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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 performancelINS 1997,3, 269-275.)
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INTRODUCTION ence of neurasthenic symptoms (e.g., headache, fatigue),

mood changes, and cognitive decrements (e.g., decreased

For W(.e” over a century, exposure t_o organic solvents ha?iigit span) that follow or vary with the intensity of solvent
been linked to decrements in cognitive function such as dedose (Gamberale & Hultengren, 1972; Gamberale et al

creased attention and memory, as well as behavioral chang¢§§78_ Savolainen et al.. 1979: Mglhave et al.. 1986° Eche-
such as depression and anxiety (see Hartman, 1995). Stu erria et al., 1989). These studies provide a convincing dem-

1€s eyaluatmg th_e_eﬁegts of solvents on human COgNItive, 1 stration that solvents may cause, at least transiently,
function can be divided into three categories: chamber Stu%sychiatric somatic, and cognitive disturbances

|esé,:r(]:l|n|gal retszz_irch StUd'ei’ arllt(:] f'eldl st;Jd|esi troll Clinical research studies assess patients who have pre-
amber studies expose healthy volunteers to contro eqC‘ented to an occupational medicine setting because of ad-

shlort-tf[ar¥1 d_osT.l's of at§qlver1tt eg. Ixylege_) or ahm|x:)urefo erse health effects related to chronic long-term exposure
solvent. Typically, participants are placed in a chamber 10, 1, o 5cute overexposure. While patients may not be ex-

zevezjall TOE&:S ar?d wgcrer;:erl'tall dofes of .ZOl\;en;;"ek'mr‘:ﬁosed at the time of testing, the majority of studies find sig-
uced into the chamber. Farticipants provide teedback Colkig-ant geficits on a wide range of cognitive measures,

cerning somatic symptoms, and complete a brief battery c%

itive tests. Chamber studies h d trated th articularly on tests assessing learning and memory (Hane
cognitive tests. Lhamber studies have demonstrated the presy 51 1977; Lindstrom, 1980; Gregersen et al., 1984; Ek-

berg et al., 1986; Morrow et al., 1989, 1990, 1993; Baker,
Reprint requests to: Lisa A. Morrow, Neurobehavioral Toxicology, West- 1994)' Many early studies Cont_a'ned methOdOIOQ'Cal flaws
ern Psychiatric Institute & Clinic, 3811 O’Hara Street, Pittsburgh, PA15213.(e.g., lack of control group, failure to adjust for 1Q), but
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recent studies that have controlled for confounding vari-METHOD
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 Iin theiroccup_ation, but havepis study evaluated 38 journeymen painters and 36 non-
not sought treatment for physical or cognitive problems.qyxnased control participants. All of the painters were mem-
These studies typically find workers report a predominanc,ers of the International Brotherhood of Painters and Allied
of symptoms such as headaches and dizziness, but tests-ff,jes and were recruited from the roster of active mem-
n'e.uropsychologlcal function often fail to differentiate Sig- pers in the Local 6 union. Painters were assigned to two
nificantly solvent-exposed from nonexposed workers (Maiz-yops: those who had painted in the previous 48 hours (acute
lish etal., 1985; Triebeg et al., 1988; Parkinson et al., 1990é:ondition,N = 20), and those who had not painted for at
Bleeker et al., 1991; Spurgeon et al., 1994). least 5 days (free conditiol = 18).

One question that has received little attention is the rela- oyer 609% of nonexposed control participants were re-
tionship between current, @cuteexposure, and ongoing  cryjited from two local unions: United Food and Commer-
chronicexposure. That is, does ,the reaction to an acute exsja| Workers (Local 326) and Bakery Drivers (Division of
posure differ depending on one’s past history of exposuregyernational Brotherhood of Teamsters, Local 485). The re-
A chamber study by Beelum and colleagues looked at acutg,aining control participants were recruited through adver-
exposure to toluene in persons with and without a prior oCtisement. None of the control group worked with solvents
cupational history of solvent exposure (Baelum et al., 1985) the home or on the job.

Forty-_three printers occupationally exposed to mixtures of participants were paid for their participation, and in-
organic solvents were compared to 43 unexposed controlgyrmed consent was obtained prior to testing. There were
Printers and controls were divided into two groups: Half g significant differences between the painters and control
were exposed to 100 ppm of toluene; the other half to Cleagubjects in ageNl (SD) = 38 (6.2), and 35 (10.6) years
air for a period of 6.5 hr. Overall, participants exposed torespectivelyp = .15] or education1 (SD) = 12.9 (1.4)
toluene reported more fatigue, headaches, and feelings gf,q 13.3 (1.7) years, respectivaly= .17]. All painters were
intoxication in comparison to participants exposed to cleanyaje and 88% of the controls were male. Ethnic member-
air. Acutely exposed participants also had lower scores 08pj, was 92% and 84% White for the painters and controls,
psychometric tests (e.g., perceptual speed). More impOragpectively: the remaining participants were African Amer-
tantly,_ those vv_ho were also chronically exnosec_i in their oCican, The median household income was equivalent for both
cupation as printers showed a tendency to manifest a greatghinters and controls ($30,000-$40,000). Information on cur-

sensitivity (lower scores on two tests) while acutely ex-rent and past alcohol use was obtained with the Structured
posed. In a similar study, Iregren (1986) exposed 26 sprag|injcal Interview for DSM-III-R (Spitzer et al., 1989). De-

painters to toluene in a chamber and measurgd somatic sympiiied information on psychiatric symptomatology for the
toms and performance on four psychometric tests. The 28ainters is presented elsewhere (Condray et al., 1995). There
workers were composed of 14 with a high number of preere ng significant differences between the groups for life-
exposure symptoms—headaches, eye irritation present bgme diagnosis of alcohol abuse/dependende 1.9,p =

fore the controlled exposure—and 12 with a low number of_16) or drug abuse/dependencg (= 1.6, p = .20). The
preexposure symptoms. Findings demonstrated more locgl,erage number of drinks daily for the past month was also
irritation for those painters with preexposure symptomsggcertained. No significant differences in the average num-
However, no significant performance differences were foundgyg, of daily drinks were noted between painters (1.1) and
for the psychometric tests. controls (.6:df = 2,36;p = .17).

The prevjous studies raise the possibility that persons with 5 comparison between journeymen painters in the acute
prior, ongoing exposure, may develop more serious adversg,q free conditions revealed no differences in alje [
health effects after an acute exposure. However, both stuqSD) — 37 (6.8)vs 39 (5.3) years, respectivelg; = .25],
ies did a very limited assessment of cognitive function and,q,cation M (SD) = 13.2 (1.5Vs 12.5 (1.1) years, respec-
focused mainly on tests of motor speed. _ _tively; p = .12], or lifetime alcohol £ = .08,p = .76) or

The present study assessed neuropsychological funchod}ug use {2 = 1.1,p = .27). There was, however, a higher
in journeymen painters who were tested either after an aculgymber of mean daily drinks for painters in the free condi-

exposure (within 48 hours of painting), or after an exposuresjgn as compared to the acute conditidh(SD) = 2.3 (3.2)
free interval (no exposure for at least 5 days). Both groupg,g 27 (.46),p = .02, respectively].

of painters were compared to demographically similar non-

exposed controls. Participants were administered a compre-

hensive battery of neuropsychological tests designed tRIeuropsychoIogical Assessment

assess various cognitive domains (e.g., memory, spatial

skills). In addition, painters completed a questionnaire speSubjects completed a comprehensive battery of standard-
cifically developed to assess use of solvent-based paints overed neuropsychological tests measuring learning and mem-
the lifetime (Fidler et al., 1987a). ory, visuospatial skills, psychomotor speed and manual

Research Participants
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dexterity, attention and mental flexibility, and general intel- Data Analysis

ligence. The battery included tests from the Pittsburgh OC:I_ determi heth i . detri
cupational Exposures Test battery (POET; Ryan etal., 1987 0 determine Whether an acute Exposure 1 more aetrimen-
al in painters with higher past exposure a hierarchical re-

as well as additional neuropsychological measures. | ) vsi ; d within th int

previous studies, the POET battery has been shown to dgigresston analysis was performed within the painter

criminate exposed from nonexposed persons (Ryan et adroup. Summary scores were computed for the individual
neuropsychological tests (with higher scores indicative of

1988; Morrow et al., 1989). ft ‘ q lculated
Five Verbal subtests and four Performance subtests fronjﬁe er performance) and an averaggeore was calculate

the Wechsler Adult Intelligence Scale—Revised (WAIS-R; or the five neuropsychological domains. Because our pri-

Wechsler, 1981) were administered according to the stan @y theoretical question was whether an acute exposure

dard instructions. The Visual Reproductions subtests frony &S More detrimental in persons with a higher exposure in-

the Wechsler Memory Scale—Revised (WMS—R, Wechslerd€X: @n exposure term was computed as the interaction be-

1987) was given, along with the Stroop Color—Word Inter_I?ween the quantitative exposure index and dummy variable
ference Test (Golden, 1978). Memory and learning were adepresenting condition (acuiss free). Two models were

sessed with a verbal paired-associate learning test, asymbtaséetﬂ; the f"sé use(; iue exposure !ngex overttrr]]e I|fett|me,
paired-associate learning test, incidental recall of the sym"Em € Second used the exposure index over the past year.

bols from the WAIS—R Digit Symbol Substitution Test, and Independent variables were age, education, psychiatric symp-

the Recurring Words Test. Administration and scoring prO_FomatoIogy (GS1), number of drinks per day, the exposure

cedures for the learning and memory measures are prdrjteractlon term, and blood lead level. Separate regressions

vided in Ryan et al. (1987). Participants also completed the/€re run for each neuropsychological domain. For each of

Grooved Pegboard (Rourke et al., 1973) and the Trail Mak_;hese ﬁ\ée coggitivef(:jomsins, age, educatiotn, S(Cj?L-gt(:]—Rf.in:[
ing Test (Reitan, 1992), ex, and number of drinks per day were entered on the firs

In order to assess psychiatric symptomatology as a corstepin order to control for their contribution. The exposure

trol variable, participants completed the Symptom Check.nteraction term and blood level were entered on the second

list 90—Revised (Derogatis, 1983). This self—reportinventor)/”Ind third steps, respectively. . .
asks subjects to indicate how much they have been dis- In order to determine whether journeyman painters have

tressed by 90 different problems (e.g., feeling sad) over thgignificant reductions on standard neuropsychological mea-

past month. Nine subscales are coded, as well as a Genety|'®S: and if the differences are confined to certain cogni-

Severity Index (GSI). The GSl was used as an index of gent-'ve dF’ma'”Sf' a multlv?)rl?te analy§|§; proceddure was usgd to
eral psychiatric symptomatology. 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 omnibu$ was computed for each cluster and,

For painters, a solvent history questionnaire was adminisi-f.Si.gniﬁcant’ qnivariatd: levels were gxamined for the in.-

tered that computed an index of exposure over the Ii1‘etim«;ffi!V!du""I test in that cluster. Compan;on of groups for in-

and the past year. The questionnaire derives an overall ind-'VIdual variables were conducted usingpsts.

dex based on method of painting (spraying, rolling, brush-

ing), application rate, frequency, ventilation, and use ofResULTS

protective equipment (see Fidler et al., 1987a). Research with

t_h|s exposure_queannnalre has shown a positive .aSSOC'%_etween—Group Analyses

tion between increasing exposure and neurasthenic symp-

toms (Fidler etal., 1987b), as well as mood and performanc&indings demonstrated that painters and nonexposed con-

on a symbol—digit test (Baker et al., 1988). We modifiedtrols were comparable in age and education, but painters

the exposure questionnaire somewhat in that we obtainelad significantly lower scores on the majority of cognitive

estimates of exposure based on gallons per week as opests. However, statistically significant group differences

posed to gallons per year to make it easier for subjects tavere found only for the cluster of learning and memory tests

reconstruct their painting history. Examination of material[F(67,6) = 2.48,p = .03]. Within the learning and memory

safety data sheets for the painters demonstrates typical extuster, significantly poorer scores were seen on the indi-

posures were to the aromatic solvents (e.g., toluene, xylengjdual tests of verbal paired-associate learning, symbol—

mineral spirits). digit paired associate learning, incidental memory, recurring
Because many paints still have a lead base, venous blooslords, and delayed recall of verbal paired associates.

samples were also drawn to determine current blood lea@iable 1 presents means and standard deviations for each

levels. Lead levels were determined using atomic absorptest, and the associatpdalues derived from the univariate

tion spectrophotometry conducted by Central Laboratory Seranalyses.

vice, Inc., which is affiliated with the University of Pittsburgh ~ Psychiatric symptomatology was significantly higher for

Medical Center. the painters as compared to contrdls=(2.49;df = 2,36;

Exposure Index
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Table 1. Test results for five neuropsychological clusters

Painters Controls

(N = 38) (N = 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 104 (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) 104 (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.

L.A. Morrow et al.

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

Career Exposure

Index by Condition  Lead

Demographic (acute/free) (ng/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

Demographic= age, education, SCL-90-R global index, number or drinks/
day.
*p < .05.

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 = .02). A similar, but marginal relation-
ship, was noted for the Spatial clustgr € .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 domaing = .02). The similarity of the
two models is not surprising as exposure over the lifetime
and the past year was highly correlated<.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-

p = .01). However, correlations between the GSI and theportion of the variance in performance on the memory and
neuropsychological domainsgcores) showed low and non- spatial clusters, we reran the regression analyses entering
significant correlations, ranging from.02 on the Atten-

tion factor to—.21 for the Intelligence factor.

Within-Group Analyses

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-

The exposure index for solvent paints in this sample rangegosure terms (alps > .10).
from 117 to 5374 (median 715). This exposure level is some-

what higher than the exposure reported by Fidler et al
(19874a) in their group of painters (a median of 552 when

DISCUSSION

converted to gallons/week). This is consistent with the faciThis study reports findings for a group of chronically ex-
that the painters in that study averaged 30.6 weeks of painposed journeymen painters. The first objective of the study
ing over the past year as compared to 37.1 weeks for theas to evaluate the relationship between ongoing and acute
painters in this study. Age was not a surrogate for exposureexposure to organic solvents. To that end, we assessed paint-
since the correlation between age and the exposure indexs either shortly after having worked with solvent-based
was small and nonsignificant & .07).
The results of the hierarchical regression are presented iseveral days. An exposure free interval of at least 5 days
Table 2. For the Learning and Memory cluster, there was avas chosen to assure clearance of solvents from the body.
significant interaction between lifetime exposure to sol-The results indicate that scores on the memory tests—after
vents and exposure condition (acw free) in which the
subject was tested. The interaction term was significant afsymptomatology, and drinks per day—were influenced by
ter having controlled for the age and education, as well ashe lifetime dose of solvent exposure and having been acutely
level of psychiatric symptomatology and number of drinksexposed at the time of testing. That is, painters who had
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more exposure to solvents over the caraed who were  also assessed journeymen painters with the same exposure
recently exposed prior to the assessment were more likelyndex as in the present study, found fairly consistent asso-
to have reductions in memory and learning as well as pooretiations between symptoms and neuropsychological perfor-
spatial skills. When the analysis was repeated using expanance and exposure variables (Fidler et al., 1987b; Baker
sure over the past year, the results were virtually the samet al., 1988).
Current blood lead level did not significantly add to the Discrepancies across painter studies are probably due to
model. Although the relationship to the spatial tests faileda number of factors, including the composition of the sam-
to reach statistical significance, we would not discount theple, differences in solvent exposure history, test selection,
finding, as it may reflect our small sample size and corre-and computation of exposure indices. Test selection may be
spondingly limited statistical power. particularly important. In the present study we used a fairly
Our results, demonstrating that painters with higher pasextensive battery of tests with an emphasis on complex tests
exposure are more sensitive to the acute effects of solvemif learning and memory. The World Health Organization
exposure during learning and memory performance, are corNeurobehavioral Core Test Battery, often used by research-
sistent with the “neural sensitization” model suggested byers in the field, includes only one memory test, the Benton
Iris Bell (Bell, 1994). This model, based on data from bothVisual Retention Test, recognition form (Cassitto et al.,
animal and human studies, proposes that intermittent chen1:990). We would suggest that when assessing exposed pop-
ical exposures over time may produce changes in the braimylations, particularly in field studies of subjects with no cog-
particularly limbic structures, such that there is a height-nitive complaints, the test battery should focus on tests of
ened reactivity—both cognitively and physically—to sub- complex verbal and nonverbal learning that include encod-
sequent chemical exposures. While we cannot determine paisig and retrieval of novel information.
intermittent exposures for the painters, our findings con- Learning and memory are the chief complaints of pa-
firm the notion that higher past solvent exposure increasesents with solvent encephalopathy and have routinely been
the risk for cognitive decrements during acute exposures.documented in clinical research studies (Linz et al., 1986;
The second objective was to determine if there were dif-Mikkelsen et al., 1988; Morrow et al., 1990, 1991; Baker,
ferences between the painters and healthy controls on stat994, 1995; Morrow, 1994). This has led to the suggestion
dard tests of neuropsychological function. Related to thisthat solvents may be particularly detrimental to mesial tem-
we wanted to ascertain if there was a differential pattern oporal areas (Ryan et al., 1988). Consistent with this, tem-
impairment across cognitive domains. The results show thgtoral lobe demyelination has been documented for a worker
painters have lower scores on the majority of tests, but sigwith long-term chronic exposure (Gatley et al., 1991), and
nificant groups differences were found only on measures ofunctional imaging studies of toxic encephalopathy patients
learning and memory. Scores on tests tapping spatial abihave shown the highest percentage of abnormalities in the
ity, attention and mental flexibility, general intelligence, and temporal lobes (Morrow et al., 1990; Callender et al., 1993).
motor speed did not demonstrate significant between groupelays in the P300 component of the event-related poten-
differences. The poorer performance on the learning antial—linked to hippocampal and limbic activity—have also
memory measures—Ilower scores were particularly appabeen observed in solvent-exposed patients (Morrow et al.,
ent on tests of verbal learning—was fairly consistent acros4992). Our findings of significant memory decrements are
the individual memory tests. Painters learned fewer verbaih line with the hypothesis that chronic organic solvent ex-
paired associates, and remembered less information followposure may be particularly detrimental to those areas of the
ing a delay interval. They also learned fewer symbol—digitbrain that support encoding and retrieval of new informa-
pairs, had poorer incidental recall, and recalled less on &on, namely the mesial temporal areas. However, the defi-
recurring words test. cits on the paired-associate tests may reflect problems with
Prior studies have been inconsistent in demonstrating sigencoding and strategies for organization, which would sug-
nificant differences between solvent-exposed and nonexgest frontal-diencephalic pathways may also be compro-
posed painters on cognitive measures. In a study of Dutchised (Wheeler et al., 1995). At this point, future studies
painters, Hooisma et al. (1993) found no reliable evidenceare needed to address the role of specific brain sites that
of cognitive differences between young and old painters andhay be altered due to acute and chronic solvent exposure.
similarly matched controls. They did, however, report are- There is no doubt that chronic long-term exposure to high
lationship between certain exposure indices (e.g., nonprdevels of organic solvents (e.g., glue sniffing) can result in
tected spray painting) and performance on both visuomotosignificant neuropsychological impairment and alterations
and memory measures in older painters. Triebeg et al. (1988 the CNS (Rosenberg et al., 1988). However, there is still
also found no consistent differences between house paintontroversy regarding whether low-to-moderate levels of ex-
ers and matched controls. In contrast, a study of shipyar@osure can produce significant neuropsychological impair-
painters found significant differences between painters anthent—especially in persons who do not report adverse
controls for three out of four cognitive measures (Valciukashealth effects (Rebert & Hall, 1994). The present study is
etal., 1985). Moreover, persons with chronic exposure plugnportant in that we have documented significant reduc-
current symptoms scored significantly poorer than asymptions on standardized learning and memory tests in solvent-
tomatic painters. Studies by Baker and colleagues, whiclexposed 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€ondray, R., Morrow, L.A., Steinhauer, S.R., & Hodgson, M.
associate learning measures. The fact that reductions were (1995).The relationship between psychiatric symptomatology
noted on tests of learning and memory is in line with the ~and solvent exposure in American paintekéanuscript sub-
notion that solvents may have a particular affinity for me-  mitted for publication. S _
sial temporal areas of the brain. Moreover, the finding of arPercgats, L. (1983)SCL-90-R administration, scoring and pro-
interaction between the overall lifetime exposure and acute- g—:édslézihmanual—lwowson, MD: Clinical Psychometric
ness of eXposure.demonStrates that persons_thh_mgher paééheverria, D., Find, L., Langolf, G., Schort, A., & Sampaio, C.
exposure are at risk for a more advgrse reaction (i.e., po‘?rer (1989). Acute neurobehavioral effects of tolueBatish Jour-
memory) to an acute exposure. While the exact mechanism 5 of Industrial Medicine, 46483—495.
responsible for this phenomenon is unknown, future studiegkperg, K., Barregérd, L., Hagberg, S., & Séllsten, G. (1986).
will need to address both the prior history as well as the Chronic and acute effects of solvents on central nervous sys-
acuteness of solvent exposure. tem functions in floorlayersBritish Journal of Industrial Med-
icine, 43 101-106.
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