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TWO features that gistinguish occupational exposures ®° impurities in the
environment are their wide variety and localised intensities.

Chemical pollutants are the largest in number: many arise from the dust,
fume or vapours Of common materials and still affect ]_arge numbers of people

11 some industries. others are derived from synthetic Compounds . out of about

12 million new compounds synthesised inthe pagt century, over 300 are fairly
commonly used in industry. By comparison, physical pollutants such =s noise,

heat and other radiations are more easily @and precisely evaluated, they still
effect ]_arge numbers of workers in certain industries. Exposure to biological

agents affect yelatively fewer people, mainly those in agricultural occupations.
IUncontrolled and intense gyposures 2t WOrk may produce occupational
diseases that are more familiar to most of us in textbook descriptions than in
everyday practice. Sometimes their easy recognition is obscured by resem-
blances to other diseases (as with metal fume fever) or by non_occupational
exposures (3gwith chronic hronchitig). Even when clinically bizarre outbreaks
OeeUE i1 small yorking groups, recognition is sometimes delayed, =s in two
recent .
outbreaks of acrylamide neuropathy (Garland and Patterson, 1967,
Lloyd pavies, 1970). Difficulty in recognition may be greater when different
practitioners are responsible for the medical care of individual members of a
working group.
Some

h pollutants may, temporarily lower phygical or mental efficiency rather
an

produce recognisable disease, and increasing attention is heing paid to
them pecause of their subtler effects on work performance.

Mechanisms of roxicitcy

Industrial pollutants feature in a number of advances in biochemical toxico-
10gy that shed ]_j_ght on disease mechanisms (Barnes, 1969)

The actions of most poisons are faj_rly well understood in terms of three

mechanisms: yon_gpecific, == with simple asphyxiants; reactive, as with direct

irritaﬂts,‘ and Site_specificl in terms of the tissue affectedl and ultimately the
cellular

o component, antibody system ©F enzyme involved. Present studies on
e

association between chronic carbon disulphide exposure @RA coronary

heart disease form an interesting example. A fourth mechanism, lethal

?2]-
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synthesis, in which a relatively unreactive substance is formed into a toxic

metabolite’ most commonly within the liver or by gut floral is recognised
more frequently as knowledge of metabolic pathways increases. Thusl the
petrol anti-knock Compound tetra_ethyl lead is harmful not in its Original
state, but after conversion in the liver to triethyl lead.

The gtudy ©f carcinogenesis and mutagenesis has recently been enriched
by the combination of two techniques; detection of mutagens by observing
effects in bacterial ¢yltures, and the simultaneous injection of bacteria and a
test compound in experimental animals to detect the lethal synthesis of
mutagenic metabolites. The early results of such host-mediated assays have
shown ¢learly, what was previously suspected, the close identity ofmutagenic
and carcinogenic properties in several such compounds (Legator, 1970).
This new method may greatly assist the assessment of new and old compounds

in relation to possible human gccupational exposures.

DIAGNOSIS AND IDENTIFICATION OF NEW RISKS

Occupational poisonings are sufficiently uncommon events inthis country for
the newer gpportunities £or investigation te Pe underemployed. For many
compounds, much is known from animal experiment, but little for man. The
role of specific enzymes in man is well established for lead poisoning (Goldberg,
1968) and for grganophosphorug insecticides (Barnes and Edson, 1960) but
not for many other pollutants. Opportunities to increase fundamental

knowledge, perhaps bearing upon treatment oxr the detection of gygceptibles,
should not be ignored_

The recognition of new risks depends greatly on the acumen of individual
clinicians, well exemplified for the occupational carcinogensg from the early
observations of Percival Pott down to the more recent ones of Macbeth et al-
(1967) for nasal cancers in furniture makers. One case of an uncommon

disease in a fairly small Working group is not very improbable, whereas two or
more cases are. This essential application of Poisson probability to the

recognition of other possible occupational diseases is gagy, if there is enquiry

into the relevant exposure.

SAFE LIMITS FOR CONTROL

Despite the wse of increasingly large numbers and gyantities ©f potentially
toxic materials in modern jpdystry, mest occupational diseases remain
uncommon in this country. This is due to the wide application of engineering

methods of controll such as the Segregation or enclosure of dangerous processes,
local exhaust ventilation systems and, sometimes, moxre basic changes such as

the substitution of innocuous or less risky substances for toxic ones.
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While the exact identification of risks and advice on control has been a
Medical responsibility, most methods of control (3g with the limitation of
Waterborne disease in the nineteenth century) have been engineering ones.

There is today no occupational hazard that cannot be controlled by

substitution ox engineering design. But the gpeed of gpplication ©f this know-
1edge is greatly influenced by socio- legal and economic pressures. Prevention

pollution is too often viewed as pop- productive expenditure. The cost of
*1-health is 1ess ea51ly computed than the gypenge of control, which can often
add around s per cent to the capitg] costs of a new enterprise, Here is an area
fmedical respon81b111ty where epidemiology rather than invective needs to
applled.
There is clearly a need for closer collaboration with the engineering
Profession, although much has been achieved. There is still room for mis-
understanding or failure in communication, and it is essential that we should

sPeak the same 1anguage about the precise risks involvedl particularly the
determination of safe limits of exposure to potentially harmful materials

and agents.

With the exception of iOl’liSil’lg radiations, most other mutagens and
carcinogens, and some infective agents, almost all other pollutants are
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Fig. 1. Response to chrysotile asbestos cyposure (vide, Roach,
1970). (Courtesy The Annals of Occupational Hygiene.)
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harmless to the 1071 of at low concentrations. For
great majority people very
atmospheric contaminants, there exists an syerage concentration at which

continuous exposure during = succession of 8-hour working periods over a
period of (say) fifty years will be harmless to normal people. Such concentra-

tions, termed Threshold Limit Valueg, have been established by epidemiological
studies and animal experiment for over 400 industrial paterials, and these
values are currently used in the evaluation of engineering control measures
in the USA and this country. The graph (Fig. 1) shows pary of a dose-
response curve to chrysotile asbestos dust gypogure, With the development of
signs of asbestosis in 2 per cent of the population from 100 fibre years/cm3.
Allowing for = possible working life Of fifty years, exposure @Pove 2 fibres/cm3
giVES = detectable rigk, and = Threshold Limit Value at this level has now been
accepted in this country (Roach, 1970).

The criteria for evaluation, especially sampling criteria, obviously depend
on the hiological properties ©f the substance, in particular its rates of gbsorp-

tion, metabolism (or phagocytosis ©fparticulates), and elimination Ly various
routes. If there is a threshold below which no normal person is adversely

affected, there must be a critical burden of the contaminant (gr its meta-
bolites) accumulated in the body. To be certain that this critical burden is
not exceeded in a variable environment it is pecegsary to hold the average
body burden well below the critical level so that the maximum excursions also
remain below it. Roach (1966) showed that, for a large variety of atmospheric
contaminantg, if the rate of elimination of the substance is proportional to the
body burden, then the sampling criteria are related to the biological half-time.
This clarification has greatly assisted the rational evaluation of air sampling
and testing compliance with Threshold Limit yalyes, particularly for respir_

able dusts (Roach et al., 1967).
It is well known that marked differences exist between mgjor industrialised

countries in their criteria for permissible limits, and in the values laid down.

There are understandable scientific reasons for these differences, even if they

appear conflicting. They depend upon:

(ij what effects are detected, e.g. = gross effect, like narcosis, o= possible
sub-optimal work performance;

(11) what reliance is placed on animal experiments in various species;

(111] the size of the human population in which effects are sought: for many
industrial pollutants, only small populations can be obgerved, and the
range °f uncertainty is greater;

(iy) the constitution of the population: their biochemical individuality in

genetic, immunological and sometimes nutritional terms;



J. Roy_ Coll. Phycns Lond.

(v) associated exposures: the problems of 'occupational bronchitis' (Gilson,
1970) and the synergic effects of asbestos and Cigarette Smoking
(Selikoffet al., 1968) are good examples;

(vi) how lappreciable risk' is to be defined when permissible limits are pro-

posed . what proportion ofthe population are we prepared to exclude from
our definition? In practice, the limit chosen tends to be related to the

seriousness of the gffect, but there is obvious opportunity for disagreement .

The review of these problems by the sixth session of the joint TL.O/WHO

Committee on Qccupational Health (ILO, 1970) helped to resolve some of the
existing differences in national standards for permjssible limits. It must be

ernphasised that all established limits should be scrutinised critically in the
llght ofnew evidence. The Threshold Limit Values published by the American
Conference of Governmental Industrial Hygienists, and accepted as a guide by

the Department of Employment in this country, are revised annually; fresh

evidence on the adequacy ©f existing limits and gyggested additions are
Welcomed. such evidence normally comprises accurate data on environmental

Concentrations as well as Objective medical evidence of adverse effects.

Research on susceptibility

The pattern Of regponge to most toxic ggentg varies in a Jarge population and

follows an S—shaped ogive with which we are familiar in pharmacology.

Attention patyrally focuses on those most gysceptible in the population:
the individuals affected by low doses of the contaminant, sometimes lower
than the currently accepted Threshold Limit Values.

IN this country, the increased gusceptibility of coalminers with circylating
rheumatoid factor to a characteristic form of pneumoconiosis (Caplan, 1953)
has peen further illuminated by the work of Allison et al. (1967) o= the cyto-
toxllc action ofsilica on the phagosomes within macrophages, and its immuno-
L7gical consequences.

A similar association of asbestosis and rheumatoid factor, first reported by

ernis et al. (1945) has been confirmed and also shown to be associated with
Clrculating antinuclear factor by Parkes and Turner-Warwick (1970) .

InveStigatiOIlS have been made, and are continuing, into the role of Type I
and Type HI allergy in occupational exposures t© vegetable dusts (Pepys,
1969), enzyme washing powders (Flint, 1969; Newhouse et 3], 1969; Green-

erg ¢t al., 1970), and a variety of sensitisers in the plastics industry.
BlOChemlCal genetiCS is providing more examples of inborn errors of meta-

'erm that oy prove important in am occupational setting (Harris, 1970).

ost defects are rare or uncommon autosomal Variants, and it would be a
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great help to be able to identify such susceptible individuals without prior

knowledge of the exact enzyme defect. It is possible to do this, utilising such
methods as first-cousin frequency in the parents of those gffected, if cases are

drawn from a population the size of Greater I,ondon, but populations EXpOSGd
occupationally to = gingle class of pollutant are seldom so ]arge. Otherwise,
the recognition ©f susceptibles depends o= devising and yging suitable screen-
j_ng tests, == with detection of p]_asma cholinesterase deficiency.

Easier to inyestigate =r= the major polymorphisms, such as haemoglobin
and G6PD deficiency, which are pregent iR some overseas and immigrant
populations, and have an obvious pegring o= anoxic and haemolytic risks,

respectively, in industry.
Nutritional status bears further investigation in the overfed industrialised

countries and the underfed developing ones (Sai, 1970) .

CONCLUSION
No mention has been made of community exposures £°© pollution, which are Of
increasing concern. Some of the methodology for control of risks within in-

dustry may well prove useful when gpplied to these wider problems.

This article is bastd on apaper read at the General Meeting of Members held at the Royal

College of Physiciang in November 1970.
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