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Biologic Response to Kind
and Amount of Asbestos

Morris Kieinfeld, M.D.

Studla of the hologic response
to Jifferent types of asbestos dusts in-
dicate that theyr inhalation in adequate
concentrations can produce pulmonary
and pleural fibrosis and/or severai types
of malignancy, chiefly of the lung, pleura
and peritoneum’ AssoCiations between
asbestos dust exposure and malignancy
of the gastrointestinal tract have been
reported? ¢ However, a generai con-
sensus with regard to this assaciation has
not been evolved? Most of the evidence
of associaton between asbestos ex-
posure and human di-ease has beoen
acquired trom oczuzaiorgly exposed
groups

Etfects of Exposure to Different
Types of Inhaled Asbestos Dusts
1. Asbestotic Preumocomosis Of the
diff rent pa:hogemic effects associated
with asbestos dust exposure, the first
cleady demonstrated adverse effect of
asbestos 1n man was pulmonary fibrosis
or asbestotc prneumocomosis There s
general agreement that all forms of
asbestos in commercial use can produce
fibrotic effects in the lungs* Asbesiolc
pneumoconiasis s charactenzed roent-
genographically by diftuse intersuuat
fibrosis of varable degree someltimes
associated  with  pleural  hibrosis  and
calaificaton Clinical sigrs include lung
crepitations  finger clubbing and dvsp-
nea, physiological changes are con-
ststent with a restrictive leng dosorder
manifested by decredsed torced vial
capaciy  drministed ditusion capacity
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and decreased pulmonary comphance.

Asbestotic puimonaey fhbrosts has
been produced expenmentally in vanous
arimal  species Mowever, dala on
refative fibrogenicity of different asbestos
dusts 1n antmal work has not been con-
sistents ¢  Human data on rmlative
fibrogenicity of different asbestos dusts is
stfl inconclusive Murphy, Ferns and
Burgess’ studied pipe coverers exposed
mainly to chrysotile and amoste dust
Ashestosis was first observed after 13
years of exposure to the dust or about 60
milion parncies per cubic foot {mpcf)
years The prevatence was 38% atter 0
years of exposure ln a recen! un-
pubhished study of talc workers expased
to a mudture of talc with tremolite and
anthrophyllite as the predominant
fibrous components, Kleinfeid, Messite
and langer? found only one case of
pPREUMOCONIOsS among a group of 39
workers whose mean expo-ure was 16 2
years with a range of 11 1o 22 years. The
mean dust concentration to which the
workers had been exposed over a 20
year period was 13 mppd with an
average mintmum concentration of 6
and an gverage maximum ot 68 mppcf.
In both siudies’ & corsideration was
given orhy 1o ime-we'ghted average ex-
posures Peak concentrations were not
mentioned lacking data on peak ex-
posures and since the operations dirrered
agnificantly one cannot truly compare
the relative pathogenicity of the dusts
reterred to 10 the two <tudiey

a¢ in the case nt bronchogenic car-
¢nama the tactar of smaokog myst be
conmicered n redat o vy asbesios ex-
posure and desciopre * nt pulmonan

norosy In g ~tudh ot 10 a-Deslon teat'e

workers  Maeus® ra_~d that the
prevalence Nf pylvar Hrsce W as
s N smya0ts 370 I, an noe

PLAINTIFF'S EXHIBIT

DOW-1661

£899G5015s

smokers. Age, sex and duration dlask-
posure to asbestos did not account for
this difference The prevalence o
pulmanary fibrosis rose with increasirg
amount and duration of cigarere
smoking and with incressing exposure 1o
asbestos.

2. Bronchogenic Carcinoma Availab'e
data confirm a relatvonship between past
occupatonal exposure 10 asbesios dusts
and higher than expected incidence o)
bronchogenic carcinoma!o=-11  Sgme
studies have demonsirated ditterences o
degree of rnsk among ditterent oc
cupauonaily esxposed g cuis prohat.
related 1o type and concenication
ashestos fiber, nature of work rer
formed, and other factors such a-
smoking cigarettes'? and presence «f
metals n the asbesins dust'* For exam
ple, mn a study of mortality in relation to
accupatioral exposuse n the asbesios
industry, Enterthne. DeCoutle snd Hen
derson'? observed difterences .-
respirdtary  cancer mortalily  betweu:
mantenance service
production workess Two possible «
planations were offered for the v
ferences W1 resprratory cancer maors:
between these two groups, one that
interrmitent asbestns exposure ot ma
tenance service workers rooably a.
very high level, produced
respiratoty cancer but no gre it excess v
asbestosis: another ewpigraton ad
based on types of asbedtos to wh
these two groups of workers were -
posed Sixhv-lour percent of it my
terndace service worlers swith hgh o
posures bad heen expnsed o crocids
ashestos whereds 87 ar thy produc.
whrkers with high expoasuses had b
o exposed, wichcanng oot
Was MOre CarC.aay ~i¢ tnan tme -
asbestos dusis chasat e
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gnosite, 10 which these workers were
gposed. Cigarette smoking 15 an ad-
dhonal factor ot imporance. fn 3 study
o .nsulation workers, Sehkoff, Ham-
mond and Churg'?! reported a morntality
ask 92 tmes greater among insulators
oho smoked cgarettes compared to
men who neither smoked cigarettes nor
worked tn the insulation industry More
wcently, the role of trace metals has also
been considered a major factor 1n car-
anogenests among asbestas insulators™
wagner, Gilson Berry et al'® com.
mented that the nsk of bronchogenic
caranoma s clearly related to the .
tensity of pas! expasure and to the risk o1
sbestosts  When the envirgnmental
control 15 sutf clent to ehiminate
»Destosts, (ne excess nsk ot~ bron-
Jhngenic  cancer 4 =inshes  \Wagner
and associates also ~a.cated that ot s
st known whether e ype of asbestos
whaled influences t~e risk ot bronchial
cancer (N Man Exgeriments 1N animals
wygested to them tnat 1 should because
chrysatile produces 'ess severe {ibros.s
thin does amosite ar crocidolite i equd:
do-es

The quest.on of whether the ca-
cnogenic role of asbestos 15 refated
e <b««fnc kind of tiber 1s more dir” 7.
a answer than the question of <ose-
elated response  For this  purpose
Wnght* indicated that populations w.t
long-term exposure 1o only one vanet.
af hber are needed. Virwally al
tbncating processes use more than one
wdrety within the same premises at any
one ime o¢ have used tnore than one
warety  at vanous times, Populations
resiricted to mrimng and  mulling
operations 1 the production of asbestos
nber lend themselves best 10 a study of
he errects of a single kind of asbestos
nher ¢ 15 these populations which can
provide the answer to the influence of a
any e vanety of asbestas fiber in terms
o Zarcinogenesis However, the rale of
Mterent types of asbestos n ratsing the
ncdence of bronchogeme cancer ap-
Mears o be dose-related and  may
Hpond ypon the specific category of
9 especiatly in ~egard to degree af ef-

e
<

1 Mesothehiat Tumors Primary

“a'grant tumors of the pleura and
M tgneum, tormerly regarded as ex
“mhingly rare by most pathologists are
~ ag reported more frequendy, par
among workers exposed If
dust'  Since  Vvagnor't et

T

ey

reported 33 cases of mesothelal tumors
in a part of South Alnca important for
croaidolite mining, investigators n other
parts of the world® 7 have examined the
distribution  of mesothelilomas 1in the
general population and among  oc-
cupationatly exposed asbestos warkers
The results indicate a fawly good
relationship between exposure to dif-
terent asbestos dusts, namely,
crocidolite, chrysoule and amosite or
mixtures thereof, and the occurrence of
mesotheliomas. Wagner'® pointed out
that amphubole hbers, which are siraight,
are more hkely 1o reach the pernphery of
‘he jung In contrast to chrysatile nbers,
which resemble stretched coils and are
‘eagiy ntercepted by the bronchy,
especiatly at biryrcations The lesser nsk
2 developing mesothehoma tom ex-
ansure to chrysotile fibers mav be due to
s~eir cully nature, which prevents most
o ckem from reaching the peura
Magner has, theretore, emphasized that
suantdtative studres of the distnipation of
so-erent npes of hiber within e lung
‘~nowing  nhalaton need (o be ex-
rended However nat 4!l amzninole
* sers show an increased presafence tor
~esothelioma production  Jesoite 3
~Trough Searcn Ny iesuliinyTas Nave
~zen  associated wih arin cavibie
z-hestos praduction in Finlaro ¢
.mbrell Grirtns and Pootev- em.
shasized the 'mportance ot hber
Yrameter in additon to fiber shape in
telation 10 development  of
mesothelioma They provided a
plaushle explanation for difterences n
frequency of diffuse mesotheltomas n
the Northwestern Cape of South Afnica
where only crocidohte 1s mined com-
pared to the Transvaal regron where
both crocidolite and the closehy related
amosite are muned The occurrence of
mesothelioma n the Transvaal s rare
The mean fiber diameters ot Transvaal
crocidotite and amosite were three times
those of Northwestern Cape crocidolite
Timbrell et al postulated that dirrerences
1 diameter would influence the abtnlity
of fibers to penetrate to the perighery of
the lung and pleura where the tumors
deveiop Because of trewr greater
aerodynamic size, @ higher progoriion by
mass of Transvaal fibers will be
deposited 1in the larger a~wavs by
gravitanonal  setthng ard hence
reach the penpheny of the lu~a with
much tess efng ency than the <horier and
nhers 0! 'm2 North

will

smaller diameter
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western Cape The greater penetration
to the deeper alveoli adjacent to the
pleura by the smailer cocdolite fibers
could account for differences n ia-
cidence of mesothelioma amang
workers in the two areas In addiron 10
the tyologic impontance of fiber dumeter
and shape. ather factors such as metailic
cations and enzymes present in asbesios
dust remain to be evaluated, particularly
in view of the fict that not all
mesotheliomas are related 10 asbestos
dust exposure

There have been a variety of animai
studies 0 which experimentatly induced
mesothelloma has been reparted in da-
ferent arimals.2! 22 Of particular inierest
15 the study of Roe, Cacter, Walters et a2t
who produced pleural and pentoneal

. mesothehama 10 mice subcutaneously

injected with crocidolite, amaosite and
chrysotle and thus have shown eys-
dence ot mueration ot fibers, 4 finding
which  helps explain  perntoneal
mesothellama in waorkers expnsed 1o dul-
terent gsbestos dusts

One noteworthy teature about the oc-
currence of ashestos mesatheliumas has
been the long period. commaoniv over 10
years between tirst expasure ta ashesing
and 2ppezrance o~ mesnthehinma ™ -4 25
Mbhdw et and Raw clittesr obeerven) thay
the nterval  tcom st exposure  ty
ashestos  and  appearance ot reso-
theliomas ranged trom 13 (0 63 vears
with ¢ mean ot 12 years They ex-
pressed the opinion that the inuidence at
mesothefiama will continue to nse with
increasing use of asbestos until aboul 40
years after adequate protective measurcs
have heen taken. Another :mportant
feature about mesothelioma n contrast
to bronchaogemic carcinoma s that
Ggarette smaking does not appear 1o be
an mpartant factor related to s
deveiopment

4 Pleural Calcification: Catcined
pleural plaques have been reported
amang workers exposed 1o an-
thophyllite, chnysoble, amosite and
tren.chte. or muxtures thereof* =19
Multiple or bilateral pleurat plagques are
regarded by some investigators as vir-
tually didggnastc of asbestos related
disease® however, other causes ot
pleural caloficaion are well known
Robinson?' found pleural plaques in
27% of 1819 autopsies perurmed
chieily upon adult males No relation-
ship to tvpical asbestos bodies
deyenerative or nepplastic disedse ar
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known infectious disease was
discovered. Robinson indicated that
pleural plaques should not be con-
sidered proof of asbestosts nor termed
“bemgn fibrotic mesothetioma”.

With regard to those occupationally
exposed, pleural calcification rarely ap-
pears untit 20 years after first exposure
and does not necessanly correlate with
pulmonary fibrosis. Pleural calafication
aiso appears to differ in frequency in dif-
‘arent occupationally exposed groups,
it studies to date have not explained
such differences. The finding of pleural
aiafication or pleural plaques has been
reported as being common in large
segments of populations not directly ex-
posed occupatonally to asbhestos but
wifig I OF near regions where asbestos
“ibers are being produced and used?

There 18 no evidence that presence of
pieural plaques bears any relation to the
development of mesothelioma. In
finland and Eastem Quebec where 2
greater frequency of pleural plaques has
been reported, there has been no in-
creasad frequency of mesothelioma®
Furthermore, one cannot conciude that
presence of pleual caicification 1s ann-
dicator of previous asbestos exposute
Gnee other causes lgad 1o ths (Snaition,
nor can it be assumed that absence of
plaques exciudes & history of exposure to
asbestos.

EHects Related to Quantity of
inhaled Asbestos Dusts

1. Comelation of Environmental Ex-
posure and Biologic Response Baizer
and Cooper¥ reported ashestosis among
insulation workers exposed 10 levels not
exceeding the nme-weighted average of
3 mppcf Chrvsotile and amosite were
the principal types of asbestos minerals
10 which the group studied was ex-
posed

Murphy, Fferns and Burgess et at?
reported that asbestosis was first ob-
senved 1n the group they studied arter 13
years of exposure, Of about 60 mppct-
years The highest average concentrabon
was 100 mppct and lowest 08 mppct
with an overall average of 52 mppct
Amosite and chrysotite were used but no
crocidolite was present No asbe-tos«<
was found in men exposed less than 60
mppcf-years Twenty percent of those
exposed tor 75 1o 100 mppcr vears were
considered to hasve asbestous N at
tempt was made 10 cortel 12 workes
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who had asbestosis with the charace
teristics of diferent jobs 1n the work-
place nor with ime spent on the job.
Peak concentrations were not given.

In a recent unpublished paper,
williams, Bater and Thomas!s compiled
data on exposure levels at various lexiile
processing operations In two plants for
37 years and 20 years, respectively. fven
though exposures were mainly below 5
mppcf and in many instances beiow 2
mppcf, 64 workers were reported to
have asbestosss.

in an unpublished study, Kleinfeld,
Messite and Langer® found only one case
of pneumoconiosis 1 3 group of 39
workers exposed to commercial t2ls
containing tremohite and anthrophyilite
as the major fibrous components,
despite a mean exposure of 16 2 years
with a range of 11 to 22 years and a
ume-weighted average of 23.0 mppd
The mean fiber cournt, abtained only n
1970, was 34 fibersiml with a fiber
length greater than 5 mucrons/ml The
range varied from a low of 8 to 2 high of
160 fibersimi In a comparatuve study of
talc workers employed in two different
plants and exposed lo the same
muinerals, these authors® observed a
sgnificantiy increased prevalence of
pneumoconiasts based on chest roent.
genograms and chnical findings @ the
workers who had four umes the mean
fiber count than the comparative group
even though mean age and average
duration of exposure and range were
smilar for both groups, indicating a
dose-res ponse refationship.

Enterhine, DeCaufle and Henderson
recently demonstrated convincing
evidence for an exposure-response
relationship between cheysotile asbestas,
measured n lerms of mithon parts per
cubic foot years {mppci-years), and nsk
of malignant and non-malignant
respiratory disease Specifically, the sk
of respiatory cancer ncreased from
166 7 {Stancarcized Mortality Rano) at
minimal exposures to 5356 at
cumulative exposures 1in excess of 750
mppcf-years The percentage ncrease
exceeded 300 \With regard to non-
malignant respiratory disease, the in-
creased rish was not only 1o
pneumocan ns.: and puimonary tibrosis
but to other diseases of the respiratory
system as wel’

VicDonald  Rossiter, Eyssen et alV
reported o Y19 primary thoracic
neop sy 3o 3304 tormer em-

e ——————RERNEMAAENNY

ployees 1n 3 chrysotle asbestas cmure
and mill. five of the neoplasms were
mesotheliomas. Although the autnon
conduded that even heavy ashestos ex-
posure camed only a modest nsk of con-
tracting tung cancer and an even lesser
risk of contracting mesothelioma,
Selikoff* in commenting on McDonaid's
“heavily exposed” group stated that
these workers demonstrated five imes as
much fung caancer as the group aof
“lightly exposed” workers.

Wheveas bronchial cancer s more
dearly refated 10 intensity of exposure,
data on mesothelioma are less certain
with regard to the influence of quantty
There are many examples where ex-
posure has been short, though not
necessanly slight, As mentioned by
Wagner, Gilson, Berry et af'¢, mesothelial
tumors apparently occur maore frequently
in the pentoneum than in the plecra
when the exposure has been extensive,
but the route of entry of dusts into the
3bdomen 15 not known Epidemuological
studies show that there 1s much clearer
evidence of nsk of mesothelioma varying
with type of asbestos than in the case of
bronchial carcanoma The study ot
Kiviluoto and Meueman!d aravides
evidence that exposure to anthnphwvil ia
very rarely causes mesothelioma  The
very long penod that elapses tehveen
first exposure and develupment of
mesothelioma has prevented an estimate
of what proportion of an exposed group
develops mesothelial tumors Yvagner,
Gilson, Berry et ai'® heheve that the
piopommion s hkely to be fairly .mall,
much less than that follawing exposure
to bladder carcinogens for example As
true for pleurai calaficaton, not alt
pleurai mesotheliomas are relatable to
exposure to asbestos, there are
presumably other causative factors This
makes interpretation of the relabonship
between asbestos exposure at 3 low
level and mesathelioma difficult There 1s
need for more prospective studies on the
quantity as well as type ot asbestos bur-
den n the lung and occurrence of
mesothelioma.

2 Modality Expertence Fram Llung
Cancer, Asbestosis and Other
Malignant Respiratory Drseases Studies
of the manrtaldy of workers in dinerent
asbestos indusines and trades and d.t-
ferent asbestos dust exposures? 1 &7 1@ M
€ inchcate that past exposure to dif erent
ashestos minerals has cortnbu’ec o an
excess of mortahty of cancer ot th. lu~g

Nort-

l

Biglog:c Response 1o Kind and Amount of Asbestas wiainfatd i

|



ura and pertonsum and s com-
cations, and  non-malignant
wratgry disease aver the general
sulaton 1o several studies an excess
deaths from gastrointestinal
ignancy? ' has been reported.
siudies on mortalily experience point
the importance of elapsed ume from
wal exposure and duration and degree
axposure as factors which increase the
« of malignant and non-malignant
oiratory disease. In some instances
wre exposure was of short duration
: degree was relatively high, there was
excess of observed deaths from can-
of the lung and pleura and ancer of
wy sites compared to the number ex-
ted Knox, Hoimes Doll et al®
ind, i 2 preliminary report. that after
st controls were introduced In a
ush asbestos texule prant during the
30's, the incidence of resdiratofy can-
tefl from a tenfold excess to a rate
wlar to that in the general population
incuso and El-Attar ~ o merr study of
5108 warkers obcerveq ‘~at the nsk
pulmonary cancer .a° 22 sith em-
sement durahon  n ™o nsances das
> evel O emnpioyment exner ence .
Meen My g e Juitiundiy
~cers 1Creased
\Wath cegard 10 hpe ot asbestos Kle a.
d Mesate, koo uman et aft obsenved
excesy of mary' iy “rom cancer of the
-2 and pleura amuong -alc v orkers ex-
~ed to 3 mixture nt 1aic ard emolite
sgnificant 1ncrease In incidence ap-
ared n the oldest age group, 60 to 79
ary rather than in 1ne muddle age
wp 40 to 39 ears This was at
wance  with there nndings among
2e<los nsulatnrs exposed to chrysotile
i3 amosite whaose duration ot exposute
ay smidr to that ot the talc workers
norg the asbhesiny ~sulgtors there was
v ncreased ncidence ot surg and
eyral cancers :n both middle ard
cest age groups Trere wdas no excess
carcinoma ot the gastroimtestinal tract
0 pentoneum in 1alc workers whereas
asbestos workers gastrowntestinal and
« anesl malignancy was significantly
Ceased compdred to the general
mulation, as atco obeerved by Selikoff,
i~ =ond and Chug 6

scussion and Conclusion

<= aloagdies Rave been usetyl 0
ST mg Cera n caes that exp din
= T CACHON OF BSDESInY however
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a precise ammal model from which to
derive a dose-response relationship for
extrapolating nsk factors i producing
disease s lacking. Unfortunately, the
amount of ashestos dust required 1o
produce pathologic effects it arvmals is
unusually large in proportion to amounts
10 which man is exposed. Hence, arumal
data which have shown different respon-
ses to different types of asbestos’ ¢ can-
not be used as a basis for drawing firm
conclusions as to the relative
pathogenicity of different types of
asbestos in man. One major impediment
n evalualing the relative pathogemicty
w man s the fact that 1 most instances
industrial exposures are not solely to one
tvpe of asbestos mineral but rather (o ¢
mixture of several plus metals and oils
and possibly other minerals

There are only a few studies which
relate mahignarcy in exposed grouns to a
single type of asbestos™t—'"  \Most
ep:dermiological studies that appear to
-z c3te diferences n pathogericity
a~ g noes of asbestos contain tlaws in
lack quanttamve data on
J.T.dlve exposures, nber charac-
and presence ol (0r3Cions
Toererare s Wi W wiady din’

Z:e 2 isbestos as (o ruate
TiTLigmQtv with regard 1o eder
22 I3 23 or neoplasia

P _:2 .0 date indicate that bonn
and size of asbestos nbers a-e
- cant ractors 0 defermining
-esz tioudy  deposition, retention  and
¢ eararce from the pulmonary rract and
thus are imponant determinants ot the
<te and nature of hissue response Tre
importance of fiber diameter and lenath
in explaiming the disparity i the pre-
valence of mesothelioma in the “orin-
western Cape and that or the Transyaal
cegion of South Africa has been
strengraened by the study ot T mbred
Geenniths and Poolev® The curiy shape <t
the chrvsotile fiber atiers an expiandtion
ot s interception by the broach
especially at bifurcations n contrasi 1o
amphibole fibers which are needle-lthe
and mav, therefore, reach more deeplv
into the .ung parenchyma and pleurs
Since one of the amphiboles, namels
anthophyllite hds rarely been assoaiatad
with mesothehioma production  14cion
other than shape and size must be ccn
sicered

Lnnut recently, most work and <pec.
lation invabved only tibers Cetecrad n
hight mucrosenp2

v mey
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There is no generally accepted Basis that
perrmuits assignment of relative risk factors
to fibers in the electron microscope
range compated to fibers in the light
microscope range. Suzuki and Chuyrg*
Cantend that submucroscopic fibers are
responsible for most of the biologic
changes produced by asbestas. Other in-
vestigators have aisa pointed out that the
fine dust particles below 1 micron n
length may be just as damaging as dust
particles contaimng both large and small
fibers 1 GCross*} informed us that
inhalation of the submicroscapic
asbestos fibers expenmentally produced
only a phagocytic response; he does not
believe that submicroscopic hbers are
responsible for the more extensive
biologic changes produced by asbestgs.
it s possible that the relative nsks
associated with fibers of difterent sizes
are differem for malignant and non-
mahgnant changes Further studies
bearing on this matter are necessary
Kleinfeld Messite and Langer® round that
the nature of the dust samples analyzed
ndicated that tiber counts of aerasols
did not provide a true picture of ex-
posure to asbestifarm minerals because
thoy unciuded el nbors bur excluded
many <«mall d<be~tos "ihers and
“aggregate nbers” which contained sub-
stantial amounts of asbestitorm munergls
namely tremalite and anthophyfiite

In hght of recent observations, ane
cannot exclude the intluence ot cotac-
tors on biologic enrects as a major deter-
minant of pathogermicity Dixon, lowe,
Richards el ai’* postulated that asnestas
fibers probably serve 4s vectors n
producing disease by carrving touc or
oncogenmic  substances to vulnerable
sites Relevant studies inciuded analvsis
of varigus types or asbestos 1o determine
components present in each with special
emphasis on metals and pabycychc
hydrocarbons# < The present con-
sensus 15 that contaminants are present
but that identitcation ot & specinc
pathogenetic role for them requires tur-
ther study I subsequent invesngations
venfy that trace metals and other trac-
tons of the various types aof ashestos
dust do in fact play a major role
nroducing  asbestosis or neopfastic
diseases customanly Jssociated with ex-
posure to asbestform runeral dusts,
then ewustng standards governming ex-
posure to atbestiform minerals in the
Umited States and Great Bratan uo
doubred's Wl be <ubject to revision
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