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Scores of the exposed twins (E) infour tests, plotted against the scores of their cotwins (non-E). A: AssL2, raw score;
B: DSp, raw score; C: BD, raw score; D: Stroop3, performance time in 10 seconds.

The CID score had, as expected, a near normal
distribution within the S pairs. The proportion of
pairs with CDS between + 1 and -1 was 71%
compared with 38% for the S pairs (p < 0 05) (table
8). Distributions of the CID score also differed
significantly between the subgroups (p < 0-05).
Seven of the E2 twins had a CID score below -2
compared with none of the El twins. The mean CID
score was - 0-8 for the El twins and - 2-9 for the E2
twins.
The seven E twins who had not been exposed to

solvents during the past two to 16 years were affected
less than those who were still working with solvents.

The mean CID was -1-6 for those not recently
working with solvents, and -2-2 for those who were;

the difference was not statistically significant. Four
of the seven differed from their cotwins in AssL, and
all but one did worse than the cotwins in one to three
test parameters.

Intrapair differences in POMS and MPI scales
were too few and unsystematic to warrant calculation
of any kind of composite difference scores.

Discussion
The strength ofour study was the use ofmonozygotic
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Exposure to organic solvents and neuropsychological dysfunction: a study on monozygotic twins

Table 6 Mean intrapair differences in the solvent pairs (S)
(n = 21) and reference pairs (R) (n = 28): POMS and
MPI

Solvent pairs Reference pairs

Mean (SD) tt Mean (SD) tt

Profile ofmood states
Tension 0-2 (3 3) 0-266 04(3 0) 0-702
Depression -1-0 (3-3) -1 313 1.1 (5 0) 1 143
Hostility -1 0 (5-8) -0 833 0-0 (5 6) 0 000
Fatigue 0-6 (3-2) 0-882 09 (2 1) 2.139*
Listlessness -0-3 (2-1) -0 616 -0-1 (2 6) -0-216
Vigour 0-4(6-5) 0-270 1-2 (5 4) 1 163
Uncertainty 0 7 (2 8) 1 106 0-2 (4-4) 0-259
Absent-
mindedness 1 2 (3-0) 1.914* 0 5 (2-4) 1 090

Maudsley personality inventory
Neurotisism 0-1 (2-2) 0-195 04 (1 6) 1 285
Extroversion 0-3 (2-0) 0 662 0-5 (1 8) 0-662

*p < 0-05.
tOne sided t test for paired comparisons.

Table 7 Numbers of E twins with better, similar, and worse
performance compared with non-E twins in nine test variables
(corresponding prevalences of better and worse performances
in subgroup E2 in parentheses)

Variable E > non-E Similar E < non-E

AssL2 1 (1) 11 9* (7)
DSp 0 17 4 (2)
VisR 2 (0) 14 5 (3)
BD 0 15 6* (5)
Stroop2 1 (0) 15 5 (4)
SA2 0 17 4 (2)
FT2 3 (1) 13 5 (4)
Miral 1 (1) 13 7* (4)
Mira3 0 18 3 (3)

*p < 0-05 (sign test).

Table 8 Distribution of composite difference scores (CDS)
in four groups: S(El) = exposed subgroup with lower
exposure; S(E2) = subgroup with higher exposure;
S = total exposed group; R = reference group

S(El) S(E2) S R
CD5 (n = 11) (n= 10) (n= 21) (n= 28)

+4 1
+3 2
+2 1 1
+1 1 1 5
0 8

-1 6 1 7 7
-2 3 2 5 2
-3 4 4 1
-4 1 1 2
-5 2 2

cotwins as controls for the exposed subjects. Previous
research has shown that monozygotic twins have
relatively similar test performances in the absence of
diseases or other factors affecting neurological and
behavioural conditions.252627 The weakness of our

material was, on the other hand, the small sample size
and exposure that ranged from low to moderate; only

five subjects had exposures equalling or exceeding
one halfof the Finnish Hygiene Standard. Consider-
ing the strengths and weaknesses of the study,
statistically significant differences between the
exposed and non-exposed twins, as well as indi-
cations of a dose response relation, can be taken as
relatively strong evidence for the behavioural toxicity
of organic solvents.

Emphasis was placed on the comparison of test
performances between exposed and non-exposed
cotwins. Another group of identical twins acted as
further reference material for the intrapair differ-
ences. Standard deviations of the mean intrapair
differences in the single tests did not indicate that the
reference pairs were more concordant in their perfor-
mances than the solvent pairs, except in a few test
variables. The intrapair differences were systematic,
however, in Group S in two ways; the exposed twins
tended to have poorer measures, particularly for the
cognitive tasks, and the proportion of twin pairs
differing for more than one single test variable was
significantly higher in the S pairs than in the R pairs.
The one sided t test for paired comparisons gave a
statistically significant difference between the
exposed and non-exposed cotwins for three of the
seven cognitive tests (five of 11 test variables). For
the nine psychomotor measures, there was one
statistically significant difference in the expected
duration and one in the reverse direction. For the
reference group, one of twenty test variables showed
a statistically significant difference between twins
with odd and even numbers (a statistically significant
difference caused by change).
Examination of essential intrapair differences-

that is, differences that corresponded to, or exceeded
1SD of the test score-complemented the paired
comparisons with t tests. The exposed twins were
significantly more often worse in one psychomotor
and in two cognitive tests. Three more cognitive and
two psychomotor tests showed the same trend but
without reaching statistical significance. Distribu-
tion of;a composite difference score for the S pairs
differed markedly from the normal distribution
found for the R pairs. Moreover, an exposure re-
sponse relation was indicated by comparison of the
distribution of composite difference scores for
exposure subgroups with a high and low index for the
total exposure.
An alternative explanation for the results may be

that slight intrapair differences in initial ability have
led the less capable twins to less favourable jobs, and
that the exposure to solvents is a consequence of
lower performance rather than the opposite. Our
data, however, do not fit this hypothesis. The
occupational state of the E and non-E twins was
essentially the same. A similar ability in the test for
verbal comprehension (similarities) also suggests no
initial differences in intelligence.
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Three of the exposed twins of the less exposed
subgroup had less formal education than their
cotwins, and had a lower score in one or two tests.
The effect of education, or factors related to discor-
dant education, cannot be ruled out in these cases. If
the difference was related to exposure, the solvent
induced difference between exposed and non-
exposed twins could be somewhat less than indicated
by our results, but the difference between the two
exposure subgroups would be more pronounced.
The time between the last exposure to solvents and

the test examination was at least 40 hours. Thus the
effect seems to be related to long term rather than
acute exposure. Moreover, the effect found among
those who had not been exposed during the past years
was only slightly diluted when compared with those
still working in situations of exposure.
Our results suggest that exposure to organic

solvents affects verbal learning and memory and the
cognitive functions required by a visuoconstructive
task, and also increases the probability of other types
of dysfunctions. The three most sensitive tests in our
study-AssL, DSp, and BD-were also the best
discriminators in a previous study on differences
between car painters exposed to solvents and their
referents.5 In a study on differences between the
clinical solvent syndrome and three other
neurological syndromes, DSp and BD were the best
discriminating tests.'3 Possible confounding could
not be totally ruled out in the two studies. Neverthe-
less, these three solvent studies, each using a similar
set of tests but different subjects, seem to confirm
each others' findings. A lowered score in visual
intelligence or in verbal memory tests, or both, has
also been reported in other studies on the effects of
mixtures of organic solvents.62829

Effects on visual memory reported in some earlier
studies45 18 could not be confirmed in our study. The
same applies to the psychomotor functions. The
exposed twins were more often worse than their
cotwins with regard to the control of hand
movements (SA2 and Mira), but only one ofthe Mira
variables showed a statistically significant difference.
Moreover, the exposed people tended to be faster in
some psychomotor speed tests. Some previous
studies on solvent mixtures728 have shown retarda-
tion of psychomotor speed, but other studies dealing
with low exposures have given negative results.9'8
We were not able to replicate earlier results concern-
ing mood and personality changes either.578 This
negative result may be due to low exposure and to low
sensitivity of the methods.
The neuropsychological dysfunctions related to

exposure ranged from subtle to moderate. Even in
the presence of a clear intrapair difference, most of
the exposed persons still performed within the nor-
mal range, though at a lower level than their cotwins.
They would have been considered as unaffected if

assessed as single individual cases without the poss-
ibility of comparing the test scores with their initial
level, which in this study was assumed to be close to
that exhibited by the cotwins. For some others, the
only indicator for a possible adverse effect would
have been a low score in the associative learning test.
Our results draw attention to the difficulty of detect-
ing subtle or even moderate dysfunctions, par-
ticularly in subjects whose initial capabilities are high
and who, after considerable change, may still obtain
average or low average scores in a test examination.
The biological significance ofthese changes and their
practical significance in every day situations are
difficult to assess, particularly at the individual level.
When evaluated at group level, our results indicate a
slight effect on the nervous system at low to moderate
exposure and thus confirm earlier studies on
exposure to mixtures of organic solvents.4578 18 28

The authors thank Kaarina Rantala (MSc) who
evaluated the degree ofexposure during the subjects'
entire history of exposure. Her excellent acquain-
tance with solvents in the work environment was of
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