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STEBY M, STRUWE G, SODERMAN E, WENNBERG A, WIDEN L. Exposure to
organic solvents: A cross-sectional epidemiologic investigation on occupationally exposed
car and industrial spray painters with special reference to the nervous system. Scand
J work environ health 6 (1980) 239—273. In the present epidemiologic study 80 car
or industrial spray painters with long-term low level exposure to organic solvents were
examined and compared with two matched reference groups of nonexposed industrial
workers (80 persons in each group). The aim of the study was to investigate the possible
effects of the solvent exposure on health. The investigation included psychiatric inter-
views, psychometric tests, neurological, neurophysiological and ophthalmologic examina-
tions, and computed tomography of the brain. The painters’ previous and present expo-
sure was carefully assessed by interviews and on-the-job measurements both at modern
places of work and in a reconstructed model of a workshop from 1955. On the basis
of the psychiatric interviews the psychiatric symptoms were rated according to a spe-
cially designed scale of 46 different items, graded in seven steps of increasing severity.
The psychological performance was assessed by a battery of 18 tests. The neuro-
logical and neurophysiological examinations comprised visual evoked responses (VER),
electroencephalography (EEG), and computerized EEG analysis (SPA) for the central
nervous system and electroneurography (ENeG), the estimation of vibration sense
thresholds, and a quantified neurological examination for the peripheral nervous system.
The ophthamologic examination concentrated on the condition of the lens. Statistically
significant differences between the exposed individuals and referents were found for
psychiatric items indicative of a slight cerebral lesion (ie, a neurasthenic syndrome). The
psychometric tests revealed statistically significant differences between the groups with
respect to reaction time, manual dexterity, perceptual speed, and short-term memory. No
differences were found with respect to performance on verbal, spatial, and reasoning
tests. Significant differences between the groups were also found for the majority of the
neurophysiological parameters measuring peripheral nerve functions, the most pronounc-
ed occurring in the long, sensory fibers. Moreover EEG and VER showed some differ-
ences between the groups, as did the results of the ophthalmologic examination and
the computed tomography. Finally, it should be emphasized that the exposure levels,
as measured at modern places of work and in the reconstructed workshop from 1955,
were found to be considerably lower than the valid threshold limit values in Sweden.
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The acute, narcotic effect of occupational
exposure to organic solvents has long
been known (14); it has also recently been
the subject of systematic and experimental
studies (2, 26). In the early literature,
there are many case reports of exposed
workers with chronic symptoms that in-
dicate a more or less persistent injurious
effect on the nervous system (59). A
neurasthenic syndrome including abnormal
fatigue, concentration difficulties, memory
impairment, general irritability, and alco-
hol intolerance was described already at
the end of the 19th century for workers
exposed to carbon disulfide and during
the first decades of the 20th century for
workers exposed to other solvents, ie,
trichloroethylene, xylene, terpentine. Dur-
ing 1930—1960 several investigations were
published on groups of exposed workers.

The proportion of persons with neuras-
thenic symptoms was often about 50 %.
The values of these results are however
limited by the lack of reference material.

It is a fair assumption that the level of
exposure was considerably higher during
the 19th and the beginning of the 20th
century than it is today, when the aware-
ness of the work environment and its
health hazards has gradually increased.
Too, immediately after the Second World
War, the levels of exposure were probably
higher than they are today. This assump-
tion is strengthened by the exposure deter-
minations made in connection with a
health examination of 50 trichloroethyl-
ene-exposed industrial workers (34). In this
study in which 349 of those examined
showed signs of a chronic psychoorganic
syndrome, the average exposure level was

Table 1. Levels of solvent exposure during different work phases of car and industrial painting.

(Number of samples in parenthesis)

Exposure, expressed as the hygienic effect® of the workphase

p Thr«lajh-
inti Grinding, filling, olor mixing, [¢]
Solvents Bty At masking, assembling degreasing, cleaning llrlnlt
value
Car Industrial Car Industrial Car Industrial (mg/m?)
painting painting painting painting painting painting
Total 0.30 (106) 0.24 (243) 0.15 (218) 0.12 (61) 0.28 (137) 0.24 (136)
Aromates
Toluene 0.13 (106) 0.05 (243) 0.05 (218)  0.04 (61) 0.13 (137) 0.04 (136) 300
Xylene 0.04 (106)  0.03 (243) 0.01 (218)  0.01 (61) 0.02 (127)  0.02 (136) 350
Styrene 0.04 (28) 0.01 (45) 0.02 (97)  0.08 (18) 0.08 (28) 0.01 (22) 170
Alcohols
Ethanol 0.01 (51)  0.01 (136) 0.01 (96) <0.01 (35) 0.01 (60) <0.01 (51) 1,900
Butanol 0.04 (47) 0.01 (218) 0.01 (103) — (0 0.03 (59) 0.02 (22) 150
Propanol — (0) <0.01 (58) —  (0) <0.01 (21) — (0 — (0 500
Ketones
Acetone — (0) <0.01 (45) — (0) <0.01 (18) — (0) <o0.01 (58) 1,200
Methyl ethyl ketone 0.06 (15) <<0.01 (150) <0.01 (22) <0.01 (32) <0.05 (18) 0.01 (58) 440
Methyl-n-butyl ketone 025 (6) 0.02 (92) — (0) 0.05 (18) — (00 0.02 (58) 20
Methyl-iso-butyl ketone 0.01 (34) 0.03 (200) <0.04 (105) 0.01 (53) <0.01 (52) 0.01 (114) 210
Ethyl" amyl ketone — (0) 0.03 (43) 0.02 (32) — (0 — (00 0.02 (11) 130"
Acetates
Methyl acetate — (0) 002 (82 <0.01 (32 — (0 — (0 0.03 (22 610"
Butyl acetate 0.01 (49) 0.01 (59) <0.01 (163) <0.01 (26) 0.01 (82) 0.01 (5) 710
Ethyl acetate 0.01 (106) <0.01 (198) 0.01 (218) <0.01 (43) 0.01 (137) <0.01 (78) 1,100
Iso-amyl acetate <0.01 (27) 0.01 (54) <0.01 (32) — (0 0.01 (11) <0.01 (22) 525
Chlorinated hydrocarbons
Methylene chloride 0.11  (8) 0.03 (45) 0.09 (22) 0.02 (18) 0.07 (30) 0.04 (58) 250
Trichloroethane — (0 — (0) — (0) — (0 — (0) 0.57 (11) 380
Trichloroethylene 0.05 (15)  0.13 (161) — (0) 0.06 (18) 0.04 (11) 0.16 (69) 105
Others
White spirit® 0.17 (28) — (0 0.22 (42) — (0) 0.16 (51) — (0 500
Percentage of the total
work time 15 60 60 20 25 20

* The hygienic effect of a compound is defined as the ratio between the actual amount of the compound and its
threshold limit value. For an estimation of the total or additive hygienic effect caused by several compounds with
similar effects, when specific information about synergism does not exist, the calculation C1/Gi + C2/G2 + C3/G3 +
...+ Cy/G, is carried out, where C = the concentration of the compound and G = the threshold limit value of
the compound. To avoid the exceeding of the total hygienic threshold limit value, the sum of the ratios are not

allowed to exceed the value 1 (61).

b Swedish threshold limit value does not exist. The value used here is taken from the American Conference of

Governmental Industrial Hygienists (5).
¢ 17—22 % by weight.
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40 ppm, ie, twice as high as the present
Swedish threshold limit value (TLV).

Around 1975 the first results from epi-
demiologic studies on solvent-exposed
workers were published in Finland and
Sweden. In investigations on industrial
workers (52), house painters (9, 39), car
painters (38, 75), and jet fuel-exposed
workers (44, 45), the results indicated ef-
fects on the central and peripheral ner-
vous systems as a result of long-term but
relatively low exposure to different organ-
ic solvents. When the present study was
initiated, the preliminary results of the
epidemiologic studies had attracted great
attention from both the general public and
scientists, and uncertainty reigned as to
whether or not the permitted limits could
be regarded as adequate.

Against this background, it was con-
sidered pertinent to carry out an exten-
sive epidemiologic investigation of a
homogeneous group of workers with long-
term occupational exposure to organic
solvents. In consensus with representa-
tives of employers and trade unions, we
decided that car and industrial painters
were an appropriate group. After a
thorough occupational hygienic exposure
determination, 80 spray painters, evenly
distributed as to age, were selected as the
exposed group and two groups of 80 age-
and education-matched workers from the
electronics industry were selected as ref-
erence groups. A total of 240 workers
were then examined with psychiatric,
psychological, neurological, neurophysio-
logical, neuroradiological and ophthalmo-
logical methods.

EXPOSURE

At the workshops covered in this investi-
gation the painting of repaired cars and
new industrial products took place. The
surface treatment also included degreas-
ing, grinding, filling, assembling/reas-
sembling of the treated objects, masking of
untreated surfaces, and color mixing; the
workers also had to clean tools and soiled
skin. Analyses of 20 workshops showed
that the relative time distribution of dif-
ferent work phases was somewhat differ-
ent for the two groups of painters (table 1).
The industrial painters primarily spray

painted, while grinding, filling and mask~
ing occupied most of the work time of
the car painters.

The chemical hazards of painters con-
sist of solvents, dust, and metals. Expo-
sure to solvents is the most frequent dur-
ing color mixing, degreasing, cleaning, and
the evaporation from painted surfaces and
open cans containing solvents. There is
less exposure during the spray painting
itself because this work phase is mostly
carried out in ventilated spraying boxes
and with the use of protective respiratory
equipment. However, as shown in table 1,
a much larger proportion of the work time
of industrial painters is spent on opera-
tions involving direct contact with solvents
(spray painting, color mixing, degreasing,
cleaning) than that of car painters. The
workshop studies have shown that indus-
trial painters are exposed to a higher
degree than car painters during evapora-
tion from painted objects which are air-
dried on the work premises.

Painters are always exposed to several
solvents. A total of about 20 different
solvents has been found during personal
sampling measurements (fig 1), and often
the painters are exposed simultaneously
to eight to ten substances (49, 81). Table 1
gives a quantitative description of this
mixture of solvents in relation to the
Swedish TLV. (The description is given
as the so-called hygienic effect, see note
a of table 1). Toluene is the solvent most
frequently occurring in the highest con-
centration, but high concentrations of
xylene, trichloroethylene, and white spirit
are also common. The summarized (addi-
tive) hygienic effect varies for the differ-
ent work phases between 0.12 and 0.30.
If the time used for each work phase is
taken into consideration, a time-weighted
average of 0.21 is obtained for the hygienic
effect of both car and industrial painting.

The exposure to dust, lead, and chro-
mium is shown in fig 1. Lead is of special
interest because of its well-documented
neurotoxic effects. The table gives the
range of hygienic effects, as well as the
mean and the median exposure values, for
spray painting and grinding. As a negligi-
ble exposure to dust occurs during color
mixing, degreasing, and cleaning, no mea-
surements of dust exposure were carried
out during these work phases. The range of
the exposure values show that the hygien-
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Exposure expressed as hygienic effect

Threshotd

Compound and
work phase Mean

value

Linit value
(mg/n>)

Median
value

Measured value

0.01 0.1 1 10

bust 10
Spray painting

Car painting 0.7 0
Industrial painting 0.2 9.

Geinding

Car painting 0.3 0.
Industrial painting 0.3 0.

Lead 0.1
Spray painting

Car painting 1.1 0.
Industrial painting 0.4 0.

Grinding
Car painting

Industrial painting 0.

Chromiun 0.02
Spray painting

Car painting 1.3 0,

Industrial painting 0.5 0.

Grinding

Car painting 0.3 0.
Industrial painting 0.3 0.
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Fig 1. Exposure to dust, lead and chromium during spray painting and grinding. For each occa-

sion of sampling the limits of detection were determined by the amount of sampled dust.

For

cases in which an exact measurement could not be obtained, a limit was determined which was

not exceeded by the real value.
measurements are represented by filled circles.

ic effects are sometimes exceeded during
the spray painting of cars and, sporadical-
ly, also during the spray painting of indus-
trial components. Generally, during grind-
ing, the exposure level is lower. Calcula-
tions of the mean values give higher expo-
sure values than the corresponding median
value for all work phases.

The work conditions described are cur-
rently wvalid, ie, the exposure measure-
ments performed in 1975-—1977 can be
considered to represent the work condi-
tions of the 1960s and 1970s. As many of
the painters included in this investigation
have been occupationally exposed prior to
this period and as the development of
chronic effects in the nervous system due
to long-term exposure can be suspected,
a car-painting workshop was constructed
to simulate the work conditions of 1955,
and exposure measurements of solvents
and lead were carried out. The results
from this study have been presented sepa~
rately (82). The main results are present-
ed in table 2. It appears from the table
that the exposure levels of solvents were
higher for the simulated model than for
the occasions of measurement in 1975—
1977, especially with respect to the pres-
ence of benzene (additive effect 0.80). It
should be observed that the TLV of ben-
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In the figure this limit is represented by an unfilled circle. Exact

zene is low (15 mg/m®) in comparison to
that of the other solvents referred to in
this report, primarily because of its known
effects on bone marrow and the blood and
because of the fact that the absolute con-
centration in the air is therefore relative-
ly low. However, the exposure levels in
1955 fell below the TLV for the solvents
used today.

The values measured for lead showed
a large variation depending upon the color
used during the spray painting. Low con-
centrations of lead were measured during
the use of all the colors except red. The
exposure level with red exceeded the lead
TLV 70-fold. It should be mentioned that
the actual exposure to lead during the
spray painting was reduced by the use of
individual protective equipment.

EXAMINED GROUPS
Exposed group

The selection of the -exposed group
(N = 80) was based on information collect-~
ed during semistructured individual inter-
views with 156 male Swedish spray paint-
ers (95 car painters and 61 industrial
painters). During the interview they were
questioned about occupational history,



special attention being given to the inten-
sity and duration of the exposure, the use
of personal protective equipment, and the
work conditions in each workshop. Fur-
thermore, information was collected con-
cerning environmental background and
education. So that age would not become
a confounding factor, the exposed group
was stratified into five age groups, = 25,
26—35, 36—45, 46-—55 and 5665 a. Each
group consisted of eight car painters and
eight industrial painters.

During the selection of the examined
group, the exposed workers in each age
group were ranked according to two in-
dices of exposure. The indices were based
on the period of employment during which
exposure to solvents occurred (t), estima-
tion of the intensity of the exposure on
a three-grade scale (i), the use of personal
protective equipment (p), and the work
conditions in each workshop (¢). The two
exposure indices were calculated as t (i X
pXcandt(d+ p+ c).

Individuals ranking highly on both ex-
posure indices were selected to be included
in the exposed group. When the exposure
indices did not give the same ranking or
when the indices did not sufficiently dif-
ferentiate the examined persons, the selec~
tion was made after careful comparisons
between the data on occupational history.
Thirteen persons, four belonging to the
age group of car painters <25 a and nine
being randomly distributed among the
other groups, refused to participate in the

medical examinations and were replaced
by the next person on the ranking list.

Reference groups

This investigation was planned as a cross-
sectional epidemiologic study. The aim
was to compare the spray painters to bio-
logically and socially similar persons
without exposure to organic solvents. The
intention was therefore to select a group
of nonexposed male Swedish industrial
workers of the same age, type of work,
and level of education as the spray
painters. The selections were made in
cooperation with representatives of the
unions, managements, and health depart-
ments of the plants.

Reference group 1

Methods of selection. The first reference
group was taken from an electronics plant
in Stockholm. The selections were made
from departments with (i) high~ and (i)
low-qualified work. There was no indi-
vidual classification of the education and
description of occupation of the employees.
Because the enterprise wished to avoid
possible production disturbances, the ref-
erence group could not be chosen freely
from all the employees, as some depart-
ments essential from the production point
of view were not accessible to the investi-
gators.

Table 2. Exposure to solvents and dust during car painting in 1975 and during simulated work
conditions of car painting in 1955. - Distribution of time between different work phases.

Exposure (hygienic effect)/percentage of the total time spent

in different work phases

Year
- Grinding, filling, Color mixing,
Spray painting masking, assembling degreasing, cleaning

1975

Solvents 0.30/15 0.15/60 0.27/25

Lead 0.40/15 0.10/60 —/25
1955

Solvents 0.40 (0.80 a) /20 —/65 0.25/15

Lead 0.0/20 (black) {65 —/15

0.2/20 (green)
0.2/20 (white)
70/20 (red)

a Hygienic effect when benzene was used as a solvent.
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Four hundred possible referents re-
mained after the age-matching. Among
these, 40 persons with highly qualified
work operations and 40 persons with less
qualified work operations were randomly
selected as referents.

Comments. In the choice of the first ref-
erence group a minimum of criteria of se-
lection was used to attain a satisfactory
variation of the background factors. How-
ever, an unintentional selection did occur
in the first phase of work. The enterprise
did not allow some groups of workers to
be included in the reference group. The
significance of this deficiency has not been
investigated. Furthermore, it was later
shown that many of the referents from
departments with highly qualified types
of work did not actually have very exact-
ing work phasges (storage work, cleaning
work, etc). Obviously the collective as-
sessment concerning education and occu-
pation did not turn out satisfactorily be-~
cause these departments had a more het-
erogeneous personnel than was expected.
Therefore, the selected reference group
was probably more heterogeneous than
the exposed group with respect to differ-
ent background factors.

During the project, assessments of the
psychiatric health status and psychologi-
cal performance level were carried out and
showed alarmingly high frequencies of dis-
orders that caused even more apprehension
about unintentional mechanisms of selec-
tion. This suspicion was strengthened when
a dropout of 39 % occurred in the primary
selection of the reference group.

It was decided to obtain a description of
the dropouts through an interview with
the 51 persons who had refused to partic-
ipate after being primarily selected. The
interviews, of 15—20 min, took place at
the workplace, 21 of the persons were not
available for interview for different rea-
sons — however only one actually refused
to participate. Therefore, only 30 inter-
views were carried out. A comparison was
made between the 30 interviewed dropouts
and the reference group included in the
study (reference group 1). Some differ-
ences (p < 0.05) were found that were im-
portant with respect to the suitability of
reference group 1 as a reference group.
Concerning medical history, a greater part
of this group had had head injuries (15 %o
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to 0°9%b0), other prolonged illness (15 %o to
090), and illness which required surgical
operation (46°%0 to 39%). In addition a
greater part of reference group 1 had been
employed by the enterprise for less than
5 a (32% to 794). The results revealed
that this group had shorter employment
periods in the enterprise than the dropouts
and that more persons in reference group
1 had had short employment in different
enterprises. Also, a greater part of refer-
ence group 1 (62°%) than the dropouts

(23 /o) had admitted using alcohol daily or

once a week. Finally, a much larger pro-
portion of reference group 1 (50 %) than
the dropouts (26 %) was unmarried.

The summary assessment of the magni-
tude and structure of the dropout con-
firmed the suspicion of negative selection.
Since the original aim of the selection did
not seem to be fulfilled, a new reference
group was chosen and examined.

Reference group 2

Methods of selection. At two other elec~
tronics plants in Stockholm, all the per-
sonnel (N = 800) was placed at the dis-
posal of the project. The first step was to
select the subjects with the same methods
used for the first reference group. The
second step was to make individual assess-
ments concerning occupational classifica-
tion, education, and employment stability
based upon staff lists and inquiries.

So that the type of problems connected
with the first reference group would be
avoided, an individual matching with the
exposed group was carried out. The cri-
teria of this individual matching were
(i) age (£ 1 a), (ii) same educational level,
(iii) position (foreman, not foreman), and
(iv) employment stability (time of employ-
ment at the actual or previous workplace).

For each exposed person, lists of all the
possible persons to be included in a refer-
ence group were drawn up. Among these
potential referents, one person was ran-
domly selected to be included in reference
group 2 and one was chosen as a reserve
in case the person first selected should
refuse to participate for some reason in
the investigation. Fifteen reserves were
called to the examination. The reasons for
the dropout of 15 of the primarily chosen
persons are shown in table 3.



Comments. The introduction of individu-
al matching limited the selection to the
reference group. Thus there was a risk that
the variation in the potential background
factors tended to be foo small. However,
the risk was compensated for by the big
pool from which reference group 2 was
taken. The total dropout from reference
group 2 was of the same order of magni-
tude as from the exposed group. In light
of the fact that motivation to participate
in an investigation is normally much lower
in a reference group than in an exposed
one, the results can be considered good.
On the basis of the magnitude of and rea-
sons for the dropout, it was considered
that reference group 2 could be used for
comparison with the exposed group. How~
ever, for the sake of completeness in the
presentation of the results — despite the
deficiencies — reference group 1 has also
been included.

SCHEDULE OF THE MEDICAL
EXAMINATION AND PRESENTATION
OF THE RESULTS

Each of the selected subjects was examined
at the XKarolinska Hospital during two
consecutive days following the schedule
shown in table 4. Two subjects belonging
to the same age stratum were examined
on the same day, one from the exposed
group and one from reference group 1.
Through a period of two weeks 12 sub-
jects were examined: 3 car painters, 3 in-
dustrial painters, 3 referents with highly
qualified work and 3 referents with low
qualified work. The examination was per-
formed on weekdays (Tuesday—Friday).

For the reasons already presented, ref-
erence groun 2 was examined separately,
after the examination of the other two
groups had been completed; however the
same schedule was followed for this group
also.

In the following text the results have
been presented in the form of Z diagrams,
which are the results of a statistical anal-
ysis of the differences between the ex-
posed group and each of the reference
groups.

The Z values have been calculated as fol-
lows:

Z = _i (550 - ir)/spa
where X, is the mean value of the variable

in the exposed group, X, is the mean value
of the same variable in a reference group,
and S, is the standard deviation pooled
within groups and age strata. For those
variables in which the results were avail-
able as number of “yes” responses to a
question on the questionnaires, the Z value
was calculated as follows:

Z=P,—P)VP{I—P) (1/N, + 1/N)),
where P, is the percentage of “yes” re-
sponses in the exposed group, P, is the
percentage of “yes” responses in a refer-
ence group, P is the total percentage of
“ves” responses in both these groups, and
N, and N, are the corresponding sample
sizes.

The Z values can easily be transformed
into a measure of significance of a more
familiar type, as p-values (p < 0.05, < 0.01
and < 0.001).

The Z diagrams are presented in the
form of bars showing the Z values for the
different variables presented in the dia-
gram and thus giving the difference (or
more precisely the reliability of the dif-

Table 3. Reason for dropout from reference
group 2.

Reason Number
Prolonged illness 2
Previous exposure 1
Refusal 12
(among whom an expressed fear

for hospitals and physicians) (5)

Total 15

Table 4. Schedule for the different examinations.

Examination Time required

First day (0800—1730)

Blood sample 0.5
Medical inquiry 1.5
Neurophysiological examination 2
Neurological examination 2
Psychological examination 2
Neuroradiological examination 0.5
Second day (0830—1630)
Sociopsychological interview 15
Psychological examination 3
Psychiatric examination 15
Ophthalmologic examination 0.5
Total 15
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ference) between the groups. A Z bar di-
rected to the right in a figure means that
the difference was regarded as indicative
of a poorer state of health or level of func-
tion in the exposed group than among the
referents, while a bar directed to the left
means a better state in the exposed group.

GENERAL MED!CAL EXAMINATION

The general medical examination included
a questionnaire concerning present and
previous state of health (table 5) and a

Table 5. Content of the medical questionnaire.

Contents Number of questions
Previous state of health 40
Present state of health
General symptoms 23
Neurological symptoms 38
Psychiatric symptoms 52
Symptom present only at or
immediately after work 11

1 chronic bronchitis

2 emphysema

3 pulmonary tuberculosis
4 bronchial asthma

5 pneumonia

6 hypertension

7 cardiac infarction

8 other heart diseases
9 anaemia
10 gastritis
11 peptic vlcer
12 bl solcs endor
13 hepatitis

14 diabetes mellitus

15 eczema

16 allergic rhinitis

17 goiter

18 nephrolithiasis
19 cystitis

20 chronic prostotitis

121s 0.2 [} 0.4

number of blood sample analyses. As
shown in table 5, the inquiry comprised
questions on neurological and psychiatric
symptoms. It must be stressed that the
completed questionnaire was used as a
basis for the interview at the following
medical examination, during which the
subject could clarify the answers given in
the questionnaire.

Previous state of health

The Z diagrams in fig 2 illustrate the dif-
ference between the exposed and reference
groups with respect to previous illness. It
appears that the morbidity, in general,
was somewhat higher in the exposed group
as compared to the referents. Statistically
significant differences were found for psy-
chiatric symptoms {(p < 0.01), as well as
for infections of the urinary tract, gastritis
and backache (p < 0.05), when the exposed
group and reference group 2 were com-~
pared. The differences versus reference
group 1 were somewhat smaller and sta-

.05 .01
21 rheumatoid arthritis

27 lwmbago
o lumbago-ischias

23 benign neoplasm

24 skult injury

25 loss of conciousness
exceeding one hour

26 jess than one hour

27 cerebrol haemorrhage
or infarction

28 encephalitis or
meningitis

29 epilepsia

30 fits of convulsions or
unconciousness

31 poresis
32 gait disturbances

33 inflammatory diseases
of the eye

34 blurred vision

35 other diseases of the eye

3¢ nervousness or other
mental diseases

37 other protracted diseases

38 surgical operation

T T T T
IZI= 0.2 ¢ 0.4

Fig 2. Differences, between the frequencies of “yes” responses in the exposed group and the two
reference groups, concerning questions in the medical questionnaire regarding previous state of
health. The differences are given as Z values. Light bars refer to reference group 1, and dark bars

to reference group 2.
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tistically significant only for gastritis

(p < 0.05).

Present state of health

General symptoms

One group of 23 questions on the part of
the questionnaire dealing with present
state of health covered symptoms concern-
ing the respiratory, circulatory, and diges-
tive systems and the skin. The average
number of “yes” responses was larger
among the exposed than the reference
groups. This difference was statistically
significant with respect to skin trouble
when the exposed group and reference
group 1 were compared. When the fre-
quency of “yes” responses in the groups
were compared for separate questions, 7
of the 23 questions separated the exposed
group from one or both of the reference
groups. These particular questions and
the differences are displayed in fig 3.

Another group of 11 questions concerned
symptoms only present at or immediately
after work. The following five acute symp-
toms were found more often among the
exposed: vertigo, headache, difficulty in
breathing, slurred speech, and feeling of
intoxication (fig 4).

Psychiatric symptoms

In the analyses of the answers in the psy-
chiatric part of the self-administered ques-
tionnaire, a statistically significant higher
frequency of “yes” responses was found
for the exposed group in comparison to the

.05.01 .00

vertigo
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difficulty in breathin:

slurred speech

feeling of intoxication j»
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Fig 4. Differences, between the frequencies of
“yes” responses in the exposed group and the
two reference groups, concerning questions in
the medical questionnaire regarding symptoms
only present at or immediately after work. The
differences are given as Z values. Light bars
refer to reference group 1, and dark bars to
reference group 2.

referents for 8 of the 52 questions. They
concerned increased fatigability, memory
disturbances, absentmindedness, dysphoria,
and nightmares (fig 5).

Neurological symptoms

The 38 questions in the neurological part
of the inquiry dealt with symptoms from
the central nervous system (11 questions),
the cranial nerves (8 questions), and the
peripheral nerves (19 questions). For this
part of the questionnaire also, the average
frequency of symptoms was higher for the
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Fig 3. Differences, between the frequencies of
“yes” responses in the exposed group and the
two reference groups, concerning questions in
the medical questionnaire regarding present
state of health of the respiratory, circulatory,
and digestive systems and the skin. The differ-
ences are given as Z values. Light bars refer
to reference group 1, and dark bars to reference
group 2.
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Fig 5. Differences, between the frequencies of
“yes” responses in the exposed group and the
two reference groups, concerning questions in
the medical questionnaire regarding psychiatric
symptoms related to present state of health. The
differences are given as Z values. Light bars
refer to reference group 1, and dark bars to
reference group 2.
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Fig 6. Differences, between the frequencies of
“yes” responses in the exposed group and the
two reference groups, concerning questions in
the medical questionnaire regarding neuro-
logical symptoms related to present state of
health. The differences are given as Z values.
Light bars refer to reference group 1, and dark
bars io reference group 2. (CNS = central
nervous system).

exposed group than for the two reference
groups. For 21 of the questions the differ-
ence was statistically significant with the
exposed group versus one or both of the
reference groups. These 21 guestions are
presented in fig 6, where it is demon-
strated that the differences were the most
pronounced for the questions concerning
symptoms indicative of peripheral neurop-
athy (paresthesia and muscle pain).

Blood analyses

The blood analyses comprised sedimenta-
tion rate, hemoglobin, hematocrit, erythro-
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cytes, leucocytes, and liver function tests
[alcaline phosphatases, alanine aminotrans-
ferase (ALAT), asparate aminotransferase
(ASAT) and bilirubin in serum]. The group
mean values were all within current nor-
mal limits. However, some statistically sig-
nificant differences were found between
the exposed group and reference group 2;
higher values were found in the exposed
group for alcaline phosphatases (3.14
versus 272 ukat/l, p<0.01) and for
hemoglobin, hematocrit, and erythrocytes
(p < 0.05).

Comments

It appears from the results that the sol-
vent-exposed workers had a higher fre-
quency of neurological and psychiatric
symptoms than their referents. Also
skin symptoms occurred more frequently
among the exposed, a finding not surpris-
ing since it is well known that occupa-
tional exposure to solvents may cause
irritative changes of the skin (14). Other
differences in the previous and present
state of health between the groups were
spurious, and some of them (eg, some
gastrointestinal symptoms) may merely
have been a reflection of disturbances of
neuropsychiatric health. The increase, al-
though not statistically significant, in
chronic bronchitis and some respiratory
symptoms among the exposed may on the
other hand be a manifestation of a solvent
effect on the lungs, as recently demon-
strated in epidemiologic (21, 58) and ex-
perimental studies (72).

PSYCHIATRIC INVESTIGATION

Acute psychoorganic syndromes are char-
acterized by disturbed consciousness and
hallucinations, whereas the chronic syn-
dromes are distinguished by reduced men-
tal performance, personality changes, and
subjective symptoms. They may be indi-
vidual reactions to reduced physical and
mental ability and can be prominent in
cases of a slight to moderate cerebral le-
sion or in the early phases of the psycho-
organic syndrome. Moreover, subjective
symptoms can occur much earlier than
objective signs (54). The clinical picture is



characterized by, eg, fatigue, worrying,
and memory and concentration difficulties,
and it is often described as a neurasthenic
syndrome, Similarly, subjective symptoms
with a concurrent and varying reduction
in mental capacity following long-term ex-
posure to organic solvents have been re-
ported in a great number of case reports
and in epidemiologic studies (59). There~
fore, the present study included a psy-
chiatric assessment of a number of neuras-
thenic symptoms. However, the neuras-
thenic syndrome has been attributed to
psychological and social factors. Further-
more, such factors can be influenced by
organically induced personality changes
(83). Hence, the present study included in-
vestigations of certain personality traits
and of the adjustment of the individual to
social life.

Methods

Questionnaires

The self-administered psychiatric ques-
tionnaires contained the 52 questions de-
scribed in the section on the general medi-
cal examination and 29 questions about
the social situation of the individual ac-
cording to Gardell (30) and Westlander
(85). In addition, five questions concerned
the use of alcohol. The information so ob-
tained was used as the basis for the psy-
chosocial and psychiatric interviews. Cer-
tain gquestionnaires about the individual’s
habitual behavior (inventories) were also
presented so that some personality traits
could be studied which had been postu-
lated by factor analyses [Eysneck’s Per-
sonality Inventory (EPI)] or were based on
theoretical considerations (Marke-Nyman’s
Temperament Scale (MNT)].

Psychosocial interview

The structured interview contained 20
items which, together with the aforemen-
tioned questions, have been used in previ-
ous studies (30, 85). Questions and items
of similar content were brought together
in 18 indices. These 18 indices were as-
sembled into three general indices giving
an overall assessment of the conditions at
home, those at work, and any signs of so-
cial maladjustment (eg, abuse, criminality).

Psychiatric interview

The prevalence of various symptoms ex-
perienced during the last six months was
rated according to the examinee’s reports
given during a semistructured interview
(with a duration of approximately 45
min). Thirty-three reported items were
rated on a seven-step scale. Twenty-one of
the items were drawn from the CPRS
(Comprehensive Psychopathological Rating
Scale) (8). The 12 remaining items were
constructed according to the same prin-
ciple. Also, the interviewer rated his own
observations of 12 symptoms and signs ob-
served during the interview. He assessed
the “assumed reliability” or “credibility”
of the reports given during the interview
and, finally, the overall mental health of
the subject (two items). The psychiatric
interviews were recorded on tape to per-
mit assessment of observer bias and inter-
rater reliability. Individuals in the exposed
group and the first reference group were
interviewed in random order by two sen-
ior psychiatrists. Individuals in the second
reference group were also interviewed by
a resident in psychiatry. Each one of the
three interviewers of the second reference
group rated approximately one-third of
all the individuals in every age stratum.
As regards the exposed group and refer-
ence group 1, the interviewers endeav-
ored to remain blind as to the nature of
the examinee’s work. However, the sec-
ond reference group was examined sep-
arately and the individual work was
known by the interviewers. In all cases,
any information about type of work was
erased from the tapes and could therefore
not influence later reratings. Thirty-five
tapes were selected at random and rerated
(five per age stratum and rater). This
rerating took place 1 to 2 a after the
original interview. The product-moment
correlation (r) between the raters was
computed from the sum score of all the
reported items. It varied between 0.82 and
0.88. The correlation (r) between the origi-
nal ratings and reratings performed by the
same interviewer varied between 0.92 and
0.95. The average score of the rerating
was very close to that obtained at the orig-~
inal rating. The two senior psychiatrists
arrived at almost exactly the same score
when rerating the same tape. The resident,
however, gave higher scores. The inter-
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view technique used may be considered to
be “conspective” (ie, it gives the same re-
sult regardless of the rater, at least be-
tween senior psychiatrists). In the statisti-
cal procedures the original ratings were
used, with some exceptions. Multivariate
statistics were applied to 13 selected items
drawn from the ratings made by the senior
psychiatrists. This material consisted of
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Fig 7. Differences beiween the mean values of
the psychosocial indices of the exposed group
and the two reference groups. The differences
are given as Z values. Light bars refer to
reference group 1, and dark bars to reference
group 2.
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Fig 8. Differences between the mean values of
the general psychosocial indices of the exposed
group and the two reference groups. The
differences are given as Z values. Light bars
refer to reference group 1, and dark bars to
reference group 2.
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ratings from 77 exposed and 127 reference
workers.

Results

Questionnaires

The frequencies of certain mental com-
plaints as expressed in the medical ques-
tionnaire have already been given. As for
the personality inventories (EPI & MNT),
the results agreed with those of previous
normalization studies (11, 55). Neuroticism
in the EPI and validity in the MNT were
of particular interest, since they can be
regarded as reflecting a constitutional dis-
position for the development of neurotic
reactions. However, neither the exposed
nor the two reference groups seemed to be
handicapped by any such disposition. The
results of the inventories speak against
selective factors (eg, choice of work) in-
fluencing the psychological comparative-
ness of the groups. If such factors had been
operating, they would have induced dif-
ficulties in the assessment of the psychiat-
ric and the psychosocial interviews. (We
have made an exception, however, of the
factors operating in the composition of the
first reference group).

Psychosocial interview

A considerably higher work stress was re-
ported by the exposed group in comparison
with both reference groups (fig 7). When
car painters and industrial painters are
compared only with their subgroup among
reference individuals, this difference per-
sists. The exposed individuals reported a
greater subjective work stress than did
the reference groups; this finding was at-
tributed to experienced risks at work (not
only those connected with organic sol-
vents). The exposed workers clearly re-
ported a lower general ease in their work
conditions. They also experienced more
difficulties than reference group 2 in their
relationships with fellow workers. The re-
maining indices revealed no differences.
As expected, the exposed group reported
more complaints about their work situa-
tion than the referents when general in-
dices were compared (fig 8). In a compari-
son of the exposed and the first reference
group a trend was observed which became
a statistically significant difference when



the same comparison was made with the
second reference group. However, the ex-
posed individuals reported more favorable
conditions at home than both reference
groups. This finding was particularly
marked for the married painters when
they were compared to married individuals
in reference group 2. The general index
for disturbed adjustment to social life,
which contained criminality, alcohol and
drug abuse, did not differ between the
groups.

Psychiatric interviews

Reported items. Fig 9 shows the results
of the ratings of the 33 reported items. In
comparison with both reference groups,
the exposed group had a clearly higher
symptom score for 11 ifems (inner ten-
sion, irritability, fatigability, aches and
pains, learning problems, short- and long-
term memory problems, nausea, epigas-
tric pain, headache and, finally, precision
movement). Statistically significant differ-
ences between the exposed group and one
of the reference groups were found for
five additional items (worrying over tri-

205 .01 00

sadness

inner tension
hostile feelings
inability to feel
pessimistic thoughts
hypochondrioses
worrying over trifles
compulsive thoughts
phobias

rituals

indecision

inertia

fatigability

concentration
reduced appetite

reduced sleep

T
1Zi= 0.4 o

fles, concentration difficulties, vertigo and
dizziness, dyspnea, and mood lability). The
most pronounced differences were ob-
served for memory problems, headache,
and fatigability. The figure shows, too,
that there were trends towards differences
for several other items between the ex-
posed and reference groups.

For further statistical analysis, a reduc-
tion of the amount of data was desired.
Those 13 items were selected that were
clearly correlated to items that best dif-
ferentiated between the groups (r > 0.3,
p < 0.001). These 13 items correlated clear-
ly with group residence “exposed” (mulfi-
ple r~ 0.54, p < 0.001).

The correlation was mainly derived from
symptoms such as short-term memory
problems, headache, mood lability, and
precision movement difficulties (table 6).
Furthermore, the items were subjected to
factor analysis. In the search for symptom
clusters with a common variance related
to exposure to organic solvents, the anal-
ysis was confined to ratings obtained in
interviews with the painters. According to
the factor structure, 13 items were grouped
into three general indices (fig 10). The
first index showed the most prominent dif-
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Fig 9. Differences between the mean values of the ratings of symptoms reported by the exposed

group and the two reference groups.

The differences are given as Z values.
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Fig 10. Differences between the mean values of
the three psychiatric general indices. The differ-
ences are given as Z values. Light bars refer to
reference group 1, and dark bars to reference
group 2. Symptom group 1 comprises fatigue,
concentration  difficulties, memory problems,
vertigo, gastritis, and headache. Symptom group
2 comprises hostile feelings, worrying over
trifles, indecision, inertia, thoracic oppression,
and inner tension. Symptom dgroup 3 consists
only of precision movement difficulties.

Table 6. Multiple regression analysis of selected
psychiatric items.

Step  ltem Multiple r p

1 Short-term memoty

problems 0.454 0.000
2 Headache 0.493 0.002
3 Mood lability 0.512 0.028
4 Precision movement

difficulties 0.522 0.105

ference between the groups and contained
the largest factor, corresponding to 25 %
of the total variance.

Observed items. Generaly, the observed
items displayed less difference than the
veported items between the examined
groups. The following differences were ob-
tained: The word fluency of the painters
was significantly higher, and they dis-
played problems with their short-term
memory significantly more often than the
reference groups. In comparison with ei-
ther reference group, there were also signs
of long-term memory problems, increased
motor restlessness, and increased muscle
tension in the exposed group. The general
credibility of the ratings was scored as
high for all groups.

Relationship with psychosocial findings.
Some differences between the exposed and
the reference groups were observed for

252

certain psychosocial items, as well as cer~
tain mental complaints. A relationship be-
tween psychosocial and psychiatric find-
ings is essential for the interpretation of
the origin of the psychiatric symptoms.

The existence of neurotoxic agents such
as organic solvents in an individual work
environment can give rise to mental symp-
toms. Such symptoms can lead to increased
subjective work stress and social adapta-
tion problems. On the other hand, high
work stress and unfavorable conditions at
work can also provoke mental symptoms
such as fatigability. However, the rela-
tionships are probably very complicated,
and only a rough assessment can be at-
tempted in this report.

An examination of the relationship be-
tween the general psychosocial and psy-
chiatric indices of the two reference
groups can provide an estimate of the ex-
tent to which the psychiatric ratings were
influenced by the examinee’s experience
of his environment at work and at home.
No such correlations were noted. How-
ever, the general index for work situation
contained one index for work strain (fig 7),
which showed a weak correlation with the
first symptom group (r = 0.21 p < 0.0086).
No correlations between the psychiatric
rating and the remaining separate psycho-
social indices were found. Therefore it ap-
pears that the ratings of the psychiatric
symptoms were influenced only to a small
extent by the examinee’s experience of,
eg, work conditions.

As for the exposed group, only a slightly
higher correlation between work stress
and psychiatric symptoms was found
(r = 0.35 p <0.36). The index for subjec-
tive work stress contains items relevant to
experienced risks at work. Of course the
painters may be more concerned over work
risks, and this concern can explain the dif-
ference between the two groups.

Discussion

The psychiatric investigation showed that
psychiatric complaints were considerably
more common among painters than among
the individuals in both reference groups.
This result could be due to a tendency to
give exposed subjects higher scores. This
contention, however, is contradicted by the



findings of high rating-rerating reliabili-
ties and of the observation that the inter-
viewing psychiatrists arrived at approxi-
mately the same average scores. Some in-
dividuals in reference group 2 were inter-
viewed by a psychiatric resident, who gave
higher average scores than the two spe-
cialists. This occurrence induced a system-
atic error which, however, would suppress
observed differences. Reference group 2
has thus been given ratings that are some-
what too high.

At the interviews, the painters did not
give impressions of overstating their com-
plaints. The presence of such a tendency
would have influenced the general credi-
bility of the interviews. However, in this
respect, painters and reference workers
were equal. The possibility remains, how-
ever, that the selection of the groups can
have induced considerable differences be-
tween the painters and reference workers
with respect to certain background factors
that could affect their mental state. The
inventories used in the study did not reveal
personality traits likely to cause mental
symptoms. The psychosocial investigation
showed that the painters viewed their
work situation more negatively and ex-
perienced their work situation as more
negative than did the referents. However,
since the correlations were weak, they
cannot explain the higher incidence of
mental complaints among the exposed
workers. Therefore, a relationship be-
tween mental symptoms and exposure to
organic solvents seems to be a more plau-
sible presumption. This view is supported
by the observations that those symptoms
that best differentiated between the groups
are also common in persons with slight
cerebral damage (24). The symptomatol-
ogy also agrees with previous case reports
or epidemiologic studies (59). A closer
analysis of the ratings indicates that mem-~
ory difficulties, the single item that best
differentiated between the groups, was
connected with a number of cerebrolesion-
al symptoms (83).

The CPRS (1) formed the basis for the
used psychiatric rating scale. The scale
should be of the interval type (79) to
permit the proper use of parametric sta-
tistics, but any imperfection in this respect
would have little bearing on the results
(6, 19). Similarly, certain theoretical ob-

jections can be raised against the use of
factor analysis of ratings, particularly if
the object is to give the factor structure
a mathematical interpretation. However,
the actual use of the method for data
reduction is generally accepted (16, Schall-
ing: personal communication).

The stability of the factor structure
must be regarded with caution. The com-
prehensive psychiatric indices were based
on factors of first order, and it may be
difficult to reproduce them exactly with
other materials.

Furthermore, the validity of the rating
scale has not been tested. It is of interest
to note that preliminary data show sig-
nificant relationships between the first
psychiatric index and results of psycho-
metric tests indicative of cerebral damage.
The third psychiatric index also showed
a statistically significant correlation with
a psychometric test demanding manual
dexterity. These correlations will be the
subject of further analysis.

PSYCHOLOGICAL EXAMINATION

A fairly large number of studies has
shown that experimental exposure to
solvent vapors can cause changes in central
nervous functions as measured by beha-
vioral performance tests. Thus, for several
solvents, performance decrement on tests
of, eg, sensory, perceptual and psycho-
motor functions was found to be related
to the concentration of solvent in inspira-
tory air and to the total uptake of solvent
in the organism (2, 27, 28). The results
of these and other experimental investiga-
tions have provided a basis for the evalua-
tion of the risks for acute effects due to
the presence of solvents in the work
environment.

The risk for decrement in performance
capability due to long-term exposure has
not yet been satisfactorily evaluated.
Epidemiologic investigations of occupation-
ally exposed workers do, however, clearly
indicate that long-term exposure to sol-
vent vapors can cause a decrement in be-
havioral performance capability (29, 33,
37, 38, 39, 44, 52, 53).
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Methods

A total of 18 different behavioral perfor-
mance tests were used in this investiga-
tion (table 7). Fourteen of these tests were
from a recently standardized test battery
for investigations in behavioral toxicology
(80), and four were tests on electronic
apparatus which were developed in the
work psychology divison of the Swedish
National Board of Occupational Safety and
Health (44).

Except for the tests on the electronic
apparatus, the factor structure of the test
battery was already known from previous
investigations (80). A number of factor
analyses was however performed also on
the results from the present investigation
(25). These analyses showed that the
factor structure for the exposed and refer-
ence groups was the same as for the pop-
ulation of an earlier investigation (80).
In these latter analyses, all of the tests
from the present investigation had been
included, and thus an analysis of the rela-
tions between the tests of the battery and

the tests on the electronic apparatus was
possible.

Statistical analysis

From the first inspection of the data, it
was obvious that the results of all the
tests except the two verbal ones were
highly correlated with age. This fact, and
the heterogeneity of the groups with
respect to age, would make the t-testing
of the mean differences between groups
inadequate. A t-test would result in a
highly underestimated significance level.
The statistical analyses were therefore
made with two-way analyses of variance
with exposure and age as the two sources
of variation. This method was preferred
to alternative models of analysis, such as
the t-test for matched pairs or an analysis
of covariance. The analysis of variance
was chosen because of the fact that it
gives information about a possible effect
of interaction between exposure and age.
Furthermore, this model does not require

Table 7. Means and standard deviations from different tests for the reference and exposed groups

and for the car and industrial spray painters.

Exposed Reference . Industrial
Test group group Cabr\]p_auz(t)e):rs painters
(N = 80) (N = 80) - (N = 40)
Mean SD Mean  SD Mean SD Mean 8D
Synonyms 19.8 6.1 20.5 5.8 19.7 6.4 20.0 5.9
Distinction 16.1 6.3 16.2 6.3 15.9 6.5 16.3 6.2
Spatial transposition 26.0 7.9 26.5 7.4 25.9 7.2 26.1 8.6
Block design 22.5 7.3 24.7 6.4 22.2 7.3 22.9 7.3
Figure classification 20.7 46 21.2 4.2 19.8 4.2 21.6 48
Visual gestalt ability 134 21 137 17 137 19 131 23
Digit symbol 395 132 449 119 395 127 395 137
Identical numbers 79.0 175 859 17.0 793 153 788 196
Dots 654 145 712 141 656 132 652 159
Mental arithmetic 2.6 1.3 2.3 1.0 2.5 1.2 2.7 1.3
Benton (reproduction) 6.9 15 7.3 15 6.7 1.4 7.0 1.7
Memory test (recognition) 281 4.1 28.9 44 28.7 3.7 276 4.3
Memory test (reproduction) 52.7 9.6 56.5 6.2 53.9 8.4 515 106
Hand dexterity test 76.8 8.0 80.7 8.8 77.8 7.0 75.7 8.8
Finger dexterity test 1 26.0 6.0 29.4 6.4 27.2 4.9 24.8 5.0
Finger dexterity test 2 26.4 5.0 29.0 5.8 27.2 4.9 25.7 5.0
Simple reaction time, speed 264 28 243 30 258 29 270 29
Simple reaction time,
decrement 24 27 14 23 23 24 24 30
Finger tapping 203 26 202 28 209 30 197 21
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any assumption about a linear relation-
ship between performance and age.

This first inspection revealed that refer-
ence group 1 was much more heteroge-
neous in performance than reference
group 2 or the exposed group. Reference
group 1 thus showed a greater standard
deviation than the other two groups on
almost all performance tests. Furthermore
the distributions of the performance scores
for reference group 1 showed a marked
negative skewness in most of the tests.
These observations accentuated the inter-
pretation of reference group 1 as being
negatively selected. Because of these facts,
the results of reference group 1 were ex-
cluded from the analysis of variance.

In the analyses of variance, the material
was grouped into five age classes accord-
ing to the sampling criteria. Four groups
were used, car painters, industry painters
and one matched reference group for each
of the exposed groups. The resulting de-~
sign was 5 X 4 with eight individuals in
each cell. This grouping made possible
the simultaneous testing of the differences
between the two exposed groups and be-
tween each of these and the reference
groups. Combining the two exposed groups
and the two reference groups, respectively,
made it possible also to make a test for
interaction between exposure and age.

The reaction-time test, Simple RT, could
also be analyzed for performance changes
during the test period. For this test, a
two-way analysis of variance with re-
peated measurements was employed in
which the trend of the performance
changes over time was introduced as a
further source of variation.

For more information concerning the
correlation between groups (exposure/no
exposure) and performance on different
tests, a series of multiple regression anal-
yses was performed. These analyses re-
sulted in a multiple correlation coefficient
for the relationship between groups (ex-
posure/no exposure) and performance
variables from the same factor (table 8).

Results

The means and standard deviations for
the different groups and performance tests
are shown in table 7. The relative mag-
nitude and direction of the difference in

performance between the exposed group
and the reference groups are illustrated in
fig 11, where the mean differences for
each test have been transformed into stan-
dardized scores.

The result of the analyses of variance
showed that the main sources of variation,

Table 8. Multiple correlation coefficients for the
relation between performance on tests belonging
to the same factor and group membership
(exposed group/reference group).

Factor Multiple r p
Verbal comprehension 0.070 0.700
Reasoning and spatial

relations 0.187 0.158
Perceptual speed 0.230 0.047
Numerical ability 0.147 a 0.072
Memory 0.240 0.034
Manual dexterity 0.281 0.007
Simple reaction time 0.360 < 0.001
Motor speed 0.031a 0.703
All the tests 0.529 < 0.001

a Pearson correlation coefficients for factors
represented by only one test.
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Fig 11. Mean performance differences between
the exposed group and reference group 2 on the
different psychological tests. The differences
are expressed in standardized scores. (REL =
relations, RT = reaction time)
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exposure and age, had a significant in-
fluence on performance on most tests. On
the other hand, there were no signs of any
interaction between exposure and age. The
performance of the older subjects was
worse on the tests irrespective of expo-
sure.

With one single exception the mean per-
formance on the tests was poorer for the
exposed group than for the reference
group (fig 10). From fig 10 it can be seen
that the exposed group had a significantly

RT median
ms

280 4 ©————8 Exposed group

O eO Reference group

260 1

Oevvienns o o o
O o
240 Lo
o
1 2 3 4 5 6 7 8 9 10
1-min time block
Fig 12. Change in mean reaction time (RT)

over time (1-min time blocks) for the exposed
group and reference group 2. Each point is a
mean of the individual median values for the
time block.
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Fig 13. Mean values of the reaction time (RT)
of the exposed group and reference group 2 at
different percentiles in the individual distributions
of reaction times.
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poorer performance than the reference
group on all three tests of perceptual speed
(p <0.01) and manual dexterity (p < 0.01).
The test of Simple RT also showed a dis~
tinet difference between the two groups
(p < 0.001).

The results of the memory tests also in-
dicated poorer performance for the ex~
posed group as compared fo the reference
group. The mean difference in perform-
ance was clearly significant (p = 0.003) for
one of the tests (memory, reproduction)
and very close to significance (p = 0.057)
for another test (Benton, reproduction).

The group differences in cognitive func-
tions such as reasoning, spatial relations,
and numerical ability were more ambigu-
ous. The four tests of reasoning and spa-
tial relations showed only one significant
difference (block design test, p = 0.046),
while the differences for the others were
small. A tendency towards a performance
difference can be seen in the results of
the test of numerical ability (mental ar-
ithmetic, p = 0.070). Tests of verbal com-
prehension and motor speed did not dif-
ferentiate between the groups.

From table 7 it can be seen that both
car painters and industrial painters gen-
erally performed less well than the refer-
ence group. However, there was a clear
tendency for the industry painters to per-
form still worse than the car painters on
the tests for manual dexterity and simple
reaction time. Manual dexterity and reac-
tion time are also the functions for which
the greatest and most unambiguous differ~
ences between the exposed groups and the
reference group were found. This fact is
illustrated in table 8, where the correla-
tion between exposure and performance is
described with reference to the factor
structure of the test battery. It can be
seen that reaction time, manual dexterity,
memory, and perceptual speed clearly cor-
related with exposure. In addition, the
simple reaction time test obviously had
nearly half of the discriminative power
of the test battery (0.360° as compared to
0.529%). Fig 12 and 13 give a more detailed
description of the results for the reaction
time test. Fig 12 illustrates the change in
reaction time over the test time (10 min)
for the exposed and reference groups. As
already mentioned, the difference in reac-
tion time between the two groups was sig-



nificant (p < 0.001). Furthermore, the anal-
yses of variance and trend showed that
the change in reaction time over time
was approximately linear (p < 0.001), and
the change was significantly greater
(p = 0.024) for the exposed group. These
analyses also pointed out that still another
aspect of reaction-time performance cor-
related with exposure. This phenomenon
is illustrated in fig 13, in which the mean
values of each group have been presented
for the different percentiles in the distri-
bution of reaction times of every individ-
ual in the test. As can be seen in the fig-
ure, the mean differences between the
groups Iincreased over the percentiles
(p = 0.025). Therefore the individual dis-
tributions of reaction time tended to be
more positively skewed in the exposed
group than in the reference group.

Discussion

Unambiguous differences in performance
between the exposed and reference groups
were found in the psychological examina~-
tions. The exposed group performed sig-
nificantly less well on tests of functions
such as simple reaction time, manual dex-
terity, perceptual speed, and memory, ie,
in not very complex perceptual and psy-
chomotor functions.

The results in general showed a clear
relationship between exposure and per-
formance on the tests. This correlation
also appears to be more unambiguous in
this investigation than in the earlier
studies of house painters (39) and car
painters (53). It is not probable that the
groups differed initially with respect to
intellectual ability because no differences
between the groups were found in the
more intellectual tests of the battery, eg,
verbal comprehension. The results also
seem to favor the hypothesis that verbal
ability is relatively resistent to the effect
of solvent exposure (39). In a previous
study of car painters (53), differences be-
tween an exposed and reference group
were found for all the functions tested but
reaction time, while in this investigation
the greatest difference between the ex-
posed and reference groups was found on
the reaction-time test. This is a very im-

portant difference because it is well
known that performance on a reaction-
time test is independent of intellectual
capacity. This is not the case for the tests
of other functions. Thus the result on the
test of reaction time can be interpreted as
due to solvent exposure, even if the com-
parability of the groups in intellectual
ability is questioned.

As already mentioned, the exposed
group performed less well also on the
memory tasks. It should be stressed, how-
ever, that performance on these and other
available memory tests is highly depen-
dent on the attention and concentration of
the subject. Furthermore, retention was
measured after a very short time. The
poorer performance on these tests is there-
fore not necessarily related to the subjec-
tive memory impairment reported by some
exposed individuals.

The effects of long-term exposure to
solvents already described seems to be of
the same kind as those found in laboratory
investigations of acute exposure (27).

The analyses of variance illustrated a
negative correlation between age and per-
formance on the test. However, there was
no effect of interaction between age and
exposure. Thus the differences in perform-
ance between the exposed and reference
groups were relatively stable with respect
to age. The variation of age in the exposed
group was almost identical with that of
length of exposure (painter years). There-
fore it was not possible to demonstrate
any effect or correlation that indicated a
dose-response relationship. Nor has such a
relationship been found in the earlier in-
vestigations of house painters (39) and car
painters (53).

The general results can, on the basis of
a cursory analysis, seem somewhat con-
tradictory. While on one hand unambigu-~
ous mean differences occur between ex-
posed and reference groups, there are on
the other no correlations between length
of exposure and test performance. How-
ever, there is the possibility that the ex-
posed population has been subject to a
systematic dropout, a “healthy worker ef~
fect.” It is obvious that it would be very
difficult to prove a dose-response relation-
ship in such a selected population. These
results would also be explained if the ef-
fects are subchronic rather than chronic.
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NEUROLOGICAL AND NEUROPHYSIO-
LOGICAL EXAMINATIONS

There are several reports in the literature
on objectively demonstrable lesions in the
central nervous system due to occupational
exposure to organic solvents. Even re-
cently, relatively serious functional dis-
turbances of the central and peripheral
nervous systems have been reported due
to such exposure (3, 15, 18). The exposure
conditions described in these studies seem
to have been worse than in comparable
Swedish industries. However, the results
of recent Scandinavian epidemiologic
studies (44, 45, 66, 75, 77) indicate that
even a low degree of long-term exposure
to industrial solvents can affect the ner-
vous system to the point that changes can
be detected in neurological and neuro-
physiological examinations. The changes

{E::- M

amplifier

computer

P]OO

Fig 14. Visual evoked responses (VER) — At the
top of the figure is the square checkerboard
pattern screen with which the “pattern reversal”
stimulation was performed. Below it is the skull
of the examined subject (seen from above) with
the two recording electrodes. Fz and Oz indicate
the electrode positions according to inter-
national electroencephalographic standards. The
recorded signals pass through an amplifier and
a computer to give a response (VER) as shown
at the bottom of the figure. Two variables were
measured from this response, the amplitude (A)
and the latency (L). Pioo is the dominating pos-
itive wave since its latency is around 100 ms in
normal cases.
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found with these methods have been slight,
eg, an increased occurrence of slight, pe-
ripheral neuropathy — mainly sensory —
and nonspecific electroencephalographic
(EEG) changes.

Methods
Neurological examination

In the clinical neurological examination,
the function of the central nervous system
(aphasia, gait, coordination, tremor, Rom-
berg’s sign, muscle tone, Babinski’s sign)
and the cranial nerves (sense of smell, eye
movements, nystagmus, facial movements
and sensibility) was tested. The peripheral
nervous system was assessed with an ex-
amination especially designed to detect
early signs indicative of polyneuropathy
(12, 44, 45).

Sensibility (pain, temperature, discrimi-
native sensibility and kinesthetic sense),
tendon reflexes, and muscle strength were
evaluated. The findings were scored as
0 = normal, 1 = mild changes, and 2 or
3 = varying severity of manifest disease.

Electroencephalography

The EEG recording was performed accord-
ing to international standards; it included
hyperventilation for 3 min and photic
stimulation. Drowsiness was prevented by
sound stimulation. For the computer anal-
ysis, the EEG signals were stored on mag-
netic tape.

The EEGs were visually examined by
two neurophysiologists independently and
without knowledge of whether the EEG
belonged to the exposed or the reference
groups.

A representative 10-s section of each
EEG was selected and ranked with regard
to the amount of low-frequency activity.
The stored EEG signals were computer-
processed by means of spectral parameter
analysis (SPA) (84). SPA describes the fre-
quency content of the EEG signal in one
to three components (the delfa, alpha and
beta components). Each component is char-
acterized by three parameters (peak fre-
quency, bandwidth and power).



Visual evoked responses

Pattern reversal in visual evoked responses
(VER) was recorded. The stimulus was
produced by a commercially available de-
vice (Digitimer D 110); it consisted of a
back projection of a black and white
checkerboard pattern with a reversal fre-
quency of 2 Hz (fig 14). [For details of
the stimulus parameters see Nilsson (63)].
A bipolar recording of VER was made
with two scalp electrodes, one applied at
the midline 5 cm above the inion and the
other placed midfrontally. Responses to
200 or 400 reversals were averaged. The
pattern reversal VER has a typical wave-
form and good intraindividual reproduci-
bility. The interindividual wvariability of
the latency is small. In the analysis of the
responses, the latency and amplitude were
measured as is shown in fig 14.

Electroneurography

Six peripheral nerves (median, peroneal
and sural nerves on both sides) were ex-
amined electroneurographically. Conduc-
tion velocities of motor nerves, as well as
conduction velocities and action potential
amplitudes in sensory and mixed nerves,
were measured with surface electrodes
(table 10). The electrode positions are pre-
sented in fig 15.

Vibratory perception thresholds

The vibration thresholds were determined
at three different locations of the extrem-
ities, ie, the bony parts of the dorsum of
the foot (tarsal), the lower leg (tibial), and
the wrist (carpal). An electromagnetic bio-
thesiometer with a plastic stimulator shaft,
6 mm in diameter, provided a 100-Hz sine
wave stimulus movement, the amplitude
of which could be varied between 0 and
25 u. An accelerometer mounted on the
stimulator shaft registered peak to peak
amplitude of the stimulation, which was
monitored digitally during the procedure.

Results
Neurological examination

Significant differences between the ex-
posed group and reference group 2, with
more positive findings in the exposed
group, were found for the following: Rom-

berg’s test, finger-to-nose test, finger-to-
finger test, and finger tremor. In all cases
the findings were minor, and, since the
examinations were performed by two phy-
sicians, for whom the distribution of ex-
posed and reference subjects was unequal,
the results must be regarded with caution.

The quantified neurological status con-
cerning the function of the peripheral
nerves did not reveal any significant dif-
ferences between the groups.

Electroencephalography

As shown in table 9, the visual evaluation
of the EEGs did not reveal any significant
differences between the exposed group and
the referents. The proportion of abnormal

\ i
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i« MEDIAN NERVE

(1

SURAL NERVE :

Fig 15. Electroneurography — The figure shows
the position of the electrodes in the electro-
neurographic examinations. (M = muscle res-
ponse recording electrode, D = digital stimulat-
ing electrode)

Table 9. Visual evaluation of the electro-

encephalograms (EEG).

Exposed Reference Reference

EEG evaluation group group 1 group 2
(N =80) (N = 80) (N = 80}

Normal 44 47 47

Not definitely

abnormal 33 23 28

Slightly

abnormal 2 2 3

Fairly slightly

abnormal 0 3 1

Moderately

abnormal 1 5 1
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Fig 16. Differences between the mean values of
the visual evoked response variables of the ex-
posed group and the two reference groups. The
differences are given as Z values. Light bars
refer to reference group 1, and dark bars to
reference group 2. (bilat. = bilateral)

distance: p=.05.01 001
MCVY  2-1
1-M

NAP, c.v. - 1-2

Median nerve

v amplitude 1-2
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Fig 17. Differences between the mean values of
the electroneurographic variables of the exposed
group and the two reference groups. The differ-
ences are given as Z values. Light bars refer
to reference group 1, and dark bars to reference
group 2. The notations of the distances along
the nerve refer to the electrode positions in fig
15, MCV = motor nerve conduction velocity,
NAP = nerve action potential (in mixed nerves),
SNAP = sensory nerve action potential, c.v. =
conduction velocity).

p= .05.01.001
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Fig 18, Differences between the mean values
of the vibration thresholds of the exposed group
and the two reference groups. The differences
are given as Z values. Light bars refer to refer-
ence group 1, and dark bars to reference
group 2.
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EEGs was of a magnitude expected for a
population of this kind. When the EEGs
were ranked by one of us (AW), the dis-
tribution of exposed subjects and referents
indicated that the former showed more
alpha activity than the latter. This tend-
ency was statistically significant (p < 0.01,
Mann-Whitney rank correlation test). How-
ever, when a new ranking was made by
two of us (HP and LW) jointly, no such
difference was demonstrated.

The computer analysis (SPA) of the
EEGs did not show any significant differ-
ences between the groups, but some tend-
encies were found which were in agree-
ment with the results of AW’s ranking:
higher alpha power, smaller alpha band-
width, lower delta power and larger delta
bandwidth in the exposed group.

Visual evoked responses

Fig 16 shows the VER variables of the ex-
posed group compared with those of the
reference group. The latency was some-
what longer in the exposed group, espe-
cially in comparison with reference group
2, but the differences were not statistically
significant. The mean amplitude of the ex-
posed group was somewhat larger than
that of the reference groups, particularly
in comparison with reference group 1, for
which the difference was statistically sig-
nificant (p < 0.05). If the mean values of
the latencies and amplitudes of the groups
are divided into the five age strata, the
difference in latency between the exposed
subjects and the referents becomes present
only in the older strata. The VER ampli-
tudes did not show such an age depen-
dence. However, a nonsignificant tendency
towards larger differences was present in
the youngest age stratum.

Electroneurography

The mean values and standard deviations
for the electroneurographic (ENeG) vari-
ables are presented in table 10. Fig 17
shows the differences in these variables
between the exposed group and the two
reference groups. Seven of the 10 ENeG
variables had significantly lower mean
values for the exposed group in compari-
son with reference group 2. The differ-
ences in all the ENeG variables were the
largest for the youngest age stratum.



Vibratory perception thresholds

As shown in fig 18, the exposed group had
higher vibration thresholds than the ref-
erence groups. The difference was the
most pronounced for the legs; it was simi-
lar in all age strata.

Discussion

Electroencephalography

No statistically significant differences be-
tween the exposed subjects and the refer-
ents were found in the visual evaluation
of the EEGs. This result agrees with the
findings of Seppéldinen et al (75) on a
group of 102 car painters. However, other
studies have revealed EEG differences be-
tween groups of subjects exposed to or-
ganic solvents and referents, but the type
of EEG changes has been different in dif-
ferent studies. Knave et al (44) found a

smaller amount of alpha activity; Rosén
et al (67) found increased beta activity;
Ekberg et al (20) found (with a computer-
based frequency analysis) a somewhat
lower alpha frequency; and Seppéldinen
et al (76) found an increased amount of
theta activity in the exposed group. A dif-
ference between the groups was also found
in our material after a ranking of the
EEGs, performed by one of us (AW), show-
ing a greater amount of alpha activity in
the exposed group. The EEG changes found
in the aforementioned studies have been
subtle and noncharacteristic, and the dif-
ferences between exposed subjects and
referents have appeared as statistical dif-
ferences between groups.

No definite dose-response relationships
have been found in the aforementioned
works, but in an earlier study on styrene-
exposed workers Seppildinen & Hirkdnen
(74) found abnormal EEGs -— mainly an
increased amount of slow activity — in

Table 10. Electroneurographic results (mean t standard deviation).

Variable a

Exposed group Reference group 2

Median nerve
Motor nerve conduction velocity (MCV)

Distance 2-1 {m/s)
Distance 1-M (factor) b

Mixed nerve action potential (NAP), distance 1—2

Conduction velocity (m/s)
Amplitude (uV)

Sensory nerve action potential (SNAP), distance D-1

Conduction velocity (m/s)
Amplitude (V)

Peroneal nerve

Motor nerve conduction velocity (MCV)
Distance 2-1 (m/s)
Distance 1-M (factor) b

Sural nerve

Sensory nerve action potential (SNAP), distance 1—2

Conduction velocity (m/s)
Amplitude (uV)

5429 + 3.93 55.91 = 4,09 **
1.85 + 0.31 194 £ 0.26%
6146 = 4.28 63.81 = 4.82 ¥
26.74 *+ 13.87 31.75 * 15.81
5313 = 567 5433 = 579%
15.90 = 834 17.75 £ 9.06
46.32 + 3.91 47.96 £ 5.44%
143 + 029 145 £ 0.20

4032 + 419 43.10 *
723+ 514 1182 *

a The distances given in the table are defined by the two points delimiting the distance in question.
These points were placed as shown in fig 15. All recordings were performed with surface skin
electrodes and concerning NAPs and SNAPs bipolarly with both electrodes along the nerve

and with an interelectrode distance of 20 mm.

b Factor = (distance/latency for muscle response) - 0.1 if distance is given in millimeters and latency

in milliseconds.
* p <0.05, **

p < 0.01, *** p < 0.001 between the two groups. It should be stressed that, for these

significance calculations, standard deviations pooled within groups and age strata were used. The
standard deviation values given in the table were not pooled.
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one-third of the subjects with a urinary
mandelic acid concentration of more than
700 mg/dm?, whereas the prevalence of
abnormal EEGs among the workers with
a lower level of mandelic acid was only
about 10 %b.

Visual evoked responses

Several different functions are tested by
means of VER, ie, the transmission in the
optic radiation, as well as synaptic trans-
missions in the retina, the lateral genicu-
late body, and the cerebral cortex. Abnor-
mal delay of the responses is usually sup-
posed to indicate a lesion of the optic
nerve. In the exposed group, a tendency
towards such a delay was found, though
not on a statistically significant level. Or-
ganic solvents are not considered to pro-
duce the type of neuropathy (demyeliniza-
tion) associated with a marked reduction
of conduction velocity. Thus, a pronounced
delay of the VER was hardly to be ex-
pected. The difference found concerning
the amplitude of the VER (a larger mean
amplitude in the exposed group than in
the reference groups) is difficult to ex-
plain. Seppilédinen et al (76) found differ-
ences in flash-evoked VER between a
group of n-hexane exposed workers and a
reference group. Their results partially
agree with ours, but the comparison is a
difficult one due to differences in the stim-
ulation technique used.

Electroneurography

The earliest subjective symptoms of neu-
ropathy caused by long-term low level
exposure to organic solvents are sensory;
they appear — in agreement with the dis-
tribution of the pathological-anatomical
changes — in the distal parts of the limbs,
beginning in the feet (70, 73). In agree-
ment we found the most significant
(p <0.001) differences between the ex-
posed group and the referents in the func-
tion of the purely sensory sural nerve dis-
tally on the lower leg. However, we did
not find any distal-proximal gradient for
the peroneal nerve or the arm nerves. Un-
expectedly, in the arms, the conduction
velocity of the sensory nerves was less in-
fluenced (p < 0.05) than that of the motor
fibers (p <0.01) and the mixed nerves
(p < 0.001).
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In general, it is surprising that the con-
duction velocities were significantly af-
fected while the amplitudes of the median
nerve action potentials did not show any
significant differences between the groups
(fig 16). Previous experimental work has
shown that most neurotoxic compounds
cause axonal degeneration (8, 18, 70, 71).

In this type of nerve lesion, the conduc-
tion velocity is only slightly or not at all
affected while the action potential is re-
duced (32, 56). As a matter of fact, a de-
crease in amplitude and a change of the
shape of the nerve action potential is con-
sidered to be the most sensitive sign of
neuropathy (48, 68).

In our investigation, the action potential
proved to be a less sensitive index of nerve
lesion, possibly because we used surface
electrodes instead of needle electrodes. Ex-
amination with needle electrodes is pain-
ful and would have rendered the recruit-
ment of subjects more difficult. Presum-
ably, surface electrodes give a larger scat-
ter of the measured amplitude values, and
thereby the sensitivity is lowered. The fig-
ures in table 10 lend some support to this
assumption. The differences in the ampli-
tudes of the nerve action potentials be-
tween the exposed and reference groups
were proportionally greater than the dif-
ferences in conduction velocities, but they
were nevertheless not statistically signifi-
cant due to the great dispersion of the
values.

The observed slight decrease in conduc-
tion velocity in the exposed group (table
10) is consistent with axonal neuropathy.
It has been considered that the primary
changes in the axon ~— with, eg, paranodal
swelling — causes a secondary degenera-
tion of the myelin so that the conduction
velocity is affected (48). Also in other
studies on workers with long-term expo-
sure to organic solvents, an affection of
the nerve conduction velocity has been
found (3, 67, 75). In our study, the observed
differences between the exposed workers
and the referents were in general the most
pronounced in the lower age groups. This
result can depend on the healthy worker
effect (57), which means that those whose
health deteriorates as a result of influence
of the occupational environment leave
their work for another type of work. Con-
sequently, a majority of the remaining



workers — in higher age groups — have
suffered no or only slight damage due
either to higher resistance or to other fac-
tors.

Vibratory perception thresholds

The exposed group had significantly high-
er vibration thresholds than reference
group 2. A vibration threshold examina-
tion tests the function of large sensory
nerve fibers. In clinical work, impaired
vibration sensibility has long been re-
garded as an early sign of peripheral neu-
ropathy. Lindblom & Goldberg (50) found,
in an examination of jet fuel-exposed
workers, that vibration thresholds were
more sensitive than ENeG as a test of
peripheral neuropathy.

According to Schaumburg & Spencer
(72) light touch, pain (“pricking pain”), and
temperature discrimination are more re-
duced than the vibration sense in cases of
toxic occupational neuropathies. This pos-
sibility was not examined in our investi-
gation, but the findings are unexpected
since it is well known that the large fibers
are those first affected while pain and
temperature sensations are transmitted by
small fibers.

An increased vibration threshold is not
necessarily associated with sensory symp-
toms. On the other hand, it cannot be
ruled out that an increased threshold can
be related to impaired performance in
tests requiring good tactile discrimination.

Conclusion

In conclusion, we wish to stress that the
exposed group consisted of people in full
daily work. A priori we do not have any
reason to expect an overrepresentation of
definitely pathological findings. Neverthe-
less, we found statistically significant dif-
ferences between the exposed group and,
in particular, reference group 2 that indi-
cated a reduced function of peripheral
nerves in the exposed group. However, the
differences were small, and all the mean
values were within normal limits. It is
known that ENeG changes indicative of
peripheral neuropathy can be found in pa-
tients (with, eg, diabetes, pernicious ane-
mia, uremia) without symptoms or signs of
sensory disturbances. The neurophysio-

logical findings from our subjects may
therefore not be associated with obvious
functional disturbances during ordinary
daily activities.

NEURORADIOLOGICAL EXAMINATION

When this investigation was initiated,
work in our department had recently in-
dicated that degenerative changes of the
brain of alcoholics can easily be detected
by computed tomography (CT scanning)
(60). This fact aroused an interest to de-
termine whether changes of the same kind
can be observed in industrial painters. CT
scanning has the great advantage of being
noninvasive, and the radiation dose is low,
approximately of the same magnitude as
that of an ordinary skull radiograph. The
method is therefore, in contrast to pneu-
moencephalography, well suited for in-
vestigating large series of individuals.

Material and methods

The method and its theoretical principles
will not be dealt with in detail. The reader
can consult, for instance, Ambrose (4) and
Hounsfield (41) for this information. Basi-
cally, an image of a slice of the brain
(tomogram) is produced by computer cal-
culations of data obtained from X-ray
transmission recordings in the transversal
plane. An accurate delineation of the ana-
tomic structures is obtained, and at the
same time the machine produces reliable
values of the X-ray attenuation of the tis-
sues incorporated in the slice.

An EMI-Mark I head unit was used. The
whole brain was examined, usually re-
quiring eight to ten tomographic cuts, each
cut being 13-mm thick. The cuts were
oriented parallel to the supraorbitomeatal
plane. The pictures produced were com-
posed of 160 X 160 picture elements.

The analysis of the CT scans was carried
out on pictures obtained from the same
terminal and all with the same window
width and level of gray scale. Because of
faulty tapes and other technical errors
pictures with these specifications were not
obtained for 18 individuals (evenly distri-
buted in the different groups), and these
CT scans were consequently not used for
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the analysis of cortical changes or for di~
rect measurements.

Furthermore all analyses were per-
formed after a thorough random mixing
of the individual scans and without access
to any identification data whatsoever, ie,
completely blindly. With the exception of
cortical changes, which are reported for
three separate investigators, no parameter
was measured or estimated by more than
one person.

Results

The analysis comprised three different
parts. Part 1 consisted of an analysis of
the frequency of calcifications and the in-
cidence of local abnormalities in the shape
of the ventricles and the cisterns (the
fluid-filled cavities within and surround-
ing the brain). These parameters are listed
in table 11. No significant differences
could be demonstrated between the ex-
posed and reference groups.

Part 2 comprised measurements carried
out with vernier callipers directly from
the CT scans of certain anatomic struc-
tures. The mean values of these variables,
corrected for reduction in the scan, are

Table 11.

listed in table 12, which also includes a
calculated anterior horn index (51). As
seen from the table, a relatively large
number of values were missing for the
cerebral fissures. Often these structures
cannot be delineated accurately with the
technique used. However, since the num-
ber of missing values is of the same mag-
nitude for the different groups, these mean
values have been considered representa-
tive and have been included in fig 19,
where the calculated differences for all
linear variables are given as Z values. As
seen from the figure, only one significant
(p < 0.05) difference was obtained, ie, for
inner transverse skull diameter (between
the exposed group and reference group 1).
It should be noticed, however, that all the
mean values for the ventricular parame-
ters were higher for the reference groups
though the differences did not reach sta-
tistically significant levels.

The third part of the analysis consisted
of an assessment of the cortical sulci, made
by three independent investigators (fwo
neuroradiologists, investigators 1 and 2 in
fig 19, and one laboratory assistant with
great experience with CT scan analysis,
investigator number 3 in fig 19). The fol-
lowing rating scale was used: 1= no

Incidence of computed-tomography findings. (WTS = wide frontolateral sulci suggesting

impeded cerebrospinal fluid circulation, PC = calcification of pineal gland, GCS = calcification of
left glomus, GCD = calcification of right glomus, AL = calcification with other location, VFV =
visualization of fourth ventricle, VTHS = visualization of left temporal horn, VTHD = visualization of
right temporal horn, VCBC = wide cisterns in the posterior fossa)

WTS PC

Group GCS GCD AL VFV VTHS VTHD VCBC
Exposed 7 66 47 50 4 44 0 0 9
Reference 1 6 60 37 38 7 45 4 3 10
Reference 2 6 70 52 52 10 51 2 2 8

Table 12. Mean values of linear parameters of the computed-tomography analysis for the different
groups.

. . Largest Transverse Left Right Interhemis-

Left ante-  Right ante-  Anterior  jpner skull diameter 3rd  sylvian sylvian pheric

Group rior horn  rior horn  horn index " giameter ventricle fissure fissure fissure

Num- Num- Num- Num- Num- Num- Num- Num-

ber Mean ber Mean ber Mean ber Mean ber Mean ber Mean ber Mean ber Mean
Exposed 73 16.95 73 16.29 73 0.26 73 120.12 62 4.40 30 4.62 27 5.07 48 6.59
Reference 1 70 17.01 70 16.79 69 0.27 70 128.41 60 4.71 27 4.67 24 4.92 49 6.42
Reference 2 74 17.39 74 1714 74 0.27 74 129.57 70 4.77 39 4.88 46 5.11 51 5.96
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changes = no widened sulci® 2 = sus-
pected degenerative changes = five to ten
widened sulci in at least two tomographic
cuts; 3 = clear-cut degenerative changes
= wide sulci in most cuts; 4 = high grade
degenerative changes = markedly wid-
ened sulel appearing in all lobes.

The ratings according to the classifica-
tion were treated as continuous variables,
and the results have been reported as
mean values for each individual investi-
gator (table 13). Calculated differences be-
tween the groups are reported as Z values
(fig 19, lower part).

For two of the investigators there was
a significant difference (p < 0.05) between
the exposed group and reference group 2.
The difference was negative (directed to
the left in fig 19), which means a higher
rating for the reference group. From table
13 it is furthermore obvious that the rat-
ing values were generally higher for the
two reference groups.

An analysis of the ratings for different
age strata in the exposed group and refer-
ence group 2 showed that the painters in
the youngest age group generally had
somewhat higher values than the refer-
ents, whereas the reverse was true for the
older age groups. Furthermore, there was
a tendency towards an increasing devia-
tion between the groups with increasing
age. For all three investigators, the dif-
ference between the painters and refer-
ence group 2 was the greatest in the oldest
age group (56—65 a).

Discussion

Recent neuroradiological investigations
have given evidence of brain atrophy in
solvent-exposed workers with clinical
cerebral symptoms (7, 36, 42).

The results obtained in our investiga-
tion showed certain differences in a di-
rection opposite to those just referred to,
ie, our results seem to indicate that our
exposed workers had an increased relative
brain volume when compared to the refer-
ents. It should be emphasized, however,

6 A sulcus is considered wide when its esti-
mated width exceeds 1 mm in the CT
scan, approximately corresponding to a real
width of 4 mm.

that the painters of the present study were
clinically healthy and working when the
examinations were undertaken, whereas
the exposed workers of the other investi-
gations referred to had been given neuro-
radiological examinations because of se-
vere cerebral symptoms related to solvent
exposure. Most of them were either re-
tired on a disability pension or had had
to change jobs.

One can only speculate as to the pos-
sible mechanisms behind our findings. The
reason for an increased brain volume can
be brain edema reflecting a low grade
toxic effect of the organic solvents. It is,
of course, not possible to decide whether
the observed changes are reversible or not
or whether they may pass into a stage
with more degenerative characteristics.

left onterior horn
right anterior horn

largest inner skull diameter

ventricle index
width of the third ventricle
left sylvian fissure |
right sylvian fissure {
interhaemispheric fissore
cortical changes:

investigator 1

investigator 2

investigator 3

— T
Z1= 0.5

Fig 19. Differences in the mean values of the
linear computed-tomography variables of the ex-
posed and reference groups expressed as Z
values. Light bars represent reference group 1,
and dark bars reference group 2.

Table 13. Rating of the cortical changes. Mean
values for the different groups and different
investigators.

Inves- Inves- Inves-

Group N tigator tigator tigator
1 2 3
Exposed 73 1.73 1.35 1.37
Reference 1 70 1.86 1.54 1.47
Reference 2 73 2,05 1.47 1.58




Finally it should be mentioned that no
consistent differences in the width of the
Sylvian and intrahemispheric fissures
were demonstrated between the groups,
and the results do not indicate any de-
rangement of the cerebrospinal fluid cir-
culation in the exposed group.

OPHTHALMOLOGIC INVESTIGATION

It is well known that high concentrations
of vapors from organic solvents can cause
an acute transient irritation of the eyes
with conjunctival redness and tearing.
Some case reports also describe changes
of the retina and the optic nerve in work-
ers exposed to organic solvents (35, 86). It
is likely that the levels of exposure have
been relatively high, certainly higher
than the levels measured in contemporary
workshops. With these exceptions, no
studies suggesting injury to the eyes from
occupational exposure to organic solvents
have been published until recently. Much
attention was therefore drawn to a Fin-

Table 14. Contents of the examination of the lens.

nish epidemiologic study published by
Raitta et al in 1976 (66). They found more
lens opacities in a group of car painters
than in a reference group of railway en-
gineers, matched with respect to age. Be-
cause of this observation an ophthalmo-
logic examination was included in the
present study, special attention being paid
to the possible occurrence of lens opacities.

Method

The eye examinations were performed by
two ophthalmologists. The first 56 persons
were examined and the findings evaluated
by both ophthalmologists together. The
following 14 persons were also examined
by both ophthalmologists, but the findings
were evaluated independently. The evalu~
ation of the findings of the two ophthalmo-
logists showed good reliability, and there-
fore the remaining 168 persons were ex-
amined only by one of the two. The work-
ers came in pairs so that one exposed per-
son and one person out of the first refer-
ence group were examined on the same
occasion by the same doctor. The exposure

ltem . o .
number Object of examination Evaluation
1 Capsule: Presence of coating material on or Graded: 1 = absence, 2 = presence
changes in the anterior lens capsule
Anterior subcapsular opacities (except vacuoles) Graded from 1 to 5
Anterior subcapsular vacuoles Graded: 1 ==no vacuoles, 2 = one
small vacuole, 3 = more than one
small or one big vacuole
4 Posterior subcapsular opacities Graded from 1 to 5
5 Posterior subcapsular vacuoles Graded: 1 = no vacuoles, 2 = one
small vacuole, 3 = more than one
smal! vacuole or one big vacuole
6 Zones of discontinuity, zones with a slightly Counted
increased light scattering in the superficial lens
cortex
7 Punctate opacities in the lens cortex Counted in a 0.2-mm wide central
slit light beam
Larger cortical opacities Graded after their extension
Light scattering in the deepest part of the ante- Graded from 1 to 5
rior cortex, the supranuclear zone
10 Transparency of the nucleus Graded from 1 to 5
11 Color of the nucleus Graded from 1 to 5
12 Punctate opacities close to the suture lines in Graded: 1 absence, 2 = presence

the nucleus
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was not known to the examiner. The sec-
ond reference group was examined sepa-
rately.

The corrected visual acuity of each eye
was determined. The pupils were dilated
to 7—8 mm with 1% Cyklogyl® and 10 %
Neosynefrine®. The anterior segment of
the eye was examined with a Haag-Streit
900 slit lamp microscope. The central fun-
dus was inspected with direct ophthalmo-
scopy. The intraocular pressure was mea-
sured with applanation tonometry in per-
sons over 40 a of age. The slit lamp ex-
amination comprised, in particular, a thor-
ough examination of the lens. The lens
opacities found were photographed with
a Nikon photo slit lamp and marked in
a schematic drawing of the lens. The form
used for the lens examination is shown in
table 14.

Results

The occurrence of clinical pathological
ophthalmologic findings was of the same
proportion among both the exposed and
the nonexposed workers (table 15). The
suspected or clearly pathological Ilens
changes are presented in table 16. There
was no predominance of lens changes in
the exposed group. The lens opacities were
in no case big enough to cause reduced vi-
sual acuity. The intraocular pressure in
persons over 40 a of age was of the same
order of magnitude in all the three groups.

The statistical analysis of the lens data
and the visual acuity showed only small
differences between the exposed and ref-
erence groups (fig 20). The number of
posterior subcapsular vacuoles was slight-
ly higher in reference group 1 than in the
exposed group (see also table 18). The dif-
fuse opacity and the yellow color of the
nucleus were more pronounced (p < 0.05)
in reference group 2 than in the exposed
group. Punctate opacities close to the su-
ture lines in the lens nucleus showed sig-
nificant differences between the exposed
and both of the nonexposed groups. These
opacities were found more frequently in
the exposed persons than in the nonex-
posed (p <0.05 and < 0.001 for reference
groups 1 and 2, respectively).

When the material was divided into age
groups, no additional significant differ-

Table 15. Number of persons ia the examined
groups with pathological eye changes.

Refer- Refer-

Pathological finding Ex;r)gleed ence ence

9 P group 1 group 2
Amblyopia of one eye 5 1 1
Keratoconus 1
Central chorioretinal scars 2
Degenerative maculopathy 1 2 1
Diabetic retinopathy 1 1
Congenital atrophy of
the optic nerve 1 1
Glaucoma 1
Grave myopia 1

Table 16. Number of persons in the examined
groups with suspected or clearly pathological
lens changes in at least one eye.

. d Refer- Refer-
Pathological finding E)é;?gﬁg ence ence
group 1 group 2
Anterior subcapsular
opacities 1
Anterior subcapsular
vacuoles 1 1 2
Posterior subcapsular
opacities 3 5 2
Posterior subcapsular
vacuoles 11 18 16
Small cortical opacities
(except punctate) 11 16 20
Larger cortical opacities 5 6 6
Punctate opacities
in the nucleus 43 29 20
P= .01 05 .05 01 001

— VISUAL ACUITY |

—~ LENS

1 copsular changes C:‘

2 anterior subcapsular opacities
3 anterior subcapsular vacuoles

4 posterior subcapsular opacities

5 posterior subcapsular vacuoles

o

zones of discontinuity

~

cortex. punctate opacities

@

cortex. lorger opacities

9 density of the supranuclear zone

10 nucleus. foss of transparency

11 nucleus. color

12 nucleus. punctate opocities

1Zt= 0.4

Fig 20. Differences between the exposed and
reference groups in regard to the mean values
of visual acuity and lens parameters according
to the description in table 15. The differences
are expressed in Z values. Light bars refer to
reference group 1, and dark bars to reference
group 2.

267



ences were found between the exposed
and reference groups. However, in the
whole material, there was, as could be ex-
pected, a distinct correlation between age
and some parameters. With increasing age,
visual acuity was reduced, the number of
opacities in the lens cortex increased, the
degree of light scattering in the supra-
nuclear zone increased, the transparency
of the nucleus decreased, and its yellow-
brown pigmentation increased.

Discussion

Toxic cataract is primarily known as a
side effect of treatment with corticoster-
oids (13) and cholinesterase inhibitors (10,
64). The drugs that were first described
to cause cataracts were dinitrophenol and
dinitrochresol. These drugs were given
for reducing purposes in the 1930s and
were found to cause a cataract in 1% of
the persons treated (40). Other substances
that have been reported to cause cataracts
in humans are triparanol (43), a choles-
terol-lowering drug now withdrawn from
the market, naphthalene (31), myleran (65),
and phenothiazines (78).

Recently, organic solvents used in car
paint have been strongly suspected to in-
duce lens changes (66). Nau et al (62)
have shown experimentally that the inha-
lation of high concentrations of some frac-
tions of petroleum distillates can cause
cataracts in rats. This result must be
interpreted with a certain amount of cau-
tion as the general condition of the ani-
mals was poor at the onset of cataract.

The first lens change due to toxic in-
fluence on the lens is very frequently the
appearance of subcapsular vacuoles and
subcapsular opacities. Disturbed function
of the lens epithelium has been shown
experimentally to be an important patho-~
genic factor in toxic cataracts (69).

In the present study, all visible sub-
capsular changes and opacities in the
cortex and the nucleus of the lens were
registered. The diffuse light scattering in
the zones of discontinuity, the supranu-
clear zone, and the nucleus was also esti-
mated. The mean values for the diffuse
opacity and yellow color of the nucleus
in reference group 2 were 0.14 and 0.16
units higher, respectively, than for the
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exposed group. This grading from 1 to 5
was performed without any objective
reference system. Consequently it contains
a relatively large subjective factor which
is minimized when one exposed person and
one referent are examined at the same
time. This was the case for reference
group 1. Reference group 2 was examined
later and the larger difference in values
for diffuse scattering and yellow color of
the nucleus can possibly be explained by
a small change in the grading scale.

The most likely effect of organic solvents
on the nucleus would have been opacifica-
tion. This is a known effect of dimethyl-
sulfoxide (DMSO) which, after oral intake,
causes an increased nuclear density in
several experimental animals (46). The
only parameter for which a significant
difference was found with respect to both
reference groups was microopacities in the
suture area of the nucleus (fig 20).

These opacities, due to their position in
the lens, can be expected to be congenital
changes. However, the distinct predomi-
nance for these opacities in the exposed
group (table 16) makes it obvious that an
effect of the solvents cannot be excluded.
The microopacities were vacuoles close to
the sutures, ie, at the ends of the lens
fibers. Fagerholm (23) has shown experi-
mentally that the ends of lens fibers are
sensitive to changes in the ionic environ-
ment, resulting in formation of vacuoles.
The influence of organic solvents may
cause osmotic disturbances in the central
parts of the lens and lead to a similar
formation of vacuoles.

Our results differ from the results of
the Finnish study (66) in which signifi-
cantly more lens opacities were found
among car painters than among referents
when age-matched pairs were compared.

In our study a similar comparison of
pairs composed of one person from the
exposed group and one from reference
group 1 produced 18 pairs in which the
exposed person had more lens opacities,
23 pairs in which the nonexposed had
more opacities, and 35 pairs without any
observed difference. When reference
group 2 was used for the same comparison,
the following results were obtained: in 24
pairs the exposed person had more lens
changes, in 24 pairs the nonexposed had
more, and in 28 pairs no difference was
found. These numbers do not show any



significant differences. In our own, as
well as in Raitta’s Finnish investigation,
the small opacities in the center of the
lens were not considered. The Finnish
reference group consisted of railway
engineers, who are a group with high
demands on vision, a fact which might
influence the result. Other differences
between the two investigations might be
the method of documenting minimal lens
opacities.

To summarize, we have found an in-
creased frequency of microopacities in the
central parts of the lenses of the exposed
persons. On the other hand, there were
no indications that prolonged exposure to
solvent vapors, at the levels in question,
causes reduced vision or induces cataract
formation. Acute effects of solvents on
the conjunctiva and the cornea were not
studied.

SUMMARY

As indicated in the introductory sections,
the purpose of this investigation was to
ascertain whether a group of workers
with long-term occupational exposure to
solvents differed from other, analogous
groups of unexposed workers in regard
to the nervous system and sensory func-
tions. Both the car painters and industrial
painters, as well as the industrial workers
in the reference groups, were fully fit for
work, and there was no reason to expect
any grave clinical abnormalities among
them. It was therefore necessary to use
methods which, as far as was possible,
would permit differentiation within the
clinically “normal” range.

The results from the occupational
hygiene study yielded a time-weighted
mean value of 0.21 for the hygienic effect
for both the car and industrial painters.
The same mean value for two individuals
need not imply the same biological effect:
a steady exposure to levels near the mean
value could have another (and perhaps
milder) effect than exposure to extremely
high levels alternating with low levels, or
periods of no exposure. It should also be
noted that, when the hygienic effect is
being evaluated, a purely additive effect
from the various solvents is presumed.
However, a potentiating synergism among

different solvents cannot be ruled out.
These problems were not examined in our
investigation.

The painters were also exposed to lead,
although wusually in relatively low doses
(exposure levels below one-fifth of the
accepted limit). The industrial painters
were considered to have been less exposed
to lead than the car painters; this has
definitely been the case at any rate over
the past 20 a. Since the same effects were
found among younger industrial workers
as among the group of painters as a whole,
it is our view that solvent exposure has
been the most important factor responsible
for the observed difference between the
exposed group and the reference groups.

It has recently been demonstrated that
certain solvents have a relatively long
half-time (days) as regards elimination
from the human body (22). The painters in
our study were definitely unexposed to
solvents for only 18—24 h prior to exami-
nation. We therefore do not know to
what extent the observed effects were or
were not reversible. Presumably, several
months without exposure would be nec-
essary to shed light on this question. How-
ever, the question is but of secondary im-
portance for standard setting (TLV). As
long as painters work under exposure to
the solvent concentrations found in this
investigation they are affected, regardless
of whether the symptoms are reversible
or not.

We approached the problem of the
neurotoxic effect of occupational exposure
to solvents in this study from a number
of perspectives, employing methods from
various disciplines. It should be stressed
that the different results all point in the
same direction. In the questionnaires and
the controlled psychiatric evaluations, the
exposed subjects exhibited more neuras-
thenic symptoms than the reference sub-
jects; they performed more poorly on
psychological tests of memory, manual
dexterity, perceptual speed, and reaction
capability; and in neurophysiological tests
they had slower nerve conduction wvelo-
cities, lower nerve action potentials, and
higher vibratory perception thresholds.
In addition the results from computed
tomography and eye examinations re-
vealed certain differences among the
groups.

Since the study was designed so that
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only exposure to solvents should distin-
guish the exposed group from the refer-
ence groups and since lead exposure was
not felt to be an adequate explanation for
the observed differences among the
groups, the conclusion seems to be war-
ranted that solvent exposure was the cause
of these differences.

We have not been able to demonstrate
a correlation between degree of exposure
and extent of effect (dose-response corre-
lation). The measure of exposure defined
proved to have a very high correlation
with age. Some correlation between age
and effect was demonstrated in some of
the studies although not without ambi-
guity. Indeed, it is probably very diffi-
cult in an investigation of this nature to
ascertain a dose-response relationship on
account of the healthy worker effect.

In conclusion, it should be pointed out
that the measured solvent concentrations
— both the current levels and the levels
from the reconstructed model of a work-
place of 25 a ago — were less than half
of the TLV of the current Swedish stan-
dard. The same was true for Finnish car
painter studies (see the introduction).

REFERENCES

1. Asberg M, Perris C, Schalling D, Sedvall
G. A comprehensive psychopathological rat-
ing scale. Acta psychiatr scand suppl 271
(1978) 5—28.

2. Astrand I, Gamberale F. Effects on human
beings of solvents in the inspiratory air:

A  method for estimation of uptake.
Environ res 15 (1978) 1—4.
3. Allen N, Mendell JR, Billmaier DJ,

Fontaine RE, O’Neill J. Toxic polyneuro-
pathy due to methyl n-butyl! ketone. Arch
neurol (Chicago) 32 (1975) 209—218.

4. Ambrose J. Computerized transverse actial
scanning (tomography): Part 2, clinical
application. Br j radiol 46 (1973) 1023.

5. American Conference of Governmental
Industrial Hygienists. Threshold limit
valuas for chemical substances and phy-
sical agents in the workroom environment.
Cincinatti, OH 1978.

6. Andersson NA. Scales and statistics: Para-
metric and nonparametric. Psychol bull 58
(1861) 305—316.

7. Arlien-Segborg P, Bruhn P, Gyldensted C,
Melgaard B. Chronic painter’s syndrome:

Chronic toxic encephalopathy in house
painters. Acta neurol scand 60 (1979)
149—156.

8. Asbury AX. Pathology of industrial toxic

270

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

neuropathies. Acta neurol scand (1979):
suppl 73, 52—53.

Axelson O, Hane M, Hogstedt C. A case
referent study on neuropsychiatric disor-
ders among workers exposed to solvents.
Scand j work environ health 2 (1976)
14—20.

Axelsson U. Glaucoma miotic therapy and
cataract. Studies on echothiophate (Phos-
pholinen iodine) and Para-Oxon (Minta-
chol) with regard to cataractogenic effect.
Acta ophthalmol suppl 102 (1969).
Bederoff-Petersson A, Jigtoft B, Astrém J.
EPI; Eysenck personality inventory: Com-
ments and results of some Swedish in-
vestigations [in Swedish]. Skandinaviska
Testforlaget, Stockholm 1968.

Bergstrom I, Lindblom U, Norée L-O.
Preservation of peripheral nerve function
in severe uremia during treatment with
low protein high caloric diet and surplus
of essential amino acids. Acta neurol
scand 51 (1975) 99—109.

Black LR, Oglesby RB, von Sallman L,
Bunim JJ. Posterior subcapsular cataracts
induced by corticosteroids in patients with
rheumatoid arthritis. J am med assoc 174
(1960) 166—171.

Browning E. Toxicity and metabolism of
industrial solvents. Elsevier Publishing
Co, Amsterdam, London, New York 1965.
Caruso G, Santoro L, Perretti A, Serlenga
L, Rossi L. Electrophysiological findings in
the polyneuropathy of leather cementing
workers. Acta neurol scand (1979): suppl
73, 61—62.

Catell RB, Kline P. The scientific analysis
of personality and motivation. 2nd ed.
Academic Press New York, London, San
Francisco 1977, pp 32—36.

Cavanagh JB. Peripheral neuropathy
caused by chemical agents. CRC crit rev
toxicol 2 (1973) 365—417.

Cianchetti C, Abbritti G, Perticoni G,
Siracusa A, Curradi A. Toxic polyneuro-
pathy of shoe-industry workers: A study
of 122 cases. J neurol neurosurg psychiatry
39 (1976) 1151—1161.

Edwards AL. Techniques of attitude scale
construction. Appleton-Century~Croft. New
York, NY 1967, pp 149—171,

Ekberg K, Berglund M, Friberg S, Kadefors
R, Persson L-0O, Petersén I, Piros S,
Ortesren R. Neurophysiclogy — solvents
[in Swedish]. Laboratory of Clinical Neu-
rophysiology and Department of Occupa-
tional Medicine, Sahlgrenska Hospital and
AB Gotaverken, Goteborg 1968. (ASF-
project 77/15).

Englund A. Mortality and cancer incidence
among Swedish painters. Presented at the
International symposium on occupational
health hazards encountered in surface
coating and handling of paints in the con-
struction industry. Bygghélsan, Stockholm,
3—5 October 1979.

Engstrom J. Organic solvents in human
adipose tissue. Arbetarskyddsverket,
Stockholm 1978. (Arbete och hélsa no 22).



23.

24,

25.

26.

21,

28.

29.

30.

31.

32.

33.

34.

35.

36.

Fagerholm P. The influence of calcium on
lens fibres. Exp eye res 28 (1979) 211—222.
Frey T. The concept of lesion in psychiatry
[in Swedish]. Forsk praktik 8 (1976) 55—
63.

Fromark A, Gamberale F, Sjoborg A. A
psychological test-battery for behavioural
toxicology investigations: Application of a
previously standardized battery [in Swe-
dish]. University of Stockholm, Stockholm
1979. (Information from PTI nr 104, 1979).
Gamberale F. Behavioral effects of expo-
sure to solvent wvapors. Arbetarskydds-
verket, Stockholm 1975. (Arbete och héilsa
no 14).

Gamberale F. Behavioral effects of ex-
posure to solvent vapors: Experimental
and field studies. In: Horvath M, ed.
Adverse effects of environmental chemi-
cals and psychotropic drugs. Vol 2. Elsevier
Scientific Publishing Co., Amsterdam 1976,
pp 111—133.

Gamberale F, Annwall G, Hultengren M.
Exposure to xylene and ethylbenzene: III
Effects on central nervous functions.
Scand j work environ health 4 (1978) 204—
211.

Gamberale F, Lisper HO, Anshelm Olson
B. The effects of styrene vapors on the
reaction time of workers in the plastic
boat industries. In: Horvath M, ed.
Adverse effects of environmental chemi-
cals and psychotropic drugs. Vol 2. Elsevier
Scientific Publishing Co., Amsterdam 1976,
pp 135—148.

Gardell B. Production engineering and
work satisfaction: A social psychological
study of industrial work [in Swedish].
PA-radets forlag, Stockholm 1971. (PA-
riddets meddelande nr 63).

Gehring PJ. The cataractogenic activity of
chemical agents. CRC crit rev toxicol 1
(1971) 93—118.

Gilliatt RW. Recent advances in the patho~
physiology of mnerve conduction. In:
Desmedt JE, ed. New development in
electromyography and clinical neurophys-
iology. Vol 2. Karger, Basel 1973, pp 2—18.
Gotell P, Axelson O, Lindelof B. Field
studies on human styrene exposure. Work
environ health 9 (1972) 76--83.
Grandjean E, Munchinger R, Turrian V,
Haas PA, Kluepfel H-X, Rosenmund H.
Investigations into the effects of exposure
to ftrichloroethylene in mechanical engi-~
neering. Br j ind med 12 (1955) 131—142.
Grant WM. Toxicology of the eye. 2nd ed.
Charles C. Thomas Publishing Co, Spring~
field, IL 1975, pp 937—938.

Gregersen P, Mikkelsen S, Klausen H,
Dessing M, Nielsen H, Thygesen P. A
chronic cerebral painter’s syndrome [in
Danish]. Ugeskr laeg 140 (1978): 27, 1638—
1644,

Hénninen H. Psychological picture of
manifest and latent carbon disulphide
poisoning. Br j ind med 28 (1971) 374—381.
Hinninen H, Eskelinen L, Husman K,

39.

40.

41.

43.

44,

45.

46.

47.

48.

49,

50.

51.

52.

53.

Nurminen M. Behavioral effects of long-
term exposure to a mixture of organic
solvents. Scand j work environ health 2
(1976) 240—255.

Hane M, Axelson O, Blume J, Hogstedt C,
Sundell L, Ydreborg B. Psychological
function changes among house painters.
Scand j work environ health 3 (1977) 91—
99.

Horner WD. Dinitrophenol and its rela-
tions to formation of cataract. Arch
ophthalmol 27 (1942) 1097—1121,
Hounsfield GN. Computerized transverse
actial scanning (tomography): Part I. Des-
cription of system. Br j radiol 46 (1973)
1016.

Juntunen J, Eistola P, Hupli V, Hernberg
S. Brain atrophy and exposure to organic
solvents. In: Proceedings of the IIlrd in-
dustrial and environmental neurology
congress. Prague 1979, p 46.

Kirby TJ. Cataracts produced by tripar-
anol. Trans am ophthalmol soc 65 (1967)
493—543.

Knave B, Anshelm Olson B, Elofsson S,
Gamberale F, Isaksson A, Mindus P, Pers~
son HE, Struwe G, Wennberg A, Wester-
holm P. Long-term exposure to jet fuel:
II. A cross-sectional epidemiologic in-
vestigation on occupationally exposed in-
dustrial workers with special reference to
the nervous system. Scand j work environ
health 4 (1978) 19~45.

Knave B, Persson HE, Goldberg JM,
Westerholm P. Long-term exposure to jet
fuel: An investigation on occupationally
exposed workers with special reference to
the nervous system. Scand j work environ
health 3 (1976) 152—164.

Kuck JF Jr. Drugs influencing the lens.
In: Dirkstein S, ed. Drugs and ocular tis-
sues. Karger, Basel 1977.

Le Quesne PM. Neurophysiological in-
vestigation of subclinical and minimal
toxic neuropathies. Muscle nerve 1 (1978)
392—395.

Le Quesne PM. Electrophysiological in-
vestigation of toxic neuropathies in man.
Acta neurol scand (1979): suppl 73, 53—55.
Levin M. Occupational hygiene survey of
the work environment of car and industry
spray painters [in Swedish]. Arbetar-
skyddsstyrelsen, Stockholm  1977—1978.
(Arbetarskyddsstyrelsens underséknings-
rapporter 1977:30, 1978: 16).

Lindblom U, Goldberg JM. Screening for
neurological symptoms and signs after
exposure to jet-fuel. Acta neurol scand
(1979): suppl 73, 64.

Lindgren E. Encephalography in cerebral
atrophy. Acta radiol 35 (1951) 277.
Lindstréom K. Psychological performances
of workers exposed to wvarious solvents.
Work environ health 10 (1973) 151—155.
Lindstrom X, Hérkoénen H, Hernberg S.
Disturbances in psychological functions of
workers occupationally exposed to styrene.

271



54,

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

2172

Scand j work environ health 2 (1976) 129-—
139.

Lishman WA. Organic psychiatry: The
psychological consequences of cerebral
disorder. Blackwell Scientific Publishing
Co, London 1978.

Marke S, Nyman E. Manual of the MNT-
scale [in Swedish]. Skandinaviska Test~
forlaget AB, Stockholm 1958.

McLeod JG. Nerve conduction measure-
ments for clinjcal use. In: v Duijn H,
Donker D, v Huffelen AC, ed. Current con-
cepts in clinical neurophysiology didactic
lectures of the ninth international congress
of EEG and clinical neurophysiology. Elec~
troenceph clin neurophysiol 43 (1977) 449—
636.

McMichael AJ, Haynes SG, Tyroler HA.
Observations on the evaluation of occupa-
tional mortality data. J occup med 17 (1975)
128—131.

Mikkelsen S. A cohort study of disability
pension and death among painters with
special regard to disabling presenile
dementia as an occupational disease.
Scand j soc med suppl 16 (1980) 34—43.
Mikkelgsen S, Gregersen P, Klausen H,
Dossing M, Nielsen H. Presenile dementia
as an occupational disease following in-
dustrial exposure to organic solvents: A
review of the literature [in Danish].
Ugeskr laeg 140/27 (1978) 1633—1638.
Myrhed M, Bergman H, Borg S, Hindmarsh
T, Idestrém C-M. Computer tomographic
cerebral findings in a group of alcoholic
patients. Hygiea acta soc mediocrum
sueciana 85 (1976) 253.

National Board of Occupational Safety and
Health. Direction no 100. Solna 1978.

Nau CA, Neal J, Thornton M. Cg—Ci2
fractions obtained from petroleum distil-
lates. Arch environ health 12 (1966) 382—
393.

Nilsson B. Visual evoked responses in
multiple sclerosis comparison of two
methods for pattern reversal. J neurol
neurosurg psychiatry 41 (1978) 499—504.
Philipson B, Kaufman P, Fagerholm P,
Axelsson U, Barany EH. Electron micros-
copy and microradiography of echothio-
phateinduced cataracts in cynomolgus
monkeys. Arch ophthalmol 97 (1979) 340—
346.

Podos SM, Canellos GP. Lens changes in
chronic granulocytic leukemia: Possible
relationship to chemotherapy. Am j
ophthalmol 68 (1969) 500—504.

Raitta CH, Husman K, Tossavainen A.
Lens changes in car painters exposed to
a mixture of organic solvents. Albrecht
von Graefes Arch Klin Exp Ophthalmol
200 (1976) 149—156.

Rosén I, Aronsen B, Rehnstrom S,
Welinder H. Neurophysiological observa-
tions after chronic styrene exposure.
Scand j work environ health 4 (1978):
suppl 2, 184—194.

Rosenfalck A. Early recognition of nerve
disorders by near-nerve recording of

69.

70.

71

72.

73.

4.

75.

76.

1.

78.

79.

80.

81.

82.

83.

sensory action potentials. Muscle nerve
1 (1978) 360—367.

von Sallman L. The lens epithelium in the
pathogenesis of cataract. Am j ophthalmol
44 (1957) 159—170.

Schaumburg HH. Neurology of toxic
neuropathies. Acta neurol scand (1979):
suppl 73, 50—51.

Schaumburg HH, Spencer PS. The neuro-
logy and neuropathology of the occupa-
tional neuropathies. J occup med 18 (1976)
739742,

Schmidt R, Schnoy M, Wagner HM,
Altenkirch H. Ultrastructural studies on
toxic effects in lung tissue induced by
inhalation of solvents. Presented at the
Second international congress on toxico-
logy, Brussels 6—11 July 1980.
Seppéldinen AM. Applications of neuro-
physiological methods in occupational
medicine: A review. Scand j work environ
health 1 (1975) 1—14.

Seppéldinen AM, Hirkoénen H. Neuro-
physiological findings among workers oc-
cupationally exposed to styrene. Scand j
work environ health 3 (1976) 140—1486.
Seppéldinen AM, Husman K, Martenson C.
Neurophysiological effects of long-term
exposure to a mixture of organic solvents.
Scand j work environ health 4 (1978) 304—
314,

Seppélédinen AM, Raitta C, Huuskonen S.
n-hexan-induced changes in visual evoked
potentials and electroretinograms of in-
dustrial workers. Electroencephalogr clin
neurophysiol 47 (1979) 492—4098.
Seppéldinen AM, Tolonen M. Neurotox-
icity of long-term exposure to carbon
disulphide in the viscose rayon industry:
A neurophysiological study. Work environ
health 11 (1974) 145—153.

Sidall JK. The ocular toxic findings with
prolonged and high dosage chlorpromazine
intake. Arch ophthalmol 74 (1965) 460—
464,

Siegel S. Non-parametric statistics for the
behavioural sciences. McGraw Hill, New
York, NY 1956.

Sjoborg A, Fréomark A. Standardization of
a psychological test battery for behavioral
toxicology investigations [in Swedish].
University of Stockholm, Stockholm 1977.
(Information from PTI no 93, 1977).

Steby M. Occupational hygiene survey of
the work environment of car and industry
spray painters [in Swedish]. Arbetar-
skyddsstyrelsen, Stockholm 1977, 1878, (Ar-
betarskyddsstyrelsens undersokningsrap-
porter 1977:10, 18, 21, 28, 29, 33, 1978: 2, 10).
Steby M, Levin M. Exposure to organic
solvents, dust and metals of car spray
painters: A study with reference to earlier
work environment conditions [in Swedish].
Arbetarskyddsverket, Stockholm 1979.
(Arbete och hilsa no 3).

Struwe G. The neurasthenic syndrome [in
Swedish]. L&kartidningen 47 (1979) 4253~
42586,



84.

83.

Wennberg A, Zetterberg L. Application of
a computer-based model for EEG analysis.
Electroencephalogr clin neurophysiol 31
(1971) 457-—4868.

Westlander G. Work conditions and leisure
time contents: A social psychological study

Received for publication: 29 September 1980

86.

of male individual workers [in Swedish].
PA-ridets forlag, Stockholm 1976. (PA-
rddets meddelande no 67).

Zagora BE. Eye injuries. Charles C Thomas
Publisher, Springfield, IL. 1870, pp 345—
371.

273



