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ments. are presented which indicate a re-
duction in pathogenicity as the polyfila-
mentous arrangement of asbestos dust
particies 1s replaced by a monofilamentous
structure. On the basis of this evidence, it
1s proposed that the locus of pathogenicity
of asbestos dust particles resides in their
polyfilamentous structure.

sbestos minerals are silicates,
but the pathogenicity of their
dusts 1s unmatched by that of any
other silicate. and the fibrogenicity 1s
equalled only by that of crvstalline
silica. There has been much specula-

- tion regarding the reason for this

high degree of pathogenicity of the
dust of the asbestos minerals. but
today no satisfactory hvpothesis re-
mains.

Similar to the theories proposed for
the pathogenic potenual of silica
dust, the first theorv was a mechani-
cal one based on the notion that in-
haled asbestos particles tend to pro-
duce microtraumata by piercing and
impaling delicate lung cells. This
concept proved untenable when the
dust of fibrous glass' and ceramic
aluminum silicate fibers® were shown
to be nonfibrogenic in the lungs.
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Documented expenmental e-idence, as A theorv based on chemical struc-
weill as the results of preliminary expen- ture became unsatisfactory when

synthetic chryvsotile, which has the
same chemical composition as the
natural product. produced no fibro-
genic response in the lungs.' This
nonfibrogenic response in the lungs of
rats to synthetic chrysotile also de-
stroved the validity of the theory that
the crvsialline character of the asbes-
tos fibers determined their pathoge-
nicity. It is to be noted that svnthetic
chryvsotile has the same crysualline
structure as the natural product since
it vields the same roentgenographic
and electron diffraction pattern: and.
like natural chrysotile. 1t also exhib-
its a tubular crystalline structure
under the electron microscope.'

The presence of trace metals on the
asbestos particles has also been con-
sidered a possible cause for their
pathogen:city.* However, in a recent
investigation, when neither the re-
moval nor the addition of trace met-
als altered the pathogenicity of as-
bestos dust, this theorv had to be
abandoned ‘P. Gross, MD and R.A.
Harley, Jr.. MD, unpublished data'.

The discovery that, when asbestos
1s ground to a fiber size less than 5u
long its fibrogenicity for the lungs
disappears,” astounded the scienuific
community. This finding, subse-
quently confirmed.®” proved to be an
enigma that ultimately resulted in a
new concept of the locus of pathoge-
nicity of asbestos dust. - -

Although the new concept rests
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pauonal phvsicians and industnal
hvgienists 1n plants with relauvely
few employees. [n any well-operated
industrv. there 1s a hmit of overhead
expenditure. but the necessary ser-
vices of occupational phvsicians and
hvgienists can be obtained within
reasonable limits. approximately
proportional. within industries of
comparable types. to the size of the
population to be served. Medical-hy-
gienic organizations in the communi-
tv can be destgned to serve all of its
industries. In the past. their greatest
obstacle has been their failure to sup-
ply the needed services.

The physician practicing occupa-
tional medicine alone. simply as a
phvsician. i1s not capable of providing
more than general advice and incom-
plete help 1n matters of environmen-
tal appraisal and control. vet these
are absolutely essential for _he safety
of the emplovees engaged 1n certain
tvpes of industnal acuwvity. Such a
physician should be linked in his oc-
cupational practice with a qualified
industnal hvgienist. who must have
a good laboratory at his disposal. just
as the phvsician requires access to a
trustworthy and well-equipped clini-
cal diagnostic laboratory.

The owner or manager of a small
industry 1s loath to employ a private
medical-hygienic organization which
is tor may be) also emploved by his
competitor. (Here. again. the physi-
cian engaged 1n the field of occupa-
tional medicine 1s not trusted to act
as a physician should act. The physi-
cian in industry s often believed to
differ from the one who serves the
individual or familv, who may be
trusted with the most inumate infor-
mation. [f he is not a hireling, he will
have to prove that he 1s not.)

Another factor which has hindered
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the organization of such private med-
icai-hvgienic units as are suggested
above. 1s that thev would have to be
initiated. under present conditions.
bv physicians whose careers 1n occu-
pational medicine have vet to be es-
tablished. and who must make con-
siderable capital expenditures with-
out any assurance of the success of
their professional efforts. ‘I know.
personally, of several instances of
this tvpe in which the economic risk
was too great o be assumed. ( It seems
hikelv. however. that the stern neces-
sity of meeting certain governmental
requirements on the part of small
industries will alter this situation. A
factor 1n this professional dilemma
has been that in most states there has
been no necessity for industry, either
large or small. to meet standards of
quality 1n matters of the health of its
emplovees, and there has been almost
no public demand for these standards
which. 1n line with general expen-
ence and custom. were believed to be
unattainable. This situation may.
hopefully. be altered in the near fu-
ture and create such a demand for
medical services. in coordination with
those of industrial hygiene. as to be
irresistible. It wouid seem that some
such demand must be made emphati-
callv and effectively, if any reason-
able sort of success 1s to be achieved
in combatting the hazards of Amen-
can industnal production.

No attempt has been made in this
article to provide details of the or-
ganization of the industnal medical
department. or of such a medical and
hygienic facilitv as that envisaged for
the small plant. Nor has any refer-
ence been made to the role occupied
by the industnal nurse in either of
these situations. These aspects of
industnal health units within indus-

try. or in the private practice of occu-
pational medicine. are not constdered
to be of minor concern. Rather. thev
are recognized as essential features of
the orgamization which must be dealt
with by the individually responsibie
physician w suit the attendant cir-
cumstances. The position and func-
tions of the nurse in industrv. for
example. while variable. are as well
established as are those of the nurse
in the doctor's office. They need not be
discussed here. On the other hand.
the relationship of the physician in
industry to the industnal hyvgienist s
a matter which requires repetitious
statement. The complementary rela-
tionship between the phyvsician In
industrial practice. and the technolo-
gist 1n tndustnial hygiene. 1s an
expression of the fact that neither
individual 1n the combination can
accomplish his task without the help
of the other. It |s hardly to be sup-
posed that one man can achieve com-
petence as a physician, and at the
same time, possess the corresponding
knowledge and skill to handle the
technological problems concerning
control of materials and types of ener-
gv. To protect the health of the people
who work in certain industries. the
utmost of competence is required of
both the physician. and the industrial
hvgiene technologist. The require-
ments of the physictan’'s practice. as
well as the i1ndustnal hygienist's.
may not be. or may not seem to be. as
exacting (n some industries as in
others. It 1s nonetheless true that the
professional man In occupational
medicine or 10 industrial hygiene will
have little difficulty finding problems
of human health. on the one hand.
and problems of environmental haz-
ard. on the other. worthy of his great-
est competence.
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uDONn An  embarrassingiy  obvious
structurai characterisuc of asbestos.
it 15 supported by uncontested docu-
mented experimentai findings as well
as bv data from some promising pre-
liminarv experiments. The latter.
however. require confirmation.

Theory and Supportive Data

The new theory @z simply this. the
.ocus of patnogenicity ol asbestos dust
resides 1n the polvfilamentous struc-
ture of 1ts fibrous particles. Various
data support this theorv

Man-made mineral fibers. in con-
irast to polvfilamentous asbestos
nbers. are monofilamentous. The dust
of those monofilamentous fibers

nbrous giass.' ceramic aluminum sil-
icate.” and silicon carbide whiskers*)
that have been studied have proved to
oe nonfibrogenic when inhaled or in-
sected intratracneallv

Svntnetic chrvsotiie is nonfibro-
JZenic wnen it I1s injected Intratra-
cheally [t 1s monofilamentous. It dif-
fers from natural cnrvsotile in that
its tubular crvstals are discrete and
a0t in close parallel apposition to
each other. as s the case with the
natural product.

When a grinding force 1s applied o
asbestos fibers, they tend to split lon-
gitudinally rather than to fracture
transverselv. Consequently, asbestos
that has been ground to a fiber length
of less than Su will consist largely of
Sbers that are monofilamentous.
Those bundles of fibers still remain-
:ng will be greatly reduced 1n thick-
ness and will approach the monofila-
mentous state. [t 15 the fact that most
of the fibers in such finely ground
asbestos are either monofilamentous
or nearly so. that offers a logical ex-
planation of its nonfibrogenicity.

When asbestos 1s heated to 1,000 C,
:ts pathogenicity 1s either lost or se-
verelv reduced ‘P. Gross, MD and
R.A Harley, Jr.. MD. unpublished
datar. At this temperature, the fibnls
composing the bundles tend to be-
come fused into unitary structures,
1e, the fibers tend to become monofila-
mentous -Fig 1). Although chemical
changes do occur as a result of the
heat. such changes have no bearing
on the resulting loss of pathogenicity
since it has been shown «with syn-
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Fig 1. - Asbestos. heated for two nours 1n
an electnc mutfle furnace at 900 to 1.000
C. (Left], Chrysotile heated to 900 C. Ai-
though fibrous structure 15 retamned. fibnis
are obfiterated by rounded homogene:t:es
of different density, separated from one
another by less dense ciefts. (Top rignt),
Crocidoiite, heated to 1.000 C. Cloug-tike
densities ang rare factions obliterate fibrii-
lar structure of fibers. (Bottom ngnt), Amo-
site, heated to 950 C. Obvious fusion of
constituents 1n fiber bundies has formed
globs of electron-dense matenal, theredy
leaving other portions of fibers reiativety
electron-transparent (original magnification
x 41,000).

"BESHOOLS

thetic chrvsotile) that the chemical
composition of asbestos is not respon-
sible for 1ts pathogenicity.

Bv cementing the fibriis of asbestos
fiber bundles together chemucally, 1t
18 possible to convert the polyfilamen-
tous structures into monofilamentous
ones. This has been successfullv ac-
complished with vanious silicates
such as those of lead, iron, and mag-
nesium. The use of ather water-insol-
uble cementing substances, such as
those of magnesium and calcium py-
rophosphate, calcium hvpophosphate,
and calcium metaphosphate, 1s con-
templated.

The method has been to suspend
finely ground asbestos in a dilute so-
lution (1% to 5%) of an appropriate
soluble metal sait (lead nitrate, iron
chloride or magnesium chioride). Af-
ter washing the asbestos free of all
excess salt, it is suspended in a 1%
solution of sodium silicate. The latter

Fig 2. —Chrysotiie fibers cemented with lead
sihcate. Presence of lead siiicate indicated by
electron-dense stippitng within lumen ot the
fibrits and elsewhere (onginai magnification
= 143.000).
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F:g 3 -~ Rat injected ntratracnheallv with 10
Mg iton sdicate-cementeg cnrysotie. tound
Jeac six montns ater Higniy celtular inflamma-
tory focus sufrounds terminat bronchiole. An
oczasional giant cell 1s present. although in
agjoining regon many giant cells were oD-
served There s eany fibrosis (hematoxyhn-
eosin, original magmification » 50Q)

reacts with the adsorbed metal salt to
precipitate the insoluble silicate.
From electron photomicrographs (Fig
21,1t appears that solutes are capable
of penetrating not only between the
fibrils but also within the tubular
lumen of chrvsotile crvstals.

[n a preliminary study, the lead sil-
icate- and fermic silicate-cemented
asbestos were injected intratracheal-
v into a few rats Therr lungs were
examined three months after the in-
tratracheal injection. The predomi-
nant pulmonary ieston produced by
the lead-cemented asbestos was mini-
mal 1n character, consisting of promi-
nent giant cells. few histiocytes, little
reticulin, and no collagen fibers Fig
3). In contrast. the lesions of the same
age produced by the unaltered asbes-
tos consisted of collagen as well as
reticulin fibers and histiocytes. Foct
consisting of the minimal reaction, as
were noted secondary to the “cement-
ed” asbestos. were not found in lungs
injected with the unaltered asbestos
(Fig 4).

In an in vitro study it was found

242 Arch Environ Health/Vol 27, Oct 1973

W Ak .4 !
Fig 4.~ Rat died 6. montns after having
heen injected intratracheally with 7 mg unai-
tered chrysotile. Area ot coliagenous fibrosss 1s
adjacent to respiratory bronchiole also involved
in fibrosis. This fiprosis differs trom that in Fig
3 as 1t 1s more cotlagenous and less cellular, e.
much more advanced. Granular mater:at in coi-
lagen s brown pigment (hematoxylin-eosin,
original magnification x 260).

that lead silicate-cemented crocido-
lite caused only 30% hemolvsis of
human red blood cells whereas, under
identical conditions, the unaltered
crocidolite caused 100% hemolysis.
[ron silicate was less effective in
reducing the pathogenic potential of
chrysotile than was lead silicate. The
reason for this was a gradual disap-
pearance of the iron from the asbestos
stored 1n the lungs. However, as ob-
served 1n a tall glass cviinder. the
iron  silicate-cemented chrysoulle
stains a deep blue color with acidic
potassium ferricvamide and retains
this blue color. It settles rapidly, leav-
ing a colorless supernatant which
remains colorless over manyv months.
Because of obvious inadequacies in
these experiments with cemented
asbestos, the results can be termed
oniyv suggestive. But in conjunction
with the other findings, they tend to
support the thesis that when polyfila-
mentous asbestos dust particles are

converted toward a monofilamentous
state. a reduction in their pathogenic-
ity takes place.

An extensive inhalation study with
cemented and unchanged asbestos
w1ll soon be initiated. as well as an
:nvestigation of the comparative
qbrogenic and cancerogenic potential
of the polyvfilamentous. versus the
cemented asbestos dust injected In-
trapieurally.

Thus, the documented evidence
points to a sharp d:fference 1n patho-
genicity between poiviilamentous
dusts on the one hand and monofila-
mentous dusts on the other, and to a
significant reduction 1n the pathoge-
nicity of asbestos dust when 1ts part-
cles are rendered monofilamentous
either by grinding or by thermal fu-
sion of fibriis. Preliminarv uncon-
firmed experiments suggest that a
similar reduction in the pathogenici-
tv of asbestos dust mayv be accom-
plished bv chemical fusion of fibrils,
1e, the deposition of insoluble cement-
Ing materials between the fibnls of
the fiber bundles.

This investigation was supported bv American

Cancer Societv Institutional research grant 1 N-
101.
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