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THE MAGIC MINERAL

ACK in the ninetcen-twenties,
when the word “AsnEstas”
frequently appeared in  lmige

block letters on the Areproof drop cur-
tins that cased off the proscenium
openings of theatse stages, It was cus-
tomary in cevtain pans of the cnuntry
for youngsiers attending Saturday-
matinée performances of “Charley’s
Aunt” or “The Vagahend King” or
“Mr3, Wiggs of the Cabbage Patch”
to grect the raising of the astestas cur-
tain with the chant “All school boys
eat stewed tomatoes on Saturday!”
“This was not, of course, an excrcise in
mnemonics hut an expression of yuuthe
ful exuberance, and, to a Jesser extent,
pechaps, a yeflection of the tendency in
an era celebrated for pasochislism and
flippancy to dismiss strange and exatic
substances with jokes, Among older
people, it was centainly ¢ know)-
edge that ashestos wis noncombustible,
for whea “Joc and Asbestos™—the
synudicated comic strip about horse rac-
ing—first apptared in the Halimore
Sun, in 1925, the stablebuy named As-
hestoy explained ta the readership that
he had acquired his odd moniker hes
cause “‘no matter how hot my tips are,
they’ll never bum & hole in your packe
ethaok.” Such knowledge was hardly
universzl, however, fur it was ako true
that n popular put-on of the flapper
age consisied of soleranly asuring a
susceptible theatre companion that the
funny-locking word on the curcain
meant “Welcome™ in Latin, The Fact
of ¢he matter is that although ashestas
was Hnkcd one way or another in the
public mind with freproat theatre cur-
tains, many people thought its name

was 1 trademark, {ew prople koew tha
ft was heing wilized in 8 wide varicty
of industrial products, unly a hnndbud af
medical rescarchers were Just then he-
pinning tu sonpret that it was wffvenng
the health of Whe workers who handled
i, and virally ne onc had any Hea
that it would oac Jday prase to be wne
of the ntast importanat industrial cavscs
of cancer in the workl.

SBESTOS, which conves {eum the
Greek wljective Bagevros, meane

ing ineatinguricdizhle ar unQuenchable, it
a broad term embracingg s nsmber of
fibrows sificate minvrals thut are found
in practically every cauntry in the
world, Accisrding ta geolepists, chryrse
e ashestice—u viricty of che minceal
that aceonpta for ninety-five per cont of
the world’s pmdnrtiuu—-hmriu wripin
millians of years agy, when salsterras
neag uphcavals previded fractuces in
surpendne ruck which were premrtrawd
by water heated in the rarth's inteviar,
Subsequenely, thee watery  divelied
sumc of the serpontine, and as the we
lutions enoled, fibrous silivae crymals
began o graw within the {raciures.
The twe other major varieties of ase
bestos—yreadnlite and amusite—urige
Inated  thymeh  somewhar  iHeeent
dynamic and thermal proceses in mvtae
marphic rack, and their fibre, thutpel
similir to chrysotile, puassoee ditTerent
structurd and d:rmic:ﬁ propestics, Al
thaugh kuswn ta man as carly i the
Stane Agr, when it wis wsal in gt
tery, ashestas was considered o novelty
untl) the Lite cighteensseventics, when
it began ta be mined on i commerdd
basis. Since chien, it has achirved enore
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mous industrial importance because of
its unigue and astonishing physical prop-
crties. It appears to be highly combuscd-
ble, yet it can withstand the fiexeest
heat, It scems as perishable as grass, but
by virtue of being akmost immune 10
the forces of corrasion and decay under
almost cvery conditlon of temperature
and moisture (and of being resistant as
we)] to the action of most acids, alkalies,
and vther chemicals) it is just ahout
indestruceible, It Jooks extramely frag-
ile, yet its fibres have a tensile strength
equal 1o that of piano wire, Apparent-
ly as light and feathery as thistle- or
ciderdown, it is actually as heavy and
dense as the rack fram which it is
extracted, In one gense, then, it is 2
fibre of stone. In another sease, how-
ever, it is o mineralogical vegetatle
whose fibres arc so soft and flexible that
they can be carded, spusn, nnd waven
as easily as fibres of cottan or flax.
Asbestos is the only mineral that can
be wovetn into cloth, and its fibrous
steucture is, if anpthing, even meore
ammazing than its remarkable ability to
withstand heat. In fact, if it were not
for the clectron micrascope, the extent
to which ashestos is fibraus weuld be dif-
ficult to helieve, for thexe are approsi~
mately a million individual fibrils lying
side by side in 2 linear inch of chrysotile
ashestos, whereas anly thirty-right hun-
dred glass fibtils, such as those found in
various insulation materials, or six hun-
dred and thirty human hairs can be
aligned along the same distance, More-
over, in addition to thelr extreme fine-
ness, high tensile strength, unusual fiexe
ibility, spinnability, 2nd resistance ts heat
and the elements, ashestos fibres pos~
sess grear powers to adsorb and 10
filter. Small wonder, then, that when
ashestos, which had been known to the
ancients as “the magic mineral,” was,
in effect, rediscovered lees than 2 hun~
dred years 2go in the age of industria}
expansion, it was put to work,

Since that dme, the demand for

asbestos has risen almost as fast as the
stuff could be mined from the easth
and milled from s host rock, In 1879,
when the world’s first commeraal as-
bestos mine was opened at Thetlord,
in the Province of Quebec, only three
hundsed tons of the mineral was pro-
duced. By 1910, annual world produc~
tion had jumped to thirty thoumand
tons; hy the middle thivies, &t had in-
created to five hundred thousand tons;
and todzy the tota) outpue & more
than four million tons a year, Up
untll a few years ago, ashestos was
often called “the mineral of a thou
sand uses” by those who sold it, buc
this Jabel has becorue absolete, especial-
Iy in the United States, where it i
astimated that asbestos may have as
many as threc thousand differant in-
dustrial applications. The United States
is the Jargest consumer of asbestos in
the world, importing nearly 2 million
tons 2 year, mostly chrysotile from
Canada, and since fully ninety-five
per cent of this amount is used in
combination with other yaw mmateri.
als——such as Portland cement, asphalt,
and vinyl and other plastics—asbestos is
present as an invisible and anonymous
ingredient in 2 myriad of industrial
products, many of which are ncver
dentificd as concining ahestos even
though ft may constitute up to fifty per
cent of their content,

“The asbestos-cement industry, which
is the principal consumer of the min-
eral, makes shingles for reofing and
siding, sheers for exterior and interior
walls, insulation bosrd, clapboard, cas-
ings for electric motors, pipes to carry
water, sewage, and gas, and numerous
other products, Ashestos teasiles are
used not only in firepraof theatre cur-
tzins but also in Jagging and other in-
sulating wrapping, in conveyor belting
and safety clothing, in pot holders,
ironing-board covers, draperies, rugs,

and motien-picture screeus, as filters in
gas masks and in the processing of fruit
juices, acids, heer, and medicines, and
in waflbags, prison-cell padding, air-
plane fittings, stove and hmp wicks,
sparkplugs, and fire hase. The clectri-
cal-cquipment industey has depended
for years an asbestos yarn and eape for
insulating conductors ranging fromy
finc-gauge wire tw heavy cahle, and
woven  ashestos friction  materialge—
such as brake linings and clutch fac-
ings—are found in cass, trucks, trac-
tors, power shovels, hoists, and other
industrial machines, as ure ashestos-
cloth packings, seals, and gaskets, As-
bestos papers and felts are used for
roafing, for pizno padding, far Jining
stoves, heaters, filing cabinets, miliary
helmets, and the mofflers and houds
of automobiles, and they also arc found
in armored cars, carpets, and car~
tridges, and as boiler jackats and radi~
ator cavers, Ashestos millboard, which
is a heavier version of ashestos paper,
is used for acoustical ceilings, as plas-
terboard and firepraof wallboard, and
in electric switch boxes, eafes, tble
pads, stave mats, ovens, and dry kilns,
Vinyl and asphale floor tiles contain
anywhere from thirty o fifty per cent,
by weight, of short asbestos fbres, and
the floor-tile industry has become the
second-hasgest uscr of the minersl,
Since the development of phen-
ol-furmaldehyde resing in 1909, as-
bestas has baen used in Jarge quantities
as a reinforcement and 6ller by dhe
plastics industry, and today there are
countless plastic praducts that contain
ashestos, ranging from frying-pan han-
dles ta racker nose cones. Ashestes is
alo an ingredient of many paints and
scalants, of compounds used for tof
coating and road building, of putties,
caulling, and othier cmack fillers, of
clays used for pouery and sculpture, of
attificial snow, of plister und stuccy, of
fiveproof insulation sprayed on struc-

tural stecl, and of undercration sprayed
on autanvhiles hadies.

As g result of these nultiple and
miscellancuns application, ashestas hiat
becomne practically shiguitass in meds
ern socicty, There is net as wutomobile,
airplane, train, ship, niwde, or engine
of any sort thut diss Aot vontain ase
hestos in some form or other, and it
has faund its way inte lterully cvery
huilding, frctoty, hume, and fxrm
across the Jand, And, hecause ity mi
nuscule fibees ure esminently reapirabie,
asbestus hias ales found it way Inoe the
lungs of man, where, by remaining s
indestruetible as it dews in nuture, it van
wreak tervible havor,

HE adverse bintugical effccie of

ashestos were alriervnd as carly as
the first century hy the Greek peupe
rapher Strabo and by the Roman nat-
uralist Pliny the Elder, Ioth of winem
mentioned in passing a swhnrut of the
lungs in slaves whe occupation was
to weave asbestos into cloth. Stralw
and Pling were callieg attesitinn for dic
first time in histery to 2 divease that
would one day be Anuwn ax mbestn
sis—a form of prcumocaning (the
gencral verm forall dase disesues uf the
lungs) caused by the funlealating of fine
fibyes and particles of asbestwe—Ine the
ancieats were much tas awed hy the
magic of the mineral w be wmicerned
with the paihility thae it might con-
stitute 3 health bazard, Indied, theiy
attitude teward ashrctus sumictines e
dered on veneration. Strabu and Plue
tarch noted that the "pearpeund” wilks
used in the swered and inestinguidue
ble Jampe of the vestal virging wern
nwde of ashesing, and Pling dessilud
ashestas clothy, which bad been used
for centurics in crotmationy as the e
and cordy “funcral dress of Kinp 1
was generally assumed in sucient tines
that sishestus was of vogetable origine—
Piiny «alled it “lwwmn vieum,” al




giiilecsiL

the second-century Greek topogragher
Pausanias referred to it as “the only
tinen that is not copsumed by fre™
and this misconception endured for
centuries. {Only a few years ago, a
major chayeholder of an English as-
bestos company who was visiting the
source of its supplies in Sowth Alriea
asked the resident manager where the
plantations were,) The Romans were
especially impressed by the faet that
when cloth made of asbestos was ex-
posed 1o flame it always came our
whiter than hefore—hence the Latin
ward for ashestes, amisntus, meaning
unpolluted or undefiled~—and they are
said to have cleaned asbestos dinner
napldns by tossing them into the fire,
The use of ashestos in Europe ap-
pears to have diminished gready during
the Dark Ages, aldiough ic s szid that
the Emperor Charlemagne convinced
same warrior guests from a rival king-
dom that he possessed magic powers by
throwintg an asbeszos wmblecloth into
the fire and then withdrawing it, vn-
scathed, from the flames, In the latter
part of the thirteenth century, when the
indefaviguble Vencrian traveller Mar-
cn Pole was traversing a part of Sie
berin then kaown as the Great Eme
pive of Tartary, he was shown some
clath that would not burn, and was
told by kis “Tartar hosts that it was
made from salamander’s wool. Too
wily 10 be wken in by a story Jike that,
Marco examined the materal carefully
and, after making some ihquiries,
jearned that there was a mineral in the
mountains of the distice that con-
tained threads like those of wool. In
1724, ashestas degasits were discavered
in the Ural Mountains, and forty years
later a actory was built to manu-
facture asbestos products. Because the
known uses of the mineral were few
and the demand was limited, this first
commercial attempt to revive the long-
darmant ashestos industry wasa failure,
¥



but the second atiempt, which took
place slightly more than a century later,
succeeded heyopd the wildest dreams of
its backers. As a rosult, the fact that
ashestos could produce lung disease,
which had been forgotien sinee Strabe
and Pliny first recorded it around the
time of Christ, soon manifested jtself
again.

Modern  knawledge of ashestosis
dates from the year 1900, when a post-
mortem examination was performed hy
Dr, H. Montagus Murray, 2 physician
in London’s Chating Croxs Hospitd,
on the body of a chirty-three-yrar-old
man who had worked for fourteen
years in an ashestos-texeile factory. "The
paticnt, found o have been suffering
frum severe pulmonary fbrosis, which
i scarring of the lungs, had been the
last survivor of 2 group of ten men
whu were working in the carding room
of the factory in 1686, and since Dr.
Murray found spicales of asbestas in
the lung tissucs at autopsy, he wwas able

ta establish 2 presurnptive conncction
between the man’s uccupation and the
discast that killed him, A few years
Jater, en inspector in the Departasent
of Labor at Cacen, whose name was
Auribault, reported the results of whae
was undouhtedly the first study of
mortality amang ashestos workers, Ac-
cording to Awrihauk, whose account
appeared in the Brdletin de PInspection
du Travail et dr £ Hygiine Industriclle,
an  ashestos-weaving mill had  been
established in 1890 at Condé-sup-
Noireay, in Calvados, and during its
first five yeors of operation, when
there was no artificial ventilation and
the employees wese ficavily exposed to
dust from the looms, fifty of them
dicd: Murcover, the director of the fac-
tary, whe had previously owned a cot-
ton mill at Gonneville, in Manche,
had tecruited seventeen workers from
his former staff, of whom sixteen were
wiped out by what Auribault, who was

not a physician, mistakenly described as
chalicosis~—a preumocaniosix common
AMONE stontcugtess.
Unfortunately, acither Mueray aor
Auribaule realized the importance of
their findings, Testifying before o De-
partmentay Committea on Compensa~
tion for Industrial Dicases, in 1906,
Murray ssid, “One hears, generally
speaking, that considerable trouble it
now taken to prevent the inhatation of
dust, and go the discase i not su hkely to
aceur as heretofore,” and the conclud~
ing recommendation of Auribault’s re«
port was simply that people under
cighteen years of age should not be al-
lowed to work in dusty conditions. Bea
cause of ignorance about the ranse of
the disease, and becaute {t manifested
itsedf slowly and insidiously over a pe-
riod of from ten to twenty years or
more, ashestosis was prabably more of-
ten than nat misdiagnowed in the early
part of the century as pulmonary tw-
bereulosis, silicosls, or Rhrosing pnew-
monia. In addition, copness an the part
of industry, timidity on the part of la-
bor, and obtuseness on the part of the
medical profassion often combined to
make early investigations intw the healh
of nsbestos workers meaningless. As a
result, even though the ashestos indus-
try was growing very rapidly in all the
industrislized countcies of the world,
almost nothing wasdane to contrul dust
Tevels in ashestos factorics, and almost
nn medical information on ashestosis
was gathered during the quarter of 2
centuty that followed the dclnsures of
Mureay and Auribault—although ns-
bestns workers were probobly dying
like Rits of it.

It was 1924 hefore the first clear
case of death due to ashestors ap-
peared in medical fiteratare. Tn that
year, Dr. W, E. Couke, an English
physician, who gave the discase its
nmame, performed a post-mortem ex-
amination on @ thirty-tiree-pear-old

woman patient whe had etarted work-
ing at the age of thirteen in an ashesros-
textile lactory in which there was o
provision for the retoval of dust, By
1917, alier thirieen years of exmoure,
she fiad been coupghing and In bad
health, and from then on her attond-
ance at work had betn intermittent be-
cause of shartiess of breath and Jossle
tude, The autopsy shawed cxtensive
pulmonary fibrasis and dense stramfs of
shnormal fibrous tisue connecting the
lungs and the pleural membranes sure
rounding them. In addition, Cooke
poted the presence of solid yellowishe
brown particles, which he called “curl-
ous hadies,” in the areas of [fibrusis.
“We have aever seen anything parailel
to this in pneumuccnivsis due ta other
dusts, nur have we been able to firl
such occursence in Jiterature,’ he des
dared, and he added, *We cannot
think therz is any reasmnable duubt that
the particles in the lung are the heavy,
britele, iran-containing fragments of az-
bestess fibre,”

Conke’s discovery, which was pub-
lished in the Britith Medical Journnl of
July 26, (924, and rcpublished in
1927, provided the polnt of departuce
{or a suentific journey that started on
an appureatly straightionward puth of
occupational hypiene and that lias siace
branched out intn cpidemiclopy, one
cology, physical chemistry, physioingy,
and experimentsl patlologsy. As a re-
sult of studies made between 1927
and 1931, a whele literature refating ty
ashestosis appearcd in Great Brltaln,
which included elinical and X-ray finds
ings, descriptions of the histolopy of thie
disease, and the hypothesis (sunn widely
sccepted) thar the strange-laking yeke
lowish-brawn baedies noticed by Coake
were asbeswos fibres thae had been 2l
tercd by the reaction of lung tissue, and
cuated with o colloidal substance gich
in fron, In fact, Cooke'n “curimus
bodies proved to be so abusdans In the
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Jungs of autopsied ashestos workers,
many of which contained fiterally bil-
Tians of them, that they quickly came to
be called *ashestos bodies.”

‘The most important investigation of
this period was conducted by Dr.
E, R. A. Merewether, a medical in-

cetor for the Factory Department of

the British Home Office. Between 1928
and 1929, he exxamined rheee hundred
and sisty-three ashestos-textile workers
out of an cstimated total of twenty-two
hundred ashestas workers employed in
Great Britain at the time, and found
that nincty-five, or slightdy more than
tweatysfive per cent, showed evidence
of suffering from pulmonary fbrosis,
He alto demonstrated that the inci-
dence of fibrosis increased in direct pro-
portion to the number of years of ex-
prsure, reaching eighty-one per cent in
the group of warkers whoe had heen
employed in the industry for twenty
years or more. As a result of Mere-
wethee’s report, Paclizment passed leg-
iskstion in 1931 that made ashestosis a
enmpensable disease, required improved
methods of exhaust ventilation and dust
suppression in ashestos-texte factories,
and instituted periodical medical exami-
nations for workers engaged in par-
vicularly dusty pracesses in the ashestos-
textile industry.

After this promising burst of activity,
however, progress in the field of asbes-
tosis was depressingly slow, for, as
things turned out, the doctors hiad only
begun to scratch the surface of 2 prob-
lem of bewildering complexity. Many
investgators assumed that the new reg«
ulations would prove effective in con-
trolling the diszase, thus failing to ap-
preciate the face that, once inhaled,
ashestas, which is virtuallyindestructible,
continues to reacy within the lungs for
a Jifetime, and 1o heed the warning of
Mecrewcther, who, when asked if two
years of exposure was sufficient to cause
ashestosis in a young girl, veplied, “Yes,

e S

if she lives long encugh.” Moreover,
techaiques of dust ssmpling were primi-
tive and inaccurate, and dust levels
varied so greatly—not only from fac-
tary to factory {ut from aren to avea
within a given factory—that it would
have been almost impossible to astablish
criteria upon which to secomemend 2
safe level of exposure, But as time
went by, the genetally lowered dust
levels that did result from the yegula-
tions of 1931 appeared to be slowing
down the attack rate of the disease, at
least in Great Britain, and the life ex-
pestancy of the average ashestas-textile
worker was further increased by the
advent of anthiotics, which drastically
reduced the death mte fram infectous
pulmonary diseases that often had 1o
be feared as 2 complication of ashestasis.
The totally unfaresceable consequence
of all this was that asbestos workers, in-
stead of dying nf ashestosis, began living
long enough to develop ashestos-in-
duced cancer,

‘The first published suggestion of an
association between ashestosis and ma-
lignant disecase was made in 1935 by
Dr. Kenneth M. Lynch, professor of
pathology 3t the Medital College of
South gmlim, who described the case
of a fifty-seven-year-old ashesins weaver
whe dicd of ashestasis and in whose
Tungs cancer was also found, Becayse
the regulatinns of 1931 required Brit-
ish coroners ta conduct autopsics on
men who had been suspended from
wark with ashestos an account of pul-
manary disabifity or when their lengeh
of setvice rendered it fikely thar their
occupation was x contributory cause
af death, pathologists in Britain were
able 1o investigate the suggested link
between ashestosis and lung eancer
much more easlly than their counter-
parts in the United Staces, where few
states had workmen's compensation
lJaws cavering dust diseases, and where
there were no specific regulations re-

quiting post-mortem cxarninations of
ashestos workers. The Bridsh investi-
gations were not made the subject af
official comment unt] 1949, howerer,
when Dr, Mcrewethes, who was thien
Chief Inspector of Factories, published
a review of data that had been aceums
vlated from 1924 1o 1946, which re-
vealed thar lung cancer was present
in thirty-ont out of two hundred and
thirty-five deaths that were caused by
asbestosis or in which asbestosis was
found at autopsy. This was an incis
dence of slightly more than thirteen
per cent, and Meresvether found it
highly significant, for long cancer, ac-
cording to its fncidence in the general
population, should only have been pres-
ent in approximately one per cent of the
cases, At the time, ao formal claint of
an assaciation between the two discases
was made, but during the next few
years an increasing amount of evidence
began to essablish ones Then, in 1955,
Dr. Richard 8. Doll, divector of the
Statistical Research Unit of the Britith
Medical Research Councily completed
a study of a hundred and thirteen con-
secutive autopsies of men with more
than twenty yesrs of exposure in a
large asbestos-textile factary, which
showed that the cxtent to. which they
had sisked Jung cancer over the whole
period was cleven times as great ay
that of men in the geneml papulation
of England and Wales. Frum then
on, many doctors were convinced that
a causal refationship between asbestos
exposure and lung caacer had been
demonstrated, although almost o part:
of the vast asbestos industry either
acknowledged the relationship or found
it advisable to aid the independent ree
searchers who were investigating it

T this poine, many epideriologists
had concluded that the hazards

ta human health presented by ashestos
were licited to che relatively small

group of heavily expused workers one
gaged in making ashestos textiles. The
trouble was that very fow studies had
been made of the 1ens of tinusands of
workers engaged i ather hranches of
the jadustry, which was thea eapand-
ing at an enurmous eee afl aver the
world, sa that na nne really bad any
way of knowing whethes there was
any danger fram muderate or Tight
occupational exposurc—ar, for that
mateer, from inditect, nun-uccupationsd
exposure. Such stadics were under way
in 2 number of countries, hawevery and
when the results hegan va appear, in the
Inte fifties, it became evident that the
hazard posed to man by ashestos fiud
once again been underestimated,

‘The most dramatic devolopment was
the discovery of an assaciation hetween
exposurz to asbestas and mesuthelinma,
an almost slways malignant tumor of
the pleura, which is the delicate mem-
brane that encases the lungs, ar of the
perituneum, a similye membrane that
Tines the atdominal cavity. Previewly,
mesuthelivma had been s rare that Rt
was considered a pathelugical curivsity,
It was found In anly one mmt of
cvery ten thousand autopsics, it was
nat listed in most medical hocks, and
it was nar even coded separately in the
Wasld Health Organization’s Interna-
tonal Chssification of Diseass, In
1956 and 1952, however, sixtren coses
of this rare tumsr—tantamount ta an

cpidemic—were diagaosed at the Para.
moconivsis Resesrch Unit in Johan-
riesburg, South Aftica, by a pathulapist
mamed J. Chrisopher Wagner, Twu
circumstances Jod Dr. Wagner and
his associates ta soggest that ashratos
might play sewe part in the mystegjias
outbreaks ashestns dodies had  hern
found at autrfey in the lungs af the
very first case, and tea af the cawes
had come froms o heepilal te whlch
patients suspected of sulfering Jrum
tubecculosis were referred  from x
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large crocidolite-ashestos mining area.
At the beginning, this hypothesis
seemed rather senuous, for naue of the
sixteens patients who suficred from
mesothelioma had ever worked in as-
hestos mines or mills. Wihin a shor
period, howaver, eases of mesotheliomz
hegan o crop up elsewhere in Sauth
Africa, and when Wagner and his assa-
clates discavered chat the father of one
of their new mesathelioma patients had
heen the monsger of sn asbestos mine,
and that the patient had played around
the minc and on the adjacent dumps as
a child, thay undertosk to reinvestigate
the sixteen original wases and to ab-
tain detailed Jife histories in all future
cases, By the end of 1961, they had
diagnosed a total of eighty-seven
mesatheliomas of the plevra and two
mesatheliomas of the peritancum. Only
twelve of the csses proved to have
had industrial expoasure to ashestas,
hot all the rest came from che arid,
windswept region of the Cape asbestos
ficlds, where they could casily have sus-
tained exposure simply by living in the
vicinity of ashestos mills and dumps. A
pasticularly striking case was that of o
waman whe was bors in a town on the
ashestos fields, Jefe the region at the age
uf five, and died of a pleural mesathe-
lioma at the age of fifty-seven. Detailed
questioning about her childhood re.
vealed that she had attended 3 kindesr-
garten near an asbestos dump and that
she and her playmates (two of whom
also died of mesothelionna) wsed to en-
joy sliding down the dump on their
way home from schoal. Another exam.
ple was provided by che youngest pa-
tent of the serics—a mon who disd at
the age of ewengp-one, He had been
exposed to asbestos from the age af six
wecks until be was weaned—a pering
during which his mother took him
along with her when she went 1o work
at a cobibing site, which #5 2 place where
ashestos is separated from fts host rock.

Even among thuse patients who had
warked in ashestos wines, the actual
enposure appeared to have heen slight,
for in most cases the Jungs showed no
evidence of ashestosis but only a few as-
hestas hadies and fibres in the ajr spaces,
From this, Wagnatr drew the chilling
concfusion that mesothelioma might re-
suk from an exposure tu ashestos dust
that was considerably less than that
needed o produce fbrosis——the condiv
tiune that had always heen considered es.
sential for the develapment of ashestoy
lung cancer, (In some areas of Sonh
Alriea, ncoupational expusure ta ashestos
dust was S0 heavy, however, that fi-
brasis of the Jungs was almon cortaine
Iy killing people hefore cancer conld
develop, According to De. G.W. H.
Schepers, a native of South Africa who
is now director nf the Bureau of Lahe
oratories in the Department of Health
in Washington, 1.C,, conditims of
industrial hygiene in the ashestos mines
and facturies were often “deplurabie.”
Tn 1949, when Schepers was sent into
the northeasieen T I 0 make
the first official radiological and clinical
survey of the ashestas industry for the
South African government, lic found
harefoot Batte children spending thefr
days inside Jarge jute shipping bags,
where they were forced by nveiscers
armed with whips to taample down
fluffy amosite ashestos as it came case
cading over their heads inta the bags.
Schepers found that 1 number of dicse
children had develnped ashesosis with
tor pulmanale-—rtight-sided hearc fail-
ure, which often 2ccompanies the dis-
case—hefore che age of twelve, and he
bhas said that he would b very sur-
prised if any of them hod lived lang
enough ta develup cicher lung cancer
or mesothelioma. )

In 1960, thie year that Wagner pub-
lished the first of his disturbing reporty
about mesothelioma, there were two
additional develnpments that caused
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grve cancern among scientiss inyestic
gating the asbestos problem, One of
them opcurred in Finlod, wheee Dr,
Raime Kiviluoto, 2 radiolognt, had
tieen surveying the general population
for tubereulosis; fie detected deposits
of calclum on the pleurs, which fad
previously bren seen almost exclusive-
:{ tn ashestes workers, in four hun-
red and hinety-nine oue of sivtp=three
tundred and twelve people (mostly
farmers and cheir w.'m’; wholived in a
county where ashestos had heen mined
andmilled for many yesrs, and nopleucal
caldifications in scventy-one hundred
and one people who Jived in o neigh-
boring county where there was nao as-
bestos industry. “The other development
ook place back in Sauth Africa, where
Dr. J. G. Thomson, professor of pa-
thology at the Medical School of the
Usiveesity of Cape Town, was exam-
ining lung-fiuid smears from five hun-
dred consecutive swtopsies 10 determine
the excent to which the ordinary urban
dweller was exposed to the fnhaladon
of asbestos; he found ashescas badies in
wwenty-five per cent of the total,
Thomseon’s discovery astonished the
medical world, for vp umil that time
no one suspected that ashestas bodies
wight be present in the lungs of geople
who did not work in asbestox mines
ar factories. He polnted out, however,
that there bad been 2 wremendous in-
crease in the ust of ashestos throughout
the world aver the previaus twenty
years—~three million tons were market«
ed in 1960-—and that asbestos was be-
ing incorporated iMoo increasing
avmber apd variety of indusirial prod-
ucts with which the ordinary urban
dweller came inta Indmace dafly con-
sact. He also sugpested chac the air of
city streets was a fkely source of as-
bestos expesure, and that the averapge
wmotor vehicle, which wears out three or
fuur sets of xxbestos brake Jinings and
one or two asbestos clutch facings in its

lifetime, might well be 3 major cause
of the fberstiun of asbestes dust
Thomson reminded his colleagues that,
comparesl to a halfelife of Twenty-cight
years for strontium 90, Qe halé-life of
ashestos fibre wos an dnfinity of years,
and he concluded that, hecause of the
continuyns  disintegration of ashastus
preducts such as hrake Jimnge, Ooor
tles, and realing materials, a¢ well as
the demolition of lwuldings contuining
numerous ather ashestos preaducty, as
bestos was cunstantly finding its way
into the asmosphere a8 an everhisting
contaminant, He eyen wentw fur astn
predict that in future devades, a3 the e
cumulation of asbestos In ueban accrs
fed inexorably o higher concentrutivny
of asbestos fibres in the Iupps of urbsn
dwellers, ashestossinduced  neoplasmsy
would rival cigarcttecinduced lung cane
cer ag a cause af death,

As might be expected, the disclunues
wade by Wagner, Kiviluoto, amd
Thomson pravided a pawerdul stimulus
for further investigation of the prohe
lems of ashestos enpisre. During the
next few years, a hunt lor mevathediv-
masand ashestas hadies was undertaken
by pathologists afl over the wurkd,
Thomeon's  obwervations were  cone
firmed by studies made in Miaml, in
London, and i Bellast, while in Pitt~
burgh athestrs bodies weoee found in the
lungs of forty-six of a fiundred con-
seeutive autopsics at Dresbyterian-Uni-
versity Hospitsl. And Wagner's find-
ings were cortoborated by investipa.
tions chay associated mesothclinemie with
capasure tu asbestus in Juall a duzen
cities in Evrope and the United States,
Peshups the mat striking canfirmation
of YWagner's data came from Lundun
where De, Mardd L, Newhouse an
Dr. Hilds Thompsan, of the Depare-
meat of Ovoupatiomal Health e the
Londun Schowd of Hygicar and "{'ripis
cal Mediiine, investigated the life bise
taries of sovenry-siv cawes of mesothe.
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lioma that had been confirnied by au-
topsy or biopsy in Londen Hapital.
To ao one’s surprise, thirty-one of the
seventy-sik patients had worked with
ashesws, but eleven of those who had
diad had simply lived within half a
mile of an asbestos factory, and nine
others~—seven women and two men—
were relatives of nshestos workers.
Moast of these women had washed thicir
husbands” work clothes regularly. The
investigators leamned chat one of the
hushands, a docker, had come home
“white with asbestos” every evening
for three or four years, and that his
wife find brushed him down. Both
of the men in this group, when hoys
of cight ar nine years, had had sis-
ters who worked in ashestos-textile
factories. One aof the sisters had heen
employed as a spinner from 1925 <o
1936, and had died of asbestosis in
1947, at which time it was determined
at an inquest that “she used to return
from wark with dust on her clothes.”
Her brother, who had apparently sus-
tained na ather exposure to ashestos in
his fifetime, died in 1956 of a pleural
mesathelioma.

Further corraboration of Wagner's
findings came fram southeastern Penn-
sylvania, where Dr. Jan Licben, then
head af the Division of Occupational
Health ac the Smte Department of
Health, in Harrisburg, investigated the
backgronnds of forty-twa peaple who
had died of mesothelioma hetween
1958 and 1963. OF the forty-twa pa-
tients, ten proved to have had definite
accupational exposire to asbestos, three
were relatives of ashestas workers, eight
cither lived or were employed in the
vicinity of an ashestes (actory, and ten
athers were discovered to have had at
least same miner expasure 0 the min-
eral, The ten pevple with minor
expasure  included 2 selt-employed
maker of Swiss cheese who wsed a five-
hundred-pallon  boiler covered with

athestos insulation that flaked off on
contact, 2 salesman who had mixed and
applicd msbestos-cernent insulation to
boilers in his home, and a fourteen-
year-old boy who at onc time had
helped his father saw up and install
plasterboard during an extensive re-
modelling of theic house.

From an epidemiological point of
vitw, the invastigations that tended to
suppore the findings of Wagner and
Thomson were weal, because they
Jacked a defined population as a base
against which the data conld be meas-
ured, On the other hand, the presence
of asbestos bodies in the lungs of such 2
large pereestage of consecutive autop-
sies in so many widely distributed cities
of the world was sufficient to indicate
that asbestos fibres wese prohably being
inhaled by a majority of urban dwell
ers everywhere, and the association
between asbestis and  mesothefioma
was striking enough to sugpest that a
history of exposure to the mineral
was likely to be found whenever a
positive diagnosis of the tumor was
made, As a resule, epidemiologists were
forced ta revise their idea that asbestos
was only an industrial hazard, and ¢
give serious consideration w0 Thom-
son's prediction that it might prove
to be dangerous for untold nuwmbers
of unsuspecting people in the general
community.

N Qctober of 1964, in order w re-
view the data collected in the past
and 10 discuss the problemss awaiting
solution in the future, the New York
Academy of Sciences sponsored an in-
ternational Conderence on the Biologi
cal Effects of Asbestas, at the Waldorf-
Astoria. The conference enabled more
than four hundred scientists from all
over the world to discuss the immense.
Iy complicated cpidemiological and
dlinical problems that had appeared in
the forty years since Dr. Cooke de-
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scribed the first clear case of asbestosis,
and its planning was largely the work
of one of its co-chaitmen, Dr. Irving
J. Selikofl, who is head of the Divi-
sion of Envireamental Medicine at
the City Universiy’s Mount Sinaj
School of Modicine, director of its
Environmental Scicnces  Labaratory,
and a pioneer in the field of maders
asbestos epidemiolagy.

Like many of his colleagues at the
conference, Dr, Selikofi became inver-
csted in ashestos in a roundabout way.
A native of New York City, he in-
werned at Beth Ysrael Hospital in New-
ark; did his pathology at RMount Sinai,
where he has heen a member of the
staff since 1947; and became a chest
physician at the Sea View Hospital on
Swten Isdand, specializing in tubercu-
losis, In 1951, he pardeipated in the
bagic rescareh on Bonlazide—the anti-
biotic drug that, by cffectively Xilling
tubercle bacilli, has provided a cure for
tuberculagis—for which he received
the American Public Health Associs-
tivn's Albert Lasker Award in Medis
cine. In 1953, Dr. Selikoff founded a
mcdical clinic in Pagerson, New Jersey,
where, by chance, seventeen of his
early patients were men geferred for
chest-disease consullations who worked
in a local factory that had been make
ing asbestos-insuladon materials since
1940. When the factory closed down
in 1954, the scventeen men went into
other work, and at that poine Dr. Seli-
koff decided to continue his observa-
ton af these patients with X-ray ex-
aminations and  pulmenary-function
tests in order to deteymine the history
and the natural course of asbestasis in
men who would not be subjected 10
further expasurc,

Ac the time, Dr. Selikaff was chicfly
interested in asbestosis because, as he
has explained, “T was still unconvinced
of the relationship between asbestos and
long cancer. There wasn’t much data,

and what there was scarcely seemed to
indicate that it would prave s he
much of a problem.” As thinga turned
owt, he changed his mind. In 1054,
all seventeen men from the Paterton
factary were abledwdied and wurks
ing, By 194, however, six of them
were dead, and widny only six of thren
are alive, Of the eleven wha divd,
four were victims of lung cancer, theee
of other cancers, one of mewathelioma,
and twe of ashestosie, OF the six wha
are still alive, twa are disdiled becanse
of respiratory insuffiviency caused by
fibrosis of the lunye, and une hav tes
covered from surgery for caneess of
the lung and larvnx. Dr. Selikeff
shook his head in describing the fate
of these patients, bt a5 early s 1901
their ranks had bren thinped aut so
drastically that, as he sid, “{ way
forced to the awful realization of wiig
could happen t micie wh were werens
pationally expused to asbestos” After
the company that nwaed the factory
said it was unshie th make its employe
snent recurds available, he wrete to
several other Jarpe wsbestes manuface
turers in the United States, inguiring
abuut the health expericaces in their
plants, and was unable to vbtain in-
formation from any of them. Men<
while, he and Dr. Jacoh Churg, chicf
pathelngise at Barncre Memuaial oz
pital, in Patersun, who had heen find.
ing whestosis and lung cancer in 2
favge number of warkers feom the Pag-
erson factery, tank their data to Dr.,
Rascae P. Kandle, Commissimer uf
the New Jersey State Department of
Eealth, and Dr. Kandle applied ta the
United States Public Health Seevice for
funds to undertake a study of the Pate
erton facwory and tn make g statewide
survey to determine how many peqle
were being occupationally expused (e
whestus. However, the request wae
denied for Tack of vosources,

Since Dr. Selikefl afready knew ot
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men who had worked in the factory
that made insulation materials were dy-
ing af asbestosls and Jung cancer at
an alarming rate, he considered that
men who were installing such materizls
might also risk disease, and early in
1962 he made contact with officials of
New York Local 12 and Newark Lo-
cal 32 of the International Association
of Heat and Frost Insulators and As-
bestos Workers, The ashestos insulators
had been trying for years to interest
doctors and vanous government agen-
cies in cheir medical problems, so they
were only too glad to coiperate, and
urged Dr. Sclikoff to smake a study in
depth of the cffects of asbestos expo~
sure amang their members,

During the next six months, Dr.
Selikoff and his administmtive assistant,
Mss, Janer S, Kaffenbusgh, pored
through the unions' records and com-
piled 3 fist of the numes and addresses
of the six hundred and thirty-twvo men
who had hecn members of either of the
metropolitan locals on December 31,
1942, and of the cight hundred and
ninety men who had joined henween
then and December 31, 1962, From
the unions’ cmployment secords, they
abtrined detailed work historics of the
tatal membership of fifteen hundred
and twenty-two men, induding data
on their withdmwal from work for
other emplayment, war service, retire-
ment, or ilincss, This enabled them o
calculate the onset and duration of ex-
posurc tn ashestos for each worken
Recards of the upians® health and wel-
fare funds pravided them with the dates
and places of death uf e two hundred
and sixty-two workers who had died
between 1942 zi,d 1962, and copies of
the death certificates of all but one of
them were ohtained, In addition, au-
topy protocols, histalogical specimens,
and haspital records were roviewed
by Dr. Sclikoff and Dr. Churg in
those deaths (approximately oneshalf of

the total) which occurred in hospitals.
In the noxt phase of the study, Dr.
Selikoff and Dr. Churg were joined
by Dr. E. Cuyler Hammond, Vice-
President far Epidemiolugy and Sta-
tistics of the American Cancer Saciety,
who had participated in an analysis of
the medical effccts of the atomic ex-
plosions that devastated Hiroshima and
Nagasaki, in 1945, and whose Jarge-
scale epidemiological studies of more
than 2 million men apd women pro-
vided a tuajor basis for the consluslons
drawn in the 1964 Surgeon General's
seport on the effects of cigarette smok-
ing. Since previous studies had sug-
gested that Tung cancer assaciated with
ashestasis scldom develops until twenty
years after initial exposure o asbestos
dust, Dr. Selikoff and Dr. Hammond
decided to Yimit their first report 1o the
six hundred and thirty-two men who
were on the union rolis as of Decem-
ber 31, 1942, Taking the mea's ages
into consideration, Dr. Sclikoff and Dr.
Hammond then st abour comparing
the number and causes of death among
them with those of the general male
population in the United States, The
results were depressing. Accardiag to
the stagydard mortality tables, two hun-
dred and three deaths couid have been
expected among the six hundred and
thirty-two  workers,  Instead, there
were two hundred and fifty-five, not
counting seven men who had dicd be-
fore incwrring twenty years of expo-
sure=——an excess af twenty-five per cent.
The reason for the oxeess was not hard
to find, The fact that twelve of the
deaths were atttibuted to asbestosis was
not particularly surprising, but only six
or seven deaths from cancer of the Jung,
pleara, ot trachca were to he expected,
wherens there were forty-five. Aad
whese nine of ten gastro-intestinal can-
cers wese to be expected there were
acwally twenty-nine, Since the Jung~
cancer death yate was known to

be more than ten times ac high
among cigaretle smokers as among
non-gruokers, Dr. Selikeff and Dr.
Hommond realized that they would
have to take the smoking habits of the
ashestas-insulation workers into account
il their findings were to have any va-
lidity. It was, of cousse, impossible for
them to ascertain this with aceuracy in
the cases of the two hundred and fifty.
five men who had died, s, for purposes
of calculation, they assumed thae all siv
hundred and thirty-twe men  had
smoked a pack or more of cigarettes
cach day, and they demonstruted that
even if this had been the case it would
have produced x Jung-cancer death rate
only three and a half times that of the
general male population. Cigarette
smoking, thercfore, could nat exphin
the fact that in this group of asbestas-
insulation workers the rate of death
from Jung cancer was seven times the
expected rate,

Because of its ubjectivity, its scope,
and its thoroughness, this study con-
ducted by Drs, Selikoff, Churg, and
Hammond bhad 3 great impact op
the medical community when it was
published, in the spring of 1944, in the
Journal of the American Medical As-
sociation, and when it was delivered
hefare the Conference an the Biologi-
cal Effects of Asbestas duse Octaber, It
was the first study ever made that had
taken a Jarge cnough group of asbestas
workers from a point for enough back
in time and followed them long enough
ta determine unequivocally what their
health experience had heen, Unlike al-
most all the previous investigations,
which simply indieated that there way
an association hctween ashestos and
various kinds of cancer, it was based
upon the incidence of discase within a
defined population, and thus answered
a fundamental epidemiological questinn
of how many cancers had developed
out of how many persons txposed, In

Joing sn, it furnished the firsy Incone
travertible evidence that igdustrinl exe
pusure to ushestut was hazaydonyy R
established sound methodelopy for fue
wre studies; and it marked o snrning
puint in the views held by doctors and
health officials anovnd the warld,

IN die autma of 1962, Dr. Scli-
koff—using donaions from private
sources and a grant awarded hy
the Health Resenrch Council of New
York City, headed hy Dr. Gearpe
8., Mirich—had set up infurmol clinics
at uniop bulls in New Yerk and
Newark and staned giving X-ray
examinations, pulmunacy-function tests,
and blmud tests ta the menthers
of the two ashestos workees' Duade
During the neat year, he examined
eleven hundred and seveneeen wurkers,
and he alss questioned  them checly
abwut theie smking halit, the kinds
of materinls they used, and the condi-
tions under which they warked, “The
insulation watkers, an intelligent und
highly skilled graup of crafistncn, pa-
tiently cducated me cancerning their
trade,” he rnce safd, I learned that
they had had comparatively Jight and
intcrmittent expusure as arhestus wurks
ers go, hecause they often worked uute
of-doors on construstion prujects, and
because most of the materials they vied
had an asbestos content of less tham fif-
teen per ceat. ¥ altw found aut leew
theie problems bad heen  negglecied,
Most of themn had acver seen ot fboe
impector in their lives, and enly a
haudful could remember sering anyrne
mike a dust-feve]l connt in the areas
where they were at work,” Dr, Selie
koff alo learncd thas althowyds sume
of the workers knew they ran a risk
of develuping asbestasia {which they
usually referred tu an slticosi) almes
none of them had uny Mea that they
alsn visked cancer boonuse of their nee
cupation. As thingt turmed out, e
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found radiclogical evidence of asbesto-
sis in fully half of the eleven hundred
and scveateen men. The extent of the
fibrosis varied divecdy with the dura.
tion of exposure. Of three hundred and
forty-six men whase exposure had be-
gun Jess thun ten years before, only ten
per cent showed any abnormality, and
of three hundred and sevency-nine men
who had been exposed for between ten
and nineteen years smore than hatf still
had normal X-rays; in neither group
was there any discernible cvidence of
cancer. On the other hand, Dr, Selikoff
found that among three hundred and
ninety-two men with more than twen-
ty years of exposure three hundred and
thirty-nine had devclaped  asbestosis,
whith had by that 1ime hecome mode
erate or extensive in more than fifty
per cent of the cases; he alsa found that
eleven of the men had developed can=
cers of the lung or picura,

Aided by yeatly grants from the
Health Researeh Coundl, Dr. §eli-
koff has maintained a close watch on
the ashestos warkers' health, paying
particular attentinn to those men with
more than twenty years of exposure by
examining themn once or twice a year.
As a result, he has been able o detect
symptoms of illness in many of the men
much earlier than they might have teen
detected and to observe with great ac-
curacy the mortality experience of the
three hundred and seventy whom he
found in 1963 to be survivors of the
origingl siv heodred and thirty-two
members of the union in 1942. It con-
tinues to be disastrous, Between Janu-
ary of 1963 and March of 1968, fifly
deaths would normally have been ex-
pected to occur ameng these smen. In-
stead, there were a huadred and chir-
teen. Fifteen of them were caused by
ashestosis, and, as with the ecarlicr
study, the rest of the excess turned out
to be caused by cancer of various kinds.
‘Two or three bronchogenic cancers

would have been normal, but twenty-
eight accurred, and where the actuarial
tables predicted only two gastro-intes-
tinal cancers there were eight. An un-
expectedly sharp rise in the aumber of
mesatheliomas was observed. In the
earlicr study, there had been only four
in two hundred and ffty-five deaths;
between J963 and 1968, however,
thirteen of these rare tumors were
found in a hundred and thirteep deaths,
Dr. Selikoff suspects that the latent
period for mesothelioma may be longer
than that for either asbestosis or lung
cancer, hut sa far he regards the heavy
increase of mesothelioma among the
insulation workers as something of 2
mystery.

Dy, Selikoff and Dr. Hammond
found special significance in the fact
that all twenty-eight bronchogenic
carcinomas occurred among assbestas
warkers who smoked cigarettes regu.
larly. Noae swere found among eighty~
seven men who never smoked ciga-
rettes, Dr, Selikoff and Dr. Hammond
have reservations about these data,
which suggest that asbestos workers
who smoke cigarettes are ninety times
wore Jikely o die of lung cancer than
men who neither work with asbestas
nor smoke, because they are hased
upon the experiencs of a relatively
smazll number of prople. They do con-
clude from it, hawever, that an im-
porrant co-carcinogenic cffect exists be-
tween ashestos exposure and cigarette
smoking, and in 2 receat asticle pub-
lished in the Journal of the Americon
Aedical Assoziation they recommend
“that ashestos exposure be minimized,
that asbestas workers who do not smoke
should never start, and that these now
smoking should stop immediatcly.” It
has been suggested in some guarters
that asbestos fibres, which are known
to he highly adsorbent as well as vir-
cually indescructivle, may retain the
substance known ay benzu {2] pyrenc
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from cigarette smoke for long periods
of time in Jung tssue, thus tending to
produce lung cancer by a synergistic
effcct. No one knows for sure, however,
and Dr, Selikoff will not hazard a guess
about the matter unti] more informa-
tion is gathered, He expresses certainty
about the cffects of asbestos exposure
only when he his epidemiological proof.
He knows, for example, that one out
of every five asbestos-insulation work-
ers who die in the New York-New
Jersey metropolitan area dies of lung
cancer, and thay almost half of the
three hundred and sixty-cight deaths he
has recorded among thesc men in the
past twenty-five years have been caused
hy cancer of one type or another, Last
March, citing these Sgures before 2
Housc subcommiittee on labor, he
warned that “if they are projected to
the country a5 a whale, and if no im-
provement in the health hazards these
men face is achieved, we may look fore
ward to perhaps six thousand deaths
from lung cancer and to perhaps fiftzen
thousand deaths from cancer in general
among men in this single asbestos trade
alone.” Considering that the total
membesship of the International As-
saciation of Heat and Fvost Insulators
and Asbestos Workers is only cighteen
thousand men, and that there are about
the same nusnbier of non-union ashestos
workers, his psediction has staggering
implications.

RECENTLY spent scverat days

with Dr. Sclikeff in the Environ-
mental Sciences Laboratory at Mount
Sinai, where he has assembled a team
of thirty men and women to work on
various zspects of the asbestos problem.
“The rooms include Iabosatorics for his-
tology, pathology, electron micrascopy,
chemistry, and mineralogy, and among
the imposing areay of equipment they
contain i an electron microprobe that
is capable of identifying particles of in-

Snitesimal size, Dz, Selikofl's office i3
large and modern, Its wall are lined
with shelves and cahinets continin

hundreds of bound volumes of ceseare

papers and reports on ashestas, and at
onc cnd arc a lage conference tabla
and a blackboard, The place gives an
immediate impression of rather cold
efficiency, but this & tempered to a
great degree by the affability of the di-
rector. As we talked, Dr. Sclikefl; a
large, soft-spoken man In his carly
fifiies, was frequendy interrupted by
telephone calls and by questions from
staff members, but he generally ve-
sumed——often with an  enthusinste
“Whern were wed'—and rattled off
statistics about ashestos diseass the way
some baseball fanatics recite the butting
averages of big-kagne ballplayerss On
the day of my first visit, howover, Jie
received 3 call from 3 destor in New
Jersey who fnformed him that a lung
cancer had just been diagnosed in ane
other of the insulation workees, Dr.
Selikoff told the physiclan that the pa-
tient's last K-rays shawed moderate as-
bestasie, that he had had mora than
twenty years of exposure, and that he
smoked 3 pack of cigartttes a day,
When he hung up the phane, he was
visibly upset, and fell silent. A fowr
maoments fater, fie Wl me that he had
taken mare calls like that than be cared
to remember. *T don't redih the role
of Cassandra, but I feel we've gat tu
forge ahead on this prablem as quickly
as possible,” he subl. “There are about
thiryy-six thousand insufation worke
ers—union and non-unive—in e
United States, All in all, including ns-
bestas—textile warkers and people en-
gaged in manufaciuring uther ashestea
products, there are prubably more than
a hundred thousind workers who are
wegularly and dweetly cxposeds The
hazard would be serious enough if this
were the only group at risk, but it's ub-
vious that the problem extends further,
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simply because floating ashestos fibres do
not respeet job classifications, Dr. Wil
liam H. Stewart, who 35 the Surgeen
Genersl of the United States, told the
House subcommiteee that the asbestos-
insulation workers ars prebably sharing
their exposure to somc cxtent with
more than three and a half million
ather construction workers-—steam fit=
tevs, electricians, welders, carpenters,
ironworkers, plumbers, masons, tile set-
ters, and the like—~whe arc cnployed
on the sams projects, often in the same
room ot peneral aves, and who there-
fore must be inhaling the same dusts.”
Because of their concern with the
possthle effects of such idirect occupa-
tional exposure, Dr. Selikoff and his
assistanss have spent months compiling
the names, addresses, and work his-
torics of twelve hundred tile setters,
three thousand roofing workers, and
three theusand tunnel, foundation, and
caisson workers in the New York
metropolitan  area. They pla te
examine these men far possible health
problems as they did the insulation
waorkers, and to detesmine whether
they have significant indirect occupa-
tional cxposute, and, if they do, wheth-
er it is associated with risk of asbestos
disease, “We will study defined pop-
ulations that have heen selected in
terms of what appear to he diminishing
levels of exposure to a known risk,”
Dr. SelikoF told me. "“It’s as if a rock
had heen thrown inte 2 pond znd
we're watching how far the ripples ex-
tend, Since the pond i our case is the
general community, you can see how
difficule the cpideminlogical detective
work will be. If we discover, for ex-
ample, that the tile setters sun a sg-
pificant visk of developing asbestos dis-
ease—and there are same preliminary
jndications chae chiey might—then we
must Jook into the question of fibre fall-
out from the construction sites where
they're employed, We're niot going to
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wait for the results of the tile-sewer
study, however, hecause the problem is
tvo urgent, We're initiating 2 whole
cluster of studies designed to provide
information on whether environmental
ashestos pollution carries 2 risk for the
general population. At the sune time,
by analyzing the ripples, we can deter-
mine which rocks thraws into the pond
make the biggest splash. By thus
identifying the sources of contamina-
tinn, appropriale control measurcs will
becowme feasible, Qur plan of actack is
to discover where ashestos-associated
diseases may occur, and to control the
sources in such 2 way as to eliminate
them as a Nazard. It must he = team
cffort, of course, including epidemiol-
ogists, basic scicntists, engineers, public-
health officials, and industry and Jabor.”

One of Dr. Sclikoff’s studics will ex-
amine the possibfe health problems
arising from interrupted cxposure hy
wracing thivteen hundred and sixty-
seven men who warked ar the asbestos-
insulation plant in  Paterson—clased
down in 1954~=where Dr, Seliknfi's
first scventeen patients were employed.
Ancther will laok into the aatier of
neighboshood exposure by tracing and
investigating the heakh experience of
seventy-five hundred people who lived
within a halé-mile radius of the plant
in 1942, “The question of neighbor-
hnod exposure was emphasized ag a ve-
sult of thc mesotheliamas discovered
by Christopher Wagner in Smuh Afri-
o, and Jater by Molly Newhause and
Hilda Thompson in London and by
Jan Lichen in Penansylvania,’ Dr.
Selikoff t0}d me. “Since current evi.
dence suggests that the tumar rarely
oceurs withaut 2 history of exposure to
ashestos, epidemiologists consider it a
‘marker* discase, and we'll be lonking
lor it when we trace the medical lis-
tory of the people in Paterson. Inci-
deatally, there's onc preliminary indi-
cation that leads us to suspect we may
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find it. In 1955, the proprictar of 2
junk yard neat to the Paterson insula-
tion plant died of 2 pleural cumor.”
A thied study in Dy, Selikoff’s cluster
will aim at the protection of cela-
dves of ashestos workers. As in the
case of neighborhood exposwre, pre-
vious investigators of this group had no
population base against which to meas-
ure the otenrrence of the discase they
discovered. Dr, Selikoff, however, has
a definitely established group to work
with. 1t is compostd of the wives and
children of all the insulation workers,
and their health problems wil! be care«
fully scrutinized, especially for evidence
of mesothelioma. In Dr. Selikoff’s opin-
ion, this study will be of tremendous
importance, because its subjects have
been far removed from direct exposure,
“If the familics of insulation workers
turn out to be in wouble, the implics-
dons will be very serions indeed,” he
s3id. “On the other hand, if we find
no trouble among them-—and this is
my hope—ave'll be on sfer ground.
Our observations will also enable us
o recommend whether special facilitics
should be provided so that insulation
workers can change their wark clothes
before guing hame to their families.”
With the aid of a grant from the
United States Public Health Service,
Dr, Sefkoff and his assocfates are cure
senddy conducting an investigation that
covers an cven wider range, by study-
ing samples of lung tssue from three
thousand consecutive autopsics  that
have been performed at theee different
hospitals in New York City and trac-
ing the work histories of each of the
dead people. So far, they have examined
twa thovsand Jung samples, and have
found asbestos bodies in nearly half of
them. According to Dr, Victor Baden,
a histologist ac the Envicanenental Sci-
ences Laboratory, from one 1o five or
mose ashestos bodies are found in fifty
per cent of the tissue slides he exnmines,

Since each slide it compozed of scven
sections that together ceprescnt Jrss
than one half-millimth of an entire
lung, and since it is widdy assumed
that ashestos bodies are cvenly distribe
uted thruughout a lung, the fnding of
Jjuse one of them cau be profected ¢
mean that half a millies suay be prese
ent.
Dr. Sclikoff and his fellow-rpide-
miologists do not knaw whether the
relatively small amnung of achesing o
being inhaled by the penesal public vars
ries  risk of inducing mesuthelioma, te
whether the presence of what appear Lo
be asbestos bodies in the Tungs uf many
peaple in the geacral population repro-
sents o scrious publicohealth prollem,
Nor do they knuw whether relusively
light inhalatiun of ashrates 1 avatiated
with n special lung-caners rik in cigare
etre smokers, “At presnt, we simply
have no way of telling what tie dne-
disease gelationships are,” Dr. Sclikeff
said, “Is it brtter to have breathal in
only ffty ashestus fibres thon fifty
thousand or fifty milliou? Dues cach
fibre have the pntentlil of causing  cell
with which it comes in vonfact e tin
cancervus? The answers o these e
mensely complicated questinns will have
to come from epideminlegy aver a fung
period of time. An cightfold increne
in ashestos praduction aver the last dir-
ty yeart would appear to make it hikely
that ashestos cancers will increave, bue
only the future will wil. Rememher
that curyent wases uf mosathelioma muse
be agsocizeed with inhalstivn that taok
place twenty, thirty, er ore yeans
aga, when warld consumption of ase
bestos was only abuut five hundred
shousand tuns » vear, sl that the
ncoplasms associated with tudis’y pro-
duction of over four millim tons o
year will not be evident until the nise-
teeneninetics. Moreuver, we  have
found whut oll varictics of asbestns
fibres appear o be fmplicated in mesu




GcllieeslL

thelioma, and not just crocidolite, as
somie of us had hoped following Wag-
ner’s observations in Souch Africa, The
prablem would have been simple i€
only nne varicty of ashestos had been
refated to this tumor, Contral proce-
duyes could have been narrowly fo-
cussed, Asit is, however, a contro] pro-
gram will have to be concerned with
astestos in gencral™

1 asked Dr. Selikoff if he thought
that asbestos air pollution was respan-
sible for the occurrencc of ashbestos
bodies in the lungs of ptople in the
gencral population, and he replied that
although there was relatively fictle
direct confirmation, he felt it was at
least pardy responsible, Pointing out
again that direct and indirect occupa-
tianal eaposure were much more com-
muon than had been suspected, especially
in the canstruction and shipbuilding
industeies, he went an to say, ‘““The
possible gources of enviranmental con-
tamination are numerous, Mining
and milling operations, manufacturing
processes, and the delivery and storage
of finished praducts constitute just one
parr of it. “The constant use of asbestos
materials in the constructinng industry s
annther, and the destruction and de-
terineation of asbestos praducts in the
community at large constitutes a third.
Thece's no question in my mind that
unsuspecting people are being exposed
to small quantities of fbres from such
suurces 2§ torn ironing-board covers
and pot holders, and whe knows how
much asbestos is inlialed by hobbyists
engaged in  do-it-yourself projects
araund the housc-—=Jike sawing up wall-
hoard, mixing crack-fillar compounds,
insulating pipes with asbestos materials,
and repairing furnaces and bailers with
ashestns cements?! I agree with those
who supgest that small numbers of fi-
bres may be liberated from many prod-
ucts in widespread vse, such 35 ashestos-
cement pipe and asbestos filters, which

are employed in the food and pharma-
centical industries, but we have no in-
formation cthat this carries a disease
potential. What woubles me is that
relatively few people are aware of the
fact that it can be dangerous to inhale
ashestos. Not Jong age, we discovered
that childvea in a number of kinder-
gartens in New York, Californiz, and
other states were heing allowed to mix
raw asbestos with water to make a
cheap form of play dough, We have
also lcarned that the powders ir some
children's cosmetics kits and in cerwin
powder-waterwmix jewelry kits con-
tain asbestos. In addition, within the
past couple of years twa diffesent
thoratic surgeons have published ar-
ticles in feading medical journals which
advacate the sprinkling of ashestos
an surgical incisions in ovder to pro-
mote the adhedon and healing of
tisue. This is very bad advice, Why,
Dr, Wilklam E, Smith, who con-
ducts animal studies at Fairleigh Dick.
inson Universitg, has resdily induced
mesotheliomas in hamsters by injec-
tions of ashestos fibres into their pleural
cavities!

Dr, Selikoff went on to say that he
understands full well that asbestos i an
extrernely valuable material, and that
it has hecome essential in modern
induserial societp. “We epidemiologists
recognize and study its dangers so that
we may devise ways of minimizing or
avoiding them,” he said. “Improve-
ments in the practice of industrial hy-
gicne are necded to climinate unncees-
saty exposure amang asbestos workers
and men in other huilding trades, and
awareness of the poteatiaf risks of en-
vironmental contminztion is needed
unti] our studics indicate just how far
out into the gencral population the
problem oxtends, All 1 can say is that
the public should be made 2ware of the
problem, and that no one, particularly
children and young people, should be

unduly expased, Alter all, today's chil-
dren are almost certainly inhaling more
ashestos than their parents did, and we
now kuow that if 2 person inhales sig-
nificont amounts of asbestos dusy, he
carries 2 burden that will provide q Ja-
tent potential for the development of
cancer for the rest of his Jife. Here’s an
example I'll never forget, A cauple of
yearsago, justaficr Cuylee Hamaiond,
Jack Churg, and T published an arcicle
about asbestos and mesothelioma in the
New England Journal of Medicine, 1
received a phone call from a docror in
Massachusetts who szid that when he
read the picce he immediately told his
forty-threcayear-old wife about it, be-
cause her sister had dicd of mesathelio-
ma the yeae before. ‘Imagine my hore
ror,” this physician went on, *when my
wife proceeded to tell me that in 1943,
while she and her sister were students
in college, chey had responded to a pa-
triotic appeal and spent six weeks in
2 shipyard insulating pipcs in destroyer
escorts’ ? Dr. Selikoff paused. “Two
sisters with six weeks of exposure in
1943, he murmured, “Twenty-three
years Jater, one of them dies of meso.
thelioma, And tedzy, the other unee—
the doctor's wife——is being exammined
every few months to keep track of
some suspicious-looking shadows on her
Xeraps”

1&5 I was arsiving at the Environ-
menal Sciences Labaratory one
day, I happened to notice a newspaper
clipping tacked up on a bulletin board
gear the entrance. The story, which
was from the Times of Seprember 2,
1967, started out as follows: “The
stene looked wintry on Madison Ave-
nue, between 57th and 58th Streets,
yesterday. Flurries of what scemed to
be smowflakes fell on the area fram
between the 25th and 30ch flonrs of
the General Motors Building, which
is nearing compledon on the site of

the former Savoy FPlaza Hewel™ The
article went on e say that residents
of the neighborhood had complained
to the contractor, uad that e of the
projece engincers dind explained that
the white flakes were fallout frm
fireproofing materiat that was biring
sprayed on the stractaral steel girders,
beams, and decks of the fifty-story
skyscraper, According ts the Times, che
engineer would not ideatify the ine
sulating material, which was heing ap-
plked with speay gurs, "hecanse X don't
want to read newspaper storics ahout
how we are messing up city streets.”
He was alse quoted a3 saying, "Thit it
2 job cunditian all aver the city™ The
last paragraph of the article read, "Tlic
city’s Buildings Department said tat
it had nor received any complaints
abaue che Maditen Avenue “nowisl,'
The department said the use of tare
paulins was required fur spraying upe
eratinns in constructivn wirk W proe
vent inconvenicnce to neighbarhuls,”

Beneath the anice was this yped
notation; “Examined in our laboratory,
the material was found te cuntain
amorphous glass fibres  (presumably
‘rock wonl'), and cueysatile ashestus,
It is known that other gprayed insula~
tion materials contain amusite nshestns
plus tock waul, while still athers con-
1ain asbestos fibres 2lime,”

When I asked Dr. Selikoff about the
bulletin-board items, he said chat the
mineralogicc in che laboratary, Dr, Ar-
thur M, Langer, hud collected o aam-
ple of the materid and identified its
contents hy means of electren diffrac-
tion and clectran microscopy, and with
the aid of the electron microprohe,
Then he went to a shelf and ek
down a small plass jar that contained
a grayish wad of fibrans-lucking scuff,
about the size of a half dulfar. *“This is
the sample Dr, Langer brought back
and, anulyzed,” he told me, “It comes
fram a type of dusulation material that
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is about twenty-five per cent ashestas,
and in this tiny wad alone there are
Jiterally billions of fibres. Of course,
the ‘snowfall’ those people saw and
camplained about was sniet what may
have been hazardous, What may have
been hazardous was what shey couldn’t
sce—an untold number of sub-micra-
sonpic and Dighly respirable particles.
The ‘snowfall’ was & porfect ox-
ample of how ashestas gets into the
ambivat air, and that cngincer was
right when he said it’s 2 job condition
all over the city, You'll sec the same
material floating down from many
other building projecis in tows. It's
sprayed on by men in the Plasterers
and Cement Masons Union. Inciden-
tally, as far as I know, no ane has ever
made a study of gheir health.”

Xt was a blustery day, filled with in-
timations of the season's changing, and
when I left the hospital I took 2 Fifth
Avenue bus downtown, I sat hy a win-
dow, and was leoking idly out at peu-
ple strolling along the sidewalks when
the bus came to a stop in the upper
Forties heside a dump truck parked in
frant of a small officc building that was
being gutted, Several workmen were
carrying convas sacks of refuse across
the sidewalk and heaving them up to a
tall, well-buile Negro who stood in the
rear of the truck, cmptying the sacks at
kis feet, As he did, clouds of dust rose
into the air arnund him. Some of it
showered the window heside me. Itap-
peared to be ordinary coment dust, bue
then I saw that the pile of debsis an
which the man was standing contxined
tiroken pieces of acaustical panelling
and wallboard, both of which often
contin ashestos, and lengths of pipe
coated with crumbling white fnsulation
material that Jooked very much like
asbestos.

When T got off the bus, X walked
west along Forty-fourth Street. Half-
way down the block, T saw two work-

men slide a Jarge recrangular container
from a pickup truck and carry it into a
building. The conuiner was full of
white powder, some of which was be~
ing blown away by the wind, and the
mcn’s clothes were cavered with white
dust. When T Jooked into the truck, I
saw half a dozen large paper sacks Ia-
belled “Fiscproof Plaster.” One nf the
warkmen returned for his touls, and T
asked bim if the plaster contained as-
bestos, “Sure,” he replied. “Thats
what makes ic fireproof.”

I walked on to the corner of Sixth
Avenue, where a farty-four-story office
huilding had been under construction
fur seveeal mondhs. During that period,
T had passed the huilding nearly every
day, but now, for the first time, I
lavked up and scrutinized it caccfully.
About halfway up its side, I saw some
tarpaulins billowing in the wind, Above
the tarpauling, the steel girders and
beams weee reddish brown; berween
the wrpauling and the ground, however,
they* had been sprayed with asbestas in-
sulation, which clung to them like gray
frosting. Then, all at once, { saw wads
of the same gray staff falling out of the
area that had heen curtained off by the
tarpaulins. Some of the picces were car-
ried away on the wind; others that
were heavier came tumbling down
around me. One foll on the sidewalk at
my feet, I picked it up, crumbled it be-
Tween my fingers, and saw dozens of
tiny fibres float away. It was the sume
calur and texture as the material that
Dr. Selikoff had shown me half an
hour before. The sidewalk was covered
with it, and even a I stood there more
of it came showering down. A woman
hurrying to make the light with a
friend brushed some off the sleeve of
her coat, and said, “What the devil is
this stuff??” T watched her cross the
avenue, and sw ashestes jasulation
blowing over the pavement like thistle-
down across 2 field. The wind was

southerly, and most of the asbestos was
wavelling noreh, in the direction of
Mount Sinsi Hospical, where Dy, Seli-
koft and hiy associates are still follow-
ing the yrail Dr, Cooke 82t out gn in
192¢. But T was not thinking about

woff or the difficulries nf egle
Dr. St ojust then, I was thinking

gy
fml:’ l:l,ﬁ' children whe play in Centeal
Park every day, and abunt all the other

childeen who live in this city and
breathe its afr, —PauL Brooxug
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