






Table 10 Prevalence (%) ofabnormal impressions on neurological examination by plant andphysician (A or B)

Plants 1-4 Plant I Plant 2 Plant 3 Plant 4

Plants 1-4 A B A B A B A B B
Cause (n = 240) (n= 95) (n= 145) (n = 42) (n =30) (n =26) (n = 25) (n =27) (n =44) (n = 46

Findings consistent
with polyneuropathy:
Decreased pin pain (%) 9 1 14 0 13 4 24 0 7 17
Decreased vibration (%) 4 1 6 0 10 0 8 4 5 2
Decreased ankle reflex (%) 3 5 1 7 3 0 0 7 2 0

Other causes:
Possible carpal
tunnel syndrome(%) 3 5 2 0 3 8 0 11 5 0
Other abnormalities* (%) 5 8 3 12 7 4 4 7 2 0

Total prevalence of
abnormal impressions (%) 24 21 26 19 37 15 36 30 20 20

*Other abnormal impressions included injuries (1); surgery (2); diabetic (1), adult (1) and alcoholic (1) polyneuropathy; Grave's disease (1); muscle atrof
unspecified diminished reflexes (2); decreased pressure touch sensation (1); and unspecified peripheral abnormality.

cian A than by physician B.
Overall, the increased relative risk (RR 1-4) of pre-

sumed signs of peripheral neuropathy (diminished pin
pain, vibratory sensation, and -ankle reflex) in the
exposed subjects was not significant (table 11), nor

were diminished vibratory sensation and ankle reflex
alone (RR = 2-8, p > 0 05) often the earliest signs of
peripheral neuropathy. The increase in risk in the
exposed was observed in both the subjects examined
by physician A (RR- 26, p > 0 05) and, by physi-
cian B (RR = 1-2, p > 0.05).

Blood and urine analyses
All 228 blood samples tested were negative
(< 1 ig/ml) for ethyl alcohol. Urine analyses detected
one subject with a positive drug screen who also
reported taking tranquillisers on the medical ques-
tionnaire.

In multivariate models of the biochemical and hae-
matological tests (table 12) decreasing red blood cell
count was significantly associated with increasing sol-
vent level. Increasing solvent level was unexpectedly
related to decreasing concentrations of SGOT and
SGPT and to increasing levels of serum albumin.

Discussion

Mild sensory deficits and a diminished ankle reflex
suggestive of a mild polyneuropathy were found in
approximately 16% of the study group, but these
deficits were not considered to be of clinical
significance.
The lack of a dose response relation in this study

does not reinforce previous reports of mild sensory
and motor deficits amon-g workers exposed to mix-
tures of organic solvents below recommended limits.
As in previous studies, comparisons of solvent
exposed and non-exposed groups showed a significant
increase in symptoms,6 8 15 16 and diminished
vibration sensation46 in the exposed group. Neither
number of symptoms nor vibration thresholds were

consistently related to solvent level, however. A dose
response relation indicating poor discriminatory
function was found for two point discrimination in
the foot. This finding was not expected, based on clin-
ical experience and previous reports that vibration
sensation threshold is likely to be more sensitive to
solvent exposure than two point discrimination in the
foot.4 - 6

Table 11 Prevalence (%) ofabnormal impressions with polyneuropathy by physician, plant, and exposure status at walk-throu~

Plants 1-4 Physician A Physician B

Exposed Non-exposed Exposed Non-exposed Exposed Non-exposed
Cause (n = 124) (n = 116) (n = 47) (n = 48) (n = 77) (n = 68)

Decreased pin pain(%) 9 9 0 2 14 15
Decreased vibration (%) 6 2 2 0 8 3
Decreased ankle reflex (%) 4 2 9 2 1 1

Total 19 13 11 4 23 19
Relative risk (95% confidence limit) 1-4(0-8,2 6) 2 6(05, 12-5) 1.2(0-7,2-3)
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The prevalence of abnormal clinical impressions
attributable to presumed signs of peripheral poly-
neuropathy (decreased pin pain, vibration sensation,
and ankle reflex) was 1-4 times greater among the
exposed than the non-exposed, classified at walk-
through. This finding was not observed in analyses of
dose response.
The reasons for the increase in the prevalence of

abnormal impressions consistent with peripheral
polyneuropathy in the exposed group are not readily
explained by solvent exposure, nor are they explained
by potentially confounding by age or sex (because of
frequency matching in the sample design). Mean daily
alcohol intake was not controlled in the comparisons
of exposed and non-exposed, but alcohol was not
strongly or consistently associated with impaired sen-

sory function in multiple linear regression models.
Both solvent level and mean daily alcohol intake were

independent risk factors for two point discrimination
measured at the foot (table 11).
The increased prevalence of abnormal clinical

impressions among the exposed does not appear to be
an artifact of, or confounding by, physician effects;
the distribution of exposed and non-exposed subjects
was approximately 50% for both physicians (table
11). An increased risk among the exposed subjects
was found by both physicians, although the risk of
findings consistent with peripheral neuropathy was

greater in the subjects examined by physician A. The
physicians also differed in frequency and types of
clinical findings (table 10). In semiquantitative
measurements of sensory function and ankle reflex
(table 9) the variability (as indicated by the standard
deviation) was generally smaller for physician A. This
is not surprising since physician A was a neurologist
and physician B was not.
The results of blood tests showed a decline in red

cell count with increasing solvent level. Serum
enzymes suggestive of altered liver function were

either not associated with solvent level (GGPT) or

were unexpectedly associated with lower solvent
levels. The validity of the blood tests is strengthened
by the confirmation of previously identified relations
with sex (RBC),"7 cigarette smoking (WCC),"8 alco-

hol intake (SGPT, SGOT), 7 and age (creatinine,
albumin). 7

COMPARABILITY OF STUDIES
There are important differences between previous
studies and the one reported here. Firstly, the average

duration of employment (exposure) was seven years

in the present study compared with 14 years in other
studies involving solvent mixtures.4`6 Secondly, the
main component of solvent exposure in previous
studies was toluene, whereas isopropanol, which is
probably less potent, was the dominant exposure in
this study (table 2). Thus short exposure duration and
less potent components in the exposure may con-

tribute to the lack of associations.
The inability to replicate previous studies may also

reflect differences in the protocol of the neurological
examination. The present and past studies have
included the same range of neurological functions but
differ in the methods of delivering the stimuli and of
grading the responses. The present study used a pres-
sure aesthesiometer similar to von Frey-hairs to quan-
titate light touch rather than touching a piece of cot-
ton to the skin, as was done in previous studies. As
the measure of discriminatory ability in previous
studies, subjects identified Arabic numerals written
with a blunt tool on the dorsum of the foot. The
present study differed considerably in that a compass
was used to deliver a focal stimulus reported by sub-
jects as either one or two points. Vibration sensation
in previous studies was determined with a 100 to
109 Hz stimulus presented by either a tuning fork or

pressure bioaesthesiometer. In the present study a

tuning fork was used to deliver-a slightly higher stim-
ulus of 128 Hz. Pin pain measurements of the present
and Scandinavian studies used similar pin stimuli but
subject responses were graded differently.

ANALYTICAL METHODOLOGY
It was assumed that sensory thresholds and reflexes
were accurately described by linear-additive models in
which confounding was adequately controlled. The
models identified age as the most consistent predictor
of sensory thresholds, as previously reported.4 13 4

Plant I Plant 2 Plant 3 Plant 4

Exposed Non-exposed Exposed Non-exposed Exposed Non-exposed Exposed Non-exposed
(n = 35) (n = 37) (n = 27) (n = 24) (n = 36) (n = 35) (n = 26) (n = 20)

3 8 22 4 3 6 12 25
8 0 4 4 6 3 4 0
8 3 0 0 6 3 0 0

20 11 26 8 14 11 15 25
19 (0-6, 5-8) 3-1(0-7,13-6) 1*2(0-4,4-2) 0-58(0-2,1*9)
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Table 12 Stepwiseforward multiple linear regression ofblood tests against age (AGE), sex (SEX), mean daily alcohol
intake (DRINKDLY), current cigarette smoking (CIGSDL Y), plant (PLANT), and solvent exposure on the currentjob
(PPMJBNW)*

Blood test,t units Model r2

Creatinine (mg/dl) Creatinine = 13 - 028 SEX + 0-12 PLANT 3 - 012 PLANT 4 0-26
Albumin (g/dl) Albumin = 48 - 007 AGE - 021 SEX - 002 DRINKDLY + 0-001 PPM JBNW 0-22
SGOT (IU/I) SGOT = 21 5 + 0-27 AGE - 58 SEX + 1 1 DRINKDLY - 0-03 PPM JBNW 0-14
SGPT (lU/I) SGPT = 21 7 + 0-42 AGE - 16-0 SEX + 9-6 PLANT 3 - 002 PPM JBNW 0 11
LDH (lU/I) LDH = 184 2 + 0-46 AGE - 20 4 SEX - 031 CIGSDLY - 008 PPM JBNW 0-12
GGPT (units/i) GGPT = 4-9 + 0 34 AGE - 50 SEX + 1 6 DRINKDLY 0-17
WBC (10/mm) WBC = 6-1 + 0-04 CIGSDLY + 0-6 PLANT 3 0-12
RBC (10/mm) RBC = 52 - 0-66 SEX - 0001 PPM JBNW 0-42

*Sex coded as 0 = M, I = F; plant dummy variables relative to plant 1.
tSGOT = Serum glutamic oxalic transaminase, SGPT = serum glutamic pyruvic transaminase, LDH = lactic dehydrogenase, GGPT =
gamma glutamic pyruvic transaminase, WBC = white blood cell count, RBC = red blood cell count.
All terms significant at p < 0-05.

This finding provides the consensual validity of the
tests in general. Sex was an important predicator of
the frequency of symptoms. This is consistent with
observations that women generally report morbid
conditions more frequently than men.'9 20

Several potentially confounding relations including
age, sex, alcohol, physician, and plant were identified
(table 3). Positive associations, however, were not
found between sensory modalities and solvent level
except for two point discrimination in the foot.
Because differences in physicians were indicated by
linear regression models (table I 1) and stratified anal-
yses (tables 9-11), and increasing solvent level was
associated with physician B, multiple linear regression
analyses were repeated, restricting observations to
subjects examined by physician B. The significant
finding of increased two point discrimination thresh-
olds in the foot persisted after restriction. This finding
will require confirmation in future studies since
chance may also account for it, given the large num-
ber of relations investigated.
Of additional concern are selection biases, subject

motivation, nature of past exposures, and
observer/subject bias.

Non-response and "healthy worker" selection were
considered as sources of selection biases. More than
one third of the eligible subjects at plants 1 and 4 were
non-responders. Because subjects at plant 1 were self
selected, more interested or better informed individu-
als probably participated. Data other than age and
sex (which were unrevealing) were not available to
investigate whether healthy or exposure related fac-
tors influenced self selection. Twenty of the 30 non-
responders at plant 4 were interviewed; 12 did not cite
a specific reason for non-participation and five said
they were "too busy." These data are insufficient to
rule out the possibility of a bias due to non-response.

Cross sectional studies are vulnerable to an under-
estimation of risk because affected individuals leave
the workplace or select themselves out of exposed

jobs within the workplace (healthy worker selection).
This has been asserted in several neurobehavioural
investigations and documented in one study.5 It is not
known whether the population in the present study
underwent this type of selection. Many of the
"texposed" jobs in this study were higher paying, high
seniority jobs. Moreover, the small difference between
duration of the current job (6 years) and total
employment at the plant (7 years) suggests that
migration between jobs was not a significant factor.
A further limitation of cross sectional studies is

inherent in the study design; subjects were not fol-
lowed over time and it is not known whether their
neurological function deteriorated beyond that attri-
butable to the normal aging process.

It is not likely that quantitative measurements of
current solvent levels misrepresented current or past
exposures. Also, the plants were relatively new, hav-
ing been opened in the 1960s and 1970s. Leaded
paints were infrequently used; moreover, lead would
have contributed to an association of adverse solvent
related effects rather than masked it. It is not likely
that other neurotoxic exposures were overlooked.
Through the consent procedure subjects were

informed that the focus of the study was to examine
possible effects of solvents. Compared with exposed
subjects non-exposed subjects may have been less
motivated, believing that their participation was sec-
ondary. The lower response rate in non-exposed
(38%) than exposed subjects (50%) suggests that this
may have occurred. Symptom reporting and tests of
sensory function may also have been vulnerable to
bias because the subjective responses of the par-
ticipants were used to quantitate the measurements.

In conclusion, this investigation has not provided
evidence of dose related adverse neurological effects
from exposure to moderately low levels of solvent
mixtures for a relatively short duration. The concern
about the adverse effects of longer term, low level sol-
vent exposure cannot be completely mitigated, how-
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ever, because of the finding of diminished vibratory
sensation and ankle reflexes among the exposed
group at walk-through and because of limitations in
the study design. Periodical monitoring of workplace
solvent exposures and of neurological function may
provide longitudinal data on which definitive conclu-
sions may be based.
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