 of 88

Published by AsbestosClaims.Law

asbestosclaims.law/library/18100/50

https://asbestosclaims.law/library/18100/50


Although the number of lung cancers per 1,000 person-years in- 

creased rapidly with elapsed time since start of employment, 

the relative risk did not vary markedly, at least after the 

25th year. Table 7, based on data from Seidman et al. (1979), 

similarly shows that relative risks were more or less constant 

: in each exposure category after about the 20th year from onset 

of exposure. Figures 1-5 illustrate the Gose-response relation- 

ships compiled by Nicholson (1981) from data available from 

five independent studies. In at least four cases, the data 

can be fitted closely by a linear dose-response relationship. 

In the fifth case (the study of Seidman et al. 1979, illustrated 

in Figure 1), the curve rises rapidly at low doses and flattens 

off at the highest exposure level (interpreted by Seicman et 

al. as a dose “saturation” effect}; the three points for the 

lowest exposures fall significantly above a fitted straight 

line. This may indicate that this curve is not linear, and 

that incremental risks per unit of exposure were higher at low 

doses (see discussion in Table 5, note l). 

With these limited exceptions, epidemiologic data support 

the assumptions that relative risk is independence of elapsed 

time and is linearly dependent on cumulative exposure. Hence 

the slope of the linear relationship (incremental increase in 

relative risk per unit of cumulated dose) is a stable measure 

of the incremental risks of asbestos exposure, and may be used 

to characterize the results of each study. 
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TABLE 7 

RELATIVE RISKS FOR LUNG CANCER BASED ON CUMULATIVE 
PROBABILITIES OF DEATH AT DIFFERENT ELAPSED TIMES 
FROM ONSET OF WORK IN AN AMOSITE ASBESTOS FACTORY. 

(RETABULATED FROM DATA IN TABLE 6B IN SEIDMAN ET AL. 1979) 

Length of 
Elapsed time (years) since onset of work 

time worked 5 = 20 5 - 25 5 = 30 5 <35 

<1 month 0 0.74 0.77 1.24 
1 month 2.05 1.60 1.43 1,47 
2 months 1.42 1.72 4.82 1.58 
3-5 months 1.27 1.76 1.69 1.76 
6-11 months 1.78 1.84 2.00 2,01 
1-2 years 1.67 2.14 2.89 3.20 
2+ years 3.11 2.63 2.78 2.79 

| 1 
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Table 4 shows that estimates of this guantity vary over 

a 150-fold range, from 0.06 to 3.1% increase in lung cancer 

risk per fiber-year/ml of exposure. However, 6 of the 1l esti- 

mates fall in the more limited range between 1.1 and 9.1% per 

f-yr/ml. As shown in the notes in Table 5, each of the five 

lower estimates is anomalous in one way or another: 

(i) 

(ii) 

(iii) 

Study No. 3 (Henderson and Enterline 1979) was based 
only a study of retirees older than 65, and there 
is independent evidence that it missed a substantial 
fraction of asbestos-related deaths. 

In Study No. 6 (Peto 1980, and other reports), there 
was an unexplained difference between early and late 
cohorts of workers in the same factory. The early 
cohort had an anomalously low frequency of other as- 
bestos-related diseases, and the later cohort was 
not followed for long enough (maximum 25 years after- 
onset of exposure) for adequate measurement of effects. 

Although studies 8 and 9 (McDonald and Liddell 1979, 
Nicholson et al. 1979) both involved uncertainty in 
estimating dose, this is unlikely to explain the ex- 
tremely low estimates of risk per unit dose. Both 
studies also reported anomalously low frequencies 
of other asbestos-related deaths. Both studies were 
of workers exposed during mining and milling operations, 
raising the possibility that risks are in fact much 
lower in these operations than in those involving 
manufacturing and application of asbestos products. 
A review of the response of these workers to cigarette 
smoking also showed the possibility of substantial 
underreporting of lung cancer mortality, or very large 
competing risks that killed the potential lung cancer 
cases at earlier ages. 

For these reasons, we place primary weight on the dose- 

response data in the range between 1 and 10 percent increase 

in lung cancer risk per unit of exposure in fiber-year/ml; al- 

though several sets of data yield substantially lower estimates, 

these estimates are either questionable or of doubtful relevance 

to general population exposure. Within the range of 1-10% per 

eues3s 
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per f-yr/ml exposure to asbestos would lead to the following 

increases in lifetime risk of lung cancer?; 

male smokers: 0.001 to 0.01 

male nonsmokers: 0.0001 to 0.001 

female smokers: - 0.0004 to 0.004 

female nonsmokers: 0.00005 to 0.0005 

According to the model used here, these risks would be 

more or less independent of the age at which the exposure took 

place, provided that it started at least 10 years before the 

age (about 55 years) when lung cancer incidence begins to become 

large (see Peto 1979}. 

2. Mesotheliomas 

There has been little published discussion of dose-response 

relationships for mesotheliomas, and the following analysis 

has been developed for this report. Pleural and peritoneal 

mesotheliomas are considered together in this analysis, since 

tonese estimates do not depend on the prevalence of cigarette 

smoking among asbestos workers, because all the calculations 

of relative risk underlying the data in Table 4 involved com- 

parisons with lung cancer rates in the general United States 

population. According to Hammond et al. (1979) about 83% of 

asbestos insulation workers in the United States and Canada 

smoke (or formerly smoked) cigarettes. Even in the absence 

of asbestos exposure, this would increase their relative ris« 

for lung cancer to about 1.6. This may explain the anomalously 

high relative risk for highly exposed workers in the study 

by Seidman et al. (1979), which may have led to an erroneously 

high estimate of the dose-response curve (Note 1 to Table 5). 

However, this is apparently not a general problem, because 

relative risks as low as 1.1 and 1.27 have been reported in 
workers with low exposure in other studies. 
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TABLE 8 

DOSE-RESPONSE RELATIONSHIP FOR PLEURAL AND PERITONEAL MESOTHELIOMAS 
IN AMCSITE INSULATION WORKERS, FOLLOWED FOR 35 YEARS AFTER A 
LIMITED PERIOD OF EXPOSURE. 

.? Length of time worked 

<3 mo 3-5 mo 6-11 mo 1-2 yr 2+ yr 

Cumulative dose (f-yr/ml) 5 12 26 52 140 

No. of workers 223 149 125 125 188 

No. of deaths from 
mesothelioma between 
5 and 35 yrs after onset 0 0 3 4 7 

& of workers with . . 

mesothelioma 0 0 2.4 3.2 3.7 

$ occurrence per feyr/ml 0 fs} 0.09 0.06 0.03 

(Compiled from data of Seidman et al. 1979, using estimates of fiber 
concentration from Nicholson 1981.) 
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levels (see note 2 to Table 5), all the estimates of response 

per unit dose were of the same order of magnitude, between 0.012 

and 0.11% per f-yr/ml. Although this is not strong statistical 

evidence for the hypothesis of linearity of dose-response rela- 

tionships, the data are consistent with this hypothesis. In 

the remainder of the analysis, the assumption of linearity will 

be made, and the measure of response per unit dose that is pre- 

sented will be the percentage of occurrence of mesotheliomas 

(through about 35 years after onset of work) per unit of exposure 

(feyr/ml), with the recognition that duration of followup is 

of considerable importance. 

Table 10 summarizes data from seven studies which permit 

such estimates. As in the’ case of lung cancer, the two studies 

of mining and milling operations yielded much smaller estimates 

than all the others. In the case of mesotheliomas, the discrep- 

ancy is so large (by two orders of magnitude) that it is @iffi- 

cult to explain it away as due to methodological problems: 

it suggests that asbestos from these operations may be much 

less hazardous than that from manufacturing operations and appli- 

cation. Despite the considerable uncertainties in the calcula- 

tions, ali the other estimates fall within a reasonably limited 

range, 0.005-0.06% occurrence per feyr/ml. Because the lowest 

of the figures is based on a very small sample (and derives 

from a study which yielded an anomalously low risk for other 

Cancers also), we suggest that the range most relevant for pre- 

dicting risks in other situations is 0.01-0.06% occurrence per 
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f-yr/ml. This represents the cumulative risk to about 35 years 

after onset of exposure. The data in Table 6 suggest that risks 

continue to rise rapidly after 35 years: for the workers whose 

experience was summarized in Table 6, more than 80% of the life- 

time risk occurred after the 35th year. 

The last column of Table 10 gives the ratio between the 

number of mesotheliomas and the number of lung cancers in each 

study. This ratio has varied widely, from 4% to 100% in differ-~- 

ent groups of workers. The data in Table 10 suggest that this 

ratio may increase with increasing exposure, suggesting that 

the dose-response relationship for one or the other type of 

cancer may deviate from linearity. It is not clear whether 

the dose-response function for mesotheliomas tends to curve 

upwards, or that for lung cancers tends to curve downwards, 

but the data in Figure 1 suggest that the latter may occur. 

3. Conclusions 

{i} Data for beth lung cancers and mesotheliomas are gen- 
erally consistent with linear dose-response relation- 
ships. Several sets of data for lung cancers agree’ 
closely with linear relationships. 

(ii) After exposure to asbestos, incidence rates for lung 
cancer increase with time in a manner generally par- 
allel to that of rates in unexposed controls, so that 
relative risks are more or less constant, 

(iii) Incidence rates for mesothelioma increase with time 
more rapidly than those for lung cancer, and may equal 
them 45 or more years after the start of exposure. 

{iv) For lung cancer, excess risks per unit of exposure 
vary widely, but estimates are clustered between 1 
and 10 percent increase in cancer risk per f-yr/ml. 
Lower figures derived from some studies may be explained 
by difficulties in estimating exposure or by variations 
in exposure situations. Some variability in apparent 
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V. EXTRAPOLATION TO LOW EXPOSURE LEVELS 

The problems involved in estimating risks to the general 

population exposed to low ambient levels of asbestos were dis- 

cussed in the introduction to Section IV. Direct measurement 

of low-level effects an the general population is generally 

impracticable, and has not been attempted, so that it is neces- 

sary to estimate low-level risks from data on workers exposed 

to much higher levels. Such extrapolation involves at least 

three separate steps: 

{i) extrapolation from high to low exposure levels; 

(ii) extrapolation from exposures during a working lifetime 

to exposures throughout life; 

(iil) extrapolation from the active, primarily male, working 

population to the general population. 

A. Empirical an@ theoretical bases for low-dose extrapolation 

models 
The principal question at issue is whether a linear, non- 

threshold dose-reponse relationship can be assumed to be valid 

at low exposure levels. Several empirical and theoretical 

considerations bear on this question. 

(i) As discussed in Section IV, at least five sets of 

empirical data indicate that dose-response relationships for 

lung cancer and mesothelioma in exposed workers are consistent 

with linear dose-response relationships over a wide range of 

cumulative doses, from 900 f-yr/ml down at least to 1.5 f-yr/mi. 
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and empirical data; and (v) its conservatism. At low doses, 

the multistage model generally predicts a linear relationship 

between cancer risk and dose. Such a relationship is more 

generally required by any biological model in which the effect 

of an agent is to add to a biological effect that is already 

taking place (Crump et al. 1978). It is important to hote 

that the multistage model predicts linear, nonthreshold dose- 

response relationships for agents that act at any stage in 

the development of cancer. 

(iv) It is now widely accepted that in many or all cases, 

the first stage ("initiation") in the development of cancer 

involves an irreversible change in the genetic information 

in-a cell. This change often ‘involves change in a single’ base” 

in DNA, so in theory it can be effected by one or a very smail 

number of molecules. Thus, at least for “genotoxic” carcinogens 

("initiators"), there are theoretical reasons for expecting 

a nonthreshold relationship. 

As yet little is known precisely about the mechanism of 

action of asbestos. Although there is no evidence that asbestos 

interacts directly with DNA, it may carry genotoxins or facili-~- 

tate their entry into cells. At least for mesothelioma, there 

is evidence from the form of response-time relationships that 

asbestos acts an early stage (Day and Brown 1960). 

(v) It is often stated that thresholds are to be expected 

for agents that act at later stages (including "promoters”). 

However, there is little or no empirical evidence for this 
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(i) for mesotheliomas, the risk per unit dose to a person 

exposed for a full lifetime (0-73 years) is approximately 

eight times that observed in workers exposed for half a lifetime 

le.g., 20-56 years) (see Table 3 for illustration}; 

{ii) for lung cancers, the increased risk per unit dose 

to a person exposed for a full lifetime is approximately equal 

to that observed in workers exposed for shorter periods (see 

Table 2 for illustration). 

For the reasons stated in Section IV.D, we assume that 

the effective exposure period for the general population is 

the first 20 years of life for the induction of mesotheliomas, 

but the first 36 years of life for the induction of lung cancer. 

C. Extrapolation to the General Population 

There is no empirical basis for the extrapolation of dose- 

response data from worker populations to the more heterogeneous 

general population. The limited data on occupationally exposed 

women show no clear differences in sensitivity from men with 

comparable exposure (Tables 5 and 10). The existence of a 

“healthy worker effect” in some studies (e.g., Selikoff et al. 1979) 

suggests that the general population may be somewhat more suscep- 

tible to lung cancer, inter alia, than asbestos workers, but 

the difference is small compared to other uncertainties. There 

is no information on the susceptibility of children, except 

that they are known to respire a greater volume of air per 

unit body weight than adults. In the absence of definitive 

reason to the contrary, we will assume that the general popu
lation 
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The last three columns in Table 11 tabulate estimates 

of "virtually safe" exposure levels, i.@., the average concentra- 

tion levels which would be expected to correspond to an excess 

lifetime risk of 107° (1 in a million). These estimates are 

@erived by dividing the cumulative dose of 1 f-yxr/ml by the 

effective exposure period (36 yr for lung cancers, 20 yr for 

mesotheliomas, as discussed above), and adjusting for expected 

differences in the duration of exposure each week. The fourth 

column presents estimates appropriate for outdoor, nonoccupational 

exposure; the fifth column presents estimates appropriate for 

indoor exposure, including that in the home; the sixth column 

represents estimates appropriate for both indoor and outdoor 

exposure. Data on the average amount of time spent indoors 

and outdoors by persons in the FRG have been tabulated in a 

review by Szalai (1973). However, this review did not include 

specific data for children and adolescents, the age~groups 

whose exposure contributes most to lifetime risk. In the assence 

of precise data, we have assumed a figure of 20 hours per weer 

for the average period spent outdoors by persons under the 

age of 20. 

All estimates of “virtually safe” exposure concentrations 

in Table 11 are given in units of fibers/ml. For comparison 

with reported concentrations of asbestos in ambient air, which 

are usually reported in units of ng/ml ambient air, it would 

be desirable to express them in these units. Appendix A sun- 

marizes a number of estimates of the conversion factors between 
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fibers/ml and ng/ml, based on Simultaneous measurements by 

two or more techniques. Although most of these estimates indicate 

that lng of asbestos corresponds to between 5 and 50 fibers 

greater than 5 um in length, some measurements indicate conver~ 

sion factors as low as 0 or as high as 6,570 fibers/ng. Uneil 

the reasons for this variability are better understood, we 

recommend that both risk assessments and ambient environmen
tal 

criteria should be presented in units of fibers/ml. 

The estimates presented in Table Jl have three unexpected 

features: 

1. For all subgroups except male smokers, estimates of 

lifetime risk for mesotheliomas are higher than those for lung
 

cancers. This contrasts with the observations in exposed workers, 

in which lung cancers almost always have been more frequent 

{Table 10). The difference originates from our assimption 

that the lifetime risk for mesotheliomas (but not for lung 

cancers) depends strongly on the age at first exposure. Although 

there is substantial empirical evidence for a difference in 

the temporal dependence of risk, as discussed above, 
our assumption 

may exaggerate the difference, and hence understate the relative 

Lifetime risk for lung cancer. 

2. According to the mathematical models used in this 

report, the most significant exposures to asbestos are those 

that eccur in the first 20 years of life, but most of the effects 

are expected to be manifested after age 55. 
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mesotheliomas), too short followup in some studies, and 
competing 

mortality in others. Problems in relating response to dose 

include the pooling of groups with different exp
osures OF dif- 

ferent periods of followup, dose saturation effects, and over- 

estimation of the effective exposure period, All these meth- 

odological deficiencies are discussed by Nicholson (1981) and 

in Table 5. In most cases their effect is expected to be to 

lead to underestimates of response, overestimates of
 effective 

dose, or both. This may be the reason for some of the low 

estimates of response per unit dose in Table 4 (see discussion 

in Table 5). However, we agree with Nicholson {1981) that 

the results of the five studies on which primary weight
 is 

placed in this report are comparatively free from
 these problems. 

A more serious problem is the difficulty in deriving 
esti- 

mates of exposure for the critical periods in the past, before 

modern methods of measurement were developed. In this report 

we have relied primarily on the ingenious recon
structions of 

past data by Nicholson (1981). However, we recognize that 

in most cases Nicholson's estimates of cumula
tive exposure 

are subject to errors by factors of. up to 3 OF more. 

2, Discrepancies and variability within and betwe
en the 

various studies are illustrated in Tables 4 and 10 and discussed 

in Table 5. Por the five studies judged to provide the best
 

data, estimates of response per unit dose all 
fall within a 

range of one order of magnitude. However, several other studies 
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levels 2-4 orders of magnitude lower. Although there are consider- 

able theoretical and empirical reasons for assuming a linear, 

nonthreshold relationship (see Section V.A), it has to be recog- 

nized that the use of this assumption may lead to substantial 

overestimation of risks at low exposure levels. Other uncertain-~ 

ties are raised by limited knowledge of the relationships between 

risk, age, and duration of exposure. In this respect, the 

data for mesotheliomas are more consistent and more compatible 

with a reasonable theoretical model than those for lung cancer. 

Risk estimates for the latter may be substantially underestimated 

if age at first exposure is in fact important. 

To summarize the likely magnitude of these uncertainties, 

we make the follewing points: 

1. The estimates of general population risk tabulated 

Table ll are expected to be reliable, at best, to order rs
 

of magnitude only. For this reason, a 10-fold range of values 

is given for each category of risks. 

2. The 10-fold range of risk estimates presented in Tabie il 

reflects the variability in dose-response estimates derived 

from the occupational studies. It probably reflects variability 

in the properties of asbestos, errors in measuring both dose 

and response in the occupational studies, and uncertainties 

in relating response to dose. 

3. Uncertainties in extrapolating to low doses and to 

full-lifetime exposures are not reflected in the range of esti- 

mates given in Table ll. If the assumption of linear, nonthreshold 
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VI. GASTROINTESTINAL AND OTHER CANCERS 

Several studies of occupationally exposed workers have 

shown significant excesses of cancers at sites othe
r than the 

lung, pleura, and peritoneum (Selikoff et al. 1979, Nicholson 

et al. 1979, Henderson and Enterline 1979). The principal sites 

involved are the larynx and the gastrointestin
al tract {esopha~ 

gus, stomach, colon, and rectum); reported excesses of incidence 

of pancreatic cancer are probably due to misdiagnosis 
of peri- 

toneal mesotheliomas. Cancers of the gastrointestinal tract 

probably result after inhaled asbestos is trapped in mucus ia 

the respiratory tract and subsequently Swallowed. Recent studies 

have also shown an association between asbestos conce
ntrations 

in @rinking water and excess cancers of the gastrointestinal 

tract in the general population (Kanarek 1980, Tarte: 1981). 

Several studies have indicated that cancers o
f the lung, 

pleura, and peritoneum comprise about 80 percent of th
e total 

number of excess cancers in workers exposed to asbestos (Selikoff 

et al. 1979, Newhouse and Berry 1979, Henderson and 
Enterline 

1979, Nicholson 1981). Accordingly, the risk estimates presented 

in this paper would underestimate total cancer ris
ks to workers 

by about 25 percent. We have not attempted to analyze the time- 

dependence and ace-dependence of the gastrointestinal 
and other 

cancers, but we estimate that they could probably add about
 

20-30 percent to the risks tabulated in Table ll. 
This estimate 

is limited to cancers resulting from inhalation
 of asbestos 
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