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Dear Bob:

Here's a copy of the latest paper out of Mt. Sinai re the biological
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to keep it confidential, it is a prepublication copy. It is probably not
appropriate to give it general distribution at this time. A copy has also
been sent to Ed Fenner for Dr. Kotin.
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MOUNT SINATI SCHOOL OF MEDICINE
of The City University of New York

FIFTH AVENUE AND 100TH STREET-NEW YORK N.Y 10029

Department of Community Sledicine June 7, 1976

Dr. H.B., Rhodes

Area Manager, Marketing & Technology
Union Carbide Corporation
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P.O. Box 579

Niagara Falls, N. Y. 14302

Dear Dr. Rhodes:

Enclosed is a prepublication copy of the paper describing our

work using Calidria RG 144. The manuscript has been submitted

for publication.

If you wish any further details on this work, please call me.
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Mary S. Wolff, Ph.D.
Environmental Sciences Laboratory
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Early standard for asbestos exposure in the United Staztzs

The first asbestos standard in the United States set a2 -axirum allowable

concentration of total dust particles in an envirounmext ~here asbestos-
containing materials were being handled or processed (P-zessen et il'
1938). Exposure levels were defined as total dust conczairation in
millions of particles per cubic foot of air (mppef). Oz the basis of
their study of asbestos téxtile &ills, the authors suzgszted that con-
centrations of 5 mppcf were low enough to prevent asbesto;is. in retro-
spect, the considerations used to justify the standarZ wz2re extremely
limited (Schall, 1963). Most of the workers examined iz The 1938 study
had been exposed to asbestos dust for less than ten y=zrs. Subsequent
studies (e.g., Selikoff EE El' 1963) established that ozsurrence of as-
bestosis usually follows a long clinical latent period, 20 years or more
between onset of fiher exposhre and appearance of radiological evidence
of scarring. Also, questionable measurement techniquas were used:
impinger particle coilection and optical microscopic enziysis of dusts,
Impinger collection was later found to be an inconmpletels efficient
method (Holt, 1967}, and because 211 particles (asbestos and othar} were
counted, the asbestos fiber concentration remained largely undetermined.
Further, at that time the standard was directed only towzrd prevention
of lung scarring, since neoplastic dangers of asbestos cxiposure pad not

yet been recognized.

The substitution of fiber count for total dust count czz=z about in the
United States through several later studies by the U.35. Fublic E=alth

Service (Ayer et al. 1965; Lynch et al. 1970). 1In thsz=z=z studiez, fiber
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counts* were ceompzared with total dust particles in industries where
processing, machinery and r;w materials had unot changed since 1938.
Accordingly, in the mid 1960's, asbestos standards were 'reset” to
reflect the fact that some 10% of the total dust consisted of fibers.
Thus, 5 mppcf corresponded roughly to 12f/ml. Still inherent in the

new standard were major difficulties; neoplastic risk was not recognized

and inadequate analytical methods continued to be used.

Present standard for asbestos exposure in the United States

The current United States federal standard for exposure to asbestos
dust became effective on July 7, 1972 (Federal Register). This document
established: atmospheric fiber concentration limits for an 8-hour time
weighted average (per work day) and for short period maxipum excursions
{ceiling concentrations), expressed in f/ml; a unifora air sampling
method and analytical technique for analysis; a defined explanmation

of particles to be enumeraited (fibers 5pm -10Cum in length).

The analytical method retained certain limitations e.g., only a portion

of the workers exposure was characterized by the method -- those fibers
longer than Sum. The selection of fibers greater than 3um in leagth

was based upon methodology evaluation by the U.S. Public Health Service
during a study of asbestos environments in the zsbestos textile industries
in the United States (Lynch et al. 1970). They were indebted to a British
study by 3Addingly (1868), in which the Sum fiber was selected as the

lower limit for counTing, mostly on 2 utilitarien basis and not because

*

fibers defined as objects with length-to-width ratio of at least 3:1.
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of biological considerations: the counting procedurs, by optical micros-
copy was simplified, and the interobserver error ior couating was reduced.
Moreover, soma existing theory of pathogenesis of a2sbestosis suggested
that disintegration of large asbestos bodies, thoss necessarily nucleated
on long fibers, were responsible for the process ol collagen formation

in asbestosis. Moreover, a variety of asbestos texTile processes was
assumed to produce dusts with similar size distribuTion characteristics,
having a small conceatration of fibers less than 3.5 in length. Again,
several important problems were sidestepped in pro—lgetion of the 1872
standard. Disease considered was lung scarring, noT calignant neoplasms;
an unsubstantiated hypothesis that ('long" fibers ars those most biolog-
ically active) was used to restrict fiber lecgth ernumer2tioan; and a

severe limitation of counting, by optical microscozy, was accepted.

Biological importance of small fibers

The study of small fibers and their biolegical activity is important
for several reasons, In most of commercially availzble asbestos raw

materials, small fibers constitute the numerical vreponderance in all

samples examined (Timbrell et al. 1970). Such sma2il fibers tend to
form stable aerosols with greater potential for ic=zlation. These small
particles can penetrate beyond the terminal bronckioles and come to rest
in'alveolar spaces through impaction anddiffusion —zchaiisms (Timbrell,
1973). Although small in size, their relatively lzrger surface area

provides greater particle-~tissue interface. In adZitjon, the number

of such potential interfaces per cell, per organ, 2:¢., is far greater
than in materials witha fibers of larger in size but fewver in number,
[ S O '/-)
UCC 025665

S




From these titeoretical considerations, a number of investigators, using

both in vivo and in vitro test systems, have studied the biological

effects of small asbestos fibers.

Animal studies using small fibers obtained from air-elutriated floats

During ipdustrial processing of asbestos large fiber bundles are "opened’
and comminuted. Very fine fibers (''suparfine”) tend not to settle and
are collected in air-cleaning filters in a bag house. These "floats",
i.e. fine asbestos fibers which retain fibrous integrity, have been used

to investigate the biological activity of short asbestos fibers.

wagner (1968) obtained a No. 7 (superfine) Canadian chrysotile fiber

which he further fractionated by water sedimentation to free chrysotile
from associated rock fragments. The final material contained fiber of
which 92% was shorter than 6pm in length. Following irtrapleural in-
jection into Wistar rats, mesotheliomas developed in 61 of 96 animals,
significantly more than observed for a similar group of rats exposed

to crocidolite asbestos. Io the same year, chve£ reported using Canadian
chrysotile floats for inhalation experiments with dogs. These materials
produced marked epithelial hyperplasia, bronchial squamous cell metaplasia,
progressive diffuse fibrosis, and twe malignant neoplasns in 80 dogs ex-
posed. In 1970 Wagner et zl. ‘again used a superfine Caanadian chrysotile
to induce mesotheliomas in Wistar rats. As before, the tumors appeared
sooner and more freguently than im animzals similarly exposed to crocido-
lite, In the same year, Timbrell EE 3&. suggested that moré mesotheliomas

were produced in a specific geographical area of South Africa because of

=ovd
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the EEEEE characteristics of the dust, which producad a more stable aero-
sol and therefore greater dose-exposure to wofkmen. Wagner reiterated
his belief that smaller asbestos fibers produced more ma2sotheliomas
(W¥agner, 1973; Wagner EE El' 1973). These reports demonstrated that
extremely short commercial asbestos fiber, undamaged during processing,

induced significant disease in znimals.

Studies with small fibers prepared by laboratory manipulation

{ost workers studying the biological activity of szall asbestos fihers
have themselves prepared small fibers in the laboratory by mechanical
methods which differed in severity of manipulation. Other variables

in these studies include animal model used (speclies) and route of admin-

istration.

Exposure to fibers comminuted by moderate methods

Kirg et al. {1946) injected Rhodesian chrysotile fibers of different
lengths intratracheally into rabbits. The small fibers were produced
by microtoming (physically cutting) the chrysotile into appropriate
lengths. Marked fibrésis was produced with 1Spm long fibers and inter-
stitial fibrosis was also produced with 2.5pa long fibers, under ident-

ical experimental conditions.

Holt et al. (19%64) exposed rats by inhalation methods to Rhodesian chryso-
tile consisting of fibers nearly all less than 3.~ in length. Fiber
comminution was accomplished by centripetal hammzar. Yo typical asbestos
bodies were observed ir the animals' lungs although progressive [ibrosis

was noted in all cases.
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The iﬁhalation of similarly prepared Rhodesian chrysoiile by guinea pigs
was reported by Holt et al. in 1965 and 1966. For every asbestos body
observed in thq animal luag tissues, a vast auxber of small particles
which were uacoated "'packed” the cytoplasm of mTacrophages. Most of

these fibers, too small to be seen by optical nicroscopy, were associated
with diffuse fibrosis. They concluded that "very small dust particles
are at least as lethal as long fibers'. Short-term dusting (3-days)
produced scarring, as did low concentrations of fibers (1266). Several
years later, Gross et al. (1968), observed necplasms in rats exposed

to short fiber (centripetal hammer) by inﬁalation. Tumors developed

in 31% of the animals, including adenocarcinoza, fibrosarcomas, squamous
cell carcinomas, mesotheiiomas, and a number of other tumors. Multi-
focal asbestosis was generally observed. Since the short chrysotile
fiber was produced by milling, the author sugzested that the malignant
neoplasns arose from {race metal contaminatioz produced by wearing of

the mechanical mill. Several years later, both Wagner (1973) and Stanten
(1973) produced evidence to refute this trace netal tneory, and it has

been abandoned (CGross and Harley, 1373).

Exposure to fibers prepared by severe methods (ball-milling)

Hilscher EE El‘ {1970) observed that asbestos fiber, including chrysoc-
tile, milled for periods ranging from 48 hours to 16 weeks, produced

no effect in laboratory animals. However, chrvsotile fiber which wes
finely cut by microtoning, produced measurable fibrosis in animals, Pott

et al. (1972) prepared chrysotile by manual grinding in an agate-mill, and

in the material produced, 99 of the fibers were shorter than 3jua,
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Phvsical characterization of these materials suggested that the structure
was not destroyed. Although the milled material required a longer latent
period for tumor development, approximately 40% of the aznimzls, in both
long and short fiber groups, developed malignant tumors. These workers
concluded that short fiber should not be considered unimportant in terms

of carcinogenesis. 7Pott and Friedrich in 1972 again used agate-milled

chrysotile. With unmilled fiber, fibrotic response was dose-related,
but tumor developmeunt was about 45% for doses of 6, 25 and 100mg. Milled
chrysotile (100mg) produced tumors in 13% of the rats, but no fibrosis.

Latent period for fibrosis was not indicated in this report.

A number of workers have noted the possibility of structural degradation
of chrysotile asbestos induced by prolonged grinding. Xlosterkotter
observed in 1968 that chrysotile milled 100 hours, which produced no
fibrosis, appeared to be amorphous when viewed by electron microscopy.
Davis (1972), who intrapleurally inoculated mice with milled chrysotile,
observed fewer sigrnificant granulomatous lesions than with the loag f£i-
ber. Stanton (1972) and Stanton EE.EL‘ (1972) observed that ball-milled

asbestos fibers were less carcinogenic than the unmilled larger samples.

Extensive studies by Vorwald et al. (1951) utilized inhzlation, intra-
tracheal, and intraperitoneal routes of administration to expose guinea
pigs and five other animal species to a number of chrysotile prepara-

v

tiens. A Tlong’, a "short” z2nd a "'mitlad” fiber were tested. The long

-l

fiber consisted of 60% chrysotile whereas the milled fiber was crushed

rock containing only 17% chrysotile. The occurrence of marked asbestosis

3 e~
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as defined by peribronchiolar scar tissue, occurred only with long fiber.
Howvever, following irhalation, the short fiber iaduced slight to moder-
ate fibrosis in guinea pigs after 16 moaths of continuous exposuré and
"fibrosis typical of asbestosis’ was observed in animals allowed to re-
cover after exposure for 12 months or more. Taese authors, while in-
vestigating the hypothesis that biological activiiy was inversely related

to particle size, stated that "this again indicates that the biological

activity of asbestos inhaled into the lung is not increased by a reduc-

tion of size of the fibers' . However, peribroachiolar fibrosis, as we

now recognize may bemlated to long fibers, because they can accumulate
in this anatomical constriction. Skort fibers carry beyond the
bronchioles and tend to produce the more classical septal fibrosis com=-

monly observed im human asbestosis.

Most recently, Reeves et al. (1974) used 100 hour hammer-milled chryso-
tile for inhalation experiments with rabbits, rats, mice, gerbils and
guinea pigs. Little or no fibrosis was observed, with very low in-
cidence of neoplasm (one lung cancer and one m2sothelial tumor among only
69 rats); both responses were less marked thano those with amosite and
crocidolite. The authors attributed the reduced fibrotic and tumorigenic
response to ''destruction of the fibrous geometry of chrysotile”. Indeed,

their EM and x-ray dota indicated greatly reduced crystallinity.

While several recent papers have concluded that long fibers produce

rmore biological resgonse than do short ones, there app=ar to be several

possible interpretat:ons of the data. For example, Stanton (1973)
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compared the size distributica of fiber samples with mesothelioma yield
in animals. He listed.several groups of materials on the basis of their
mesothelioma production: greater than 50%; 40-25%; 0%. From the size
distribution data, he concluded that long chrysotile fiber produced more
mesotheliomas than short chrysotile fibers. However, for the fibers
producing more than 50% wmesothelioma, the data indicate that 27% were
less than 5pm in length and only 15% greater than 40um in length; in
the 40-25% mesothelioma group, 8% of the fiber was less thaan 5ym in
length and 85% of the fiber was greater than 40pm in length; in the
group with no mesothelioma, 9% of the fibers were less than Spm in
length, and no fibers were greater than 4Qum ia leagth. Thus, the data
can also suggest that perhaps the smaller fiber population (less than
Sum in length) may be responsible for the induction of mesotheliomas.
Furthermore, the particles were counted by optical microscopy at 1000X%,
limiting resoluticon to about lym. Fibers smaller than lpm were thus

omitted.

A number of other repcrts, at about the same period sugzgested biological
activity of small fibers. Suzuki and Churg (1969; 1972} reported intra-
cellular respouse to chrysotile fibers significantly less than luym in
length. A number of cells, in the hamster animal model, were observed
to bhagocytize and react with chrysotile fibrils. Even objects as small
as several hundred angstrom units in width were observed to induce fer-
ritin metabolism and formation of asbestos bodies. At the same time,
Davis (1970) suggested that fibers greater than 3pm in length induced

the formation of asbestos bodies through giant-cell mechanisms. However,

R
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he remarked that most fibers remain uncoated and that the asbestos body

may represent only one in one thousand such inhaled objects.

Bey and Harington {(1871) utiliiing harvested peritonéal zacrophages from
hamsters observed that ground UICC chrysotile broduced cytotoxic effects
in this cell line. No marked differeances were observed in this shorter
Eiber populationr. Similarly, Davis (1964) reported the formation of
asbestos bodies in animals in reaction to short chrysotile fiber. He
also reported the survival of disproportionately more uncoated fibers

than "asbestos bodies'.

Conclusions concerning literature review

In a number of studies, short asbestos fiber has produced a variety of
biological effects, in a number of animal species, wWith a2 range of routes
of administration. Effects range from fibrosis to nmalizgnant neoplasnms.
However, many studies have failed to elicit biological rasponse with
small fibers. In most such cases, vigorous mechanical size reduction
methods were used to produce short fiber suggesting the possibility that
manipulation of the fibers during laboratory preparatioa may have so

altered them as to change their character and bidlogical potential.

We have begun a study of small fibers, which includes size reduction
processing similar to that which produced "imactive” szz2ll fibers. These
materials have been examined by a number of analytical zzachnques to de-
termine whether or not alteration of innate surface or structural prop-

erties has taken place. In addition to this, in vitro -2st systens have

o o b i
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been used to deduce any change in biological activity.

Materials used in study and their preparation

Chrysotile asbestos occurs naturally as compressed wats of short fibers,
with a large proportion of accompanying fibrils, in several major ser-—
peantine deposits in the western United States. These deposits have been
referred to in the mineralogical literature as the Coalinga-type. Sam-
ples were obtained from the New Idria, California deposit th;ough the
courtesy of the Union Carbide Corporation. This material, referred to

as Calidria RG-144, was used for experimental purposes.

Impact-milling was accomplished using a Wig-L-bug analgamator*, consist-
ing of a 2.5c¢cm length, lcm diameter, steel cylinder, which could be
attached to a vibrator operating at about 10 cycles per second. Portions
of chrysotile (50mg) were placed in the cylinder chamber with a 10x13mm
pellet and milled for time periods ranging from 60 to 3,600 seconds.
These materials were then examined for chaoge in crystal structure,
surface chemistry and change in chemical-biological behavior as a func-

tion of duration of ball-milling.

Transmission microscopy (TEM) and selected area electron diffraction (SAED)

Aliquots (flmg) of the material, as received, and of the milled samples,
were dispersed in 0.lml nitrocellulose (1% in amyl acetate) on a pre-
cleaned glass slide by gentle stirring. A second slide was placed over
the first and the two slides pulled apart, producing a film on each.

The film was floated on water

and carbon-coated, {ormvar-coated grids

1
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were placed on the film. The grids were lifted out with filter paper

and dried on filter paper in a petri dish. They were examined by traas-
mission electron microscope (JEOL JEM-120U) at 120kv. Photographs were
obtained at direct magnifications rangzing from 2 800 to 20,000 directly
on the TEM screen. All counting, for size distribution characterization,
was done directly on photographs with the aid of a Porton graticule.

Two observers participatea in this process, both of whom alternated
counting and size recordiang every one-hundred counts. Some 1,000 objects
wvere counted for each preparation. Interobserver measurements were made
consistent by establishing counting criteria: a particle composed of

at least two fibrils, the shorter fibril being contiguous with and con-
prising at least one-half the length of the first, was called a fiber;
objects counted as fibers possessed a lenéth:width aspect ratio of at
least 3:1; objects with smaller aspect ratios, composed of many fibrils,
were counted as clumps; single fibrils, of any aspect ratio, were called

fibrils.

Progressive grinding of chrysotile produced marked reduction in both
fiber and fibril length (Fig. 1; Table 1). 1In the untreated chryso-
tile, 77% of the {fibrils were less than 0.5um in length. In comparison,
in the 3,600 second milled sample, virtually the entire fibril popula-
tion was less than 0.5um. Chrysotile fibers comprised 21% of the pop-
ulation in the untreated material, and were reduced to only 13% of the
3,600 second m;lled material. Lengths were less sharply reduced, with
95% of the fibers less than 5wn in leangih in the untreated material and
over 29% of the {iber reduced below O0.3pm in length in the milled mate-
rial (Table 1). Although not included in the table, clumps increassed
from 0.5% to almozt 10% of the cbjects counted, from the untreajed

~
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material to the 3,600 second milled material.

In addizion to these changes, the milled asbestos possessed unusual
morphological features which morelreadily deformed under the electron
beam. Although the fibril form in milled samples resembles the form
observed in untreated wmaterial, the former possesses more flattened
internal capillaries and sustains greater damage per unit time under
the electron beam (compare Figs. 23, 2C). Selected area electron dif-
fraction patterns obtained on fibers of similar dimension in both pop-
ulations, display only a small loss in intensity of reflections and a
decrease in streaking of the (hko)} reflections in the milled materials
(compare Figs. 2B, 2D). The loss of streaking of the (hko) reflections
may indicate a flattening in the 32 plane, produced by breaking along
the curved surface. These features suggested structural damage during

comninution (Langer et al. 1974).

Electron microscopy confirms that mechanical comminution of chrysotile
produces umarked size reduction of both fibers and fibrils, reduces the
overall fiber population to fibril form, induces the formation of clumps,

and induces structural damage to the chrysotile fibril.

X-ray diffraction analysis

Using a Norelco x-ray diffractometer, aliquots of samples of equal
weights were poured into an aluminum sample holder, flattened into place
with a przcleaned glass slide, and subjected to x-ray analysis in the

o © : . . .
5 -0 28 range. Sample preparation induced preferred eorientation of
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chrysotile fiber axes im the ab glanz, paralliel to the sample holder,
which enhanced the first and second order reflections aloag the c-axis
stacking, specifically the (002) and (G04). These are normally the two

most intense reflections of this mineral (Whittaker and Zussman, 1956).

Two important parameters of each peak reflection normally change upon
size comminutioun, peak intensity and width. Peak width increase, re-
ferred to as line-broadening, is related mainly to particle size decrease
and subsequent relaxation of the Bragg equation for reflection reinforce-
ment (Azaroff and Buerger, 1953). Although exteasively ball-milled,

the chrysotile patterns show no line-broadening effects. This may be
related to the inherent size distribution of the wmaterial, in that the
bulk of the particles lie at or below the size limit required to produce
enhanced broadening effects on comminution (Azaroff and Buerger, 1938).
The factors inducing broadening, outlined in Scherrer equation, may also
be absent in the present case since the majority oZ the particles are
already in fibril form, and comminution mainly affects particle length.
In this case, therefore, the orientation effects are such that the ab

plane remains essentially unaffected.

We observed, however, a marked decrease in the total x-ray count uader
twé major reflections (002), (004) (Table 2). Using a polar planimeter
for measuring areas under these reflections, total x-ray photon count
may be determined as a function of reflection area, within the 1% error
(Rohl EE 3}. 1976). lMeasured from a flattened baseline with no discern-

.

ible satellite peaks, radial distribution analysis for incoherent

)
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scatierinZ ccntribution Lo =he baseline was not deemed Qecessarv. The

relative loss of x-ray photons was greatest I[rom The TOST intense re-

flection.

Similar loss of x~ray crystallinity for chrysotils asbestos, upon grind-
ing, was observed previously by Occella and Maddalon (1263). We corrob-

orate this and now report that mechanical milling of chrysorile for time

periods of only five minutes produces marked alteration of its structurzl

integrity and decrease in its crystallinity.

Infrared spectroscopy (IR}

Untreated zand manipulated samples of chrysotile ware prepared for infra-
red spectroscopic examination by pelletization in ¥X3r matrix (0.23% w/w)
vtilizing the standard solid preparation technique. Specimens were =x-
amined with a Perkin Zlmer, JModel 437 infrared spectrophotometer ia the

200-4000cm_l range (A = 2.5-50.0um). Selected corrtioms of spectra for

specimens ground for 60, 600 aad 3.600 seconds zre shawn in Fig. 3.

Several important features may be noted in Fig. 3. The material milled
for 60 seconds produces an IR spectrum consistent with untreated chryso-
tile (Brindley and Zussman, 195%). Unmilled Calidria asbestos gave

. -1
similar spectra showing strong peaks at 3683 cm |, corresgonding to the

-

Mg-0OH hydroxyl group, with a shoulder at 3640 em ¢ probably the inter-
layer hydroxyl), and a triplet at 1082, 1020 and 255 cm—l, possibly
H

corresponding to Si-0, :2i-0-Mz, Si-0-ig) stretching Ireaguencies (as

suggested by IR spectra of quartz, nemalilte, heat=d chrysotile and

UCC 025677
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xaolin, the latter the aluminum analogue of serpentine}.

The assignment of these three absorption bands between 1081 and 935 ca-l
is tentative because the stretching and'vibrational modes are difficuit
to resolve and uniquely assign for this wmineral. Two additional trip-
lets, corresponding to the Mg-O bonds, appear centered at 605 cm_l ard

438 cm-l, the latter with two shoulders at 480 and 407 cm ..

Chrysotile milled for 600 and 3,600 seconds shows a progressive broad-
ering and a shift in the 1020 cm~1 peak (Si-0-Mg) to about 1005 cm_l.

The shift to smaller wave number reflects a general decrease in both
strength (increasing bond length) and a correspondirg change in vibra-
tional energy requirement. The shoulder at 480 cm-l on progressive
zilling, broadens and disappzars. The OH absorption peaks (3683, 3629 cn-l)
remain essentially unchanged. On the basis of observable change in the
infrared absorption modes, it can be concluded that mechanical millivz
alters some of the bonding modes in chrysotile, espgcially the surface

brucite layers, but significant dehydroxylation does not occur.

Electron spin resonance (ESR)

ESR spectra was obtained on solid samples or as sonicated suspensions

(10 mg/ml) in carbon tetrachloride, using a Varian ESR-3 instrument.

vith all samples, a strong, broad, resonance was observed centered
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at g=1.61 with a width of about 850 gauss.(fig.4) Hyperfine splitting
{H=100 gauss), corresponding to paramagnetic ion substitution in

the crystalline lattice, was evident in the untreated and heat
desiccated (ISOOC) samples., Progressive milling of asbestos fiber
caused a loss of hyperfine resonance in the ESR, consistent with
distortion of the crystal lattice., Reduced particle size may also
be partly responsible for the loss of hyrerfine splitting, since the
resonance characteristics are dependent on orientation effects as
well, The width of the major peak remains similar in the wmilled
samples, but the resonance appears broadened due to a reduced in-
tensity and loss of fine structure, The ESR spectrun of Calidria
fiber probably ¥eflects superposition of two resonances, attributed
to ionic substitution in the magnesia layers and defects in the
silica layer. 1In a chrysotile sample from ancther geological de-
posit, with differing trace metal chemistries, the observed resonances

(a complex sextet at g=2.00 and singlet at g=1.47) are well separated.

A similar broadened appearance and loss of hyperfine splitting,

with retention of the major broad resonance, is observed with
Calidria chrysotile heated at temperatures below 4SODC. Heating in
the 600°-800% region results in a shift of the broad resonance to
g=2,006. It is generally accepted that the initial effects of
heating are dehydroxylation of the brucite layer (200-400°C) followed
by recoordination of the anhvdrous magnesium silicate, and its sub-
sequent recrystallization to forsterite (about GOO-SZOOC). Thus,
loss of ESR hyperfine structure peoints to structural disruption

of the magnesium-containing "brucite" layer in chrysotile,

Hemolytic activity and antagonism

Aliquots of unaltered and manipulated chrysotile were prepared and
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tested for erythrocyte membrane activity with the hemolytic test

system as outlined in Schnitzer and Pundsack (1970). Thais systez

for testing the membrane activity of asbestos minerals has developed
over the last ten years so that the different fiber types may be com-
pared in well defined systems (facnab and Harington, 1967;
Schlipkoter, 1968; Secchi and Rezzonico, 1968)., 1In most of these

test systems, mature sheep erythrocytes, in plasma-free suspensions,
were tested with known quantities of asbestos fibers and their hemo-—
lytic potency determined by optical measurement of released hemoglobin,
In our study, mature sheep erytarocytes were also used to test tae

hexolytic potency of known quantities of fiber (Table 4).

Using an equivalent mass of chrysotile, a marked decrease in the
hewolytic potency is observed after 300 seconds of mechanical
milling. This was demonstrated by a comparison of a lmg/ml con-
centration hemolysis level, and the concentration of chrysotile re-
quired to produce 30% hemolysis.(Table 4). Mechanical milling of
chrysotile for a time period of 3,600 seconds produces 2 material
which is weakly hemolytic, requiring almost 19 times pore fiber to

produce a 30% hemolytic level than unaltered material.

Asbestos hemolysis may be antagonized by a number ¢f polymers, some
of which have heen described previously {(Schnitzer and Bunescu,
1970). Carboxymethyl cellulese (ClC) is a potent antihemolytic
agent in the chrysotile hemolytic system. It has been proposed that
the polyanion complex becomes bcocund to the chrysotile fiber through
interaction with the hydrogens on the surface hydroxyl groups

(Schnitzer and Bunescu, 1970). Other polymers, e.g., polyvinyl- ~

e R IR R P
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pyridirne-N-oxide (PYP-N-0) do not appear to interact with these sama
groups so that for an antihemolytic response equal to that of CiC in

the chrysotile test system, PVPNQO must be used at 1OOX the concentracion
of CMC (Table 4). In our test systems, CMC was tested in the range of
4pg * /ml concentrations, whereas PVPNO was tested at 1250ug % /ml con-
centrations. Witk CMC at 4um/ml, PVPNO at 1250ug/ml, and asbestos at
Img/ml, varying antagonist response was observed. The antihemolytic
effectiveness of CMC decreased ian the samples that were progressively
milled, reflecting the reduced hemolytic potential of the milled asbestos.
The hemolytic antagonism was almost eliminated in the 3,600 second milled
material (Table 4). The same effect was observed for the PYPNO. Botk
phenomena suggest that the brucite layer of chrysotile is progressively
disordered on mechanical milling, altering the effects and the abilicy

of polymers to adsorb to its surface.

Organic-free radical adsorption

Diphenypicrylhydrazyl (DPPH), a stable organic-free radicazl, is stroozly
adsrobed to chrysotile asbestos, a phencmenon attributable to strong
interaction for the polar nitro groups and nitrogen groups. (. Wolff,
unpublished data). The adsorption is twofold, an irreversible chemiczal
adsorption resulting in reduction of DPPH to the hydrazine, and a multi-
laf;r physisorption which may involve vertical or horizontal stacking

of the polecule. Chemisorption probably occurs via the hydrogen zatono

from the "phenolic” hydrogens of the brucite layer.

Chemisorption potential was measured by titration of SOmg samples of

UCC 025681




asbesIos in cﬁrbon tetrachloride with DPPH (10—3M in CC14), until excess
DPPY could be detected visually by its purple color in the supernatant.
Results are given in Table 4. Physisorption was measured by determin-
ing th2 adsorption isotherm. Asbestos samples of 50mg were mixed with
aliquets of varying concentrations of DPPH (10-4~10-2M in CC14) over-
night in a shaker. fhe DFFE remaizning in the supernatant was deter-
mined spectocnemically (330um). The isotherm was determined by regression
analysis of millimolés adsorbed per gram asbestos vs. equilibrium con-
centrztion of DFFH. The values, given in Table 4, are calculated by
extrazolating the adsorption isotherm to 10-2M. Chenmisorption was in-
creased by ball-milling the chrysorile for 60 seconds, reflecting the
increased surface area available for adsorption. However, milling for
longer time periods, up to l-hour, significantly reduced the chemisorp-

tion capacity of chrysotile. A sizilar reduced potential for physisorp-

tion *2s observed on prolonged mililing.

Both oI these processe; can be attributed to interactions at the surface
of the chrysotile fiber, Thus, short milling produces fiber with a
greater surface area relatively unchanged in terms of chemistry. In
this state, chemisorption is ‘increased. Prolonged milling appears to
degrads the surface brucite layer 2nd disrupt the uniform proton distri-
butioz (hydrogens on the brucite). Both adsorption processes are de-
pendext on interaction ¢of the outer hydrogens and are thereby reduced

by the structural degradation which folleows prolonged machanical mill-

ing.

xl-'\ - (IR
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Summary and Cotclusion

An asbestos fiber standard, establishing a threshold limit value (TLV)
for fiber exposure to workmen engaged in handling asbestos-containing
dusts in the United States will be 2 f/ml on Juty 1, 1976. The fibers
counted, by light optical methods, will be only those greater than 5um
in length. Over 3,000 uses of asbestos exist in the United States,
which indicates that a range of materials, processing operations, and
fabrication plarts are involved in supplving society with these products.
Size distribution characteristics of tine aerosols generated in these
work areas must therefore range greatly. In addition to this, the ex-
ploitation of new types of asbestos deposits, primarily those in the
western United States and Canada, have introduced a material wshick con-
sists almost entirely of short fiber. The need to establish the biolog-

ical potential of short fiber is therefore critical.

A number o?f studies of human lung tissues, demonstrate that small parti-
cles predominate in the fiber burden of such tissues, and may be impli-
cated in human disease (Pooley et al. 1969; Langer et gl. 1971; * 1973;

Miller et al. 1975; Fischbein et al. 1976). 1In addition to this, while
some animal studies over the past 30 years have supported the human ob-
servations, ia other experimental efforts, small fibers appeared to have
different degrees of activity.

Those studies using short fibers obtained by less vigorous methods, e.g.,

air-elutriation and water fractionation, irduced significant responses

in animais. In those studies where fibers were reduced in size by
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vigors.:3 mechanical methods, either no or significantly reduced resronses

were oszervad. Comminution undoubtsdly altered the crystal and chezical

proper:ies of the material. It appears that the less mechanically -e-

graded the surface of the fiber, the greater the biological responsa.

Previocus investigators have reported reduced crystallinity {(Occella and
Maddalzn, 1963; Reeves et al. 1971} and modified crystallinity, and

reactivity (Pobock and Klosterkotter, 1971) in milled fiber,

Our data support and amplify these conclusions. The crysztallinity of
chrysotile was reduced in proportion to the length of milling time.
The nazture of the altered crystallinity appears to be confined to saifts
in intarlayer bonding between the brucite and silica sheeis, and changes
in hydroxyl coafiguration (butggzbond strength). Supporting these con-
clusiozs are the following data:
a. Reduced total x-ray photons, of selected reflections, without
line broadening;
b. Increased susceptibility to damage by electron bombardment;
¢. Cranges in SAED patterns, decreased streaking of (hko) reflec-
tions, suggesting relaxation of fibril curvature;
d. Retention of intensity and location of CH zbsorption bands;
shift and broadening of absorptions assigned to intarlayer Si-0
aad Mg-0 bonds with retention of 211 other significant Si and Mg
2ond absorptions;
e. 1255 of hyperfine splitting a2nd intensity in the ESR spectruz
2Itributed to coordination changes in the brucite laver.

-,
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Chang=: in surface chemistry accomxdany reduction in crystallinity.

The ability to reduce DPPH to the tydrazine aand to physisorb DPPH is
lowerz<d with milled fiber, and these are both surface, stereochemically
controlled, phenomena. Hemolytic potency, ¢ften considered a surface-
related event, is also warkedly decreased in proportion to milling time.
This is not related to exposure of the silica layer in tkat neither
hemolyTic potency and antagonism by PYPNO are increased with milling
time, dut rather reduced. The diminished surface activity of chryso-
tile suggests a surface structure with distorted proton and/or magnesium
ion orientation. Membrane activity in cells(both erythrocyte and
macror2ages) is reduced, and this interaction may be the initial bio-
logical response. After phagocytosis, fibrotic and cytotoxic response
may follow slow degradation of the chrysotile intracellularly, to ex~
pose tze silica surface, which stirulates collagen formation.' Therefore
a reduced response, or longer time period to produce response is expected
for milled fiber in comparison with unmilled fiber., Indeed, this kas
been observed (Reeves et El' 1974, Pott, 1972, Klosterkoiter, 1963;
Hilscka2r, 1970). This theory intimates, furthermore, that fibrotic
response from silica exposure woulé occur much faster thaon with chryso-
tile exposure, and epidemiological evidence supports this theory; there
is, for example, no 'acute asbestosis’ to mimic acute or accelerated

silicosis (Ziskind et al. 1976).
Theor=z<ical and experinental consicderation has been given to interference

of asd2stos with cellular oxidation-reduction (redox) equilibria processes,

the exzz2rimental evidence consistinz of oxyvgen coasumption in relation
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to bDoti mineral treated macrophzzes and fibrotic response in anizals.
(Ber and Harington, 1971; Robock and Klosterkotter, 1971; Chvapil and
. 2= 3+

Perz, 1973). Flowxers (1975) has noted the critical role of Fe < Te
equilibria in determining fragils cellular energy dynamics and exzymatic
traz=for-ations. DParticipation of chrysotile asbestos in redox zctivity
in biolozical systems may be predicted from chemical-physical daza:

1. The ESR spectrum and the luxninescence spacirum of chrysotile.

2. Rzduction potential for TiC (Robock and Klosterkotter, 1971)

and DPPH; oxidation potential for other organics (M. WoliI, un-

published data}.

yhetzer these properties are relzted to fibrosis or carcinogenesis is
puraly speculative, but Allison =as noted that "crocidolite, the blue
colour of which is duz to charge transfer, has little cytotoxici:y”.
Indeed, most minerals possess disztinct ESR spectra as well. (Robock and

Klosterkotter, 197v1).

The zypothesis that particle shagz is the major eticlogical meckznism
in fibrotic or carcinogenic responses, appears, in terms of thes2 con-
siderations, to be somewhat oversimplified, except as morphology reflects

more fundamental structural and surface physical-chemical propercies.
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Table 2

Change in Total X-ray Count (Peak Area)
Under Selected Reflections with
Progressive Ball-Milling®

Peak Area (inz) Peak Ares (in2)
7.SSR {002) 1/1=100 3.664 (004) 1/1=80
Untreated 8,38 6.99
60 seconds 7.80 6.96
300 seconds 7.38 6,01
1200 seconds 4.92 5.72
3500 seconds 3.50 5.69

* Repeated for mass-equivalents tpacking change). Ipstrizental
setting: Target: Cuk & nickel filter; graphite morochroaator;
1%2 8 /minute; 40-0.006—1° slit settings; target: ogerated at
45 kv/20ma.
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Table 3

Variation of Hemolytic Activity

with Fiber Manipulation

Percent Chrysotile
Crlinder hemolysis concentration Percent hemolysis
milling, at at 50% in the presence of
time, sec. lmg/ml hemolysis antagonists
ng/ml CMC, 4ug/ml  PVPNO, 1250ug/ml
1) = -
Untreated 80 + 5 0.4 21 (78) 23 (73)
60 75 + 6 .
52 0.4 38 (62) 19 (81)
3 52 + .
00 1 1.0 29 (71) 10 (50)
60 23 + 1 2.6
0 * 19 (31) 6 (94)
1200 12 + 1 .4 =
* 4 11 (91) 5 (95)
3600 12 7.5 6 (94)

(1) Standard deviations determined by ten repeat determinations.
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Table 4

Adsorption of Diphenylpicrylhydrazyl (DPPH)
to Carysotile (Calidria)

Time of Chemisorption, Physisorption,
milling, pmoles DPPH/gm uynoles DPPH/gm
second 2sbesatos ashestos
’Untreated 4,3 £ 1,3 283 + 2
60 6.6 + 0.8 288 + 2
300 6.9 £ 0.6
600 7.9 £ 0.6
1200 ‘ 7.0 £ 0.7
3600 3.4 £ 0.7 192 +. €
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Fig. 4: Esr spectra of successively milled Calidria chrysotile show progressive
loss of nyperfine structure, attributed to crystallice changes in the
brucite layer. Resonances are all centered at ¢=1.61.

UCC 025695




Infrared spectra of Calidria asbestos, untreated and after milling times
of 600 and 3600 seconds show the major absorption bands unchanged. Bands
at 1020 and 470 cm ~, tentatively assigned to interlayer Si-0-ilg bands,
are breadened and sluted.
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Electronphotomicrograph of chrysotile asbestos milled for 60 seconds (A)

and 1200 seconds (C) and their selected area diffraction patterns.
(66,300X magnification). In A, fibrils are rectilinear with intact
central capillary and morphology. In C., electron beam damage is
evident, some fibrils having lost the classic morphology (arrows).
The selected area diffraction D pattern for € shows less streaking,
indicating a loss of outer fibril curvature.
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Fig.

1:

Size distribution of fibers in milled chrysotile samples becomes
progressively smaller, Electronphotomicrographs represent fiber
unmilled (i), milled for 60 (B), 300 (C), and 3,500 (D) seconds.
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