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Abstract

Journeymen painters were evaluated with a comprehensive battery of neuropsychological tests and compared to
demographically similar nonexposed controls. For painters, a cumulative exposure to solvents was estimated from a
structured interview that derived an index based on lifetime exposure and exposure in the past year. Painters were
tested either shortly after having painted or after an exposure-free interval. Significant between-group differences
were found on a cluster of tests measuring learning and memory. Within the painter group, scores on the learning
and memory tests were significantly related to the interaction of condition and exposure. That is, those painters who
were tested soon after painting and who also had a higher overall lifetime exposure, performed worst on tests of
learning and memory. These results are consistent with the view that neuropsychological function—particularly
learning and memory—may be compromised in active workers with a history of chronic solvent exposure.
Furthermore, both the chronicity of solvent exposure, as well as the acuteness of the exposure, are significant
factors in cognitive performance. (JINS, 1997,3, 269–275.)
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INTRODUCTION

For well over a century, exposure to organic solvents has
been linked to decrements in cognitive function such as de-
creased attention and memory, as well as behavioral changes
such as depression and anxiety (see Hartman, 1995). Stud-
ies evaluating the effects of solvents on human cognitive
function can be divided into three categories: chamber stud-
ies, clinical research studies, and field studies.

Chamber studies expose healthy volunteers to controlled,
short-term doses of a solvent (e.g., xylene) or a mixture of
solvent. Typically, participants are placed in a chamber for
several hours and incremental doses of solvent are intro-
duced into the chamber. Participants provide feedback con-
cerning somatic symptoms, and complete a brief battery of
cognitive tests. Chamber studies have demonstrated the pres-

ence of neurasthenic symptoms (e.g., headache, fatigue),
mood changes, and cognitive decrements (e.g., decreased
digit span) that follow or vary with the intensity of solvent
dose (Gamberale & Hultengren, 1972; Gamberale et al.,
1978; Savolainen et al., 1979; Mølhave et al., 1986; Eche-
verria et al., 1989). These studies provide a convincing dem-
onstration that solvents may cause, at least transiently,
psychiatric, somatic, and cognitive disturbances.

Clinical research studies assess patients who have pre-
sented to an occupational medicine setting because of ad-
verse health effects related to chronic long-term exposure
or to an acute overexposure. While patients may not be ex-
posed at the time of testing, the majority of studies find sig-
nificant deficits on a wide range of cognitive measures,
particularly on tests assessing learning and memory (Hane
et al., 1977; Lindstrom, 1980; Gregersen et al., 1984; Ek-
berg et al., 1986; Morrow et al., 1989, 1990, 1993; Baker,
1994). Many early studies contained methodological flaws
(e.g., lack of control group, failure to adjust for IQ), but
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recent studies that have controlled for confounding vari-
ables have found evidence of solvent-related cognitive def-
icits (Morrow et al., 1990).

Finally, field studies focus on workers who are currently,
or acutely, exposed to solvents in their occupation, but have
not sought treatment for physical or cognitive problems.
These studies typically find workers report a predominance
of symptoms such as headaches and dizziness, but tests of
neuropsychological function often fail to differentiate sig-
nificantly solvent-exposed from nonexposed workers (Maiz-
lish et al., 1985; Triebeg et al., 1988; Parkinson et al., 1990;
Bleeker et al., 1991; Spurgeon et al., 1994).

One question that has received little attention is the rela-
tionship between current, oracuteexposure, and ongoing
chronicexposure. That is, does the reaction to an acute ex-
posure differ depending on one’s past history of exposure?
A chamber study by Bælum and colleagues looked at acute
exposure to toluene in persons with and without a prior oc-
cupational history of solvent exposure (Bælum et al., 1985).
Forty-three printers occupationally exposed to mixtures of
organic solvents were compared to 43 unexposed controls.
Printers and controls were divided into two groups: Half
were exposed to 100 ppm of toluene; the other half to clean
air for a period of 6.5 hr. Overall, participants exposed to
toluene reported more fatigue, headaches, and feelings of
intoxication in comparison to participants exposed to clean
air. Acutely exposed participants also had lower scores on
psychometric tests (e.g., perceptual speed). More impor-
tantly, those who were also chronically exposed in their oc-
cupation as printers showed a tendency to manifest a greater
sensitivity (lower scores on two tests) while acutely ex-
posed. In a similar study, Iregren (1986) exposed 26 spray
painters to toluene in a chamber and measured somatic symp-
toms and performance on four psychometric tests. The 26
workers were composed of 14 with a high number of pre-
exposure symptoms—headaches, eye irritation present be-
fore the controlled exposure—and 12 with a low number of
preexposure symptoms. Findings demonstrated more local
irritation for those painters with preexposure symptoms.
However, no significant performance differences were found
for the psychometric tests.

The previous studies raise the possibility that persons with
prior, ongoing exposure, may develop more serious adverse
health effects after an acute exposure. However, both stud-
ies did a very limited assessment of cognitive function and
focused mainly on tests of motor speed.

The present study assessed neuropsychological function
in journeymen painters who were tested either after an acute
exposure (within 48 hours of painting), or after an exposure-
free interval (no exposure for at least 5 days). Both groups
of painters were compared to demographically similar non-
exposed controls. Participants were administered a compre-
hensive battery of neuropsychological tests designed to
assess various cognitive domains (e.g., memory, spatial
skills). In addition, painters completed a questionnaire spe-
cifically developed to assess use of solvent-based paints over
the lifetime (Fidler et al., 1987a).

METHOD

Research Participants

This study evaluated 38 journeymen painters and 36 non-
exposed control participants. All of the painters were mem-
bers of the International Brotherhood of Painters and Allied
Trades and were recruited from the roster of active mem-
bers in the Local 6 union. Painters were assigned to two
groups: those who had painted in the previous 48 hours (acute
condition,N 5 20), and those who had not painted for at
least 5 days (free condition,N 5 18).

Over 60% of nonexposed control participants were re-
cruited from two local unions: United Food and Commer-
cial Workers (Local 326) and Bakery Drivers (Division of
International Brotherhood of Teamsters, Local 485). The re-
maining control participants were recruited through adver-
tisement. None of the control group worked with solvents
in the home or on the job.

All participants were paid for their participation, and in-
formed consent was obtained prior to testing. There were
no significant differences between the painters and control
subjects in age [M (SD) 5 38 (6.2), and 35 (10.6) years,
respectively,p 5 .15] or education [M (SD) 5 12.9 (1.4),
and 13.3 (1.7) years, respectively,p 5 .17]. All painters were
male and 88% of the controls were male. Ethnic member-
ship was 92% and 84% White for the painters and controls,
respectively; the remaining participants were African Amer-
ican. The median household income was equivalent for both
painters and controls ($30,000–$40,000). Information on cur-
rent and past alcohol use was obtained with the Structured
Clinical Interview for DSM-III–R (Spitzer et al., 1989). De-
tailed information on psychiatric symptomatology for the
painters is presented elsewhere (Condray et al., 1995). There
were no significant differences between the groups for life-
time diagnosis of alcohol abuse/dependence (x2 5 1.9,p 5
.16) or drug abuse/dependence (x2 5 1.6, p 5 .20). The
average number of drinks daily for the past month was also
ascertained. No significant differences in the average num-
ber of daily drinks were noted between painters (1.1) and
controls (.6;df 5 2,36;p 5 .17).

A comparison between journeymen painters in the acute
and free conditions revealed no differences in age [M
(SD) 5 37 (6.8)vs. 39 (5.3) years, respectively;p 5 .25],
education [M (SD) 5 13.2 (1.5)vs. 12.5 (1.1) years, respec-
tively; p 5 .12], or lifetime alcohol (x2 5 .08,p 5 .76) or
drug use (x2 5 1.1,p 5 .27). There was, however, a higher
number of mean daily drinks for painters in the free condi-
tion as compared to the acute condition [M (SD) 5 2.3 (3.2)
vs. .27 (.46),p 5 .02, respectively].

Neuropsychological Assessment

Subjects completed a comprehensive battery of standard-
ized neuropsychological tests measuring learning and mem-
ory, visuospatial skills, psychomotor speed and manual
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dexterity, attention and mental flexibility, and general intel-
ligence. The battery included tests from the Pittsburgh Oc-
cupational Exposures Test battery (POET; Ryan et al., 1987),
as well as additional neuropsychological measures. In
previous studies, the POET battery has been shown to dis-
criminate exposed from nonexposed persons (Ryan et al.,
1988; Morrow et al., 1989).

Five Verbal subtests and four Performance subtests from
the Wechsler Adult Intelligence Scale–Revised (WAIS–R;
Wechsler, 1981) were administered according to the stan-
dard instructions. The Visual Reproductions subtests from
the Wechsler Memory Scale–Revised (WMS–R, Wechsler,
1987) was given, along with the Stroop Color–Word Inter-
ference Test (Golden, 1978). Memory and learning were as-
sessed with a verbal paired-associate learning test, a symbol
paired-associate learning test, incidental recall of the sym-
bols from the WAIS–R Digit Symbol Substitution Test, and
the Recurring Words Test. Administration and scoring pro-
cedures for the learning and memory measures are pro-
vided in Ryan et al. (1987). Participants also completed the
Grooved Pegboard (Rourke et al., 1973) and the Trail Mak-
ing Test (Reitan, 1992).

In order to assess psychiatric symptomatology as a con-
trol variable, participants completed the Symptom Check-
list 90–Revised (Derogatis, 1983). This self-report inventory
asks subjects to indicate how much they have been dis-
tressed by 90 different problems (e.g., feeling sad) over the
past month. Nine subscales are coded, as well as a General
Severity Index (GSI). The GSI was used as an index of gen-
eral psychiatric symptomatology.

Exposure Index

For painters, a solvent history questionnaire was adminis-
tered that computed an index of exposure over the lifetime
and the past year. The questionnaire derives an overall in-
dex based on method of painting (spraying, rolling, brush-
ing), application rate, frequency, ventilation, and use of
protective equipment (see Fidler et al., 1987a). Research with
this exposure questionnaire has shown a positive associa-
tion between increasing exposure and neurasthenic symp-
toms (Fidler et al., 1987b), as well as mood and performance
on a symbol–digit test (Baker et al., 1988). We modified
the exposure questionnaire somewhat in that we obtained
estimates of exposure based on gallons per week as op-
posed to gallons per year to make it easier for subjects to
reconstruct their painting history. Examination of material
safety data sheets for the painters demonstrates typical ex-
posures were to the aromatic solvents (e.g., toluene, xylene,
mineral spirits).

Because many paints still have a lead base, venous blood
samples were also drawn to determine current blood lead
levels. Lead levels were determined using atomic absorp-
tion spectrophotometry conducted by Central Laboratory Ser-
vice, Inc., which is affiliated with the University of Pittsburgh
Medical Center.

Data Analysis

To determine whether an acute exposure is more detrimen-
tal in painters with higher past exposure a hierarchical re-
gression analysis was performed within the painter
group. Summaryz scores were computed for the individual
neuropsychological tests (with higher scores indicative of
better performance) and an averagez score was calculated
for the five neuropsychological domains. Because our pri-
mary theoretical question was whether an acute exposure
was more detrimental in persons with a higher exposure in-
dex, an exposure term was computed as the interaction be-
tween the quantitative exposure index and dummy variable
representing condition (acutevs. free). Two models were
tested; the first used the exposure index over the lifetime,
and the second used the exposure index over the past year.
Independent variables were age, education, psychiatric symp-
tomatology (GSI), number of drinks per day, the exposure
interaction term, and blood lead level. Separate regressions
were run for each neuropsychological domain. For each of
these five cognitive domains, age, education, SCL-90–R in-
dex, and number of drinks per day were entered on the first
step in order to control for their contribution. The exposure
interaction term and blood level were entered on the second
and third steps, respectively.

In order to determine whether journeyman painters have
significant reductions on standard neuropsychological mea-
sures, and if the differences are confined to certain cogni-
tive domains, a multivariate analysis procedure was used to
examine performance between painters and nonexposed con-
trols on each of the five neuropsychological clusters. To con-
trol for multiple comparison procedures, neuropsychological
tests were grouped into five domains (confirmed by corre-
lation). The omnibusF was computed for each cluster and,
if significant, univariateF levels were examined for the in-
dividual tests in that cluster. Comparison of groups for in-
dividual variables were conducted usingt tests.

RESULTS

Between-Group Analyses

Findings demonstrated that painters and nonexposed con-
trols were comparable in age and education, but painters
had significantly lower scores on the majority of cognitive
tests. However, statistically significant group differences
were found only for the cluster of learning and memory tests
[F(67,6)5 2.48,p 5 .03]. Within the learning and memory
cluster, significantly poorer scores were seen on the indi-
vidual tests of verbal paired-associate learning, symbol–
digit paired associate learning, incidental memory, recurring
words, and delayed recall of verbal paired associates.
Table 1 presents means and standard deviations for each
test, and the associatedp values derived from the univariate
analyses.

Psychiatric symptomatology was significantly higher for
the painters as compared to controls (t 5 2.49;df 5 2,36;
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p 5 .01). However, correlations between the GSI and the
neuropsychological domains (zscores) showed low and non-
significant correlations, ranging from2.02 on the Atten-
tion factor to2.21 for the Intelligence factor.

Within-Group Analyses

The exposure index for solvent paints in this sample ranged
from 117 to 5374 (median 715). This exposure level is some-
what higher than the exposure reported by Fidler et al.
(1987a) in their group of painters (a median of 552 when
converted to gallons/week). This is consistent with the fact
that the painters in that study averaged 30.6 weeks of paint-
ing over the past year as compared to 37.1 weeks for the
painters in this study. Age was not a surrogate for exposure,
since the correlation between age and the exposure index
was small and nonsignificant (r 5 .07).

The results of the hierarchical regression are presented in
Table 2. For the Learning and Memory cluster, there was a
significant interaction between lifetime exposure to sol-
vents and exposure condition (acutevs. free) in which the
subject was tested. The interaction term was significant af-
ter having controlled for the age and education, as well as
level of psychiatric symptomatology and number of drinks

per day. The findings show that having a longer lifetime
exposureand being acutely exposed at the time of testing
was associated with significant reductions on tests of learn-
ing and memory (p 5 .02). A similar, but marginal relation-
ship, was noted for the Spatial cluster (p 5 .12).

For the second model, which used exposure in the past
year as opposed to lifetime career exposure, the results were
virtually identical (data not shown). That is, the interaction
term of exposure by condition was significant for the Learn-
ing and Memory domain (p 5 .02). The similarity of the
two models is not surprising as exposure over the lifetime
and the past year was highly correlated (r 5 .87).

Our original goal was to investigate whether perfor-
mance on cognitive tests was influenced by lifetime career
exposure and acuteness of exposure. However, in order to
determine whether lifetime exposure or the exposure con-
dition (acute/free) separately accounted for a significant pro-
portion of the variance in performance on the memory and
spatial clusters, we reran the regression analyses entering
first the demographic variables and then separately the ex-
posure index and the condition term. We did not add the
two separate exposure terms into the original model, as they
are not independent of the interaction term. There was no
significant independent contribution of the two separate ex-
posure terms (allps . .10).

DISCUSSION

This study reports findings for a group of chronically ex-
posed journeymen painters. The first objective of the study
was to evaluate the relationship between ongoing and acute
exposure to organic solvents. To that end, we assessed paint-
ers either shortly after having worked with solvent-based
paints or after an interval when they had not painted for
several days. An exposure free interval of at least 5 days
was chosen to assure clearance of solvents from the body.
The results indicate that scores on the memory tests—after
controlling for the effects of age, education, psychiatric
symptomatology, and drinks per day—were influenced by
the lifetime dose of solvent exposure and having been acutely
exposed at the time of testing. That is, painters who had

Table 1. Test results for five neuropsychological clusters

Painters
(N 5 38)

Controls
(N 5 36)

Learning and Memory
Verbal Paired Associate Learning 22.3 (7.4) 26.8 (7.4)**
Delayed Verbal Learning 6.2 (2.5) 8.0 (2.1)**
Symbol Paired Associate Learning 19.3 (5.6) 22.1 (5.2)*
Delayed Symbol Learning 5.6 (1.6) 6.0 (1.4)
Recurring Words 43.1 (2.4) 44.3 (2.0)*
Incidental Recall 6.7 (2.2) 7.6 (1.5)*

Spatial
WAIS–R Block Design 10.6 (2.4) 10.5 (2.8)
WAIS–R Picture Arrangement 9.8 (2.2) 9.6 (2.6)
WAIS–R Picture Completion 10.4 (1.9) 9.9 (2.6)
WMS–R Visual Reproductions 34.8 (4.2) 35.4 (3.4)
WMS–R Visual Reproductions Delay 27.5 (8.5) 28.8 (8.8)

Attention
WAIS–R Digit Span 9.9 (2.4) 10.0 (2.3)
WAIS–R Digit Symbol 9.4 (2.4) 10.5 (1.9)
Trails A 27.8 (11.0) 24.1 (7.4)
Trails B 66.0 (22.9) 60.3 (26.3)
Stroop Color-Word Interference 35.4 (9.0) 39.2 (9.3)

Motor Speed
Grooved Pegboard Dominant 67.2 (9.1) 65.3 (9.8)
Grooved Pegboard Nondominant 74.4 (9.4) 71.7 (14.2)

General Intelligence
WAIS–R Information 9.5 (2.5) 10.4 (2.1)
WAIS–R Similarities 9.8 (2.4) 9.9 (1.9)
WAIS–R Comprehension 9.1 (1.9) 9.6 (2.1)
WAIS–R Arithmetic 10.5 (2.6) 10.4 (2.5)

*p , .05; **p , .01.

Table 2. R2 changes for each cluster at each step
of the hierarchical regression analysis

Demographic

Career Exposure
Index by Condition

(acute/free)
Lead

(mg/dl)

Learning and Memory .147 .118* .011
Spatial .170 .060 .035
Attention .253* .018 .001
Motor Speed .180 .015 .004
General Intelligence .199* .018 .002

Demographic5 age, education, SCL-90-R global index, number or drinks/
day.
*p , .05.
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more exposure to solvents over the careerand who were
recently exposed prior to the assessment were more likely
to have reductions in memory and learning as well as poorer
spatial skills. When the analysis was repeated using expo-
sure over the past year, the results were virtually the same.
Current blood lead level did not significantly add to the
model. Although the relationship to the spatial tests failed
to reach statistical significance, we would not discount the
finding, as it may reflect our small sample size and corre-
spondingly limited statistical power.

Our results, demonstrating that painters with higher past
exposure are more sensitive to the acute effects of solvent
exposure during learning and memory performance, are con-
sistent with the “neural sensitization” model suggested by
Iris Bell (Bell, 1994). This model, based on data from both
animal and human studies, proposes that intermittent chem-
ical exposures over time may produce changes in the brain,
particularly limbic structures, such that there is a height-
ened reactivity—both cognitively and physically—to sub-
sequent chemical exposures. While we cannot determine past
intermittent exposures for the painters, our findings con-
firm the notion that higher past solvent exposure increases
the risk for cognitive decrements during acute exposures.

The second objective was to determine if there were dif-
ferences between the painters and healthy controls on stan-
dard tests of neuropsychological function. Related to this,
we wanted to ascertain if there was a differential pattern of
impairment across cognitive domains. The results show that
painters have lower scores on the majority of tests, but sig-
nificant groups differences were found only on measures of
learning and memory. Scores on tests tapping spatial abil-
ity, attention and mental flexibility, general intelligence, and
motor speed did not demonstrate significant between group
differences. The poorer performance on the learning and
memory measures—lower scores were particularly appar-
ent on tests of verbal learning—was fairly consistent across
the individual memory tests. Painters learned fewer verbal
paired associates, and remembered less information follow-
ing a delay interval. They also learned fewer symbol–digit
pairs, had poorer incidental recall, and recalled less on a
recurring words test.

Prior studies have been inconsistent in demonstrating sig-
nificant differences between solvent-exposed and nonex-
posed painters on cognitive measures. In a study of Dutch
painters, Hooisma et al. (1993) found no reliable evidence
of cognitive differences between young and old painters and
similarly matched controls. They did, however, report a re-
lationship between certain exposure indices (e.g., nonpro-
tected spray painting) and performance on both visuomotor
and memory measures in older painters. Triebeg et al. (1988)
also found no consistent differences between house paint-
ers and matched controls. In contrast, a study of shipyard
painters found significant differences between painters and
controls for three out of four cognitive measures (Valciukas
et al., 1985). Moreover, persons with chronic exposure plus
current symptoms scored significantly poorer than asymp-
tomatic painters. Studies by Baker and colleagues, which

also assessed journeymen painters with the same exposure
index as in the present study, found fairly consistent asso-
ciations between symptoms and neuropsychological perfor-
mance and exposure variables (Fidler et al., 1987b; Baker
et al., 1988).

Discrepancies across painter studies are probably due to
a number of factors, including the composition of the sam-
ple, differences in solvent exposure history, test selection,
and computation of exposure indices. Test selection may be
particularly important. In the present study we used a fairly
extensive battery of tests with an emphasis on complex tests
of learning and memory. The World Health Organization
Neurobehavioral Core Test Battery, often used by research-
ers in the field, includes only one memory test, the Benton
Visual Retention Test, recognition form (Cassitto et al.,
1990). We would suggest that when assessing exposed pop-
ulations, particularly in field studies of subjects with no cog-
nitive complaints, the test battery should focus on tests of
complex verbal and nonverbal learning that include encod-
ing and retrieval of novel information.

Learning and memory are the chief complaints of pa-
tients with solvent encephalopathy and have routinely been
documented in clinical research studies (Linz et al., 1986;
Mikkelsen et al., 1988; Morrow et al., 1990, 1991; Baker,
1994, 1995; Morrow, 1994). This has led to the suggestion
that solvents may be particularly detrimental to mesial tem-
poral areas (Ryan et al., 1988). Consistent with this, tem-
poral lobe demyelination has been documented for a worker
with long-term chronic exposure (Gatley et al., 1991), and
functional imaging studies of toxic encephalopathy patients
have shown the highest percentage of abnormalities in the
temporal lobes (Morrow et al., 1990; Callender et al., 1993).
Delays in the P300 component of the event-related poten-
tial—linked to hippocampal and limbic activity—have also
been observed in solvent-exposed patients (Morrow et al.,
1992). Our findings of significant memory decrements are
in line with the hypothesis that chronic organic solvent ex-
posure may be particularly detrimental to those areas of the
brain that support encoding and retrieval of new informa-
tion, namely the mesial temporal areas. However, the defi-
cits on the paired-associate tests may reflect problems with
encoding and strategies for organization, which would sug-
gest frontal–diencephalic pathways may also be compro-
mised (Wheeler et al., 1995). At this point, future studies
are needed to address the role of specific brain sites that
may be altered due to acute and chronic solvent exposure.

There is no doubt that chronic long-term exposure to high
levels of organic solvents (e.g., glue sniffing) can result in
significant neuropsychological impairment and alterations
to the CNS (Rosenberg et al., 1988). However, there is still
controversy regarding whether low-to-moderate levels of ex-
posure can produce significant neuropsychological impair-
ment—especially in persons who do not report adverse
health effects (Rebert & Hall, 1994). The present study is
important in that we have documented significant reduc-
tions on standardized learning and memory tests in solvent-
exposed painters. Part of the reason for our findings may be
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the sensitivity of the tests—that is, the use of complex paired-
associate learning measures. The fact that reductions were
noted on tests of learning and memory is in line with the
notion that solvents may have a particular affinity for me-
sial temporal areas of the brain. Moreover, the finding of an
interaction between the overall lifetime exposure and acute-
ness of exposure demonstrates that persons with higher past
exposure are at risk for a more adverse reaction (i.e., poorer
memory) to an acute exposure. While the exact mechanism
responsible for this phenomenon is unknown, future studies
will need to address both the prior history as well as the
acuteness of solvent exposure.

ACKNOWLEDGMENTS

This study was supported in part by National Institute of Mental
Health Grant MH-43846 and MH-49211 to the first author. The
authors thank Dr. Christopher Ryan for critical comments on an
earlier version of the manuscript. Thanks to Amy Lederer, George
Bagovich, Sharon Opitz, and Denise Trexler-Solomon for assis-
tance with various aspects of data collection and to Terry Nicolu-
dus, Administrator of Painters and Allied Trades Labormanagement
Corporation Fund, for assistance in subject recruitment.

REFERENCES

Bælum, J., Andersen, I., Lundqvist, G.R., Mølhave, L., Pedersen,
O., & Vaeth, M. (1985). Response of solvent-exposed printers
and unexposed controls to six-hour toluene exposure.Scandi-
navian Journal of Work, Environment and Health, 11, 271–
280.

Baker, E.L. (1994). A review of recent research on health effects
of human occupational exposure to organic solvents.Journal
of Occupational Medicine, 36, 1079–1092.

Baker, E.L., Letz, R.E., Eisen, E.A., Pothier, L.J., Plantamura, D.L.,
Larson, M., & Wolford, R. (1988). Neurobehavioral effects of
solvents in construction painters.Journal of Occupational Med-
icine, 30, 116–123.

Baker, E.L., Letz, R.E., & Fidler, A. (1985). A computer-admin-
istered neurobehavioral evaluation system for occupational and
environmental epidemiology.Journal of Occupational Medi-
cine, 27, 206–212.

Bell, I.R. (1994). Neuropsychiatric aspects of sensitivity to low-
level chemicals: A neural sensitization model.Toxicology and
Industrial Health, 10, 277–312.

Bleeker, M.L., Bolla, K.I., Agnew, J., Schwartz, B.S., & Ford, D.P.
(1991). Dose-related subclinical neurobehavioral effects of
chronic exposure to low levels of organic solvents.American
Journal of Industrial Medicine, 19, 715–728.

Callender, T., Morrow, L., Subramanian, K., Duhon, D., & Ristov,
M. (1993). Three-dimensional brain metabolic imaging in pa-
tients with toxic encephalopathy.Environmental Research, 60,
295–319.

Cassitto, M.G., Camerino, G., Hanninen, H., & Anger, K. (1990).
International collaboration to evaluate the WHO neurobehav-
ioral core test battery. In B.J. Johnson (Ed.),Advances in neuro-
behavioral toxicology: Applications in environmental and
occupational health(pp. 203–223). Chelsea, MI: Lewis
Publishers.

Condray, R., Morrow, L.A., Steinhauer, S.R., & Hodgson, M.
(1995).The relationship between psychiatric symptomatology
and solvent exposure in American painters. Manuscript sub-
mitted for publication.

Derogatis, L. (1983).SCL-90–R administration, scoring and pro-
cedures manual–II. Towson, MD: Clinical Psychometric
Research.

Echeverria, D., Find, L., Langolf, G., Schort, A., & Sampaio, C.
(1989). Acute neurobehavioral effects of toluene.British Jour-
nal of Industrial Medicine, 46, 483–495.

Ekberg, K., Barregård, L., Hagberg, S., & Sällsten, G. (1986).
Chronic and acute effects of solvents on central nervous sys-
tem functions in floorlayers.British Journal of Industrial Med-
icine, 43, 101–106.

Fidler, A.T., Baker, E.L., & Letz, R.E. (1987a). Estimation of long-
term exposure to mixed solvents from questionnaire data: A
tool for epidemiological investigations.British Journal of In-
dustrial Medicine, 44, 133–141.

Fidler, A.T., Baker, E.L., & Letz, R.E. (1987b). Neurobehavioral
effects of occupational exposure to organic solvents among con-
struction painters.British Journal of Industrial Medicine, 44,
292–308.

Gamberale, F., Annwall, G., & Hultengren, M. (1978). Exposure
to xylene and ethylbenzene.Scandinavian Journal of Work, En-
vironment and Health, 4, 204–211.

Gamberale, F. & Hultengren, M. (1972). Toluene exposure II: Psy-
chophysiological functions.Work, Environment and Health, 9,
131–139.

Gatley, M.S., Kelly, G.A., & Turnbull, I.W. (1991). A case of or-
ganic solvent exposure and temporal lobe demyelination.Jour-
nal of Social and Occupational Medicine, 41, 83–85.

Golden, C. (1978).Stroop Color and Word Test:Amanual for clinical
and experimental uses. Wood Dale, IL: Stoelting Company.

Gregersen, P., Angelsø, B., Nielsen, T., Nørgaard, B., & Uldal, C.
(1984). Neurotoxic effects of organic solvents in exposed work-
ers: An occupational, neuropsychological, and neurological in-
vestigation.American Journal of Industrial Medicine, 5, 201–
225.

Hane, M., Axelson, O., Blume, J., Hogstedt, C., Sundell, L., &
Ydreborg, B. (1977). Psychological function changes among
house painters.Scandinavian Journal of Work, Environment and
Health, 3, 91–99.

Hartman, D. (1995).Neuropsychological toxicology: Identifica-
tion and assessment of human neurotoxic syndromes(2nd ed.).
New York: Plenum Press.

Hooisma, J., Hänninen, H., Emmen, H.H., & Kulig, B.M. (1993).
Behavioral effects of exposure to organic solvents in Dutch
painters.Neurotoxicology and Teratology, 15, 397–406.

Iregren, A. (1986). Subjective and objective signs of organic sol-
vent toxicity among occupationally exposed workers.Scandi-
navian Journal of Work, Environment and Health, 12, 469–475.

Lindstrom, K. (1980). Changes in psychological performances of
solvent-poisoned and solvent-exposed workers.American Jour-
nal of Industrial Medicine, 1, 69–84.

Linz, D.H., de Garmo, P.L., Morton, W.E., Wiens,A.N, Coull, B.M.,
& Maricle, R.A. (1986). Organic solvent-induced encephalop-
athy in industrial painters.Journal of Occupational Medicine,
28, 119–125.

Maizlish, N.A., Langolf, G.D., Whitehead, L.W., Fine, L.J., Al-
bers, J.W., Goldberg, J., & Smith, P. Behavioral evaluation of
workers exposed to mixtures of organic solvents.British Jour-
nal of Industrial Medicine, 42, 579–590.

274 L.A. Morrow et al.

https://doi.org/10.1017/S1355617797002695 Published online by Cambridge University Press

https://doi.org/10.1017/S1355617797002695


Mikkelsen, S., Jørgensen, M., Browne, E., & Glydensted, C.
(1988). Mixed solvent exposure and organic brain damage: A
study of painters.Acta Neurologica Scandinavica(Suppl.)118,
7–143.

Mølhave, L., Bach, B., & Pedersen, O.F. (1986). Human reactions
to low concentrations of volatile organic compounds.Environ-
ment International, 12, 167–175.

Morrow, L. (1994). Cuing attention: Disruptions following or-
ganic solvent exposure.Neuropsychology, 8, 471–476.

Morrow, L., Callender,T., Lottenberg, S., Buchsbaum, M., Hodgson,
M., & Robin, N. (1990). PET and neurobehavioral evidence of
tetrabromoethane encephalopathy.Journal of Neuropsychiatry
and Clinical Neurosciences, 2, 431–435.

Morrow, L., Kamis, H., & Hodgson, M.J. (1993). Psychiatric symp-
tomatology in persons with organic solvent exposure.Journal
of Consulting and Clinical Psychology, 61, 171–174.

Morrow, L., Robin, N., Hodgson, M.J., & Kamis, H. (1992). As-
sessment of attention and memory efficiency in persons with
solvent neurotoxicity.Neuropsychologia, 30, 911–922.

Morrow, L., Ryan, C., Goldstein, G., & Hodgson, M. (1989). A
distinct pattern of personality disturbance following exposure
to mixtures of organic solvents.Journal of Occupational Med-
icine, 31, 743–746.

Morrow, L., Ryan, C., Hodgson, M., & Robin, N. (1990). Alter-
ations in cognitive and psychological cognitive functioning af-
ter organic solvent exposure.Journal of Occupational Medicine,
32, 444–450.

Morrow, L., Ryan, C., Hodgson, M., & Robin, N. (1991). Risk
factors associated with persistence of neuropsychological def-
icits in persons with organic solvent exposure.Journal of Ner-
vous and Mental Disease, 179, 540–545.

Morrow, L., Steinhauer, S., & Hodgson, M. (1992). Delay in P300
latency in patients with organic solvent exposure.Archives of
Neurology, 49, 315–320.

Parkinson, D.K., Bromet, E.J., Cohen, S., Dunn, L.O., Dew, M.A.,
& Ryan, C.M. (1990). Health effects of long-term solvent ex-
posure among women in blue-collar occupations.American
Journal of Industrial Medicine, 17, 661–675.

Rebert, C.S. & Hall, T.A. (1994). The neuroepidemiology of sty-
rene: A critical review of representative literature.Critical Re-
views in Toxicology, 24 (Suppl. 1), S57–S106.

Reitan, R.M. (1992).Trail Making Test: Manual for adminis-
tration and scoring. Tucson, AZ: Reitan Neuropsychology
Laboratory.

Rosenberg,N.L.,Kleinschmidt-DeMasters,B.K.,Davis,K.A.,Dreis-
back, J.N., Hormes, J.T., & Filley, C.M. (1988). Toluene abuse

causes diffuse central nervous system white matter changes.
Annals of Neurology, 23, 611–614.

Rourke, B.P., Yanni, D.W., MacDonald, G.W., & Young, G.C.
(1973). Neuropsychological significance of lateralized deficits
on the Grooved Pegboard Test for older children with learning
disabilities.Journal of Consulting and Clinical Psychology, 41,
128–134.

Ryan, C., Morrow, L., Bromet, E., & Parkinson, D. (1987). The as-
sessment of neuropsychological dysfunction in the workplace:
The Pittsburgh Occupational Exposures Test battery.Journal of
Clinical and Experimental Neuropsychology, 9, 664–672.

Ryan, C., Morrow, L., & Hodgson, M. (1988). Cacosmia and neuro-
behavioral dysfunction associated with occupational exposure
to mixtures of organic solvents.American Journal of Psychia-
try, 144, 1442–1445.

Savolainen, D., Riihimaki, V., & Linnoila, M. (1979). Effects of
short-term xylene exposure on psychophysiological functions
in man.International Archives of Occupational and Environ-
mental Health, 44, 89–98.

Seeber, A. (1989). Neurobehavioral toxicity of long-term expo-
sure to tetrachlorethylene.Neurotoxicology and Teratology, 11,
579–583.

Spitzer, R., Williams, J., Gibbon, M., & First, M.B. (1989).Struc-
tured Clinical Interview for DSM-III–R (SCID). New York: Bi-
ometrics Research Unit, New York State Psychiatric Institute.

Spurgeon, A., Glass, D.C., Calver, I.A., Cunningham-Hill, M., &
Harrington, J.M. (1994). Investigation of dose related neurobe-
havioral effects in paintmakers exposed to low levels of solvents.
Occupational and Environmental Medicine, 51, 626–630.

Triebeg, G., Claus, D., Csuzda, I., Druschky, K.F., Holler, P., Kin-
zel, W., Lehrl, S., Reichwein, P., Weidenhammer, W., Weit-
brecht, W.U., Weltle, D., Schaller, K.H., & Valentin, H. (1988).
Cross-sectional epidemiological study on neurotoxicity of sol-
vents in paints and lacquers.International Archives of Occu-
pational and Environmental Health, 60, 233–241.

Valciukas, J.A., Lilis, R., Singer, R.M., Glickman, L., & Nichol-
son, W.J. (1985). Neurobehavioral changes among shipyard
painters exposed to solvents.Archives of Environmental Health,
40, 47–52.

Wechsler, D. (1981).Wechsler Adult Intelligence Scale–Revised
manual. New York: The Psychological Corporation.

Wechsler, D. (1987).Wechsler Memory Scale–Revised. New York:
The Psychological Corporation.

Wheeler, M.A., Stuss, D.T., & Tulving, E. (1995). Frontal lobe
damage produces episodic memory impairment.Journal of the
International Neuropsychological Society, 1, 525–536.

Neuropsychological effects of solvent exposure 275

https://doi.org/10.1017/S1355617797002695 Published online by Cambridge University Press

https://doi.org/10.1017/S1355617797002695

