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I. SUMMARY

Concern has recently developed over potential Central
Nervous System (CNS) effects arising from long-term exposure %o
‘solvents at concentrations near currently accepted Threshold
Limit Values (TLVs). The source of this concern is a growing
nunber of Scandinavian studies which describe adverse CNS »
changes in workers occupationally exposed %o various organic
solvents. The purpose of the present review is to summarize and
evaluate the significance of these studies.’

The

which have been used to collect data in the

The results obtaxned collectlvely
rkers more: frequently experlence

‘workers. In addition, ¢
nonexposed subjects o

tes re frequently: repereed,:'V'

It is the op1n1on of REHD that the body bf lﬁt‘

prac 1ba1 consequences are diffi .
the neurasthenig¢ syndrome is a set of subgectzve and so
vague symptoms which do no} readily lend themselves to"o 3
analysis. A further serious deficiency in many of the published
reports is that detailed records. of solvent- exposure are
lacklng, particularly in réference to exposure levels of the .

Recommendations are made to continue following current
gscientifie literature on this subject and to monitor
developments in Europe, where pressures to give this

"occupational disease” formal recognition are gaining momentunm.
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II. INTRODUCTION

Exposure to mixtures of organic solvents is a common
occurrence in many occupational settings. The nature of these
exposures varies from short-term, low level episodes to those
involving large quantities of solvents for prolonged periods pt
time 1l manufacturing and prncessing operatzons. The

ﬁbuseupbténtiél of cerfain volatile so)
vapors characteristically produces o

: . p ia aumechanlam of actlon
1ndependent of generallzed CNS depressxon.’

In the past, a major area of industrial concern with .
respect to solvent toxieity has been with acute effeets, such as
skin and eye. irpitationy and: narcosis.: However, more recently
concern has developed over potential CNS effects arising fronm
chronic exposure to solvents at concentrations near currently
accepted Threshold Limit Values {TLVs). This concern arises
from a growing number of studies conducted by researchers in
Finland and Sweden which describe CNS changes in workers
occupationally exposed to various organic solvents. The purpose
of the present review is to summarize the findings of these
studies and to evaluate their significance. The present
critique is n to 1 XY 4

exposure 1n 1ndustr1al warkers.' The voluminoue llterature on
the acute effects of solvent exposure and the large body of
"clinical and experimental data on hexacarbon-induced axonopathy
are outside the scope of this review.
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III. METHODS UTILIZED IN STUDIES OF SOLVENT-EXPOSED WORKERS

It is worth briefly reviewing the methods and types of
tests utillzed in the studies under consideration. For purposes
' e b éﬁean be broadly classified as:1)
yehiatric evaluations, 3). .
R4 5 yoand: 4) sophisticated
A descrlption of each of these
1lows,

A self~administered questionnaire for monitoring ,
neuropsychiatric symptoms has been developed by Hogstedt, et
a1.5 based on common Scandinavian experiences with solvent
exposed workers. This short questionnaire, or variations
thereof, has beern applied as a means of health evaluation if
sevéeral different studies. Typically, the questions are
formulated so as to cover psychological and neurological
symptoms such as unusual:- ‘tiredness, absentmindedness, »

3 “difficulties; disturbances in vigilance, affect

nd paresthesias. There are advantages and
disadvantages to using the questionnaire approach as a screening
tool. On the positive side, the method is obviously simple anid
inexpensive. PFurthermore, the designers claim that the
sensitivity of the questions and the reproducibility of
responses are reasonably good. It might also be argued that
subjective ill-being could hardly be registered by anything else
but subjective symptoms and that, therefore, it may be a means
of assessing early signs of CNS damage. However, quantitative
analytical methods that could detect preclinical changes would
be preferable. On the negative gide, there are inherent
difficulties in monitoring CNS dysfunction with a symptom
questionnaire. Responses can be influenced. by various cognitive
factors such as awareness of symptoms and motivational
incentives. Willingness of the respondent to report the
information and the perceived consequences of reporting are
issues which need to be considered. For example, exaggerated
reporting-of symptoms might be viewed as a way of protesting
against a bad work environment or as a means of being removed
from that environment. From the opposite point of view,
underreporting of symptoms may be a result of unawareness of the
synptoms or fear of being displaced from a job. A major problem
with using questionnaires is their lack of specificity in regard
to causative factors. That is, there is no valid reason for
assuming that the symptoms reported are specifically caused 'by
long~term solvent exposure., It is quite possible that
differences in the incidence of reported symptoms could be due
to differences in the total work environment or other stress
factors, rather than to solvent expousre per se. In spite of
these limitations, Hogstedt, et al.’ have concluded that the
questionnaire approach does seem to be a "ecrude but useful tool"
in large-scale monitoring efforts, '

The second broad category of test methods that have been
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utiliged in studies of solvent~exposed workers is that of
psychometrié - dnd' psyehiastric svaluationd. ' Reported findings
‘within this area have generated a great deal of interest and
concern. These tests are normally performed in conjunction with
medical examinations made by occupational health physicians,
neurologists, neurophysiologists and psychiatrists. Although
the specific test batieries used may vary from one study to
another, they all generally cover a broad range of behavioral
functions. The tests are typlcally designed to measure such
funct1ons as ‘eeip L5 - aRA ISP

“offered by -these evaluati” of behav;oral performance
is that they are. objective and quantifiable., Some situdies of
solvent-exposed workers have supple ted these tests with a
psychiatric interview.: : By means -of an ‘interviéw, a psychiatrlst
can assess the prevalence of certain “"neurasthenic symptoms”

such as fatigue, worry, mood lability. and memory and
concentration difficulties. These symptoms are rated on a scale
of increasing severity with the particular rating depend;ng on
the intensity, frequency and duration of the symptom in
question., In %this manner, a score can be derived for each
individual which serves as a rough indegx of his symptomatology.
Although this approach is admittedly more subjective than the
psychometric tests described above, it can provide useful
additional information.

A third type of assessment which has been utilized in
studies of solvent-exposed workers is the standard neurological
examination.’ This normally involves examination of ecranial,
motor and sensory nerve funetions. TFor example, examination of
the motor system includes testing the strength of various muscle
groups in the extremities. Coordination can be evaluated by
observing rapidly alternating movements of the fingers or
finger-to~-nose and heel~-to-shin tests. In addition, various
reflexes can be tested as well as the senses of light touch,
pain and vibration. A%t the completion of a full neurological
examination, the findings may be classified as normal, slightly
pathological or c¢learly pathological.

The final broad category of tests which have been applied
in studies of occupational solvent exposure are those which
involve rather sophisticated neurophysiological methodology.!2
Most commonly they are electroencephalography (EEG) and
electroneuromyography (ENMG). EEG is the recording of the
electrical activity of the brain, According to an international
system, electrodes are placed on anatomically-fixed regions of
the scalp and varying electrode combinations are typically
recorded for 30 minutes, which provides ample opportunity for
examining different areas of the brain. The neurophysiologist
then interprets the BEGs according to standard principles.
Although different types of EEG abnormalities can be ‘identified,
the most usual ones involve slow wave abpnormalities of varying
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degrees or paroxysmal abnormalities such as spike and wave
discharges.

Blect

Cthe Measurenent of

.eripher 3 j The ratlonale for ‘this approach gs
based on the observatlon that nerve conduction velocities are
slowed in cases of peripheral neuropathy. Different nerves
conduct impulses at different speeds depending on their diameter
and degree of myelination. To measure motor merve conduction
veloeity (MCV), the nerve is stimulated with a skin electrode at
tWwo separate spots and-'the motor response is picked up with skin
electrodes and amplified with an electromyograph. The latencies
from the stimulus to the response are measured and the MCV is
caleulated by dividing the distance between the stimulation
points by the difference of the.latencies. Although the
technigues necessgary are somewhat nore difficult, the conduction
veloclty of sensory nerves can algo b sured. In summary,
,be used to revea* .

The various tests described above are illustrative of the
types which have typically been utilized in Scandinavian studies
of solvent-exposed workers. It should be evident that these
tests range in nature from relatively subjective
questionnaire-type approaches to more objective and
sophisticated evaluations of neurcelectrophysiology. Hopefully,
this survey of methodology will provide an adequate background
for the discussion of specific studies which follows.
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IV. FINDINGS IN SOLVENT-EXPOSED WORKERS

This discussion focuses
have been published from 1976

sulta of stuales which
ainters,

g U’ g : P In most *
1nstances, the investzgations have been conducted by individuals
agsociated with either the Institute of Occupational Health in
Finland or the National Board of Qccupational Safety and Health
in Sweden.

4
Awua?ainiﬁrsﬁ

Lo

;ﬂ'- In a series of studies publlshed between 1976 and
19803,2,7,74, the Finnish Institute of Occupational Health
reported on the psyehological, neurological and
'neurOphysiological effects of solvént exposure. amoug car
paintéers. The exposed group consxsted of 100 car paxnters from
27 .different repair garages in Helsinki. The subgect 8 exposure
times varied from 1 to 40 years (mean 14.8, S.D. 8.5), and their
age, from 20 to 65 years (mean 35, S.D. 11), The nonexposed
age~ and sex-matched reference group was chosen from the
employees of the Finnish State Railways. During spray painting
operations the workers were exposed to vapors anrd particulate
aerosols., The solvents and thinners consisted of dromatiec
hydrocarbons (toluene, xylene), aliphatic hydrocarbons (white
spirit), alcohols (ethanol, isopropanol, butanol), esters (ethyl
acetate) and ketones (acetone, MEK, MIBK). Solvent
concentrations were measured at six randomly selected garages
which were assumed to be representat1ve of all garages. The
nean concentrations of the separate solvents, measured over a
{-hour sampling period, were between 0.3 and 15.3 percent of the
corresponding Finnish TLVs (which are close to0 those of the
ACGIH). The possibility of higher exposures in the past could
not be ruled out, however. In order to eliminate the potential
acute effects of the solvents, all test batteries were always
administered at least 16 hours after cessation of the last
exposure.

Subjective Symptoms: Before the clinical part of the
examination began, all subjects filled out a questionnaire
concerning general subjective symptoms (chronic) and symptoms
occurring during the workday (acute). The objective of this
part of the study was to determine whether adverse symptoms
existed in solvent-exposed workers and to test the usefulness of
the gquestionnaire approach in revealing early signs of solvent
effects on the CNS. The results have been reported by Husman.
In the category of questions concerning chronic symptoms, the
car painters more frequently reported signs of fatlgue, :
concentration difficulties and disturbances in vigilance than
the railway engineers. The results of a pairwise comparison of
these symptoms in the two groups indicated that the differences
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were statistically significant for fatigue, and concentration
en; 88, Acute symptoms were probed with questions abouy
irritation of the mucous membranes and skin, and the prenarcotic
effects of solvents. When acute symptoms (those occurring
udurlng the workshift) were compared, signs of irritation and
prenarcosis (i.e. nausea, dizziness, headache) were reported
significantly more often among the exposed than among the h
control group. The implications of the latter findings may be
very important, since they would seem to indicate that, at some
gp01nt(s) during the day, significant excursions above the TLVs
‘oceurred. This would weaken the case for observable chronic
;effects at levels below TLV concentrations because the effects
may be attributable tormultiple short-term exposures at
‘concentrations considerably above. TLV levels.

Psychological Changes: A psychological test battery was
also adminlstered to both groups which included evaluations of
ntellieg ) otor performanees  and personallty.3
¥s in- psychologlcal performances

4 . ; ‘ehanges ‘in the ex'posed groups.
Impairments in visual intelligence (as measured by the Block
Design Test from the Wechsler Adult Intelligence Scale) and a
reduction in emotional reactivity were the central features, but
the behavioral disturbances also involved several other
functions, including performance on a verbal intelligence test.
Significant differences in mean reaction times between exposed
and nonexposed subjects were not observed. It should be pointed
out that although the differences between the average test
performances of exposed and nonexpo jects were
statistically significant) "the impairm n'ts discovered-were
rather slight. Thers were more poor performances among the
exposed subjects than among the controls, dbut the individual
test results were, in general, within the limits of normal
variation for both groups. The authors of this study stated
that this does not necessarily mean that the behavioral changes
found are harmless. The long-term practical consegquences of
mild memory impairment, diminished intellectual capacity or
slight changes in emotional reactivity are difficult to
evaluate.

Neurological: In addition to psychological testing, both
groups underwent a complete neurological examination.’ The
results indicated that a decrease in the sense of light touch
and pain and an increase in the vibration threshold were more
frequent among the car painters than among the referents (the:
observed dlfferences in frequencies were statistically
significant). Significant differences were not observed between
the groups in testing of cerebellar and extrapyramidal +tract
function or in evaluations of cranial nerve and peripheral motor
system integrity. The authors concluded that sensory functions
(vibration and light touch) seem to be the most vulnerable part
of the nervous system in workers chronically exposed to organic
solvents.
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Neurophy51olo§30al'i The final test battery conducted on
these workers consisted of BEG recordings and measurements of
motor and sensory nerve conduction velocities in the upper and
lower extremities,’4 1In this study, there were no definite EEG
1 hieh.separated the car painters from the referent
! The frequency and type of EEG abnormalities were similar
in both groups (in both groups approximately one third of the
individuals exhibited some form of EEG abnormality). However}
the authors pointed out that the prevalence of abnormal EEGs in
both groups was clearly higher than expected for a "normal"
population (approximately 10 percent according to the BEG
literature) and speculated that the car painters' abnormal EEGs
may have been due to solvent exposure.

T duction velocities
7. painters but 4in none of the

; Lops . in- neérve conduetion
wers not large, ‘as evidenced by the fact that mean
conduction velocities in the two groups did not differ. The
authors concluded that their findings indicated signs of slowed
nerve conduction velocities among the car painters.

In summary, the findings reported in these four papers
represent a comprehensive evaluation of a group of Helsinki car
painters. The authors of these studies collectively imply that
the psychological and neurophysiological effects observed may
have been due to mixed solvent exposure at concentrations below
the TLV standards in Finland. At most these effects were mild
and as suggested could have been representative of effects from
excursions above the TLVs.  These.studies-do-not demonstrate an
agsociation between: occupational gsolvent exposure at current
TLVs and deleterzcus CNS effects.

2) In a different study on painters, the Swedish Board
of Occupational Safety and Health conducted a cross~sectional
epidemiologic investigation on occupationally-exposed car and
industrial spray painters. The results have been published by
Elofsson, et al. In this study 80 car or industrial spray
. painters with long-term low level exposure to mixed organic
solvents were examined and compared with two matched reference
groups of nonexposed industrial workers. The investigation
included pSychiatrlc interviews, psychometric tests and
neurophysiologlcal evaluations. . »

The results of questionnaires and controlled psychiatric
1nterv1ews indicated that the exposed subjects exhibited more
"neurasthenic symptoms (fatigue, worry, memory and
concentration difficulties) than the reference subjects. -
Furthermore, the psychometric tests revealed statistically
significant differences between the groups with respect to
reaction time, manual dexterity, perceptual speed and
short-term menmory. In each of these categories, the exposed
group performed less well than the reference group. It is of
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note, howvever, that a correlation could not be established
between the length of solvent exposure in years and test
performance (i.e., a lack of dose~responseé correlation).

*In tests of neurophysio

he authors acknowl even though these
fferences were statistlcally significant, the

; the “medn ‘values were within normal: 11m1ts.
,, the neurophyaiological findings in these subjects
: ot have been associated with obvious functional |
disturbanges during ordinary activities. No¥ significant
differences were found between the groups with respect to the
EBG fecordings. -

In concluding, the authors of this study stressed that
the results all. poi : amedirection (i.e., impaired
psychologzcal/neurophysxolog1cal functzon), and .that solvent
: N ve: b en the cause for these effects.
ey als o' mea: | golvent entrations .
in the workahops sampled were less than half of the Swedish
TLV standards.

3) Psychological changes among house painters have been
evaluated by Hane et 33.2 This study is much more limited in
scope than the studies on car painters described above, in
that it is concerned primarily with the results of a single
battery of psychological tesis. A more serious problem with
this study is the lack of concern with documenting exposure
coneentrations. The paper simply states that, "It can be
estimated that the painters had been exposed to several
hundred parts per million of hydrocarbon sclvents, as such
concentrations seem %o be common." The exposed group
consisted of 52 house palnters with more than five years
experience who were randomly drawn from 4 trade union
register. These painters were compared with a group of
age~ -matched industrial workers who were unexposed to solvents.
The exposed group had significantly lower mean scores on
various psychological tests measuring memory, reaction time
and psychomotor coordination. A correlation could 233 be
established between length of exposure ("painter years") and
degree of funcitional change. The results of this study are
similar to those described above in that a dose-response
effect could not be demonstrated.

4) Seppalainen and Lindstrom?6 recently reported the
resulte of a neurophysiological evaluation of house painters
exposed to solvents. The subjects of this study consisted of
72 house painters and 77 concrete workers who served as
controls. The painters had worked in their occupation for an
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average of 20.2 years. The average
concentratlon, determined as wh spirit, was given as 40

end /m3 (i.0. 40 2 mate of exposure was based on
information collected about the raints and from measurements
of the workplaces made durlng the study._ Th' req ency Of

ong-term air

veloc1t1es were similar among both groups of workers and were
in close agreement with normal values establ:

2 'l dxfferences
The ‘authors

ﬁén@&lemelifgr

B. Exposure to Jet Fuel . L -

In a series of studies conducted by Knave et al. 8,9,10,
the Swedish Nationai Board of Occupational Safety and Health
examined aircraft factory workers occupationally exposed %o
jet fuel for signs of possible nervous system effects. The
controls and the exposed subjects were matched with respect to
age, employment duration and education. Among the exposed
subjects the mean exposure duration was 17 years and 300 mg/m3
was calculated as an approximate time-weighted average .
exposure level, The fuel, which contained no lead compounds,
was composed of the followxng. saturated hydrocarbons {(87.5
vol.%), aromatic hydrocarbons (12 vol.%), and olefin
hydrocarbons (0.5 vol.%).

The vast majority of subjects in the exposed group
reported recurreni acute symptoms upon exposure to fuel vapors
during work (dizziness, fatigue, headache, nausea and
respiratory tract symptoms). The incidence of neurasthenia,
anxiety and/or depression during employment was significantly
higher in the exposed than in the nonexposed groups as
recorded in (a) the medical history and standardized interview
and (b) notations in the medical records of the factory healtn
department. The prevalence of symptoms in both groups was
also assessed in formal psychiatric interviews and ratings.
The interview and évaluation were designed 1o yield a
numerical score which served as an indication of the severity
of symptoms. The results showed that the exposed individuals
had significantly more adverse psychiatric symptoms than the
controls. Neurasthenic symptoms (fatigue and emotional
instability) showed the largest differentiation between the
groups, followed by neurotic disturbances. In addition, a
battery of psychological ‘performance tests were conducted on
all individuals. The exposed subjects had 1) a greater
irregularity of performance on a test of complex reaction
time, 2) a greater performance decrement over time in a simple
reaction time task and 3) poorer performance in a task of
perceptual speed than the nonexposed subjects. 1In summary,
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‘whiehomads ‘high ~demands on

an ens peed. The investigation did not
reveal any difference between the groups in tests concerning
memory or manual dexterity.

Neurophysiological evaluations were also conducted on
individuals of this study. The BEGs recorded were consxdered
clinically normal in most cases examined, (Although a
computer agsisted spectral analysis of the EEGs revealed
‘certain significant differences between the groups, this
finding is of questionable biological significance.) The
results of the examination of peripheral nerve functions
indicated that the nerve action potentials in sural nerves
(sensory) were sighificantly smaller than in controls.
Although Knave et al. make much ado over "trends" towards
slover conduction velocities and ‘higher vibration thresholds
in exposed individuals (p0351b1y indicative of
polyneuropathy), that emphasis is con51dered to be of
questionable merit.

Knave et al. concluded that the differences observed
between the two g groups in these psycho- and neurophysiologi~-
cal evaluations were probably related to expoaure to jet fuel.

C. ©Styrene Exposure

The effect of styrene exposure on CNS function has been
investigated in a series of studies conducted by the Finnish
Institute of Occupational Health. 4,11,13 mhe exposed subjects
consisted of 98 male laminating workers from 24 plants
manufacturing polyester plastic products. Their median age
was 28 years {range 16-54 years) and the duration of their
exposure varied from 0.5 to 14 years (median 5.1 years).
Based on previous work, urinary mandelic acid concentrations
were used as a measure of styrene exposure. The urine samples
were collected individually at the end of the workday, once a
week, on consecutive weekdays, for 5 weeks prior to the
clinical examination. The mean of the five determinations was

used for the estimation of the intensity of individual
exposure. The mean varied from 7 %o 4,715 mg/l (median 808
mg/l). The various parameters exaaned in these subjects were
studied in reference to different exposure categories. The
control subjects were matched with respect to age and
education.

According to the symptom questionnaire survey, the
exposed group complained significantly more often of
tiredness, concentration difficulties and irritation symptoms.
The functions measured in the psychological test battery were
general intelligence, visuomotor accurscy, memory, vigilance
and psychomotor performance. 1In general, the comparison
between exposed and nonexposed workers revealed few
significant differences. However, visuomotor inaccuracy
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(Bourdon-Wiersma Test and Symmetry Drawing Test) and lowered

psychomotor. performance {Mira Test) were. parameters whiéh
showed 4

. statistically significant relationship to the mean
.acid concentration.. The first change in visuomotor
_accuracy became discernible when the urinary mandelic acid
concentration exceeded 800 mg/l while a more pronounced
decrement appeared in both visuomotor accuracy and psychomotqr
perfcrmance when the mandellc acid concentratlon exceeded 120

percent) was found f,r the' si Jects whose u inary mandelic
acid: concentration’ “exceeded T00 'mg/l, while thé numbey of
abnormal EEGs among the subjects with less exposure (below 700
mg/l) was not above that found in. the general population,
According to the data, a mandelic .acid concentration of 700
ng/1 corresponds to an 8=hour TWA ‘siyrene ‘exposure of about: 31

; e conduction velocity. measurements performed on 40
cte did not reveal any. definite relationship between
styrene ‘exposure and peripheral nerve function.

In concluding, the authors recognized that the
interpretation of these findings in terms of health impairment
and work capacity is difficult. The studies did demonstrate
an. exposure~ résponse relatlonshlp between. EEG/psycholog1cal
changes and styrene exposure. MHowever, the psychological-
changes that occurred were rather mild and were confined 1o a
narrow area of functions. Furthermore, it was not possible to
determine to what extent occasional peak concentrations or
elevated exposure levels in the past may have contributed to
the changes observed.

D. . "Solvent Poisoning"”

Seppalainen et al.15 reported on neurophysiological and
psychological flndlngs in 107 patients previously diagnosed as
having occupational disease due %o solvent exposure. The
majority were exposed to halogenated hydrocarbons, mostly to
trichloroethylene or to paint solvents. The mean length of
exposure to solvents was 9.6 years for the men and 7.6 years
for the women. The exposure level of each subject was graded
as low (Level I), intermediate (Level II), or high (Level
III), based on information given by the subject, his employer
or on hygienic measurements taken in the workplace. High
level exposure was defined as being close to the Finnish
Threshold Limit Valuée and seldom exceeding it. Subjects were
evaluated by means of electroencephalography, nerve conduction
velocity measurements, and a psychological test battery.

The frequency of abnormal EEGs was high among the
subjects. A total of 70 out of 107 subjects had abnormal EEGs
with 67 percent of the men and 64 percent of the women showing
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-.Moderately severe, dlffuse slow
were noted only among subjects with
hlgh-leVel exposure. The authors felt that the increased
frequency of abnormal EEGs observed in this study (compared %o
the 10-1% percent of abnormal EEGs occurring in the general
population) indicated "toxie encephalopathy.”

At least one abnormally slow nerve conduction velocity
(cV) was found in 48 out of 77 subjects. The frequency of
subjects with abnormal -CVs tended to increase with higher
exposure levels, although the difference was statistically
significant only when comparing exposure Level II to Level-
ITI, Conduction velocity scores were not found to be
correlated with length of exposure or age. Although none of -
the subjects had clinical palsy, the authors concluded that
the slowing of nerve CVs was a sign of early neuropathy.

. Scores from several subtests of the psychological test .
battery were sxgnlflcantly lower than in the Finnish
standardization sample. A comparison of the solvent~exposed
groups to a standardized sample revealed weaknesses in
variables usually associated with memory and c¢oncentration.
However, psychological performance test scores in patients
with abnormal EEGs were not found to be significantly
different from those of patients with normal EEGs.

In conclusion, the authors felt that the findings
observed were due t0 occupational solvent exposure,. even
though the correlations between exposure level and
neurophy31eloglcallpsychologlcal results were relatlvely weak.
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V. GENERAL CONCLUSIONS

Takeﬁ”as'é’%hole,,it could be‘argued that this body of

,adverseu : Mefrectg and chronic occupatzonal solvent exposure.
In fact, some Scandipavian researchers have recommended
lowering existing solvent TLVs on the basis of this ” %
literature. There are, however, certain facets of these data
which need to be considered in drawing final conclusions.

) In many of the reported studiés the observed effects
have :been s8light. For instance, in the study by
Hanninen et al,3; the authors stated that although the
differences Detween the psychological test performances
of the exposed and nonexposed subjects were
statistically significant, the impairments-discovered
could be considered rathep,ﬁlight.' They also added that
although there were more poor performances among the
exposed subjects than among the nonexposed ones, the
individual test results were in general within the
linits of normal variation. Marginal effecis such as
these make interpretation of the findings quite
difficult. A similar situation exists in the studies by
Knave et al.-8 9 in which the authors reported "trends"
toward slower nerve conduction velocltles in Jjet
fuel-exposed workers. 1In spite of these “trends,"
however, the differences in nerve conduction velocities
between the groups were not statistically significant.
Once again, the long-term practical consequences of such
observations are difficult to evaluate.

® Compounding the problem of marginal differences between

groups are the nature of the symptoms themselves. The
"neurasthenic syndrome,” which has often been used %o
descridbe these sympioms, is a set of sudbjective and
somewhat vague conditions (i.e4, fatigue, anxisty,
concentration difficulties) which do not readily lend
themselves to objective analysis. Furthermore, the
unbiased objectivity of the participating subjects may
have been compromised in some studies since the results

. of preliminary epidemiological reports attracted
considerable attention from 4he general Scandinavian
public.

) A fundamental tenet of pharmacology/toxicology is the
concept of dose-response. With the exception of a few
instances, it has not been possible to demonstrate
dose~-response type ‘data in the reported studies. That
is, there has been no relationship between the length of

-solvent exposure in years and the severity of the CNS
effects observed. Although the lack of dose-response
does not invalidate these findings, it does weaken the
argument for chronic CNS effects of solvents following
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¥-level exposure.

Appropriate matching of control and exposed groups is
"erucial in studies of this nature. Subjecis should bde
selected and matched such that both groups are similar
with respect to age, duration of employment, level of
education, alcohol intake, drug use and general state of
health. eriticism of ‘some of the Scandinavian'
regearch-ig that matched control groups were not chosen

carefully enough. Although it is unfair to level this
eriticism at all of the Scandinavian studies,; there are,
nonetheless, certain of these studies in which
insufficient-attention was paid to selection of
subjects. '

le influence of. confoundlng factors must be

. ated before the reported effects can be attributed
to solvent exposure per se. Many of the symptonms
desceribed as occurring in solvent-exposed workers may
have been due to other environmental influences, such as
age, stress, alcohol and drug abuse or other chemicals..
Chronic alcohol intake, in particular, may lead to
varying degrees of CNS dysfunction. In general, these
factors have not been well enough controlled to
eliminate their possible influence in most of the
studies which were reviewed.

Even if one accepts as fact that the reported effects
are real, a question regarding exposure concentrations
remains. Many of the published reports acknowledge that
detailed records of solvent exposure are usually
lacking, particulariy in .reference to exposure levels of
the past. Unfortunately, this issue is of fundamental
importance to the question at hand. The CNS effects
being observed may be a result of repeated exposures to
solvent levels well in excess of current TLV standards.
The fact that some of the subjects in these studies
reported symptoms during work such as dizziness, nausea
and irritation would tend to support this supposition.
The effects being observed may then be a result not of
chronic exposure to TLV levels of solvents, but to an
accumulation of high concentration insults. In the
future, industrial firms should be encouraged to keep
more accurate records of solvent exposure, both
quantitatively and qualitatively.

In conclusion, it is the opinion of the present authors
that the body of literature currently available is not
adequate to demonsitrate an association between chronic
solvent exposure at existing TLVs and adverse CNS
effects. However, the sheer number of reports available
purporting to show such effects does raise concern over
this issue and commands that these findings not be
dismissed lightly. This potential problem cannot be
ignored since occupational exposure to solvents is
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ﬁidespread. Research should continue in the area of
behavioral toxicology in order to identify appropriate

animal models for predicting chronic behavioral changes
_following exposure to chemicals.

¥
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VI. RECOMMENDATIONS

1) The current scientific literature on this subject should
_be monitored. '

2) The solvent-related health effects described in this
review are not widely recognized outside Scandinavia.
However, the potential medical-legal implications to the
801vent industry are serlous and pressures to give this

“occupational disease” formal recognition are rapidly
spreading throughout Europe. The impact of these
developments on solvent use in Europe should be
monitored, particularly in regard to any changes in
EuroPean TLVS.

.3) It is our assessment that the current information does
not indicate cause for a blanket lowering of solvent
TLVs/0BLs. However, in recognition of the pudlic
pressure which may be brought to bear on this issue in
the near future, Solvents Division may wish to review
the impact that reduced TLVs would have on normal
operating procedures, .

4) It is critically important to recognize the distinction
between the CNS effects of acute solvent exposure (i.e.,
CNS depression) and the purported chronic effects
discussed in this report. BExperiments utilizing
short-term exposure of humans {or animals) cannot
reliably predict long~term hazards. Attempts to draw
conclusions regarding chronic hazards based on
information obtained from acute or short-term exposures
should be approached cautiously.

5) The subjective nature of the health effects reported in
the Scandinavian literature make it difficult to design
meaningful animal experiments for investigating this
problem. Although a variety of tests are available for
evaluating neurobehavioral toxicity in animals, the
interpretation of data obtained from such tests is
sometimes open to guestion. Therefore, we do not
recommend that an extensive animal testing program be
initiated at the present time. However, research should
continue to better understand the implications of the
reported changes observed in humans and to identify
appropriate animal models that will reasonably predict
these events.

WCDaughtrey:tam/amr
8/4/83%
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