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HYGIENE STANDARDS FOR ASBESTOS*

. .

'S. A. Roacw
Londan School of Hygicne and Tropical Medicine, Keppel Street, London W.C.1.

As LDNG as there is any airborne asbestos dust in the work environment therc may
be some small risk fo health. Nevertheless exposurs up to certain limits can be
tolerated for a lifetime without incurring undue risks.
A bygiene standard for asbesios was published in the U.K. by the Ministry of
Labour in 1960 and was taken from the annual list of Threshold Limit Values of the
. American Conference of Governmental Industrial Hygicnists (ACGIH) (Committce
on Threshold Limits, Annually). '
The British Occupational Hypiens Society formed a Hygiene Standards Com-
mittee in 1965 to advise on hygienc standards. This Committee recommends the use
of the ACGIH list of standards and supplements this with critical examinations of
ACGIH and other standards considersed unsatisfactory by British workers. The
Hygiene Standards Committec has expest Sub-Committess, cach of which is cop-
cerned with a specific standard. There is a2 sub-committee on asbestos dust in air,
one on trichlorosthylene vapour and its urioary metabolites, oneon dirborne vegetable
dusts in the textile industry, another on noise criteria for hearing conservation and
two new ones are coming into being; on cadmium oxide fumc and silica dusts in air.
It is important to take into account the economic consequences of any recom- .
mendations made as well as the benefits to health, and this is onc reason why on each
of these Hygicne Standards Sub-committees, scientific and medical experts from
[industry are included. The value of a standard riscs in proportion to the number of
people who become protected by it A paricular advaniage of direct industrial
representation on hygicne standards commitiees is that the industry more readily
identifies itself with the standards recommended.
The Hygiene Standards Sub-committee on Asbestos, under the Chmrmanshxp of
Professor Lane, has developed new hysiene standards for airborne chrysotilc dust
- (LANE et al., 1968).. These were based on the results from a medicil and environ-
mental study at an asbestos textile factory in England, in which investigations were
- made on 290 of the men ermploved at.thus faciory .in.the petind .of 19331966,
The Sub-committee considered that the degree and nature of the risk associzled
. with the standards should be specified and the method of the denivation of the stan-
dard from the data presented should be described in detail. It was also considered
that the $tandards should give prominence 10 the gradually increasing risk in relation
to the concentration rather than to the single figure threshold concept. Open recogni-
tion should be given 1o the possibility that people might be adversely uficcted, even

*This paper was oripinally presented a1 s Conlerence on Exposure 1o Asbestos during Brake and
Clutch Mainienance, held at Brenmiwood, Essex, March, 1969,
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when the recommended standards of air cleanliness are maiatained. It was recognised
that to prolect the hypersusceptible workers environmental control would have to be
supplcmenicd with medical examinations.

It was evident from the data made available to the Sub-committee, and from the
carlier American experience, that when concentration is held constant the prevalence
of asbestosis was highest smong those with the greatest duration of exposure. Over
a period of time, dust accumnulates in the lungs and gives rise to asbestosis. However,
some of the dust is removed from the lungs, for example, by being dissolved. Con-
sequently, if it is assumed that none is removed and exposure is limited accordingly,
a safety factor is thereby incorporated. The problem of relating prevalence with
concentration and with duration of cxposurc was resolved by assuming that the
cumulative amount of asbestos remaining in the lungs from a given exposure is equally
dependent on the dust concentration and oo the duration of exposure to that con-
centration.

The asbestos dust concentration had been measured at the textile factory con-
cemed with several different instruments, including the membrane filier method, in
which the number of fibres longer than 5 4 was counted. The dust concentration to
which diffefent workers had been exposed varied from 1 fibre/cm® to 27 fibres/cm®

. over periods from 10 years to 33 years.

The exposure of an individual was expresscd as fibre years/cm?, that is, the product
of the average concentration to which he was exposed during working hours and his
years of exposure to this average. A curve was developed relating the prevalence of
asbestosis to exposure expressed in this way. Tbe principies on which this was based
may be explainca as follows.

An individnal's response to dose of any foreign substance can be expressed by a
line (Fig. 1). There is a dose which produces no response whatsoever. This is marked
by the threshold A. If the individual is given progressively higher doses, the response
progressgs correspondingly. The least positive responsc may bs real but merely
undesirable. A higher response may have sensory manifestations. A still higher
responsc might be associated with observable physiological changes and overt clinical
effects. The highest responses of all would perbaps be signified by loss of conscious-
ness, or even death.

The degree of response may be conceived to be measurabic objectively on a con-
tinuons scalc starting at zero, and the scales of dose and response could be chosen
to linearise the relationship beiween them, as in Fig. 1. The dose~responsc relation-
ship-couid- then be -described by “tive slope -of ‘the-ime “nd “tire “point~where the line
strikes the dose axis. The slope of the linc expresses the rapidity with which increases
in dose produce increases in response in this individual. The steeper the siope the
greater the safety factor nccessary inpractice 10 allow for tlie inevitable occasional
excursions ol doss above the maximum desirable,

Doses which give zero response are never, in fact, known with absolute certainty

. since the sensitivity of measurements of response is limited. A response which can

Just be detected in a man corresponds to another and higher dose, shown as threshold
B on Fig. 1. Also, one is not normally considering just one individual, As with all
other chamcteristics of man, the position and slope of 3 dose-response line varies
from one individual to another. Each man’s dosc-response line is different with a

Dl R P Y Sr
.

10e®. team B Ve it o se aq v




Jroey, .sed
ve 1o be

13 from the
prevalence
sure. Over

However,
ived. Con-
scordingly,
dence with
¢ that the
= is equally

+ that con-

ttory con-
nsthod, in
nration to
fibres/cm*

ie product
rs and his
“alence of
~as based

ss2d kv a
sm. d
response

nerely
w higher

ti clinica) -

>nscious-

'm a con-
¢ chosen

rzlation-

the lins
increases
dope the
xasiondl

triainty
nich ean
areshold
with all
< Laries
I with a

Hygpiene siandards for asbesios d $

Individuol response 10 dose
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Fic. 1. Individual response 1o dosc.

difierent threshold dosc and a diflerent slope. A particular population under study
is sepresented by a family of dose-response lines centred around the line for the
average man. ’ . .

In a real population the threshold dose will vary from one individual to another
about an average value, as in other medical norms. 1L is 10 be expected that the size
frequency distribution of threshold doses would be a hump-shaped curve tailing away
on either side of the central value, s shown in the Fig. 2a.

In a realfield study it is cstablished whether a man has or has not been affected.
Exactly when or in what concentration he first deveioped the characteristic response is

usuaily not known. A graph showing exposurc against the total number of people-

affected by it would be a curnulative sigmoid curve, illustrated in Fig. 2b, derived from
the size frequancy distribution in Fig. 23. This tails away down 10 zero response at
2£r0 €Xposure. )

Aa air gualily standard is still associaled with.a.small but aoa-zere -probability
o!'men being affected by the comaminant in question. The risk of people being affected

can be made as small as one wishes. Zero risk is the ultimate target and an air quality .

standard has 10 be a compromise between the costs of bearing a health risk and the
cosls of air tonlaminant control.

A curve was fitted 1o the data from the textile factory on asbestosis, detected
clinically and the exposurc in fibre years per om* of all the individuals under study over
their years of.cmployment up 1o 1966. The boitom end of the fitied curve is shown in
Fig. 3. The thres points relate 1o three of the groups of workers studied. The exposure
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Fic. 3. Responic_io chrysotile asbesios exposure.

is shown on the horizontal axis, expressed in fibre years per cm* and the corresponding
prevalence is on the venical axis, showing the proportion of peopie with crepitant
basal rales. ‘ '

Basal ralcs is the earliest clinically demonstrable effect on the Jung duc to asbestos
and there is a steadily increasing prevaience of basal rales with increase in dust ex.
posure. Only groups with near zero dust exposurc show 2cro prevalence of basal
rales. ©

A problem avises when it is appreciated that there is no exposure which can be
said to be absolutely free of risk. There is no single threshold exposure held in com-

- mon by everyone. There is, consequently, this gradually increasing risk in rclation to

other similar bygicne standard will limit and control the risk but is unlikely to reduce
it to zero. It has to be remembered that asbestos is very widely used and brings real
benefits to the community at large. A standard could bz made so stringent that the

~cost .of-dust control i8 prokibitive, thet the production-and-useuf asbesios ceases 10
be economic, production and use is discontinued and the associated bencfits are lost.
The benefits gained by reducing the risk of asbestosis through reducing air con-
taminant exposuge have to be weighed agzinst the possible loss of direct and indirect
benefits to the community from the usc of the material.

One conclusion from the exposure~response curve fitied 10 the data was that for
an sccumulated cxposure of 100 fibre years/oms®, it is probable that the risk of being
affected 1o the extent of having carly clinical signs will be less than 1 per cent. That
is, for example, a concentration of 2 fibres/em? for 50 ycars of such exposure while

cxposure. The application of dust control to-meet a TLV, an MAC, MAK value, or.

e acal ey T bt Ty a - o A Loy P S — _~—

-

hee cawn mer a wmitve




* we

Teamag . o8 -
. .
-

)
12 - : S. A. Roacx -

at work, 4 fibresicm® for 25 years, or 10 fibresjem® for 10 years. The British Occupa-

_ tional Hygiene Society Hygpicne Standards Sub-committee-on Asb=stos expressed the

view that a proper and reasonable objective would be to reduce exposures to below
this level and thereby reduce the risk of contracting asbestosis 1o Jess than ) per cent
of those who have a lifetime’s cxposure to the dust. For such workers, who may
possibly work for S0 years, the long term average concentration to which they are

" exposed would nced to be less than 2 fibresiem?®, For others, who 'will be cxposed to

asbestos dust in air for shorter periods, the long term average concentration need not
be 50 low, &5 Jong as their exposure will amount to less than 100 fibre vears/cm?,

The possibility was considered that short periods of very high concentration for a
few weeks or less might be disproportionately important in determining the risk of
asbestosis. Mowsver, the evidence for this was not conclusive and the committee
werc satisfied that the risk can .be satisfactornily expressed with respect to an average
concentration over 3 months and can safcly be kept below | per cent by ensuring that
2 man's accumulated exposure does not rise above 100 fibre years/em?.

The exposure measured by making fibre counts on membrane filter samaples can
be converted into exposure measured with an impinger, the American method, by
examining the results of side-by-side comparisons of the two instruments. Such

- comparisons made by the United States Public Health Service in asbestos textile

plants have shown that an accumulated exposure of 100 fibre years/em?® corresponds
10 15 million particle years/ft* by standard impinger methods (Aver, Lynai and
FANNEY,. 1965). The prescnt American Threshold Limit Value is a concentration of S
million particles/ft* (mp/f1*) which, if it persisted, would resull in an accumulated
exposure of 250 million panticle vears/ft» over 50 years.

These Awmerican hygicne standards, called Threshold Limit Values, are a system
for summarising published informauon on air contaminants in a convenient form

“for the day-lo-day practice of incustrial hygiene. The present American standard

for 8-hr averages is thus 17.times higher than the British standard for 3 monthly
averages. However, there is a published intention to revise the American standard
in view of recent knowiedgpe. ) ]

However, the. differenee between the American and British standard is not pri-
marily due to conflicting evidence on the adverse affects of asbestos. It is because of a

different attitude now adopted over the degrec of protection which ought to be

given against asbestosis.

The American Threshold Limit Value of § mp/it® was recomumended by Dreessen
and his co-workers in 1938 after studyinz 541 emplovees in 4 asbestos textile plants
where massive cxposures to chrysotiie occurred (DREsSEN er al., 1938). Only 3 doubtful
cases of pneumoconiosis were found at the titne of the study in thoss cxposed to dust
concentrations under 5 mp/ft’, whereas numerous weli-marked cases were found
above 5 mp/fie. .

A conference held in 1965 on the biological effects of asbestos called attention to
the very real probability that the S mp/ft® limit recommended by Dreessen is inade-
quaic to give complete working-lifetime protection against all forms of asbestos
(Scuavt, 19G5). Medical data on which the limits had been based were inndequate;
more than half of the asbestos workers studied by Dreessen and his co-workers were
under 30 years of age and thus had insuflicient cxposure lime for much asbestosis to
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develop. Of the 105 workers exposed to less than 5 mp/ft®, 82 had worked less than
§ years and only 4 had more than 10 years exposure. Moreover, it was a *‘pointsin-
time™ study; many of the ill were missing, the dead uncounted, and were not considered
in the over-all evaluation of the limit.

The British Hygicne Standards Committee finalised its views in November 1967
after studying the British data, and these views were rmmediately communicated to
the ACGIH TLY commitice. In May 1965 the ACGIH {(Committce on Threshold
Limits, 1968) propossd changes 10 its hygicne standard. The. new asbestos limit,
while taking inio account the British vicws, had 10 be based on American experience
and considcrations applicable 10 the American industrial scene. Recent evaluation
of the bealth experience in asbestos plants in tlie U.S.A. had, nevertheless, indicated

that the 5 mp/ft® limit was not sufiiciently Jow 0 protect workers exposed for 30

years, a period rarely excecded in America,

In accordance with these findings, the 5 mp/ft* limit was made a ceiling valus
below which ali coneentrations should fluctuate. This corresponds 1o a time-weighted
average concentration over a shift of 2 mp/ft’. Since the count by Impinger procedure
often consists primarily of extrancous particulaies, an alicrnative fibre count was
recommended, using the membrane filier method in which fibres greater than Sp in
length are counted as in Britain. On this basis, for a time-weighted 8-hr average limit
by Impinger count of 2 mp/ft’, the corresponding limit baszd on the fibre count is
12 fibres/cm®. This limit is intendcd 10 reduce 10 an insignificant risk, the occurrence
of asbsstos discass among thoss exposed for 30 years 10 ail forms of asbestos.

The intended changes in American TLVs give 1wo vears’' notice and objections
to them should be copveved to the TLV committee of the ACGIH. Al objeciions arc
given the most serious and svmpathetic consideration and uscrs are strongly advised
to take advantage of this if they have reason 10 question the proposed changes.

The standards of the British Qccupational Hygicne Society recommand that a
person’s accumulated exposure to chrysotile asbestos should not exczed 100 fibre
years/cm?®. It is probable that the risk of being affccicd 10 the extent of having early
clinical signs of asbestosis will be less than 1 per cent il the conditions comply with
these stan8ards. It is belicved that this is the first ume 3 hygiene standard has been
associated with such a specified degree of protection.

- The standards refer essentially to an average concentration during working hours
aver 3 months of 2 fibres/em®. In an environment where this 3 monthly average just
equals*2 fibres/em?, the concentration within this period will sometimes be above
this valuc and sometimes below. The maximum 8-hr average will thus be somewhat
higher than 2 fibresicm®. The proposed change in the American TLV is Lo a maxi-

-mum .12 fibresjcm® S-he-average, awhich if cxceeded. o0 .a..8hifll .demonsteates . non-

compliance. Thus, there may be a rough degree of consistency between the hygiene
standards from the 1wo countrics’ organisations, so far as this is possible. The Factory
Inspectorate in their work have often only a short time during a day-to come to a
judgment on conditions and are considering a development of this, applying a maxi-
mum for even shorter periods, of a few minutes, which il cxcecded would indicate a
probability that the Asbestos Regulations are not being complied with.

There is a growing body of informatiun on chrysotiic dust and other asbesios
dusts from many countries, and it is hoped that in fulure the vicws from different
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parts of the World will be sought so that standards for testing air cleanliness can, as
far as possible, be held in common. Even 30, the risks that may be tolcrated can vary
from country Lo country and from one situation to another within a country.
‘The ait quality attained in industry in different countrics does dilfer and, no doubt,
will continue to differ. A wealthy country can afford to spcnd more money on air-
contamimanl control. Also, &8 country very coascious.of the slightest risks to which
{its workers may be exposed through their occupation may be expecied to have different
standards from one which is not, where other health risks may be so much the greater.

The benefits 10 the community from the use of inexpensive asbestos products have
in some mecasure 10 be weighed in the balance against the benefits to the health of the
workers that would accrue by reducing asbestos dust exposure.

The British Occupational Hygicne Society Sub-commintee on Hygiene Standards
for Asbestos has not yet decided whether their chrysotile standards would be suitable
for mmnosite or crocidolite dust, nor whetber they give sufficient protection against
lung cancer or mesothcliomas. The ACGYH, on the other hand, make no distinction
between different types of asbestos in their standards. In this country it should be

. remembered that the Senior Medical Inspectors® Advisory Panel on Problems arising

from the use of Asbestos considered that the evidence to datc on balance indicated
that a particular significance must be given to crocidolite as a cause of mesotheliomas
(Ministry of Labour, 1967). That Panel recommended that other types of fibre
should be substituted for crocidolite wherever possible and where this is at present
impossible .specia) precautions should be taken 1o reduce the risks of inhaling the
material to the lowest possible leve]l. Whatever measures may be adopted to control

_ asbestos dust, the Punel urged that these be even more rigidly applicd to crocidolite.

The Factory 1nspectorate is also developing procedures for testing hygiene standards
in factories and is seriously considering the ndopzion of especially rigid requirements

. ——Where crocidolite is used.

To derive hygiene siandards for an air contaminant which provide a known
degree of protection against a health hazard, it is necessary 10 have a body of data

showing the gmount of air contaminant to which peopie are exposed and the corre-

sponding effects or Jack of them in the pcople. It is also necessary to have a grasp of
the consequences to industry and uscrs of lmmmg and controjling emissions of the
contaminant. Our present information is very imprecise, particularly in terms of the
practical consequences of specific hygiene standards. In developing recommendations
for a hygiene standard, the British Occupational Hypiene Socitty Sub-cornmittee
found that knowledge of the relationship between exposure and risk-was not the

. greatest area of uncertainty. A much more difficult and conientious problem was 10

decide on what, in fact, was an acceptable level of dust control.

“More information is needed, for exampie, on the expense of dust control. Where
this is done by ventilation it is important to know what is the mininwum amount and
what kind of local exhaust ventijation and dilution ventilation is necessary to achieve
a given degrae of air cléanliness in a work place, since costs tend 10 climb as the cube
ef the air flow.

Reszarch is needed to determine the balance between Jocal and general ventilation
which produces a specificd degree of coatrol at minimum cost. By sctling dewis the
capital cost, installation cost, running and maintenance costs, it becomes possibie 1o
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Hygicne standards for asbesios . 15

grasp more firmly the consequences of adopting particular hygiene standards. This
kind of informaiian is needed throughout the ficld of asbestos dust control 50 as to

be able to weigh up the costs of achieving high air cleanliness.

This does not reduce the choice of an air quality standard 10 'a mathematica)
equation, nor does it avoid the necd to exercisc wise judgment in the choice of stan-
dard. However, the judzment can become a little less arbitrary than at present.
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