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BIOLCGICAL EFFECTS OF ASBESTOS SESSION 1, PAFER 3
(continued)

A nunber of nev techniques are described which enable (1) the tagging of individual fibers with
fluorochremes in vivo for a period of at least one month and (2) facilitate the detection of othervise
"Yavisible" individual asbestos fibers acd xmineral particulates by electronic ashing of sections.

These techmiques were designed for use (a) in experizental studies in animals to locate individusl
fibers in situ shortly after respiratory exposure and (b) in human biopsy or autopsy specimens in the
sbsence of ssbestos bodies. .

Locaiization by electronic ashing has proven highly saticfactory. Variations in technical factors
allovw for correlatiofi of fiber location with histological structures. Studies of the effect of ashing
on asbestos bodies are also described. The advantages of the contomitant use of phase microscopy were
dezonstrated.

The results of the fluorochromes experizents raise the question of mechanjcal fixation of parti-
culate carcinogens in tissue, as well as the adsorption and concentration of dilute carcinogenic agents.

SESSION 1, PAFER &
IDENTIFICATION OF THE SEVERAL VARIETIES OF ASBESIOS
. FIEERS IN HUMAN LUNG TISSUE
oy
A, Vorvald
Wayne State University, Detroit, Mich.

(Abstract not received)

SESSICN 1, PAFER
SOME OBSERVATIONS ON THE DUST CONTENT AND COMPOSITION IN LUNGS WITH .
ASBESTOSIS, MADE DURING WORK ON COAL MINERS PNEUMACONIOSIS .

by
G. Nagelschmidt
Safety in Mines Research Establishment, Sheffield, England

In the-course of studies, made at the Sheffield Iaboratory of S.M.R.E. during the last 15 years,
of various types of lung dust diseases, and mainly of pneumcconiosis of coal workers, a few cbserva-
tions have been made on lungs with ashestosis. .

After a review of the literature, methods of isolating and identifying different types of asbes-
tos (chrysctile, crocidolite, amosite) will be discussed.

Results will be presented for about 20 lungs with ssbestosis, obtained from the london Pneumo-
coniosis Panel, which were studied several years ago. The types of asbestos which had caused the
disease are not known and several types may bave been involved., Preliminary dsta will be given for
a number of asbestosis lungs with exposure to single known types of asbestos cbtained from, and
studied in cooperaticn with the Pneumoconiosis Research Unit of South Africa.

The main tentative conclusion is the follewing: Whereas in the pneumoconiosis of coal mirners
and in classical silicosis there is on average a clear positive correlation between amount of dust
in the lungs and severity of fibrosis, this does not appesr to be the case in asbestosis. This sug-
gests that prcducts of dissolution, perhaps polysilicic acid, cause the fibrosis. The data also

suggest that in the lungs chrysctile is more soluble than crocidolit
solibie thes enoctaciins: lite, and amosite may be less
e

. SESSION 1, PAFER 6
ASEESTOS DUST DEPOSITION AND RETENTION IN ANIMALS
by
Je. W, Skidmore and J. c. w‘@er
M.R.C. Pneumoconiosis Research Unit, Glamorgan, Wales

In previous animal dusting experiments it has been established on histological grounds that there
was a difference in the fibrogenic properties of different types of asbestos. Following the intra-
pleural inoculation of varieties of asbestos dust and silica irnto rats it has been shown that it is
possible to induce pleural mescthelicmas with chrysotile » crocidolite, amogite and silica. The
amount of dust inoculated into these animals was 20 mg, This appeared, by histological examination,
to be greatly in excess of the amount found iz the zajority of human cases of pleural mesothelioma.
Following the experiences of humsn cases in South Africa, it was expected that the mesothelicmas would
occur in animals inoculated with urocidolite., In an attempt to clarify the position a series of
dusting experiments were planned.

It was desirable, therefore, to produce an experizental method by which a known amount of dust
could be deposited in the lungs of rats by an izghalation method. In addition, it was necessary toc know
vwhether the varicus types of asbestos were retained and had a similar histological distribution.

Groups of rats have been exposed to airtorne dust clouds of chrysotile, crocidolite, amosite or
rowdered glass which served as a control inert and insoluble non-fibrous dust. Reasonably constant
and equal weight concentration of dust in the aerodynamic range which could reach the pulcopary regions
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BIOLOGICAL EFFECTS OF ASEESTOS SESSION 1, PAPER 9
REEUMATCID FACTCR IN SERUM OF INDIVIDUALS EXPOSED TO ASEESTOS

by
B. Perpis and E. C. Vigliani, University of Milan, Milan, Italy, aod
I. d. Selikoff, The Mount Sinai wt‘l, Rew !Ork, X. Y.

(Abstract not received)

N SESSION 1, PAPER 10
OBSERVATIONS ON THE PATHCGEMESIS OF ASHESTOSIS

by
E. C. wm and B, Pernis
University of Milan, Milan, Italy

(Abstract not received)

SESSION 2, PAPER 1
ASBESTOSIS IN GREAT BRITAIN
by
Je Co McVittie
. Ministry of Pensions and National Insurance, london, England

A whole new literature relating to asbestos appeared in Great Eritain between 1527 and 1632,
The Report by Merewether and Price in 1530 was cutstanding and established the occupational origin
of asbestosis. It was nmade clear that the principal safeguard against the i1l effects of asbestos
dust on the lungs was to be found in improved ventilation and dust suppressicn. Asbestosis became
2 compernsatable disease. Initial and periodical examination of workers in certain scheduled processes
were instituted and specific instructions were issued regarding exhaust veatilation, dust preventien,
etc, Case finding arises in two ways: from the statutory periodicsl medical examinations and from
applications for compensation under the Workmen's Compensation Acts and from applications for benefit
under the Industrial Injuries Act which superseded the Workmen's Ccmpensation Acts in 1548, This is
probably the only source of information about the prevalence of asbestosis in the country. Tables
glive the number of cases diagnosed each year since 1$31 and a special breakdown of 248 cases diag-
nosed betveen 1355 and 1563. These show that 169 of these 248 cases entered the industry after 1933.
They show the numbers resulting from periodical medical examinations and from applications. The
clinical, radioclcgical and pathological features of the disease are described and diagnostic criteria
indicated, The effects of asbestosis, e.g., disablement, morbidity, liability to other pulmonary and
pleural disease, and mortality are discussed, Against this background the value of periodical exam-
inations ls examined. o

ASEESTOSIS AMONG INSULATION WORKERS IN THE UNITED STATES

by
I. J. Selikoff, J. Chuxrg, and E, C. Hamrwond
The Mount Sinai Hospital, New York, N. Y.

SESSION 2, PAPER 2

Large scale studies of asbestosis in the past have been restricted to workers employed in
asbestog textilc factories. This was true both of the important basic investigations of Merewether
in Great jiritain (363 employees) and of Dreessen and his colleagues in the United States(54l employees).

There have been scattered reports of pulmonary asbestosis and its complications in workers ex-
posed to asbestos in industries other than textile., FEowever, the absence of satisfactory epidemio-
logical data has made it difficult to assess the risk of such exposure. Yet such assessment is
important since it is likely that asbestos textile workers now represent only a minority of those
exgosed to asbestos in industry.

Investigations reported here were concermed with 1,522 members of the International Association
of.Heat & Frost Insulators and Asbestos Workers, in the ilew York-New Jersey Metropolitan ares, &
union of jinsulation workers. This study included every individual who was a member of this union
Decerber 31, 1942 or who joined by December 31, 1562.

264 ren were dead on January 1, 1563; 43 have died since. Each death has been studied. 1,258
vere alive; 1,117 were examined (89.9%), including 133 of 169 no longer workirg in the trade and
984 of the 1,086 working members. Clinical, radioclogical ard pulzonary functicn examinations were
nade,
. l. Prevalence of asbestosis: Correlation of radiclogical abnormality with lapsed time from

onsct of exposure.
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BIOLCGXCAL EFFECTS QF ASEESTOS : SESSION 2, PAPER 4

(continued )
dexcnstrate significant changes in a chronological series of films. Pulronary function studies have
beccze an important technique in diagnosis and assesspent of disability.

In a small group of 10 cases with 10 controls matched for age, sex and length of exposure, the
evidence for the influence of pulmonary infection has proved .inconclusive,

The changes in pathology of asbestosis are noted by comparing two series of post-morten reports
oL workers from the same factory. In 1945 Wyers published the findings in 115 cases of asbestosis at
deaath. The present series of Tl post-mortems since 1957 shows much less frequency of tuberculosis as
& complication but” increased occurrence of Jalignancy of the lungs. Emphysema has become less coxmmon.
Prirery malignancy of the pleura and peritoneum occurs with a frequency unsuspected in the earlier
reports.

The mean age at death bas risen from b0.8 to 57.3. The average duratiorn of the disease has
lengthened frem 6.4 to 10.9 years. The longest interval between last exposure and diagnosis is 38
years, one year before post mortem,

OCCUPATIONAL AND NON-CCCUPATIONAL EXPOSURES TO ASEESTOS

. by
W. C. Hueper
National Cancer Institute, Bethesda, Md.

SESSION 2, PAFER §

The enormous rise in the productiocn and industrial use of asbestos during the past SO years has
resulted in markedly widened exposure to asbestos dust for a greatly incremsed mumber and variety of
workers, Some of them, moreover, sustain such contacts incidentally either vhen being employed in
varicus capacities in operations where asbestos products are processed, used, or handled or when
working in plant areas in which an envirozmental pollution of the air with asbestos exists, The harm-
ful effects of such groving exposures to asbestos during the past two decades are reflected rnct only
in a growing number of reports on the occurrence of asbestosis and asbestos cancer in a variety of
asbestos workers, but.also in the fact that such reports originate from a rising mumber of countries
in scme of which such cbservations were made only recently for the first time. Information on the
muber and variety of exposed workers and on the occurrence and incidence of asbestosis and of asbes-
tos cancers among them is post fragmentary in all countries, especially in the United States and
Canada, cne being the principal consumer of asbestos and the other the chief producer of this mineral.
It is for this reascn that regrettably, the ariginal pian of having a recent epidemiclogic survey on
tkese aspects of asbestos production in Canadian mines and mills be undertaken under the aegis of the
National Cancer Institute of Canada was not adhered to, and that this study was carried ocut as an
industry-dominated venture vwhich yielded highly controversial negative results. The principal worker
groups exposed to respiratory contact with asbestos are employed in the asbestos mining and milling
industries, in the prcduction and commercial use of asbestos cement and plaster and their nurerous
secondary products, in the production and application of asbestos for insulating purposes and in the
processing of asbestos and its msnufacture into textiles. Protection of asbestos workers against
occupaticnal health hazards related to respiratory and cutaneocus contact with asbestos by workmen's
compensation laws are in many countries and States more or less defective and, therefore, inadequate.

SESSION 2, PAFER 6
ASEESTOS AND THE URBAN DWELLER

by
Je G. Thomson
University of Cape Town Medical Scheol, Cape Town, South Africs

The extent of inhalation of asbestos fibres by urban dwellers was investigated by counting asbes-
tos boedies in smears from the lung bases from 5C0 consecutive autopsies in subjects over the age of
15 in Cape Town, Scuth Africa, ard 5C0 in Miami, Florida, The results were similar in the two cities
and no less than 30% of the males and 20% of the females showed asbestos bodies, In 80% of the posi-
tive cases the bodles were scanty, were not associated with pulronary changes, and were regarded as
the result of contamination of the urban atmosphere. In 6% of the males the bodies were numercus
and were presumably of occupational crigiz.

The tendency for asbestos fibres too long to he phagocytosed to move downwards by gravity before
they become asbestos bodies leads to concentration at the lung bases, and small doses can have a
cumlative effect, An increase in the arount of urban air contamination would seem inevitable in
view of the increasing consumptiocn ard diversity of uses of asbestos and of its virtual lndestructi-
bility, and an incresse in basal asbestosis is suggested as a possible future development, As s
limited basal asbestosis may be associated with malignant zmesothelicms of pleura and peritoneum an
increase in this tumour is forecast as the main ground for regarding ssbestos as a potential urban
hazard. While that view is conjectural, the finding of sbundant asbestos bodies in the lung bases
of 1 in 17 of the male hospital population suggests tiat the occupational hazard from asbestos is
greater and more diversified than is at present realized.

The main object of this work is to draw attention to the effects of a relatively new development,
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BIOLOGICAL EFFECTS OF ASBESTOS SESSION 3, PAPER 1
(contimued )

Asbestos fibres 50 microns and longer are found in alveoll, vwhereas few of the particies of near
spherical shape present have diameters grester than 10 microns. There is no inconsistency here as
the effectiveness of esch of the two mechanisms, sedimentation and inertial precipitaticn, operating
to deposit particles in the upper respiratory tract is determined by particle falling speed, vhich
depends on shape and density as vell as "size." For a fibre it is the diameter and not the length
which mairly determines falling speed. Asbestos fibres can be long and yet be so fine that deep pene-
tration of the respiratory system beccmes posaible. - .

Measurements of falling speed, diameter and length, on glass fibres, chosen for their exact cyl-
ind=ical form, have proyided the relationships between these parameters. For a given dismeter, in.
creasing the length/dlameter ratic from 1 to 10 results in a fourfold increase in the falling speed.
For higher length/diameter ratios the falling speed i3 proportional to the square of the dismeter and
slmost independent of the length, Results of sixilar measurements on the less uniform fibres of
amosite, chrysotile and crocidolite show the same tendencies. The falling speed of an asbestos fibre,
for example, 3 microms in diamster, 300 microns long, is comparable to that of a unit density sphere
10 microns in diameter. .

The possibility of long fibres penetrating to the pulmonary space hes necessitated consideration
of their capture in fine airwvays. The rate of capture by virtue of length has been calculated for
places where it is likely to be significant, for example, cn the nasal hairs and at branching of airway:

Scme aspects of dust sampling asbestos particles are discussed in the paper.

SESSION 3, PAPER 2
A COMPARISON CF IMPINGER AND MEMBRANE FILIER TECHNIQUES
FOR EVALUATING AIR SAMPLES IN ASEESTOS PLANTS

by
H. E. Ayer, J. Re Lynch and J. H, Fanney
Public Health Service, Division of Occupationsl Health, Cincinnati, Ohlc

In the United States the threshold limit value of § million particles per cubic foot for asbestos
is tased on samples taken by izpinger and counted in liquid by use of a microscope with a 16 mm ob-
Jective. Tust concentraticns in the asbestos textile indugtry have been evaluated by this method for
30 years. I is recognized that the measurement is only an indirect estimation of the potential ha-
zard from asbestos in that asbestos fibers comprise only a very small fraction of the dust count.

I2 an envircnmerntal study ¢f the asbestos handling and processing industries now under way
samples have been taken both by impinger and membrane filter. Companion samples bty the two methods
have been used to determine the relationship between impinger dust counts by the "standsrd methed"
and fiber counts on transparentized membrane filters by use of a microscope with a 4 mm phase contrast
objective. In spite of the large variances associated with each of these counting methods, a rela-
tionship between results they yield was developed. IA general, xore fibers were associated with a
given izpinger dust counting in carding cperations than in other cperations. The relationships of
fiber count to impinger count and the count of fibers longer than 10 microns to the izpinger count
are presented by operaticn ir this paper. Tentative results suggesting a fiber count equivalent to
the present threshold limit are a&lso presented and discussed. In addition, size distributions and
determinations of "respirable” dust are briefly discussed.

SESSION 3, PAPER 3
DEVELOFMERTS IN DUST SAMPLING AND COUNTING TECHNIQUES
IN TEE ASBESTOS INDUSTRY

by
S. Holmes
Turner Brothers Asbestos Co. Itd., Rochdale, England

Due to the fibrous nature of asbestos dust, the sampling and analysis of factory atmospheres in
the asbestos industry has presented special problems which have been the subject of continucus inves-
tigation over the past 20 years, first by the individual zcaufacturing companies and later as part
of the research program of the Asbestosis Research Council. The aim of this work has been to agree
on a scund and reliable method of sampling and counting which will enable true comparisons to be wade
between dust conditicas at different processes and in different factories.

This paper traces briefly the development of sampling and counting methods leading up to the
long running thermal precipitator and membrane filter technigues. The relative merits of these two
methcds are discussed and reasons are given to show wny the membrane filter is now preferred. Colored
mexbrane filters suitable for dry counting are described, as well as the more usual white membranes
which can be cleared for wet counting. Results using the two systems are compared.

A description is given of the microscopic technigques used in sample counting and attention is
drawn to the difficulties which can arise due to the crystalline nature of asbestos dust. One result
of this is that care must be taken in chcosing a liquid of suitable refractive index to clear the
membrane and a number of such liquids are mentioned.

Brief reference is made tv recent work in whigh, by clearing the membrane with a liquid of high
dispersion, use can be made of the dispersion staining technigue in vieving the sample. In this way,

it is possible that the individual components of samples containing mixed asbestos dusts may be
identified. T
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BIOLOGICAL, EFFECTS QOF ASEESTOS SESSION &, PAFER 3

RADIOLOGICAL CLASSIFICATION QF FULMONARY ASEESTOSIS
vy
E. Bohlig
Mmicipal Bospital, Llidensheid, Germany

Every classification is imperfect, even more so regarding asbestosis. The classificstions now
in use are not quite identical, but they mainly divide the radiological appearunces into three flu-
ently changing stages, of vhich especlally the second 1s illogically defined and not to be produced
efficientiy. Because the naticnal differentiation between the compensation rules only a mere radio-
logical classification can be taken into consideration for internmaticnal agreement. The fact of this
conterence taking place at all proves that nev international agreexents sbout a practicable classi-
fication for pulmonary asbestosis are necessary. If experts agree that linear cpacities are also
disseminated shadows and that the radioclogical. appearances of rreumoconioses can be only either
disseminated or squared opacities, it would seem appropriate to adopt these two kinds of appearances
as & base for nev classification. Doing so, considerable approximation to already existing classifie-
cations (Sydney 1950; Geneva.1958) would be gained as well. For intensifying the reproducibility of
the Xeray f£ilm and, on the cther hand, enlarging the distinctness of the codified X-ray findings,
ve suggest not to use the unalterable symbel "L" (Geneva 1958), but to introduce ancther symbol “g"
for linear patterns, chiefly occurring in asbestosis, and to combine it with the quantitative cate-
gories for small opacities (Cenmeva 1653). The large opacities might be characterized by the symbol
"A" for beginmning confluence and by "B" and "C" for opacities having lomger diameter than 5 em, The
sdditional symbols (Gemeva 1958) would mesn welcome for further accommodation of the findings code
to individual, local or national peculigrities. Extensive reccnstruction of the radioclogical appear-
ances, even without the film iz question, would be possidble vhen adopting the symbol suggested. It
is unimportant whether this proposition is adopted or zot; it is exceedingly important that scme
internaticnal agreement should be attaired which would be really practicable.

) SESSION L, PAPER 4
ROENTGENCLOGICAL STUDIES OF PLEURAL CALCIFICATION IN ASEESTOSIS

by
I. J. Selikof? .
The Mount Sinai Eospital, New York, N. Y.

Although scattered instances of pleural calcification had been noted 25 years age (Gloyne,
Vigliani), these were considered coincidental or igmored. Such evaluation was strengthened by the
negative findings of A.R. Smith in 1652,

Recently, attention has again been called to the association of pleural calcification with
exposure to asbestos under industrial conditions (Jacch, Bohlig, Muller) and following environmental
community exposure (Kiviluoto).

Data are presented here which demonstrate that pleural calcification is frequently found among
asbestos .insulation workers and suggest that asgbestosis 13 perhaps the most comron cause of pleural
calcification in industrial countries at present, especially when such calcification is bilateral.

l. Analysis was made of the results of x-ray examinations of 1,117 asbestos insulation workers

(see Selikaf?, Churg and Eammond, this conference).

Pleural Calcification on X-Ray Examinsticn of 1,117 Asbestos Insulation VWorkers

Lapsed time from No. _Pleural calcificaticn
onset of exposure Examined Extent of calcification
0 1 2 3.
o+ years 121 5L 37 20
. (b2.13) (57.9%)
30-39 " 194 127 ) 15 (3
(65.4%) (34.5%)
20-29 " T7 63 o B (o " )
- lo.
ic-19 " 379 3% 5 0 [+
(8.9%) (1.1%)
0-9 " 346 386 0 ) 0
1,117

Data is presented to indicate that both total exposure in yaars and lapsed time from cnset of exposure
are of importance, with the latter probably of greater consequence.

2. Almost half of the instances of calcification were bilsteral (73 of 15C). This tendency
especially noted in more extensive calcification (29 of 35 Grade 2 and 19 of 19 Grade 3). When
radiologically unilateral, the left side vas more commonly involved {(49) than the right (28).

3. IDlustrations will be given of the varisble location of plaques (diaphragm, costal, anterior

and posterior mediastinal, pericardial, apical, interlcbar fissures), their appearance and radiolo-
gical demonstration. . ‘
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BIOLOGICAL EFFECTS OF ASBESTOS SESSION 4, PAFER 7

vy
M, S. Bader, R. A. Bader, A. S, Tierstein and I. J. Selikoff
The Mount Sinal Eospital, New York, N. Y.

Ten years ago, & group of 17 actively ezployed asbestos factory workers vas evaluated clinically,
radiclogically and by means of pulmonary functicn tests. The plant in which the men were exmployed
discontinued cperations at this time; therefore, they had no further industrial asbestos exposure.
Nevertheless, they were maintained under observaticn to study the natural history of established
pulmonary disease unccmplicated by further exposure. Annual clinical, radiclogical and pulmonary
function studies were undertaken, as well as management of intercurrent illnesses.

During the baseline studies, pulzmonary function exsminations, when abpormzal, revealed the classic
findings of the alveolar capillary block syndrome; uniform decrease in lung volumes, well preserved
maximm breathing cspacity, decreased arterial oxygen saturation (especially cn exercise), normal
PCO2 values, and decreased diffusing capacity. Hyperventilation at rest and exercise occurred in
zmore than half the cases, and while dead space ventilation was incressed, alveclar ventilation was
dso increased. The most sensitive index of impaired function vas arterial oxygen ssturaticn. Slight
reduction at rest was found in six and reducticn below 2% was found in half the workmen on exercise.
Poor correlation existed betveen impaired fumction and intimacy snd duration of exposure. Better
but still not parallel correlation was found with radiographic findings. .

The post-employment serisl evaluations were xzade in terms of X-rsy progression, development or
vorseniag of dyspnea on exerticn and further measurements of pulmcnary function.

Followeup observations were limited by complications of the disease being studied.

1. 8 men sre desd: 2 of lung cancer, 1 of pleural mesothelicma, 2 of gastric ca.rcimg, 2of
.  pulmenary asbestosis (cor pulmeonale) and 1 of myccardial infarction.
2. 9 are alive, 1l following resection of lung cancer.

With this limitation, long texm followeup results are described with coml;tion with clinical
end radioclogical features., Original observations on pulmonary compliance and pulmonary airvay
resistance in these men are discussed with relation to vital capacity and maximum breathing capacity.

. SESSION 4, PAFER 8
ROUTINE LUNG FUNCTION STUDIES ON 830 EMPLOYEES
- IN AN ASEESTOS PRCCESSING FACTORY

by
Ross Bunt
British Belting and Asbestos, Ltd., Yorkshire, England

Routine work in this field was started in July 1560 in an asbestos textile plant in the North
of England., The aim was to create a set of normal figures for lung compartment volumes, gas transfer
factor coefficients, 90% mixing indices, ventilation on exercise, and forced breathing capacities.
The subjects used in these tests were volunteers of both sexes in varying age and stature groups
from departzents other than those processing asbestos. These results were then analysed statistic-
ally and the regression forzulae obtained applied to the results of men and women working in !sche-
duled' and 'exposed' occupations. The conclusicns drawn from these results were aligned with the
Xeray and clinical findings in each case. Pulmonary function tests were also used as a screen to
prevent pecple with lung impairment from taking up work in departments-vwhere asbestos dust vas pre-
valent, Some difficulties were encountered in the beginming, both in subject response and sampling
technique, but these were overcome and this paper deals in the main with the technique and results
obtained over the past 3 years. The evidence points to a significant decrease in gas transfer and
vital capacity before any radiological or clinical signs are evident.

The work continues as a routine test procedure carried out in the firm's medical centre.
Approximately elght pecple are examined each day, the intention being to examine all 'scheduled’ and
'exposed' personnel once a year at least , and more often if their results give cause for concern.

A mcdiflied single-breath-holding sampling technique is used and is described in the paper,

. SESSION 4, PAFER 9
THE DISCRIMINANT VALUE OF FULMONARY FUNCTION TESTS II¥ ASEESTOSIS
by
M. L. Themson, Anne-Marie Pelzer and W, J. Smither
London School of Hygiene and Tropical Medicine, and
Cape Insulation and Asbestos Products Ltd., london, England

A clinical, radiographic and pulmonsry function evaluation has been made on 19 workers in an
asbestos factory certified as having asbestosis, and on a further 9 exposed, but uncertified workers.
The clinical and radiographic assessments were made, using a 2 or 4 point scale, by one of the au-
thors without knowledge of the pulmopary function results.

0f the clinical features, radiography, dyspncea and rales have the greatest discriminating
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BIOLCGICAL EFFECTS OF ASEESTOS SESSION 5, PAPER 2
' ) (continued)

In addition to the olils naturally associated with certain types of asbestos, secondary contam-
inating oils may scmetimes be found. Experiments have shown that asbestos flbers may absorb up to
T5% of jute oil from the jute sacks in which the asbestos is cormonly stored or transported. Trace
amounts of polycyclic arcmatic hydrocarbons were found in samples of jute oil and at least one sample
was shown to possess tumorepromoting activity after tests cn the mouse skin., In scme cases, oil
emilsicns are added intenticnally to fibers to facilitate processing.

Since the biological activity of asbestos may be due, at least in part, tc the metal-complex
nature of its structure, analyses for iron in asbestos and other minerals were carried out. Corre-
lations sre being sought between the content of ferrous and ferric ircn and the biological activity
of different minerals. Spectrographic analyses have shown the presence in chrysotile of relatively
high concentrations of chromium and nickel, both of which are recognized as carcinogenically active.

As part of this project, the elution of metals by serum under defined experimental conditions
has been investigated. )

‘Mathcds for the identification of asbestos fibers in histological preparations and tissues have
been developed., .

o

PREPARATION OF ASEESTOS FIRERS FOR EXFERIMENTAL USE
by .
M, S. Badollet, Fairleigh Dickinson University, Madiscn, N, J., and
W. A. Gantt, State Department of Health, Tremton, N. J.

SESSION S, PAPER 3

Asbestos in its natural state in the form of ore contains impurities associated with the ore
bedy. These impurities zmay be part of the wall rock or occluded in or embedded in the crystal
formation between layers of asbestos.

For fundamerntal investigations of biological effects of asbestos, it is essential to eliminate
impurities that are not part cf the asbestos molecule. To accomplish this, we have removed bundles
of fibers from original unrefined ores, split them along the fiber planes with a inife into sections
1/16 to 1/32 inch thick, which were then cut with scissers into lengths of 1/8 inch or less, removing
visible pieces of rock vall., This material was transferred to a Waring Blendor, s motor-driven
rotating series cf sharp blades in a vertical jer., The jar was half-filled with distilled water
containing 2 to 3 grams of the handecut fiters. The Blendor was run until desired fiber length dis-
tributions were obtained, Samples with fiber lenzths in ranges below 100 microns were thus prepared.
The slurry was filtered through paper on a Buchner funnel, washed with water, alcohol and ether, then
air dried. This preparation sharply decreassed the hydrocarbon content of the material, as measured
by estimation of seversl specific polycyclic hydrocarbons in a sample of amosite. :

Scxre c¢ther methods for reduction of sizes are ball mills, fiberizers and disintegrators, The -
Blendor methcd has advantages which are twe fold: it allows the operator to observe the grinding
action, it' can be stopped at intervals and samples quickly withdrawn for size measurement, Size
is a function of time of grinding,

Fibers prepared by this method have been injected into hamsters and rats by Smith and Miller
as reported elsewhere at this conference.

o -
. SESSION 5, PAPER 4
TESTS FOR CARCINCGENICITY OF ASBESTOS
by
W. E. Smith and [lonas Miller
Fairleigh Dickinson University, Madison, N. J.

Asbestos samples were prepared from wvater slurries with a rotary kmife according to a method
described by Badollet and Gantt in a preceding paper at this conference., Soft chrysotile ore, harsh
chrysotile ore, and a commercial sample of amosite were processed to average fiber lengths of 67,

36 and 18 microns, respectively.  Single intrapleural injection was made into the right chest of
golden Syrian hamsters (15 animals per sample). Each.injection contained 25 mgms. of sample sus-
pended in 0,5 cc. of 0.9% sodium chloride,

Extensive granulcmatous and fibrous pleural adhesions resulted in each treatzent group. Large
intrathporacic tumors were found in 2 hansters at 24L days and 358 days, respectively, after injection
of commercial amosite, and in 2 other hamsters at 415 and 527 days after injection of harsh chrysotile
No tumors have yet been found in hamsters given the sample of soft chrysotile. In each group, sev-
eral animals are still living, The tumors showved local invasion and distant metastases, One was
transplanted through 3 serial generations of new hosts in which it formed yolid tuzor masses up to
6 cm. in diareter.

In other experiments, 180 hamsters and 270 rats have been given weekly or biweekly intratracheal
injections of four types of asbestos prepared by the rotary knife method (soft chrysotile, harsh
chrysotile, amosite and crocidolite) in suspending medium (saline). Ppeumonia and fibrosis but no
tumors have been found in animals thus far examined. A majority of animals in these intratracheal
tests are still living.

i
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BIOLOGICAL EFFECTS OF ASBESTOS SESSION 5, PAPER 7

(continued)
Detailed occupational and personal dsta vere obtained from 1,117 men (of the 1,258 who were alive cn
January 1, 1563 ) who vere examined. Union records vere availsble for similar anslysis for those men
vho vere dead (26L) or who failed <o appear for exsmination (141). L3 men have died since the onset
of the study. : .

Ve ha.vz previcusly dezonstrated, using age-specific death rates in a prospective study of 255
consecutive deaths among this group of men 1943-1G62,. that total deaths were increased (cbserved 255,
expected 204) as were deaths caused by cancer of lung and pleurs (observed 45, expected 7) and sto-
machk ard colon (cbserved 29, expected 10).

* We now report ag aoalysis of the 307 consecutive deaths ameng these inmsulation workers Janusry
l, l%a’mt 30’ lﬂo -
307 CONSECUTIVE DEATHS AMDNG 1,522 ASBESTOS INSULATION WORKERS 1943-64

l%(aa‘%-gZ l%(géé)h TOTAL
Cancer of the lung 53
G.I. Cancer 30 5 35

Esophagus . 1 0

Stemach . 11 2

Colon-Rectum 18 3
Mesothelicma, Pleura 3 1l L
Mesothelioma, peritoneum 2 3 S
Other necplasms 20 7 27

Bladder 3 1

Generalized 5 2

Oro-pharynx 1 2

Neck 3 0

Pancreas 1 1
Asbestosis 12 S 7
Pulrmcnary infection T [ 7
Pulmcnary tuberculosis L o] L
Cardiovascular J.Ek 10 lih
All other causes O 1 1
‘ o 43 =307

We have heen particularly interested in analysis of those deaths due to intra-abdominal neo-
plasms {G.I. tract and peritoneum). For a variety of reasons, accuracy of diagnosis of such neo-
plasms is often insecure. In 2/5 of the 49 such deaths analysis of all available data showed the
disgnosis to be presumptive only; this was especially true of stomach cancer (8 of 13) and general-
ized abdominal cancer (6 of 7). Therefore, it is possible that peritoneal mesothelioma may be even
more common than the 5 of 307 deaths recorded.

In addition to the neoplasia among the recorded deaths, there are 3 men alive with known neoc-
plasms (1 lung cancer, 1 pleural and 1 peritoneal mesothelicma) as well as cne apparently cured of
tongue cancer, one of cancer of the colon, and three following successful resection of localized

lung cancer found in this survey. !
i
SESSION 5, PAFER 8

COHORT ANALYSIS OF CHANGES IN INCIDENCE OF ERONCHTIAL CARCINOMA
IN A TEXTILE ASEESIOS FACTORY

by
J. F. Knox, Turner Brothers Asbestos Co. Itd., Rochdale, England,. and
R. S. Deil, M.R.C. Statisticsl Research Uni%, lcndon,

An asscciation between asbestos dust iphalation and pulmopary fibrosis was first recorded in
Great Britain at the turn of the century, but until further cases were reported 20 years later no
official action was taken on prevention. A survey of the asbestos industry in Great Britain was
carried out by members of the Factory Department of the Home Office in 1928-29 and a Report laid
before Parliament in 1930. In a sample of 363 workers pulmonary fibrosis was found in greatest pro-
portion in those employed for 20 years and upwards. These workers vere principally employed in the
asbestos textile industry. .

Following the submission of this Report to Parliament Regulations were imposed in 1931 in order
to reduce dust emission in manufacturing processes. Arrangements were also instituted for medical
examinations of new entrants to the industry and periodic examinations thereafter. Workers found to
be suffering from disability due to pulmonary Jibrosis received compensation and might be suspended
from further employment in the industry. Coroners were instructed to inquire into the causes of death
of workers in thé asbestos industry who had been suspended for disability or who were likely to have
been affected by their employment. Necropsies were performed in most of these cases and material for
study thereby accumulated. In a mortality study of the workers in one factory, excess mortality
among workers employed for 20 years and upwards vas observed. Lung cancer in association with asbes-
tosis vas responsible for a considerable proportion of this excess. A study of a group of workers

from the same factory, exposed since the regulations, shows a reduction in mortality rate without
excess of lung cancer.
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BIOLCGICAL EFFECTS OF ASBESTOS SESSION 6, PAPER 1
(continued)

An association betwveen asbestosis and pulrmonsry malignancy is now generally accepted. More
Tecent investigations have shown that there is an increased incidence of pleural and reritoneal reso-
thelicmas cccurring in people occupaticnally or environmentally, exposed to asbestos dust. In scme
Of these csses, the exposure has been extremely slight, and not sufficient to produce the histological
festures of asbestosis. The only pathological evidence of exposure has been the presence of asbestos
bodies or fibres in the air spaces. In Scuth Africa more than 100 cases of this tumour have been
confirmed histologically. Nearly all these cases have been confined to cne asbestos mining srea, The
majority of these people were not’ employed in the ashestos mgmufacturing industry, Chemical investi-
gations have showd that oils containing carcinogenic hydrocarbons are present aaturally in this par-
ticular type of asbestos. *

At present, the incidence of diffuse mesothelicmas associated with exposure to asbestos dust is
being investigated in Britain. Thoracic surgery units snd pathology laboratcries, who have records
of these tumours, have been approached and an attempt is being made to find out hov many of these cases
have bcen exposed to asbestos dust, The investigation is only partly complete, and so far, as many
cases have been discovered in Britain as were observed in South Africa. Details of these British
investigations will be given in the papers that follow, and it will be seen that as in South Africa,
the association is mainly between astestos exposure snd zmesotheliomas, and ashestosis is often not
a rarked feature of these cases,

Fi
. . SESSION 6, PAPER 2
EPIDEMIOLCGY OF MESOTHELTAL TUMOURS IN THE LONCOR AREA
by
Muriel L. Newhouse
Iondon School of Hygiene and Tropical Medicine, london, England

Two groups of patients who have attended a large hospital in the East End of london have been
examined to determine their exposure to asbestos.

°  The first consisted of 83 patiemts in whom the diagnosis of mesctheliora had been confirmed at
autopsy or by bicpsy. In all but 7, past occupaticnal and domestic histories were cbtained. In 21
patients the tumour was peritcneal in origin, in 62 pleural. The earliest recorded death was 1917,
but cnly 1O of the series died before 1550. 55% of the males and L2% of the fexmales died under the
sge of 55. The interval between first exposurs and development of terminal illness ranged between
16 and 55 years (mean 37 years). -

The second group consisted of 76 patients of the same hospital, matched by sex and date of
birth with those traced in the first series.

52.6% of those suffering from mescthelicmata had been exposed to asbestos, as compared to 11.8%
of the control group. Three main types of exposure were recogunized: work in factories manufacturing
asbestos textiles, insulating materials and other products; employment as laggers or insulators, and
exposure to dust brought home by relatives working with asbestos. 18 of those employed in factory
vork and four whose relatives were working with asbestos were employed at one factory. This factory
opened in 1913 and was, until recent years, a heavy user of crocidolite; all those whose records
could be traced worked with this type of asbestos.

Among; the 36 patients with mescthelicmata, with nmo positive occupational history and no relatives
living at hore who worked with asbestos, there were 11 who lived within half a mile of an asbestos
factory; & of the comtrol series also lived in the same area. The difference in the proportion of
patients in the two series is statistically significant.

SESSION 6, PAFER 3
CRITERIA FOR THE DIAGNOSIS OF DIFFUSE MESCTHELIAL TUMOURS
. by
: W.T.E. McCaughey
Queen's University, Belfast, Northern Ireland

The criteria for the diagnosis of diffuse mesothelial tumour are at present imprecise and the
security of the diagnosis often depends more on the degree of certainty with which metastatic tumour
can be excluded than on any specific quality of the mescthelicma.

The gross aprearances of the diffuse mesothelioma are not specific. It is uncomron, however,
for metastatic carcinoma to duplicate the extensive sheet-like serosal infiltration which is eue
Pecially characteristic of the diffuse pleural mesothelicma.

The diffuse mesothelioma shows remarkable structural variation histologically, The moet: specific
structure is a mixed one resembling that of a carcinosarcoma. The cozmonly cbserved well differen-
tizted tubulo-papillary or tubular pattern in which the cells are cuboidal or flattened i3 aiso un-
likely to be confused with metastatic tuzour.. A form closely resembling that of a spindle-cell sarcoma
is highly specific if the growth is kmown to be diffuse. Several other types of structure including
the presence of clefts lined by tumour cells snd the disposition of solitary sphercidal cells in the
interstices of dense collagen are also thought to be highly distinctive. The diagnostic value of
any of these patterns is greatly enhanced if they are associated with one another, It must be
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BIOLOGICAL EFFECTS OF ASEESICS . SESSION 6, PAFER 7
(continued)

Asbestos in Lung Tissue: Asbestos bodies were scanty in nearly all positive specimens. They
were detected more easily in smears of lung juice. Mo asbesios bodies were seen within tumour tissue.
Pulmcnary fibrosis vas minizal (no patient had been considered to have "pulzcnary asbestosis”).

Occupaticnal Histories (17 mesothelicma cases): Of those giving history of asbestos exposure,

S were laggers enployed by firms of insulaticn engineers and 2 were boiler mekers (ship-building).

Tvo patients employed by sackware manufacturers handled cld sacks which had contained ssbestos. Only
2 patients had worked in asbestos factories. One patient gave history of close environmental exposure,
having worked in the offices of concrete manufacturers using asbestos cement.

Five gave inconclusive histories. Asbestos bodies were present in the lunges of two of these.
Bach of the cther 3 patients had worked in places where they may have handled asbestos but there was
no direct evidence (1 boiler maker, 1 ship repairers' apprentice, 1 dock railwvsy labourer),

General Information: Sixteen cut of 17 mescthelicma patie nts have died. Average age wvas 58
years. There vere 12 men and 5 women. Length of exposure ranged from 5 to U3 years. Shortest
interval from first exposure to development of tumour was 13 years. Interval from end of exposure

to development of tumour from a fev months to 40 years.

No attempt was made to ascertain types of asbestos fibre used and no approach was made to

industrial firms or cther ezployers.
’ SESSIOR 7, PAPER 1
TRENDS IN THE EEALTE OF THE ASEESTOS WORKER
) by
Kenneth W. Szith
Johns-Manville Corporation, Manville, K. J.

What is an "asbestos worker"? An attempt is made to define the type of work which would pro-
parly classify an asbestos worker, Exposure to multiple toxic dusts is discussed.

There are three main types of asbestos fibers in cozmercial use today. They are different
physically and chemically, and produce disease entities vwhich are different chemically and radice
logically. Workers in many parts of the world are exposed to one or another type of asbestos fiber.
Should the health experience of s group using only chrysotile be compared with that of a group using
only amosite or crocidolite?

The importance of the geographical location of the asbestos deposit is important., Are other
factors such as chrome, nickel, radicactivity, etc., associated with some deposits and not others
important?

) Fopulation characteristics are discussed, Disease incidence in a stable, isclated populaticn
is coumpared with that of an urban flosting population.

The association of other diseases with the presence of the asbestos fiber 1is discussed. Should
there be an association of a particular disease with the asbestos fiber when there is no asbestotic
Zibrosis present?

b

PROBLEMS AND FERSFECTIVES:
THE SEQUELAE OF EXPOSURE TO ASBESTOS DUST
by
Je C. Wagner
Pneumoconiosis Research Unit, Glamorgan, Wales

SESSION 7, PAPER 2

The sequelae of exposure to asbestos dust include the inhalation of the fibres, their deposi-
tion and the results of their subsequent retention. During this conference a number of these factors
bave been clarified, and those problems most urgently requiring investigation defined. In this paper
scpe of the salient featuwres are summarized and certain facets illustrated, and aspects in need of
further investigation emphasicged,

Logical explanations have been given for the presence of long asbestos fibres in the smaller
air spaces. Experimental evidence has been given to show that there is a difference in the retention
of various types of asbestos. The formation of the asbestos body has been described and the signi-
ficance of these bodies and .fibdres in sputum assessed., The anatomical site at which the lesions of
asbestosls originate has been defined and the progression of the disease demonstrated in experimental
animals. The variaticn of the effect of different forms of asbestos fibre is most clearly illustrated
in the monkey and the rabbit. The previcus concepts of the significant particle size, and the solu-
bility of the respirable dust, have been seriocusly challenged., However, the exact mechanisms of the
pathogenesis of the disease is still unknown and the migration of asbestos fibres including the
ultramicroscopic from the respiratory tract recuires much further study.

The malignant necplasms associated with exposure to asbestos dust have been discussed. On
current evidence, the earlier view that carcinomata of the lung occur in cases with a significant
degree ol asbestosis is fully supported, but information is still required to confirm that there is
no correlation between exposure per se snd these tumours. More information is needed on the associa-
tion of these tumours with different types of fibre. Mescthelicmas of the pleura and peritoneum seem
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NOTES OK PREPARATION OF MANUSCRIPTS

The Acedemy’s ECitorial Division has already mailed out notices to
the senior authors listed in the program for this conference informing
them of the deadline for the submission of menuscripts to be published
4ir the conference monograph; senior suthors who did not receive such a
notice, or who will have problems meeting the announced desdline, are
asked to contact the Editor at the Academy building. Included with this
advance notice were a set of Instructions to Authors and a special an-
nouncement regarding size of manuscripts and extra charges to authors.
It may be helpful, however, to bring out at this time tke following
points regarding the preparation of manuscripts:

Manuscripts. Manuscripts should be typewritten on white bond paper,
double spaced tnrouzhout = « including references, Figure capticns, foot-
notes, etc. Submit only only the original copy.

References. All references listed must be cited in the text. Refer-
ences can te set up either numerically or alphabetically (see the Acadeny's
Instructions to Authors for furtber details). If the mumerical system is
used, references must be cited in the text in ascending numerical oxrder,
reference # 1 being the first refersnce cited, ete.

Art Work. If possible, please avoid submitting over-sized tables or
1llustrations. For exsmple, photographs (or other artwork) that are cone
siderably larger than the usual 8" x 11" size must be so drastically re-
duced to f£it owr page size as to often eliminate & good deal of detail.
Remember too that words, numbers or letters within any Figure illustzae-
tion should be large enough sc that if reduction is necelury, such words,
numbers or letters will still be legible.

Note to Foreign Authors. All material, except ra:erencél to foreign
publications, must be in English. This requirement includes table titles
and colum heesdings and any interior information within a Figure illustra-
tion. :

Authors who at any time have any questions regarding the prepara-
tion of their manuscripts should feel free to contact the Editor at the

Acadeny.
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