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Neurophysiological aspects of the toxicity of organic solvents

by Anna Maria Seppalalnen, MD1

SEPpALAINEN AM. Neurophysiological aspects of the toxicity of organic solvents. Scand J Work
Environ Health 11 (1985): suppl I, 61-64. Symptoms after long-term exposure to organic solvents are
nonspecific, and for both medical and insurance purposes objective demonstration of toxic damage
wouldbe desirable at the earliestpossible stageof beginning disease. Axonopathy does not dramatically
decrease nerve conduction velocities; however, epidemiologic studies may reveal slower conduction
velocities, especially in the distal nerve segments, among workers exposed to organic solvents. Among
patients with solvent poisoning abnormally slow nerve conduction velocities are detected. Electro­
myography reveals denervationactivity in early axonopathy; loss of motor units is detectable at a later
stage. Hexacarbons, eg, n-hexane, have causedchanges in visualevoked potentials, namely, prolonged
latencies and decreased amplitudes, probably due to axonal lesions within the central nervous system.
Electroencephalography (EEG) has been applied in studiesof individual patients or patient groups and
in epidemiologic approaches. Among patients actual abnormalities, mainly diffuse or local slow wave
abnormalities,are frequent. In epidemiologic studiesthe frequency of abnormal EEG findings is related
to overall exposure levels in the studied populations.
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Various solvents and, especially, solvent mixtures are
widely used in industry for many purposes. Glues,
paints, and degreasing agents are the most usual
sources of solvent vapors in the workroom air, al­
though in the production of reinforced plastics
monomers (eg, styrene) can also be regarded as or­
ganic solvents. Inhalation is the main route of expo­
sure; some exposure can occur through intact skin.
The systemic spread and metabolic transformation of
the chemical are the prerequisites of neurotoxic
effects.

Workers exposed to solvents complain of a variety
of symptoms, eg, headache, loss of memory, a
drunken feeling, vertigo, tiredness, paresthesiae,
numbness, muscle weakness, and others. At the
group level many of these symptoms can be con­
nected to solvent exposure, but with individual pa­
tients an occupational etiology of these often vague
symptoms can be hard to ascertain. However, if
damage has actually occurred within the nervous sys­
tem, it should be detected at an early stage. Actions
should then be taken to prevent further damage to
the nervous system, which recovers slowly and at
times incompletely. There are no curative measures,
but the termination of exposure helps nature cure
early lesions.

The question can be asked of whether there are ob­
jective methods of detecting early damage or dys­
function within the nervous system. Careful neuro­
logical examination gives valuable information on
disturbed functions, and the quantitative testing of
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various sensory modalities adds to the objectivity and
sensitivity of testing the cutaneous senses . An overall
evaluation of the patient and complete differential
diagnostics are also necessary for the actual diagnosis
of an occupational disease like solvent poisoning.
Neurophysiological methods are valuable indicators
that provide objective data on nervous system mal­
functions and show the site or sites of lesions. One
must not forget that evidence of relevant exposure
to solvents is a prerequisite of solvent poisoning.
Low-level, occasional occupational exposure is hard­
ly likely to cause damage, but some evidence suggests
that long-term exposure to concentrations presently
allowable or repeated exposure to high peak concen­
trations may cause lesions in the nervous system.

The neurophysiological methods used in occupa­
tional medicine (7) include electroencephalography
(EEG) for examining the central nervous system (12)
and electroneuromyography (ENMG) (2) for studying
the electrical activity of the nerves and muscles and
providing information about peripheral nerves, neu­
romuscular junction, and muscles . Both methods are
based on wide clinical experience with diseases and
injuries of the nervous system.

A newer neurophysiological method is the study of
evoked potentials (4), ie, the electrical brain (or
nerve) activity evoked by an external stimulus, which
can be visual, auditory, or somatosensory. A labora­
tory computer is required to study evoked potentials,
since they are so small in amplitude and so buried in
basic brain activity that the signal-to-noise ratio has
to be improved with an averaging technique. Specific
compact systems to study evoked potentials are avail­
able commercially, and several electromyographs are
also provided with averaging possibilities. Evoked
potentials give information about brain activity and
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Figure 1. Types of electroneuromyographic (ENMG) findings
in the Ini ti al examination and in the reexaminat ion of pat ients
with solvent poisoning. The numerals at the top of the
columns are the numbers of cases [reprinted from Seppalai­
nen & Antti-Poika (17)] .

sensory tracts from the site stimulated to the brain
cortex. Neurotoxic lesions are more likely situated in
the long sensory tracts than in the cortex, and delays
can be expected in the latencies of evoked potentials .
Partial lesions in the tracts could also cause dimin­
ished amplitude and changes in the shape of the
peaks of the evoked potentials. Although the method
has attractive possibilities, evoked potentials have
rarely been applied in epidemiologic studies of
solvent-exposed workers (6).

The best known effects of solvents on the nervous
system are neuropathic signs after exposure to hexa ­
carbons (25). n-Hexane and methyl n-butyl ketone
have caused central peripheral distal axonopathy, ie,
a tox ic lesion formed by the accumulation of lO-nm
neurofilaments close to the terminal portion of
axons. Patients complain of numbness , paresthesiae,
and diminished strength in distal muscles (3, 5, 10,
11). Sensory conduction velocity is diminished, par­
ticularly in distal branches , and the amplitude of the
sensory action potential is also diminished . Motor
conduction velocity may be reduced, especially in
long axons, ie, in leg nerves such as the peroneal and
tibial nerves. In these patients electromyography
reveals degeneration activity (eg, fibrillations and
positive sharp waves), and the number of acting
motor units may be reduced. Some of the remaining
motor unit potentials show neurogenic changes (eg,
increased duration). Similar findings have been pub­
lished on neuropathy occurring among workers occu ­
pationally exposed to carbon disulfide (13, 24).

The neurotoxic effects of n-hexane are not limited
to the peripheral nervous system . Axons undergo
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similar changes also within the central nervous sys­
tem as has been demonstrated in poisoned cats (14).
At the Institute of Occupational Health in Helsinki
we could demonstrate increased latencies and re­
duced amplitudes of various peaks in the visual
evoked potentials of workers occupationally exposed
(either about twice a week for a few minutes to 30
min or daily for brief periods) to high (2 000-3 000
ppm) peak concentrations of n-hexane (22). Persons
with abnormalities in their ENMG usually also had
low-amplitude visual evoked potentials (VEP) , where­
as EEG abnormalities per se were less frequent (23).

In epidemiologic studies conducted among groups
of workers exposed to solvent mixtures (car painters,
industrial spray painters) some individuals have been
detected who have shown abnormally slow conduc­
tion velocit ies in one or more nerves, or the average
motor conduction velocity of the exposed group has
been statistically significantly slower than that of the
reference group (16). Swedish and Finnish studies in
which the time-weighted average exposure level was
about 30 0J0 of the hygienic standard detected similar
findings (6, 19). The frequency of abnormally slow
nerves among patients with solvent poisoning in­
creased as the exposure levels rose (21).

A follow -up study on patients with solvent poi­
soning (17) revealed that, at the time of diagnosis, a
very high proportion of the patients had neuropathic
signs (slowed nerve conduction velocities and!or
neurogenic abnormalities in their electromyography)
and that thes e types of abnormalities were permanent
(figure 1). Actually, a higher proportion of the pa­
tients showed some neuropathic signs six years later,
even though the occupational solvent exposure of
most of the patients had ceased after or within one to
two years of the diagnosis. Some improvement of the
ENMG find ings was noted for 43 010 of the patients,
whereas deterioration was found for 33 0J0. Usually
the deterioration was only mild. All these patients
had been exposed to various solvent mixtures ; 21 of
the 87 patients had been exposed solely to tri- or
perchloroethylene. Thirteen of these patients had
been exposed to both chlorinated hydrocarbons and
various solvent mixtures, often simultaneously. The
frequency and type of neuropathy was similar among
the groups exposed to either solvent mixtures or
chlorinated hydrocarbons, whereas neuropathy was
slight ly more common among the 13 patients exposed
to both mixtures and chlorinated hydrocarbons. The
neuropathy of these 13 patients was more often both
proximal and distal in distribution, and all 13 showed
motor neuropathy, while among other patient groups
only sensory neuropathy was occasionally demon­
strated. Probably there had been some interaction
between the different solvents, or perhaps the solvent
mixtures had potentiated the effect of chlorinated
hydrocarbons similar to the manner in which methyl
ethyl ketone potentiates the neurotoxic effects of
n-hexane (I). The toxic interactions that arise after
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Table 1. Percentages of abnormal electroencephalograms
among solvent-exposed workers in various studies con­
ducted at the Institute of Occupational Health in Helsinki.
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Figure 2. Relative frequency of the normal and abnormal
electroencephalograms (EEG) of the exposed SUbjects ac­
cording to the subjects' urinary mandelic acid concentrations
[reprinted from Harkonen et al (9)].

normal EEG findings more often (19). EEG abnor­
malities are often found among patients with solvent
poisoning, and the EEG abnormalities of half of a
group of such patients still persisted several years
after diagnosis (17).

Exposure-response relationships are hard to detect
for solvent exposure, as it is impossible to assess indi­
vidual, long-term exposure reliably in quantitative
terms . Peak exposure periods are also very difficult
to evaluate. A relatively good measure of individual
exposure to styrene is the urinary concentration of
mandelic acid. When urinary mandelic acid .concen­
trations were measured on five occasions over five
consecutive weeks, the prevalence of abnormal EEG
findings was related to the mandelic acid concentra­
tions. Furthermore, the frequency of abnormal EEG
findings was clearly higher than among the normal
population when the urinary mandelic acid concen­
tration exceeded 700 mg/l (4.9 mmol) (figure 2),
which corresponds to a time-weighted-average styrene
concentration of 30-40 ppm in the air (9, 18).
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" Reference in parentheses.

Number of workers"

72 painters in the building industry (20)
102 car painters (19)
233 solvent-exposed workers with

symptoms (15)
107 patients with solvent poisoning (21)
87 patients with solvent poisoning (17)

mixed exposure are poorly known, but they may play
an important role in producing clinical symptoms
and signs.

Toxic encephalopathy after solvent exposure is a
more controversial issue than toxic polyneuropathy.
Many of the symptoms that have been associated
with solvent exposure seem to refer to the central ner­
vous system. Groups of solvent-exposed workers
have had poorer performances on certain psychologi­
cal tests when compared with unexposed groups (6,
8). Great problems are encountered in the assessment
of central nervous system functions. There .is wide ...
interindividual variation in the basic capacities and in
the capacity to compensate for loss. Furthermore,
the plasticity of the nervous system is great, especial­
ly at young ages. If it were feasible, it would be useful
to measure, not only the actual capacity, but also the
remaining plasticity. At present one must be satisfied
with assessments of loss.

EEG reveals a rather acute loss of neurons or loss
of neuronal functions. Such loss is indicated as in­
creased low-frequency activity in the damaged region.
In such a case the normal rhythmic 8- to 13-cycle/s
alpha activity is disturbed, and instead one sees ir­
regular or rhythmic theta (4-7 cycles/s) or delta
(0.5-3 cycles/s) activity . Such phenomena can be
demonstrated in acute severe poisoning, but with
time the EEG activity tends to return to its normal
features . No quick changes in the EEG can be ex­
pected when encephalopathy develops slowly during
long-term solvent exposure. However, increased slow
activity is detected in the EEG of patients with sol­
vent poisoning or workers with various symptoms
(21). With somewhat higher exposure levels, we
could detect a high proportion of abnormal EEG
findings among solvent-exposed workers who, around
1970, came to the Institute of Occupational Health,
Helsinki, for periodic examinations and who com­
plained of some central nervous symptoms (15).
When their exposure was evaluated independently of
the EEG results, it was noted that the prevalence of
abnormal EEG findings was much higher among
workers exposed to levels close to the hygienic stan­
dard. The EEG abnormalities were mainly slow wave
abnormalities, diffuse slow wave abnormalities being
the most frequent. However,S 070 of the exposed per­
sons showed paroxysmal EEG abnormalities, which
are usually found in epileptic disorders. Actual con­
vulsions are rarely associated with solvent exposure,
but solvents may lower the threshold for convulsions,
as does alcohol. In present industrial settings, at least
in the Scandinavian countries, EEG abnormalities
are not frequent among solvent-exposed groups, but
slightly increased frequencies can be expected in light
of epidemiologic findings (table 1). House painters'
solvent exposure is generally low, and the frequency
of EEG abnormalities among painters has been
found to be within normal variations (20), whereas
car painters in Finland have been shown to have ab-
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Although EEG studies have been applied in epide­
miologic research and for the individual diagnosis of
patients with suspected solvent poisoning, they are
not suitable for screening purposes, since 10-15 0J0
of normal populations, or even more, may have EEG
abnormalities. Wrong positive results are common
too. Questionnaires or medical interviews are better
for screening. Only subjects with suspected toxic
effects should be sent for further examination, which
then should include neurophysiological studies . At
our Institute solvent-exposed patients are routinely
studied with EEG and for visual evoked potentials.
ENMG examinations are performed for persons who
complain of paresthesiae, numbness, or diminished
strength . All the results are evaluated together, and
an adequate differential diagnosis is considered. The
occupational exposure is checked from the patient
and from the employer, and specific hygienic mea­
surements are taken if necessary. Exposure levels
have decreased in recent years, and chronic solvent
poisoning has thus become rare. Mild effects have
been detected in some cases, and hygienic improve­
ments in the work environment have been suggested.

Neurophysiological methods are sensitive but can­
not provide an etiologic diagnosis in toxic cases.
However, if the same patient has both central and pe ­
ripheral nervous system findings, toxic etiology is a
relevant possibility, since other diseases seldom af­
fect both these systems.
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