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Summary.—Five groups of rats were treated by inhalation for 12 months with the
U.L.C.C. preparations of the 3 main commercially used asbestos types, chrysotile,
crocidolite and amosite. The experiment was designed so that the effects of both fibre
muass and fibre number could be examined. The results indicated that chrysotile dust
caused far more lung fibrosis than either amphibole type even when the fibre num-
bers in the dust clouds were similar. All malignant pulmonary neoplasms found
during this study occurred in animals treated with chrysotile. The fibre-number
calculations used for the generation of dust clouds were evaluated using the para-
meters recommended by the Health and Safety Executive in 1976, by which all fibres
over 5 pm long are counted using a phase-contrast light microscope. When fibre-
length distributions were calculated using a scanning electron microscope, however,
it was found that the chrysotile clouds used in this study contained many more fibres
over 20 pm long than either of the amphibole clouds, The resuits, therefore, support.
previous suggestions that long asbestos fibres are more dangerous than short. They

also indicate that neither a single mass standard, nor the present fibre-number

standards are satisfactory.

THE INHALATION of asbestos dust may
cause both lung fibrosis and neoplasia in
those involved in the industrisl processing
of this material and for this reason the
maximum level of dust in asbestos factor-
ies 13 governed by strict standards in most
countries. Although the major typesof
asbestos used commercially differ both
physically and chemiecually, the legislation
in many countries lays down one standard
which is applied to several or all forms
(Zielhuis, 1977). For coal dust, the work of
Jacobsen €t al. (1970) has shown that the
mass of respirable airborne dust corre-
sponds more closely with radiological
change than does particle number. Un-
fortunately similar data do not exist for
asbestog. This fact was noted by the
LA.R.C. Advisory Committee on Asbestos
anct Cancer in 1973, Previous work carried
ot in Edinburgh (Beckett, 1975) has
stiown that for each type of asbestos there
i~ a different relationship hetween the

airborne fibre number and mass concen-
trations. This means that if a gravimetric
standard is adopted the permitted fibre
number for chrysotile is much higher than
for amosite, while if & fibre-number stand-
ard is operated the permissible mass for
amosite is greater than that for chrysotile.
This situstion has no doubt arisen becauge
relinble evidence relating to the relative
pathogenicity of asbestos dust has been
difficult to obtain from human epidemio-
logical studies, since most factories have,
in the past at least, used more than vne
asbestos type. In addition, the information
from animal inhalation studies has often
been conflicting. Holt, Mills and Young
{1965) found no differences in the tibro-
genic potential of chrysotile, crocidolite,
amosite and anthophyllite. while Wagner
{1963) and Wagner and Skidmore (1965)
and Morris ¢ al. (1967) suggested that
chrysotile produced less fibrosis than
amosgite or crocidolite for the same mags
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dose. In a Jater inhalation study, using the
U.IC.C. standard veference samples,
Wagner ef al. (1974) reported that amozite
dust invariably gave the least fibrosis and
Canadian chrysotile the most. ('rocidolite
and Rhodesian chrysotile were inter-
mediate.

Knowledge of the relative importance of
the different asbestos tyes in the produc-
tion of neoplasia is no more precise and,
although erocidolite has heen specially
‘linked with the production of mesothelio-
mas (Wagner, Sleggs and Marchand, 1960},
subsequent epidemiological studies have
indicated that at least some of the other
asbestos types may also cause vhis type of
tumour (McDonald, 1973; Selikoff, Ham-
nmond and Seidman, 1973). Similarly, since
the report of Doll (1955) showing a greatly
increagsed risk of bronchial carcinoma

among asbestos workers, no reliable human

epidemiological data have been produced
indicating whether or not all induatrially
uged asbestos types are equally potent in
the production of these lung tumours. This
is due to the fact that most workers in
factories handling asbestos have been
exposed to more than one type during their
working lives.

Most early animal inhalation studies
produced no lung tumours, and those later
ones which did result in the production of
bronchial carcinomas and mesotheliomas
gave positive results with different asbes-
tos types in each experiment (Gross and
De Treville, 1967; Reeves et al.,, 1971).
However, both Wagner ef al. (1974) and
Reeves, Puro and Smith (1974) publigshed
the reaults of studies in which all the major
asbestos types had been administered to
rats. Wagner used amosite, anthophyllite,
crocidolite and 2 varieties of chrysotile.
He found the highest number of malignant
tumours in animals treated with Rhodesian
chrysotile, and the lowest number in those
treated with amosite. Anthophyllite, eroci-
dolite and Canadian chrysofile gave about
the same number of tumours. Reeves used
chrysotile, crocidolite and amosite, and
obtained similar tumour incidences with
all 3. Since both these authors used

gravimetric dust estimations. the results
could indicate that more tibres of chryso-
tile are required for tumour production
than any of the amphibole types. Ho -
ever, it appeared desirable to reappraise
this problem with a series of experiments
in which the effects of both fibre mass and
fibre number could be compared in the
same study.,

MATERIALS AND METHODS

For any given mass, the U.L.C.C. sample of
amosite has the fewest fibres. and chrysotile
the most, with crocidolite fibres being some.
where bhetween the 2. It was decided
therefore to use amosite as the reference dust,
and to compare its pathological effects with
those produced by hoth crocidolite and
chrysotile clouds of equal fibre mass in one
ingtance, and equal fibre number in the other,

The equal-mass concentration clouds had
a target mean concentration of 10 mg/m?,
which was considered to be high enough to
cause significant pathological change (Wagner
et al., 1974). This figure is more than 100 3 the
present British hygiene standard. Higher
concentrations were avoided, because chryso-
tile ashestos tends to produce more ‘thistle-
down’’ flocs, und so form clouds which have
& high proportion of non-respirable material.
As this does not oceur for amphibole asbestos
it is very difficult to draw a direct comparison
between the different types at higher con-
ventrations. The chrysotile and crocidolite
clouds caleulated to have the equivalent
number concentrations had 2 mg/m?® and
5 mgjm3 reapectively (Beckett, 1975).

This study was undertaken using white
SPF rats of the Han strain. The 5 groups each
consisted of 48 animals aged 3 months at the
start of the experiment. They were exposed
to asbestos fibre for 7 hjday, 5 days s week.
for a total of 224 days during an elapsed time
of one vear. Twenty rats of gimilar age were
maintained in the same unit as controls. So
that a comparison could be made with
previous experiments, U.IC.C. samples of
amosite, chrysotile A and U.1.C.C. crocidolite
asbestos dust samples (Timbrell, Hyett and
Skidmore. 1968) were used. The clouds were
generated with & modified Timbrell dust
generator (Timbrell & «ol., 1970) and the
inhalation chembers were of design similar t-
Timbrell's but with dJdimensions modified
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+shtly to tit the available space. The dust
v .svize-selected by a cyvelone system (Beckett,
1:75) before being added to the chamber
wrstream. This ensured & high proportion of
regpitable dust in the clouds. Gravimetric
monitoring was carried out during dusting,
and daily mass concentrafion measurements
nbtained for all the chambers. The N.C.B.-
M.R.E. sampler (Casclla Type 113A: Dun-
more, Hamilton and Smith, 1964) was used to
measure the concentrations in the crocidolite
and amosite chambers. At 10 mg/m? with
chrysotile this instrument had been found to
undersample, and a vertical elutriator system
(Beckett, 1975} was therefore used to
monitor the chrysotile clouds, This had been
shown to give similar results to the M.R.E.
with both erocidolite and amosite. Measure-
runts were also made of the total dust in the
chamber,

For the chambers whose clouds were
planned to be of equal fibre number, addi-
tional monitoring was undertaken, using the
standard sampling method described by the
Asbestosis Reseurch Council (1971). Each
membrane.-filter xample was taken using an
upen Gelman filter holder facing downwards,
&t o flow rate and sampling time calculated to
give an optimum density for the microscopical
cxamination (1-3 fibres per graticule area).
The filters were counted with a phase-
confrast inicroscope containing & “Walton
and Beckett” eyepiece graticnle (Walton and
Beckett, 1977) to define the area of the field
of view being evaluated. At least 50 samples

wore taken in each chamber during the -

inhalation period, not more than one per day.
"The fibres counted were those with a length
greater than 5 um, s diameter less than 3 um
and an aspect ratio of more than 3 : 1. Fibre
length and diameter disfributions were
obtained partly by phase-contrast microscopy
and partly by scanning electron microscopy
(Beckett, 1973).

Four animais from each inhalation chamber
were killed one year after the start of dusting,
#nd 4 more 6 months later. The remaining
animals were left with the intention of
allowing them to survive their full life-span,
in order to study the frequency of lung-
sumonr development. However, the survival
~f the population was extremely good and 56

nimals were still alive 860} days after the
tart of dusting. It was decided to terminate
the experiment at this point, and all the
remaining animals were killed.

LYE)

Tissue used for histological examination
was fixed with 10% formal saline soluticn
and embedded in paraffin wax. Lungs were
fixed by inflation. Sections were stained wish
eithet haematoxylin and eosin (H. and E.),
Van Geison's method for collagen or Gordon
Sweet’s stain for reticulin.

For the quantitative estimation of fibrotic
lesions produced in the rat lungs hy the
different asbestos clouds, the following method
was adopted. Lung tissue was examined from
all the animals killed at the first 2 intervals
12 and 18 months after the start of dusting.
Of the animals that survived until the final
killing date at 860 days, 6 were examined
from each group. The remaining animals were
examined only for the presence or absence of
tumours. The quantitative estimations of the
fibrous lesions produced in rat lungs by the
different asbestos clouds were undertaken
using the following procedure. The entire lung
tree with the heart was embedded together,
and sections were cut in the coronsl plain to
include parts of all lobes. Sections were cut
at 4 different levels in each block, and were
at least 1 mm apart, and groups of wserial
sections were mounted from each of thege
levels for use with the different staining
techniques. For all lesions, the H. and E,
sections from each animal were scanned with
the light microscope using an syepiece
grationle consisting of & 1 cm square sub-
divided into 100 units of 1 mm2. Viewing
magnification was % 60. The ares of large
regions of interstitial fibrosis was estimated
for each slide by counting the number of grid
squares involved and presenting the results
as a percentage of the total lung tissue in the
section. An average figure for the animal was
produced by combining the result from all
4 sections. The very early fibrotic lesions
were usually’ much smaller then one grid
square at the magnification involved and
since they were associated with the respiratory
bronchials they were also widely scattered.
For this type of small lesion, the calculations
were based on the number of squares that
contained the small areas of fibrous tissue and
the resulte from all 4 sections were again
presented as a percentage.

Asbestos retained in the lungs of selected
animalg was recovered by a low-temperature
ashing process. This was conducted in a
stream of O, excited by a radio-frequency
discharge ((ileit and Holland, 1962). Any
residual lung salts were removed by washing




676 J. DAVIS, 8

the samples in 3wl of cold ( ~ 20°C) v-2m
HCl hefore gravimetric estimations of the
amounts of ashestos recovered were made
using the infra-red spectrophotowetric tech-
niques described Iy Middleton, Beckett and
Davis (1977). Tu determine the percentage
retention of the different dust types it was
assumed that the rats hreathed at the rate of
100 em3/min  during dusting. Culculations
were made using this volume and the gravi-
metric levels of each dust cloud.

Dust retention estimations were under-
taken on the left lungs of animals, the right
lung being retained for histological study on
ench occasion. At the first killing date (12
months after the start of dusting) 2 left lungs
were analysed from each group of animals,
but on the second occasion 6 months later
1 left lungs were available from each group.

Becanse of the suggested association
hetween luryngeal carcinomas and asbestos
in humans (Stell and McGill, 1973) the
larynxes ‘were examined from all “animals,
hoth in the 5 experimental groups and in the
controls. For histological examination the
larynx was serially sectioned in the longitu-
dinal plane and approximately 8 evenly
spaced scetions were mounted for examina-
tion from each specimen.

RESULTS

The dust parameters for the 5 chambers
over the period are given in Table I. The
roass coucentrations were very close to
the target seb at the beginning of the
experiment. More than 509, of the daily
concentration mea.surements in the equal-

mass chambers were within 3 mg/m3 of

the target concentration. The 3 equal-
number chambers were dosed at gravi-

. BECKETT, K. BOLTON, P. COLLINGS AND A. MIDDLETON

metric concentrations determined by o
number sy mass correlation obtained
during previous short-term experiments
(Middleton et «l., 1977), This correlation
wag baserd on 30 membrane-filter samples
for each type of asbestos and had a large
uncertainty {coeff. of variation ~709).
This was due to the fact thatv the mass
concentrations were mtegra.ted measure-
ments taken over 7h. The counting
samples. on the other hand, were limited
to o few minutes, owing to ‘the high dust
concentrations giving deposits which were
too clense to evaluate for the Jarger-
volume samples. As fluctuations in concen-
tration occur during the day, and mem-
brane filter samples cannot be evaluated
with o reliability better than 4309
(National Health and Medical Eesearch
. Council, 1976), uncertainties of this order

" are inevitable,

In this present study, between 50 and
100 membrane-filter samples were evalua-
ted during the 12-month inhalation period
to check this correlation. and gave mean
fibre concentrations of 550 fibres/ml for
amosite, 390 fibres/ml for chrysotile and
430 fibres/ml for crocidolite. This meant
that 0-1 mg of dust/m3 of air was equival-
ent to 19-5, 86 and 5-5 fibres/ml for
chrysotile, crocidolite and amosite respec-
tively. The uncertainty in the measure-
ments was of a similar order to that in the
previous experiments. There was no
significant difference hetween the fibre-
number concentrations in the erocidolite
and chrysotile chambers (£ = 0-4), but
the amosite chamber was qxgmﬁcxmtly

TaBLE 1.—The Mean Mass and Fibre-number Concentrations over the Exposure Period
D

Aubestos Tvpe
‘Type of cloud

Chrysotile

Target conecentration (mgfm3) 100
Moan maus concentration (mg/m?3} 99
Mpean ratio of total to t»sp:mble dust 1-4: 1
Maan tibre-number eoncentration

(fibros/ml > 5 pm) 1Y50*
Mean fibro-number coneentration

(fibreafml > 20 pm) {estimated from 360

size-distribution :lata)
* Estimatnd figure

Equal mass Equal fibre

Uhrysotile  Croeidolite  Crociclolite Amosite

Equal mass Hqualfibre Equal maw

number number and fibre

number

20 [t o0 -0
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. fferent from the other two (P<<9-01).
“he animals in this chamber were therefore
probably dosed with a slightly higher
average number of fibres. The difference
etween the Hbre-number concentrations
was, however, very much smaller than for
the equal mass chambers.

‘Taking a series of short-period samples
to monitor the fibre number exposure,
although subject to this large uncertainty,
does in fact correspond closely to the
industrial situation, where 10 min samples
are frequently taken to monitor a person’s
exposure (Department of Employment
and Productivity, 1970).

A series of samples on Nuclepore filters
were taken in addition to those on mein-
hrane tilters. These were used to measure
the size distribution of the fibres using »
scauning electron microscope. No signifi-
cant difference was found between the
different samples from the same chambers.
The length distribution of fibres longer
than 0-8 um and the diameter distribution
of fibres broader than 0-2 pm are shown in
Fig. { and Fig. 2 respectively.

The survival times from the animals
from the five inhalation chambers are
shown in Table II. These indicate that
there were no significant differences in
survival times between animals treated

.« with the different 2sbestos clouds. When

‘the average weight of animals in the

PapLe [L.—Survival patterns for the Anim-
als in the Different Inhalation (Iroups.
The Ezperiment was Terminated at 29
Months. Groups of 4 antmals from Eack
Chamber were Killed at both 12 and 18
months

Months after start
of exposure

12 18 24 2y
10 mg/m3
Chrysotile 48 40 21 {2
2 ng/m3
t'tryaotils 43 40 24 bt
1+ ngfm?®
S osite 47 39 22 it
{+ mg/m3
Crocidolite 47 41 25 Il
5 mgfm3
Crocidolite 46 37 22 8
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re. l—Length diatriputions of tibres longer
than 0-6 pm. (Scanning eloctron ticroseops
tnuasursments, )

different groups was cunsidered, however,
some differences were noticeable. At the
end of the [2-month inhalation the rats
from the 3 amphibole chambers averaged
between 500 and 510 g-each. Those from
the high and low chrysotile chambers,
however, averaged 465 and 467 g respec-
tively. This differential was gradually
reduced with time, until at 20 months
after the start of dusting all groups
averaged. slightly over 500 g per animal,
with the exception of the low-crocidolite
group where the average was 494 g per
wnimal. Subseguently, with advancing age,
all animals gradually lost weight, but there
were no significant differences between the
different dust groups.

Light-microscope examination of lung
tissue from animals in the § dust groups
killed 12 months after the start of dusting
showed 3 distinct types of lesion that could
he associated with asbestos dust. None of
these lesions were seen in control animals.
The first type of lesion consisted of
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Fre, 2,—Diameter listribufion of fibres
broader than 0-2 umn. (Scanning eloctron
microsoope measurements.)

aggregates of dust-contsining macro-
phages, giant celle and fibrous tissue in
association with the respiratory bronchi-
oles and alveolar ducts (Fig. 3). These
areas stained strongly positive for reticulin
and more weakly for collagen, although
some collagen was always present at this
stage. The second type of lesion consisted
of the replacement of the epithelial lining
of many respiratory bronchioles, alveolar
ducts and associated alveoli by epithelium
of bronchiolar type. It was not possible,
_however, to determine whether this was
due t. -—perplasia of the bronchiolar
lining or 1. :.«plasia of the alveolar epithel-
ial cells (Hig. £). Both these types of lesion
were frequently found together around
any one respiratory bronchiole, but either
could appear on its own. The third type of

lesion consisteldd of the thickening of
alveolar septa over quite large areas of
lung uissue (Figs. 5 and 8). The alveoli
involved were lined with rounded epithel-
iul cells, probably Type 2 pneumocytes,
and CGordon Sweet’s stain showed an
increase in the reticulin network in the
septa walls although no collagen wag
present in the early stages. While muost
sections of alveoli in each animal contained
only an ocecasional macrophage packed
with asbestos tibres, those from areas of
interstitial fibrosis were often filled with
dust-containing cells. In these cases,
however. it was noticeable that each cell
eontained relatively little dust. The areus
of interstitial fibrosis could become yuite
large, vtten 4 mm in diameter, especially
in the oldest animals, but early lesions

were small, and appeared to be centred on - -
one bronchiole. With thé incredsing age of”

the animal the depositions of fibrous tissue
in the interstitial space was often yreatly
increased, so that the total alveolar wall
thickness could become as much as 50-
t00 pin (Fig. 6). In these advanced cases,
the thickened septe stained positive for
both reticulin and collagen.

An. alternative to advanced fibrosis.
however, was the continued growth of the
rounded epithelial cells, with the subse-
quent compression of the alveoli (o
produce an adenomatous appearance. In
some cases, positive adenomas were found
forming in these areas. In a few animals
small areas of squamous metaplasia of the
wlveolar epithelium were also found.

Quantitative estimations of these 3
types of lesions are shown in Table [LL.
It was found that both of the chrysotile
clouds had produced much more of the
eurly granulomatous deposits around ter-
minal bronchioles and alveolar ducts than
any of the amphibole dusts (P<0-001).
The 10 mg/m3 chrysotile c¢loud had pro-
duced significantly more peribronchial
tibrosis than the 2 mg/m3 chrysotile cloud
{P<0-001). These lesions showed no
further increase in numbers after the end
of the inhalation period. Subsequent
studies of tissues taken ut either 6 or L%

nbnnths &ftel‘ fP
awved u slight
he lesions. Hr
, oreased areas

Etes. 3.~-Deopos
blasta and re
lesion develo
< 250,

e
Pfiw!

[ LI S AT
reatnd wy




MIDDLETON

thickening o,
¢ large areas of

und ). The alveoli
with rounded epithel-
'vpe 2 pneumacytes,
s stain showed an
ulin network in the
h no collagen wasg
- stages. While most
a-h animal coutained
macrophage packed
those from areas of
vere often tilled with
s, In these cases,
weable that each celi
little dust. The areus
s vould become quite
n diatneter, especially
vls, but carly legions
«wired to he centred on
« the increasing age of
itions of fibrous tissue
ace was often greatly
1w total alveolar wall
ome as much ag 50—
heze advanced cases,
stained positive for

dlggen.
‘anced fibrosis,
«Ned growth of the

ells, with the subse-
of the alveoli to
atous appearance. In
udenomas were found
w3, In a few animals
wous metaplasia of the
vere also found.
matjons of these 3
shown in Table LHIL
wth of the chrysotile
4 much more of the
: deposits around ter-
« alveolar ducts than
nle dusts (P<<0-001).
sotile cloud had pro-
tnore peribronchial
#/m3 chrysotile cloud
lesions showed no
wumbers after the end
period. Subsequent
ken ut either 6 or 17

————— —— — g .

—— e

=

-

FIBRE NUMBER IS MASS (N ASBESTOS BIOEFFECTS W79

i+ mths after the end of dusting in fact
srowed & slight decrease in the frequency
of the lesions. However, this was due to the
increased areas of interstitial fibrosis that

i /
AT

had developed by these times, which
reduced the ares of tissue in which the
peribronchial lesions could be recognized
certainty.

with The amphibole dusts

Fig. 3.—Deposits of granulation tissue, consisting of dust-containing macrophagus, giant cells, fibro-

blasts and reticulin tibres, as
fesion develope
x 250,

Fra. 4. —Tissuo reaction to asbostos dust around termina|

iated with & terminsl bronchiole and several alveolar ducta. This
d in & rat tm&s::c; for 12 months with a cloud of ohrysotile asbestos of 10 mgfm3.

| and reepiratory bronchioles in an animal

treated with chrysotile aubuostos. Bronchial epithelial cells now line somo alveolar spacme, v 260,
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‘CaBLE 1I1.—Levels of Lung Fibrosis Produced by the [)zﬁ o ¢ el (Larameter.
10 mgfm3 Chrysutile 2 mg/ma Chrwsotile il Amaate
- A S — ”"““"‘",9'"‘
Timo ufter stuct of exposury (months) 12 18 29 2 2,

Puribronchiolar tibrosis 193 171 150 10:7 u n R A
(12-7-24:6) (15-1=19:2) {12:7-20:1)  (7-8-12'T) (7-5 1177 45 " ", ; R ‘?*‘,'. !
Extension of bronchml epithelium Y (Qa ‘u'm e 5. )

to alveolar ducts and alveoli 288 24 143 17 403 S g2 A
(128-4-4) (2:3-2:6) (07-19)  (L1-25) (28-8:6) (0. &~ N e
Interstitial tibrosia -4 04 915 035 0-83 LA ';'4! e 35 )

(0-1-8)  (0-28~1-86) (3-8~144) {0-1-2) (0=29) (o.- Vv
No. uf rats in samplo 4 4 i3 S 4 4
o4 TV (
3

‘163, BmAet

Pri, 5.—An oarea of interstitial fibrogis from an animal treated with chrysotile asbestos for (2 § ":“mn &I::.:i:
months, ‘The alveolar sepa arve thickened and they are surfaced with ronndod.epnhehal cells. Mosat
slveolar spaces contain aggregates of cells, mauy of which are dust-containing macrophages. = 250,

. . . . . . . qe wetienybly
produced relatively little early peri- and peribronchiolar alveolar epithelializa- ! ‘;:?e ator
bronchial tibrosis (Fig. 7) but dust- tion appeared evenly distributed through o e, For -
containing macrophages still aggregated the lungs of any animal examined, areas of atter the end
around ell the terminal bronchioles. For widespread interstitial fibrosis were much wailible fros
the most part they did not appear to be more haphazardly arranged, and these J “how that al

held in place by any reticulin network, and
yvet some aygregates were still present
without associated fibrogiz in the oldest
animals examined (Fig. 8). The extension
of bronchial epithelial cells in alveolar
dncts and alveoli varied much less between
the different dust clouds than the peri-
bronchiolar fibrosis. In common w.. hese
fibrotie areas, however, there appeared to
be no long-term progression of the lesions
after 12 months from the start of dusting.

While areas of peribronchiolar fibrosis

aress were completely absent from some
animals examined at between [2 and 28
months after the start of the experiment.
Consequently the figures for interstitial
fibrosis at the 12-month stage based on
only 4 animals in each group are not
considered to show significant differences
between the asbestos types. Only 4
animals were included in the groups taken
at 18 months, so that the same considera-
tion might apply although by this time
most animals treated with chrysotile had

developed s
fihrosis than
varlier. The
produced larg
animals exar
more than
uroup (£« 0-
the other 4
dramatic,
definite grad
“binel having
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Fibrasis Produced by ..c 1 fyuos Ll tds (Paraineters as Deseribed in Methods section)
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10 mg/m3 {rocrdolite

681

A mgim? Craciodolite

2

3251
"y
A s

i

KT

2

e 3 ; A - . —
I8 24 12 {3 29 12 18 29
Iy 32 28R 4028 40 2R 2.8 247
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F1o. 8,—Advanced inierstitial fibrosis in & 32-month-old rat after the inhalation of chrysotile duxt,
.Some alveoise septa are w100 pm-in-thisknoss and stain strongly positive for collagen.- - 250.

noticeably more interstitial fibrosis than
those treated with either amphibole
sample, For the last sample, 17 months
after the end of dusting, 8 animals were
available from each group. The figures
show that all groups had by this time
developed significantly more interstitial
fibrosis than had been present 11 months
earlier. The high chrysotile cloud had
produced large areas of fibrosis in all the
animals examined, with average figures
more than double those for any other
group (P<0-001). The differences between
the other ¢ asbestos clouds were less
uramatic, but there appeared to be a
tiefinite gradation. with the low chrysotile
vloud having produced more interstitial

disease than any of the amphiboles
(P<0-01), At the same time, amosite
appeared to have produced more damage
than the 2 crocidolite clouds and the
high crocidolite had produced more fibrosis
than the lower cloud of the sume material.
The levels of significance of these latter
observations is, however, low,

The incidence of neoplasms ol the lung
and mesutheliomas that were found in the
different experimental groups is shown in
Table V. The incidence of lung tumours
closely follows the level of lung fibrosis,
and all the malignant lung tumours were
found in animals that had inhaled chryso-
tile dust (P<20)-001). Even benign pulmon-
ary adenomas were more frequent in these




(i394 J. DAVIS. 8. BECKETT., R, BOLTON, I'. COLLINUGS AND A. MIDDLETON
TaBLE 1V.—Luny Twmours and 3esotheliomas
10 mgfm3 2 mgfm3 10 mgjm?3 10 mg/ms 5 mgim#
Chrysotile  Uhrywotile Amoxite  Crocidolite  ('rocidolits (antrol
‘Cumour 40 animals 42 animals 43 animals 40 anirnals 43 animals 20 animal;

Adonoma 7 8 2 1 3 0
Adenoocarcinoma [ 1 0 0 1] ]
Sc¢uamous carcmoma 2 1 ) 0 t 0
Ploural mexothelioma 0 0 0 ] ] 1
Peritoneal mesothelioma 0 1 0 (] 0} 0

2 groups than in animals treated with
either variety of amphibole (P = 0-006).
Four of the adenocarcinomas had meta-
stasized to the pleural cavity (Fig. 9). The
typical histologieal pattern of one of the
squamous tumours is illustrated in Fig. 10.
Neither had metastasized to the pleural
cavity, although they had reached dia-
meters of 5 and 11 mm respectively and
had caused marked swelling of the lung
lobes involved. Both showed evidence of
direct invasion into the surrounding
tissues. Only 2 mesotheliomas were found
in this study, one solitary spindle-cell
tumour in the pleural cavity of an animal
treated with crocidolite, and an abdominal
mesgothelioma in an animal that had
inhaled chrysotile, This latter tumour
showed the histological pattern previously

. - 4

¥iG. 7.~ Small deposits of granulation tissue assootated with runpiratory bronchioles in a rat treated
with nmosite dust. These areas contained dust-laden macrophayes. fibroblasta and reticulin fibrea,
t#iant.cell formation was rare in the lesions caused by both amosite und crocidolite asbestos. 250,

described (Davis, 1974). No pulmonary
tumours were found in control animals.

The tumour incidence from sites other
than the lung, and excluding mesothelio-
mas. is shown in Table V. If the tumour
totals for each group are compared, the
high chrysotile group and the amosite
group appear to have more evidence of
neoplasia than controls. However, with
the relatively small groups of animals thess
differences are not significant. Of interest
was the finding of relatively large numbers
of peritoneal connective-tigsue tumours.
One was a !~">myofibroma that had
developed on the . .1of the small intestine.
The remaining tumours, however, were
malignant and multiple, and macroscopir-
ally were very similar to peritoner!
mesotheliomas. Histological examinatior.
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F1o. 8,—Aggrogations of macruphages packed with amosite fibres around alvenlar duets in the lungs of
s 32.month-old rat, » 250,

TABLE V.—Sites of Tumours other than Lung (B, benign, M, malignant)

Cheysotile  Chrysotile
10 mg/m?  2mg/m?
40 animals 42 animals
Site of tumour type B M B M
Subeutaneous connectivo-
tissue tumours i f
Poritoneal connective-
Eigsuo tumours 2 1
, Usteosarcomas i i 1
‘{osticular tithours™ ' e LR
Nguamous fumours of
‘vhe Epidormis 1 I
Parotid tumours 2
Adrenal tumours }
Thyroid tumoura 2 L
Lymphoma/leukaemia {
Pancreatic tumours 2
Totals 4 3 2 5

however, showed marked differences from
the mesotheliomas normally found in rats.
Some appeared to be poorly differentiated
tibrosarcomas, others showed gross cellular
and nuclear pleomorphism and 2, includ-
ing one found in a control animal, con-
tained large multinucleate cells mixed
~ith small spindle cells.

Histological examination of larynxes
from the animals in this study showed no
tumours. In the oldest animals that had

Amonite Crocidolite  ('rocidolite
10 mg/m3 {0 mg/m3 5 mg/m3 Controls
{3 animale 40 animals 43 animals 19 animals

B M B M B M B M

2 3 [ L i
L 1 2 3 I
4 rall l e EY

t 1

1
1

I l 1
9 5 I 4 0 ] 0] 3

inhaled asbestos dust, some small areas of
epithelial hyperplasia were found involv-
ing squamous cells, usually at the bases of
the vocal cords. However, similar areas
of hyperplasia were found in control
animals, and it was assumed that these
changes were associated with advanced
age.

gThe weights of asbestos dust extracted
from the lungs of animals in the different
inhalation groups is summarized in Table
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VI. Although on this occasion only left
lungs were available for dust estimation,
previous short-term inhslation studies
had involved dust estimation from both
lungs taken separately, and these had
indicated that the asbestos content ratio
between the left and right lung was 0-6 to
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t. Figures in Table VT, therefore, indicate
anctual left lung content and the estimated
total lung content calculated from the
above ratio. These calculations indicate
that, for n pgiven dust cloud, far more
amphibole asbestos is cleposited and
retained in the lung than is the cuse with

- ZI .4 . o ’ }
ﬁ“@\ "(s-’aﬁ

“LQ

Fra. 10,

e, @ and 10, —Hixstological patterns of an adenocareinoma and a squamous-erll carcinoma that
developed in the lnngu of rats treated with chrysotile axbestos, < 250,
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TaBLE VI.—Levels of dsbestos Recorered from Luny Tissue

Respirable concrutration
A

[ A
Target Actual
‘Type of ashesron (mgfm3)
¢‘hryvotilo ¢ Y4
t’hryuotile 2 2.0
Croeidolite 10 1
Urocidolite ) 44

Amounite 1 140

chrysotile. For the clouds of 10 mgjm3,
the lung content of both umosite and
crocidolite at the end of the dusting
period was very close, while the chrysotile
content was only 15 to (6% of this
figure. A comparison of the 2 chrysotile
clouds indicated that the percentage
retention after 12 months of dusting was
twice as high for the 2 mgfm3 cloud as for
10 mg/m3. With crocidolite, however, the
percentage retention for the 10 mgfm3
cloud was slightly higher than for the 5
mg/m3 cloud. The differences in lung
asbestos content between 7 and 182 days
after the end of dusting would indicate
that chrysotile had been cleared from the
lung much tnore quickly than the amphi-
boles. During this period both the chryso-

- tile groups showed. a. reduetion in. jung

dust content-of 50 to 709, while the
comparable figures for the amphibole
clouds were only 15 to 25%,.

DISCUSSION

In this study of the effects of fibre mass
and fibre number on asbestos-related lung
disease, it was clearly demonstrated that a
given airborne mass of U.1.C.C. Rhodesian
chrysotile produced far more lung fibrosis
than the same airborne weight of U.L.C.C.
samples of either amosite or crocidolite.
This indicates that a single mass standard
for all types of asbestos would be in-
appropriate. T'o some extent, a comparison
o: the 3 dust types on a fibre-number basis
wiis spoilt by the high fibre count of the
amosite cloud. However, the figures for the
2mg chrysotile and the 5 mg crocidolite

Recovered ashestos

g ~
Pays after  pgyleft lung pufrat Estimated

XpOntire tActual) (Estimatedt 9, retention
7 520 1417 15}
182 Rt B8 07
7 a3 26 2
182 66 180 bty
7 3212 R7450 103
(32 2731 7444 T
7 1279 B4R TH
182 476 2654 e
7 3366 wign -7
182 2377 024 ih

clouds were extremely close, 390 and 430
fibres/ml respectively Once again the
animals treated with chrysotile had devel-
oped significantly more lung fibrosis than
those treated with crocidolite. All these
results could be taken to indicate that
chrysotile is much more fibrogenic than
either of the amphiboles, and they might
be considered to agree with in wiro c¢yto-
toxicity studies which have reported that
chrysotile causes greater cell damage than
either amosite or crocidolite (Klosterk6tter
and Robock, 1975). From this it might be
suggested that the standards for chrysotile
should be more strict than for either
amosite or crocidolite. In fact, however,
consideration of the fibre length distribu-
tion of the various dust clouds given in
Fig, | suggests another possibility. Fibre
counting for wmonitoring the dust clouds
supposed to have equal fibre numbers was
undertaken using the procedure laid down
for the present hygiene standards (Health
and Safety Executive, 1976) which records
all fibres over 5 pin in length but does not
allow for fibre variations above this
length. A complete fibre-length distribu-
tion produced by scanning electron micro-
scopy showed that the chrysotile clouds
used in the present study had many more
fibres over 20 um in length than either of
the amphibole clouds (Fig. t and 2). No
relinble estimates ave available relaring
fibrogenic potential to tibre length. but a
number of authors have suggested that for
mesothelioma production at least, carcino-
genicity depends on fibre lengths in excess
of 10 to 20 pm (Maroudas. (VNeal and
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Stanton, 1973; Stanton et al., 1977). Since
in the present study the only malignant
lung tumours were produced by chrysotile
and this was also by far the most fibrogenie,
these results could support the long-tibre
theory of carcinogenesis in general. and
also indicate that the same parameters are
involved in the fibrogenic response. This
would indicate that the present protocol
for fibre counting is inadequate, and that
either the 5 um limit for counting should
be raised, or counts should be broken
down into different fibre-length groups.
Since, however, biological knowledge on
the exact lengths of fibre that cause
damage is still not definite, a suitable
compromise might be to retain the present
5pum lower limit, but to include an
additional count of fibres 20 um long,

It might.be found that this latter figire .-

correlates better with epidemiological data
for asbestosis and bronchial carcinomas
than the 5 um counts.

The finding that chrysotile asbestos
produced far more lung fibrosis and pul-
monary neoplasia than the amphibole
asbestos types was not expected from
previous animal inhalation experiments.
Wagner et al., in a large study published in
1974, had included groups of rats treated
for 12 months with 10 mg/m3 clouds of
U.1.C.C samples of Rhodesian chrysotile,
amosite and crocidolite, so that the results
should have been directly comparable
with those of the present study. However,
thev reported similar levels of lung
fibrosis for all groups, and the number of
malignant lung tumours produced by the
chrysotile and crocidolite clouds were
clogely comparable although the amosite
cloud produced only one such tumour.
The reason for this discrepancy between
the 2 studies is difficult to determine,
since the dust-retention figures in both
studies are extremely close. It may be that
the elutriation systems wsed in the 2
studies differed. Wagner did not give fibre-
length distributions for the dust clouds
used and it seems likely that the chrysotile
clouds used in the present study had a
higher proportion of long fibrex.

\Whether the increased fibrogenic and
neoplastic effect of chrysotile found in this
study was due to chrysotile itself, or fo
increased fibre lengths in the chrysotile
vlouds, it does not change the position
regarding human hazards from chrysotile
exposure, since the present British indust-
rial ashestos dust standards were based on
epidemiological data from chrysotile-
exposed working populations. The human
position regarding the types of chrysotile
cloud met with in industry is, therefore,
already known, but the new data indicate
that some amphibole clouds may be less
langerous than previously expected.

Af present crocidolite is considered in
most countries to be the most dangerous
usbestos type and its use is banned in some
cases. However, this situation is largely

due fo the agsoeiation of crocidolite with the' = |

production of mesotheliomas in humans.
This connection is well documented,
but there are no epidemiological data
indicating that crocidolite is worse than
the other asbestos types at producing lung
fibrosis or bronchial carcinomas. The
present study would indicate that as far as
lung pathology is concerned crocidolite is
the least dangerous of the absestos types
examined, even though as much as fXx
more crocidolite than chrysotile was
retained after one year of dusting. Because
mesothelioma production in response to
asbestos inhalation is a very rare event in
both animals and humans, animal atudies
g0 far undertaken have been unable to
produce statistically significant numbers of
these tumours for an accurate comparison
between the various forms of asbestos.
Waguer et al. (1974) reported 5 mesothelio-
mas from 76 animals with tumours in both
the chrysotile and crocidolite groups. We
found only 2 mesotheliomas in 123
animals but again both crocidolite and
chrysotile were implicated. No mesothelio-
rmas were produced by amosite in either
study after 12 months, but Wagner did
find one mesothelioma in an animal
treated for only one day with amosite dust.

The use of asbestos clouds of differi-y
density over a long inhalation period of <<
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~onths has made it possible to continue
i study of asbestos deposition and
i-iention that was vcommenced using
short-term administration of asbestos dust
(Middleton ¢ «l., 1977). It has heen
confirmed that the percentage fung reten-
tion of chrysotile is much lower vhan vither
amphibole types and also that retention is
reduced when the density of the cloud is
increased. With a 2 mg/m3 cloud the
percentage retention of chrysotile is almost
touble that for a 16 mg/m3 cloud. The
retention of crocidolite, however, shows
the reverse, and retention is marginally
higher with ihe denser dust cloud. The
reasons for this have not been determined
with certainty, but measurements of fibre-
length distribution of retained lung dust in
rals is in progress. These results may
indicate the reasons for these differences.

This work was undortaken as burc of tho research
programme funded by the British Ashastor Research
ttouncil.
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