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tional inasmuch as the toxicological picture included
signs of definite involvement of the central nervous
system.

Observations in an Electrolytic Condenser Factory

My observations presented on the toxic effects of
the inhalation of ethylene glycol vapour were made
on women workers engaged in a department of a
factory where electrolytic condensers were made.
These condensers are constructed from an outer
case of aluminium, in which is contained a cylindrical
element formed by a positive armature and a
negative made from aluminium ribbon, separated
by a paper ribbon impregnated with the electro-
lytic mixture and rolled together. One phase of the
work involved spreading a mixture of 40 per cent.
ethylene glycol, 55 per cent. boric acid, and 5 per
cent. ammonia, constituting the electrolyte of the
condenser, on a strip of paper placed on another
strip of aluminium, whereby it was absorbed by the
paper. This operation was carried out by hand with
paint brushes by about 40 women seated at long
tables. The mixture was contained in receptacles
placed at such a distance from the workers, in the
middle of the tables, that it was readily reached by
the outstretched hand. These receptacles were
maintained, by electric heaters, at 105° C., this
temperature being necessary to keep the mixture
fluid : at room temperature the mixture solidifies.

The work was done in a spacious large room
amply provided with openings, fairly well lighted
and ventilated, but the workwomen were nevertheless
exposed to the vapours of ethylene glycol which
they constantly inhaled. Whilst at ordinary tem-
peratures ethylene glycol gives off practically no
vapour, in this work the evolution of vapours was
continuous and always within inhaling distance of
the women, the receptacles containing the hot fluid
being quite close to them during the spreading
operation. For the purposes of this process it was
necessary that the ethylene glycol should be of the
highest purity.

All the women were young and the majority of
them had been already engaged on the work for a
couple of years.

For some time several of these women, with
greater or less frequency, had been subject to attacks
of loss of consciousness without having ever sus-
pected their work as the cause of them, but attribu-
ting them to some common nervous disturbance.
It was found that whilst the women were intent on
their work one or other of them without warning
would suddenly emit a cry as if a prey to sudden and
quickly passing agitation and would pass into a
state of profound sleep. Taken at once to the
works surgery the loss of consciousness was seen to

last for only 5 or 10 minutes and was followed by
rapid awakening without amnesia and with such a
quick return to normality that the patients demanded
to return to their work. The period of sleep appeared
to be calm and tranquil and was not followed
by any return of any particular symptoms. These
attacks increased in frequency during the summer
and recurred as a rule after a few hours of con-
tinuous work, about 11 o’clock in the morning
shift and in the first hour or so in the afternoon
after lunch. These two facts were evidently con-
nected with the possibility of a large absorption of
the vapour of ethylene glycol.

Of the 38 women engaged in this work, nine were
subject to attacks which recurred rather frequently,
and on the average two or three times a week, but
in a few cases almost every day. These latter on
clinical examination showed signs of well-defined
nystagmus. Five of these women (those who most
frequently developed the attacks) were subjected to
the thermal test of Barany without provoking
abnormal reactive movements and vertigo, and on
hazmatological examination they showed absolute
lymphocytosis in every case.

Examination of the urine in the whole group
showed no abnormality. It was not possible to
carry out examinations of the blood and urine of all
the 38 women employed in the department, so that
the remaining 29 women, never having had the
attacks described, were examined clinically as
ambulatory subjects : it was thus found that five
of them showed nystagmus but no other signs.

In Table I the relevant data are given on the nystag-
mus observed and on the hamatological findings.
Cases 1 to 9 had attacks of unconsciousness. Cases
10 to 14 had no attacks of unconsciousness.

Of the nine workers having attacks of uncon-
sciousness, only two, who experienced them rather
frequently, were removed from the department and
transferred to alternative work. In the new work
the attacks no longer occurred. The remaining
seven women elected to stay at the job because they
were told that it had been decided to instal a plant
which would mechanize and enclose the process and
by internal draughting of the vapours of the ethylene
glycol permit of its recovery. Since the installation
of this plant there has been no change in the state
of health of the women employed, excluding the
two transferred, and there have been no further
attacks of unconsciousness or nystagmus. On the
other hand, before the mechanization of the process,
when it was still carried out by hand, and up to
eight months from the first examination, there were
still attacks of unconsciousness and nystagmus could
still be verified among the women remaining in the
department.
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TasBLE I
! 1 Blood Findings
Differential Count
Period|R B.C. ' Hb  Colour WB.C | n
Name | Age Work (mil- | (%) | Index |(thous-| = = @ ﬁ § Nystagmus
lions) r ands) | 8 | & | E | & | &
(Years) ) 8 o 9 Q
s £ g |88
2 g | & g | §
-
l 1 Z | B ks, |

BS. | 24 2 434 | 90 1-04 55 44 0 0 | 50 5 | Bilateral

N.V. | 22 31 3-99 85 1-06 57 50 0 0 | 48 0 | Bilateral

M.P.| 26 14 424 | 84 099 | 48 62 1 1 33 3 | Left lateral

F.V. | 23 7 3-93 82 1-02 4-8 54 3 1 41 1 Bilateral rotatory

E.B. | 26 2 4-09 81 099 | 45 44 1 1 50 4 | Bilateral

AS. | 19 1y Blood not examined : Infrequent attacks of mod-
erate amplitude

LP. | 22 1 ' ' ' »»

E.B. | 27 | 2/12 . . . »

F.N. | 24 | 5/12 » ’ » »»

AT. | 24 1 ' ' ' Attacks of anticlockwise
rotatory nystagmus on
lateral deviation of right
eye

E.B. | 21 1 ' . . Frequent attacks of bilateral
nystagmus

IM. | 23 2 . s » Bilateral nystagmus

AA. | 26 5 s s »» Infrequent attacks of mod-
erate amplitude

G.M.| 34 1 ' ' ’ Rotatory nystagmus on lateral
deviation of right eye

Discussion peripheral lesion of the vestibular apparatus, was

The following facts indicate the atiological
significance of the inhalation of the vapours of
ethylene glycol in producing toxic effects. (1) Cessa-
tion of the attacks after enclosure and draughting of
the process ; (2) cessation of the attacks among the
two workers transferred to alternative work ;
(3) absence of such attacks among workers in other
parts of the same factory where women are employed
and where vapours and fumes are evolved. (The
factory strength consists of about 1,500 women,
mostly young.) These facts negative any suggestion
that the attacks were of a hysterical nature. There
was no indication of any kind that either ammonia,
(5 per cent. of the mixture) or boric acid (55 per cent.
of the mixture) could have had anything to do with
the toxic effects observed.

The nystagmus could not be referred to strain
caused by the visual apparatus because the excellent
environmental lighting was by direct sunlight and
the work did not involve any fatigue of the eye
muscles, the visual excursion in the spreading opera-
tion being limited to no more than 50 cm.

The type of nystagmus met with, although in most
cases horizontal and suggesting the possibility of a

in two cases unequivocally rotatory in character.
This fact led us to the more probable view that the
lesion was nuclear for, although rotatory nystagmus
occurs in lesions of both semicircular canals and
cases have been described in lesions of only one
canal, it is difficult to imagine a toxic agent selectively
attacking one or both semicircular canals. The
latter hypothesis is indeed invalidated by the
accompanying periodic attacks of unconsciousness
which must be a consequence of toxic effects on the
brain, and by the fact that nystagmus occurred,
unaccompanied by abnormalities of reactive move-
ments or by vertigo, in five workers, who were most
subject to attacks, after excitation by means of
Barany’s thermal test. These considerations could
lead us to interpret such cases of nystagmus as of
supranuclear origin and without participation of
the vestibular nuclei. There is, of course, no
question in these cases of either congenital or
hysterical nystagmus.

The absolute lymphocytosis found in all the five
cases in which blood counts were made (Table I)
reveals a quite distinct pathological action on
hematopoiesis, even taking into account the normal
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variations in the relative proportions of lympho-
cytes in the blood and also of the fact that bad
technique could give rise to variations of this
magnitude.

The references quoted from the literature reinforce
the conclusions we have given as to the atiology of
the toxic effects. These all point to the inhalation
of the vapour of ethylene glycol as causing periodic
loss of consciousness, nystagmus, and lympho-
cytosis. The limited character of the effects pro-
duced was a consequence of the limited extent of
possible absorption by inhalation of the vapour of
this substance.

Whilst loss of consciousness and nystagmus went
together in many cases, the fact that some cases
showed nystagmus but no attacks of unconscious-
ness may perhaps be explained by some greater
resistance to the toxic action in some individuals.
This leads to the hypothesis that nystagmus may be
regarded as an early sign and precursor of more
severe intoxication in view of the fact that the
majority of authors regard the nuclear and supra-
nuclear centres to be more sensitive and more likely
to react to toxic influences.

Nystagmus was also present in the three cases
reported by Zehrer (1948). Nystagmus of a type
similar to that described in the present paper figures
in reports on poisoning by phenyl-hydroxylamine,
an aromatic amine easily absorbed through the
skin and producing cyanosis, depression of the
central nervous system, spasms, trismus, nystagmus,
and disturbances of the respiration and circulation
(von Oettingen and Sayers, 1931, quoted by Lanza
and Goldberg, 1939).

It is recommended that systematic examination
for nystagmus should be practised for workers in
contact with glycols or other solvents of the fatty
or the aromatic series.

Summary

In an electrolytic condenser factory, 38 women
were engaged in spreading on paper and aluminium
strips a mixture of 40 per cent. ethylene glycol,
55 per cent. boric acid and 5 per cent. ammonia,
maintained at 105° C. There was continuous
evolution of the vapour of ethylene glycol to which
the women were exposed by the method of operation.

In nine of these women there were frequent attacks
of loss of consciousness and nystagmus was also
observed. In five of these absolute lymphocytosis
was found by blood examination.

A further five cases of nystagmus but without
attacks of unconsciousness were discovered among
the remaining workers.

The attacks completely disappeared when the
process was operated in an enclosed plant permitting
of recovery of the ethylene glycol, the personnel
remaining unchanged. Removal of two severe cases
to other work also led to complete cessation of
attacks.
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