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In this paper I intend to discuss the biological effects of asbestos
on the human organism. It 1s necessary then, to define asbestos, its uses
and those who are.affected'by it since scientific‘investigations have re-
cently proven that there is an associatlon between the inhalation of asbes-
tos and pulmonary fibrosis, bronchial carcinoma, mesothelioma of the.pleura
and‘gastro~intestinal‘tumors, I will discuss these diseases first in re—
lation to their occupational exposdre (btecause most of the resaarCh:is,in
relation to the occupational danger.) Finally, I.will discuss the envir-
onmental risk &f asbestos to the general population. -

Asbestos is one of the most ancient and interesting industrial ma=-
terials. Actually asbestos is the generic name given to several varieties-

’ of naturally occurring fibrous mineral silicates of irom and magnesium. :

. The Romans mined for asbestos in the Italian Alps over 2, 000 years ago (1)
.and Pliny the Elder describes shrouds of woven asbestos used in cremation
of the nobility. Plutarch records "perpetual lamp wicks" in the temples
' of vestal virgins.(l) And it is said that Charlemagne amazed his guests
by tossing an aSbeSuOS table-cloth into the fire to be cleansed. Marco

Polo reported asbestos cloth in-Central Asia.(z) - H
' The modern asbestos industiry began with the working of an Italian i o
mine in 1868 and the industria.l uses of asbestos fibers have multiplied R
' following the discovery pf large deposits of chrysotile (white asbestos):
1n 1880 in Quebec, Canada. Chrysotile is one of. ‘the four main types of -
-asbestos minerals.‘ It is a hydrated magnesium silicate and makes up a—\ 1,_'"
bout 90% of the world's output of asbestos (1) 1Iis fibers are soft andlf

L

suitable for textile manufacture and other commercial uses. It is mined:
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) and in 1962 726, 268 tons. (&) These statisties are vital since malignan

_ serious and exten51ve to to the 1962 finure.

principally in Canada and Russia and a small portion is found in South

Africa,

Crocidolite, a second asbestos mineral is chemically similar to

chrysotile btut iron replaces magnesium in the molecule. Its fibers have

a high acid resistance and 1ts main source is the Cape of Province of
South Africa and Australia. Amosite, another asbestos mineral is a fer-

rous silicate and mined only in South Africa. Finally, there' is anthophy=- . ' fmé

'11ite which contains both iron and magnesium in its molecule. Mined in. . .

_Finland and Italy, this is the asbestos least commercially used.

_ It is important to mention these different types of asbestos be-
:;ause the various biological effects of asbestos may be dependent on the‘ E
type of fiber to which the individual has mainly been exposed. (3)'

Presently the world consumes over three million tons of asbestos

per year. In 1935 the United States alone imported 501 tons of chrysotile o

| cies nou being reported are related to the consumption and use of asbestos i

in a much earlier time period. The health problems in the future may be ;{'*

In addition to the figures concerning consumption, there are over

3,000 separate uses’ of asbtos being reported. The reason for this some’ _;:i}
3,000 different applications is due to the?unusual properties of asbestos.""'
For example, it'is resistant‘to heat friction and acid. It has great :
flexibility, tremendous-tensile strength and is relatively cheap to pro-'}
dnce. Therefore its uses are many and varied. |

_ Asbestos is used in cement. products, fire-proof . textiles, brake
linings, gaskets, asbestos paper, roof tilino, insulation of pipe and duct .

systems, insulation’ of turbinesv boilers and marine construction ‘and repair.

“«
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These serve to illustrate just-a few examples of the many uses of as-. -

bestos.

Therefore, due to the numerous number of uses' of asbestos obvious-
1y there will be a huge number of people uorking with asbestos. And here;
is where the problem lies. Through a history of scientific investigations,'
it has been proven that the inhalationzqf asbestos can be dangerous to the
human oréanism and eventually result in death. Asbestos eXéosure, occupa~- ;
tional and non-occupational is becoming increasingly more important'as
multiple biological effects associated with exposure to asbestos are*rec—;;.

o -

ognized.

o t . ) a : .
I will briefly examine a few of these occupation exposures. Since

asbestos is:- mined both in open cast and deep mines, there isidrilling'and“
eéflosives when the rock is extremely hard. During the process, the large 2
amoants of fiber dust _escape into the atmosphere and the miners naturally
inhale the dust (1) 1In fact the oldest research of asbestos is with the
miners..f

_ The next largest group affected is probably the insulating Horkers
.which encompass many different trades. (It should ‘be noted that insulation_
uorkers include most of the w0rk in commercial buildings. heavy industrial.;
building ‘and marlne construction. ) Insulat*ng workers as a whole learn to i
do all the magor Jjobs in their trade and most in the U. S A. have worked in '
their trade for 20—25 years. In an analysis of the insulating workers
environment, they are predominantly working with calcium silicate and mag-
nesium carbonate insulating material containing asbestos fibers.(s)

These are only two different groups, but there are many more people' f%

involved, for example: those in the manufacture of fire-proof textiles,.

14
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cement products, brake linings made of asbestos would also be involved in

this process of exposure to asbestos through inhalation.

Here then,_is the main point of my investigation. Through inhalation' W

of asbestos blological effects are now being recognized as directly as-

sociated with exposure to asbestos. Those biological effects now research-

ed arex.Asbestosis. chronic pneumonitls, . emphysema, chronic pleuritis,.pleues,s B

ral plaques, cor pulmonale, carcinoma of the lung, diffuse mespthelial tu-
nors’ of the pleura and peritoneum, gastrointestinal tumors and ovarian :
tumors. S ‘ : .

-

In this paper, I will deal with four of these effects which 1 feel

are the most Hidespread and have been most thoroughly researched, These '

are-pulmonary fibrosis (asbestosis), carcinoma of the_lung,‘diffusejmeso—;n':

thelioma of the pleura and gastrointestinal tumors.

f': Asbestosis is a type of pneumoconiosis contracted by the inhalation

- of the fine fibers of asbestos.(6) Fundamentally, an occupational hazard
_it»uas first recognized in the early 20th century and became a scheduled'

'.disease in 1931 in England when-cases began to’ receive compensation (7)
vResearch into the Qondition was carried out then but use of asbestos ine'f{

'creaSed and recent investigations have found the problem to be much greaten

R 1

- Recent clinical experience indicated that the appearance of asbestosis
(pulmonary fibrosis) is dose»dependent. Children haVe died of asbestosis
and cor pulmonale after a few years of an overwhelming exposure ”Hithin 3'“

large shippinc bags trampling down fluffy amosite asbestos which all day

long -came cascading down over their heads.”(B) Sluis-Cremer gives an av- ?-lf
erage in one factory in South Africa of six years at work before asbestosis .

was manifese - Jacob and Anspach in Dresden deternined an over-all average “f':ﬂ“s

I3
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of thirty years before the asbestosis became disabling.(17) X-ray changes
are induced in most cases after 20 years employment as an insulator.(9) R
Hhila,long latency is usual and generally there is progression of the'rx-H
fibrotic process long after removal from contact, there is little information-;i
and quantitative data on the dose which each individual was exposed to.
Lung clearance,studies indicate a marked difference in the effects of short;iij;:;.’
heavy dust exposures compared to minor, low exposures. (8) . | o
A modern researcher of asbestosis, Dr. Selikoff of Mt. Sinal Hosp-‘
ital in New York, inhis study and examination of i, 11? insulation Horkers d?“’:*-
.emphasized and demonstrated the importance of the interval of time from 3
-initial exposure and the date of examination as a factor in the detection .
-and recognition of asbestosis. He found the percentages of asbestosis in-c
creasingrwith the longer time interval between exposure and examination.(h)
) Pleural calcifications, prinarily of the parietal pleura and bi—
lateral pleural calcifications have been generally concluded to be direct-¢
ly associated Hith asbestosis. Therefore pleural calcifications may serv_
as an indication of previous asbestos expoeure and lead to discovery and
recognition of casbs of asbest031s.(u) ' S
- The symptons of an advanced ccnditlon of pulmonary fibrosis are breath-
lessness or exertlon. a productiVe cough and cyan051s is common. It must
be noted, however, that there hés been cases of a patient with a limited
pleural plaque, where there is not disability and it is assumed that the ;1
fibrosis did ‘a0t spread. (9) | » _'
- it is essential then to recognize asbestosis and its related group:
findings, but it is even more important to detect early damage to the lung,-

if the pathological effects and disability from exposure tg asbestos is
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1s"to'be'ieSsoned or’prevented.

. ool E
S
W e T B

'Another threat.from asbestos lies in_its possible assooiation uith'i.“
luné cancer. Cancer of the lung occurs more freouently in'tnose-witb ocs .- 4
cupational exposure nhether or not they-develop fibrosis‘(io) '
5, . In 1935 Lynch and Smith reported the first case of asbestosis and
lung cancer.(ii) The probable relationship was finally confirmed. by‘Dollée"':’
‘in 1955 in a study of employees of an asbestos textile factory- He-con-
clnded that 1ung cancer is a specific industrial bhazard for men employed S
~for 20 or more years in scheduled areas with incidence ten times higher
”:than that of the general population.(B) .
..- Since Doll there have been more studies that emphasize the advisabil-«
ity of observations over a 1ong period of time. " One study, however, by
‘ Broun and Truan in a study of Canadian miners, indicated a negative as- i
>.‘sociation between 1ung cancer and asbestos exposure and cast a doubt on

»ffi;Athe relationship.(#) ' L_ S ' R

1Mancurso in 1942 studied workers engaged in the manufacture.of?v
"-jiasbestos brake 1ininé and observed a definite association betweengl ng N
» tf cancer and this exposure to asbestos. Also in his study, he noted the in—.;
',herent limitations of the study of Brown and Traan and that the negative -
conclusion was' not justified. (4) Enterline added to this study with his .
:Tinvestigation of mortality of workers employed in the asbestos production
iindustry compared with those in the textile industry. iHe observed a ‘
:;higher rate of lung cancer.(ﬁ) o : '_1{_ . ..»-'
: Selikoff in a long term study of insulation workers nith a history
"of 20 or more years since first exposure to asbestos dust found that death i

- frate from caneer of the bronchus and pleura was 6.8 times as high among
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these asbestos workers as in the general United States white male popu-

L lation. Sellkoff also analyzed the smoking history data and concluded that'

' cancer among these workers."(10) '}?, N
“The conclusion of all these studies is an assoclation of asbestos ;f'*

uith Jung . cancer. What scientists do not know however, is whether

bestos has properties of primary carcinogenicity oT whether its effect is -

entirely syngagistic. One hypothesis proposed by five cancer researchers'

ﬁf as a result of an intense study into the role of trace metals in chemical
| carcinogenesis is as follows: Asbestos per se pdays a passive role inicar
cinogenesis; the active role is taken by the trace metals with uhich it is.

asSociated. Benzopwrene or related hydrocarbons, derived from external

environmental sonrces or from asbestos itself is the caroinogen. Whetht“d

cancer develops depends on the residence time of the unmetabolized benzo

pyrene in the host and the inherent susceptibility of the nost.'f’,_ on the be

of'the'hypothesis, trace metals commonly associated uith 1ung cancer houl

'inhibit the metabolism of. BP increasing the residence time and the~risk

:trace metals naturally occurring in the host and not commonly as

sociated with cancer should accelerat%d the metabolism, thus ridding the

- lung of the carcinoven and the risk of cancex (12)It is only one hypothe s

This theory that other factors must potentiate the asbestos exposure
has also been proposed by Selikofi‘ and Hammond, when they showed that as-

- bestos 1nsu1ators who smoke have about 90 times the incidence of 1ung
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benzopyrene a.nd other ca.rcinogenic agents a.bsorbed on the a.sbestos, a.l*- .

, __:.lergic raponse uhich produces a.ltered i.mmunity and’ the 1ncrea.sed bu:cﬂe s
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R very 1ong la.tent period. It may average 4o yea.rs nith a. history oﬁ

_,1_..-' .

mesothelioma. is a].most always a fata.l disease. Very few ;Lf.’ any re5pon

o f as' stos that 1nduces mesothelioma. Otha: types “art

1n 1 tumors o

Dr Selikoff a.nd his cglleagu

in

ndividu 's':expossd to asbestos 1s Very limited

In _ ortality stndiesﬁﬁ_.
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Of course I could not begin to discuss all the studies done on this subJect
_since they‘are so many. I think it is important thouvh to discuss the prer
er.,
exposure to asbestos is needed on the part of those employing asbestos work-"-
ical surveillance.

Some asbestos researchers think that masks, respirators and protective L

escape of harmful concentration of dust. They feel that dust masks and- {‘_i,'¥ %

coded on the death certificate as "primary site.unknOWn," In nany ip- .
stances, - the correct'information can not be obtained and therefore accur-. |
ate assessment of the specific organs involved is difficult.(4) L :

Finally, in conclusion of the discussion of Biologlcal.effects,imany
more studies have been made in the association of asbestos with damage to
the human orgsnism. A few of them are eS'follow51 Konig"frrst observed.
in an autopsy study, a possible reletionship.of stomach caner énd asbes-? ‘i,"_gél
tosis.(i?) Selikoff and Hammond.observed high‘rates for cancer of the stome"
ach and for cancers of the colon and rectum.(ih) Mancurso found rates higher '

than expected for cancers of the stomach, large intestine and rectum.(#)

ventions of exposure to asbestos 1nhalaticn especlally for the worker
since-most of the studies in this report thus far have dealt with the Hork-

Primarily, a greater awareness of the health hazards associated with

erqin order that they’may mlnimi e work exposure and provide necessary med- f s

1

' .Concerning prevention, there are primarily tWwo schools of thought._; sl

clothing shquld be worn in order to prevent inhalation of dust. Houever;¢ flf’foﬂ:%'

the majority feel that all measures should be'taken to prevent even the

r:spiratorsrere an “admission of defeat in controlling the enfironment}:(B). R

With good dust contrél, personal protection should not be necessarj (thoughf."ff”

“
v
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"Vf;have been taken to reduce the dust in the atmosphere by forced ventilation,

taken place wlthj_n the past three years-(l) . ‘ R \ .

-11 -

:thef-do admlt those devlces ought to be worn as a secondary defense neasnre -
and 1n certain 51tuations like stripping and lagging in confined spaces, 1t
may be necessary for the worker to wear a mask.) (9)

" There is reason o believe that occupant use of asbestos fiber can
ashieVe‘ some degree of safety, just as the'safety achieved-with-explosives,
.radiationjand beryllium although extensive alterations arevreguired_in'the
control of prod uction an& manufacturing of the contaminant so that'noneres-

"capes to the outside and there is proner disposal of solld mastes containg

the f;ib.er.(iB)-. This should be c.ombined with strict codes of practice for
the Horkerstb J, | ' :,‘ o ;.:. :
. In fhe past many materials have been found to have unexpected risks 2;3
and camages, these are found, however and the risk ceases.(18) This has
"Jproved rather inadeqtate in the past concern:l.n,a asbestos because the w1de

- range of’occupational hazards was, not legislated, Recently since measnres

the incidence of dlsease has fallen. There are no actual statlstics on this

'point because actual leoislation and mandatory protectlve measures have

Finally, I think it is extrcmely imaortant to discuss the biologlcal
.effects of non~occupationa1 exposure of asbestos fibers, hecanSe this wonld Ek
:naturally af’eet a much greater number of people. h | . _“
| It is a proven fact that people with.no occupational exposure harbortﬁfr

asbestos bodies in their lungs (10) This is surely a conseqnence of the j

bextensive use of asbestos in our: society.

Asbestos fibers when in the lung have the capaeity of becoming char— -

»Hacteristically coated, These‘fibers form asbestos bodies Hhich.when seen fffp
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W)- "can hardly fail to attract attention.” This was so even before asbestos"

“diseaseﬁuaszknown. Thompson used this study to demonstrate the frequency

“of inhalation of asbestos by the general public. He examined Smears of k
lung bases in 500 consecutive autopsies in Cape Town and in 26.& per cent

! found asbestos bodies.(10)

" Another study was done in 1965 in Miami Florida on 506 consecntiuek,";
autopsies'of 15 years or over. In the great majority of" these cases 1n--'v'
cluding all the fenales, the asbestos bodies, though scanty, ¥ere regarded
tas the result of contamination of the urban atmosphere by asbestos. The‘-

_ research tean that carried on this study suggested that both air contamina-'ﬁ

tion and industrial exposure to asbestos was likely to increase in view of s‘

the increasing consumptlon and diversity of the uses of asbestos and asbes-:ﬁ

‘tos—containing products and of its virtual indestructibility.(19)

A very recent study wWas done in March of 1971 in New York City con- :-

. cerning this issue. Electron microscopy showed chysotile asbestos to be ”‘”

present in all examined (28 of 28. ) The asbestos often-o curred in associa

tion uith other substances including particles of clay or-talc, fibrous

_ glass and occasionaly diatoms. The point is that asbestos_is_nneqnixocallyie

present in the lungs of urban dwellers (20)

. All of these studies found asbestos bodies in the lungs of people‘ﬁi
uho did not directly work with asbestos material. A serious qnestion is |
then raised.‘ Does the inhalation of presumably small amounts of asbestos r

' carry a risk of Widespread community asbestos disease? | N
Actual evidence to answer this question does not seem to be uncovered

s f id at this tine. tut there does seen to be tvo different hypotheses based on o

similar assumptions. S ‘ _ {,,','
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- er 1atency.;;Biologica1 studies centered on the nmeaning of the asbestos~~

- on this sub;ect indicates that asbestos is widely disseminated into the

- general population.(io) . rrfjg ' o .;

o aPProaches and diligent éfforts.,. Research must be funded on the mode

-13‘—

- One hypothesis‘is proposed by I. R. Tabershaw in an article he -

wrote for the Journal of-bccupationalﬂMedicine in 1968. He aknowledges i~
that asbestos minerals increase the risk of luné cancer 1n.oc¢upatidnai.j
grouns and that esbestos bodies found in routine autopsies are due to-
asbestos; but he does not feel one is justified in concluding that:esbes-
tos is a-majcr’threat to public healthi He concludes this from four 'besic
assumptions; much of ﬂorld tonnage goes into uses that do not lead to air
contamination; asbestos is not actually indestructible. that the effects '
.are dose-dependent and that low doses probably lead to lower rates and long-?:s
;ody are crucial. Strict control of industrial and neighborhood envir-;;g~;?
onments is-essential tut it is ”premature to extrapollte from the effects
of heavy-exposures to minor and low leVel of exposures."(B) =

-~

Dr. Selikoff on the other hand who has done extensive research o

general community from inductry sources or’ end-proauct use, that such dis-
semination may produce detectable disease; and that nethods to study'the _
question must be designea.' The 1mportant thing is that hav1ng extensive-.;
1y studied asbestos inhalation of ineulation workers and hawing investigated

studies of non-occupatlonal exposure, he can not rule out a danger to the

The answer to these equally intricate problems wiil require new

of the asbestos fiber. Its carcinogenic properties and the properties of
the different types of asbestos should be studied. Also there ought to ;”;iﬁa

be studies to determine the more succeptible groups with the highest risk. e
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enviroiment will be: o have - 3

I
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