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The potential toxle conscquences
volved in the manufactwre and uze of
tnanmade fibers (especially fiter glass
and other man-made vitteous fibers) in-
voke the sense that we have been here
before, Bur the manmede fibers are
physicochemically unique; they differ
from tw minct fibors and from each
other. Unlike the problems sssoclated
wih asbestos, ih which the unioward .
roperdes became apparent only afier

tl;me’l):ng and widespmr;;:l use of !h}; min. 1t is premature to write an epllogue for the chremice of asbesiosis, Thare
enl, there is continving and woridwide &I Chapiots yel (o be writen and precepts begging formutation. But the
Investigation of e epidemlotogy and fessons alfeady &1 hand need 1o be indalibly taken to heant by every physi.
toxicology of many of the manmade f;- cian and by every member of society. }t s clearly established thar exposire
bers. The questions recently raised to amphibate asbestos fibers imparts an Important risk for fibrosing hmg
sbout the advissbility of femoving | | disease, and an important and speclfic risk for loms. Furthermone, "4
reminant asbestos from the environ- || o b i room for debate reparding (he synergy for bronchogeni

ment has focused the attendon of phy- : :
siciens and scientists on the potenria carcinoma when guch an ex ur: whfldu with clparee sgpokmg..
for ¢ new cpidemic of ocoupations! nd 0 csladlien these tents &8 “facts” required more than a genius for
°p clinical fnvestigation: §1 required zeal and perseverancs on behelf of the
worker at @fsk! to convinee e tkeptic and overcome the jnortia inherent in

cavironmental Jung diseases caused by
Ry anempl to shif moneys from profits to welfare, We have come that far.
Asbesios exposure in the indasiel setting s regulated; o more then two

the newer fibers,
fibers i 10 mL of air is pemmissidle. Forthermore, we have held perpeira.

Mossman and her colleagues, They
raised the question of whether there fs
a potential for & thind wave of asbestos.
related distase among persons nefther
engaged in manufachiring ashestos. noe
among its end users, The rticle was

hotly debaed In the Jtters 10 the edl-.
tor of that publication.

The paper concemnsd the redative
tisks of removing chrysodle (the pre-
dominant form), crocldoliie, and other
forms of asbesios from bulldings. The

R3S

Editor’s Comment

/I,

e
_—
P

Isnekground
There is growlng contention about the

ssh of eaposuie w0 wbesioy snd the
1ationale for p82s10n rernoval. This was
recently pointed out by an anticle in Sei.
enre ($99(:247:294) by Rrooke T.

1075 Of exposute accountable afer the “fact™ for cvents that occumred befors
the “facl™—lcvels of accountability measured in 1ens of billions of doliars
{Comtinued on pape 2)
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reaction In e group of miner.* That
anention kd to socla! reform in oocu-
patlonal health regulations and compen-
satlon (primarily Worker's Compensa-
ton) for silicotic disease processes.
Coal worken* pneurnoconioses have
been well recognized since the early
1800, bast it took & century to awaken
the public conscicnos—end then only
after the Fammington mins disaster of
1968. The high-water mark of mins
safoty In the US was resched with the
enectment of the Black Lung Act of
19469, Other pulmonary dissases, such
as byssinosls and berylilosle, have
the subject of reguladion, Udgaden, and
debate for inany years,

THE EPIDEMILOGY
AND TOXICOLOGY
O FIBERS

Nntural fibers

Asbestos Is a naturally eccutring min-
cral flber the toxicologle mnd epl-
dernicloglc effects of which have been
well documented, Sundards for worke
Pplace exposure and work practioss exist
In mott developed oountrics, However,
there is a need 1o evaluale e 1isk posed
by other natnally octuning fibers (eg,
crionite). A body of information is
emerging on these fibors, but specliic
reguladons ¢xist in only & few countrics,

Erionite

Zeollte is a naturally occurring, crystal-
line, hydrated aluminoslicate; eriontte
is 1 crystalline, (ibrous form. It 1t found
nawrally In the wesiem United Sues,
Turkey, South Africa, and elsewhere,
Erionlie has very Hmlied commerclal
applicetlon, bur exposure oceurs
because It Is & contamtnant in the min-
Ing and manufacture of other zebdfitcs
(which do have conuncrelal value, as
molecular sleves and in jon-txchange
Processes).

Erionke can produce tumors, pasticu-
tarly mesothetloma, In mice and rau that
Intele k. Viltages near Turkish erionite
deposits have been found to have high
incidences of mesothesiomas, but the

* At Gauley Bridge, West Virglnla, workers
were gaposed to high levels of crystalling
silice when tunnclling through & mouniain
with 8 high quarz content. The minjmum
expostire hecessary lo produce clticosls was
then thought 10 be wo years, bul 8 num-
bet of workets with less than twod years®
eaposure developed an acute pulmonary
process and many dicd The evem led 10
e recopahiton of scuce stlleosis gnd Ing.
gered 1 deeper serutlay of the chronie ¢f-
fects of crystalline sllica.

suo Is somewha clouded by the fact
that other fibers—including ashestosw-
att prosent in these areas. In animals,
erionitc appears to be & more-polent

mesotheliomogenkc agent than ke aebét.

to6. No consénsus has been reached on
soceprable bovels of cocupational expo-
swre o the fiber, 50 no recommenda-
tHoas have bocn made: nor have definl.
tive regulatory reviews been condutiod
for eroalte, wollastonite, or atapulgite.

Wellustonlis,

In such products & otramlcs, knsula.
tion, sand waliboard, wollastonile—
& monocalclum siticate fiber—As used

useful for assessing Io harards, Overnll,
the data sugpests that two fsk-profiks
exist, ono for origin the other for fiber
Jength, The data on exposure b vasd.
tble, Bt dust kevels for oertain opert.
tont approach the standards for nui-
sande dust (15 mg/m® oial, 5 mp/m’
respirabie). .

RS ~-MALY
VITREQUS FIBERY
For more than 50 years, the man-made
vitreous fibers (MM VFs) have been pro-
duced and used in a wide varicty of
applications. They are synthetic, tnor-

“Man-mude fibers have similar
irritant effects the extent of which
depends on the diameter
and flexibilitv of the fiber:”

&5 an asbestos replacement, St {s &
dumble fiber, but 1t has less renstic
Rrength than asbestos. Toxioologic sd-
fes of wollastonite are limitad: the only
Inhalation study tn antmats failed to pro-
duce a signlficant tumor-rosponse.
Injection and bn vitro studies suggest
that wollsstonite 1 less 10xie than
asbestos. Epidemiologic studics of the
neoplastic potentisl of wollastonlie have
not been conducted, and studies of s
fibrotie potential are limited,

Ovenll, the health studies of wollas-
white are gparse, Exposure levels vary
widely with the application and the n-
dugtry: fiber lavels of up fo 40 10 50
fibersfoe (ffcc) have sometimes been
reported,

Alaspulgite
A fibrous alumlaum ¢illcate and mag-
ntsium siticate, anapulgile s used as a
thickenlng agent and an absorbent, as
{n pet litker. 1t #3 mined primarily in the
United States. The {ibsts are shon and
relatlvely thin, although the size varies
with the geographic region of he
depasit. The effect of atapulgite In ani-
mals has varied significantly from study
10 study, These differcnoes appetr 10
be related to e origln of the fiber,
Inhelation swdies in animals supgest
that the longer the fibes the greater the
toxicity. This result is conslstent with
injection and in vitvo studics. although
there s conslderable varability.

The epidemiologic data on anapulgite
is very limiled and docs nol yield data

3

ganic, and amorphout; the faolly s
sometimes referred (o as “man-made
mineral fibers™ MIMMFSs), but, tecimi-
cally, MMVF 5 more correct. These
flbers are all crested from modten
masses of raw material under highly
controlled conditions. Fiber glass ks one
MMVF, which also includis rock/slag
(mintral) wool and refractony oerwnic
fiber RCP).

Much more is knows of the epide-
miology of vitreous fibers than is known
of other man-mad¢ fibers or non-
asbestos natersl fibers, In addition,
¢hroni¢ inhalation and other toxlootogic
teeting has been performed, Speclfic
standards do not exist in the Unhted
Stwates (execpt as puisance durt), but
broader standards are currently under
consideratioa and muliple international
bodies have already revicwed the i
entific livrature on man-made vigreous
(ibess,

Fiber glass
Two basic forms of fiber glass are {n
generml vsc: wool-type fibers and tex.
tile fibers. Fiber glass was originally
developed in the carly 19305 for vse in
home panel filiers and home Insulation;
textile fibers sppeared commerclally in
the late §930s, followed by fine-diam.
eter glass fibers in the carly 19405,
Wool {iber-glass is generally vsed in
thermal and acousticat insulation. These
products include gir-duet insulation.
pipe insulation, ventilation-sysiem air-
filtens, roof insulation, and insulation for
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pome of the exoats hmf cancer previ-
ousty reponted In e University of Pins.
burgh study,
" Other than the ewtimically significant
standardlzed morlity ratc, nd note-
worthy morality findings—such as from
nonmalignant respitttory dlscase of
mesothellomas—were assoclated with
exposure to fiber glass.
Morbidity anong fiber-glass workens
has also besn studied. None of the
siudies reported A conslptent pat-
1o of reepintory diseast! nor was any
jmpairment found of the resplratory
function of menufacturing wirkers, even
among Urope with extentlve exposure.
In the most-comprehenslve study, Welll
on the Tespimtory hoslth of
1089 workers at five fiber-glass and two
wineral-wool plants In the United States
during 1979 and 1950.
The feseanchers notod they the sub-
jocts were penerally healihy, Howevet,
small opacitics did show on the chest
x-rays of some workers. In suenmafize
" ing theit findings, (he authors noted
Uhal, in general, “she minimal evidence
of tespirtory effecis derected in the In-
vestigation, which Cannot, at presenl, be
contideted clinically significans, is e
couraging concerning the question of
potentia) health cffects of exposure 0
men-made vitreous fiber™ A follow-up
study with conbols, seported by Weill
in 1085 and 1990, found no adverse pul-
effacts associsted with work fa
e MMVF industry.

Experimentat studies
Rescarchers hava studied the effects of
surgically implanting fibrows matetial In
the pleurst and abdominel cavities of
animals and of injecsing fibers dirocly
into the taches, I 1977, it was found In
stich work that tissie changes. including
concer and soamming, wére produced by
specialty glass-fibors with diamsters of
Jess than 10 1 Other fibee-ghass compo-
sitions, including those used in building
insulation, did not produce such results.
These experitments are valugble in the
study of the mechanisms of tissue roace
dons. but, because they ans based on the
inmoduction of karge amounis of Aber by
roulcs that bypast nomal body-defense-
mochanisms. they do not justfy the con-
clusion that inkialation of glass fiber i
hazardous 10 workers, As 2CONREQUCA0E,
severalinhalation sudich in animals were
initiated U indcpendent esearch cen-
it Commercially pvallable fiber-gluss
products and. more recently. speciaily
prepared fibers with carelully specified
lengths and diasneters were used, None
of these studics demonstrated tumor {n-
duclion or fibrosts by fibrous ghass.

»

Risli evaluation

Intemational and US agencies have con-
ducted & number of reviews of the
health aspects of giass fibers, These
agencles included the Natonal lastitue
for Occupational Safery and Health
(1977), the World Health Organlzation
(1984}, and te National Academy of
Scienoes (1984). Recently, there have
boen two wdditional major seports pre-
pared on the healih effects of glass
fibers, .

In 1986, the Internasiona) Agency for
Resewch o Cancer (JARC) reviewsd
man-made mincrat-fibers. Afier review.
ing the epidemiologic dat on GVEr 400
denths from lung cancer among the
27,000 fibes-ghass workers In the Eatro-
pean study (by Simonato £4 al) and the
US study (by Enterdine and Marsh), the
1087 LARC working group of the Wosld
Health Organlzation stated that the evi-
dence was inadequate 10 conclude that
cither glass wool or glass filaments wer®
carcinogenic to humans, No evidence
of fibrosis or other morbidity was found
by the JARC panc).

Despite seven negasive inhalation-
studios in animals, implantation of
microfibers of two speciel-purposc
glasses induced cancet, This is the basls
for the determination by the JARC that
glass wop) 16 “2B" powsible human
carcinogen, Continuous-filament ibwr-
glass was designated “Group i
“nol classifiable as 10 human oarcino-

genicity.”

1n 1987, & seoond major, ntcmational
evalugtion of the sefely of glhss fipers
by the World Health Organtzatlon
(WHO), led 10 the 1epont of the Inter-
nations] Progranme on Cheamical Safety
APCS): “The overall picaure indlcates
that the possible #isk of cancers among
the general public is véry low, If there
is any al al), and should not be & cause
for conoem If the current low Jevel of
cxposure continues.” The TPCS dots
allow the weiphting of evidence, and
the inhalation studies in animals were
given greater weight in their analysit.
In 1988, the US Environmenta) Pro-
taction Agency snnounced fts sgree-
ment with the IPCS conclusion when i
stoted that the evidence for the carci-
nogenicity of fiber glass +is considered
inadequate.”

Mineral wool
The fibers keown s “mineral wool” ané
produced by spitning of blowiag mol-

ten baselt or the siag obtained from.

refining ores. These Jatter consist of
mea! silicates—silicates of aleminum.
toron. ealcium, ron. sodiom—and vari-
ous metal oxides. Depending on the

M)

source, the average fiber-diameter
ranges from 3 to 15 1

Niajor stppliciion
Tn the exly 19005, minoral wool wes
developed a8 Insulation. The fiber is
generally supplied in theee basie forms:
Yoose woot, wool bonded into a batt oc
blarkel, 6nd acoustical tilc and panels.
Today, mineral wool 1 widely used to
control temperaturt and tound. lis
sjor applications are in commercial
sooustical controt products,
pipe insulation, and innulation for auto-
mobiles. ships, moblie homes, refrigera-
tors, fomestic cooling appliances, s0d &
wide varicty of othet appliances and
equipment.

Health cffects
The siin, eye, and uppet Tespirmory ir-
stons of minerl wool are similsr to

those of fiber glass.

Anima) studie:

Several inhalasion sudics with animals
have been done at independent
rescarch cenlers. ly avall-
able mintre-wool was used. In two of
thess snudies, the animals were exposed
1 high concentrations of fiber for one
year or more and then allowed 10 llve
ot the sest of tivie tives. Compared 10
the conwolk, none of she 1est animels
demonsteated fibrogenesis, carcino-
genesis, or permantnt changes of the
resplratory symem: 0ot did the expo-
sure reduoe life expeczancy to & signifi-
cant degree.

Other swdics of implanted, injected.
or justilted mineral woo) have shown
that virtually s}t fibrous maierials can,
«t very high dosages and reardiess of
physicat or chemical makeup. have
adverse effects. However, ¢vidence
from other expetiments indicates that
snineral woo! 1s attecked by the fluids
pormally present in the hung. This may
cauge fragmentation imo shorter fibers
that may be biclegleally Jess active or
may cven lead 10 Ux tots! disappear-
gnoe of very fine fibers

Epidemiologic studies

‘thousands of workers have been em-
ployed in plants that manufactured min-
eral wool during the 50 years since Its
developtnent. A number of epi-
demlologic sidies of workers have been
done, bul the two major monality snd-
ies ware those discussed above in the
fiber-glass section, The excess tung can-
cer faund in sleg- and rock-wool work-
ers was the most-disturbing finding. but
that excess might be related to early
production phases and 10 confounding
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tioss, and protortive equipment, In m
tion, regular mvdical susvelllancs of ex-
posed popularions is racommended.
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Arumid fiwers
Aromatic polyamides constitute the
annid fibers, which are durable and
have high tensile strangth, These fibess
gencrally fall outside the respirable
nange, but cortaln of them have fibells
that mey break off and bacoms respl-
reble. 1t is 1o clear that fabrication gen-
orates olthor a fibrous or particulate
resplirable

Only & single experimental sudy of
chronic exposure to aramid fibers has
been onductsd. Thin asemid flbers at
& conoentration of 100 ffoc produced
fibrosis and rw-specific wmons. Short
term inhalation studies suggsst that
respinble organic fibers do generste 8
tissie tesponse in animels; intreperito-
neal injection studles have shown &
slight increase in the Iacldence of
tumors and of fibrosls. Expositres mea-
sured 8l manufacturing locations indi-
eate fiber levels mnging from widetect-
able t0 bess than 10 fee.

Carban fibers

The term “earbon fibers™ pefers to both
carbon and graphite fibers. They are
syniheds fibers preparad by the high.
temperature provessing of poly-
actyloning, plich, or rayon. They are
characierived by light weight, high ten-
slle strongth, and flexibility. The avars
ape dameter of the fiber is 5 © 8§ 4,
but up 10 23% of the fibors are respi-
rable by hunans,

There have boen two short-term
inhalation studies, one subchronic and
one ¢chronle, of carbon-based fibers,
Unfortunately the studics were con-
ducied with materials that had large pro-
portions of panicilele maner of fibers
that were not respitalie by rat.

Injection tudics have not shown a
significant increase In tumors, bul In
vitro tests have shown both genotoxic
and cyiooxie effects. Dermal gtudles
have not shown statistically sigalficant
increases in tumors.

There have been only limited stude
ies ¢f exposed populations, and epi-
demiologic data Is hot avallable for nsk
assessment. What data there 6 on re.
spirable carbon.fibers in the occupa.
tiona} setting indicates only minimal
exposure.

.

Vavvenofin finer

The family of polyalefin fibers constets
of palypropylene, polyethylene, and
polycarbonatz fibers, The uses ans
in" home furnishings such as rugs,
upholstery, curtaing, &nd bedding, These
flbers are penerally not respirable sven
though fine fibars are used for Nghte
welght, insulating ¢loching and for air
filemtion.

Thaze has been one eubchronde inha.
lation study with sized polypropylens
fibers: it showed blologie activity a1 90
days, dart no fitrosls, Veriable, low bev-
o1t of roxieity wero found with injoction
and in vito stdies. No epldemiologic
sudiss or datk on workers [
polyolefin fibers have beea publishod,

SUMMARY

‘This review of the sclentific data shows
that, In teme of phyelologic effects,
there arc major differenoss from one
man-made of natural fiber 1 the next.
Most of the daa is reassuring, bt we
do need 1o roduce levels of exposure
and to dect disease at an early sage,

Perpone] risks and workplace protes-
tion-programs may bocoms the subjoct
of judicla) or reguistory scruting, In that
oantext, 1 1s worth noting that, historl-
celly, the recognition of occupational
pulmonery distase has come only gfier
the fact, from the study of monelity pat-
temms, This retvospoctive approsch s no
Tongee morally of soclopolitically sccept-
sble. This paper, we hope, will supply

the perspective &nd sciciific overview
that wiit allow physiclans to make
informad fudgments shout the risks cur-
fently associand with thanmade and
ninerad fibers. ]

Speclal thanks to Thomas W.
Henerberg, PAD, Sealor Toxicolom
28, and Gerald R. Chase, PAD,
Chief Blonatisticlon/Epidemiclogist,
of the Mamville Technlcal Censer,
Denver, Colorada. They alto contrib-
uted ¢ this article.
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In te United Stawes, the evaluation
and regulation of the health effecyt of
commercial products is bath intentive
and comprehensive: internationally,
scrutiny 35 tncreasing. Before 8 new
commercial product is introduced, it
undergoes several fevels of review.

For pharmaceuticals, pesticides, and
consumer products, there are specific

7

standards for full evaluation and regu-
lawery review: appropriate {esting is
mandated tefore a new product can be
approved, For chemicals, petroleum
products, and other new commercial
introductions. regulatory review is
requined by the Toxic Substances Con-
ol Act (TSCA}. Regulatory sutherities
may atso require special studies of po-
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The role of OBHA

OSHA dinsciives Snclode communies:
tion; peners! training, apd specified
methods of complience. A pamanent

gram. including Whe lsbelling of poé-
aets and work areas, the prepemtion of

1 am Hahje),

tions. Othier states have implemaaed -

tmb- | their own fegultions. b most state

owsidacnast of user of & prodet
fated. The tability I seirospective,
sivd soversd o, any and all partics

(yther venues
b ackSivion 40 faderd law, state and locel

1aws reguiae oecupaionat and enviren- | process

mental cupotures. Bwrea have laws
mequiring specitl Wbelting wid impos-

| sng vestrionons on retense of substances.

Califomis. for examaple, has iw. Propo-
sition 65 and " Toxic Hot Spois” mgule-

and local segutations fotlow fedecal

ever, the implementation time or expo.
sune Nimialons may be eubsinmally df-
ferent. The US governinent mandaes

Enternational regulations pose
problems for exponers dnd mm
tiona] corporssions. The Exropean
Communlly has implemented regule-
tions similar to the comprehensive regu-
sy suvciure in the US, Elsowhere
in the werld, health standards e map-
idly expanding snd

in addition 30 this reguixiory frame-
work, 8 seoond ares of legad conurol is
exerclsed trough the torl systern. Over
the yonrs, case law has evolved a s

of thet impose significen
lmmmﬁm-
e} that do not adequascly wesi prod-
oLk, Bssees gisk, communican possible
© assire dhe safety of pervons exposcd
% the produce. There is increasing rec-
ognitions of a duty at only o inform
't:l‘;'wwmm 2 product-stewardship

Sutet srandands of dighility for poten-
for falluse to instinde cffcc-

-1 Gve poogmme, take this ares of Jaw—

“The multimde of segulsiory standands.
| the devijopmont of common-law expec-
_iatlons, and the indvease in worker and

consumer awnrenets will make the
19905 a pexiod of wesndous challenge

- for hoalth professionals working with
manufacturess,

warkers, and conswm-
ors, ‘The combinmion of expanding
soclopolitical conoems #nd mew tech-
nologies and materisls means the prob-
jemt witl increase, not Josscn, Health
profaskionsls, then, must engage in risk
evaluation ang communication. This
: whh the reoognidon of
the complexity and comprehensive
nature of the regulnions and includes a
sensitivity (end en acion-oricnicd
approach) o both workes d consumer
projection. .
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