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37. Methanol

Synonyms : methyl alcohol, wooqr_gpirit, wood alcohol, carbinol
H

Structural formula: H—t—O—H

Molecular formula: CH,;OH
Molecular weight: 32.042

Properties: a clear colourless, highly volatile liquid with an odour similar to that
of ethyl alcohol, and a burning taste.

boiling point: 65 °C

melling point: —g7.8 °C

vapour pressure: 95 mm Hg at 20 °C

vapour density (air = 1): 1.11

specific gravity (liquid density) : 0.7915

Sflash point: 54 °F

conversion factors: 1 p.p.m. = 1.31 mg/m3

1mg/l = 764 p.p.m. :

solubility: completely miscible with water, ether and most organic solvents.

Only a mild solvent for fats and oils.

maximum allowable conceniration: 200 p.p.m.

ECONOMY, SOURCES AND USES

Production

(1) Natural methanol is produced by neutralisation of the products of distillation
of hardwood with lime. The commercial variety contains impurities — 1 to 29,
of propyl and allyl alcohol, aldehyde, methyl acetate, acetone and other organic
compounds (Koelsch, 1921).

{2) Synthetic methanol is obtained by passing a mixture of CO, and H, at high
pressure and temperature over a catalyst. This method now produces considerably
more methanol than the natural process. The product, though practically pure,
can cause poisoning as severe as that of natural wood alcohol, whose toxic action

_was at one time thought to be due to the impurities contained in it (Lehmann
and Flury, 1943). '

Bibliography on p. 401 [311]
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Industrial uses

(1) In the celluloid industry (cellophane laminating).

(2) In the boot and shoe industry (wood heel covering).

(3) In paper coating.

(4) In the manufacture of paint removers and varnishes. Paint strippers may -
contain methyl chloride and benzol as well as methyl alcohol, as in the fatal case -
reported in the Annual Report of H.M. Chief Inspector of Factories (1957), where -
a man engaged in removing old paint from inside a small lift was trapped inside it.
The cause of death was notified as ‘narcotic poisoning by inhalation’,

(5) Intheproduction of formaldehyde and asa general solventin organicsynthesis,
(6) In the production of synthetic indigo and other dyes (Fairhall, 1957).

(7) In the straw hat industry, as a solvent for dyes (Wood and Buller, 1go4;
Baskerville, 1913).

(8) As a rubber accelerator.

(9) In the denaturing of ethyl alcohol.

(10) As an anti-freeze agent.

BIOCHEMISTRY

Estimation

(1) In the atmosphere

The method of estimation of methanol vapour described by Leaf and Zatman
(1952) and Elkins (1959) is based on its reaction with potassium permanganate,
oxalic acid and Schiff’s Reagent (basic fuchsin, sodium bisulphite and concen-
trated HCI). The curve of transmission on a photometer is compared with that
of a known amount of methanol; the sensitivity, if 10 1 of air are sampled, with the
midget impinger, is about 40 p.p.m. Rogers (1945) states that the midget im-
pinger has a collecting efficiency of approximately g2%, at atmospheric concen-
trations of 200 p.p.m. of methanol.

(2) In blood and tissues
A similar method for blood and tissues was introduced by Hine ¢t al. (1947),
using steam distillation. When only small amounts of blood are available (0.5 ml)
the vapour may be acrated directly into the oxidising reagent.
A micro-method, using the reaction of formaldehyde with chromotropic acid, "
with permanganate as the oxidising agent for the methanol, was devised by
Agner and Belfrage (1947). '

(3) In urine '
The method used by Leaf and Zatman (1952) was based on distillation of .
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a mixture of urine, Na,SO, and scdium tungstate, followed by analysis for methan-
ol as in their method for estimation in air.

Metabolism

The metabolism of methanol is characterised by the relative siowness of its elimi-
nation and its production of toxic metabolites. The details vary with different
animal species,

(1) Absorption and excretion

Some ecarlier authorities such as Lewin (1g12) believed that absorption of
methyl aleohol is equally effective in producing its characteristic toxic symptoms
whether by ingestion, inhalation or through theskin. In practice, amounts which
have been found sufficient to cause death in animals by skin application (0.5
m!/kg; McCord and Cox, 1931) are not likely to resemble those found in industry
(Yant et al., 1931). These observers drenched the unshaven bodies of dogs for
several hours, eliminating the possibility of inhalation of the vapour, without lethal
effects. In non-industrial human cases however, ocular disturbances and even
blindness have been reported from repeated rubbing of the skin with methyl
alcohol (Wood, 1913; Campbell, 1915) and toxic symptoms were reported in a
painter who spilt methyl alcohol on his feet (Ziegler, 1921), but in none of these
cases was the possibility of inhalation of the vapour excluded.

In the rat, excretion is mainly by the lungs, 65% of an oral dose of 1 g/kg
being climinated as CO, and 14%, unchanged in 48 h; only a small amount is ex-
treted in the urine - 3%, as unchanged methancl and 39, as formate (Bartlett, 1g50).

In rabbits, which are relatively resistant to methanol (Lund, 1948), urinary
excretion is greater — 10% unchanged — while in dogs some 15% of 2 mlj/kg
doses are exereted through the lungs, 109 unchanged in the urine and 209, as
furmate (Voltz and Dietrich, 1912).

In human beings also, after a single dose of 50 ml, both methanol and for-
mate are excreted in the urine, the formate reaching o.5 to 2 gfday, with a
mazimum 2 to g days after the dose, but not with a dose of 10 to 20 ml (Williams,
1959;. Klauer (1938) found that in human beings suffering from methyl alcohol
intoxication the amount of formic acid in the urine was greater than the normal
level, which he found to range from 10 to 40 mg in 1500 ml. In some cases of
fawl ingestion the level rose as high as 105 mg in 1500 ml. Other probable
metabolic excretory products of methanol are choline and methyl glycuronide,
With regard to the former it has been suggested (du Vigneaud et al., 1950) that
hmldchzdc. not CQO,, is its precursor. ’

A slight rise in glucuronic acid in the urine of rabbits fed methanol has been
«dnerved, persisting for 2 or 3 days due to the formation of methyl glucuronide
WKl of al,, 1953).

Bdcuyraphy o p. g0l
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The slowness of combustion of methanol compared with that of ethanol has been
demonstrated by Bartlett (1950) using C labelled methanol. In the rat the rate -
proved to be 25 mg/kg/h as compared with 175 mg/kg for ethanol.

According to Kendal and Ramanathan (1953) there is some excretion of for-
mate in animals after small doses of methanol which can be suppressed by giving
simultaneous doses of ethanol. It has been suggested by some observers (Rae,
1946; Bartlett, 1950) that ethanol exerts a favourable effect on the toxicity of
methanol, The rationale of this favourable action is that ethanol depresses the
oxidation of methanol and causes an increase in its unchanged elimination in
expired air and urine (Leaf and Zatman, 1952). This inhibition of methanol
oxidation by alcohol hydrogenase ¢n vitro, even when the ratio of ethanol /metha-
nol was as low as 1/16 had been observed by Zatman in 1946; he suggested there-
fore that it would be expected that ethanol would diminish the toxicity of
methanol, permitting the excretion in an unchanged condition of a larger fraction
of an ingested dose. (It should be mentioned that this favourable effect of ethanol
has been strongly denied by Gilger ¢ al. (1952) who state that in mice, ethanol
increases the toxic effect of methanol and formaldehyde.)

(2) Distribution in tissues . :
The enzyme mechanism of decomposition of methanol is not completely .
explainable, but on the basis of evidence that it can be oxidised in vitro by means

of catalase and hydrogen peroxide, it has been suggested that a similar mechanism -

may be effective in vivo (Agner and Belfrage, 1947; Jacobson, 1952). The view
held by Kendal and Ramanathan (1952) is that formaldehyde itself in the pres-
ence of methanol is converted by alcohol dehydrogenase presentin the liverto a vol-
atile ester of formic acid, methyl formate, which subsequently undergoes slow hy- -
drolysis. '

It was found by Yant and Schrenk (1937) that regardless of the method of
administration (oral, subcutaneous or inhalation) methanol is distributed very
rapidly to all tissues, and that the amount found in any particular tissue is closely
related to the amount of water which it contains, Dogs exposed to concentrations
of 4000 and 15,000 p.p.m. for varying periods of time, and killed, either immedi-
ately, within one hour or some hours later, showed the highest concentration in the
blood (1470 mg/100 g with 15,000 p.p.m.) followed by the heart (1200 mg), lungs -
stomach wall (1080 mg), liver (1040 mg) and kidneys (1038 mg). These values
decreased with time — for example, some hours later the blood level had fallen to
335 mg/100 g. The bile and urine contained practically the same amount as the
blood and stomach wall, and since the dogs could not ingest any methanol except
by swallowing saliva, it was suggested that inhaled methanol can be secreted into
the stomach and intestines, and that the amount in the body or in any particular
tissue can be estimated from its determination in any tissue or fluid, preferably the
blood.
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In a later investigation by Sayers et al. (1944) it was found that when the
product of concentration of vapour in air and time of exposure is a constant, even
when the air concentration varies over a wide range, the same general order of
methanol concentration in the blood would be attained. The blood concentration,
estimated at weekly intervals, of dogs exposed to 10,000 p.p.m. (a total of 800
brief exposures)was between 6.5 and 14 mg/100 ml of blood ~ approximately
the same as that found by these same observers in 1942 in dogs exposed for 8 h
daily to 450~500 p.p.m. '

TOXICOLOGY

The manifestations of acute intoxication following ingestion of methyl alcohol -
are similar to the well-known effects of over-indulgence in any alcoholic beverage,
with the exception of the one outstanding feature of methyl alcohol poisoning —
blindness. Many outbreaks of such acute poisoning have been recorded, some
fatal, others with resulting blindness, from drinking brandy adulterated with
methyl alcohol, from frnit juices diluted with it and from drinking it unaduiter-
ated. Severe poisoning has also occurred from inhalation of its vapour, but such
cases are much rarer; of 275 cases recorded by Wood and Buller (1904) only
6 were due to industrial exposure, and in some others since reported the suspicion
has existed that some of the methyl alcohol had been ingested. Symptoms of
acute poisoning, which often arise after a latent period of hours, or even days,
include dizziness, stupor, cyanosis, abdominal cramps, gastro-intestinal disturb-
ance and failure of vision. Individual susceptibility with regard to the amount

ingested varies greatly; Lehmann and Flury (1953) state that a dose of 5 to 10 mg
is usually considered toxic, but many individuals can tolerate without apparent
ill-effects a much higher intake than this.

Chronic poisoning, which may occur with repeated exposure to its vapour,
may cause irritation of mucous membranes, headache, tinnitus, tremor, neuritis and
its most characteristic feature, failure of vision leading to complete blindness,

Toxicity to animals

Animals show wide variation in sensitivity to methanol (Scott et al, 1933)
especially when given by inhalation (Loewy and van der Heide, 1914; McCord
and Cox, 1931). Rats are the most susceptible and rabbits the most resistant,
As early as 1895 Daremberg remarked that rabbits weighing more than 2000 g
were often extremely resistant to intravenous injections of methyl alcohol.

Acute
In acute toxicity methyl alcohol has generally been found slightly less toxic
than ethanol (Macht, 1920), but its later effects are much more harmful.

Bibliography on p. 401
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(a) Lethal dose. — (i) By stomach tube. — For rabbits Munch and Schwartze
(1925) found the lethal dose to be 18 ml /kg as compared with 12.5 ml /kg for ethyl
alcohol; for mice, Weese (1928) gave the MLD as 10.5-12.0 mg as compared

with 5.5—7.0 mg for ethyl alcohol. Doses too small to cause narcosis appeared to -

cause no injury dangerous to life, but a reversible infiltration of liver and kidney
parenchyma, — (ii) By intravenous injection. — For cats, the MLD is given by
Macht (1g920) as 5.9 ml/kg, as compared with 5.0 for ethyl alcohol. - (i#) By
intraperitoneal injection. ~ According to Gilger ¢t al. (1952) 10.0 g/kg was usually
lethal 4 days after the injection.— (iv) By inhalation.—The highest value is that given
for mice (139,000 p.p.m., Bachem, 1927) and the lowest for monkeys (1000 p.p.m. -
after a few 18-h exposures; McCord, 1931).
For cats, Lehmann and Flury gave a level of 65,700 p.p.m.; when the nar-
cotic dose reached a point where all reflexes were lost all the animals died.
Loewy and van der Heide (1914), estimating the amount of vapour inhaled
by the amount absorbed by the tissues of the animals (the whole body being sub-
jected to distillation) found that saturation took place in 2 h with levels of 0.5%.
With an intake of 8.71-12.78 g/kg the animals died. They found that the process
of absorption and saturation was much slower in the dog than the rat. »
(b) Narcotic dose. — By inhalation, methyl alcohol appears also to be less
narcotic than ethyl alcohol. Weese (1928) expressed the concentrations used by
him in terms of the amount of alcohol in 5§ | of air. He found the narcotic con-
centration for mice between 0.4 and 0.6 ml and the time of onset of narcosis
between 8 and 18 h. The corresponding dose for ethyl alcohol was 0.2~0.6 ml/l,
For mice also Lehman and Flury (1943) gave the narcotic dose as 42,000
p.p.m. after 7 h; for rats 51,000 p.p.m. caused deep narcosis after 23 h; for cats
129,000 p.p.m. after 6 h. They remark that concentrations which cause only slight
narcosis after a single inhalation can be followed by fatal after-effects. '

SYMPTOMS OF INTOXICATION

Irritation of mucous membranes, with concentrations from 7500 to 69,000 p.p.m.
(Flury and Wirth, 1934); increased rate of respiration (Gradinesco, 1934);
depression and drow siness followed by excitation, with inco-ordination and
paralysis of the hind legs (Mashbitz ¢t al., 1936); tremor, stupor, convulsions,
coma and death from respiratory paralysis (Flury and Wirth, 1934). Failure of
sight and hearing (Holden, 18gg) and peripheral neuritis (McCord, 1931) have
also been observed. '

(1) The gastric mucosa

Congestion and small haemorrhages, observed by Tyson and Schoenberg
(1914), were believed by them to be characteristic of poisoning by inhalation of
methyl alcohol.
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(2) The oyes o
Many of the earlier observers, including Holden (1899) and Birch-Hirsch-

feld (1got) recorded blindness in animals poisoned by methyl alcohg], usually by
oral or subcutaneous administration, but some also by inhalation. McCord (1931)
found that in small animals dilatation of the pupil preceded the development
of a milky-white cornea, and monkeys occasionally became blind, sometimes
with recovery but sometimes with recurrence. ,

The mechanism of blindness due to methyl alcohol is fully discussed under
Effects upon the Eyes in Human Beings (see p. g21).

(3) The blood
The peripheral blood picture has been stated to show evidence of a stimula-

tive effect of methyl alcohol on the blood-forming organs. Tyson and Schoenberg
(1915) noted in the blood of animals inhaling methyl alcohol an increase in
erythrocytes, haemoglobin and polymorphonuclear leucocytes. Scott et al. (1933)
observed hyperplasia of the lymph nodes.

CHANGES IN THE ORGANISM
(1) The heart
Oedema, granular degeneration and in some instances necrosis of muscle
fibres were noted by Scott et al. (1933) and also by Flury and Wirth (1934), while
Eisenberg (1917) reported fatty degeneration of the heart muscle.

(2) The liver ‘
Changes in the liver are essentially those of parenchymatous degeneration,

sometimes developing into focal necrosis (Scott ¢ al., 1933), also fatty infiltration

(Poincaré, 1878; Weese, 1928; Tyson and Schoenberg, 1914). ‘

(3) The kidneys
Congestion and parenchymatous degeneration have been recorded by the
above observers, and in mice fatty infiltration (Weese; Eisenberg; Lehmann and

Flury).

(4) The spleen
A dark blue colour of the spleen was noted by Tyson and Schoenberg (1914).

(5) Lungs

Various inflammatory lesions have been noted, according to the severity
of exposure. With mild poisoning Scott et al. (1933) reported oedema, congestion
and desquamation of alveolar epithelium; in fatal cases terminal pneumonic
consolidation. Patchy pneumonia in the lungs of rabbits (Eisenberg, 1917) and
of mice (Weese, 1928) and petechial haemorrhages in dogs (Tyson and Schoen-
berg, 1914) andslightemphysema (Flury and Wirth, 1934) have also been observed.

.Bibliography on p. 401
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(6) The nervous system o
Capillary congestion, oedema and patchy degencration of the neurons,
especially of the spinal cord, and some involvement of the peripheral nerves were
noted by Scott ¢t al. (1933). Earlier investigators (Holden, 18gg, and Ruhle, 1912)
had found more severe congestive lesions, while Tyson and Schoenberg (1914)
noted marked congestion of the meninges of dogs. '

Toxicity to human beings

{A) Non-industrial
There have been many reports of outbreaks of poisoning from methyl alcohol,
causing blindness or death. One of such was the report by Monier Williams (1g2g)-
in the Ruhr in 1920 when 15 people died and 3 were totally blinded from drinking ~
brandy adulterated with methyl alcohol; another, with similar effects, in Japan, -
in 42 cases, from drinking fruit juices diluted with methyl alcohol (Kaplan and
Levreault, 1945) and from drinking methyl alcohol itself, with 24 deaths (Voegtlin
and Watts, 1943), and another record, from the same cause, of 3go deaths and
-qo cases of total and 85 of partial blindness by Baskerville in America (1913).

(B) Industrial

Following the publication of the above reports, and many others, of the highly

toxic nature of methy! alcohol when taken internally, it is not surprising that the
danger of its use as a solvent should have been somewhat exaggerated. It is true
that cases of poisoning, accompanied by blindness, have occurred from exposure
to its vapour, but the hazard is more potential than actual, especially if reasonable

care is taken to keep the vapour concentrations in the working atmosphere at a

level of approximately the Maximum Allowable Concentration of 200 p.pm.,
and to prevent workers from drinking either the methyl alcohol itself or industrial
materials containing it. Some of the recorded cases have in fact carried the more
or less well founded suspicion that ingestion as well as inhalation had played some
partin the development of symptoms of poisoning (Gerbis, 1931; Wood and Buller,
1904). Wood and Buller remarked that “taking a drink from the supply of alcohol
kept for dissolving gums in making varnishes is a very common habit among
varnishers”. On the other hand, surveys of workers exposed repeatedly to the
vapour of methyl alcohol have sometimes revealed no harmful effects. One such
survey by Yant et al. (1931) of men employed in the manufacture of methyl
alcohol and drivers of trucks using it as an antifreeze agent revealed no harmful
effects. Bertarelli (1934) has also called attention to the fact that there have been
many cases of prolonged exposure to methyl alcohol without development of any
symptoms.
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1) Acute
" Cases of acute poisoning are especially rare from inhalation only, but have
been known to occur from ingestion of various solutions containing it. Two such
cases have recently been described by Stinebaugh (1960), both from drinking a
paint thinner, in one case an unknown quantity, in the other 2 ounces. Both suf-
fered from vomiting, epigastric pain, irrational behaviour, failure of vision and
semi-coma. Both recovered from the general symptoms under suitable treatment,
but neither recovered full vision; in one case in fact complete blindness supervened,

Other acute symptoms are related to the strongly irritant property of methyl
alcohol for mucous membranes, causing conjunctivitis and bronchopneumonia,
The conjunctivitis has been known to be so severe as to destroy the cornea (Grunow,
1912) and the bronchopneumonia, in a case quoted by Goldtdammer in 1878
was actually fatal,

General systemic intoxication, shown by lassitude, headache, giddiness,
nausea, vomiting, pain in the gastric and lumbar region, coldness and muscle
weakness, may precede or accompany the most severe toxic manifestation -
blindness. Complete loss of vision, however, exhibits as a rule no premonitory
symptoms but occurs suddenly in both eyes.

_ Koelsch (1921) stated that all these symptoms were frequent during World
War I when alcohol was used widely in paints, lacquers and polishes, especially
when these were handled in closed rooms in warm weather. He quotes several
cases of temporary blindness and others of bilateral optic atrophy occurring in
such conditions, and refers to one described by Philippi in 1gob6 in a painter who
sprayed methyl alcohol on his feet and then continued to work for a few hours
in the room; he became blind.

TREATMENT

Three methods of treatment have been tried, with varying degrees of success.
(@) Adminisiration of alkalies. — This method is of course based on the evidence
that methyl aleohol produces formic acid, formaldehyde and possibly other un-
identified acids, with formation of acidosis. It was first suggested by Harrop and
Benedict (1920), and by Chew et al. (1946) and also Ree noted that it alleviated
the symptoms and increased the survival rate. Bennet ¢t al. (1953) treated a series
of 323 cases due to ingestion of adulterated contraband whiskey and were con-
vinced of the efficacy of this treatment, consisting of large amounts of sodium
bicarbonate - up to 150-200 g — in the proportion of 50 g in 1000 ml of §9 glu-
cose in water, given intravenously. They stated that return of acidosis was not
unlikely following treatment by alkalisation alone, and glucose has been suggested
as a useful adjunct to alkalisation on the basis of the possible role of ketosis
(Keeney and Mellinkoff, 1951). Nevertheless, according to Stinebaugh (1960)
correction of the acidosis does not always prevent a fatal issue either in animals
(Potts, 1955) or human beings.

Bibliography on p. 401
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(B) Administration of cthy! alcohol. — The effect of ethyl alcohol on the metabolic
behaviour of methyl alcohol, by inhibiting its enzymatic oxidation into toxic

metabolites has already been discussed (see p. 313). Itis on this basis that ethanol

treatment had been advocated (Stinebaugh, 1960; Roe, 1946), but there is no
universal agreement as to its efficacy in actual cases of methanol intoxication and
it is not regarded as a justifiable substitute for alkalisation. -
(y) Peritoneal dialysis. — It was shown by Blakemore and Hine (1947) that methyl L
alcohol could be removed by peritoneal dialysis in animals, and Stinebaugh (1960) '~
used this evidence as a basis for this treatment, combined with alkalisation, The -
basic solution consists of glucose and sodium bicarbonate in water and isotonic
saline and is administered through a perforated polythene tube introduced into
the peritoneal cavity by an abdominal trocar. The fluid is drained after two hours
and the process repeated. In one case the first specimen of dialysis fluid contained .
130 mg/100 of alcohol and dialysis was continued for 18 h, at the end of which
time the fluid contained none. In a second case dialysis was only begun 10 hlafter
admission to hospital and a specimen taken 12 h later was negative. Both ‘these .
cases recovered (without return of vision) but in a third case, where intoxication -
was due to ordinary alcoholic intake and whose dialysis specimen afier two hours
contained 200 mg/100 of alcohol, death took place after development of tetanic
spasms. Stinebaugh suggests that the best method of treatment is a combination .
of all three measures.

(2) Chronic :

Cases of industrial poisoning from repeated exposure to the vapour of methyl
alcohol have generally been manifested by conjunctivitis, headache, giddiness, -
insomnia, gastro-intestinal disturbance and failure of vision. »

Some of these symptoms, notably those of a narcotic nature, leading in some -
cases to coma, were described by Roche ef al. (1957) in an account of a collective
disturbance of health in a factory manufacturing electrical car accessories, but
the presence of methyl alcohol in the compound used, which consisted chiefly
of trichloroethylene, was never definitely proved. Suspicion of methyl alcohol as-
a contributory cause of the symptoms arose partly from the fact that the severe
manifestations showed a latent period after cessation of work and that an investiga-
tion of the effects on guinea pigs exposed to a mixture of methyl alcohol and
trichloroethylene also showed a longer latent period before the onset of fatal
coma than those exposed to trichloroethylene alone.

It appears probable that, considering the vague character of the symptoms
and the very large number of women affected, some of the manifestations may
have been of emotional origin; others were quite characteristic of exposure to
trichloroethylene.

Another case of industrial chronic poisoning, in which an additional factor .

may have been absorption through the skin, is that described by Burk in 1957.
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This was a man aged 27 who had worked for 4 years in the methanol department
of a chemical-pharmacentical factory where nicotinic acid was being crystallised,
the solvent being pure methyl alcohol. For two yearshe had complained of disturb-
ance_of vision, which was then diagnosed as slight astigimatism and corrected -
by glasses At thc same tlmJEc complamcd ol weakness and numbness o
hands and arms. While cleaning a tank in which nicofinic acid and m@l
“had been heated, and wearing a gas mask, he thought that the methanol fume
was penetrating the filter, which had become damp, and changed it for a filter
intended for ammonia. During the 5-h duration of his task he felt giddy at times,
but at the end had no symptoms. The next morning he vomited, but continued
working, then suddenly developed spots before the eyes and dimness of vision. He
also complained of loss of appetite and a swectish taste. Blood and urine examina-
tion at that time revealed nothing abnormal ; ophthalmic examination showed pa-
pilloedema of both eyes. After 5 weeks, under treatment by eye drops, ointments,
vitamin B, etc., his visual acuity became normal, but after a further 5 weeks his
vision became irregular. At this time his urine contained formic acid, but later
the test was negative. (No quantitative estimation was made.) Earlier investiga- -
tors (¢.g. Klauer, 1938) have given the normal level as ranging between 14 and
100 mg/1500 ml. \

" Burk states that the amount of methyl alechol inhaled must have been small,
but that the workman had been in the habit of cleaning his hands with methyl
alcohol.

In 1913 Baskerville reported 64 cases in America from the industrial use of
either concentrated or 50%, methyl alcohol in painters, lacquerers, coopers and
chimney sweeps who cleaned the chimneys with methyl alcohol. Koelsch (1g21)
also mentions the case known to him of a doctor engaged in research on disinfec-
tion with methyl alcohol vapour who became completely blind. Hansohn (1944)
quoted by Burk (1957) described the eventual development of bilateral optic’
atrophy in a man who had complained only of recurrent conjunctivitis during his
1} years of war work involving inhalation of methyl alcohol vapour. He strongly
denied ingestion of alcohol.

SYMPTOMS OF INTOXICATION

(1) Mechanism of toxic effect on the eyes

Observations on the actual toxic process of methyl alcohol on the ocular
tissues have been almost exclusively discussed with regard to ingestion, but cases -
of ocular injury having eccurred following absorption through the gkin and in-
halation, gradually methyl alcohol came to be regarded as a specific toxin for
the retina and the optic nerve. One intensive investigation is that of Fink (1943).
Like Wood and Buller (1go4) and Lehmann and Flury (1943), Fink emphasised
the fact that impurities in the methyl alcohol are not an influencing factor, and

Bibliasgraphy on p. gor
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that the basic cause of the toxic action is the inability of the body to oxidise methy]
alcohol to CO, and water, as is the case with ethyl alcohol. He brought forward
evidence that formic acid is formed and suggested the possibility of formation of
formaldehyde also, as a contributory factor in injury of the eye tissues. This view
is also held by Kaplan and Levreault (1945), Bogen (1946), and Ree (1948), but
not by Potts and Johnson (1952) who believe that the role of acidosis is question.
able and that the essential toxic agent is formaldehyde.

According to Fink, the tissues predominantly affected (the optic nerve and
the retina) are not equally affected, but both appear to show injury.in patches,
with intermediate areas of less affected cells. Oedema of nerve tissue and support. -
ing tissue is the result of both an irritative reaction of the tissue to the toxic
substance and also of a degenerative process which is proportional to the intensity
of the toxic clement and the susceptibility of the individual. Both the retina and
the optic nerve are sensitive to metabolic disturbance and this disturbance leads -
to degenerative changes, which may take place simultaneously in the two tissues.
In the retina the toxic effect is exerted first on the ganglion cells, then the inner~
nuclear layer degenerates, later the outer nuclear layer, and finally the rod-and-
cone layer. In the optic nerve, degencrative changes are accompanied by varymg
degrees of oedema. o

It has also been stated {Kendal and Ramanathan, 1952) that methyl formate
can be formed from formaldehyde and methanol, and that this substance, having -
a preferential fat solubility, might explain the localised effects of methanol, It
has also been shown, however, that formaldehyde is 25 to 75 times more active -
than formate in inhibiting oxygen uptake and Co, production, and 1000 to 30,000
times more active than methanol itself (Leaf and Zatman, 1952; Roe, 1948).

The role of skin absorption in the production of methyl alcohol poisoning has
already been mentioned (as in the case of Burk, 1957), and cases of severe eye
injury in which it is said to have played a predominant part are quoted by Koelsch
(1921) and Eulner (1954). In Eulner’s case, a woman who had applied to her body
a preparation consisting almost entirely of pure methyl alcohol, the effects on the -
eye were attributed not only to skin absorption but also partly to inhalation.

(2) Predisposition

(a) Individual susceptibility. — Many authorities believe that individual sus-
ceptibility plays a considerable part in the variation of toxic symptoms in similar
conditions, not only in poisoning by ingestion but also in industrial poisoning. In
some cases one relatively slight exposure has been said to have caused blindness,
while others have remained unaffected until after repeated exposure in unfavour-
able conditions. Koelsch (1921), who had found no specific ill-effects in the major-
ity of workers employed in the production of wood alcohol, described the case
of a woman using a shoe cement in which methyl alcohol appears to have been
the chief, but not the only constituent. She was weak and anaemic, and complained
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of gradual failure of vision, leading eventually to blindness, as well as headache, o

throat irritation and burning of the eyes. No other workers in the same room -

suffered from any of these symptoms except slight irritation of mucous mem-

branes. ‘ :

(b) Sensitisation. — In the case described by Burk (1957) the occurrence of -
slight symptoms of chronic intoxication before the development of disturbance of
vision, led him to conclude that sensitisation had taken place before the crucial
exposure, and to emphasise that although relatively few cases of industrial poison- .
ing from methyl alcohol had been recorded, it is not safe to conclude that in- -
halation of low concentrations can do no harm.

(c) Pre-existing nervous disorder. — Symptoms indicative of chronic industrial
poisoning by methyl alcohol ~ giddiness, headache, insomnia, gastro-intestinal -
disturbance, conjunctivitis and failure of vision -~ were observed by Schwarzmann
(1934) in a man working in a straw hat factory where the synthetic fibres were -
hardened by formaldehyde containing 10-12%, of methyl alcohol. On returning
to work after a year’s absence the man showed paralysis of the facial and ocular
muscles. He was not definitely diagnosed as suffering from methyl alcohol poison- .

‘ irTgb\q"qugbly as a _case of multiple sclerosis, but it was suggested that the ner- -

A similar predisposing factor, in the form of pre-existing central nervous
disease, was present in a case described by Humperdinck in 1941. This man had
been employed 4 years in shovelling nitro-cellulose material containing 35-40°/,
of methyl alcohol, in conditions of poor ventilation and lighting. In addition to
failure of vision this man had an enlarged liver.,

Bibliography on p. o1
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One and a half hours later his pulse was very weak, he was very restless, perspired
profusely and died 14 h after the end of the exposure. At autopsy the lungs showed
collapse, oedema and extravasation of blood into the alveoli, and the liver fatty
degeneration. Kidney sections were not available. _ ,

The second case had been exposed for 3 months to concentrations of ethylene
chlorohydrin (probably mixed with sym-dichloroethane) which had caused some
symptoms in other workers. His symptoms related chiefly to the central nervous
system — headache, dizziness and behaviour ‘of a peculiar manner’; later he had -
haematuria and died the following day. Autopsy was not detailed, but the kid-
neys showed congestion and some necrosisand the brain grossoedema of the basal -
ganglia and some degenerative changes.

In a case described by Cavalazzi (1942) vomiting was followed by delirium
and violent excitement.

(2) Chronic or subacute ‘

The nine non-fatal cases described by Goldblatt and Chiesman occurre
during a period when a fault had developed in the plant and when the average
concentration of ethylene chlorohydrin was about 18 p.p.m. The chief symptoms
were nausea, vomiting and abdominal pain; in some cases a semi-comatose con-
dition. Slight albuminuria was present in some. It was believed that the additional
presence of ethylene dichloride was not the principal cause of the symptoms, since
narcotic effects were very mild.

TREATMENT OF INTOXICATION

In severe acute cases Goldblatt and Chiesman state that temporary improvement
is obtained by continuous oxygen administration and analeptics. With mild cases -
treatment is entirely symptomatic.
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