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Power spectrum analysis ofEEG at diagnosis and
follow up of patients with solvent induced chronic
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ABSTRACT Electroencephalographic changes have been studied in a group of 32 men aged 30-65
(mean 49) with diagnosed chronic toxic encephalopathy. The group had been carefully scrutinised for
other possible causes of brain dysfunction and the diagnosis was based on neuraesthenic symptoms
and pathological psychometric performance. The EEGs were recorded from four areas of the brain
and the power spectrum analysed. Comparisons have been made with a group of 50 healthy male
workers with no occupational exposure to solvents. For 24 of the 32 patients a follow up EEG
recording was made after 17-75 months (mean 33). The results showed a doubling of the EEG power
in the patients for all four recording channels with a significant reduction at follow up but not to the
level ofthe control group. No exposure effect relation could be established. Acute exposure at the time
of the first recording, exposure free, or follow up time did not influence the results. The frequency of
the dominant EEG activity and the relative frequency distribution were equal in the two groups and
did not change during the follow up period. Five of the 32 subjects took benzodiazepine drugs
regularly and they had greater total power in all four recording channels compared with the other 27
patients; the difference was not statistically significant. The relative frequency distribution showed
less a- and more 0- and fl-power in these five subjects. A reduction in total power during follow up was
also found in the subgroup that took benzodiazepines. It is concluded that patients with solvent
induced chronic toxic encephalopathy have cerebral pathophysiological changes as reflected in the
EEG power spectrum. Only a proportion of the changes may be caused by subacute pharmacological
solvent effects. Increased EEG total power without change in relative frequency distribution was also
shown after an exposure free interval of 17-75 months (mean 33).

The central nervous system effects of long term
exposure to mixtures of organic solvents, usually
classified as chronic toxic encephalopathy or organic
psychosyndrome, has been established in Scandinavia
for a decade, although workers in other countries have
been more reluctant to accept the concept.'2 The
World Health Organisation and a working group in
the United States have suggested classification systems
and pointed out the need for further research.34

It has not been possible to demonstrate differences
between subjects exposed to solvent mixtures and non-
exposed control subjects by electroencephalography
with visual reading ofpaper recordings.56 In two cross
sectional studies a computer processed spectral
parameter analysis indicated a lower frequency
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stability in workers exposed to jet fuel but no effects in
subjects exposed to mixtures of solvents.67
We have previously reported increased fast and slow

wave activity in visual routine evaluation, confirmed
by computed power spectra of the same EEGs.8 The
increase of #-activity has also been observed among
subjects exposed to styrene.9"' A prevalence of 67%
abnormal findings and improvement in 47% during
three to nine years follow up in a group diagnosed to
have "chronic solvent poisoning" has been reported. "
The great variation in "normality" of visual EEG

readings makes this method less useful for establishing
slight organic brain involvement. Power spectrum
analysis by fast Fourier transform has provided the
possibility for sensitive and objective measurements of
brain function.
The effect of age measured by computed EEGs has
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Power spectrum analysis ofEEG

been described as decreasing central inhibitory func-
tion.'2 Such reaction has also been found in younger
subjects during the induction of narcosis'3 and in
groups of alcoholics with increases of EEG total
power and relative amount of the fl-frequency.'4
The objective of the present study was to search for

signs of organic brain involvement in subjects with
psychometric diagnosis of reduced brain function
suggestively caused by previous long term exposure to
solvents.
We have used EEG power spectrum analysis with

the hypothesis that solvent encephalopathy should
have the characteristics of a slight metabolic en-
cephalopathy: increase of power and a change in
relative frequency distribution.

Subjects

From 1976 to 1981, 62 patients were given the
diagnosis of solvent induced chronic toxic en-
cephalopathy. The diagnosis was based on neuraes-
thenic symptoms and abnormal performance in psy-
chometric tests preceded by substantial exposure to
organic solvents (preferably daily for more than ten
years). Only the visual reading of the EEG was known
by the clinician and has been used for differential
diagnostic purposes only.
The patients have, if possible, been examined and

undergone tests every second year. The time course of
the psychometric testing and comparisons with
healthy controls have been reported previously.'5 16
To avoid suspicion of other causes of brain dysfunc-

tion among the subjects, we have kept strictly to the
exclusion criteria: severe head trauma, cerebrovas-
cular manifestations, other neurological disorders,
diffuse arteriosclerotic signs, alcohol and drug abuse,
and any severe psychiatric or somatic disease such as
diabetes mellitus and kidney dysfunction.'7
The differential diagnostic evaluation comprised an

extensive neurological examination,' 7a measurements
of rCBF,'7b computed brain tomography,'6 and clinical
chemistry. All available hospital files were examined.
Finally our social worker made a social evaluation by
interviewing the patients and families at home (G
Abjornsson, personal communication).
As 19 patients were excluded and 10 subjects refused

to participate in the complete follow up examination,
the final group with diagnosed chronic toxic en-
cephalopathy comprised 32 men aged 30-65 (mean 49)
at first examination.'6 Twenty four were re-examined
after 17-75 months (mean 33) and by then had not
been exposed to solvents for 3-93 months (mean 36).
The loss of eight subjects in the follow up was caused
by an administrative mistake resulting in only paper
recordings of the follow up EEGs.
According to the classification suggested in the
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United States the patients were type 2b.4 Alcohol
consumption was less than 200 g/w for 26 subjects and
less than 400 g/w for the remaining six. Seven subjects
were using central nervous system active drugs
when the EEG was recorded. Five were taking a
benzodiazepine to induce sleep, and one took a
benzodiazepine tranquiliser also during the day. The
two remaining subjects were taking propiomazine
(Propavan). Ten other subjects were taking regular
medication: cardiovascular drugs (5), non-narcotic
analgesics (2), blood lipid reducing drug (1), thyroid
hormone substitution (1), and ,B-2-bronchodilating
inhalations (1). Fifteen subjects did not take drugs
regularly.
The control group consisted of 50 men aged 27-64

(mean 42) from the same socioeconomic level as the
study group. They had never been professionally
exposed to solvents and all were in good health with no
neurological deficits.8 Alcohol consumption was less
than 200 g/w for 44 subjects and less than 400 g/w for
the remaining six. Two subjects took sedatives
occasionally.

Exposure

Before seeking help for their neuraesthenic and af-
fective symptoms the subjects had been exposed to
solvents every day for seven to 50 years (median 26).
No measurements had been made at their workplaces
when they came to the department for the first time
during 1976-8 1. At the time of the follow up examin-
ation (1984-5) the relevant levels of exposure no
longer existed or the workplaces had disappeared. For
investigating exposure response relation we have used
a model suggested in an epidemiological study using
exposure intensity factors'8 (table 1). Factors not
calculated by Ravnskov et al' have been estimated by
our occupational hygienist Gun Nise (personal com-
munication). An exposure index has been calculated

Table I Occupations ofexposure and intensityfactors

Exposure intensity

No Factor

Industrial spray painter 8 2*
Car repair spray painter 7 2*t
House painter (indoor) 5 2
Paint industry worker 5 2
Floor layer 2 2
Tank cleaner/painter I 2t
Dry cleaner I I
Joiner I It
Grinder/degreaser I I
Car mechanic/sheet metal worker 1 0-5

*Estimated without respirator. With use of respirator the intensity
factor is set to 1.
tNot included in the paper by Ravnskov et al.
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by multiplying years of exposure with the intensity
factor giving indices for the group ranging from 12 to
100 (mean 46, SD = 23).

Methods

EEG recording was performed under standard condi-
tions on a 16-channel Siemens Elema electroence-
phalograph at rest and during three minutes of
hyperventilation and photoactivation. Periods of
drowsiness were counteracted by sound stimulation.
During 10 minutes at rest with closed eyes quantitative
frequency analysis was made on line from two bipolar
channels on each side of the skull (Chl:F3-C3,
Ch2:P3-01, Ch3:F4-C4, Ch4:P4-02). Fast Fourier
transform analysis was made with the Brainlab
program (Digital Equipment AB) on a PDP 11/03
computer. The total power of the EEG activity within
the 0-5-25 Hz range was measured, as well as the
relative distribution of power within four frequency
ranges (3 0-5-4 Hz, 0 4 1-8 Hz, a 8 1-13 Hz, 13-1-25
Hz). From these values the absolute power within each
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frequency range was calculated. The median
frequency ofthe dominant activity for each of the four
channels was also determined.
To test the possibility of an altered distribution of

activity over the brain, anteroposterior quotients were
calculated for the total power and for each of the four
frequency bands. No quotients were constructed with
power values less than 1 pW. The patients and the
controls were examined using the same equipment and
by the same laboratory staff.

Data analysis

Comparisons between groups were performed with
Student's t test using corrections for unequal variance
where appropriate. Comparisons within groups were
performed using Student's paired t test. Covariations
between time variables and EEG measures were
investigated by correlation analysis. Subgroups within
the patient group were compared by use of Mann-
Whitney's U test. All p values given are two sided.
The analysis of missing data showed a random

Table 2 Results of quantitative frequency analysis of EEG. Frequency of dominant activity and power in the fourfrequency
bands in thefour channels

Patients with toxic encephalopathy

Controls (n = 50) Diagnosis (n = 32) Follow up (n = 24)

Mean SD Mean SD Mean SD

ChI (F3-C3)
Dominant

Frequency Hz 9 56 1 34 9 45 1.2 9 40 1 07
Total power pW 12 33 12 36 27.38*** 23-63 20-79tt 17 29

6 pW 5-96 6 38 10.10* 9-78 6-22tt 4 50
OpW 142 140 4-81*** 612 2-99tt 4-06
a pW 3-57 5-14 8 33*** 8 54 7-83 9.97
fipW 2 16 3 11 4j14* 5-22 3-63tt 4 19

Ch2 (P3-01)
Dominant

Frequency Hz 9-67 1 21 9-72 1-15 9-53 090
Total power pW 14 57 17 98 30.74*** 29-59 23-75tt 26-81

6 pW 369 443 9.98** 1264 65t 6-09
opW 1-53 208 567** 965 308tt 3-94
apW 882 1387 1227 1623 1206 1894
,BpW 0-63 070 281** 499 21It 325

Ch3 (F4-C4)
Dominant

Frequency Hz 9-62 1 30 9 58 1 16 9-48 1 00
Total power pW 12 58 9.55 29-22*** 26 53 22-46tt 19 95

6pW 5 75 3 70 9.79* 10 51 6-24tt 4-14
OpW 1.55 1-42 5.45*** 7-84 302ttt 3-74
apW 392 528 8.79** 909 905 13-37
fipW 1-75 1 64 5 15*** 6 19 4 10tt 4-86

Ch4 (F4-02)
Dominant

Frequency Hz 9-68 1-18 967 1-16 9-68 084
Total power pW 15 14 17 08 27.52** 26 71 25-61 25-32
6pW 3.44 4.49 7.77** 1111 6-12 545
opW 1 53 2-02 5.02** 7.49 445 652
apW 9-77 13 90 12-0 16-15 12-41 17-08
# pW 0-68 0-65 2-74** 4.44 2-61 3-55

Significance levels in group comparisons with t test for unequal variances *p < 0 1, **p < 0-05, ***p < 0 01.
Significance levels t test for paired data in comparisons between the two examinations t p < 0 1, ttP < 0-05, tttP < 0-01.
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pattern of minor frequency. Nevertheless, the
frequency was large enough to invalidate any multi-
variate approach to the data. Thus the results are
shown variable by variable. When analysing a sub-
stantial number of variables one by one, the problem
ofmass significance should always be considered. The
pattern of significant results should be considered on
the whole rather than single occurrences among the
variables.

Results

Power spectrum analysis showed an increase of EEG
total power in all four recording channels in the
patients compared with the controls (table 2). The
increase in power was statistically significant in most
recordings except for the a-band in the posterior
recording channels (Ch2, Ch4); the increase in frontal
6- (Chl, Ch3) and frontal left f-band (Chi ) was close
to conventional levels of statistical significance (table 2
and figure).
The relative power distribution and the frequency of

dominant activity were equal in the two groups (tables
2, 3) as were the anteroposterior power distributions of
all frequency bands (table 4).

14 Chl (F3-C3)
12
10
8
6

2

5 0 Of
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At follow up 17-75 months (mean 33) later the total

EEG power had decreased statistically significantly in
three channels (Chl, Ch2, Ch3) but not in the right
posterior recording channel (Ch4) and not to the level
of the controls (table 2). No significant changes in
frequency distribution, peak frequency, or antero-
posterior distributions of power were found during
follow up (tables 3, 4). The power reduction of the
frequency bands was more pronounced anteriorly in
the 6-band that decreased to normal values at follow
up (figure). The a-power remained constant after
cessation of exposure.
None of the EEG measures at diagnosis or changes

during follow up was related to the subjects' age and
the exposure index did not covariate with any results
from the first recordings and only to one change
during follow up (right anteroposterior 6-quota). This
observation seems to be sporadic due to mass sig-
nificance and without biological meaning.

Finally, the influence of follow up time was inves-
tigated by analyses of correlation between the differ-
ences of the two EEG measurements and the follow up
time. Statistically significant correlations were found
in Chl for the frequency of dominant activity (r =
045, p = 003), in Ch2 for total power (r = 046, p =
001) and 6-power (n = 053, p = 0009), and in Ch4

Controls [J
Diognosis E

I Follow up a:1 14 Ch3 (F4- C)

Lt 108Lt~1

B8 a
j6 /-10 5 a

I I

tII

14 Ch2 (P3-01)
12

10

5 0 O

14 Ch4 (P4-02)
12

10

2'
0 a

Absolute EEG power (p Watt) offourfrequency bands infour channelsfor controls andpatients atfirst and
follow up examinations. (For details see table 2.)

 on M
ay 26, 2023 by guest. P

rotected by copyright.
http://oem

.bm
j.com

/
B

r J Ind M
ed: first published as 10.1136/oem

.45.7.476 on 1 July 1988. D
ow

nloaded from
 

http://oem.bmj.com/


Table 3 Results ofquantitativefrequency analysis ofEEG. Relative power distribution in thefour channels ofthefourfrequency
bands

Patients with toxic encephalopathy

Controls (n = 50) Diagnosis (n = 32) Follow> up (n = 24)

Mean SD Mean SD Mean SD

ChI (F3-
C3)
( % 5283 20-12 44-01 23-12 4009 2449
0 % 1152 597 1482 1246 1284 1089
a% 25-49 18 87 27-89 18 02 29 54 19 86

p % 15 09 12 67 13 26 11-22 16 71 13-21

Ch2 (P3-
01)
( % 35-57 24-78 38 38 24-12 38 72 24-86
06 11-52 6-99 14 36 13 28 12 88 10-63
a °/O 48-39 28-28 40 53 23-55 41 64 23-26
8 562 678 671 8-30 676 693

Ch3 (F4-
C4)
6 % 50 26 18-64 39-45* 21 73 39 54 23-91
0 % 11-92 5 84 14 17 11 61 13-15 10-84
a °/O 26-44 18-87 29 96 18 73 29 34 20 35
1 % 1407 993 16-12 13-47 1671 11 81

Ch4 (P4-
02)
( % 33-61 24 14 32 03 21 64 31 88 21 37
0 % 10-75 7-52 14 97 13-16 15 93 15 83
a % 51 53 27-36 45 16 2546 43 74 21 65
p % 6-11 6-12 785 863 842 708

Significance level in group comparisons with t test for unequal variances *p < 0-05.
No difference between the two examinations of the patients was statistically significant.

Table 4 Results of quantitative frequency analysis of EEG. Analysis of anteroposterior power distributions calculated as
quotients of anterior and posterior power in each frequency band. Power registrations below I pW are excluded from the
calculations of the quota

Patients with toxic encephalopathy

Controls (n = 50) Diagnosis (n = 32) Follow up (n = 24)

Mean SD Mean SD Mean SD

Left hemisphere
Total power 1 37 1-02 1 16 0 77 1.20 0 61

( 227 151 162 129 143 121
6 1 67 1 70 2-65 8-53 2-81 7.46
a( 0-89 0-92 0 81 0 60 1 49 2 81
p 4-28 6 02 3-27* 5-40 4 01t 5 85

Right hemisphere
Total power 1-52 1-89 1-36 1 00 1-07 0-74

( 2-43 185 200 161 148 113
6 2-80 5-26 2 09 4-64 105 0-86
a 0-80 090 095 070 079 085

2-86 2 53 6-44$ 14 98 2-74§ 2 75

*n = 23, tn = 17, n =26, §n 20.
No difference between the two groups or between the two examinations of the patient group was statistically significant.

6-power (r = 0-54, p = 0-008). The time dependency
seems thus to be more pronounced in the posterior
recordings but a clear pattern is not apparent.
The five subjects taking benzodiazepines had

greater total power in all four channels compared with

the other 27 patients (mean values in pW Chl:43 7,
Ch2:64-4, Ch3:51 2, Ch4:56 9). They also tended to
have relatively less ca- and more 0- and fl-power. None
of these differences was statistically significant.

Excluding the five subjects taking benzodiazepines

480 Orbak, Ros.n, Svensson
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Power spectrum analysis ofEEG

from the statistical analysis did not change the results
described above. Differences from the control group
were still statistically significant. These five subjects
also had significant reductions of total power after
ending their exposure to solvents.

Discussion

The main importance of the present study is the
extension of the clinical and psychometric diagnosis of
toxic encephalopathy into the pathophysiological
realm. By use of objective EEG recordings we have
shown a diffuse organic brain involvement in subjects
with long term exposure to mixtures of organic
solvents. The change in brain function indicated by the
observed increase of EEG power is long lasting after
cessation of exposure.

In a group of currently exposed paint industry
workers we have found a slight increase in total power
which was more pronounced in posterior channels.8
The increase in the present patient group being larger
and with no antero-posterior differences is thus more
generalised. When the exposure was discontinued the
power did not decrease to the levels of either unex-
posed or the currently exposed subjects in our previous
study.8 We interpret this stepwise reaction to exposure
to solvents as a sign ofincreasing brain involvement. A
similar stepwise increase of function impairment has
been measured with rCBF. Subjects currently being
exposed had, on average, a 4% flow reduction.8 In the
present group a reduction of 7% has been found.'7b
The blood flow measures were closer to the control
values when exposure was discontinued.I7b We did not
find any regional correlation between rCBF and EEG
power.
The solvent effects on the rhythm generators at

occupational exposure levels seem to be a release
phenomenon. The release of rhythmic activity is
comparable with that in mild metabolic encephalopa-
thies and to the changes seen with use ofhypnotics and
sedatives.'920 Induction of narcosis shows a similar
release of rhythmic activity followed by depression in
the deeper narcotic stages.'3 A release phenomenon
could be the explanation of the increased visually
evoked potential amplitudes found by Elofsson et al in
subjects exposed to solvents.6 In users of sedatives and
in alcoholics the power increase is followed by a
change in relative power distribution such as less a and
more ,B activity.'4'2 22 Frequency distribution changes
were not found in our patients with chronic toxic
encephalopathy.
The more pronounced power increase among

subjects taking benzodiazepines in the present study
suggests a synergistic effect with the solvents. The time
course in this small subgroup is the same as for the
remaining patients who did not take benzodiazepine
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drugs.
In toxicological studies it is desirable to show a dose

response relation. In non-experimental designs such as
the one used here we have found great difficulty in
describing exposure in a valid way. We did not even
succeed in using the complete model suggested by
Ravnskov et al. 8 The subjects' recapitulation at the
follow up interviews of their previous work conditions
over decades varied to a substantial degree from those
given on their first visit to the department of
occupational medicine in interviews with various
physicians. For this reason we have used only the
number ofyears in each occupation for calculating the
dose index.
The individual susceptibility to toxic substances

depends on numerous genetic and metabolic predis-
positions. The psychological reaction to the phar-
macological effect of the solvents is dependent on
personality, previous experiences, social network, and
culture. These confounders make it almost impossible
to show a classic exposure-effect relation in studies
such as the one described here or in cross sectional
epidemiological studies ofneurotoxic effects. The poor
correlation between EEG changes and drug blood
concentration emphasises the problem.23
Many subjects in the present study had been less

exposed to solvents than the paint industry workers we
had examined previously.8 Despite this we found, as
expected, larger EEG changes in the patients. The
brain reaction suggests a higher degree of individual
susceptibility, which under unfavourable circum-
stances predisposes the subject to chronic solvent
induced brain dysfunction.
The diagnostic procedure with clinical and

psychometric evaluation of subjects exposed to
solvents has been questioned. It has been postulated
that workers with solvent exposure represent a
negative selection.2425 Our results clearly refute those
arguments by the demonstration of chronic patho-
physiological changes. We have, however, previously
discussed the importance of careful adjustments for
premorbid intellectual capacity when psychometric
results are compared with those from control
subjects. 62"
We conclude that encephalopathic patients selected

on the basis of their symptoms and psychometric test
performance and submitted to careful differential
diagnostic evaluation do show pathophysiological
changes. A proportion of these changes is probably
caused by subacute pharmacological solvent effects.
Chronic increase in EEG total power without change
in relative power distribution, however, was also
shown after an exposure free interval of 17-75 months
(mean 33).

We thank Professor Birgitta Haeger-Aronsen who
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introduced us to the problem and the subjects
examined. The study was supported by grants from
the Swedish Work Environment Fund (ASF 80-072,
ASF 82-101 1).

Requests for reprints to: Dr Palle 0rbek, Yrkes-
medicinska kliniken, Malmo allmanna sjukhus, S-214
01 Malmo.
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