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Biologic Response to Kind

and Amount

Morris Kieinfeld, M.D.

Studls of the bologic response
to Jifferent types of asbestos dusts in-
dicate that theyr inhalation in adequate
concentrations can produce puimonary
and pleural fibrosis and/or several types
of malignancy, chiefly of the lung, pleura
and peritoneum' AssoCiations between
asbestos dust exposure and malignancy
of the gastrowntestinal tract have been
reported? ¢ However, a generai con-
sensus with regard to this assaciation has
not been evolved? Most of the evidence
of association between asbestos ex-
posure and human d-ease has been
acquired frem oczuzaiordlly exposed
groups

fHfects of Exposure to Different
Types of Inhaled Asbestos Dusts
1. Asbestotic Preumocormosis Of the
diff rent pachogeruc eifects associated
with asbestos dust exposure, the hrst
clearly demonstrated adverse efiect of
asbestos in man was pulmonary fibrosis
or asbestotic preumocomasis There 15
general agreement that all forms of
asbestos 1n commercial use can produce
fibrotic effects n the lungs* Aspesiotg
pneumoconiasis is charactenzed roent-
genographically by diftuse intersunat
fibrosis of vanable degree someumes
associated  with  pleural  hibrosis  and
calcification Clinical sigrs nclude lung
crepitations  finger clubbing and dvsp-
nea, physiological changes are con-
sistent with a restrictive lcng disorder
manfested by decressed torced vual
capaciy  drmunisked ditusion capacity
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and decreased pulmonary comphance.

Asbestotic pulmonaey fibrosis has
been produced expenmentally in vanous
animal  species Mowever, data on
relative fibrogenicity of different asbestos
dusts 1n antmal work has not been con-
sistents ¢ Human data on refative
fibrogenicity of different asbestos dusts ss
stuft 1nconclusive Murphy, Ferns and
Burgess’ studied pipe coverers exposed
mainly to chrysotile and amoste dust
Asbestosis was first observed after 13
years of exposure to the dust or about 60
miltinn parncies per cubic foot (mpcf)
years The prevalence was J4% atter 20
years of erposure In a recent un-
pubbished study of falc warkers exposed
to a2 muixture of talc with tremolite and
anthrophyllite ay the predominant
fibrous components, Kienfeld, Messite
and langer® found only one case of
pneumoconiosis among a group of 39
workers whose mean expo-ure was 16 2
years with a range of 11 to 22 years. The
mean dust concentration to which the
workers had been exposed over a 20
year penod was 13 mppd with an
average minimum concentration of &
and an gverage maximum ot 68 mppcf.
In both siudies’ & corsideration was
given orly 1o ime-weghted average ex-
posures Peak concentrations were not
mentioned lacking data on peak ex-
posures and since the operations ditrered
agnificantly one cannot truly compare
the relative patnogerucity of the dusts
reterred to 1n the two <tudtey

a¢ in the case nt bronchogenic car-
¢nnma the factar of smok.ng must be
conmicered n redgtio o vy asbesios ex
posure and developre s nt pulmonasn
norosts I a studh gt 100 a-teslon tet'e
worhers Mpis® cal-~d that the
prevalerce Af Sylwar hrsce was
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smokers. Age, sex and duration
posure to asbestos did not account for
this  difference The prevaience o
pulmanary fibrosis rose with increasing
amount and duration o! cigarero
smoking and with increasing exposure 1o
asbestos.

2. Bronchogenic Carcinoma Availad'e
data confirm a relatronship between past
occupanonal exposure 1o dasbestos dusts
and higher than expected incidence o
bronchogenic  carcinoma!®o=12  Some
studies have demonstrated ditterences n
degree of nsk among ditterent oc
cupatonailty vyponed g oo prohart.
related to type and concentration
ashestos fiber, nature of work rer
formed, and other factors such a-
smoking cigarettes!? and presence o
metals n the asbesios dust* For exam
ple, mn a study of morality in relation to
accupational exposuse n the asbesios
industry, Emterhne, DeCoulle 7ad Hen
dersgn'? observed difterences .-
respirdtary  cancer mortalily  betweu:
matntenance service workers an
production workess Two possible «x
planations were oifered for the an
ferences in respiratory cancer mory
between these twb grouns, one thal
interrmitent asbesins exposure of ma
tenance service workors provably a.
very high level, produced exce-
respiratory cancer but no gre it excess
asbestosis; another e2wpianaton s
based on lypes of asbestos to whe
these two groups of workers were -
posed Sixdv-tour percent of ire Mg
tenance service workery with hah oo
posures bad been ¢xpoced tn crocids
ashestos whereas 8% a1 thv procuc.
whrkers with high exposures had b
o exposed, nccanng dut oot
Was Mmote CJ(C:H(;\:‘ [aTVaN 8o ¥ ¥ o IR Say AiiNg
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grosite, 10 which these workers were
aposed. Cigarette smoking 15 an ad-
dinanal factor or importance. in a study
o .nsulation workers, Sehikoff, Ham-
mond and Churg!? reported a mortality
ask 92 tmes greater among insulators
who smoked cigarettes compared to
men who neither smoked cigarettes nor
worked 10 the insuiation industry More
ecently, the role of trace metals has also
been considered a major factor in car-
anogenesis among asbestas insulators'

Wagner, Gison Berry et al' com.
mented that the nsk of bronchogenic
caranoma s clearly refated to the in.
tensity of past expasure and (o the risk o1
sbestosts  When the envirgnmental
control ts sutf crent to ehiminate
abestosts, (ne excess nsk ot~ bron.
Jogemc  cancer I Tunishes  \Wagner
ind associates also ~aucated that it s
not known whether t~e woe of asbestos
whaled influences t-e risk of bronchial
cancer tn man  Exgeriments 1N animals
wigested to them mat t should because
chrysotde produces 'ess severe f{ibross
than does amosite ar crocidolite i equd:
do-es

The quest.on of whether the ¢a-
onogenc fole of asbestos 1s refated 2

1., <pecific kind ot tiber 1s more dir- 7.

aw

«a answer than the question of dove-
elated response  For this purpose
Wnghtt indicated that populations w.®™
long-lerm exposure to only one varet.
nt hber are needed. Virwaily 3h
tbncating processes use more than one
wrely within the same premises ar any
one ime or have used tnote than one
vanety  at vanous tmes. Populations
restricted to mining  and  mulling
aperations n the production of asbestos
nber lend themselves best to a study of
he eriects of a single kind of asbestos
nher 1t 15 these populations which can
provnide the answer to the influence of a
anze vanety of asbestos fiber in terms
o larcinggenests However, the role of
Mhterent types of ashestos n rarsing the
n¢ dence of bronchogeme cancer ap-
Mars to be dose-related and  may
Nnend ypon the specific category of
7 especially in -egard to degree af ef-

e
<

b Mesotrehial Tumors  Primary
"2 gnant tumors of the pleurd and
M toneym, tormerly regarded as ex
" hingly rare by most pathologists are
i ag reported more frequendy, par
“uiatly among  workers exposed i

mts dastt Since Vvagner's ot st

reported 33 cases of mesothehial tumors
in a part of South Afnica important for
crocidolite mining, investigators (n other
parts of the world!® 17 have examined the
distribution of mesotheliomas 1n the
general population and among oc-
cupationatly exposed asbestos workers
The results indicate a fawrly good
relationshp between exposure o dif-
rerent  asbestos dusts, namely,
crocidolite, chrysoule and amosite or
mixtures thereof, and the occurrence of
mesotheliomas. Wagnes'* ponted out
that amphibole hbers. which are siraight,
are more hkely {0 reach the pernphery of
‘he lung in contrast to chrysotile nbers,
which resemble stretched couls and are
‘eadiy ntercepted by the bronch,
especiatly at biyrcations The lesser nsk
2 developing mesothehoma trom ex-
2nsure to chrysotle fibers mav be due to
‘~eir cyrly nature, which prevents most
s tkem  from reaching the peura
‘Sagner has, theretore, emphasized that
Zudntdative studres of the distnipation of
c.-erent npes of hiber within e lung
~nowing  nhalanon need o be ex-
rended However nat 4l amgonibole
' cers show an increased presalence tor
~esothelioma  production  Jesoite g
S Trougn SArcn Ny iesulieinyTas NGy e
ozen  associated with anin cavibite
z~hestos praduction s Finlaro *
Yimbrell Grirtns and Pootev- em.
shasized the importance ot hber
Jrameter in additon to tber shape in
celation to  deveiopment of
mesothelioma They pravided a
plaus'hle explanation for difterences n
frequency of diffuse mesotheltomas in
the Northwestern Cape of South Afnica
where only crocidohte s mined com-
pared to the Transvaal regron where
both crocidolite and the closel related
amosite are muned The occurrence of
mesothelioma 1n the Transvaal 1s rare
The mean Hber diameters ot Transvaal
crocidotite and amosite were three times
those of Northwestern Cape crocidolite
Timbretl et al postulated that dinerences
i diameter would influence the atnlity
of fibers 1o penetrate to the perighery of
the jung and pleura where the tumors
develop Because of ther greater
aerodynamic size, @ higher progoriion by
mass of Transvaal fibers will be
deposited 1in the larger a~wavs by
gravitahional setthng ard  hence will
reach the penphery of the li~a with
much tess etic ency than the <hosier and

smalfer diameter nhbers o ‘m2 North
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western Cape The greater penetration
to the deeper alveoli adjacent 1o the
pleura by the smaller crocidgiite fibers
could account for differences i ie-
cidence of mesathelioma amang
workers 11 the twa areas In addivon 1o
the biolagic importance of fiber diameter
and shape. ather factors such as metallc
cations and enzymes present in ashesios
dust remain to be evaluated, parucularly
in view of the fict that nat all
mesotheliomas are related 1o ashestos
dust exposure

There have been a variety of amimai
studies in which experimentally induced
mesothelioma has been reported in da-
ferent arimals.2! 22 Of particulae interest
15 the study of Roe, Cacter, Walters et a2t
who produced pleural and pentoneal

. mesothehama 10 mice subcutaneously

injected with crocidolte, amosite and
chrysoule and thus have shown eyi-
dence ot mugration ot fibers, 3 tinding
which helps explain  peritoneal
mesothellama n waorkers expnsed 1o dut-
terent asbestos dusts

One noteworthy teature about the oc-
currence of ashestos mesatheliomas has
been the long period. commoniv over 30
years between tirst expusure ta ashe<tus
and cpperrance v mesnthehioma ™ -4 4
Whitwsil and Raw clittes oheerverd tay
the nterval  tcom st exposure  ty
ashestos and appearance of meso-
thekomas ranged trom 13 1o 63 vears
with a mean ot 42 years They ex.
pressed the opinion that the incidence of
mesothefioma will continue ta nse with
increasing use of asbestos until about 40
years after adequate protective measures
have been taken. Anocther important
feature about mesothelioma n contrast
to bronchogenic carcimoma s that
agarette smaking does not appear 1o he
an mpartant factor related to s
deveiopment

4 Pleural Calcification: Catcined
pleural plaques have been reported
amang workers exposed 1o an-
thophytlite, chnysoble, amosute and
tren.chte. or muxtures theregf*~ 19
Multiple or bifateral pleural plaques are
regarded by some investigators as vir-
tually disggrostuc of asbestos related
diseace® however, other causes of
plewral caloficanon are wetl known
Robinson®' found pleural plaques
27% of 1819 autopsies perrormed
chielly upnn adult males No relation-
shin to tvpical asbestos bodies
degenerative or neoplastic 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
“berugn fibrotic mesothelioma™.

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 calaficaton
also appears to differ in frequency in dif-
‘arent occupationally exposed groups,
byt studies to date have not explained
such differences. The finding of pleural
cataficaton or pleyral plaques has been
reported as bewng common in lirge
segments of populations not directty e-
posed occupationally to asbestos but
iving I or near regrons wheve asbestos
7ibers are being produced and used?? ¥

There 15 no evidence that presence of
pleural plaques bears any relation to the
development of mescthelioma. In
finland and fastern Quebec where 2
greater frequency of pleural plaques has
been reported, there has been no in.
creased frequency of mesothelioma*
Furthermore, one cannot conclude that
presence of pleural cafaification s an in-
dicator of previous asbestos exposure
“nce other causes igad 1o ths conadition,
nor can it be assumed that absence of
plaques excludes a history of exposure to
asbestos.

EfHlects Related to Quantity of
Inhaled Asbestos Dusts

1. Comelation of Environmental Ex-
posure and Biologic Resoonse Balzer
and CooperM reported asbestosis among
insulation workers exposed to levels not
exceeding the ume-weighted average of
3 mppct Chrysotile and amosite were
the principal types of asbestos minerals
to which the group studied was ex-
posed

Murphy, Ferns and Burgess et af’
reported that asbestosts was first ob-
senved (n the group they studied arter 13
years of exposure, or about 60 mppcf-
years The highest average concentration
was 100 mppct and lowest 08 mppcf
with an overall average of 52 mppcf
Amosite and chrysoti'e were used but no
crocidalite was present No asbe-tos.s
was found in men exposed less than 60
mppcf-years Twenly percent of those
exposed for 75 o 100 mppcr vears were
considered to hase asbestous Nuo et
tempt was made 10 Correlv2 workess
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who had asbestosis with the charace
teristics of ditferent jobs 1n the work-
place nor with time spent on the job.
Peak concentrations were not given.

In a recent unpublished paper,
Williams, Baier and Thomas!s compiled
data on exposure levels at various textle
processing operations In two plants for
37 years and 20 years, respectively. Even
though exposures were mainly below $
mppcf and in many instances below 2
mppcf, 64 workers were reported to
have asbestosss.

In an unpublished study, Kieinfeld,
Messite and Langer? found only one case
of pneumoconiosis n a2 group of 39
workers exposed to commercal 2l
contairing tremohite and anthrophyihite
as the major fibrous components,
despite a mean exposure of 16 2 years
with a range of 11 to 22 years and a
time-wesghted average of 23.0 mppcf
The mean fiber count, cbtained only in
1970, was 34 fibers/m! with a fiber
length greater than 5 micronsim! The
range varied from a low of 8 to a hugh of
160 fibersiml In a comparatuve study of
talc workers employed in two different
plants and exposed to the same
minerals, these authors® observed 2
sigmificantly increased prevatence ot
pneumoconmos:s based on chest roent-
genograms and climical 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
similar tor both groups, indicating a
dose-rerponse refationshup.

Enterhine, DeCaufle and Henderson¥
recently demonstrated convincing
evidence for an exposure-cesponse
relationship between chrysotile asbestes,
measured 1n terms of mithon parts per
cubic foot vears (mppcf-years), and nsk
of malignant and non-malignant
respiratory disease Specificaily, the nsk
of respiratory cancer ncreased from
166 7 (Stancgarcized Mortahity Rano) at
minimal  exposures to 5356 at
cumulatine exposures in excess of 750
mppcf-years The percentage increase
exceeded 300 ‘ith regard to non-
malignant respiratory disease, the n-
creased sk was not only to
preumocan o and puimonary hbrosis
but to other diseases of the respiratary
systemn as wel’

MeDonald  Rossiter, Eyssen et alV?
reported o 24 primary  thoradc
neno as™y 2w 9304 tormer em-

T ———REA

ployees 1n 3 chrysolile asbastes mure
and mill. Five of the neoplasms were
mesotheliomas.  Although the autnars
concluded that even heavy asbesios ex.
posure camed only a modest nsk of con-
tracting lung cancer and an even lesser
risk of comtracting mesothelioma,

Selikolf* in commenuing on McDonald's
“heavily exposed” group stated tha
these workers demonstrated five imes as
much lung cancer as the group of
“fightly exposed” waorkers.

Whereas bronchial cancer 15 more
dearly refated to intensity of exposure,
data on mesothehioma are less certain
with regard to the influence of quantty
There are many examples where ox-
posure has been short, though no
necessanly slight'®. As mentioned by
Wagner, Gilson, Berry et al'®, mesothelis!
tumors apparently occur mare frequently
in the peritoneum than in the plecra
when the exposure has been extensive,
but the route of entry of dusts nto tne
abdomen 15 not known Epidemiologicat
studres show that there is much clearer
evidence of nsk of mesothelioma varying
with type of asbestos than in the case of
bronchial carcinoma  The study o
Kiviluoto  and Menemand arayides
evidence that exposure (o anthapiwil e
very rarely causes moesothelioma The
very long period that elapses behveen
first exposure and development of
mesothelioma has prevented an estimate
of what proportion of an exposed groun
develops mesothelal tumors ‘agner,
Gilson, Berry et al'® beheve that the
propomtion s hkely to be fairly .mall,
much less than that follawing expasure
to bladder carainogens for example As
true for pleural calahcanon, not all
pleurai mesotheliomas are relatable to
exposure to asbestos, there are
presumably other causative factors This
makes interpretation of the relabonship
between ashestos exposure at a low
level and mesothelioma ditficult There 15
need for more prospective studies on the
quantity as well as type of asbestos bur-
den in the lung and occurrence of
mesothelioma.

2. Mortality Experience From Lung
Cancer, Asbestosis ang Other Non-
Malignant Respiratory Drseases Studies
of the manaliy of workers in dinerent
asbestos industnes and trades and dir-
ferent asbestos dust exposures? ' 7 1@
¥ inchcate that past exposure to di: erent
asbestos rminerals has corthu’ec to an
excess of mortality of cencer ot th. fug

l
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ura and peritoneum and s com-
cations, and  non-malignant
Jratoy  disease over the general
sulaton in several studies an excess
deaths from gastrointestinal
(gnancy? ' has been reported.
sudies on mortalily experience pount
the :mportance of elapsed ume from
\al exposure and duration and degree
exposure as factors which increase the
¢« of malignant and non-malignant
oratory disease. In some instances
ere exposure was of short duration
: degree was relatively high, there was
excess of observed deaths from can-
of the lung ana pleura and cancer of
wer sites compared to the number ex-
sted Knox, Hoimes Doll et al®
nd, 2 preliminary report. that aiter
st controls were ntroduced In A
ush asbestos texule prant during the
30's. the incidence of resdiratory <an-
teil from a tenfold excess to a rate
wlar to that in the general sopulation
incuso and El-Attar T iherr study ot
ses10s warkers obcervea ‘=at the nsk
pulmonary cancer .- =2 sith em-
soment duralton  n TQsT NSANCes das
> jevel Of grnployment exner ence A.
AN My g e Juitiundiy
~cery 1ngreased
Witn cegard 10 hpe ot asbestos Kle n-
d Mesute, kov vman et 4t obsenved
excess of mary' 1y tom cancer of the
-2 and pleura amung “alc workers ex-
~ed to 3 rmixture ot 1aic ard iremohie
senificant increase In incidence ap-
ared 1 the gidest age group. 80 to 79
iy rather than in the muddle age
wp 40 lo 39 rears This was at
rance with therr undings among
2e<tos insulators exposed to chrysotile
i3 amosite whaose duration of exposure
& srmiiar 1o hat of the talc workers
ngrg the asbestny (~<ulators there was
1 increased ncidence of surg and
syral cancers sn both muddle ard
dest age groups Trere wds no excess
carcinoma o the gastrowntestingi ract
a peritoneum in 1aic workers whereas
ssbestos workers gastrointestinal and
« sneal malignancy was sigmbcantly
Ceased compdred to the general
melation, as alca obeerved by Selikoff,
i~ nond and Churg '*

iscussion and Conclusion

<~ ~al qqudies have been useryl 0
st mg certa n actas That expain
= ot acnonaf dsnestnsy howeve:

a precise amimal model from which to
derive a dose-response relationship for
extrapolating nsk factors 1n producing
disease 15 lacking. Unfortunately, the
amount of asbestos dust required lo
produce pathologic efiects i arumals is
unusuyally large in proportion to amounts
1o which man is exposed. Hence, animal
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
in evaluating the refatve pathogenicity
I man s the fact that ;n most instances
industrial exposures are not solely to one
tvpe of asbestos mineral but rather (o 4
mixture of several plus metals and oils
and possibly other minerals

There are only a few studies which
refate mahignarcy in exposed groups to 2
single type of asbestos' —'?  Mod
ep:gerniclogical studies that appear to
-~z zate diferences n pathogencity
a~c~g noes of asbestos contarn tlaws o
lack quantitatne data on
.~ .30ve exposures, hber charac-
ind presence ol CoTICIONS

Tomroiare sy Winicr W widle diErdtd

tmar ey

ze o<

3 isbestos as (o reate
ity wilhh regarg o euaer
s~ s or neoplasia
-2« .0 date indicate that hoin

i=3z2 and size of asbestos nbers ace
“cant ractors n determining
-1ouddy  deposition, retention and
¢ eararce rrom the pulmonary rract and
thus are important detarminants ot e
<te and nature of lissue response The
importance of fiber diameter and length
in explaiming the disparity 1 the pre-
valence of mesothelioma in the “onn-
western Cape and that ot the Transvaal
cegion of South Africa has been
strengrnened by the study ot T mbrad
Germths and Pooley® The curty shape <f
the chrvsotile tiber otiers an explandlion
ot 1ts interception by the bronchi
especially at bifurcations (n contrasi 1o
amphibole fibers which are needle-like
and may, therefore, reach more deeplv
into the wng parenchyma and pleura
Since one of the amphiboles, nameh
anthophyllite has rarely been associatad
with mesothelioma production  1a¢1an
other than shape and size must be ccn
sicered

Lnnt recently, most work and <pse.
lanon involved only tbers detec’ed %
hght microsenp®

the optical or

sl of Ogenrat enal Mediine Vol 15 Na 3 arch 1973

There is no generally accepted Basis that
permits assignment of relative risk factors
to fibers n the elactron microscope
range compared to fibers in the light
microscope range. Suzuki and Churg®
contend that submucroscoprc fibers are
responsible far most of the biologic
changes produced by asbestos. Other in-
vestigators have aiso pointed out that the
fine dust partices befow 1 micron in
length may be just as damaging as dust
particles contaiing both large and small
fibers 42 Gross?? nformed us that
inhalation of the submicroscapic
asbestos fibers expenmentally produced
only a phagocytic response; he does not
believe that submicroscopic fbers are
responsible for the more extensive
biologic changes produced by asbestos.
it s possible that the relative nsks
associated with fibers of difterent sizes
are different for malignant and non-
malignant changes Further studies
bearing on this matter are necessarv
Kleinfeld Messite and Langer® tound that
the natyre of the dust samples analyzed
.ndicated that tibee counts of aerasols
did not provide a true mcture of ex-
posure tn asbestiform minerals because

b ety AaAd vals v SThLd It
by onciuded tolc nhors bur ewcluded

many <mall da<be~tos "ihers and
“aggregate nbess” which contained sub-
stantial amounts of asbestitorm minerals
namely tremalite and anthophyilite

In hight of recent observatians, one
cannot exclude the intluence ot cotac-
tors an biologic esrects as a major deter-
minant of pathogenicity  Dixon, Lowe,
Richards el af'® postulated that asaestas
fihers probably serve as vectors in
producing disease by carrying towuc or
oncogemic  substances to vulnerable
sites  Retevant studies inciuded analvsis
of various types of asbestos to determine
components present in each with special
emphasis on metals and pahcychc
hydrocarhons® 4 The present con-
sensus 16 that cantaminants are present
but that identincation ot a specnc
pathogenetic role for them requices tur-
ther studyv If subsequent investigations
verify that trace metaly and other trac-
tions of the vanous types of ashestos
dust do in fact play a major role <
nroducing  asbestosis or neopfastic
diseases customanty 3ssociated with ex-
posure to asbestform rmuneral dusts,
then ewustng standards governing ex-
posure to asbestiform minerals in the
United States and Great Batan wo
doubred’s will be sabject to revision
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