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Fiber Carcinogenesis: Is Asbestos the Only Hazard?

D A T A  F R O M  severed. laboratories as well as m y own
indicate th m asbesir? <'a  :?e? cancer, not because it is
asbestos, b>a  beca us .. ; the un ique  physical s tructure
it can a:t:am ( 1 ) .  At : -?tos cause? cancer when it
separate? irito fibers v■ .•Ii exceptionally  small d iam -
CUTS the i retain  s ■ an t:al lengths. Th is  concept
may expac■ *- m anv  cn;a r-mift? in cance r  risk du r ing
various t ' c r j  pa n o n e . - xwm.res to asbestos. It  is
paniruL .r; s ç, ipoor’- _ V. the correlation shown by
Tnnbreli  e t al be* -• - differing mesotheliom a risk
and dii; .-ri : g fiber u . etets of am phibo le  asbestos
from i he h- r. rthwv?- t. -a and  T ra i  svaal m in ingregions <.f :> ; r h  A . a hi.  However, the basis for
this pre m- 1' 1C'.:. earned from ou r  wotk and
that of m -■ r's in -w "r ' - nf iibprc w en1
ni p| m , a •- - ■ a .■ •'rat-, and  vieldec! sarcomas
essential;-- ine sam,'- as :.e mesotheliomas induced by
asbestos in m an ( / - 1 Lis p rocedure  circum vents
the variati.I '  depend- at  on du* ability  ol a fiber to
reach the tc-.ieet crea: ; and  thus becomes an  initial
step to imc'-istand.?.g u.ectiai.¡?ms of cancer indue-
timi bv hi?„ : s. 1 he?:' > ' c ;-?5 indicate tha t  ne i ther  the
hy di ocat b. m? and a..-: a.-r.rr.erai complexes na tu ra llvassoc unco with asbem: s no r  those associated with  the
pi oc escine of asbesto; are surficiem to accoun t  fora?!): sms t a remocen ir n •a F a rther ,  the studies indicatehale  dille! in rn i carcm ogcnic itv  of tvpes ofsi H'vli tv ^ .mu vary v, n ; ?-v in phv sicochemical struc-lute, if t 1 ;e\ are mh . ic  to similar ranges of size.1 he n. )-n convine • a evidence of a s truc tu ra l  reia-iwnship «nard nee .-n .c.sv is th a t  fine, long fibers ofO .! a U r  - , 'aerials . t .rte lv  un re la ted  to asbestos,. ' . Idas'- ad a lunuu m oxide, are  similarly ca rc ino -- • ; F u n pleura - :; the ra t .  O n  the o the r  han d ,am bio  -, partirle? asbestos, glass, o r a lu m in u m. , M _ , s ••'.'Il a ? o n  . p ionalh  short fibers of these

: . re far b-g. ca rr 'no g en ic  in the p leura  of■ i 1 * I : . i.ict, the c cree of carc inogenic ity  of the■ - ■ ' 1 • i- correlate? ■ ■ •tth the d im ensional range  of
’ ' \ ■ apianted. fi-.-juse fibers in the samples' n si/e. c  mtm oeer.icnv  c a n n o t  be confinedu.e rh-ii- a,? >mal i arise. But a conservative

estimate indicates that,  in the  pleura of the rat,  d u rab le  
fibers <^3m in d iam ete r  an d  ^>20/* in length are far 
more carcinogenic than  cither fibers of various lengths 
with  d iam eters  or fibers with d iam eters  <f 3u and 
lengths < 2 2 0 n .  Some of our pre lim inary  d a ta  indicate 
tha t  exceptionally long glass filters with  d iam eters  
< T . 5 a t e  highly  care nogenic in the pleura o ’ the 
rat.  W e are now testing sized samples oi dum ok- 
fibers of m anv  tvpes o iir-provc our estimates o', 
which dimensions are the most hazardous.

Precise param eters  need not be defined to app rec ia 'e  
tha t  carcinogenicity can depend on the structure 
ra the r  than  the physicochemical composition oi a 
particle. T h e  most im portan t  c o io lb iy  to this obser­
vation is 1 bar nnv ivne of du rab le  tiller i,.)lmcr into t ip
k -  m , ] i e  p  . .  p  r , p ,  -I f l i t n . ' n ,  c v i ' i l  r ' i n n t f '  i i f  ] ( i i i i r  f t  n t *  f '  '  *

may be carcinogenic. Certa in ly  this seems true en­
tile pleura of the  rat,  and  it is unlikely tha t  difh i . r i t  
mechanism s are operative in m am  I f  we runsid-’r me 
conventional defin.tion t.l a fiber as any particle with 
a length  ^>3 times its d iam eter ,  m inute  fibers are 
a b u n d a n t  in our environm ent,  and  the list o! libers 
used bv m an increase? daily. D urab le  fibers am  used 
not only as insulation materials an d  b ird e rs  of high 
tensile s trength, bu t also as excellent filters, abra-w. es. 
lubricants, emollients, and  chem ira liv  inert filler-, t h a t ’ 
can be found in everyday household products, e.g.. 
cleansers, paints, cosmetics, and  even fabrics, tones, 
a n d  medications. Fur the rm ore ,  a ir  and w ater  supplies 
are  f tequently  con tam ina ted  with  m ineral  fiber.-, irnm 
n a tu ra l  source? as well as w ith  pollution bv m au. fh e  
p ioof  of m a n ’s exposure to fibers lies in the fact d u n  
libers of a  variety  of types can  be isolated from  nearly  
all h u m an  lungs.

T h e  question raised is the risk t h a t  such fibers n a v  
hold cu rren t ly  or with  the increasing use of fibeis t h j t  
m ay occur in th e  future. A n u m b er  of obse ivanon t  
a lready  m ade are perhaps relevant to this question 
( / - . ? ) ;  I m en t ion  here only a lew, T h e  fibrous 
m ateria ls  to which we are most com m only  exp-wed 
consist lor the most p a r t  of partic les too large or too 
small to be considered po ten t  carcinogens, ii the
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dim ensional ranges we h a \e  estim ated  in the ra t  are  
used as criteria . I'oi exam ple, m ost insulation  m a te ­
rials in use today, o th e r th a n  asbestos, are  com posed 
largely  of fibers w ith  d iam eters j> 5 ¡i. E rosion and  
friction  w astes of asbestos an d  o th er fibrous p ioducts 
are , for the m ost p a rt, sh o rt fibers of subm icroscopic 
size, w h ich  in ra ts  seem  far less hazardous th a n  fibers 
:n the lowest range of op tica l visibility. W ere it no t 
.o r these fo rtuna te  circum stances, the p rob lem  of fiber 
carc inogenic ity  m igh t be m oie  obvious today. T h e  
most hazardous fibeis m ay  be those of exceptional 
length , w ith  d iam eters of < j0 .5 /i; such fibers are near 
th e  lim its of op tica l ris ib ility  an d  are to some ex ten t 
in nearly  all fibrous m aterials. O u r p resen t system s of 
assessing carc inogen ic ity  in an im als can  a t best only 
d etect response to large nu m b ers  of fibers: therefore, 
m ateria ls  con ta in in g  only  a few excep tionally  fine 
fibers could easily escape detection  as a h a z a rd  in 
sim ply designed an im al tests. Even w ith  the most 
sophisticated  test, it w ould be difficult to establish  an 
absolute th resho ld  of safety, since each  sm all exposure 
possibly adds to  the to tal h azard  an d  rep resen ts a 
finite, albeit sm all, u ltim a te  risk.

T h e  u ltim ate  risk of fillers is, of course, a com plex 
p rob lem . In  add ition  to the level of exposure and  
physical p roperties of fibers, one m ust take into  
accoun t factors of inheren t resistance, m echanism s 
of e lim ina tion  an d  co n ta in m en t, the properties and
o t w o - f t m i t i f K  t h a t  e n a b l e  p a r t i c u l a r  t v n e s  o f  f i b e r s  t o
reach  tissues, and  the con trib u tio n s of o th er ca rc in ­
ogens such as cigarette smoke. F rom  our experiences 
w ith  asbestos, it is a p p a re n t th a t  fibers can  be m ost 
subtle carcinogens th a t dev ia te  from  sim ple dose- 
response relationsh ips and  th a t recpiire long la ten t 
periods before show ing carcinogenic ac tiv ity . For these 
reasons alone, it w ould be unwise to ignore a po ten tia l 
p rob lem  of g reater range than  asbestos.

T h e re  is perhaps one w ay to determ ine the hazards 
of fibers w ith o u t w aiting  the m any years necessary for 
the effects of even massive exposure to becom e ev ident. 
L 'nhke most carcinogens, fibers th a t are a th re a t are 
sufficiently d u rab le  to rem ain  in the tissues from  w hich 
cancers a ic  derived . Since carc inogenic response can

be re la ted  to  doses of sized fibers in experim en ta l 
an im als, it m ay  be possible to equate  the n u m b er and  
size d istribu tion  of fibers in h u m an  tissues to cancer in 
m an. A lthough  m uch  has been accom plished in  as­
sessing large, p ro te in -coa ted  fibers in h u m an  lungs, 
surprisingly  little  has been done in assessing the  size 
d is tribu tion  and  to tal q u an tity  of all fibers in h u m a n  
tissues. T h is  w ould  be a tedious jo b , b u t it m ight 
determ ine  the true significance of fibers as carcinogens 
in m an.

F u rth e r, we need clues to the in tim ate  events 
betw een cell and  fiber th a t lead  to  cancer. N ot all 
cells p en e tra ted  by fibers die. C onceivably  these 
transfix ing fibers could irreversibly  a lter in tra ­
cellu lar replicative processes e ithe r d irectly , th rough  
activation  of repressed oncogenes, th rough  a lte ra tion  
of cell m em branes, or th rough  in itia tion  of a un ique, 
p rccan re rous fibrosis. Short, fine fibers m ay be less 
carcinogenic, sim ply because they are m ore effectively 
con ta ined  by overt or in trace llu la r phagocytic activ ­
ity. H ow ever, a m ore com plex exp lana tion  is sug­
gested by recent studies show ing th a t in v itro  grow th 
of cells on m inu te glass fibers is re la ted  to the length  
of the filler (4).  W hatever the m echanism  of fiber 
carcinogenesis is, I believe th a t the following prem ise 
m ust be taken in to  account. D urab le  fibers, perhaps 
a t the ex trem e ranges of d im ension, cause cancer 
simply because they iirc libers unci irrespective of the ir
p i  i’> G*. I A i 'i uC 1' i c l t .uiv.  n i - j i i auCC i l l  u O l t H i m g  t i l e
presence of such fibers in the en v ironm en t and  in the 
tissues of m an  m ay well profit us all.
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