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SEPPALAINEN AM. Neurophysiological findings among workers exposed to organic
solvents. Scand j work environ health 7 (1981): suppl 4, 29-33. Workers exposed to
organic solvents often complain of symptoms indicating central or periphera1 nervous
system effects. Neurophysiological methods offer a sens~tive and noninvasive way to
study early impairment in the nervous 'System. The present communicaUon is a review
of neurophysiQlogical studies done at the InStitute of Occupational Health, Helsinki. The
studies concern workers occupationally exposed to various solvents. Both encephalQ­
pa~hic and neuropathic findings were frequent, especially among patients with solvent
poisoning. CertaJn exposure-response relati1onsh!ips emerged when the prevalence of
abnormal electroencephalograms was studied in various groups of wor:kers exposed to
different levels of solvents.
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The usual symptoms complained of by
wor:kers occupationally exposed to organic
solvents are, eg, headache, vertigo, a fee'l­
ing of drunkenness, poor memory, and
insomnia or other sleep disturbances.
These symptoms could be related to dys­
function or lesions in the central nervous
system.

Lately, ,attention has been paid to peri­
pheral neuropa'fu.y caused by solvents (1,
2, 4, '5). In severe cases such neuropathy
can lead to paresis of, especially, the lower
limbs, and in milder cases it is manifested
as numbness and, possibly, as pain in the
extremities.

Although a careful neurological exami­
nation may reveal signs of neura'l damage,
more sensitive and dbjective measures are
needed to prove early impairment in Cases
with mainly sUbjective symptoms. Objec-
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tive measures are also needed in epide­
miologic studies on groups of exposed
workers and Teferen'ts.

Neural functions can be studied with
neurophysiological techniques, Which have
lately been extended into new areas With
the aid of modern 'Computer methods. The
weN-known tool used to study brain le­
sions, 'electroencepnalography (EEG), has
been linked with computer-assisted meth­
ods of analyzing spontaneous electrical ac­
tivity of the 'brain and evoked potential
teohniques. The latter refers to the study
of 'brain activity elicited by external
stimuli like ligh:t, sound, or other sensory
stimuli. Evoked potentials are so low in
amplitude that they are completely masked
by spontaneous electrical activity; their
latencies and forms can be studied with
computerized averaging, Which improves
the signal-to-noise ratio.

The peripheral nervous system and
muscles are studied with electromyo­
graphy and electroneurograp'hy. Electro­
myography (EMG) helps to diagnose neu­
rogenic and myogenIc diseases. Electro­
neurography, Which refers to the measur-
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ing of motor and sensory nerve conduction
velocities and to the study of electrical ac­
tivity of nerves, reveals neuropathy and
helps to 10caUze neurogenic lesions. When
nerve action potentials are studied, eg, in
the measurement of sensory conduction
velocities, computer-assisted techniques
are needed.

The present communication is a review
of neurophysiological studies done at the
Institute of Occupational Heal1!h, Helsinki.

In high 'concentrations most organic sol­
vents have narcotic effects, and con­
sequently changes occur in the EEG ac­
tivity of exposed persons. Low concentra­
tions, eg, 'those within presently applied
threshold limit values (TLVs) usually do
not affect the spontaneous EEG. During
exposure to varying levels (50 to 400 ppm
with a time-weighted average exposure of
100 or 200 ppm) of m-xylene, an increased
occurrence of siow 'transients in 1!he occi­
pital areas has 'been noted in four studied
subjects; these changes prolbablly represent
a s'Hght lowering of 1!he vigilance level
(11). Among German wOI1kers with long­
term occupational exposure to trichloro­
ethylene some changes have been noted
in EEGs registered telemetrically during
the workday (9); these changes were prob­
ably related to lowered vigilance. How­
ever, some 'Changes can be noted in evoked
potentials during and short1y after expo­
sure lasting only a few hours (17, 19).

Long-term occupational exposure to sol­
vents has caused an increased frequency
of abnormall EEGs among workers (6, 12).
Patients with a psychoorganic syndrome
or other neurological signs caused by sol­
vents often 'have an abnormal EEG (3, 7).

Styrene exposure 'can be monitored
through the measurement of the urinary
mandelic acid concentration after the
workday. Ninety-seven workers employed
in the reinforced plastics industry were
submitted to EEG studies, and the'ir sty­
rene exposure was graded according to
urinary mandelic acid concentrations
based on the mean of five measurements
taken during five consecutive weeks, on
a different weekday every time (13). An
exposure-response relationship emerged
in this study, as the frequency of ab­
normal EEGs increased as the exposure
level increased, the nonelffect level corre-
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sponding to a urinary mandelic acid con­
centration of 700 mg/l (4.9 mmoll'1). No
clear relationship was noted between poly­
neuropathic signs and styrene exposure;
the few workers with sTightly slowed
nerve conduction velocities an had a low
exposure level in the study period.

Carbon disulfide is well known for its
neurotoxicity (14). In one study viscose
rayon workers with a median of 15 a of
exposure to 10-30 ppm of carbon disul­
fide had abnormal EEGs in 39 Ofo of the
cases, While 12 Ofo of the age-matched
papermill workers had abnormal EEGs
(18). Motor nerve conduction velocities,
especially in the legs, but also in the arms,
were statistica1'ly significantly Slower
among 118 viscose workers than among
100 papermill workers with a similar age
distrj'bution (18).

Abnormal EEGs were usual among 233
workers who hard been O'ccupationally ex­
posed to various solvents or their mixtures
and who had been referred to an EEG
examination because of suspected solvent
poisoning or 'because, in a periodic health
examination, they had expressed symp­
toms suggesting dysfunctions in the cen­
tral nervous system (CNS) (12). The expo­
sure to so'lvents was graded into three
categories according to information given
by the employee and employer and, at
times, by 'hygienic measurements made at
the work sites. Exposure category I de­
noted low-level or occaSional exposure,
category II intermediate exposure, and
category III referred to exposure levels
close to 'the present TLV. A certain expo­
sure-response relationShip was noted, as
workers of exposure category III had ab­
normal EEGs significantly more often than
workers in exposure 'categories I and II
(fig 1). In the highest exposure categmy
abnormal EEGs were recorded for over
70 Ofo of the subjects; in the other two
categories around 40 Ofo of the subjects
had abnormal EEGs.

Abnormally slow nerve conduction ve­
locities were found in many solvent ex­
posed workers (12). Fig 2 displays the
cumulative percentage distribution of the
conduction velocity scores of 107 workers
exposed to solvents. This score indicates
the number of abnormally slow conduction
velocities (out of four motor conduction
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Fig 2. Cumul,ative percentage distribution of
conduction velocity scores (CV scores), denoting
the number of abno~mally slow ileNe conduc­
tion velocities, among 107 solvent-exposed work­
ers with symptoms divided into three categories.
(I = mild exposure, II = intermediate exposure,
III = high exposure)
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Fig 1. Percentage of abnormal EEGs among 233
solvent-exposed worker.s with symptoms div·ided
into three exposure categories. The difference is
statistically significant between I and III (X2 =
11.14, P < 0.001) and II and III (X 2 = 11.65,
P < 0.001). (I = mild exposure, II = intermediate
exposure, III = high exposure, and N = the num­
ber of subjects in each category)

velocities) of each person; a person with
normal conduction velocities was given a
score of 0 and one with, eg, three ab­
normally slow velocities received a score
of 3. The workers of exposure category III
had the highest frequency of abnormal
values, and those in category I the lowest.

Among actual patients with solvent
poisoning, abnormal EEG.3 are also fre­
quent. During 1971-1973 neurophysiolog­
ical and psychological examinations were
given to 107 patients who, on the basis of
various medical examinations, were diag­
nosed as suffering from solvent poisoning;
exposure to various soivents was always
established and adequate differentiaiJ. diag­
nostics considered {Hi). Of these patients
48 were men with a mean exposure of 9.6
a, and 59 were women wi'th a mean expo­
sure of 7.6 a. An abnormal EEG was re­
corded for 70 subjects {65.5 0/0). Electro­
neuromyographic examinations were given
to 77 of the patients, 48 of whom had signs
of neuropathy. There was some tendency
for those with higher exposure levels to
have more abnormal nerve conduction ve­
locities, 'but patients with intermediate and
high exposure (ie, close to the TLV) to sol­
vents had abnormal EEGs in the same
proportions. Patients with solvent poison­
ing represent a higher degree of selection
than wOI'lkers coming to periodic health
examinations and complaining of some
eNS symptoms When questioned about
such symptoms. Among patients a certain
number ()f persons is always more sus­
ceptible to the effeCt's of solvents than the
average worker; thus the exposure­
response relationship is obscured.

Some interesting relationships were dis­
covered 'between EEG and psychological
findings (16). For example the frequency
of the ba'C'kground act'ivity in fue EEG cor­
relates to performance Qn the Digit Span
su'btest 'Of the Wechsler Adult Intelligence
Scale - persons with a good performance
on t!his test show a higher background
frequency.

The fact that exposure-response rela­
tionships between estimated solvent expo­
sure and EEG findings have not 'been
clearly Shown among some groups of sol­
vent-exposed workers may depend partly
on the diiffi-cult'iesof estimating past expo­
sure and partly on selection, which is un-
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Table 1. Percentage of abnormal e,l,ectroencephallograms among solvent-expolsed workers in vari­
ous studies conducted at the Ins<titute of Occupational Health in Helsinki.

Study

Lindstrom & Seppalainen (10)
Seppalainen et al (15)
Seppiiliiinen (12)
Seppalainen e,t al (16)

Number of workers

72 painters i'n the bui1lding industry
102 car painters
233 solvent-exposed workers with symptoms
107 paNents wiith solvent poisoning

Percentage

17
31

40-72
65

avoidable in cross-sectional studies. How­
ever, when the frequency of abnormal
EEGs is studied 'in various groups of sol­
vent-exposed workers, a certain relation­
ship is noted between exposure level and
EEG findings (table 1). Painters in the
buil:ding industry are generally exposed
only to low concentrations of mixtures of
solvents (10), and the prevalence of ab­
normal EEGsamong them is of the same
order as that stated in 1:he literature con­
cerning a normal population (8). Car
painters may, however, have higher expo­
sure peaks flhan painters in the building
industry, and they have been shown to
have a slightly higher frequency olf ab­
normal EEGs, although 11he frequency did
not differ from that of the respective ref­
erence group (15). Patients with solvent
poisoning have a much higher prevalence
of ,albnormall EEGs than either of the other
two groups.

In an groups of workers with solvent ex­
posure EEG abnormalities have main'ly
comprised excessive amounts of slow a'c­
tivity in the waking record, usually in t!he
theta range (4-7 cps). In about 60 % of
the cases, the slow activity has been found
diffusely in all brain areas, While it is lo­
calized lin one area or one hemisphere in
about 40 Ofo. Some subjects, usually 5 to
10 Ofo of patients, show paroxysmal EEG
abnormalities 'in the form of spikes or
spike-and-wave discharges, which prob­
ably indicate a lowered threshold towards
seizures.

Studies at the Institute of Occupational
Health in Helsinki have thus shown that
both neuropatHic signs 'in electroneuro­
myography and abnormal EEGs 'indicating
cerebral dysfunction are found among
sdlvent-exposed workers, as well as among
patients with solvent poisoning. Neuro­
physiological methods are helpful in
aiding the diagnosis in such cases.

32

References

1. Abbritti G, Siracusa A, Cianchetti C, Coli
CA, Curradi F, Perticoni GF, De Rosa F.
Shoe-makers' polyneuropathy in Italy: The
aetiological problem. Br j ind med 33
(1976) 92-99.

2. Allen N, Mendell JR, Billmaier DJ, Fon­
taine RE, O'Neill J. Toxic polyneuropathy
due to methyl-n-butyl ketone. Arch neurol
(Ohicago) 32 (1975) 209-218.

3. Axelson 0, Hane M, Hogstedt C. Fallbe­
skrivn'ingar av kroniskt psyko-organiskt
syndrom hos byggnadsmaIare. Lakartid­
ningen 73 (1976) 317-318.

4. BHlmaier D, Yee HT, Allen N, Craft B,
Williams N, Epstein S, Fontaine R. Pel'i­
phel'all neuropathy in a coated fabrics plant.
J ,occup med 1<6 (1974) 665-671.

5. Cianchetti C, Abbritti G, Perticoni G,
Siracusa A, Curradi F. Toxic polyneuro­
pathy of shoe-industry workers: A study
of 122 cases. J neurol neurosurg psychiatry
39 (197'6) 1151-1161.

6. Giuliano G, lanna'ccone A, ZappolJ. R. Ri­
cerche elettwencefalografiche in operai di
calzuturifiCi esposti al dschio di intossica­
zione da soh"enti. Lav urn 26 (1974) 33--42.

7. Hanke C, Ruppe K, Otto J. UnterSJUchungs­
ergebnisse zur 'to~ischen Wirkung von Di­
chlormethan bei Fussbodenlegern. Zen­
tralbl Gesamte Hyg ihre Grenzgeb 20 (1974)
81-84.

8. Kiloh LG, Oss~lton JW. Clinical electro­
encephalography. 2nd ed. Butterworths,
lJondon 1966.

9. Koniet2'Jlm H, Elster I, Schomann P, Weic­
hardt H. F,eldun'tersuchungen in Losungs­
miutelbetrieben: 5. Mitteilung. Hirnelekt­
rische Korrelate del' T:richlorathylenwirk­
ung imtelemetrisc'h abgeleiteten EEG.
Zentralbl Arbeitsmed Acrbeitsschutz Pro­
phy126 (1976) 60-63.

10. Lindstrom K, SeppiHainen AM. Raudoitta­
ja- ja maa'laritutkimus. Osa 4: Korjausmaa­
laden oireet, psyykiset suoritukselt ja neu­
rofysiologis~t loydokset 'selka liuotinaltistus.
Institute of Occupational Health, Helsinki
1980. (Tyoterveyslaitoksen tuuMmuksia no
170).

11. Savolainen K, Riihim8lki V, Seppalainen
AcM, Uinnoila M. ,Effects of short-term ro­
xylene exposure and physical exercise on
Ithe central nervous sys'tem. Int a't'Ch occup
environ health 45 (1980) 105-121.

12. Seppalainen AM. Neurotoxic effects of



industrial solvents. Electroencephalogr
clin neurophysiol 34 (1973) 702-703.

13. Seppalainen AM, Harkonen H. Neurophys­
iological findings among workers occupa­
tionaJlJly exposed to styren-e. Scand j work
environ hea.lth 2 (1976) 140-146.

14. Seppa,lainen AM, HaQ'tia M. Carbon disul­
fide. In: Spencer PS, Schaumburg HH, ed.
Experimental and clinical neurotaX'icology.
Willtams & Wilkins, Baltimore, MD 1980,
pp 356-373.

Hi. Seppi:i'lainen AM, Husman K, Martenson
C. Neurophys'ilQlog'icaJ. effects of long-term
eJCI)osureto a rruxture of organic solvents.
'Scand j work environ hea'l!th 4 (197~) 304­
314.

16. Seppalii'inen AJM, Lindstrom K, Martelli'll T.

3

NeurophysioLogical and psychologica[ pic­
ture of solvent poisoning. Am j ind med
1 (1980) 31-42.

17. Seppalliinen AiM, Savolainen K, Kovala T.
Changes 'induced by xylene and a'lcohol
in human evoked potentials. Electroen­
cephalogr elin neurophysiol 51 (1981) 148­
155.

18. Seppalainen A!M, Thlonen M. Neurotoxicity
of long-tevrn exposure to carbon disulfide
in the viscose rayon industry: A neul'O­
physio1lQ~cafl ·study. Work env1ron health
11 (1974) 145-153.

19. Stewart RD, Fischer TN, Hosko MJ, Peter­
son JE, Baretta ED, Dodd H'C. EX'perimen­
tal human e~osure to m-ethylene Chloride.
Arch 'environ health 25 (1972) 342-348.

33




