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Symptoms of car painters with long-term
exposure to a mixture of organic solvents

by Kaj Husman, MD 1

HUSMAN K. Symptoms of car painters with long-term exposure to a mixture of organic
solvents. Soond j work environ heaLth 6 (1980) 19-32. Symptoms as an early sign of
the effect of low-level exposure to organic solvents were studied among 102 male car
painters and 102 referents with the aid of a symptom questionnaire. The exposure level
was about one-third of the current administrative threshold limit value recommended
in Finland. In addition to the comparisons of the appearance of single symptoms among
the exposed and reference groups partial correlation and factor analyses were per­
formed. Symptoms of fatigue and disturbances in memory and vigilance occurred sta­
tistically significantly more often among the exposed than among the referents. When
the symptoms during the workshift (acute symptoms) were compared, irritation symp­
toms and "prenarcotic" symptoms were reported significantly more often in the exposed
group. Correlation and factor analyses of the acute symptoms among the car painters
suggested that acute symptoms are related at the individual level, as hypothesized on
the basis of earlier literature. By means of a questionnaire sent to 124 men who
changed employment in the 5 a before this investigation, it was found that health was
an important reason for having left the car painting trade for those who had taken
jobs without exposure to organic solvents. This finding indicates that those car painters
included in this study may have undergone some degree of health selection. The
results suggest that a symptom inquiry is helpful for detecting the possible early effects
of exposure to a mixture of organic solvents.

Key terms: car painters, health selection, long-term exposure, organic solvents, sub­
jective symptoms.

Although mixtures of solvents are com­
monly used in many occupations (3, 6, 7,
20, 24), few controlled studi€s concern
their health effects in long-term. occupa­
tional exposure.

The most common symptoms reported in
studies of workers chronically exposed to
different organic solvents are unusual
tiredness, concentration difficulties, im­
paired memory, and dizziness (7, 9, 10, 15,
18, 19). In addition Cianchetti et al (4) have
described 122 cases of polyneuropathy;
they listed the following symptoms: ano­
rexia, nausea and vomiting, epigastric pain,
headache, dizziness, and insomnia. In most
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of these studies the exposure level was
quite high (4, 15, 19), the studied popula­
tions small (7, 18), or a reference group
missing (4).

Reports are lacking concerning the ef­
fects of long-term exposure to low levels
of organic solvent mixtures on symptoms
in relation to threshold limit values (TLVs).
My colleagues and I have studied the vari­
ous health effects of such exposure among
car painters, and we have reported the
psychological, neurophysiological, and
neuroophthalmological findings elsewhere
(8, 25, 26). The objectives of this part of
the study were (i) to determine the symp­
toms of workers occupationally exposed to
a mixture of organic solvents in a compar­
ison with a reference group, (ii) to test the
usefulness of a questionnaire on symptoms
in revealing early signs of the chronic in­
fluence of solvents on the nervous system, .
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and (iii) to determine the extent to which
subjective health disturbances due to or­
ganic solvent exposure cause workers to
leave car painting work.

Material and methods

Subjects

The exposed subjects comprised 102 male
car painters from 27 (out of 29) car re­
pair garages in Helsinki in 1974. They
were drawn from all active car painters in
Helsinki (N = 166) by stratified sampling
so that subjects with different exposure
times became represented as evenly as
possible (table 1). The duration of expo­
sure of these subjects ranged from 1 to
40 a (mean 14.8, SD 8.5), and the age from
20 to 65 a (mean 35, SD 11). Three of the
exposed subjects were 55 a or older.

The reference group was chosen from
locomotive engineers and assistants of the
Finnish State Railways. They were age­
matched with the exposed subjects. How­
ever, there were no referents older than
54 a available because the age of retire­
ment is 55 for these occupations. Half of
the reference group consisted of engineers
and the other half of assistants. Irregular
shift work and mental stress are the most
important factors affecting subjective
symptoms in railroad work (11).

For studying the effect of selection due
to health, a questionnaire was sent to all
the men (N = 124) who had left a car
painting job in the 27 car repair garages
involved in the study during the 5 a pre­
ceding the investigation (from 1 January
1969 to 31 December 1973).

Table 1. Number of car painters in Helsinki and
the sample according to duration of exposure.

Exposure

The main constitution of the binders, sol­
vents and other components of the paints
used in car painting is listed in table 2.

Solvent concentrations were measured
in the air of six randomly selected car re­
pair garages, which employed a total of
40 car painters. The range of concentra­
tions of separate components was 4 to
212 Ofo of the respective Finnish recom­
mended administrative TLVs, which cor­
respond to the TLVs recommended by the
American Conference of Governmental
Hygienists (ACGIH) (1). The variation of
the 1-h average concentrations during a
workday was evaluated by repeated sam­
pling. Because the exposure has already
been described in detail (8, 25), only a
brief summary is included in this report
(table 3).

There were no marked differences in
the work conditions and the type of sol­
vent exposures of the six car repair ga­
rages since the work methods, ventilation
equipment, and paints used were essen­
tially the same. Because of the small var­
iation of the exposure in different garages
and the random sampling method applied,
it was assumed that the six car repair ga­
rages were representative of all the 27 car
repair garages which employed the ex­
posed workers (all garages were visited,
however).

The median age of the car repair ga­
rages was 15 a and the ventilation instal­
lations were about 10 a old. This finding,
and the fact that paint solvents have been
the same for 20 a indicated that the expo­
sure had been at about the same level for
at least the last 10 a.

Symptom survey

Duration of
'exposure

(a)

1- 5
6-10

11-15
16-20
21-25

226

Total

20

Car painters
in Helsinki

37
44
45
15
11
14

166

Car painters
in the sample

21
21
20
15
11
14

102

The questionnaire used in the symptom
survey was divided into two parts, ie, one
concerning general symptoms (N = 26) and
another concerning acute symptoms dur­
ing the workshift (N = 11), altogether 37
questions. The questions dealing with gen­
eral symptoms were formulated so that
they covered symptoms revealed in earlier
studies on solvent exposure, ie, unusual
tiredness, fatigue, sleeping difficulties, im­
paired memory, concentration difficulties,



vegetative symptoms, disturbances in vig­
ilance, dizziness, and symptoms of peri­
pheral neuropathy (2, 3, 7, 9, 10, 16, 22, 27).
Acute symptoms were probed with ques­
tions about irritation of the mucous mem­
branes and skin, and the "prenarcotic" ef­
fects of solvents (15, 18, 19, 23). In the
symptom survey background variables
which could have influenced subjective
symptoms were also inquired about, ie,
education, use of alcohol and medicines,
smoking habits, and head trauma.

A three-step rating scale (never, some­
times, often) was used in the questionnaire,
which was constructed in a language that
was simple and unambiguous in order to

facilitate answering. The same questions
had been used in an investigation of
styrene-exposed workers (9), except those
on alcohol consumption which were stan­
dardized questions developed in the Fin­
nish Social Research Institute of Alcohol
Studies (21).

The subjects filled out the questionnaire
themselves at home before the clinical part
of the investigation, and an interviewer
checked their answers. In the question­
naire sent to the 124 men who had left a
car painting job between 1 January 1969
and 31 December 1973, the questions con­
cerning acute symptoms were the same,
but questions were added concerning rea-

Table 2. Constitution of the exposure of the car painters.

Paint binders

Nitrocellulose
Alkyl resins
Acrylic resins
Carbamide resins
Urethane resins

Paint solvents

TOlUene} aromatic
Xylene hydrocarbons

White sPirit} aliphatic
hydrocarbons

Ethanol }
Isopropanol alcohols
Butanol
Ethyl acetate )
Buthyl acetate esters
Ethyl giycol
Acetate

~~~~~~eethYI }
ketone ketones

Methyl isobutyl
ketone

Pinene terpenes

Others

Organic dyes }
I~organic dyes p'g ntsZmc I me
Chromates ~nd
Titanium dioxide fIllers
Talc
Phosphoric acid } t
Plastisizers catalys s
Siccatives
Antiskinning agents

Table 3. Mean concentrations of organic solvents in the breathing zone of 40 car painters. (Sam­
pling period = 1 h; number of car repair garages = 6; number of samples = 54).

Mean concen- RangeSolvent tration
(ppm or cm3/m 3)

(ppm or cm3/m 3)

Toluene 30.6 5-249
Xylene 5.8 <1- 36
Butyl acetate 6.8 < 1-128
White spirit 4.9 < 1-150
Methyl isobutyl ketone 1.7 <1- 39
Isopropanol 2.9 <1- 85
Ethyl acetate 2.6 <1-14
Acetone 3.1 <1- 25
Ethanol 2.9 <1- 27

Total

a TLV = recommended threshold limit value in Finland in 1974.

Percentage of TLVa
the TLva (ppm or cm3/m 3)

15.3 200
5.8 100
4.5 150
2.5 200
1.7 100
0.7 400
0.7 400
0.3 1,000
0.3 1,000

31.8 (Range 4-212 %)
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sons for leaving the job and information
about current employment if not retired
(fig 1).

Statistical methods

In the pairwise comparison the sign test
was used to compare the subjective symp­
toms of the exposed and nonexposed
groups symptom by symptom.

Symptoms (acute) connected to car
painting during the workday were also
analyzed for interrelations. The following
statistical procedure was employed:

1. For corresponding symptoms, the an­
swers of the car painter and his referent
were coded by the alternatives 1 ("never"),
2 ("sometimes") and 3 ("often"), and pair­
wise differences with possible values of
- 2, - 1, 0, 1 and 2 were formed. These
values were used for the variables in the
calculation of the Pearson correlation co­
efficients. The use of pairwise differences
was applied in order to diminish the con­
founding effects of the presumably differ­
ent age trends of the symptoms.

2. From the primary correlation matrix
between eight variables, all sixth-order

partial correlations were calculated (13).
Correlation analysis clarifies the true pair­
wise associations.

3. The primary correlation matrix was
factorized by means of a principal factor
solution, and the factor structure was
simplified with a Varimax rotation.

Comparability of the groups

The referents had a somewhat higher
education than the car painters. Only 34
car painters had completed training in a
vocational school, while all locomotive en­
gineers attend the special school run by
the Finnish State Railways.

The answers to the questions concerning
frequency of alcohol consumption and the
amount of alcohol used were similarly
distributed in both groups. The mean fre­
quency of alcohol use was, in both groups,
between once a week and twice a month.
It appeared that their tolerance to al~ohol

had decreased.
Fourteen car painters and 13 referents

used medicines regularly, and 13 car
painters and 24 referents temporarily.
There were only insignificant differences
in smoking habits between the exposed
subjects and the referents. The number of

INQUIRY TO THOSE WHO HAD CHANGED EMPLOYMENT

QUESTIONNAIRE SENT TO ~CAR PAIN~ERS~ WHO LEFT THEIR JOB BETWEEN
~ 1 JANUARY 1969 - 31 DECEMBER'1973

---- -j

23 NONRESPONDENTS J C- -101 RESPOND-~ OF WHICH ONE WAS REJECTED
--- (FORM IMPROPERLY COMPLETED)

4 UNKNOWN ADDRESS

4 DEAD

4 EMIGRATED

11 DID NOT ANSWER

r
4 NEVER CAR PAINTERS

6 PENSIONERS

38 $TILL CAR PAINTERS
(GROUP B) .

13 PAINTERS, BUT NOT
CAR PAINTERS

-- -\

39 A NEW JOB WITHOUT ~eOSURE
TO SOLVENTS (GROUP AI

26 = GROUP AI' HEALTH
REASONS FOR CHANGING
EMPLOYMENT

13 = GROUP AZ' NO HEALTH
REASONS FOR CHANGING
EMPLOYMENT

TOTAL 23 10 51 ____--=-39: _

Fig 1. Description of the nonrespondents and respondents to the questionnaire sent to past em­
ployees of the car repair garages in the study.
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workers with a history of latent diabetes
(no medication), epilepsy, past tuberculosis
with medication taken for less than 1 a,
and cerebral contusion (consciousless
about 30 min) appear in table 4.

Results

General subjective (chronic) symptoms

influence of job turnover) is based more
on acute symptoms than on chronic ones;
the acute symptoms were also evaluated
with respect to length of exposure (see
the section on symptoms during the work­
day).

Symptoms during the workday (acute
symptoms)

Table 4. Diseases with possible effects on some
symptoms among the car painters and the
referents.

Table 7 lists the questions on the acute
symptoms of car painters and their refer­
ents. These symptoms could be divided
a priori into two groups: irritation symp­
toms and "prenarcotic" symptoms (9). A
pairwise comparison of the acute symp­
toms appears in table 8.

During the workday, irritation and "pre­
narcotic" symptoms were 'especially pres­
ent in the exposed group (tables 7 & 8).
Itching, nausea, a drunken feeling, dizzi­
ness, and absentmindedness were common
complaints among the car painters. Also
shortness of breath was more common
among them than among the referents.

The effect of the duration of exposure
on the experienced acute symptoms was
scrutinized (table 9). In order to eliminate
the possible effect of ageing, this consid­
eration was made for pairwise differences,
but the score totals of only six acute
symptoms were used. For reasons men­
tioned later, "drunken feeling" and "mis­
understanding of given orders" were
excluded. In the scoring "never" cor­
responds to 1, "sometimes" to 2, and
"often" to 3. The dependence of the dif­
ference totals on the duration of exposure
was irregular, and it has been discussed
with respect to selection.

Car painters
(N = 102)

The questions concerning chronic symp­
toms are shown in table 5. The car paint­
ers had more symptoms of fatigue, con­
centration difficulties, and disturbances in
vigilance than the engineers (table 5). For
example, 25 of the car painters "often felt
excess tiredness after the workday," while
only 11 of the referents reported the same
symptom. Twenty-four car painters "often
forgot things easily," but only five of the
referents had the same problem.

The exposed subjects and the referents
did not differ essentially in their answers
to questions concerning headache, sleeping
difficulties, lability of mood, symptoms of
peripheral neuropathy, and vegetative
symptoms.

The results of a pairwise comparison of
the chronic symptoms appear in table 6.
Statistically significant differences oc­
curred for fatigue and concentration diffi­
culties.

The symptoms which were more prev­
alent among the car painters were eval­
uated for variation related to length of
exposure. Those listed in table 6 were
chosen, and the means and standard devi­
ations of the length of exposure were
computed for all of these symptoms. The
groups were formed so that the men in
group 1 had a lower symptom level than
their referents, the symptom level of the
men in group 2 was the same as their
referents, and that of the men in group
3 was correspondingly higher. The varia­
tions between the group means were small
and not statistically significant. The mean
exposure times, eg, for the symptom
"forgetting things easily," were 13.3, 13.8
and 16.6 a, respectively, and they were
even less for the other symptoms. The
small differences hint to the influence of
the selective effect of job turnover. Be­
cause the detection of the harmful effects
of work conditions on workers (and the

Disease

Diabetes
Diabetes + epilepsy
Tuberculosis
Cerebral contusion
Paresis of right leg after
sciatic nerve lesion
Neurotic disorders

1
1
2
1

Referents
(N = 102)

2
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Table 5. Responses indicating general (chronic) symptoms among the car painters (N = 102) and
referents (N = 102).a The questions have been translated from Finnish.

Response

Symptom Never Sometimes Often

Car Referents Car Referents Car R f t
painters painters painters e eren s

1. Symptoms of fatigue
Do you feel excess tired- 18 29 59 62 25 11
ness after the workday?
Do you get up tired 24 29 54 64 24 9
in the morning?

2. Concentration difficulties
Do you forget things 9 21 69 76 24 5
easily?
Do you easily forget what 16 41 63 55 23 6
you intended to do or say?
Do your thoughts stray 36 39 53 55 13 8
when you try to
concentrate?
Do you fall asleep when 49 61 38 36 15 5
watching television?
Do you easily fall into 25 36 58 58 19 8
your own thoughts?

3. Sleeping difficulties
Do you have difficulty 31 32 56 60 15 10
falling asleep?
Do you have difficulty 34 33 56 62 12 7
staying asleep?
Do you have nightmares? 46 49 50 52 6

4. Lability of mood
Does your mood change 45 57 46 41 11 4
without reason?
Are you depressed? 43 57 49 42 10 3
Are you irritated? 20 20 68 71 14 11
Are you restless? 37 46 55 49 10 7
Are you afraid? 64 68 34 33 4 1
Are you listless? 32 39 59 57 11 6
Are you drowsy? 35 50 56 43 11 9
Do you become tired 44 48 51 53 7 1
among other people?
Do you have difficulties in 28 35 59 55 15 12
starting a natural dis-
cussion with others?

5. Headache and dizziness
Do you have persistent or 51 60 37 35 14 7
recurrent headache?
Do you have spells of 78 87 23 13 2
dizziness?
Do you have persistent 94 101 6 2 0
dizziness?

6. Vegetative symptoms
Do you sweat easily? 29 26 55 46 18 30
Are you bothered by 65 64 33 35 4 3
your heart pounding?
Do your hands tremble? 65 68 28 31 9 3
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Table 5. (continued)

Response

Symptom Never Sometimes Often

Car
painters Referents Car

painters
Referents Car

painters Referents

Do your feel like you have 55 67 43 30 4 5
something in your throat?

7. Symptoms of peripheral neuropathy
Do your legs feel numb 73 70 7 5 4 5
or tingle?

a For a pairwise comparison of the symptom level and the statistical significance of the dif­
ference, see table 6. Symptoms not listed in table 6 did not differ statistically significantly.

Table 6. Results of a pairwise comparison of the chronic symptoms of the 102 age-matched pairs
of exposed (car painters) and reference (locomotive engineers and assistants) subjects. (A: the
car painters experienced symptoms more frequently than the referents; B: the referents experienced
symptoms more frequently than the car painters)

Symptom
Cases

A B
Level of significance

of difference a (p-value}

Symptoms of fatigue

Do you feel excess tiredness after the workday?
Do you get up tired in the morning?

Concentration difficulties

Do you fall asleep when watching television?
Do you forget things easily?
Do you easily forget what you intended to do or say?
Do you easily fall into your own thoughts?

a Sign test.

34
36

35
38
42
40

18
23

19
12
10
19

<0.05
<0.1

<0.05
< 0.001
< 0.001
<0.01

Associations between acute symptoms

The correlation matrix achieved with the
pairwise differences of the symptom scores
is presented in table 10. During the first
stage of the structure association analysis,
the partial correlation coefficients were
calculated. The results are presented in
table 11.

The orthogonal factor pattern achieved
with the principal factor solution and the
simplified structure after the Varimax
rotation appears in table 12.

The results of the factor and partial
correlation analyses showed that the
following symptom complexes were ex­
perienced often:

1. Nausea with attacks of vomiting and dizzi­
ness

2. Absentmindedness and misunderstanding of
given orders

3. Nausea and a drunken feeling
4. Nausea and misunderstanding of given

orders.

The partial correlation between nausea
and the misunderstanding of given orders
was highly significant, and it detected the
connection more clearly than the results
of the chosen rotation for factor solution.
It is possible that the combination short­
ness of breath and absentmindedness
should be added to the list above, but it
could have just as well appeared randomly.

Itching was not consistently related to
the other symptoms.

25



Table 7. Responses concerning symptoms during the workshift (acute symptoms) among the car
painters (N = 102) and referents (N = 102).a The questions have been translated from Finnish.

Never Sometimes Often

Symptom Car Referents Car Referents Car R f t
painters painters painters e eren s

Irritation symptoms

Are you bothered by 47 65 47 33 8 4
itching?

Prenarcotic symptoms

Do you feel nauseated? 53 73 41 29 8 0
Do you have attacks of 79 93 21 9 2 0
vomiting?
Do you have spells of 69 90 28 11 5
dizzinesp?
Do you have a drunken 60 99 41 3 0
feeling?
Do you have a headache? 40 46 50 46 12 10
Are you short of breath? 76 94 21 7 5 1
Do you feel absentminded 27 59 58 41 17 2
or are you buried in your
thoughts?
Do you easily misunder- 62 87 35 15 5 0
stand orders given to
you?
Do you hear tingling in 58 63 32 33 12 6
your ears?
Have you had difficulties 78 85 19 14 5 3
with spelling or "talking
like a drunk," especially
during the workshift or
immediately after it?

a For a pairwise comparison of the symptom level and the statistical significance of the difference,
see table 8. Symptoms not listed in table 8 did not differ statistically significantly.

Inquiry to those who had changed employ­
ment

A total of 101 answers to the questionnaire
were received from the 124 car painters
previously employed in the 27 garages
involved in this study. A description of
the respondents and nonrespondents is
presented in fig 1. The response rate
was 90 0J0, ie, only 11 painters did not
answer. Of the pensioners, two had retir'ed
because of age and four because of disabil­
ity. There were 39 expainters who wer,e
,currently employed in jobs free from ex­
posure to organic solv,ents (group A, fig 1).

Expainters' (group A) answers to the
questions concerning acute symptoms dur­
ing car painting were of a slightly higher
frequency than the answers of those 38
men still working as car painters (group
B). This result arose when the statistics

26

were calculated as an average sum figure
for the six acute symptoms reported more
often by the car painters than by their
referents (table 7) and when scores 2 and
1 were used for every symptom reported
as "often" and "som,etim'es," respectively.
Questions concerning a drunken feeling
and misunderstanding of given orders
were excluded from this analysis.

The average symptom score of group B
was 3.18 (SD 1.9) as opposed to 3.36 (SD
2.1) for group A. In addition to other
reasons, 26 men (group Ai' fig 1) (67 0J0) of
group A mentioned health as an essential
reason for leaving car painting work. The
mean of their symptom score was 3.81
(SD 2.4), which was consistent with the
reported health reasons. Thirteen ex­
painters (group A2, fig 1) stated that they
had changed jobs because of better pay
or more interesting work. The exposure



Table 8. Results of a pairwise comparison of the acute symptoms of the 102
age-matched pairs of exposed (car painters) and reference (locomotive
engineers and assistants) subjects. (A: the car painters experienced the
symptoms more frequently than the referents; B: the referents experienced
the symptoms more frequently than the car painters)

Symptom
Cases

A B

Level of
significance

of difference a
(p-value)

Irritation symptoms

Are you bothered by
itching? (Xtl

Prenarcotic symptoms

Do you feel nauseated? (X2)
Do you have attacks of
vomiting? (X3)
Do you have spells of
dizziness? (X4)
Do you have a drunken
feeling? (X5)
Are you short of breath? (X6)
Do you feel absentminded or
are you buried in your
thoughts? (X7)
Do you easily misunderstand
orders given to you? (Xs)

a Sign test.

36 18 <0.05

37 13 < 0.001

21 6 < 0.Q1

28 7 < 0.001

40 1 < 0.001
23 5 < 0.01

46 10 < 0.001

32 7 < 0.001

Table 9. The pairwise differences in six acute symptom score totals by the
duration of exposure.

Number Pairwise differences
Exposure in of Standard Standardwhole years

pairs Mean deviation error

:S: 4 9 2.11 2.62 0.87
5--- 9 24 0.92 2.34 0.48

10--14 26 0.81 2.28 0.45
15-19 15 1.47 2.45 0.63
20--24 15 3.00 3.87 1.00
2: 25 13 2.38 3.52 0.98

Total 102

Table 10. The Pearson correlation coefficients of the exposed subjects' acute
symptoms, as listed in table 8.

X2 Xa X4 X5 X6 X7 Xs

Xl 0.332 0.235 0.318 0.316 0.277 0.230 0.270
Xl! 0.533 0.577 0.460 0.337 0.350 0.540
X3 0.476 0.277 0.224 0.237 0.292
X4 0.335 0.378 0.213 0.340
Xi) 0.362 0.232 0.230
X6 0.325 0.198
X7 0.455
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Table 11. The significance levels of the partial sixth-order correlations
between the acute symptoms, as listed in table 8.

X2 X3 X4 X5 X6 X7 Xs

Xl NS NS NS NS NS NS NS
X2 ** ** ** NS NS ***
X3 * NS NS NS NS
X4 NS * NS NS
X5 NS NS NS
X6 * NS
X7 ***

NS = Not significant (p > 0.05), * = almost significant (0.01 < p :s; 0.05),
** = significant (p < 0.01), *- = highly significant (p < 0.001).

Table 12. Factor pattern of the exposed subjects' acute symptoms, as listed
in table 8. Rotated factor matrix (Varimax) of the acute symptoms.

Factors
Variables Communality

1 2 3 4

Xl 0.187 0.199 0.431 0.113 0.274
X2 0.579 0.394 0.392 0.038 0.646
X3 0.669 0.170 0.145 0.074 0.503
X4 0.639 0.134 0.314 0.192 0.563
Xs 0.219 0.121 0.610 0.128 0.451
X6 0.189 0.154 0.384 0.444 0.405
X7 0.093 0.589 0.155 0.302 0.471
Xs 0.281 0.673 0.182 0.034 0.567

time of group A varied from less than 1
to 26 a; the median was 4.1 a. The expo­
sure times varied from less than 1 to 26
a (median 4.5) in group A1 (N = 26) and
0-16 a (median 3.1) in group A2 (N = 13).
The corresponding figures of group B were
from less than 1 to 23 a (median 9.3).

Discussion

Inquiry to those who had changed
employment

The aim of the inquiry directed towards
expainters was to determine whether se­
lection influenced the symptom picture of
current car painters.

The inquiry revealed that the personnel
records of former employees are often in­
sufficient with respect to new employ­
ment. Only 52 of the 101 respondents had
actually changed vocations and every
fourth (13) of the 52 had remained a
painter although not a car painter. Expo-
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sure to organic solvents had apparently
not influenced job turnover in this group.
Thirteen (group A2) of the 39 expainters
did not mention health as a reason for
changing jobs. The other 26 expainters
(group At) mentioned health or occu­
pational hazards in addition to other
reasons for changing jobs.

The symptom frequencies of the 39 ex­
painters (group A) were of a slightly
higher level than those of the current car
painters (group B). Still, the time inter­
vals between the termination of exposure
and the inquiry diminish the reliability of
the expainters' answers in comparison to
those of the current painters (group B).
However, this irreliability is apt to lower
the symptom frequency rather than in­
crease it. The relatively high symptom­
frequency level of the expainters who had
mentioned health or occupational hazards
as important reasons for turnover (group
At) supports the reliability of the answers
concerning the reasons for leaving car
painting. Sixty-seven percent of all those



(group A) who had actually changed voca­
tions had, during the relatively short times
of exposure, experienced exposure to sol­
vents as unhealthy or hazardous. Therefore
it seems that job turnover had diminished
rather than added to the symptom fre­
quency of the car painters in the actual
study (N = 102).

The dependence of the relative level of
symptoms on the duration of the exposure
(table 9) supports the foregoing statements.
The decrease in the relative symptom level
from the first duration group to the follow­
ing two, 5-9 a and 10-14 a, strengthens
the presence of the selective effect. The
increase in later exposure years hints
towards diminishing possibilities for job
turnover.

It is also possible that a longer exposure
time is one explanation for the increase of
the relative level of symptoms in the older
age groups.

Comparison of the exposed and reference
groups

The comparability of exposed and refer­
ence groups is usually a difficult problem
in epidemiologic studies. This issue has
been discussed in an earlier report on
another phase of this study (8), but some
remarks are relevant in this context also.
Both the car painters and the locomotive
engineers and assistants were studied in
cooperation with the labor unions. The
study was so designed that both categories
experienced their role as being "the group
under study," not the reference group.
Therefore bias caused by different atti­
tudes towards the study seems unlikely.

Kirscht (14) has reviewed the factors
influencing the results of symptom surveys
made with questionnaires. He stated that
the response is influenced by cognitive
factors such as the recency, frequency, and
awareness of symptoms and motivational
factors such as the willingness of the
respondent to report the information and
the perceived consequence of reporting.
Kirscht thinks that a questionnaire is
useful in examining the behavioral aspects
of illness. In the case of the present study
the "illness," ie, the possible harmful
effects of exposure to organic solvents, is
characteristically a behavioral one, and
this study has pointed out that some symp-

toms are possibly typical signs of the
effects of organic solvents on the nervous
system.

The groups of car painters and engineers
did not differ with respect to their alcohol
consumption, their use of medicines, or
their smoking habits. It is a known fact
that the questionnaire method underesti­
mates true alcohol consumption. Sym­
metrical underestimation does not cause
bias. If asymmetry would have occurred
in this study, it would have been conceiv­
able that the engineers had under-reported
their alcohol consumption more because
of the nature of their work. Such a bias
would decrease the true differences be­
tween the groups (ie, negative confound­
ing). However, as reported elsewhere (17),
both groups were equal in regard to liver
function tests, a finding which speaks in
favor of similar alcohol habits. Also the
profile and mean of the alcohol consump­
tion of both groups were similar to that
of the Finnish working population studied
with the same questionnaire method by
the Finnish Social Research Institute of
Alcohol Studies in 1974 (21).

Neither did slight differences in educa­
tion seem to affect the results. The per­
formance of the 33 matched pairs tested
during military service before the com­
mencement of exposure was equal (8).
Still, their test results at the time of this
investigation differed in the same manner
as those of the rest of the material. The
referents had experienced mild head
trauma more often than the car painters,
but this fact should diminish rather than
add to the differences found in symptom
frequencies.

Those subjects with the diseases listed
in table 4 were not excluded from the
stUdy. The symptoms of these workers
were symmetrically distributed in both
groups and hence would not have caused
differences between the groups (if they did
not potentiate the effect of the exposure).
If reasons for excluding subjects from
a study are based on subjective criteria,
then observer bias could be a consequence.
It was not feasible to make more clinical
examinations in this epidemiologic study
for the purpose of finding more possible
signs or diseases which could have influ­
enced symptoms. However, there is no
reason to believe that they would have
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been unevenly distributed among the ex­
posed subjects and the referents. Because
the diseas€s listed in table 4 were not
associated (asymmetrically) with the ex­
posure, they could be regarded as effect
modifiers only, not confounders, and con­
sequently they did not require control in
the analysis.

The locomotive engineers and assistants
cannot be considered to be an unusually
symptomless group because they work in
irregular, interrupted shifts which could
also cause symptoms such as fatigue,
disturbances in vigilance, and concentra­
tion difficulties. Because no essential chem­
ical exposures were found in a study of
locomotive engineers' work conditions (11)
and the symptoms of the referents rep­
resent "background noise" comparable to
that of the car painters, the group differ­
ences found can be interpreted as having
arisen from exposure to organic solvents.

Symptom survey of the car painters and
the referents

The main subjective symptoms characteriz­
ing the car painter group in general were
fatigue, concentration difficulties, and
disturbances in vigilance (tables 5 & 6).
These symptoms are congruent with symp­
toms previously reported by Lindstrom
(19), Lajer (18), Hane et al (10), Gregersen
et al (in demented expainters) (7), and
Knave et al (15).

Irritation symptoms and "prenarcotic"
symptoms during the workday prominent­
ly differentiated between the car painters
and the referents (tables 7 & 8). The
high statistical difference in the question
"Do you easily misunderstand orders given
to you?" relates partly to the demands of
the work. The orders given to locomotive
engineers must be specific and clear be­
cause of traffic safety. In contrast the
orders given to car painters could be less
specific or inadvertently indeterminate.
For the referents the same type of situa­
tion arises for the question concerning
a "drunken feeling" during the workday,
and it could be expected that locomotive
engineers would not answer yes to this
question.

Prenarcotic symptoms from short-term
exposure or exposure peaks have also been
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suspected to exist in exposure to organic
solvents (7, 9, 15, 16, 18, 23). Thus the
symptoms found in the group comparison
in this study are congruent with symptoms
previously connected with exposure to
organic solvents, but the exposure of these
car painters had been quite low with
respect to the TLVs recommended in Fin­
land - an average of about one-third of
the TLVs. However, the solvent concen­
trations may exceed the TLVs during short
periods (5-15 min). It is possible that the
exposure has been higher in the past. The
fact that the solvents have been the same
for about 20 a, ventilation installations
about 10 a, and the car repair garages'
median age was 15 a suggests that there
cannot be great differences in the exposure
measured in this study and, say, that of
10 a earlier. A recent Swedish study also
came to the same conclusion (5). One
should keep in mind that the sum per­
centage is calculated if it is assumed that
the effects of solvents would be additive
(1). It is also possible that the combined
effects of different solvents are potentia­
tive.

Associations between the acute symptoms

Itching had no confirmed connections with
other symptoms, a finding congruent with
the low communality of this symptom
(table 11). This result was consistent with
the nature of this symptom and supports
the reliability of the given answers.

The symptoms appearing together in the
second complex describe concentration dif­
ficulties well and are hypothesized to exist
simultaneously. Strong nausea is often
followed by attacks of vomiting and dizzi­
ness. In other individuals or in lower ex­
posure an association between nausea and
a drunken feeling or misunderstanding of
given orders are clinically logical, and
they also support the reliability of the
individual answers.

The results of the association analyses
confirm that the acute symptoms were
interrelated for individuals just as the
symptom complexes described in the ear­
lier literature (4, 5, 7, 9, 12, 15, 18). This
finding indicates that the questions were,
for the most part, carefully answered.



Final remarks

It is always difficult to draw causality
conclusions in a prevalence study like the
present one, but the results suggest that
the differences in symptom frequencies
between the exposed subjects and the ref­
erents and the associations of the symp­
toms are caused by exposure to a mixture
of organic solvents. As stated in the psy­
chological part of this study (8), the sub­
jective symptoms which differentiated the
exposed subjects and the referents the
most markedly corresponded to the psy­
chological findings. The results of the other
parts of the study, namely, the findings of
ophthalmological and neurophysiological
disturbances (25, 26) also support the view
that exposure to organic solvents affects
the health of car painters. It is remark­
able that the exposure was only one-third
of the current Finnish combined TLV,
which is based on the ACGIH recom­
mendation published in 1971. But these
TLVs are administrative recommendations,
not health-based criteria.
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