










METHANOL HAZARDS

at this level. On this basis safety limits which have
previously been proposed, e.g. 100 p.p.m. by the
International Labour Office and 200 p.p.m. by
von Oettingen (1943), leave a good safety margin.

In the light of these considerations the conditions
prevailing in the factory which was investigated
were quite adequately controlled and ensured
freedom from potential harm for the operators.
In positions where the highest vapour concentrations
may be expected the average vapour concentration
exceeded 100 p.p.m. in only one test. As the men
only spent a proportion of the shift in these imme-
diate areas, the presence of no more than traces of
methanol in their urine is understandable. This,
in turn, confirms that the value suggested above for
the maximum permissible concentration of methanol
vapour leaves an adequate safety margin. It must
be pointed out, however, that the factory investi-
gated was designed with an awareness of the hazard
of methanol poisoning, and these observations do
not preclude the possibility of danger arising on
less well-controlled premises.

Effect of Ethanol on Elimination of Methanol.-
Previous work on the elimination of methanol has
been carried out on animals other than man and has
yielded conflicting results. Neymark (1936) and
Neymark and Widmark (1936) claimed that the
rate of elimination from dogs was independent of
the dose level. Haggard and Greenberg (1939),
on the other hand, concluded that in rats and dogs
the rate of elimination was proportional to the
concentration of methanol in the body. According
to the latter workers the greater part of the ingested
methanol was excreted in the expired air as a result
of simple diffusion, and the rate of excretion was
therefore directly proportional to the concentration
in the blood. Using rats, they recovered from the
expired air 70% of the methanol which had disap-
peared from the body, in an experimental period
during which, however, only 6% of the whole dose
was eliminated. Asser (1914) and Voltz and
Dietrich (1912) found, respectively, 53% and 30%
of the dose excreted in the expired air of dogs.

In the present work the experiments on man
showed that, after the lapse of sufficient time to
ensure complete absorption, the rate of elimination
of methanol was proportional to its concentration
in the body water, and in this respect the findings
of Haggard and Greenberg were confirmed, but
excretion via the lungs does not appear to have
played a major part. Rough calculations using
Haggard and Greenberg's formula suggest that the
elimination of such doses of methanol via the
expired air alone would have taken several days
whereas in fact 12 to 16 hours were found sufficient.

c

As the urinary loss represented on the average less
than 1% of the dose taken, and respiratory loss
little more, it is clear that metabolic processes must
have been chiefly responsible for the disappearance
of methanol from the body. By appropriate
administration of ethanol, it was found possible to
reduce the rate of methanol elimination by about
90%. This striking effect cannot be attributed to
any action of ethanol on the purely physical pro-
cesses of elimination of methanol via lungs or
kidney, and it therefore identifies the main methanol
eliminating process under the conditions of our
experiments and in the absence of ethanol as a
metabolic process. Further support for this view
can be found in the data recorded in Table 4. The
fraction of the methanol which appears in the urine
is actually increased by the presence of ethanol. A
single simultaneous dose of ethanol increased the
fraction excreted from 0.7% to 1-8% and repeated
ingestion of ethanol raised it to almost 4%. (These
values are averages of the results from the appro-
priate experiments in Table 4.)
The disagreement with Haggard and Greenberg

as regards the relative importance of respiratory
elimination may readily be resolved when the
difference in dosage is taken into consideration.
Haggard and Greenberg gave doses of 1 to 4 g.
per kg., far greater than can be used in experiments
on man. In the present work doses of from 0-029
to 0 084 g. per kg. were used. It is most probable
that at low body methanol concentrations the
alcohol is removed chiefly by an enzymic reaction.
With increasing concentration, a limit to the rate of
removal by this route is reached when the enzyme
becomes saturated with its substrate. Urinary and
respiratory elimination are never restricted by such
a limit and at a sufficiently high methanol concen-
tration must be expected to play a dominant part.
The exponential nature of the methanol elimination
curves in our experiments suggests that the prevalent
methanol concentration was well below that
required to saturate the enzyme, falling in the region
where reaction is roughly proportional to substrate
concentration.

There is no reason to doubt that the enzymic
removal of methanol is achieved by a process of
oxidation. Lutwak-Mann (1938) demonstrated the
ability of horse liver alcohol dehydrogenase to
oxidize methanol, as well as ethanol, to the corres-
ponding aldehyde, but found the rate of reaction
to be much slower in the former case. The con-
version of methanol to formaldehyde by alcohol
dehydrogenase in vitro has been confirmed, and
ethanol has been shown to exert a powerful com-
petitive inhibitory effect on this oxidation. Inhibition
was almost complete when the molar ratio of
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ethanol to methanol was as little as 1 to 15. This
appears to justify the suggestion that the in vivo
effects of ethanol on methanol elimination were
due to an inhibition of the oxidation of methanol
by alcohol dehydrogenase. Eggleton's observations
(1942) indicate that the peak blood ethanol concen-
tration in man after a dose of 15 ml. is about 30 mg.
per 100 ml., and that about 10 ml. of ethanol are
metabolized per hour at such concentration levels.
The method of recurrent ethanol administration
adopted in our experiments might be expected
therefore to maintain a body ethanol concentration
high enough to suppress methanol oxidation.

In a later review of 83 cases of methanol poisoning
R0e (1946) felt confirmed in his earlier (1943)
impression that the toxic symptoms of methanol
poisoning, particularly the amblyopia, tended to be
minimized by the concurrent drinking of ethanol
(see also Derobert and Hadengue, 1949). There is
a widespread belief that these toxic effects are not
caused by methanol itself, but by a metabolic
product, probably formaldehyde and/or formate
(Keeser, 1931; Keeser and Alberty, 1948; Flury
and Wirth, 1936; Fink, 1943; R0e, 1943, 1946).
Evidence in support of this view has been obtained
by experiments with surviving retina (to be reported
elsewhere). It was found that methanol had no
effect on the metabolism of ox retina even at a
concentration of M 20. Of the metabolic products
of methanol, formate had a weak inhibitory effect
on retinal respiration and formaldehyde strongly
inhibited both aerobic respiration and anaerobic
glycolysis.

Asser (1914) had previously found that simul-
taneous administration of ethanol, amyl alcohol, or
acetone reduced the urinary excretion of formate by
dogs after the ingestion of methanol, an effect
recently confirmed by Bastrup (1947) in dogs and
rabbits, but he concluded that these substances did
so by increasing the permeability of cell membranes
to formate thus facilitating further oxidation of this
product. R0e suggests an alternative explanation,
that the diminished excretion of formate was caused
by a reduction in the rate of formation due to the
capacity of ethanol " to displace methanol from the
surface of cells, its oxidation to formic acid being
thereby checked ". More recently Agner and
Belfrage (1947) observed a decreased rate of fall of
lhe blood methanol concentration after the simul-
taneous injection of ethanol in rabbits. This
observation and our own results provide a more
rational basis for explaining a favourable effect of
ethanol as the result of an inhibition of methanol
oxidation, and might justify attempts to use ethanol
therapeutically in methanol poisoning in an en-
deavour to maintain the inhibition lonig enough to

secure elimination of the methanol unchanged by
the respiratory and urinary routes. Such a use of
ethanol has indeed recently been reported by Agner,
Hook, and von Porat (1949). Only two patients
were treated, however, and of these, one recovered
and one died.

It is perhaps significant that only two or three
cases of blindness have been reported from the
drinking of methylated spirits in this country,
although the drinking of this spirit is apparently
quite widespread. The above results suggest that
the large proportion of ethanol in the spirit (about
95%) would indeed reduce very markedly the toxic
effects of the methanol.

Summary
Owing to the slow rate of elimination of methanol

from the body, repeated exposure to the vapour
or liquid may result in accumulation and under such
conditions the use of methanol would constitute a
toxic hazard. The present work was carried out in
order to determine the maximum concentration of
methanol vapour, exposure to which for eight hours
is consistent with complete elimination of absorbed
methanol during the subsequent 16 hours. The
absorption and elimination of methanol were there-
fore studied in man.
The concentration of methanol in the body was

followed by determination of the concentration in
the urine. The reliability of this procedure was
confirmed by experiments with the cat and with
human subjects.
The elimination of methanol after doses of 2 5

to 7 0 ml. has been studied in five human subjects.
At any time the rate of elimination was found to be
proportional to the concentration of methanol in
the body. The significance of this finding is
discussed. Only a very small fraction of the
ingested methanol (about 2%) was eliminated via
the respiratory and urinary routes.
The rates of absorption of methanol by two

human subjects during exposure to vapour concen-
trations of 0-6 to 1-5 mg. methanol per 1. (400-1,000
p.p.m.) have been investigated. Over short periods
the amount of methanol absorbed appears to be
approximately proportional to the duration of
exposure and to the concentration of vapour in the
atmosphere.
By examination of the results of the absorption

and elimination experiments it was concluded that
exposure to a methanol vapour concentration of
about 3,000 p.p.m. for eight hours a day may
cause accumulation of methanol in the body and
thus give rise to a toxic hazard. It is suggested
that the maximum concentration of methanol
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vapour to which workers may be safely exposed is
300 p.p.m.

Observations made at the methanol synthesizing
plant of I.C.I. Ltd. are described. Estimation of
the methanol concentrations in the air and in the
urine of the operatives showed that conditions were

satisfactorily controlled.
The ingestion of ethanol, together with or

shortly after methanol, reduced the rate of elimi-
nation of the latter by up to 90%. Evidence is
adduced to show that this is due to inhibition of
the metabolic oxidation of methanol.
These results provide a rational basis for ex-

plaining the favourable effect of ethanol on the
course of methanol poisoning such as R0e reports,
and might justify attempts to use ethanol thera-
peutically.
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