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Risk Assessment

Exposure, laboratory, and epidemiological data provided earlier in
this report are used in this chapter to make gquantitative and
qualitative (or comparative) asaessments of risks from exposure to
asbestiform fibers. To place the discussion in tontext, the chapter
baging with 4 brief general discussion of risk assmssment and a few
gpecial congiderstions conceyning ashbestos and related fibrous matervials.

Various difficulties often limit the accuracy and precision with
which risk to human health can be estimated. Nevertheless, when the
data base is good, the risk estimates can-be sufficiently informative to
aid policy judgments, .Somé? fiﬁhe-£HcEafs'tﬁét?enhaﬁée”thé_usefuinesﬁ
of the data include dose-response information based on several
accurately known exposure levels; koowledge of physiologic and metabolic
factors that affect exposure of body tissues; an understanding of the .
mechanism by which the substance results in toxicity; knowledge of the.
extent to which sxperimental systems mimic the human response; and an
understanding of the properties of 4 complex and variable substance rhat
acsount for ite texicity.

Many of these issues apply ila the sesessment of risk from
asbestiform fibers, which have varying physicsl and chemical
propevties. 8ome wmewbars of the ¢lass, the commonly used naturally
oecurring forms of asbegtos, have boen clesrly shown to cauvse fibrosis
of the lung and pleura a¢ well as cancer of the lung, mesothelium, and
possibly the gasireintestingl traet in bhumans. Some occupational data
wn other fibers are also svailable, and considerable numbers of
experimental studies have been conducted. T8 is redsohable from a
biological viewpoint to usé datd from dceupational studies to derive
sdtinates of visk frowm noneccupational sxposure. However, diffevencay
in route of exposurs, type and charactevistics of fiber, exposure
levels, and rime patterns mupt be considered., Merxsover, beosuge working
populations are generally healthier than the public at large, the latier
may contein & higher proportion of move susceptible individuals.

THE_PROCESS OF RISK ASSESSMENT

The principles gulding the assessment of haalth risks from
snvironmental substances were recently reviewed by a committee of the
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Hational Heseareh Council (1883). These principles arve summsrized herve
1o provide a framework for assessing the health risks from exposure to
agbastiform fibers.

The numercus teria used to describe different asspects of rvigh
aggesament include "hazard agnessment," "hazard fdentification,” "risk
assessment,” Tqualitative visk assegoment,” “dose-response assegsuent,”
Yoomparative risk assessment,” "quantizative risk assessment,” gnd Yrigk
chavacterization." The use of these terms has not been standardized.

Three concepts ave generally incorporated into the pisk assesswent
process. First ig the identification of the kiands of haveful health
effects, 2.g., anemian, birth defects, vr cancer, that can result fram
sufficient exposure to a substance. Second iz the dose-vesponse curve
for a particulay effect, i.e., the severity of damage and/or the
percentage of peoples or animals likely to be at varicus exposurs
levels. Third is the numbsr of people in & particular population, e.g.,
residents of the United Btaltes or workers in & pavticular industyy,

|,...m P
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}ﬁnﬁawtaﬁpﬁﬂﬁa da
assnssments ofte

Tikely to b trmed undey pasts presealyor profected Tevelemd
conditions of exposura.

In thias report, the gommittee hds used "risk assessment" as a broad
tevm encompassing all three of these og ve.  "Hazard {dentification’™
rafere to the first cpncept, "dose-response" cuvvies or velationships are
gsed in discussions of particular sets of data, and Mgquantitative risk
agnsessment” refers to the edtimates of risk to humans devived by
math&matigal extrapolations feon thedse dsta. "Population risk
estimates” describe the expected frequency or incidence of a harmful
effect in a speecific group of humans under defined conditions of
BRPOSUYE.

The agmount and complexity of information needed increase as we
progress from hazawd identification to dese-response assessment Lo
population risk estimation, although each step builds on the preceding
one, Hazard idemtification characterizes the nature of towic effeqts
that # substance is capable of cavelsmg in laboratery aunimals or humans,
BDoge=response curves based on experimental or epidemiological
ohservations define the frequency and sometimes the severity of these
toxic vffects at several levels of swxposure.

The dose~yesponse information is used in quantitative risk
eatimation. Theoigh mathematical modeling and application of kaown
bislegital prisciples, attempts are often made to estimate risk For dose
lewvals, expasurs ¢omditions, or species other than those for which :
‘have been obtained. For example, quantitative risgk
aly on dose~response data- from studies of laboratory
animals exposed te velatively high exposure levelg in order to estimate
the visk %o humand exposed to lower levels. Assumptions and
uncertainties lnvelved in the applicavion »f quantitative rizk
agseasment U canesy faduction have been discussed extensively {Food
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Safety Council, 1980; International Regulatery Liaison Group, 1979;
0ffice of Technology Assessment, 1981). Population risk estimates bring
together quantitative risk estimates and data on exposure of a gpecific
group of humans to identify thelr risk under actual or anticipated
axposure conditions.

The whst velevant ifpformation for sategorizing the hagard ovr the
dose~vesponse For humans ig dérived fvoi atuﬁaas af dgpoged hamans.
Unfortunately, evidence from thig source is often unavailable ox
inconclusive at times when decisions aboub ascceptable exposure wust be
made. Humans are exposed to so many diffevent substances through food,
medicines, air, water, household materials, and occupational
environments that sorting cut the causes of harmful effects on health ig
often difficult. Perhaps of most importance is the fact that pyidence
of baman bhealth hazasds frowm wubstanves fntroduesd inte our sovivonmesnt
cannot ba ohidined direcely frow observations in humans until peeple
have bBewen havmed.

For thase reasons, evidente from labergtory animgls or from other

biolegical test gystems is often ubed &y sn alternative or ag a
supplement to data on hamans. A substantial body of evidence has
demonstrated the utilivy of these enpavimental syetems (Dowll ef al.,
198Gy Hational Research Council, 1977; Richmond et al., 1981). A
variety of wathematical wodels have been develaped for using dats av
high doses, usually only available from studiss in animals, to estimate
riske for humans gt low doses {Armitage, 1982; Corafield gt al., 1978;
Crump ¢t al., 1976; Fishbein, 1980; Food Qafaty Council, 1980; Krawski
and Van | Ryzin, 19B1; Van Ryzin, 1980} Because there avs axtaﬂaxva data
v the effects i a&ba&&cs und eome other fibers in humans, the
quantitative visk aseessments in this chapter are bessd sxelusively on
data feom epideniological atudies in humang, whersae the comparative
riFk awscssmenits 8166 take inteo cvensidetatica data from laboratory
sTuding.

Evary scientific skudy or technigue has some lower Idmit to its
gengitivity. A sensitive wethod in asnalytical chemistyy may be capable
of detecting a faw molecules of a particular chemical among a billioa
other kinds of molecules but incapable of detecting a few among a
teillion, The sensitivicy of an animal test for toxleity ls limited by
many factords, such as the fwmber of animals that it is practical to
study, the subtlety of the effect of inteibsst; the occurvence of similax
effecrs in animale not exposed to the material vader test, and
limitations vn the amounts of material that can be sdministersd and on
the methods used to admivister thems

Orher difficuleies limir the power of epidemiclopical studies, For
example, it is often difficult to select appropriate comntrol groups,
egtimate exposure, or detect healch effects from the exposures of
concern, especially if the exposures are much lower than thoss that
ccour among cccupetional groups.
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Saveral kinds of information ave useful for sstimating risks at low

&WPQSLLI‘E levels on the basis of abssrvations st 'highm’* QXPQSL@;&&; Thess .

include the shape of the dese-responss curve in the rangﬁzef BEphayras
studied, knowledge of the mechanism by which the type of toxie effect
ocours, and information on dosg~pelated changes in the uptake,
éi&&r@butzﬁna ghendeal or phyﬁLﬁﬁI wedification, sud exeretion of the
substance, i.s,, pharmacokinetices

Substances vayy markedly both in the quantity vequiyved to produce u
toxic affect and in the rapidity with which the invidence of toxic
sffectys degreases with decreasing dose, l.e., the ghape of ths
doge-response curve. Iu an experiment covering a sufficiently wide
raunge of axposgure levels, if is possible to find some levels that are
toxic and some lower levels at which no toxicity le observed. The
highest doge st which wo bowicity is sesn g often called the
Upoeghserved-asifect level,"” or NOEL (Klaassen and Doull, 1980).

However, any expaiident wxil have some 1imit in its sensitivity to amail
effacts, and the tyrue no-effect-lpvel, 1if any, may be below the NDEL in

a particular expariment.

The fundamsntal assunption undarlying the NOBL safary factor
approach is that gome minimal level of & toxic substance iz fequired to
gause damage and that the substdnoe 18 nof tdxie below that level, The
NOEL type of experiment iz wsed to find Lhat lavel.

The mawinuw dose at which no toxicity would oceur is called tha
Mehrestold™ for that substarica. However, several mathematical modals
for guantitative sstimation nf cansey visk sssume that there is no
nhyesheld; risk ddminddhes with deciéasing dose; but soma rxsk iz
assumed to pemainw as long ds theve is BOY GRPOBUERE.

The determination of which of thess twd assumptions is epsrect will
probably depend on the agturs of the toxie sffect. Thus; undswstanding
the mechanism of toxicity ¢an provide guidance in setting acceptable
expasa@a levels. For a substance that sxerts ifs kowie affect by
inactivating an eazyme presest in abundance in each gell, it is
ragsonable to assume that a threshold would exilst. Inactivdtion of a
few mwolecules of the enzyme is unlikely to damage the eell. On the
tther hand, a chemical that is mutagenic or carcinogenic because it
ﬂamages some cxmtxcai gite on 3 DNA molecule that starts the
carcinogenic process can reasouahly be asgumed not to have a threshold.

The ‘Likelilood that g critical site would be damaged would decrease with-

fdutreasing dose,; but the possibility that this damage could ocour
remains at any exposure above zero.

Tor many sffecte, the severity of the toxic effect, as well as the
probabilicy that it will ocoue, also decrsases with dose. For exampls,
& dose that damages a high proportion of cells in the Lliver may be
lethal; one that damages & moderate number way cause severs iLllness but
not death; 2 swall dose that causes damage bo a few cells may mot legad

et

R IR LAY S T




20%

to auny clinical symptoms. The evvor in assoming a threshold if none
truly existed would generally not be expected to lead to serious cases
of dissase in this situation.

By zountrast, the severity of cancer and of mutations is not related
vo the dose uf the substance causing théw. Low dose exposurd to X-rays
G Giparettes giivke’ causwd fewer cancers than <does high dose expbsura,

but the resaiiing duneets are. 3ust a# lathal. “Thus, although there may.

he wmomn substantes CHAE show a thréshold for cander induction (Hoel et
als, 1983), an deror ia aﬁ%umlng a threshold wheft pnone peally exavta
would severely harm those persons who got the disease despite s low
ERDOBUTE «

Accurate documeantation of exposure is important for determining the
doge-response curves for toxicity in animals or humans and also for
estimating population risks, BRErrors in the estimation of sxpdsure will
lead to arrors in defining the deoge-response curve and in making
quantitative risk estimates for individuals or specific populations.

THE “EEpERE 0L 8 LONIC FUbSLANEE oF 11§ aerive matahy e thEL raehiny
the Body site that is guscepﬁ ble fo ity effeet is the éxposure that
aseounts for toxieity, but such weasurss dre almost never avadilable
(Hoel et al., 1983)+ Other measurements, such as amounts in the blood,
amounts entering the body, or concentratione in the sir ov water of a
community, are often wseful survogates, but as noted earlier in this
report, they are also often unavailable.

The sensitivity pf the exposed population is snother consideration
in the risk esrimation process. Some individuals may be more seasitive
than others to sperific environmental insults begause uf mutritienal -
ﬁéﬁiaaﬁnﬁxaaﬁ.gaﬂetmc predxsgos;tlon, and for whildredn; small body siuk,
deve lopmentdl findiaturity, and increased metabolle and raépiratory rvates
(Catalbirese, I978, 1980).

With their rapid metabolic rate, children consume proportionately
more food and inhale greater volumes of air than an adult for a given
body weight. Thuse, thay would also counsume or inhale proportionataly
move of any contaminante that sre present [Babich and Davis, 1981),
Human infants do not have mature hepatic detoxification systews until
thay raach 2 to 3 months of age (Péllonen et al., 1973; Rane and
Ackerman, 1972). Serum immunoglobulin doew not attain adult Ievels
until children ave 10 to 12 years old {Calabrese, 1978). Studies in
animals have aleo demonstrated a greater sepsitivity smong the young
after exposure to chamicale by a variety of routes {Goldenthal, 1971).
Childyen's lungs may also be eapacially sensitive to envirommenial
pollutants., Tager et al. {1983} have observed messurable differsnces in
lung function between children of smolking mothers and children whose
mothers did not smoke.
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Popularion risk satimation 18 based on a1l the preceding steps.
Pirgt, the exposure of the study population wmust be koown.
Heterogeaeity of the populstion with vespect to level of exposure or
gengitivity to the toxic material should slsc be considered in the
caleulations. Exposurs, dosg~rasponge curves, distribution of
sensitivity factors, and the size of the population are then used o
estimate the number of people likely fo suffer towie effectz from the
substance of interest., If the mabterial causas more Chan one type of
toxie affeet, sach effect requirss separate caleulations.

Ideally, caleulation of risk is an objective, geientific activity
devoid of policy judgments., The latier are made sepavately vhen
deciding the acceptabla level of exposuve. However, policy decigions
ecan galdom be divorced completaly from the process of risk assessment.
The veason for this lies in the uncertainty of many of the scientifie
Judgients required. Foy ezample, if one experimental spaeies is moys

suwseptibletuthetoxivity ofwmatetrialthananothorynd data—oy
humans sve unavailable, which species should be used for sstimating
human pisk? Which wathematical model ghould be applied to the data?
Thase and many other gquestions of judgment were discussed inm the regent
National Regearch Council {1983) report.

Ta the following sections, the committee has wsed epidemiologicsl

data, mostly from oceupational settings, to davelop a quantitative model

of the melationship between fiber dose and carcinogenic response for a

genpralized Yasbestos™ exposure resulting din either lumg cancer or
mgadtHéliona. That dosewresponse relationship is then applied o a
hy

thetical, bub raasanabla, exposire level to show potential

dation risk levels in populations of arbitrary size. In the final
saction, the committee assegses risks for other types of fibers and, in
aome tages, for other diseases by guslitative comparisons with the base
case of a generalized agsbestos exposure.

QUANTITATIVE RISK ASHESSMENT

In the previous chapters, the commitles agtensively reviewad
information on the health affecte of sobastos and other gsbastiform
fibeyrs, Io preparving this section, it alse veviewsd geveral rigk
asgegsments for asbestos in the open literature aud in governwent
doguments. On the bdgis of 189 ealudbisn 6 the guality aul cowstaps

of the informdtive and thé avseeswent técknigques, Chi commlités devided

that o guantitstive assessment of the pisks For mésdthelioms and lung
eangar From poncccupational exposures €6 ésbaatos would be meaningful.
It also concluded that bhe informarieon base was insufficient for useful
quantitative ssseszsments for other fiber Eyvpes and disessss, but that in
gome cdges & gualitative; comparative assesswent was feasible and
ugeful. These decisions do not mean that the sebestos assessment iy
without major uncaybainties nor does it mean Chat the comparative
mesegaments are of poor guality. In both cases, the objective is to
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present information useful for evaluating the health risks of
asbestiform fibers in nonoeccupational settings.

First, an overview of mathematical wmodels for carcinogeni¢ visk
asseasment is presented to provide a context for the assessments for
lung cancer and mesothelivma, which ere of principal interest. Next,
there is a review of several assessments for ashbestos that were based on
such models. Finally, these asseggments and the committee's own
analyses are applied to the information presented in earlier chapbavs to
produce quantitative risk estimates fow nonoccupational exposures 1O
asbegros in ambient air.

Mathematical Model For Carcinogenic Rigk Fstimate

As explained earlier, if &8 not mecéssury o use d

! ; 4t& on asbestos
skposure froln animal experiménts to estimite Yisks fdr humgas, but it Is

neved sary--to—ekbrapelaé—fron-the-heslth-affe cbéabssrveld-at-high
secupational levels of exposure te wmuch lower nenoccupationdl
exposures. Occupational epidemiology makes it pessible to describe the
probability of dying from a pavticular type of cancer as a function of
ape at first exposure, level and durabion of exposurs, and current age.
Mathematical extrapolstion models bassd on the multistage theory of
carcinpgenesis wake it possible to estimate the probability of dying
from that type of canter for differeat ages st first exposure, diffevent
(lower) exposure levels, and different (often longer) duration of
exposure, also ap a function of eurrent age. By congidering the
cumulative probability throughout a lifetime, the "lifetime risk" of
cancer mortality can be computed.

At any age, an individual faces some probability of reaching an sad
point that is related to cancer in the next year, for example, dying of
lung cancer. Suppose that at a given age, a, the probability is given
by pla,d); where 4 is the dese of the carcinogen--=in this case,
agsbestos. When d = 0, p{a,0) iz the probability of the end point for
unexposed people. If + is some age of interest, then the cumulative
probability P{t,d) of reaching the end point before that age is given by
the sum of the annual probabilities up to that age:

P({t,d) = the sum of pla,d) over all ages, a, <t. (1)
Reaching the end point by time t is analogous to the "failure time”
for a peneralized gystem that is no longer affective after time t.

General mathematical analvsis can be uszed to show that the probability
of failure as a Tunctionm of time can be wrltten as follows:

P(L,d) = 1 - e “Eft,d)& ()

where I(t,d) represents the cunulative incidence function (or cumulatiwve
hazard function) of oceurreunce of the observable failure prior to time t.
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Armitage and Doll (1961), Peto et al. (1982), Kalhfleisch and Prentice
(1980), Hartley and Sielkes (1977), Hariley et g1, (1981), and
Kalbfleiseh et al. {1983} have applzmﬁ this model to carcinogenssig. If
the cumulative incidence 1(t,d) s small, then equation (2) may be
gimplified to

plt,d) & 1{t,d), {3)

where 4 means approxinmately.

In carcinogenic risk assesoment, attention Ls usuvally focussed on
the cumulative incidence function I(t,d) rather than on the probability
function P{t,d). The Armitage~Doll (1961) multistage theory of
sarcinogenssis suggests that I(t,d) can be wribten as a product of two
termg-~g(d), depending only on dose, and W(t), depending only on time.
That is,

1{e,4) = g{ad) nit). {43

1f there are k dose-dependent skages in the process of carcinogenesis
and the rate of transformation frow one stage to the next is assuwmed to
be a linear function of dose, the fupetion g(d) would be a polynomial of
degree k in the doss. The function h(t) depends only on tims. This
model and its generalizatian and justifiaatimn,have bﬁﬁn discussed by

orh -

To determine the values of the constants in the polynomial g{d) and
the functional form for h(t), the cumelative incidauvce funcnicn must be
fitted to data~-preferably to data based on observations in human
populations. 7The multistage modal described above has basn fitted
guceessfully to many sets of ecancer data, lncluding data on asbestos,
and appears at presant to be a penerally adequate model for assessing
cancer risk. Pitting equatien (4) to data involves estimating the
constants in the model for some suitably determined funetdon h{t). This
wodel has been applied to both mesobthelioma and Jlung eancer data on
asbestos-exposed workers., The form of h(t) and the values of the
conatants from those studies will be discussed in the next section. The
fonetion g(d)~-and thug the cumulative éxcess incidance funétion
I{e,d)—can be approwimated as a linsar function of dose in the low-doss
rangs that equals O when 4 = 0, This relationship can be uged for
extrapolating from high Lo low dowses and has the following form:

1(L,d) = cdn(t), (5}

This form assumes that there 13 at least ope dose~dependsut stape of
cancey dayelopment. Ths argunent For a lingar (with respect vo dose)
approximation for low-dose exposures hay bees juseifisd on the busis
that the exposuras dose 4 {e added to a Baelgreind level (Hoal, 19803
Patn, 1978). This assumption may not always be justified im applivation

i O G AT i i et
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{sue Cornfield gt al., 1978 and Van Ryszin, 1981), but it should lead to
an appropriate upper bound for thé committee’s risk agsessments fox
ashestos. Furtharmore, and mores importantly, ruling out a linear dose
rerm for asbestos sxposure doss not sesm justified by the data now
available (Micholson, 1983; Peto, 1982; Schneiderwman et al., 1981).
Thue, the model adopted for risk assessment in the next three gactions
of this chapter is based on the cancer wortality incidence caloulated by
squation (3).

PUBLTISHED RISK ASSLESSMENTS

This gection reviews gome published risk sesessments for lung cancer
and mesothelioma. These assessments helped the committee salecl a
functional form for h{t) for the two diseases and to zstablish the value

of the coustant ¢ in equation (5).

Lung Canser Risk from Nenpececupational Eavironmental Exposures

The following summary of risk desessments for lupg cancer Trom
ashestog axposures is baded oun data on exposure of wovksr populations.
These data suggest that the functien I{t.d) in equation {3) becomes

1{e,d) = e*TadIgled, (8)

where Ty is the duration of exposure to asbastos at dese d, Ip{c) is

the cumulative mortality incidence for lung cancer up to age t for those
who Tave nol baen exposed to gsbestos, and oF i a congtant that depends
on the cohort under gstudy, bul not on dose or age. Asg eged in

aquation (§) and {u the ramainder of this section, d is the
concentration of fibers in the workplave air, usually measured in
Fibers/em3, Although d is veferved to as dose, some authors would

call it dose rate and would vefer ta the product Tpd as (eumulative)
dose. FPguation (6), derived by Peto (1982), is consistent with his
garlisr studies of cheysotile workera (Peto, 197B). This squation is
also supported by four studies rveviewsd by Nichelson (1983}, who noted
that the velative risk of lung vancey deatbs for ssbestos workerns
compared teo a sinilar population was linzarly related to the accumylated
dose years, i.e., fibers/end x years, or (fibevs/cmd)yr,

In squation {6), the underlying incidence rate Ig(t) is considar-
ably diffevent Ffor smokers and nonsmokers of each sex. Therefore, the
riske far each of these groups must be assessed separstely. Aaother
consequence of equation (A) is that the relative visk of lung cancer dus
Lo ashestos expogure doss not depend on aga at Ficst gxposure.

Thus, lifelong visk of lung cancer regulting From exposure Lo
ashestos can be caleulated gquite simply by using equation (6). As en
example, consider the following caleulation given by Pate {1982).
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Congider the effect of 10 years of exposure at 1 fiber/emd. If we
agmme that the relative risk for lung cancey among lasulavion workers
increased approximately fourfold [Hamwoud et al. (1979) reported 4.2 for
nonsmokers and 3.9 for smokers] and that this riek ia based ou a
cumplative dose of 600 fibars/emd {20 years at 30 fibers/emd}, then

10 years of exposure to 1 fiber/emd will increase the relative visk by
4.0 % 107600 = 0.067. Since approximataly 13% of lifelong smokers die
of lung cancer, this mortality rate will ineveasse to 0.15 % 1,067 x 100,
or 16%. Thus, the differance (1%) is the excess due to asbestos as
pradicted by the equation, Since only 0.5% of nonsmokers die of lung
cancar, this would become 0.533% (0.005 x 1.067 % 100) for an added risk
of 0.033% due to asbestos exposurs.

Mesothelioma Risk from Nonoeeupational Fnvironmental Exposures

The sommittee reviewaed two estimations of mesothelioma rigk, one by
Peto mnd his ecolleagnes (Pets, 19823 Peto &t al., 19B2) and the other by

&

Wichalson (T983), TRESE ANAlyEgs and EHELT cnns&quaﬁaﬁs dre sunmarized
in ghis section.

Using the data of Salikeff et al. (1979) on mortality among 17,800
members of the International Association of Heat and Frost Insulators
and Asbastos Workers, Pete et al. (1982) showed that the mortaliry rate
from mesothalioms in these workers was dependent on the time since flrst
exposure, but did not depend on the age at first exposure. From this
finding, and the application of the mulvtistapge theery of carcinogenssis
through esquation (5), the cumulative incidence function becowmes:

I{t,d) = cd(t ~ tg)k, (N

whare . - &jy represents time since fivat expesure 8t age tp. For
any group of workers exposed at the sawe dose level d, the product ed =
is a conatant depending on the type of asbéstos exposure. Bguation (7)
suggegta that rthe risk for mesothelioma s primavily dependent on the
time since fipst ewposure {t = tg), This same phaenomenon was noted by
Schueiderman et al, (1981) and Nicholgon (1983). TFirting equation (V)
with b = cd to the data of Selikeff et al. (1979) fer men up to agse 80
by the method of mavimum likelihosd eetimation resulted in an estimate
of & = 3.2 with a stahdard error of ¥ 0.36 and b = 4.37 x 1078, wsing
this caleulation, Peto et al. (1982) estimated the lifelong mesothelioma
visk For this worker group to be 15%, 74, and 3% for age at first
exposures of 20, 30, and 40 years, respectively. These Fipures have
boen adjusted for other competing causes of death,

Uging squation (7) with k = 3.2, Peto and colleagues determined phatr
b ox 108 vanges ip value from 2.9 to 5.15% for four other sets of data
{gee Tabla 7-1). Using k = 3.5, Peto (1982} computed & lifotime
migothelions rate of 1 jm 100,000 ehildran exposad fyom age 12 to age 18




1T

i: -
|
r,ﬁ—mm

210

TABLE 7-1., Mesothelicma Death Rates in Various Studies
and Predictiongs of Risk?®

Corresponding Lifetime
Risk (%)P by Age at

Study Population Relative Risk First Exposure (yrs)
and Reference (b x 108) 20 30 40

North American insulation 4.37 15 7 3
workers (mixed exposure)
Selikoff et al., 1979

Factory workers {(mixed 4.95 17 8 3
exposure)
Newhouse and Berry, 1976

Chrysotile textile 2.94 10 5 2
factory workers

Peto, 1980b

Australian crocidolite 5.15 17 8 3
miners

Hobbs et al., 1980

——

U.S. amosite factory 4,91 17 8 3
workers
Seidman et al., 1979

dAdapted from Peto et al. (1982), The death rate at time t — t( since
first exposure at age tp is proportional to b, obtained by fitting
equation (7) with k = 3.2.

bThe calculation of "lifetime risk,"” i.e., the percentage of similarly
exposed men who would die of mesothelioma before age 80, 1s based on an
actuarial caleculation using 1977 U.5. rates for white males for all causes
of death other than mesothelioma inflated by a faetor of 1.26, the
observed relative risk among insulation workers (Selikoff et al., 1979).

(1.e., 6 years of school age), assuming the fiber level was 0.003 fiber/cmd
(1/1,000 of the exposure of the insulation workers).

A second risk assessment was done by Nicholson (1983), who criticized the
Peto et al. (1982) analysis for fitting equation (7) to only those men who

died of mesothelioma up to age 80. By including all iunsulation workers, he
estimated k to be 5.0.
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QUANTITATIVE RISK ASSESSMENT FOR NONOGCUPATIONAL ENVIRONMENTAL EXPOSURLS

Az a starting peint for aseessing the riek from nonoccupational
environmental exposure to asbestiform fibers, the committee adopted aquation
{6} ws representing the cumulative mortality up to age t, which is
appropriate for lung cancer induced by # continuous exposure of Ty years st
dose level d in fi&efaiﬁmju This mpdel implies that any given total dose
bafore time t would have ths same effect on the relative risk at time t,
regardless of the time at which exposure started pr lts durationm. The wodel
thus ignores & minimum latency period, which wight cause the wodel to
overestimate effects, but also ignores the difference between sxposures st
earlier and later ages, which might cause the model to underestimate effects.

Equation {7) was assumed to be a reasonable representation of the
cumulative mortality from mesothelioma up to age t for continuous exposure to
gabestos at dose lavel 4 in tibarsjam3 from age tg until age t. In this
case, latancy is implicitly included in the dependence vn (- tﬁ) bavauses
k is greater than 1, bul no wminimum latency is assumeﬁ. Thas& assumpt;cas

AT BUPPOTESUT HY‘fﬁE‘QﬁTK‘ﬁf‘Fﬁtﬁ_{1§82)“‘Pﬁt3‘
(1983), and Schoeiderman et ais (1981), who exteﬁszveiy rev;@wwd,the basms
for these assumptions by examining the medels and their consistency for
gaveral vhserved worker cohorts expeosad to ambient conecentrations of asbestos
fibers. These authors have sugpgested that asbestos acts as & late-stage
caceinogen in producing lung cancer bul aots ab earlier stages in the
‘dﬁv&lﬂmeﬁﬁ af m&aéﬁhaiinmﬁ. ﬁsiﬁg whess models, the committas developed
canpey and mesotbelivns mortality Prom.
aantinuaus nﬁn@ccupatlanal expoﬁurﬁﬂ ta §.0004 izbergfcmz and for 0.002
fibevslond .

For lung csncer, the coumitbee assessed the pisk for four exposure
subgroups: male smokers, female smokers, male nousmokers, and Female
nopsmokers. For mesotbelioma, only ooe caleculation was made, sinee gguation
{7} and the supporting dats in the papers clted gbove suggest that
megothelions mortality does not depend on sex or smoking history, butb doss
depend strongly on age ab first exposure.

Lifetiwe Risk Estimates For Lung Cancer and Mesothelioma

Table 7~2 sumnavizes biferive riek sstingtes for lung eancer and

wegothelions for nonoceupatisnsdl anvivonmental exposures o 0.0004

fih&rafamB {a me@ian level) angd Bﬁﬂﬁﬁ'fibaxﬁfﬂmg {a high level). 1t is
agiuned £his exposure is continubus from bireh through a lifetims of 73
years, 4n spproximate avaﬁage lifetims tn the Uniied ftatss ., Thaus, in
gguations {(6) and {7), & = 73 yeﬁrﬂ and d = 0.0004 or 0.002. 1In sguation
{(6), Ty = 73 and in ﬁquatlcn (7), tp = 0 to acceunt for conbinuous
exposure. Because equations (6) and (?J ark livear in the dose waitv d, ong
ean immediately obtain from Table 7-2 litetime visks &1_&&&?2‘¢ﬁﬂtx&gagg _
{from birth) environmental exposures by multiplying by the apprepriste dose
factoy, For example, lifetime risk estimates at 0,02 fxb&rajfﬂﬁ aye A0
times higher than the wetimates at 0.002 fibers/cmd,




912
TABLE 7~2., fstimated Individual Lifetime Risks frow a foutinuous

Beposure to Asbestes at 0.0004 ?xbex&icm* {g Bedian
mose) or 0.007 Fiberg/ewd (& High Doss)#

rstimated Individual Lifetime Risk % lﬁé_

Exposure Hedian Exposure High Exposure
Digease Group (0.0004 flhﬁtﬁf&m ) {6,002 Fibers/cms
Lung cancer? Male smoker 64 (0 to 290)° 320 (0 to 1,500) ;
lang cancer Pawale smokser 23 (0 o 110) 120 {0 to 5303
fang cancer Male nonsmokey 6 {0 to 213 29 (0 to 1307
Lung tancer Femals aousmoler 3 {0 eo 13) 15 {0 to 862
Masotheliona 411 9 (0 to 350) 46 (0 vo 1,700

4ifetime assumed to be 73 years; exposure prours from birth. lung
cancer risks are calculated with o% » 1,02 ov an excess visk of 274 per
(fibﬁrjcmﬁ)yr, estimated from nine studies with warzed resulis.
Mesothelioma risks are celculated with ¢ = 2.53 x 1678 and k = 3.2,
serimated from five studles with varied results. Bee alszso sxuplanatidns
ta bext.
bgex differences for lung cancer risk ave due to differences in lung cawcer
background rates associated with smoking patterns, cccupational exposures,
and other factors.
CRange of estimates. The lower limit of 0 is always possible if linear
extrapolation overestimates risk. See also text below.

The estimates im Table 7-2 were based on the following five
considerations:

& Exposure levels. A wix of indoor and ouidooy megsured exposure
lavels was usad to select the wedian value of 0.0004 fihaxs[¢m3'and tha
high value of 0.007 $ibers/cmd as the vefarence levels.

e Ao SN0 PP T T

e Use of the linear wodel. The wodels used by the cammittes all
AgFune 1owwdoga linearity and, as sueh, produce higher gstimates af risk
at Low doses than would be obrained with other wodels, Howevey, bacsuse
£ne gogupational data de not rile Tow~lose lineariky, th ﬁ@&m&tt&ﬁ
believes that thiose estimates d6 not Uidlly overstate the risks,

# Count-mass conversion. The couversion ¢f awbient fiber mags
messurensnts to ay equivelent nusmber of fibers wuy based on mewwurstents
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of mass and wumbers of fibers in the workplace. The committes realized,
howeyer, that the number of fibere in ambilent air would be mueh greater
hecause these fibders tewd to be smaller than theose in the workplave {sae
Chraptar 4). Depending ou the tokicity of emall fibers, the risks gould

be greater or less theu those cnloulated ia thig chapter. If the pressnce
of lovg fiders iz necessary for & towic rusponse, risks would be lower.

© Model depsndence. The rasults of the mesethelioma model depand
vary heavily on the value of k., This accounts for the large range of
gstimates for mesothelioma. It is gasumed that this dependence on k
among workers holds for the entirve population throughout a lifetime, If
the depandence is not as strong {i.2., a lower k walue), the lower end of
tha range would apply. If this dependence is as strong {(i.e., & higher ¥
value), the upper bound mway be move appropriqte.

8 Childhopd exposure. The wmodels uvsed for extrapolation for both
lung cancer and mesothelioms are based on Che assumption that a unit dese
of exposure (measuved as Fibers/fem3 > 5 ym loug) in early life is
equivalent dn dts dneeinsic_carcinogenic_potencial _to_a_unir_dase fn later

i

H
H
i
H
i

life. TI¢ children are morve biologically sensitive than the worker group,
the risk per umli dose would be ingreased. Ragulis fvom gtudies of
expogure to other wmaterials ifadicere that cbhildyen are often mere gensi~
tive than adults to g given doge, even when cxpressed a¢ dose/body welght.

The risk estimates and rasnges shown g Table 7-2 are thosrw the
commitbes considers most reasonable. Bacause of the uncertain value of k
and the sensitivity of eguation {7) to its value, the pravge of estimatas
is wmich larger for wmesotlislioma than for Iumg cancer. Two conclusions
san be drawn from the estimates dn Table 7-2:

2 For nonsmokars, the 1ifecime risk for mesothelioma from non-
vecapationsl envivomuentsl exposure to asbestos is higher than for lung
eancer. Por smokers, however, the visks of lung cascer are substantially
higher than for mesothelioma, becanse of the multiplicative intersction
of smoking and asbesing expesuras.

g Individual lifetime risk sstimates for lung cancer from

nopoceupational envirvotmental exposuras to 0.0004 fibera/emd are wuch
lower than the visks obgerved for swmoking.

The basis for the csaleulations in Table 7-2 is discusged im detail in
the following two subsectiona.

Calenlation of the Lung Cancer Risk Estimates in Table 7-2. (aleuw-
lating lifetime risk estimates from equation (&) involves the notion uf
relative risk up to time €, designated here as RR. From asquatiom (8),
the BR for lung cancey by age ¢ can be shown ag follows:
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I(t,d) (8)
Io(tj

Hi

cumulative lung cancer mortality by age t at dose d
baseline cumulative lung cancer mortality by age t

C*(Tod),

where (Tgd) = total dose-years for the exposed group and c* is a
constant that depends on the cohort.

For a given study showing an increased relative risk for lung cancer,
e® = (1 + P/100), (9)
where P is the percentage increase in lung cancer risk per unit dose

[% per (fibers/cm3)yr]. Schneiderman et al. (1981) presented the
values of P for nine different worker cohorts. The results are

summarized—in Table—7=3%

values for P in Table 7-3 range from 0.06 (Study 8) to 9.1 (Study
1). The higher value establishes the upper end of the range given in
Table 7-2. The zero value for the lower end of the range indicates that
the low-dose linear approximation in equation (5) may overstate risk.

The median value for P in the studies shown in Table 7-3 is P = l.1
(Study 7). This value, rounded upward to 2, was used in obtaining the
estimates for lifetime lung cancer risk in Table 7-2. To calculate these
estimates, it was necessary to know only the baseline absolute risks for
the appropriate subpopulations. The baseline cumulative incidence rates
of lung cancer for the four subgroups in Table 7-2 have been estimated by
Schneiderman et al. (1981) as follows: male smokers = 0.1l; female
smokers = 0.04; male nonsmokers = 0.01; and female nonsmokers = 0.005.

Thus, using 2% as a value for P, the l1ifetime risk of lung cancer for
a male smoker is

(0.11)(1 + p/100) = (0.11)(1 + 0.02) = 0.1122. (10)

The increased lifetime risk attributable to asbestos exposure at

1 fiber/em3 for 1 year is 0.0022, i.e., 0.1222 - 0.1100. At the
ambient exposure of 0.0004 fibers/cm3 assumed in Table 7-2 and for a
73-year lifetime exposure, the increased lifetime risk of lung cancer is
6.42 x 1073, i.e., 0.0022 x 0.0004 x 73. Rounding to two significant
figures gives the estimate in Table 7-2 for male smokers. The other
calculations in that table were derived in a similar fashion.

When describing the use of the percentages given in Table 7-3,
Schneiderman et al. (1981) commented that the low percentage increases in
risk in Studies 3, 6, 8, and 9 probably resulted from several factors.

In Study 3, for example, the subjects were retirees older than 65.




TABLE 7-3.

Study Occupation of
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Estimated Increase in Lung Cancer Risk per Unit of
Exposure to Asbegtosa

Percent Increase
in Lung Cancer Risk

No. Worker Cohort Asbestos Type per (fibers/cm3)yr Reference
1 " Insulation Amosite 9.1 Seidman et al.,
manufacturing 1979
2 Asbestos Crocidolite, 1.3 males Newhouse and
product manu- chrysotile, 8.4 females Berry, 1979
facturing and amosite
3 Asbesgtos Amosite and 0.3 Henderson and
manufacturing chrysotile; Enterline,
some crocidolite 1979
&4 Asbestos Chrysotile; 1.1 Nicholson
product manu- gome amosite et al., 1979
facturing and crocidolite
5 Textile Chrysotile 5.3 Dement et al.,
production 1982 l
6 Textile Chrysotile 0.07 early Peto, 1980
production employeesb
0.8 later H
employeesh b
7 Insulation Chrysotile 1.7 Selikoff et al.,
manufac— and amosite 1979
turing |
B Mining Chrysotile 0.06 McDonald and
and milling Liddell, 1979 i
Y Mining Chrysotile 0.15 Nichalson
and milling et al., 1979

——

8Adapted from Table 4 in Schneiderman et al., 1981.

Early employees began work before or Earing 1950,

afrer 1950,

Later employees began work
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Schneiderman et al. stated that the investigators may thus have missed
asbestos-related deaths occurring at earlier ages. 1In Study 6, the
disease rates for workers emploved earlier were lower than those
employed later who were followed for shorter periods. The discrepancy
has diminished as more data have accumulated. The subjects in Studies 8
and 9 were mining and milling workers whose exposure patterns were quite
different from environmental ambient air exposures. There is also some
evidence that many lung cancer cases were missed in Studies 8 and 9
because of competing causes of death at earlier ages. Thus,
Schneiderman et al. (1981) concluded that the range from 1.1 (Study 4}

-to 9.1 (Study_T)—Ts the most representative of true values. The value

of P = 2 used in the calculations in Table 7-2 falls near the bottom of
this range, but is within a factor of 5 of the top of the range. If we
use P = 5, which is the middle of the range, the lung cancer risk
estimates in Table 7-2 would be multiplied by a factor of 2.5.

Calculation of Mesothelioma Risk Estimates. To calculate the
lifetime risk with equation (7), the numbers ¢ and k must be deter-

mined. Then the lifetime risk L at d = 0.0004 fibers/cm’, assuming
t = 73 and tg = 0 (continuous exposure from birth ta age 73), is

L = c¢(0.0004)(73)k, (11)

To apply this equation, c and k must be estimated from epidemiological
studies of occupational exposures to asbestos. Fach study must be
stratified by duration of exposure (t—to) to estimate these
parameters. Most of the following analysis is similar to that of

Peto et al. (1982).

First, let us consider the choice of k. As noted earlier, when Peto
et al. (1982) fitted equation (7) to the data of Selikoff et al. (1979),
they obtained the equation I(t,d) = b{(t - tg)3+2, with b = 4.37 and
k = 3.2 + 0.36 (standard error). In equation (11), therefore, we
initially use k = 3.2, Modifications using different values for k will
give the range of estimates for d = 0.0004 fibers/cm3 in Table 7-2.
For d = 0.002 fibers/em3, we replace 0.0004 with 0.002 in equation
(11). With k = 3.2, Peto et al. (1982) also fitted four other data sets
to obtain four values of b in the equation I(t,d) = b(t - tg)3-2,
The value of b is specific to each worker cohort and depends on three
numbers: d {(the average fiber/cm3 exposure), £ (the average length of
exposure), and t ~ ty (the average time since first exposure). These
values are given in Table 7-4. In addition, Table 7-4 contains the
estimates of c that are appropriate for equation (7), based on the
corresponding estimate of b given by Peto et al. (1982). When exposure
is not continuous from time of first exposure (tp) to the age of
observation {t) for these studies, the relationship between b and ¢
changes from ¢ = b/d to

4,56 b/d (12)
T -1 -2/(t-tg))3-2 °
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TABLE 7-4. Fstimated Constauts for Fquations (11)
and (12) for Five Studies

Study bx1d g8 02 r-g® cxagd

Selikoff et al., 4,37 15 13 24 L.3%
197¢

Newhouse and 4,95 12.5 & 31.5 3.67
Berry, 1976

Peto, 19%80a,b 2.94 16.5 14 22.5 0.85

Hobbs et al., 5.15 NAP NA A N4,
1980

Seldman et al., 4.91 35 I 33 7522
1979

“Estimated from data glven in Tables 4 and 10 of Schnelderman et al.
(1981), using estimated median valuee. The product df from colyumar
3 and 4 above is the estimated cumulative egposure in (Eiber/ond)yr

of thelr Table 10.

HA = not available,

The factor 4.56 adiusts from otcupatlonal exposures at about 1,920 hours
per year to sovirounmental exposures at 8,760 hours per year. Appendix ¢
provides the mathematical basls for equation (12). Table 7-4 gives the
values of the constanta for each study in which Pete et al. (1982)
estimated b.

To obtain the estimates for mesothelioma at the dose of §.0004
Fibers/em® in Table 7-2, equatlon {(11) 1s used with values for ¢ from
Table 7=4 and kX = 3,2. _In Table 7-2 the lifeniwme risk for sesothelloma ~
at d = 0.0004 fibers/ei® s 9 per miliieni This is calculated from
equation (11) with ¢ = 2,53 x 1078, the wedian of the vange of the
e yalues in Table 7+&, and k = 3.2, The highest value of the range In
Table 7~2 at 4 = 00,0004 uses equation (I1) with ¢ = 7,22 x 1@"8, the
upper valoue of ¢ in Takle 7-4, and k * 3.8, obtained from 3.2 4+ 1L.65
%z 0,36, The selection of 3.8 as the value for k is based on an
approginate uppey 93% confidense limit for the esztimate of k. The lower
1imit is taken as 0, which is always a possille lower limlt, especlally
1f the low-dose linear assumption i equation (5) oversstimates the
individual liferime risk.

i WS
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s
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Pato (1982) recommended using & k value of 3.5 Ffor risk assessment
purposas. As an example, he estimated that the risk of mesothelioma fox 4
children exposed for a 6~yaaf period (ages 12 te 18) at 0.003 o
fibers/femd would be one in 100,000, WNicholson reviewed additional 3l
data, including data on older workers up to pge 80, and determined that g
a k value would ba 5. Schoeiderman et gl. (1981) used k = 3.0. For
this study, the committes used a valug of 3.2. Although nsither
existing data novr biological theory can provide very much guidance on
the value of k, itas value is very important in prejecting the lifetime
: risks of mesothelioms from asbestos exposures, Table 7-5 shows how
‘ ’ lifetime risk varies frow the value of 9 per million for several values _
of k. Also ghown are risk estimates for other values of ¢. Tha reader ?
tan sasily calculate the results for other walues of exposure.

Orher aunthors have alse estimated the rigks of mesctheliomas.
EnterTine {1985) derived a lifetime risk of 100 per willion by usiag
eurrent reported rates of mesotheliowa, an assumption about the relative
contributions of nonoecupational and cceupstional asbestod exXpOYLTRE,

and other factors. This estimate clearly relates to past exposurg Lo

: varying levels of asbestos. Schasiderman gt al. {1981) estimated
Iiferime risis for mesothelioma to be batwesn 800 and 5,000 per willion

: for a cumulative exposure of 1 (fibﬁf{gma}yrs Thesge estimates
cotraspond to Lifetime visks of 23 to 180 per wdlliva for 0.0004
flh&?&jcmS for 73 years. As mentiondd above, these lnvestigators
effectively assumed ¥ = 3, but their squivalent ¢ was higher than that
used for the cerrvesponding sstimstes in Tables 7-2 and 7-5.

v
g
e

TABLE T-5. Sensitiviey of Estimstes for Lifetime Rieks?
af Mesothelions to Valoes of k and ¢

Lifacime Risk Estimaves x 100, Using % Values fvom Verious Studies
) Peto eb Fato gf

thig Study  Seboeldsrman  Phie Brudy el 682  This Study  al., 1982 Righolson,

(Low} et al,, 1981 (middle} Tmiddle) {high) (highd 1od3
\\t\
g 2.6 1.0 1.2 3.5 3.8 4.0 5.9
#4.85 a2 1.3 3 11 &1 9 7,000
x g8
2:53% LI & g 3 136 2484 21,040
x 1l
.28 2 13 206 54 354 3240 B0, 000
¥ ig-8

BA11 watimates ave deyivad from sgustion (11, L = {0, 00067733, where L = Liferins
riek at & cenbinvour exposuvs Lo 0,000& fiberefemd for a lifecime of 73 yeass,

Hote: This tuble dewonstrates that the visk sstimstes arve sxirvesely sensitive te changes in
the walueg of ke

?ﬁ”
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The Use of 0.0004 Fibers/cmd and 0.002 Fibers/cws as the Median
and Niph Nonoccupatlonal Fnvironmental Exvesure Levels, The Lifetine
visk estimates given in Table /-2 are based on an assumed countinuvus
environmental amblent exposure equivalent to elther 0.0004 or 0. 002
Fibers longer than 5 pm ger em3 of alr breathed, The committese
believes that O«OODQ.ﬁibatsfamg s & redbouabdle asgumption for a median
population exposure level and that 9,002 fibers/on® in a rassenahle
high exposure level (considering oilly éxposutes frow bresthing ambient
air continuously). These assumptions are discussed beslow. The effects

of noncontinuous high exposures are discussed later in this chapter,

Teble 7-6 summarizes some envirenmental ssbestos sampling data
§raviﬂ&& by Nichelson (1583), To convert from smss meadyrements
{ng/m?) of airborne exposuves to fiber counts (fibers/em”), the
commitres used the converglon factor of 30 ugimS for 1 fiber/ems.

{See Chapter 4 of this repoert, Schnelderman et al., 1981, and Consumer
Product Safety Commission, 1983 for further explanation.)

The dose~response data wsed ip the coumittee's risk estimabe were.
ﬁaken From measwrénents of exposured in the workplave, where the Elbers.
rend £o be Longer than those in avbient sblironmentd hot clése to major
sonrees of aubestos, & discussed in Chapter 4, theare would typlcally be
approximately 2,000 fibers per nanogram In workplace alr; in rewote
areas, howaver, there would be approximately 70,000 ambieat fibevs in a
panogran. To convert mass In the workplaecs to awmbilent alr, the vomniftes
uged the number of fibers longer than 5 uw that would be found In the
gorkplace when the workplace wass equaled the remvte awbient fiber mass.
The dose sstimate in nunbers of fibers would be approwimately 35 times
graater (70,000/2,000) 1f the actual slves of fibers in ambleat alr were
sonsidered. If we assume that all fibers are squally potent, then the
risk estimates would be correspondingly bigher. On the othar havd, fiber
gize apparently affects fiber potency, but the appropriate adjustnent
factors for fiber aize arve not known.

Table 7-6 indirateés that madiam‘aanaenﬁraLicnﬁ in ontdopr ailr bave
ranged from 0,00002 to 0.00075 fibein/ond 4n saveral studice (sample
sets 1 po 8): thélr medisn is approvidately 0.00007 fihﬁra{mm3& The
ohaerved maéiaﬁ ingide rooms without asbestes 1s 0.00054 (ﬂ&ﬁ?lﬁ agt 9},
In rooms with asbestos surfaces, the median is 0.0006 Fibers/end (range
of medians for sample sets 10 through 14, 0.00006 to 0.00405
fibers/em®). If these three medians 4re walghted by assuming persons
spend approximately one~fourth of thedr time outdoors, five—-elghths of
their time indoors in uncontamineted rooms, and one-edlghth of their time
in aghastos-contanipated roome, & re&s@ﬁable agtimate for a median
population exposure is 0,0004 fibers/cmd,

The committee also used (,.002 fibeﬁsfem3 for & high value of
continuous exposure in ite caleulations for Table 7-2. This value was
obtained by wsing the medilan of the %0th percentiles in Table 7-6 for
gach exposure subcategory. TFor oubdeoy aily, the median 1a 0.0003
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TABLE 7«b, Summiry of Ewviromeenbal Avbestor Sxposurs Sampleyd

Heagured Qoncenbtra-
tion {ng/wi)

fquivsient Concentra-
tion {fibeyy/end)b

Nese of 90eh FPox~

Gl Ter-

Sample Suts Samples Modian tentile Hedisn sentile Refarencs
1. Parie ale 131 47 3.2 0. 00002 G.00011 Gobaatisn gt #l.,
1984
2x Paviz 1% 8.7 5.2 G.00002  0.D0017 Sebastien gt 1.,
{wutdosr controll 88
¥, Dutdoor sontrol a1 .9 5.8 0. 00003 6.00033 Constant of l.,
gamples, for U.8. 1982
achools
&. Alr of 48 1.8. 187~ L8 G.8 0.0000%  b.00023 Richoelsoes, 1571
cibian
s Adr of 0.8, 127 2.3 7.8 0. 00008 ¢.06026 U8, Eaviconmental
eitins Pratsation
Agency, 1974
&y Alr of Fiwe 1,8, 34 fe? .9 2.00022  0.00i06 Richolaon af el.,
citise {outdooy 1875, 1974
sontyol samplel}
7y Tew York City air 23 3.7 42.9 00845 0. 00143 Hicholzon et al.,
a7
Be Adr 0.3 nile 17 2.5 B2.8 QU065 G, 00278 Hicholaon &t ul.,
(0.8 k) From 1871
asbestos sprayiup
9. Afr in U.5. 3t 16,3 2.7 0.00056  0.60242 Comptant ui ai.,
sehoolrooms withe 1582
oul gsbestos
10, air in Pavis 13% 1.8 2.2 G.O0006 o.00187 Bebaktien gt sl.,
buildings with 1980 '
ashestos surfases
1. Alr in U.B. 28 7.9 .1 G.00026  0.00D64 Hicholaon gt ul.,
buildings with 1975, 1976
eementitious
apbeatos
12. Alr in B.38. 54 18.2 U6 2 (. 00064 6,003 Nigholson et als,
buildings with 1915, 1976
Frisble wgbestos
13 air in UeS, B4 G248 =50 B.00208 001833 Conataat st at.,
schoolrooms with 1982
asbeztoa gurfaces
T4, Adx in 0.3. 27 121. % Wh 5 J.08605  0,018%0 Hicholson @t al.,

sehionls with
damaged ashautos
surfacing
waterinle

Apdnprad from Nicholsus, 1983,

Based on vomvereion factor of 38 pg/ud = 1 fiker/emd,

1578
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flbers/cm for indoor uncontaminated air, it is 0.002 flbers/cm

and for 1ndoor asbestos~-contaminated air, it is 0.003 flbers/cm The
gsame distribution of occupancy over time was used to arrive at the 0.002
fibers/emd figure for a high exposure level.

Risk Assessments for Special Subpopulations

Table 7-2 shows lifetime risk estimates for people who are exposed
throughout their lives to levels of either 0.0004 or 0.002 fibers/emd
in ambient air. The predominant risk is from mesothelioma, but lung
cancers also contribute to the risk, especially for male smokers. For
exposure patterns that are different from those assumed, lifetime risks
could be higher or lower. The following are three illustrations of how
lifetime risks could be derived for such special populatiens.

Children Exposed in Asbastos-Contaminated Schools. The committee

estimated the risk for persons exposed from birth Eo age 73 years to
environmental levels of 0.002 fibers/em® (as assumed in Table 7-2) plus
an additional risk from a 10-year exposure (from ages 6 to 16) in an
asbestos—contamlnated achoolroom for 6 hours daily, 200 days per year, to
0.02 flbers/cm (550 ng/m , the 90th percentlle in Table 7-6). The
equivalent continuous daily l0-year exposure is approximately 0.003
fibers/em3, i.e., 0.02 x (200 x 6)/(365 x 24). Using equation (6), the
lifetime risk of lung cancer for a male who eventually becomes a smoker
is 0.003 x 10 x 0.0022, or 66 in a million. This risk represents an
approximately 20% addition to his ambient lifetime risk of 320 in a
million (0.002 x 73 x 0.0022), for a total of about 390 in a million.
For such an individual, the schoolroom exposure adds relatively more to
the risk of mesothelioma, as shown below. Using equations (G4) and (G5)
in Appendix G for the lifetime mesothelioma risk, L, at t = 73 for an
exposure of 2 = 10 years starting at age tg = 6 abt the dose level d,
this risk can be calculated from the formula:

L = cd{l-[1 =8 /(t-tg)]¥} (e-rglk,

with d = 0.003, &= 10, £t ~ ty = 73 -6 =67, and k = 3.2. This
lifetime mesothelioma risk becomes

L = ¢(0.003) {1-[1-(10/67)13"2 W67)3+2 = 845c.

1f ¢ is the median value of Table 7-4 (i.e., c = 2,53 x 10"8). the
estimateg lifetime mesothelioma risk, L, from the 1l0-year exposure is
21 X 10“ L3

This risk is then added to the background risk of 46 x 1076 in
Table 7- 2 giving a lifetime mesothelioma risk for this subpopulation of
67 x 107 1f a million people had received such a pattern of
exposures, about 67 might be expected te die of mesothelioma. In this
example, the contribution tc total risk from the schoolrooms is less than
that of the lifetime exposure to the lower concentrations of asbestos
estimated for the ambient air. However, if the value for k in Equation
(7) were higher than 3.2, the significance of the schoolroom exposures
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would imcrease because of the strongey dependence oo time since first
exposure. For example, i€ k = 3.8, the highest value used ia Table 7-2,
the lifetime mesothelioma risk would be 910 ¥ 1077, If k were less

than 3.2, the corveypbmding lifetime visk for mesothelioms would be less
than 67 x 1079, These caleulations show that childhood exposures to
ashestiform fibere might contribute noticeable lifetime wesothelioms
risks to those 806 expoued.

b Female Nonsmoker in a Relatively Asbestos-Free Enviromment. An
example of 4 person in & low-vrisk group is a fewale nonswoker expoked to
an averasge level of 0.0001 fibersfems. This exposure level would not
be too unlikely for & person axposed primarily te rural indoor and
putdony alr, sivcs 0.00002 Fibersfemd is the lowest median value for
4l the ourdopd-clty veadings in Table V=6. . Then, the caleulations in
Table 7-2 would lead to a mesothelioma Jifetime risk of 2.25 x 1078
(9 = 107 divided by 4) plue g lung cancer lifetime risk of
0.73 x 1070, fThe lifetime individual visk for such & persen would be

S St A R ey st
ek R L el g
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A Male Swoker Living in en Area Gontaminsted with High Levels of
Ashestos Who is Also Exposed bo High Indoor Concentyationg. As an
exzmple of & hi%hwxiﬁk pRrson, consider an urban male sm@k%f exposesd Lo
0.003 fiberafen” for one-half the time and §¢.018 fibers/cw’ for the
other half. 7his pattern is based on the sssumptien that the subject
spends one-half of his time in indoor enviromments with a high asbastos
concentration (see sample secs 13 and 14 of Table 7-6) and one~half
either in highly contaminated outdoor envivonments (see sample sets 7 and
& of Table 7-6} or in iudoor sovirommente at the high end of the
digtribution for roows that are noemally not contaminated with asbestos
(see sample set § of Table 7-6). Thus, his continugus AvVerage exposure
would b approximately 0.01 fibers/end, i.e., §.5(0.003) + 0.5(0.018).
thervefore, multiplying the secoud columm of Table 7-2 by a factor of
5 (D.01 = 5 x 0.002) would give the individual lifecime risks for such a
person as 1,8 x 1073 for the two forms of cancer taken together (230 x
1078 for mesothelioma and 1,600 x 1078 for Lung cancer). This
lifetime risk 18 the additienal ivcurred visk atiributbable te the
nonocoeupational environmental exposure to asbestos and does not include
the risk incurred by the smoking itself. The portion of the additional
rigk attribotable to lung vancer iz considerably higher then iv would be
for a nongmoker experievcing identical asbestos exposuves.

COMPARATIVE RISK ASSEBSMINT

Mothods

The goal of cowpavabive visk sseesmments is to determine vherher the
fiver sxposure In questios presents risks~-in terms of tobal nunber and
severity of effocts per year in the United States--chat are about the
game, considevably more, ov couwiderably less ehen those assegssd
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quantitatively above. fThe quantitative asssssments made in the marliex
part of this chapter were based on exgosurd te a genaralized "agbestoes”

fiber. Beecause Future aexposures Lo asbestos in the United States will be

dominated by chrysotile, risks of lung cancer and mesothelioms from
ehyeysotdls inhalation are adewmad to Be approximately the same 4§ those
attributed in the gquantitative adseysment to "asbestns," Hovever, if at
equal dosas chrygotile is less hazardous than the other kinds of
asbeatos, the assumption of equal potency may lead te overstated risk
eabimatas.

These comparative risks are population rvisks, which combine
information about the inherent risks that a given exposure to fibers
could pose to an individual and information about the curvent and
projected distribution of exposures over the U.8. population. Unlike Che
gquantitative rigk sytimates foy particular assumed exposurs lavels, ths
population risk estimates can gasdly change along with changing patterus
of production and use. Bven at g known populatieon risk level, some

individuals will receive higher than average exposures and gland at
correspondingly greater individual piek, whersas the majority of tha
population will usually have lower visks,

General Methodological Considerations

The comparative risk assessmentes in this chapter asre based on
gaveral factors, guch as:

# fiber type
- asbestos
- other fibers with some similar propartien

# type of e¢ffectl
« lung canger
-~ masothelioma

# route of exposure
« jahalation
=~ ingestion

¢ source of exposurs
¢ population abt yisk

- smokers
« other epacial groups (such as gchoolehildran)

IThe committee did uot assess fibrosis or nonmalignant pleural disease
because functional impairment vesulting from such effects would oscur
much less often thaw would the canzers at posoccupstional levels of
BRPOSUTES s
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Taking the first three of these factors as examples, risk assessment can
be visuvalized as a three-dimensional matrix. As shown in Figure 7-1, the
best understood combinations (inhaled chrysotile and crocidolite asbestos
for lung cancer and mesothelioma) are in the upper right "cells" of the
matrix, and the less understood combinations are successively further
from that position to emphasize their "distance" from the state of
knowledge necessary for quantitative risk assessment. Additional cells
could be added for other combinations.

The following combinations of fiber type, effect, and route of
exposure were considered for comparative risk assessments:

chrysotile/gastrointestinal cancer/ingestion
chrysotile/mesothelioma/ingestion
crocidolite/lung cancer/inhalation
crocidolite/mesothelioma/inhalation

other asbestos/all cancers/both routes
Eibrous_glass/lung _cancer/inhalation

e T ——p—— ——— T Y

fibrous glass/mesothelioma/inhalation
attapulgite/lung cancer/inhalation
attapulgite/mesothelioma/inhalation
mineral wool/lung cancer/inhalation
mineral wool/mesothelioma/inhalation
ceramic fiber/lung cancer/inhalation
ceramic fiber/mesothelioma/inhalation
carbon fiber/lung cancer/inhalation
carbon fiber/mesothelioma/inhalation

The committee's tesults are expressed in comparison with the
chrysotile/lung cancer/inhalation cell, hereafter called the prime cell.
Its designation as the prime cell does not imply that it is thz cell
corresponding to greatest population risk. According to the calculations
in the preceding section, if envirommental exposures to asbestos in early
life are frequent, mesothelioma may prove to be the dominant effect.

Both the comparative scores and the evalvation of the uncertainty in
them were made qualitatively rather than quantitatively; the entries are
symbols (+, 0, -, a, b, c¢) rather than numeric. Appendix H describes how

the committee went about assigning, cowbining, and assessing the symbolic
codes.,

A score sheet for recording judgments about comparative risks is
shown in Figure 7-2. Completed sheets for scored cells are included in
Appendix H, These sheets are supplied to allow the reader to evaluate

the individual judgments or the committee's subjective combination of
them.
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Ingestio/ / / / /

Inhalation

Lung
Cancer

d

Mesotheliomna

Gastrainiestinal
Cancer

d
d
v

Other Fibrous  Other

Fibers Glass Asbestos Crocidolite Chrysotile Effect
e e it
| Asbestos ~——J/Rlnu:e
Fiber

FIGURE 7-1. Three-dimensional matrix for conceptualizing the risk

assessment problem.

COMPARATIVE RISK ASSESSMENT SCORESHEET

Overall risk compared with cell above

Overall risk compared with prime cell

Quality of comparative risk assessment

Remarks:

Cell Scored / /
Fiber Effect Route

Scores Comparative / /

with Cell Fiber Ef fect Route
Exposure Score Biodisposition Effects Score
Score
Productian Fiber Size Human Studies
Use Pattern Morphology Animal Studies
Geography Chemistry In-Vitro Studies
Population Penetration Synergism
Trends Stability Other

FIGURE 7-2. Score sheet for recording judgments about comparative

risks.

————— - Y p—". A ——— - ——
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Scoring Conslderations

Production., If all other factors were equivalent, a greater
production volume (or U.S. consumption level, if that is significantly
different) would result in a greater level of exposure and a
correspondingly greater populatiom risk. If natural occurrence is
important, it can be used here aB another surrogate for exposure,

Use Pattern. Several concepts are embodied here. All have to do
with the degree to which production, consumption, or natural occurrence
will lead to actual human exposures. If the fibers are used only in
products where they are tightly bound into a matrix, relatively little
exposure will occur at least until final disposal, whereas loose filber
use in congumer applications would lead to relatively heavy and immediate
exposures. Products such as talcum powder, which are intended for direct
human use, will lead to higher exposures per unit production than those
~ that are not.

Geography. This score applies to the spatial distribution of sources
including natural deposits, mills or production facilities, fiber product
manufacturing sites, use sites, and disposal sites. Concentrated sources
tend to imply higher exposures of fewer people, This classification can
also be used as a basis for evaluating such factors as the likelihood of
fibers reaching drinking water.

Population. The size of the population at risk determines the extent
of the hazard for a given level of individual risk., A type of fiber that
ylelds exposures to many people, such as a constituent of a common
consumer product, has more potential for producing adverse health effects
than one that affects only a few people, such as a naturally occurring

but noncommercial fiber that is present only in selected, sparsely
populated regions.

Trends. Exposure is a dynamlc process that changes with changes in
total production volume, production processes, use patterns, population
distribution and habits, and many other factors that do not remain
static. Thus, the risk that would apply to a steady state of exposure at
current levels can be misleading both for currently observed effects or
for future occurrence of effects, The sharp downtrend in asbestos
exposures tends to ameliorate the population riske that might otherwise
be assessed, whereas new fiber types may present enormously higher
exposures in the future than they do at present.

Fiber Size. Two counteracting influences are at work with fiber
gize. The clearest is thelr respirability, which declines markedly as
fiber diameter increases, becoming essentially zero above 3 or 4 pm. It .
is likely that length also eventually affects respirability and,
especlally, transport potential within the body. On the other hand,
short fibers are probably more easily removed from the body by 4
thagocytes; thinner ones may be more easily dissolved, coated, or gelle .

S
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by body fluids; and small fibers in general may not act blologleally the
same as large fibers, which ecan disturb many cells at once. Furthermore,
small flbers may be more likely to be exhaled with the tidal volume and,
thus, not retained in the lung. The overall significance of fiber size
may therefore be represented as a potency that is greatest for fibers
around 0.2 um diameter and 20 um in length (Pott, 1978),

Morphology. Whatever the response to fiber size, it seems likely
that long, thin fibers that have strength, durability, flexibility, and a
high aspect ratio are more likely to cause adverse health effects than
are fibers without these characteristics. The curliness of chrysotile
fiber bundles may increase thelr effective aerodynamlc diameter, thus
decreasing their respirability below that expected on the basis of fiber
diameter alone.

Chemistry. Although little is known about the influence of fiber
chemistry on potential for health effects, {t seems possible that the
chemical properties of fibers play some role, especlally with respect to

surface chemistry, Another feature of surface chemistry, i.e., the
ability to adsorb carcinogenic substances, is included under “synergism."

Penetration. The ability of a fiber to penetrate to the site where
effecta are developed, for exzample, to the pleura or peritoneum in the
development of mesothelioma, 1s clearly important to its potential for
causing disease. Thiz categoery Includes all fiber properties that
facilitate such penetration. It is closely related to fiber size,
morphology, and stability.

Stability. Some experimental evidence suggests that the longer a
fiber remalins in a2 tissue, the greater i1s its cpportunity for inducing
its blologlcal effects, for example, stimulating cell hyperplasia when a
transformed cell is present., In this case, the important factor is not
the resistance to translocation but the resistance to chemical or
physical degradation such as disselution or gelling.

Human Studies. This category includes both clinical and
epidemiological observations in human populations.

Animal Studies. The demonstration of slgnificant blologlecal effects
in a well-designed animal experiment is considered evidence that the test
substance has a potential for causing similar effects in humans.

In Vitro Studies. Although the meaningfulness of short-term, in
vitro experiments with respect to the effects of fibers 1s questionable,
it is known that asbestos and some other fibers demonstrate some
cellular-level effects such as hemolysis. The ability to cause such
effects is consldered a weak, but not entirely worthless, argument for
health effects potential,

e
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Synergism, Information on synergistic effects would markedly affect
assessment of comparative risk. The only such information available
involves asbestos and cigarette smoking.

Other. This catchall category could be applied to any influence on
overall risk, including exposure, bhiodlsposition, and effects. For

example, if a particular fiber is found to be more likely than the
others to reach young children and 1f the effect in question is most

prevalent in children or if it increases in incidence with time after
first exposure a8 with mesothelloma, then the comparative risk estimate
would be increased.

Discusaion of Comparative Risks

Table 7-7 summarizes from a different perspective the information in
Appendix H.

It
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No cell of the fiber/effect/route matrix approaches the population
risk levels associated with the prime cell (chrysotile/lung
cancer/inhalation). As noted in the quantitative assessment, the
mesothelioma risk from lifetime exposure to asbestos is potentially much
greater than the lung cancer risk. Although some researchers question
whether chrysotile 1s as potent as other asbestos varieties in causing
mesothelioma, the committee has assumed that even exposure only to
chrysotile continously since birth would cause more mesothelioma than
lung cancer. Chrysotile has been extensively used in the past and thus
also provides a source of in-place exposure. Of the other combinations,
the committee belleves the ones most worth watching in the near term are
fibrous glass and attapulgite for lung cancer by inhalation., The risks
for effects of crocidolite and other asbastos varieties are reasonably
well understood, and measures taken to reduce occupational exposures in
the future may also keep the nonoccupational exposures to a mininum.
However, genmeral population exposures to crocidolite already in place
could be substantial, especlally in connection with its disposal.

The other cells seem to entall significantly less population risk
(more than 10 times less) than the prime cell. In several cases, this
judgment is based prinmcipally om current exposure or biodisposition
rather than on definitive evidence that the fibers have low Intrinsic
health effects potential. For example, both ceramic and carbon fibers
can be found in respirable silze ranges and may well have blological
properties similar to those of asbestos. However, they are produced in
low volumes and are used in limited, generally contained applications.
Population risks could become substantial if these facts changed. Most
fibrous glass and mineral wool 1as produced in nonresplrable sizes, and
some evidence from epidemiological and animal studies suggests that
their biological toxicity is low. Thus, risk levels for these
substances are rated low despite the substantizl potentlal for exposure.
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PABLE T=7. Summsry of Comparative Risk Zzsesatsent

gomparad with Shrysutiled/lung Cancer/ Inhelation, Duts on the Wsotov
Sugpast that Peoulstisn Risk Should be

Highey Similey . .. Lever Huch faovex

Product ion

s pattarn

frocidolite
{icher asheshos
farban Eiber
taramic Fibar

Fibeona ghass Hinoval mool

Attapuligize

Fivrouy glass Othay pobestos Crocidolity Cavanie Fibsy

Attspuigits Carbon fibar
Hinsral wool
Cheeysotile/ingestion
T
GEGEFAPHY rilrmm gl Other—asbestos—rocidolite
Hineval wook Atzapulgirs
Carbon fibay Guramic Liber
Crxy sotildl ingeation
i Population Pibrous glass Crocidolita flarbon fiber
Artapuligite Oiher ashastos Caramie Fibar
. Hiparval woel
Tronds Fibrous plags Other ashbeatos Grocidoiice
Abtapulgliza

E

Fiber siga

Horphology
Chamiszry

fenatraling

Srabilisy

Mineral wool
Carbon fibey
{aramie fiber
tractdolite Hineral wool
Geher anboston
EBarbon Eibet
Coramic Eibev

Fibrous glass
Attapulyien

Croeidelicg A1l others

#o elanr gffect of chemisiyy evident

Croeidolice tavbon fiber Hineral wool Fibrous zlavs
Other ssbeatos Gerimic Piber Eheynot L iad iagawt bos

aerapulgirze

Lroanidolivg AlL athera fibhrous glass

Other asbzstos

{eontinued on aexe page)

3
]
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TABLE 7~¥ {oonkd

Compared with Shrgsot {le/lung Cancer/Inbeiation, Rata oy the Bactor
Smggest thet Fepulativn fisk Wheeld be

Pactor Bigher Similuy fower Huih lower
Ipidnmiviogieal Orecidelited Ceogddolive/ Fibrous glass
studies magotheliong loug cancer Ceramip £iber
Hiueral woel Hipsesl weol
Animal atudiesn Grottdakive ALl others

(ither asbageon

;5 +

3 Iy vitro studies® - o e e

? Hynargisn 411 others ¥ihprous glans

4 % arhert — s —— i

§ -

: i Yverall Chrpuatiled Carbon fiber

: ; population :&éﬁgﬁ_hﬁi}imi _C&m:sic £iter

qi riah fngestion avtapulgive/

' 3 H Crocidolite mesorheliom

i} Breapulg iTEY OTHEY ashEstoR/
é lung canger other cancer
¥

E=d

APy

A

s

Fibrous glaoe

Eipantitetive differences in setivity not apparant.
b other factor was suwiffelentiy striking For fuclustoa.

For any cowbination ¢f fiber type, effect, and route of exposure nuvi
apsessed, even for comparvative risk, the committée believes either that
rigke are at most of marginal significance or that there is insufficilent
information on which to base such a comparison. Most of the cowmbinstions
fall into the former category. Carcinegenle effects other than lung
cancer or mesothelioms constitute examples of the losufficient
information category for seversl fibers.

SUMMARY AND RECOMMENDATIONS

The counittes has made quantitative rilsk assessments for
nonofeupational, exposures to ashestos and gualitetive (er comparative)
ek assessments Lor a varlety of agbestiform fibers., Lung eancer gnd
wesotheliona from inbaled materials feceived the gredtest vomsideration.
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For the quantitative visk assessment, & linesr medel for low dose
axtragolation way wyed. When quastifying risk from nonccecupational
euposures, uncertainties aze introduced not only by the selaction of
mathematical sodels bub also becanss the charvacteristics of fibrous
materials in the ambiant eovironment differ frowm thoge in the workplace.
By eenverting wass concentrationd megssured in the enviroament to
equivalent numbers of flbers in the workplaes, the compittee assumsd a
madian popalation esposuis of 0.0004 fibers/em’ air theoughowt a
73wyear lifetime. Bused on this and various other apsumptions, the
individual lifetime risk for lumg canmcer was estimated to be between 3 in
a million for female nunswokers and 64 in a willion for male smokers, and
for pesotheliowa it was spproximately nine in & millien, regavdless of
smokigg babits or sex, However, other assumptions could decrasse the
risks essentially to zere, or vould increase them,

The finding that the risk for mesothelicma is greater than that for
lgag cancér smong ponsuvkers ig due to the strong deéependence of
mesotheliond risk opn tise gince Flest expeosure. Thus, a gilven exposura
in-enildhnod-markedly increases_the liferime_rvisk_of mesorhelioma

compared with an equivalent dose later. 1t should be remembered that
thege risk estimates ware baged on data obtained from worker cohoris,

Smokers runs a substantially highep risk of waligoant disease from
agbastos than do nonsmokera; for smokers, lung cancer is a greater risk
rhan mesoltheliona,

Studies should be conducted to learn wmore pracisely the depeadencs of
mesothelioma and lung center mortality on time gince fivst exposure and
an the characteristice of the sxposurs. BHBuch wfforts should include
studies in aniwal medels and follow-up studies of vccopaticaally exposed
cohoris.

For the compavative visk assedsment, population visks (es opposad o
jodividual visks) were eofisidered. The risks were bassd on three majoy
factors: exposure levels, biodisposition, and evidence of adverse hsalth
affects. The potential for exposurs was a dominant factor. Thus, risk
eastimatas for sebstances of aqeal bioclogicral potancy way be widely
divergent if the populations exposed to them differ greatly. Tvo poiots
follow [rowm this. First, some individuals may be sxposed to high levels
of a fibher For whieh the overall populaticon exposura is low., Segond, the
gvarall population risk would chanpe 1f use patferns change.

Current population risk from exposuves Lo fhe various substancss
considersd, including fibrous glass, sttapulgite, and carbon fibers,
appears to be wuch less tham for the risk from asbestes, especislly
chrysetile. However, furthed information is veeded to evaluate the
possible adverse effects of exposures to fine fibrous glass and
attapulgite.
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bPage 38 Page 40 |
1 A. No, sir, I did not. [ thought that the 1 phone and causing that.
2 panel of stains that he prepared was adequate. 2 MR. SWEENEY: We're going to keep going
3 There were a few remaining unstained 3 since there's two of you on.
4  sections, but I did not see it necessary to have any | 4 MR. WITTE: They will call back in.
5  other stains done. 5 BY MR. WELCH:
6 Q. Allright. Was there a discrepancy in 6 Q. We were discussing your aitribution?
7  the Calretinin stain done from the original hospital | 7 A. Yes.sir. And | had mentioned that the
8 asto the one done here? 8  presentation of the disease, the natural history of
9 A. The original hospital read it as 9 the disease, the gross distribution of the disease in
10  positive. {read it in my report as negative and 10 the patient. the general appearance on the H & E
11 Dr. Legier in his report also read it as negative. 11  slides. the presence of keratin positivity, many cells
12  So, yes, sir, that would be a discrepancy. 12  two-plus positive in my report, the negative stains
13 Q. Does that in any way effect your 13  for other things like $100 and CD34 convinced me that
14  diagnosis in the case? 14 this was, in fact, a sarcomatoid malignant
15 A. Not in this particular case. [ felt that 15 mesothelioma,
16  given all the other information that | have about this|16 Q. Did you prepare conirols for -- or did
17  case, this patient that it still was a sarcomatoid 17 someone here at Riverside prepare controls for the
18 malignant mesothelioma. 18 stains that were done here?
19 Q. Today, do you feel that there is any 19 A.  Yes, sir.
20  differential diagnosis with that? 20 Q. And did they test appropriatety?
21 A. Well, not really. [ believe that this is 21 A, Yes.sir, they did.
22  asarcomatoid malignant mesothelioma. 22 Q. Youdid not find any histological proof
23 Q. And you attribute it to what? 23 of an asbestos burden in Mr. Sartin's lungs, did you?
24 A. To the presentation of the case, to the 24 A, Well. I did not have any of his lungs to
25  distribution of the tumor, to the progression of the {25  examine for that, so I could not evaluate that,
Page 39 Page 41 .
1 disease, io the general histologic opinions -- to the 1 That's not a negative result; it's just that | didn't
2 general histologic appearance on the H & E sections 2 have anything to evaluate for that,
3 and to the finding of many -- 3 Q. And although you did have some pleural
4 (There was a pause in the proceedings.) 4 tissue, you did not find pleural plaque?
5 THE WITNESS: I've turned the volume 5 A. That's correct,
6 down. What do you guys want me to do? 6 Q. In your report you have included a
7 MR. SWEENEY: Hey, can you all hear him 7  section which was absent from Dr. Legier's report
8 on the phone? 8  concerning the Helsinki criteria for the attribution
9 Hello? 8 ofmesothelioma to asbestos exposure,
10 We may need to call back in, 10 Were you asked by anyone to include that
11 Anybody there? 11  portion of your report after Dr. Legier issued his?
12 MR. ORNDORFF: Sounds like everybody hungl2 A. No,sir. It's just my custom to include ‘
13 up. 13 the criteria that I would use for making a statement §
14 UNIDENTIFIED SPEAKER: [think it'sclear {14  wilh reasonable medical certainty,
15 now. 15 If this were a lung cancer, for example,
16 MR. SWEENEY: There are people on the 16 [ would include a different set of criteria taken from g
17  phone? 17  Dr. Roggli's textbook probably. Ifthisisa
18 UNIDENTIFIED SPEAKER: Actually, I stayedl8  mesothelioma, | generally take the Helsinki criteria.
19  onthroughout. 1 hear people hanging out. but i don't {12  Sometimes I'll list criteria from several sources that
20 know what just happened. 20  are the basis of making a causation statement,
21 MR. ORNDORFF: It sounded to me like 21 Q. Allright. Do you require any particular
22 there was somebody on a telephone. 22 exposure in terms of fiber per cc years for the
23 MR, SWEENEY: Well, whoever you two guys{23  attribution of mesothelioma to asbestos?
24 that's enough for us. We'll keep moving. 24 A. Well, no, sir, I generally don't quantify
25 UNIDENTIFIED SPEAKER: I was on a cell it that precisely. I require that there be either --
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Page 42 Page 44 §
: 1 well. basically what the Helsinki criteria asks for. 1 A. Atexposures of that level, that is to
2 either demonstrative increase in tissue burden or 2 say..0003 or less there will be some people that have
3 other asbestos-related lesions or a history of 3 mesothelioma. That number will be relatively low.
4  asbestos exposure, occupational, domestic, or 4  Those would, T suppose. be the true idiopathic
5 environmental above background, 5 mesotheliomas.
5 Q. What do you consider to be background? ] Q. You agree that there are idiopathic
7 A. There is a table on page 220 of the book, 7  mesotheliomas?
8  "Asbestiform Fibers: Nonoccupational Exposures.” 8 A.  Yes, sir, according to the current
9  written by the national science -- 9  medical literature, I've seen numbers that range from |
10 MR, DeLUCA: National Academy of 10  about six percent in the German mesothelioma registry |
11  Sciences, 11 up to about 20 percent in the Helsinki criteria paper.
12 THE WITNESS: Excuse me, National Academyl2 Q. [ believe Dr. Roggli listed it as 10 to
13 of Sciences, published in 1984, that details 13 20 percent of males in United States,
14  background or environmental exposure levels in a wholg14 A.  Yes. Inhis book ] believe he uses that
15  variety of different situations, There must be 15 or 15 figure. And as a convenient figure, I will use 10
16 20 references on that page. 16 percent in my discussions because it's very easy to do
17 In general, | regard an environmental 17  the mathematics that way. | certainly agree. however,
18 level for ambient air of 0.0003 or less to be an 18 that the medical literature has a variety of estimates
19 environmental level. Some of the measurements given |19 somewhere around that.
20 inthat table are even less than that, some are higher 20 Q. Doctor, let me ask you one guestion [
21 than that, But as a -- what's the word? Asa 21  didn't cover earlier. Have you issued any report on
22 general -- it's not exactly an average, but as a 22 Mr, Sartin other than the one dated 11/22/2006%
23 reasonable -- 23 A. N, sir, | have not.
24 BY MR. WELCH: 24 Q. To your knowledge, has Dr. Legier issued
25 Q. Estimate? 25  any report other than his dated 11/9/067
Page 43 Page 451
1 A. --estimate of background, that would be 1 A. Not that I know of.
2 about right in my opinion. 2 Q. Do you believe you would be aware of it
3 Q.  Would you feel that an exposure of ,0003 3  ifhe had?
4 or less capable of producing mesothelioma? 4 A. Probably, And i'd certainly be happy to
5 A.  Well, Pm afraid that my answer to that % check our information system, our pathology
6  question will be a Tittle complicated. 6 information system if we have a break at some time to§
) 7 H you have a group of people and that's 7 see if there's anything out there, i
. 8  the only exposure they had, a background environmental 8 MR. WELCH: Let me ask Mr, Del.uca. Are |
9  type exposure at that level, you would not be able to 9  you aware of anything additional by Dr. Legier? ‘
10  prove that their mesotheliomas were due to that 10 MR. DeLUCA: No, sir, I'm not.
11 exposure because you would not be able to constructa |11 MR. WELCH: All right.
12 comparative -- a group for comparison, a control group |12 MR. DeLUCA: Off the record?
13 you would not be able to construct because on this 13 MR. WELCH: Yeah,
14  planet, that's background exposure level. 14 (Recess: 9:59 - 10:17 a.m.)
1s However, the other way to look at it is 15 BY MR. WELCH:
16  thal if a person develops a mesothelioma, that 16 Q. Dr. Maddox, while we were taking a little
17  person's body has no idea what fiber it's coming from. |17  break there, I understand you checked your computer
18  The body that's reacting by developing a mesothelioma {18  system and discovered there were additional working §
19 cannot distinguish whether a -- any particular fiber 19  drafts that were made on the two reports that we have B
20  or group of fibers is from an environmental source or (20  discussed. yours and Dr. Legier's?
21  an occupational source. 21 A, Yes. sir, that's correet. As far as I've
22 Q. But based upon the estimates you 22 been able to tell, there have been no changes or
23 mentioned from the National Academy of Sciences, you|23  additions to either one of the final reports since
would not expect an exposure of that level to produce they were issued. The working draft is simply a
mesothelioma? different format for presenting the typing, the
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