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of the techniques of measurement. The first
environmental investigation, reported by the Chief
Inspector of Factories in 1920, was of the atmosphere
of workrooms where clinical thermometers were
manufactured. It was argued that, on the assump-
tions that 30-5 cu. in. of air were inhaled at each
inspiration and that 275 days of eight and a half
hours each were worked (this supposed a five and
a half-day or 48-hour working week), then 185 gr.
of mercury would be inhaled yearly. This is
equivalent to an atmospheric concentration of about
100 pg./m3. Incidentally, this figure indicates the
success of the preventive measures, when properly
applied, of nearly half a century ago. A few years
Jater (Chief Inspector’s Report for 1926), there is the
first reference to a measured amount of mercury in
the tissues of a fatal case, but with a rather atypical
clinical picture. This patient was employed in
repairing electric meters, using metallic mercury.
Following a two-month history of malaise and
difficulty in walking, there was an acute terminal
respiratory illness of eight days. Necropsy showed
acute myelitis with terminal bronchopneumonia.
‘Certain of the organs’ had mercury equivalent to
0-38 gr./Ib. This corresponds to 55 parts per
million and may be compared with the findings of
Brigatti (1949) of 21 and 28 p.p.m. in the kidneys
and liver respectively in a worker exposed to metallic
mercury vapour.

But in the 1920s the idea of relating an environ-
mental measurement to an epidemiological study
of the health of the workers was hardly developed.
Some 15 years previously, Boycott and Haldane
(1903, 1904) and Boycott (1904), studying ankyl-
ostomiasis in Cornish tin miners, had demonstrated
how the working group could be used to monitor
working conditions, but a further 10 years was to
elapse before Lane (1931) was to couple this
technique with the measurement of the working
environment and develop the concept of relating a
measured environment to measured changes in the
workers.

A survey by the factory inspectorate in 1962
(Chief Inspector’s Report, 1963) showed that
‘environmental and biochemical examinations have
indicated that in many establishments using mercury
and its compounds, conditions are unsatisfactory’.
Out of 136 workers exposed to mercury, 39 had
more than 300 pg./litre (of whom 26 were from an
electro-chemical factory) and only one was con-
sidered to be a notifiable case, for he had mild
symptoms in addition to a high excretion rate
(3,500 pg./l). A further 134 specimens were
examined from workers handling organo-mercury
compounds, but ‘no findings suggestive of mercury

poisoning were found in any of the seed dressers
examined’ (Chief Inspector’s Report for 1963).

Recent Developments

Another idea which nowadays is sometimes taken
for granted is the idea of general statutory control
of a hazardous material. Since the end of the last
century special preventive measures have been
applied to those industries where hazards to health
have been recognized to occur. But since the
Second World War increasing attention has been
paid to regulations directed towards a hazardous
material irrespective of the industry where the
material is used. Steadily, this concept is being
extended, and, considering the careful and con-
servative approach of many government depart-
ments, coupled with the continued relatively low
incidence of overt mercury poisoning, it is not
surprising that it is only recently that attention has
been directed at mercury as a hazardous material
rather than at certain well-known mercury-using
industries.

In 1963, the draft of ‘Mercury Processes Reg-
ulations’ was issued. More than 60 years after
Legge had first advocated routine medical examina-
tions new draft regulations were proposed, making
them compulsory. But events had moved too fast.
Whereas clinical detection of early cases of poisoning
had been the only way at the beginning of the
century, by the time these draft regulations were
published it was rightly observed that routine
medical examination cannot in itself prevent
mercury poisoning, it can only observe it (King, E.,
1964, personal communication). As has been seen,
more sophisticated techniques for environmental
and biological monitoring have been increasingly
used and indeed had been employed in the factory
inspectorate’s own survey (Chief Inspector’s Report,
1964) which preceded the publication of these draft
regulations. Nevertheless, in the absence of a
generally accepted biochemical indicator of in-
creased absorption (Goldwater, 1964), biological
monitoring must still rely to a certain extent on
clinical examination. Figure 8 illustrates how these
proposals mocify the systems of control.

There the matter rests. Mercury poisoning has
never been a large problem. The number of
rotified cases fell during the early years of this
century and has remained steady since, with the
factory department keeping a fairly constant
standard of diagnosis for notification. New methods
of protecting workers from the hazard will need the
new techniques which have proved their value in
those large industries which have already been
employing them.
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Conclusions—A Problem in Feedback
Control

Figures 2, 3, and 8 illustrate the stages of the
development of the statutory control of mercury
poisoning in the form of control loops. Such a
feedback loop has two main purposes: to bring the
system to a desired state of equilibrium (no deaths,
no overt poisonings, minimum biochemical changes,
etc.), and to hold it as stable as possible, 7.e., without
‘hunting’ about the state of equilibrium. Several
factors may influence the effectiveness of such a
system.

First, the detector should be sufficiently sensitive.
Clearly, information on deaths (Fig. 2) serves as a
very crude sensor. Notification of illness, whether
by the occupier or medical practitioner, is an
obvious improvement, and sensitivity has been
increased slightly further by the modification of
the criteria needed for notification. Nevertheless,
to use clinically detected departure from health
should, according to present-day standards, be
avoided where possible, and this argument applies
equally to routine clinical medical surveillance.
The aim is to detect deviations from the equilibrium
state by environmental measurements and by
personal monitoring, such as biochemical estima-
tions, when these techniques are satisfactorily
validated.

Secondly, if an ‘error’ occurs and the system
moves away from the equilibrium state the negative
feedback should operate to return the conditions
as rapidly as possible. That is, there should be
minimum delay in the control loop. Obviously, if

it is necessary for information to be passed from the
Registrar General to the headquarters of a factory
inspectorate, the ‘error’ might increase considerably
before corrective action is taken. To a lesser extent,
the development of clinical poisoning, its diagnosis,
and the subsequent implementation of statutory
notification result in unacceptable delays. Local
supervision of the environment, and perhaps of the
workers also, provides a more immediate feedback
of information. It must be borne in mind, however,
that too rapid a feedback can have its drawbacks
and may lead to ‘hunting’, particularly if over-
correction is applied. This implies that local control
measures should be in the hands of trained and
experienced persons (doctors or occupational
hygienists) who work to principles and guide lines
rather than follow uncritically some arbitrary
maximum allowable concentration, whether in the
urine or the atmosphere.

Thirdly, the regulator is action by the occupier of
the factory, prompted usually by the factory
inspectorate. ‘Notification must be considered in
relation to powers of investigation’ (Williams, 1960).
The statement of this proposition suggests examina-
tion of the powers of investigation and implies also
consideration of success of the regulator. The table
in the earlier part of this paper amply illustrates
the effectiveness of the regulator in the past,
although the recent increases in numbers of lead
and mercury poisonings suggest that the feedback
loop shows evidence of ‘drift’ as the detector has
become more sensitive. Control (operation of the
regulator) has not matched the increased sensitivity
of detection.
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