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SYNOPSIS

The high rate at which scientfic publications on asbestos fibres roll off the press is mentioned. The main asbestos related diseases are stated
and summaries are given of the harmful characteristics of fibres. The parameters to be measured, the airborne concentrations recorded and
some observed disease responses are reviewed. A few risk estimates are related and the latest view on the hazard concerning ingested asbestos

is quoted.

The airborne concenwational standards applied to working places are given and that recommended for the general atmosphere is mentioned.

PREAMBLE

Mining engineers play a central role in the field of dust
exposure; central between medical men and dust physicists.
The medical men tell us when persons develop diseases
specific to a particular type of dust and the dust physicists
design the instruments with which to measure the hazar-

“®¥ dous dust concentration.

The views expressed here are not necessarily my own, nor
do they necessarily represent the official views of the
Government Department with which I am associated. The
views quoted are those expressed by medical men, scien-
tists, epidemiologists, hygienists, engineers and others of
international repute.

1. INTRODUCTION

During 1982 alone, no less than three international gather-
ings took place to discuss the asbestos fibre hazard. No
wonder that asbestos fibre takes the first place in the cur-
rent rate at which publications on a harmful airborne con-
taminant roll off the press, Testimony to this are the 147
sets of reprints totalling about 4 000 publications on the
subject distributed since 1970.

O (The distribution is done by the Canadian Asbestos
Information Centre (CAIC), previously done by the
Institute of Occupational and Environmental Health
(IOEH), Canada, on behalf of the Information Ex-
change System on asbestos and Health (IESAH) of the
Scientific Committee on Mineral Fibres — of which the
author is a member — of the Permanent Commission
and International Association on Occupational Health
(PCIAQH).)

Airborne quartz particles, responsible for silicosis, used to
be the number one pollutant as far as the attention received
from environmental hygienists were concerned, but asbes-
tos fibre has now replaced quartz particles.

1) Air Quality Section, Department Mineral and Energy
Affairs.

The three international gatherings on asbestos already re-
ferred to are the following:

1. World Symposium on Asbestos, 25-27 May 1982,
Montreal Qué. CANADA.

2. Asbestos International Association (AIA)s 4th
Colloquium on dust Measurement Technique and
Strategy, 20-23 September, 1982, Edinburg,
SCOTLAND and

3. International Interdisciplinary Conference on
Fibrous Dusts, their Measurement, Effects and
Prevention, 4-8 October 1982, Strasbourg,

FRANCE.
2, DISEASES

The diseases caused by airborne asbestos fibres are the
following:

Parenchymal fibrosis,

bronchial cancer of the lung,

malignant mesothelial tumour of the pleura and
petitonium, and

non-malignant pleural disease.

(SLUIS-CREMER, private communication, 1983-05-02)

“Once established, some asbestos related diseases may pro-
gress even after exposure is terminated and no specific
treatment exists, The latency period before initial clinical
problems averages 10-20 vyears ... Lung cancer resulting
from asbestos exposure has a latency period of 15 to 40
or more years ... mesothelioma is an otherwise rare form
of cancer of the lining of the lung and abdominal cavity ...”
(SELIKOFF, 1982),

3. HARMFUL CHARACTERISTICS AND FACTORS
To be harmful, a particulate must be of a size which per-

mits it to be inhaled and retained in the lungs and it must
be biologically active (WALTON, 1982).

“That long fibres are fibrogenic seems indisputable, but
it cannot be said with any confidence that fibrogenicity
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drops to negligible proportions at say 5 micrometres or 1
micrometre for that matter.” (WALTON, 1982, quoting
SELIKOFF and LEE, 1979).

For equal mass concentrations, short fibres have (by the
Institute of Occupational Medicine, Edinburgh) been
shown to be much less harmful than long fibres (DAVIS,
1982). “Hence, for equal number concentrations, the
relative hazard for short fibres is even smaller”’ (WALTON,
1982).

To be CARCINOGENIC, a fibre MUST be DURABLE
(at least as durable as chrysotile) it MUST be LONG (with
a length of 8 micrometres or MORE) and it MUST be
THIN (with a diameter of LESS than 1,5 micrometre)
(Fig. 1). MOST HARMFUL are those LONGER than 20
micrometres and THINNER than 0,25 micrometre (POTT,
1982).

TO BE
CARCINOGENIC
A FIBRE MUST BE
(Q)LONGER THAN 8um &
(b)THINNER THAN 1, Sum

—8um
L 1,5um

(1mm =1000)le )

FIG.1

Many people have a theory that it does not matter what a
mineral or an artificial compound consists of provided
that it is LONG, THIN and DURABLE. This theory, how-
ever, has not yet been proved.

Needless to say, the CONCENTRATION of the fibres is
important. The higher the concentration one is exposed

to, the higher is the hazard.

We have dealt with the physical characteristics of fibres
as the first factor and their concentration as the second
factor. The third factor to mention is TIME. Time enters
the risk estimate TWICE. Firstly, it determines the total
number of fibres inhaled as the product of time and con-
centration, namely, the DOSAGE. Secondly, and this is
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very important, the risk of developing mesothelioma in-
creases as the 3rd to the 4th POWER of TIME SINCE
FIRST EXPOSURE (PETO, 1982). Hence, the risk of
developing mesothelioma 40 years after first exposure
to any given fibre concentration, is 8 to 16 times the risk
of developing mesothelioma 20 years after first exposure
to that fibre concentration.

4. PARAMETERS MEASURED

“It is rarely possible to make an absolute measurement
of that characteristic of an airborne dust which is directly
responsible for its biological effect. To be practical, mea-
surement for the purpose of assessing hazard, and evaluat-
ing control must not only be convenient and relevant, but
it must also permit the use of statistically adequate samp-
ling strategies ... Because of the variety of attributes, there
could be as many as 100 indices of exposure to the asbes-
tos in a dust cloud.,” (WALTON, 1982, quoting LYNCH
et al, 1970).

For research purposes, fibres counted under the electron
microscope should be cast into the size ranges given in":]
the next figure (STOBER, W., 1982).
The length ranges should be:
2,5 to 5 micrometres, 5 to 10, 10 to 20 and 20 to 100
micrometres, whereas the diameter ranges should be:

Less than 0,5, 0,5 to 1,0 and 1,0 to 3,0 micrometres.
(Fig. 2).

RECOMMENDED SIZE CLASSIFICATION
WHEN COUNTING FIBRES
UNDER THE ELECTRON MICROSCOPE

MICROMETRES

LENGTH
2,5-51 5-10 [10-20 {20-100
ﬁ 0,1-0,5
[
[V
= [0.5-10
<
a |1,0-3,0

FIG.2




For routine control and comparative purposes, particulates
seen at a magnification of 450 times under a phase con-
trast microscope should be counted as fibres IF they have:

a length of 5 to 100 micrometres,
a diameter of 3 micrometres or less, and
an aspect ratio (length + diameter) of 3 or MORE.

These criteria are referred to as the asbestos fibre “count-
ing package’.

It should be pointed out that this COUNTING PACKAGE
has now been in use since 1971 (PCIAOH, 1971). Sugges-
tions to change it have of late been made and seriously
considered at the Edinburgh Colloquium of 1982. One
suggestion was to increase the lower limiting length to a
figure of 10 or even 20 micrometres and another was to
increase the aspect ratio to a figure of 5 or even 10. It
was, however, decided not to do so at this stage in view
of the repercussions this would have on comparisons be-
tween past and future records of fibre concentrations and

1. “All human health effects of asbestos are dose-
related (where “dose” is the product of time and
concentration), and present — day health effects
are attributed to high, often uncontrolled, expo-
sures of the past.”

2. “Asbestos exposures today are orders of mag-
nitude lower than the historical exposures upon
which knowledge of ill effects is based.”

3. “Although the potential health effects of the
lower exposure levels found in the work place
today cannot be determined definitely, the best
scientific evidence indicates that the risks are
minimal if not insignificant.””

4. “Even conservative overestimates of the health
effects of asbestos at low exposure levels based
on linear {non-threshold assumptions about the
dose — response relationship) predict that proper-
ly controlled asbestos use today poses small, or

. in view of the uncertainties involved in establishing exact

(@ ’ relationships between fibre dimensions and hazard.
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well within acceptable level, occupational risks.”

For special purposes, such as for stack emission control,
the mass concentration of total airborne asbestos dust has
advantages over the number concentration of asbestos
fibres. The number of fibres per unit mass of dust should
then be determined if it has not already been done.

5. CONCENTRATIONS RECORDED

It is necessary to distinguish between the concentration
of fibres in working places and that in the environment of
the general population. It is also necessary to distinguish
between short term (less than 8 hours) and long term (8
hours and longer) mean concentrations.

In the past, (ie. many years ago) industrial working place
short term fibre concentrations were hundreds of fibres per

. Ml in isolated instances even 1 000 and higher, whilst
Apwork place long term mean concentrations fell in the range
"7 510 100 fml™!,

The concentration in the general environment of certain
parts of the world until recently was estimated to be of the
+ order of 100 fm™ (0,00 1 fml?) (ROBOCK, 1981). In
polluted areas, however, past concentrations in the general
environment of some places were as high as 10° fm3
(1 fml™),

6. DISEASE RESPONSE

The Montreal (May, 1982) Conference confirmed a number
of the findings of the Ontario (CANADA) Royal Commis-
sion on Asbestos (September 1980). Some of the confirmed
findings are the following:

5. “Often expressed fears about asbestos risks to the
general population have been widely exaggerated
(in Ontario that is); no public health risks need
exist from the continued proper use of modern
encapsulated and locked-in asbestos products”
(ONTARIO ROYAL COMMISSION, 1980) for
example, asbestos cement.

These findings concern the Canadian situation and all of
them do not necessarily apply to South Africa. Some,
however, apply to asbestos in general and, therefore, do
apply to the situation in South Africa.

To be specific, two investigations on South African amphi-
bole (amosite and crocidolite) asbestos mines and mills
revealed the following:

1. Amongst Caucasian (white) persons employed
on crocidolite and amosite mines and mills on
30 November, 1970, the disease response was
8,5% with asbestosis (i.e. with an X-ray reading
of 1/0 and higher) (SLUIS-CREMER and DU
TOIT, 1973).

2. Among all men of white and mixed race in the
employ of crocidolite and amosite mines and mills
on 30 November, 1970, OR who had entered
their employ between that date on 30 November,
1975, the prevalence of cases with an X-ray read-
ing of 1/0 or greater for irregular opacities was
7,3% The proportion with 1/0 readings or greater
increased from 2,3%in men with exposure for one
year or less to 26,7% in men with more than 15
years exposure (IRWIG, DU TOIT, et al, 1979).
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7. RISKESTIMATES

A number of estimates of the risk of asbestos related
diseases have been made. An early estimate of the risk of
asbestosis (where “‘asbestosis” was defined as “the earliest
clinical demonstrable effects on the lung due to asbestos”)
was one per cent if exposed to 2 fml™ (of chrysotile fibres)
for a working life of 50 years (BOHS, 1968). Another esti-
mate amounts to 8,5 per cent with asbestosis (asbestosis
diagnosed as an Xtay reading of 1/0 or more) under
amosite and crocidolite mining and milling conditions at
that time where the mean dosage of those with asbestosis
was estimated at 396 fml”! — years (SLUIS-CREMER and
DU TOIT, 1973).

A third estimate amounts to 7,6 % with parenchymal ab-
normality (parenchymal abnormality being defined as:
“irregular opacities with profusion 1/10 or greater’’) among
persons exposed to amosite and crocidolite fibres under
working nditions on asbestos mines and mills where 349
of the persons were exposed to a mean fibre level of less
than 2 fml™?, 35% to a mean fibre level between 2 and
5 fml" and 31% to mean fibre level of more than 5 fml!
and where 487% of the persons had a mean exposure of less
than 3 years, 42% had a mean exposure of 3 to 15 years
and 10% an exposure of more than 15 years ‘(IRWIG,
DU TOIT, et al, 1979)’.

The time since first exposure is very important with re-
spect to the risk of developing mesothelioma. The USA
mesothelioma death rate has been estimated” to rise as
time since first exposure raised to the power 3,2, and for
USA insulation workers first employed between 1922
and 1946, the annual death rate 30 years after first ex-
posure is estimated at 2,3 per 1 000; the risk of dying of
mesothelioma before age 80" is estimated at” 15% in men
first exposed at age 20” (PETO, 1982).

Now turn to the risk in the general population. Estimates
of the risk for the general population have been made.
The accent has been on the risk of developing lung cancer
and mesothelioma. The strategy has been followed of erring
on the safe, i.e. on the high side. One estimate is that the
incremental lung cancer deaths in 70 years per million ex-
posed to a concentration of 0,02 fml™ (20 1) is 460
(ENTERLINE, 1981). Another estimate is that the meso-
thelioma risk after a life time of exposure to 1 f]! (0,001
fml™) is one in 10 000 (ie. 100 per million). This risk
is of the same order as that “‘which non-smokers experience
when moving from a small (European) town into a big city”
(FISCHER, 1982).

8. INGESTED ASBESTOS

An updated view on the asbestos fibre hazard is not com-
plete without a statement on ingested asbestos,

Probably more people ingest asbestos than inhale asbestos
and much attention has been directed to possible dangers
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resulting from the ingestion of asbestos fibres in drinking
water, in beer and even in wine filtered through asbesto:
containing filters. “Important research projects were em-
barked upon in Europe, Canada and the USA in order to
assess the extent of the risks”. The latest findings are as
follows:

“Animal feeding . .. ...... as well as epidemiological
studies have (all) proved negative . . . . . . No evidence
whatsoever exists that ingested asbestos fibres in the
concentrations possible in ordinary environments
constitute a health hazard ....” (GLUCKMAN, 1983).

9. THE CONCENTRATION STANDARDS APPLIED

To date it has not been possible to demonstrate a fibre
concentration at which there is no risk of disease after a
total life time (70 years) exposure, or even of a working
life time (50 years) exposure.

It is customary to signify a risk of less than one per cent
after a working life of 50 years as an acceptable social
risk, in other words, as a negligible risk. A

A limiting concentration of 2 fml™ was, by 1968, esti-
mated for chrysotile and amosite (BOHS, 1968). During
1970, “H.M. Factory Inspectorate, in a Technical Data
Note (Department of Employment and Productivity, 1970)
prescribed” a standard of 2 fml! for chrysotile and
amosite “‘but a more stringent one, namely 0,2 fml?, for
crocidolite (when applying the British Asbestos Regulations
— 1969). Supporting evidence for this discrimination was
not given.

In contrast to this discrimination, the view that all types
of fibre should have the same limit found general support
at the 1982 Strasbourg Conference.

The current situation, however, is that different organisa-
tions recommend and/or apply different standards. The
following are examples of the standards currently (1982
applied in different countries: '

Country of Organisation Standard

France 2 fml™ all types of ashestos
West Germany 1fml™? all types of asbestos
U.K. 2 fml™? all types of asbestos
except crocidolite for which
the limit is 02 fml!,
2 fml™ chrysotile

0,5 mI™! amosite

0,2 fml! crocidolite

American Conference of
Governmental Industrial
Hygienists. (ACGIH)

In practice, these standards are applied to factories, but not
to mines. All over the western world the standards applied
to mines are less stringent than those applied to factories or
other working places on surface.




In Canada there are different standards in each Province
varying from 2 to 5 fml? with special (more lenient)
regulations applicable to mining. The current South African
factory* and mining standards both stand at 5 fml™!.

South Africa is the first country in the world who de-
cided to make a standard of 2 fml™ applicable to asbestos
mines. This standard is due to be applied as from 1 January
1984.

When applying a standard, provision is usually made for the
concentration stipulated to be exceeded for a time interval
which is shorter than that to which the standard refers.

An interesting regulation which has become applicable
of late (in Spain) reads as follows:

“For periods of exposure other than 8-hours a day
forty hours a week (when the standard is 2 fml™?)
the product of time and concentration shall not ex-
ceed 16” (S.M.E.S.S., 1982).

It is a general rule, however, that a concentration of
10 fml™? should not be exceeded at any time,

Legal limits for the general atmosphere have (to the author’s
knowledge) not yet been promulgated by any government,
but it has been recommended (Fischer, 1982) that the
limit should be 1 I (i.e. 0,001 fmlI™! or 1000 fm3).
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A WHOLLY SOUTH AFRICAN COMPANY, EARTH
SCIENCE SERVICES ANNOUNCE THE FOLLOWING
CAPABILITIES

a) Meso-climate studies: These studies are part and parcel
of effective land use planning. ESS has personnel in
this field with previous experience ranging from in-
dustrial siting, regional planning, nuclear siting, meteo-
rology, instrumentation and data analysis.

These studies normally involve determination of
atmospheric conditions, including temperature and
wind structures, for the purpose of assessing the im-
pact of any potential polluting industries on the
environment.

Modern instrumentation networks and data proces-
sing facilities are used to provide reliable data cap-
ture and prompt analysis of results.

b) Tracer gas studies: A universally well proven techni-
que can be carried out for the purposes of evaluating
the possible impact of planned industrial activities,
for identification of sources responsible (or those not
responsible) for observed pollution problems as well
as for dispersion model verification experiments.

In addition assessments can be made of the venti-
lation or insulation effectiveness of buildings and
work places.

¢) Routine meteorology measurements and analysis:
ESS is able to undertake the installation and mainte-
nance of instrumentation for routine measurements
of meteorological parameters. (Eg. wind, tempera-
ture, pressure, humidity, rainfall, etc.)

Services and software routines are available for the
analysis of these data as well as any data generated

by existing instrumentation.

d) Topographical model construction to assist wich
industrial and other land use planning applications.
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