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SBESTOS AS A CURIOUS ATATERIAL was.

. %known several centuries B.C., especially for
its ability to withstand flame. The physical and

- ehemical propertics of ashestos tegether with'its
fibrous structure made it a unique material witht

a wide range of potential industrial apglications.

¢ was not until the end of the last century, how-
ever, that it gained importange as an industrial
resource. The study of the use of asbestos in a
number of techinological avess and its contribu-
tion to new products is the pirceuwrsor of the spe-
cial scienee of industrial mineral fiber technology.
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Asbestos is cssential in tiay’s imlustiiad
nolipy inchuding national defenre, acrpice,
civilian consumer we. -
Ashestos is.a genieral tena applied to a gr
of fibrous crystalline hydrated silicate waw
Althouch a nunber of different types of asbg
mincrals exist, only four or five are of cvmny
eial importance. Fach diffcees somewhat from
others in chomical composition, physical prog:
tics such as ability to withstand Leat and cher
erosion, crystalline structure, fiber dinensio
-degree of fiber harshness and brittleness,
- The worldwide production’ of asbestos
greatly expanded since the turn of the cent
the ovor-all consumption in this country leve
off for the period 3955 to 1963 at around 730,
short tons annually. Of this teanage. azpro.
1y 93% was chrysolile, 3.53%¢ crocidolite, 25
 amosite, and 1% anthophylite and tremol
Sven {hough asbestos has been in industrial
for well over 50 yeurs, much is unknewn segs:
ing its health eflcets und safe levels of exposw:
1t has been known since; the carly pinete
* hundred’s that excessive exposure 1o asbes
gives risc to the disabling pulmonary dise
&2 shestosis.” More recently, evidence has been
loped ihat the i of respiratory
“and other malignancics in askestos workers is
cessive. A major problem in studying the he:
effects of asbestos is the long latent period ©
or more years from initial expusure 10 the
of ‘disease. Also in the mid-nincteen thiztics
catlier, there was little dust control sud the w
ers were often exposed to massive Jevels of ¢
from ‘asbestos and other sssociated materials:
the manufacture of ashestos products. Thus,
causative agents of the resultant disease are
sentially unknawa. Included in theze poten
sources of caucutive agents, citker alone or
combination, arc asbustos fibers théisclves, ¥
terials associated with the fibers in the ores s\
 as trace minerals and polyeyelic aromatic oils, &
terials added  during processing such as mets
tars and pitches, . and. eoncomitant exiernal &
posurcs {o tobacco smokc or uther air pollutat
A salicnt point is that jn subscquent years wi
heavy dust exposures were reducel, discase s
_ dimiinished. This definitely indicates that 8
sullicient knowledue of the agent(s) responsi
for the discase, alomy with- dose-response
safe levels of expusure con be estoblished, 2
Researeh torclucidate the dnportance of 1k
bostas minerals as azands to hiealth full ind
Droad categor first, studivs to provide ¥
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L provile e infutotion as o the pliysical sl
't,lvmiv..ﬂ f..t(uu of fn)uuu, naterials_as related
an 3o that
ony un.nnu-h i b ase
sured. Consider, for exanmple, tiie program o
evahiate sepoiis-of the prevince, 1o some extent;
of asbzstus Lotics in the lmn;', of a third or more
of the Amesican popnldtion.

« Before public policy regarding the production
a_lu! usc of ashestos can bz stated wnd immplament-
ed, we need answers to many guostions: do these
asbestos Bodiva truly represent responses 10 95
bestos fiburs, or are other fibers aleo invelved?
Where do these fibers: come fiom, and what is
their potential significance: in terms of health? Is
“there an increasing incidence of mesothiciial tu-
_mors in our poprlation and is this in 2ay way rev
“Jated 1o asbestos minerals? Do fibrous minerals
play 2 major or minor role in the causation of Jung
eancer? Are certain forms of ‘ashestos o+ other
fibers more important fn these relutionships, and
what co-fictors ave insportant?

These pressing questions cannot be definitively
answered oa the basis of present dutr, A strong

supported lung-teran program is needed to pro-

vide the infoimaution vegarding the puthogenesis
of asbestosis and the otlier eflccts that appear as-
sociated with ' the -inhzalation - of asbostos ' dust.
More precise data on' the physical and cheinical

. : Crallcy et ol

isterschodionadips, the dheactangriee
Fationslip of the sgnnt{s) to the divea
teria for extaldialme sefe hovels of expraant
ablizdas
mental surveillinde whesever ashantos is cncoun-
tered snd hondled: 3wl alse provide waful .
forsmation for eviluating pessible risks from in.
haled fibess in thozc st occupationally exposed.
2. How arc the discases wnd: ofhicr manifesta-
fions obsirved in worl.crs eaposed to ashestiform
filers eharacterized chinically and patholugically,
and do they difies. when expusury involves one

and ‘;I“;-l i
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the busis for o

_type of ashestos or anuthes?

Far more infurmation is needed un the pathio-,
genesis of asbestos and on otlier responses to as-’
information should b

bestus fibers in nian. This
based on carcful serial studics and correlations of
elinical, physiologic, radiogriphic, and histologic
clinges. Results of these, studics would relaic to
the preven’ion of asbestos-relited discase and

would give uscful information on the bislogic re-

sponse to other respirable fibers, The findings:

would supplement current criteria for diagnosis,
prognosis, and mansgoment of diseass, ‘centinucd
ployability, fair adjudication of co:np:nsa:lou
elaims, and ¢ficetive schabilitation. They would
also provide information importont in maintzine
jnz surveillance progeams: for asliesios workers
and in improving contyol measures.

3. What arc thc f.&clms in the pathogenesis of

characterization: of tha asbestos minesals which
Jead o their boing inhaled and retiined in the
Yody, in their carrying with them other chenticals,

the di 1 with the inhalstion of as-
bestos minerals and what are the primary eticlegic
{actors involved? Although in many instances it

fn their migration, may open up unsuspected aves
nues of biological yescarch.
Objectives .

Rescarch dirccted 1o answering the follawing
questions is needed i order fo sufezudrd the
workers' health, yet permit the benefit of asbestos
In today's incustrial techiolozy, The i Jormation
gained viill alto have dircct application i further-
Ing the safe use of the many new synthetic fibors
being introduced into industry as the result of the
zapidly cxpanding science n[ industiic! Aoy tcd\-
nology.

3. What is the nature :mcl pattern of discase in
werkers exposed to the diffcrent types of astostos
fibers and how do they relute tu the magnitude and
duration of exposure?

The answers to the alove are basic to dufining

' related health problems and sctting up research

on a ratiunzl basis for th
provide duta evidencing
-

solutivn. They should
tiologic fuclurs involved

Jourial of Occupational Medicine

is the predominant ingredient, generaliy and with
only fow exceptions, asbestos is formulated with
other materials in the preparation ‘of ashestos
prodducts. Even:in the mining -and milling of as-
bestos, recent studies have shown thit these ops
erations are associated with exposures to potein-
tially injurious agents (such as trace mincrils of
nickel, coludt, mangunese, zirconium, a2nd ti-
tanium), ‘polycyclic  aromatic ‘cumpounds. from
some ores, and metals ‘abrided from processing
equipznent due to the harshiness of the fibers.
These sume injurious agenis may be carricd in

degrees. in the milled fiber and subsequently in.

increased degrees as processing of the fiber con-
tinucs. )

In the past, studies related sesulting diseascs
to fiker exposure only, Thus, the ctivlogic azents
resulting in the discases observed in past stulics
are generally enlinown. They may kuve been ve
or more of e filbrous forms of ashuzios, trace
mincrals i the ore, polyoyddic arvmitic. come

. ”
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spownyls avseciated with the ee, alditives in jpro-
cossing (swh as metids, coal tars and mtch),
smoking. other vir putlutants, or some combina«-

tion of these {acturs. A fresh Jouk into both the

“elinical and animul sesearchof the yast and a new

approach to current research to funther deline 5e=.

Jated agents in the Jight of our more secent in-
formation is indicated.

&4 What chanical and physical characteristics
of asbestos fibers relute to their respirability, mo-

. bility, clearance, and i:nmobilization in the’ body
and how do the ypes of asbestos differ in these
“respeets? : .

Most of the research relating to the respira-
bility and retention, swobility, and clearance of
materials from the lungs 1ias been done on par-
ticulates which have random mavements since
they are generally sgherical. Fibers, however, hav-
ing a much greater lengh-to-diamcier ratio, have
direction and erieatution in their iovement and
many behave quite Gifferently than perticulates.
Fibers that are hawsh and rigid may Lave tissue

- . penetration potential Through  this mechanism
they may, as carriers, transport toxie agents to
other tissue sites and, thus, have a causal rcla-
tionship heretefore not evident. The behavior of
fibers in lungs and other tissues must be under-
stood and related to the respective physical and
chemical characteristics of fibers so that patierns

B 'of response- can be deseribed and predicted.

5. How can aslestos filers in vivo and in vitro
be differentiated as to type ard how can they be
distinzuished from non-asbastos fibers?

Respirable filiers are ubiquitous, They may Le
. either natura! or synthetic and from animal, vege-
table, or mineral ovigin. Modern technolozy is
introducing increasing numbers of synthetic fibers

* fnlo industrial use.
3t has bean known for some time that asbestos
. fibers in th: lungs give rise to askestos bodies, Re-
% eontly, similur-type Lodics have teen found in the
Jungs of a Jarge percentuze of indivifiuz
o autopsy in general urt an hospitals, This finding,
even thougl the number foucd in any individual
may be relatively Lmall, has given concera as to
§ts siznificince as well as to the identification of
the causative fibers and their envirenmental
source. Methods must be developed for ixolatis
lentifying, and quimtitating filrous matesials in
the Tungs and otlwr tissues and ‘in the associated
feriuginous: bodies, :

3. coming

“
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o 6 Whit fevels of exposure to. the ctivlogic
pyents assuciated with ashestoserelated diseancs
: .

40

F 137303

can be remarded a5 safe? =
Difining safc exporure levels is the prime obe
jective of the reseaich, When safe levels are de-
termined, NECESSAry. MCarurcs €an Le taken to
kcep enposurcs withia the recommended linits.

o ——

7. How can exposures be prevented?

The acrodynamic propertics of fibcrs will diffee
depending upon the specific physical and chemi-
cal propertics of the fibers. Their behavior in air
;s much Jess understood than that of particulales
spkerical in shape. Information on the biehavior of
fibers is needed for the dasign of ventilution con-
trol equipment and the design of process equips
ment to minimize the dispersion of fibers into the
air. . .

£ What enviromnental and medical surveil-
lance procedurcs are yecormmended where ashese
tos £bers are cncountered or fizindled?

Surveillance of the working population .t risk
to deteet early changes before damages to health
have occurred is an cssential pazt of any cccupa-
tional healih program in industry. Eavironmental
monitoring of exposure tevels os well as continu-
ing information on {l:e health status of the woske
ing force is an important segmentof a surveillance
program. The continued develepment and €3«
panded application of surveillance procedures will
assure the use of asbestos with minimum risk to
health. .

Projecls

The answers to the above questions can come
only from widely-based intervelated vesearch Gi-
rected to tlic hiealth response of the worker i his
specific environment. The sesearch, alihough di- -
rected specifically to the acbestos worker and his
environment, should result.in findings applicable
in the understanding of 2 wide ranze of alticd o¢-
cupational discases, especially those relating to. =
fiber exposures, This rescarch on kealth ellects of 7T
ashestos. should ~encompass, as & ini o
projectsas outlined helow -

1. Epidemiology: (») Longitudinal studics of
groups of workers in different employment cate~ 5
gorics  with contrasting exposures to difierent
types of ashestos filicrs by maznitude and dura-
“ton, singly and in coenibination witly other associs
ated materials -capable of prexlucing injury g
cliciting a syneraislic sesponie 1o establish inter-
relationsfiips between health patterns of the work-
crs and envivonraental expesuies.

(b) Studics of the velition Letween exposie to
ashiestos minerals and clinead syanptoms, pulmo-
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() Studics of seconds of morbidity and ne-
gality patterns and tiends in
with contiating eaposures o wdretes and ollier

- pssociated materialy; abvo 3 scarch for common
. genelicor hereditary geittesns rekating to the dise
©ASC.

grungrs of workers

() Analysis of selected pustinorfcm tissues of
. workers with vork histories in industrics having
contrasting exposures o Qificient types of ashes-
tos and othes associated materials dwing and slter

+ - periods of massive dust exposure. Also, Ti

Cralley ot ol.

permsrany, of peerzine. exprrad

too ssbeston b othor flais; eomsckition of faont-

genoly, gl
histologic lung .

(d) Study 1o deteet individuals who may be
fypersusceptible, cithee on an actpuined or i g
netic basis.

3. Animol experimeniation and tissuc culture:
(2) Determination of sespitability, sncsof reten-
tion, mubility, penetration, and niigration to other
tissue, #nd clearance of pulimonary filiers in rela-
tion fo thair chicmical and phyaizal propestics.

(b) Study of mcchanissm of  formation “and

- witls Winical, physwlhogic, and
"%,

who dicd from an exposure-associaled disvine as
well as those who showed no obvious indication of
associated discase.

._ . (c) Sputum study of asbiostos workers to cor<
zelate and uantitite magnifude and duration of
exposures with the occuryence of asbestos Lidics.

(N Study of contrasting popalation groups with
ical areas, air pollution, em-

. et for presence of pulsonary

ferruginous Lodics (“asbeatos bodies”) to deler:

ﬁi mine if these cozrelate with discase patterus ob-
served. . )

* (g) Study of ccological facturs that. may h

a bearing on the diszase or be interrelated w

causalive agents, including communily eNposures.

Ao

2. Clinical and human pathology: :(a) Compre-
hensivestudy of selested individuals
patterns. and progression of discase with respect
to: (1) iinpaired pulmoniry ¥ fug cirewlation

Poth by tests of funciion and by angiography; (2)
pleural thickening in relation to reduced funcion,
physical signs, aliered roenlzenaaraphic patleras,
and pleural tumors; (3) Tnpact of ¥ 21 infections
on persons with asbestos exposur '(_4) sites of
pulmonary fiber depositions and injery; (3) im-
munochemical changes; (6) the natine of {he eme
physema so often assuciated with acbestosis; (7)
the role of chronic bronchitis and other causes of
pulmonary ohstructive disease in alteringthe prog-

. mosis of ashestusis; (5) corvclation Letween roent-
genographic eviderice of discase and the capacity
of the cardiopulinonary systemn to fullill its ve-
quired function.

) Fatablish nt of a mesotheli Cilse Teg-
™ stry, tncluding uniform criteria for dingnosis and
epidemiologic follow-up of repurted cises,

. (€) Pevelopment of a wniform classification for
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”. . muist be conducted on workers in these categorics

ithdifferent .

of ferrugi bodies. arising from re-
spired pulmonary fibers from different sources.

(¢) Stidy of the clicmical and physical char-
acteristics of various 1y pes of ashestos filuss, singly
and in combination with other iated injurious
materials and their capacity 10 give rise to dificr
ent forms of cancer; evaluate additive; exhancing,
or inhibiting action of fibers and carcinogens from
cigarette s:oke and other sources.

(d) Study of potential of pulmonary. fivess as
cariiers of carcinogenic and other agcats from
Jungs to other tissuc sitcs.

(¢) Development of dose-resp duta as an
gid to devcluping sale exposure levels.

(1) Iavestigation inlothe cffcets of asbestos and
other fikers, and of zsscciated injurious materials,
on cellular physiology, enzyme suppression, and
genelic pattemn.

(g) Study of immunochemical changes, bio-
cheinical tosis, cte., that may further characterize
the expssure-response pattern and serve. as pre-
dictive tests,

4. Chemicel and physical characteristics: ()
Study of. the positive identification of indivicual
fibors, bath in vive and in vitro; the natuse and
quantity of other contaminants such as mincrals,
melals, 2nd oils associzted with the fibers includ-
ing isniy of

(b) Study of solubility of fibars and ussceiated
contaminants in tissue fivids particularly a~ related
fo bluod and usine levels of associsted materials.

(c) Study of sources and jdentification of re-
spirable fibers responsible for ferruzinous bodics
scon in Jungs and general population of ‘non-use
bestos workers. ’

Lewis J. Crallcy, PLD-
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