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I shall deal with two aspects only: first, a brief
survey of the definition and duties of the chemist, and
secondly, a description of some of the ways in which he
can help to solve problems of environmental toxicology.

Chemistry and Chemists
Environmental studies in a chemical industry or

occupation are made too often after an accident has
occurred. The action taken usually clears up the bad
housekeeping. But the trouble is often due basically to
a lack of knowledge of the offending substance. Why is
this reverse method of attacking the problem the rule
rather than the exception? This question cannot be
fully answered but it may be seen more clearly if we
consider a few facts about chemistry and the modem
chemist. Because chemistry includes the study of
substances that occur in living matter it can be said that
the chemist is bound ethically to take an interest in their
animate as well as in their inanimate functions and
locations. In other words he is potentially well suited to
investigate the effects of natural and unnatural chemicals
on man's health. All this makes an excellent start in
solving problems of environmental toxicology. Un-
fortunately the ideal application of this thesis is often
offset by other factors. One of these is the regrettable
and modern tendency for chemists and other scientists
to overspecialize too early.
A full study in environmental toxicology requires a

good knowledge of the "primary" disciplines of
chemistry, physics, engineering, and medicine. It also
requires the "secondary" related disciplines of bio-
chemistry, biophysics, physiology, biology, and statistics.
It may be possible to call in experts to deal with the
second group, but it is an advantage if those who are

working constantly on toxicological problems have
some knowledge of and even a proficiency in these
" secondary " subjects. At least one result of this is
that it will assist members of the team in talking the
same scientific language and will therefore facilitate
the progress of research.

There are very few workers in the field of environ-
mental toxicology, and in consequence there are enor-
mous gaps in our knowledge of pure and applied
information. This is most serious. Our national chemical
industry is great and is expanding, but we are still far
behind in our attacks on its special health hazards. I
am not criticizing the chemists or scientists but the
system of education that has given rise to this state of
affairs.

There is no doubt that the chemist who submits
himself, partially if not wholly to other disciplines, will
achieve a great personal satisfaction in a much wider
appreciation of any problem of environmental toxicology
that he is called upon to investigate; and, more impor-

tant, by his now balanced knowledge he will be able
to take his place as a valuable member of the team of
experts whose duties and obligations have been defined
so fully and so forcefully by the President.

Problems in Chemical Toxicity and Methods of Attack
Two extreme forms of toxicity are generally recog-

nized, the acute and the chronic. Although cases of acute
poisoning occur with considerable frequency, the overall
health of the worker is bound up with his prolonged
existence in an environment where he is absorbing
continuously low but fluctuating concentrations of a
poison.

I shall consider a few of a host of chemicals, other
than the hard silica type dusts, that are encountered at
work. These are all much more soluble than silica in
water and therefore add additional problems of intimate
systemic poisoning.
There are three methods by which the chemist can

help to unravel problems of industrial toxicology.
They are atmosphere sampling, determination of blood
levels and elimination rates of the toxic substance, and
animal experiments. This is the order in which a study
is made today on a substance in current use, and about
which little is known. If a new substance is under
consideration the order should be reversed.
The first method, namely, atmosphere sampling and

correlation of the results with blood levels and elimination
rates of the poison, is the best known and probably the
most important. A man suffering from chronic poisoning
represents the summation of many exposures under
varying conditions. In the past too much reliance has
been placed on a few " grab " samples. If a scientifically
sound evaluation is to be made of a man's environment
it is essential to obtain as much information as possible
on all aspects of atmosphere contamination. A few
grab samples taken after a man has succumbed cannot
be used to determine accurately past conditions of his
exposure or to define tolerable limits of the poison.
Much more " pre-accident " information is necessary in
order to determine these values and this is notoriously
difficult to obtain. There is no doubt that the combina-
tion of the lack of specially qualified scientists with the
need for employing cumbersome and time-consuming
techniques has accounted for the inadequacy of many
past surveys.

There are two general techniques for sampling atmo-
spheres. The first is to obtain mass concentration values
over a good length of time, e.g. one day or one working
shift, and to repeat this as often as possible.
The second technique, which is a development of the

first, is to employ a constant recording device. It gives a
continuous picture of changing concentrations, and is
quite invaluable in detecting specific danger points or
careless workmanship. The mercury vapour detector is
an example. The use of this instrument is illustrated in
Fig. 1. This shows five-minute variations of mercury
vapour concentrations in a workshop where metallic
mercury was used. The rapid fall at the lunch and tea
breaks are very noticeable. Obviously these essential
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FIG. 1.-Use of mercury vapour de
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details are not given by determining the average mass
concentration figures which were about 250 ,ug./cu.m.
This is an excellent illustration of a constant monitoring
device. Its chief advantages are that it can be manipu-
lated easily, that it does not involve the continuous use
of complex chemical techniques,
mass concentration values into
valuable component details.
The correlation of atmosphere

concentrations of mercury with
symptoms is illustrated and des-
cribed in a study of " Chronic
Mercury Poisoning in Men Re-
pairing D.C. Meters" (Bidstrup,
Bonnell, Harvey, and Locket,
1951), and shows that the work-
shops with the highest atmo-
sphere concentrations of mercury
(>100 jig./cu.m.) are those in
which the greatest number of
cases are found. These also ex-
creted most mercury in the urine
(>300 ,ug. in 24 hours).
The second method, determin-

ation of blood levels, urine levels,
and elimination rates of the
poison, gives indications of the
minimum amount of toxic sub-
stances in the body. Such routine
determinations are also valuable
checks that can be used for
monitoring workers. For example,
periodical estimations of the con-
centrations of 4: 6 dinitro-o-
cresol (DNOC-weedkiller) were
made on the blood of spray
operators to determine whether
they had absorbed dangerous
amounts and should be removed
from exposure (Bidstrup, Bonnell,
and Harvey, 1952). To find the
elimination rate of a toxic sub-
stance it may be necessary to
remove a man from exposure to it

and that it analyses
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the use of the elimination rate is given in some
studies on the absorption and excretion of
DNOC by man.

Preliminary experiments on human volunteers
(Harvey, Bidstrup, and Bonnell, 1951) revealed
that it would take up to six weeks for a large
dose of DNOC to be cleared from the blood.
This was confirmed by studying two or three

)O hospital cases. In all it was found that the decay
of DNOC from the blood was exponential, that
is, the log dose/time relation was linear.

Fig. 2 shows the simple arithmetical plot of dose
against time at the top, and the exponential plot at the
bottom. There is no doubt that the logarithmic method
of treating the results is more impressive than the first.
It is probably the most useful because it lends itself to
simple mathematical treatment such as the derivation
of the half-times of elimination. Although a large
number of organic and inorganic substances, natural
and unnatural, are excreted in an exponential manner,
some metals such as lead are firmly bound to tissues,
e.g. bone, and their elimination from the system is less

easy to follow. On the other hand there is some
evidence that mercury is excreted exponentially
(own studies: Grossman, Weston, Lehman,
Halperin, Ullmann, and Leiter, 1951). The
elimination of some of the common toxic
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FIG. 2.-Decay of DNOC from blood.
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gases such as HCI, Cl2, SO2, NH3 is more difficult to
follow since they often lose their identity in the buffer
systems of the blood and tissue fluids.
One of the main things the chemist has to determine

is whether repeated small doses of a poison will accumu-
late. If the blood levels of the substance increase,
accumulation must have occurred. It will not be possible
to apply the results of animal experiments quantitatively
to man but it will be possible to demonstrate some of
the qualitative effects of the substance. It must be
remembered that many pitfalls exist for the unwary in
conducting animal experiments. Not the least of these
are the quantitative biochemical differences in the
various species. This is particularly noticeable in their
abilities to deal with unwanted or toxic materials. In
support of this I quote a biochemical example clearly
expressed by Baldwin (1948) on the evolutionary break-
down of uric acid by different species: " It is interesting
to notice that, with the evolution of the more complicated
forms of life the tendency as far as purine metabolism is
concerned has been to lose old enzymes rather than
acquire new ones ". Although uric acid is not a deadly
poison and is far removed chemically and physiologically
from, say, DNOC or some of the modern pesticides,
Baldwin's example illustrates a gradual evolutionary
slackening of enzyme activity culminating in man. Man
is notably inefficient in detoxicating poisons, and this
may well be the result of a reduction in those enzyme
systems more specifically concerned with the change or
destruction of toxic groups. Bearing these points in
mind the chemist should have little difficulty in making
a guarded but useful statement about the qualitative
toxic nature of the substance. Some of these points are
illustrated in Fig. 3 by the studies of King and Harvey
(1953) on the comparative elimination rates of DNOC
by the rat, the rabbit, and man. Two general observations
can be made from the results. First, that man possesses
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relatively inefficient systems for detoxicating this type of
poison, and secondly the need for careful interpretation
of animal experiments. In practical terms the curves
can be summarized as follows. When DNOC intoxication
is present in the three species and is represented by
initial blood levels of 60 to 80 ,Lg./g., the concentrations
will be reduced to insignificant amounts in two days in
the rabbit, eight days in the rat, and 40 days in man.
A significant if not wholly unexpected example of
comparative toxicology !

Finally, the chemist must attempt always to improve
methods of analysis and sampling. In this the physicist
will give him invaluable assistance. The most important
line he can take is to develop constant recording devices
for the measurement of toxic materials in the atmosphere.
I have already quoted the mercury vapour detector as
an example of this, and it is possible that the emission
spectrograph can be used in a similar manner for some
metal dusts.

The Future
If more of us who are chemists are prepared to work

in this field and are willing to submit ourselves to
related disciplines, some progress will be made, and I
have no doubt that this applies to the other members
of small investigating teams.
To gain more " external " workers will be difficult,

but those inside the industry or occupation itself should
also be a source of help. It is wrong that much of the
routine work involved in solving toxicological problems
should remain for ever the burden of a few specialist
" external " teams. I hope that one day we may gain
much of our basic information from the "internal"
staffs of the industry or occupation. This can be achieved
only by three essential developments. First, by the
proper realization of the chemist's duties and responsi-
bilities, secondly by an all-out effort to re-examine,
improve, and design sampling and analytical techniques,
and thirdly, by disseminating the practical aspects of
this information amorng those responsible for main-
taining health standards in industry and occupation.

I am grateful to the Editor of The Biochemical Journal
for permission to publish Fig. 3 in a modified form.
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