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ABSTRACT A population of 379 Dutch workers exposed to organic solvents was compared with a
non-exposed population of 443 workers with regard to the prevalence of prenarcotic and
neuraesthenic symptoms. Participants completed a questionnaire to collect information about their
occupational history, exposure to organic solvents, and the occurrence of symptoms. The results of
the study indicated that workers exposed to solvents have a higher reporting rate of prenarcotic
symptoms than workers not exposed to solvents. The prevalence of chronic neurotoxic effects,
however, in the form ofneuraesthenic symptoms was only weakly associated with reported exposure
to organic solvents. The influence of work stress in the development of these symptoms is perhaps
more important than the role ofexposure to organic solvents. It is concluded that the organic solvent
syndrome type I, as defined by an international workshop, is not an important health hazard among
Dutch painters.

Exposure to organic solvents frequently occurs in
various types of industries and constitutes a potential
health hazard to millions of workers throughout the
world.' Before the 1970s some knowledge existed of
the acute (narcotic) effects of various organic solvents
on the central nervous system but little attention was
given to the possible chronic effects of long term
exposure to relatively low concentrations of organic
solvents.2 This situation, however, has significantly
changed over the past 15 years. Several studies have
reported adverse effects on the central nervous system
among workers with long term exposure to organic
solvents.34 Despite these findings there is still no
international agreement about the classification and
categorisation of the chronic neurotoxic effects
supposed to be induced by long term exposure to
organic solvents.56
One of the most consistent findings in studies

investigating these chronic neurotoxic effects is an
increase in the number of reported neuraesthenic
symptoms, such as concentration difficulties,
emotional lability, and sleep disturbances among
workers exposed to solvents. Symptom questionnaires
are considered to be a useful tool for screening workers
who may be at higher risk through exposure to organic
solvents.2" Workers with high scores should be further
examined by specially trained physicians.
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One of the difficulties encountered in constructing
these questionnaires was the existing overlap between
the symptoms of acute organic solvent intoxication
(prenarcotic symptoms) and the symptoms which
might be part ofchronic organic solvent intoxication.5
Furthermore, whereas cross sectional study designs
are commonly used in studies of these neurotoxic
effects, it is often difficult to determine whether the
reported symptoms reflect acute or chronic neurotoxic
effects.8
Symptoms associated with acute effects, also called

prenarcotic symptoms, are, for example, sleepiness,
nausea, vertigo, headache, incoordination, and
alcohol intolerance.5
Symptoms supposed to be associated with chronic

neurotoxic effects may be classified in "core" and
"additional" symptoms.5 Core symptoms are
fatigability, bad memory, difficulties in concentration,
and loss of initiative. Additional symptoms often
present are depression, dysphoria, emotional lability,
headache, irritation, sleep disturbances, paraesthesia,5
and vertigo.5 These symptoms might be the first signs
of organic solvent intoxication. An international
workshop suggested that workers suffering from these
symptoms, without any other objective evidence of
neurological damage, should be diagnosed as suffering
from organic solvent intoxication, type I.5 6 The
objective of the present study was to compare a
population ofDutch workers exposed to solvents with

586

copyright.
 on M

ay 26, 2023 by guest. P
rotected by

http://oem
.bm

j.com
/

B
r J Ind M

ed: first published as 10.1136/oem
.46.8.586 on 1 A

ugust 1989. D
ow

nloaded from
 

http://oem.bmj.com/


Prenarcotic and neuraesthenic symptoms among Dutch workers exposed to organic solvents
a non-exposed population with regard to the
prevalence of prenarcotic and neuraesthenic
symptoms in order to investigate the existence ofacute
and chronic neurotoxic effects due to exposure to
organic solvents.

Material and methods

A case-control study was conducted in The Nether-
lands to investigate whether Dutch painters are at
increased risk of developing mental disorders due to
exposure to organic solvents. Both cases and controls
were selected from Dutch painters' and construction
workers' organisations. These organisations were

founded by employers and employees to execute
several social laws. Cases were defined as men receiv-
ing disability benefits because ofmental disorders. The
control population consisted of a random sample of
1000 non-disabled men from the total population of
the painters' and construction workers' organisations.

Cases and controls were approached by telephone.
Participants received a questionnaire. Questions were
asked about their occupational history and exposure
to organic solvents. Furthermore, attention was given
to the occurrence of prenarcotic and neuraesthenic
symptoms related to exposure to organic solvents. The
list of symptoms used in this investigation was based
on Scandinavian symptom lists developed for that
purpose.9

In the present study a comparison was made
between the reported symptoms of the exposed and
non-exposed control populations. Similar data from
the cases were not included in this study. Logically,
cases suffering from mental disorders, whether or not
this mental disorder was caused by exposure to
organic solvents, would report a high number of
neuraesthenic symptoms. Therefore, a comparison of
cases and controls with regard to symptom reporting
would not show useful additional information.
To compare the prevalence of symptoms and

symptom groups between exposed and non-exposed
workers, odds ratios and confidence limits were

calculated according to Schlesselman.'° The statistical
significance of differences between mean scores of
symptom groups was tested by using Student's t test.
Pearson's coefficients ofcorrelation were calculated to
describe the association between symptom scores, age,
work stress, and three indices for the level ofexposure
to organic solvents.

Results

Data from 822 respondents, collected by means of
questionnaires, were included in the study. At first a
subdivision was made into two groups, based on

information from the questionnaires about their
occupational exposure to organic solvents. Exposure
to organic solvents is encountered in several occupa-

tions in the construction industry. The highest levels of
exposure within the construction industry are present
among painters, carpet layers, and roadmarkers.
Therefore only those who had worked for at least one
year as a painter, carpet layer, or roadmarker
(n = 379) were classified as exposed to organic
solvents; all others were classified as non-exposed
(n = 443). A comparison was made between the
occurrence of prenarcotic symptoms among the
exposed and non-exposed. Participants were asked to
describe the situation during the past year. Answers
had to be chosen out of four categories: never,

sometimes (once a month), regular (once a week), or
often (more than once a week). Individuals included in
table 1 scored regular or often on that particular
question.
As may be seen from this table three symptoms were

significantly more frequent among the exposed
subjects: "nausea," "shortness ofbreath," and "loss of
appetite." Those who had scored often on one or more
of the prenarcotic symptom questions were asked
whether their complaints ceased during weekends and

Table 1 Frequency distribution ofprenarcotic symptoms among exposed and non-exposed subjects

Exposed Non-exposed Confidence limits
(n = 379) (n = 443) Odds ratio (a = 005)

Nausea 20 7 347 (1-45-8.28)
Vomiting 3 4 0-88 (0.20-396)
Dizziness 18 14 1-53 (0-75-312)
Drunken feeling 12 7 2 04 (0-79-524)
Headache 36 34 1-26 (0-77-2.05)
Shortnessofbreath 31 19 1 99 (1-11-3-58)
Absent mindedness 15 11 1-62 (0-74-356)
Misunderstanding of instructions and jobs 4 6 0 78 (0-22-2-78)
Ear tingling 18 28 0-74 (040-136)
Difficulties with talking 3 5 0 70 (0-17-2-95)
Loss of appetite 22 8 3-35 (1-48-760)
Drowsiness 53 47 1[37 (0.90-208)
AIcohol intolerance 20 20 1 18 (0.62-2.23)
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Table 2 Responses concerning neuraesthenic symptoms associated with long term organic solvent intoxication among exposed
and non-exposed subjects

Exposed Non-exposed Confidence limits
(n = 379) (n = 443) Odds ratio (a = 005)

1. Do you get up tired in the morning? 70 60 1 45 (0 99-2-12)
2. Do you feel excess tiredness after the workday? 44 50 1-03 (0-67-1-59)
3. Are you forgetful? 36 29 1.50 (090-249)
4. Do you often forget what you intended to do? 27 22 1-47 (0.82-2-63)
5. Do you have to go back and check whether you turned

off the gas, locked the door, etc? 47 55 1 00 (0 66-152)
6. Do you make notes of things you must remember? 61 76 0-93 (0-64-135)
7. Have your relatives or friends told you that

you are forgetful? 16 17 1.10 (0 55-2 42)
8. Do your thoughts stray when you

try to concentrate? 72 54 1-69 (1-15-2-48)
9. Do you fall asleep when watching television? 62 74 0-98 (0 68-1 42)

10. Are you lost in your own thoughts? 76 71 1-31 (0-92-1-87)
11. Do you notice that you are "daydreaming"? 31 30 1-23 (0 73-2 08)
12. Do you have difficulties understanding what you

read in newspapers or books? 25 28 1-05 (0-60-1-84)
13. Do you have difficulties falling asleep? 32 27 1 42 (0-84-2-41)
14. Do you wake at night? 41 30 1-67 (1-02-2-74)
15. Do you have nightmares? 3 5 070 (0-17-295)
16. Does your mood change without reason? 28 16 2-13 (1-134-00)
17- Areyoudepressed? 17 14 1-44 (070-297)
18. Are you irritated? 33 30 1-31 (0-78-2-19)
19. Are you restless? 46 50 1-09 (0-71-1-67)
20. Are you afraid? 14 8 2-09 (0.87-504)
21. Are you listless? 15 23 0-75 (0-38-1-46)
22. Are you drowsy? 47 43 1-32 (0.85-2.05)
23. Do you become tired among other people? 21 13 1-94 (0.96-3 94)
24. Do you have difficulties in starting a conversation

with others? 40 47 0-99 (0.63-1.54)
25. Do you suffer from headaches? 40 36 1-33 (0-83-2-13)
26. Do you suffer from dizziness? 15 18 0-97 (048-1-95)
27. Do you sweat without exerting yourself? 43 42 1-22 (0-78-1-92)
28. Do you have palpitations without exerting yourself7 12 9 1-58 (0-66-3.79)
29. Do your hands tremble? 21 26 094 (0-52-1-70)
30. Do you feel as though you have something in your throat? 15 16 1 10 (0-54-2 26)
31. Do you feel an oppression on your chest? 24 20 1-43 (0 78-2 63)
32. Do you suffer from a diminished sexual interest? 11 16 0-80 (0 37-174)
33. Do your legs feel numb or tingle? 23 34 0-78 (0-45-1-35)

holidays. This question was positively answered by 50
(13.2%) of the exposed and 33 (7A4%) of the non-

exposed.
The questionnaire contained 33 questions about the

occurrence of neuraesthenic symptoms. Scoring
procedures were identical with those described in
association with prenarcotic symptoms. Table 2 shows
the results. Only three of these 33 symptoms were

significantly more frequent among the exposed
subjects.
The symptoms listed in table 2 may be grouped into

eight categories: fatigue, forgetfulness, concentration
difficulties, sleeping difficulties, lability of mood,
headache and dizziness, vegetative symptoms, and
neuropathy. For every person the scores (1, 2, 3, or 4)
on every question within a symptom group were

Table 3 Symptom groups: number ofexposed and non-exposed subjects scoring more than 50% of the maximum summarised
group score (numbers in parentheses refer to the symptoms as listed in table 2 that are included in the relevant symptom
groups)

Exposed Non-exposed Confidence limits
(n = 379) (n = 443) Odds ratio (at = 005)

Fatigue (1-2) 85 76 1-40 (0 99-1 99)
Forgetfulness (3-7) 50 45 1-34 (0-88-2 05)
Concentration difficulties (8-12) 69 65 1-29 (0-89-1-87)
Sleeping difficulties (13-15) 29 24 1-45 (0 83-2 54)
Lability ofmood (16-24) 44 32 1-69 (1-05-2-72)
Headache and dizziness (25-26) 31 31 1-18 (0-70-1-98)
Vegetative symptoms (27-32) 20 20 1-18 (062-223)
Neuropathy (33) 23 34 0 74 (0-45-1-35)
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Prenarcotic and neuraesthenic symptoms among Dutch workers exposed to organic solvents
Table 4 Comparison ofmean scores ofvarious symptom groups

Exposed Non-exposed p Value (Student's I test)

Prenarcotic score 17-59 15-73 0 000
Symptom score 49-54 47-95 0 052
Fatigue 3-59 3-45 0-163
Forgetfulness 7-70 7-62 0-653
Concentration difficulties 8-43 8-11 0-070
Sleeping difficulties 4-20 4-11 0-325
Lability ofmood 13-31 12-74 0-041
Headache and dizziness 3-02 2-85 0-026
Vegetative symptoms 7-93 7-74 0-233
Neuropathy 1-36 1-33 0-477

summarised. Subjects included in table 3 scored above
50% of the maximum score-that is, number of
symptoms times 4-of the relevant symptom group.

Table 3 shows that using this approach, a significant
difference between exposed and non-exposed subjects
exists only with respect to lability of mood
(OR = 1-69).
To make a more elaborate comparison between

exposed and non-exposed subjects, mean scores of the
symptom groups and of the total narcotic and prenar-

cotic symptoms were compared. The significance of
the difference was tested using Student's t test. The
results of this analysis, as shown in table 4, indicate
significant differences with respect to prenarcotic
score, lability of mood, and headache and dizziness
(p < 0 05). The differences between two other groups,
total symptom score and concentration difficulties, are
on the borderline of significance (p < 0-10).

Finally, we examined whether the level of pre-
narcotic and neuraesthenic symptom reporting was

associated with other factors besides exposure to
organic solvents such as age, work stress, duration of
exposure, painters index, and general exposure index.
The painters index was based on information from the
questionnaires about the involvement of painters in
painting practices, such as paint spraying and using

alkyd paints and paint removers, that may lead to high
exposure to organic solvents. The general exposure
index, calculated for all participants contained
information about working activities and conditions
associated with exposure to organic solvents but not
exclusively related to the painting profession. Detailed
information of these indices will be published else-
where.
As shown in the correlation matrix (table 5) a strong

correlation exists among exposed and non-exposed
subjects between the prenarcotic and the neura-
esthenic symptom score. Furthermore, for both
groups a correlation was observed between the
symptom scores and work stress. No correlation was
found between the neuraesthenic symptom score and
the level of exposure to organic solvents as defined by
the exposure indices. The prenarcotic symptom score,
however, was correlated with the painters index and
the general exposure index but not with the duration of
exposure to organic solvents.

Discussion

The analysis of our data shows some indications for a
relation between exposure to organic solvents and
the occurrence of neuraesthenic and prenarcotic

Table 5 Correlation matrix (Pearson's coefficients ofcorrelation) ofprenarcotic score (PS), symptom score (SS), age (A),
work stress (WS), duration ofexposure (E), painters index (PI), and general exposure index (GEI)

PS SS A WS E PI GEI

Exposed subjects (n = 379)
PS 10000 0.7182** -0 0771 0.3437** -0-0891 0-1464** 0.2238**
SS 1-0000 0-0032 0-2961** -0-0516 0-0727 01134
A 1-0000 0.0432 0-8496** 0-0507 0-0390
WS 1-0000 0-0486 0 1402* 0 1666*
E 1 0000 0.2128** 0-1302
P1 1 0000 0.4976**
GEI 10000

Non-exposed subjects (n = 443)
PS 1-0000 0.6036** -0-0170 0.2443** 0.1546*
SS 1-0000 0-0358 0.4226** 0-0988
A 1 0000 -0-0052 -0-0367
WS 1*0000 0-1589
GET 1-0000

*p < 0-05 (two sided); **p < 0-01 (two sided).
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symptoms. A rough comparison between exposed and
non-exposed participants with respect to the
occurrence of all separate prenarcotic and neur-
aesthenic symptoms shows a weak association bet-
ween these symptoms and exposure to organic
solvents. Because long lists of symptoms were used
some comparisons of symptom reporting between
exposed and non-exposed subjects will (purely as a
result of chance) elicit statistically significant differen-
ces. Nine of the 13 prenarcotic symptoms (69 2%) and
23 of 33 neuraesthenic symptoms (69.7%), however,
indicate weak associations with exposure to organic
solvents while the calculated odds ratio is greater than
one. The fact that more exposed than non-exposed
participants reported a decrease of prenarcotic symp-
toms during weekends and holidays points to the role
of a work related factor, such as exposure to organic
solvents in the origin of their symptoms.

After classifying the 33 neuraesthenic symptoms in
eight symptom groups only lability of mood was
reported statistically significantly more often by the
exposed respondents. Here again the majority of the
calculated odds ratios (87 5%) indicated weak associa-
tions between symptoms and exposure to organic
solvents. A more elaborate approach using mean
scores instead of summarised scores to compare the
symptom groups elicited greater differences between
exposed and non-exposed participants. Particularly,
the differences between the mean total prenarcotic
score (p < 0-0001) and mean total neuraesthenic
symptom score (p < 0.05) attract attention.
Apparently the prenarcotic symptom score is
associated with the various exposure indices, whereas
this association cannot be confirmed for the
neuraesthenic symptom score. Furthermore, the
neuraesthenic and prenarcotic symptom score are
both mutually related and related to the level of work
stress.
While interpreting these results the shortcomings of

this study should be kept in mind. Firstly, information
bias may have influenced our results. Before our
investigation attention was given in The Netherlands
to the risks of neurological damage from long term
exposure to organic solvents. Thus workers exposed to
solvents might have had a tendency to report more
complaints. Secondly, the detection of positive
associations between symptoms and exposure to
organic solvents, as reflected by statistically significant
raised odds ratios or correlation coefficients, does not
prove the existence ofa causal relationship. Finally the
exposure indices and work stress as introduced in the
correlation matrix may be criticised because, as
always, they are imperfect measures of the real
situation. Compared with other studies, however, the
introduction of these factors in the analysis of
symptom reporting is an improvement. In conclusion,
our study confirms the existence of acute neurotoxic

effects among workers exposed to solvents as reflected
by the occurrence of prenarcotic symptoms. The
study, however, gives only limited evidence for the
existence of chronic neurotoxic effects as reflected by
the occurrence of neuraesthenic symptoms, due to
long term exposure to organic solvents. Compared
with Scandinavian studies the detected associations
are rather weak. Furthermore, the nature of these
symptoms is not consistent with the classification of
the WHO,5 the relations are stronger for additional
symptoms (lability of mood, headache, vertigo) as for
the real core symptoms (memory and concentration
difficulties). Besides, the role of work stress in the
development of these neuraesthenic symptoms among
both exposed and non-exposed workers should be
further examined.

Therefore it seems justifiable to conclude that the
organic solvent syndrome type I, characterised by the
occurrence of these symptoms without any neuro-
logical damage,6 is not a frequently occurring
occupational disease among Dutch workers exposed
to solvents.

This study was supported by a grant from the Dutch
Organisation for the Improvement of Working
Conditions in the Construction Industry (Stichting
Arbouw).
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