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Effects of exposure to carbon disulphide on low
density lipoprotein cholesterol concentration and

diastolic blood pressure

Grace M Egeland, Greg A Burkhart, Teresa M Schnorr, Rick W Hornung, John M Fajen,

Shiu T Lee

Abstract

The relation of carbon disulphide (CS,)
exposure to risk factors for ischaemic heart
disease was recently examined using data from
a 1979 cross sectional study of 410 male textile
workers, of whom 165 were exposed and 245
were unexposed to CS,. Average eight hour CS,
exposure concentrations ranged from 06 to
11-8 ppm by job title category among the
exposed workers. A significant and positive
linear trend in low density lipoprotein choles-
terol concentration (LDL ) and diastolic blood
pressure with increasing CS, exposure was
found after adjustment for potential confoun-
ders. When exposure was examined as a
categorical variable (none, low, moderate, and
high), the high exposure group had an adjusted
mean LDL, that was 0:32 mmol/l greater than
the non-exposed group (p = 0:02), and an
adjusted mean diastolic blood pressure that
was 3-16 mm Hg greater than the non-exposed
group (p = 0:09). The effect of CS, on diastolic
blood pressure was strengthened in analyses
limited to exposed workers: the high exposure
group had an adjusted mean diastolic blood
pressure that was S mm Hg greater than that of
the low exposed group (p = 0:03). Triglyceride,
high density lipoprotein cholesterol, and fast-
ing glucose concentration, and systolic blood
pressure were not affected by exposure. Blood
lead concentration was positively associated
with systolic and diastolic blood pressure. The
results indicate that relatively modest
exposure to CS, may raise LDL_ concentration
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and diastolic blood pressure and suggest
mechanisms by which exposure to CS, may
influence risk of ischaemic heart disease. Also
the results provide further support for the
hypothesis of a possible association between
blood lead concentration and blood pressure.

Exposure to carbon disulphide (CS,) is a well establi-
shed risk factor for mortality from ischaemic heart
disease.’” Tiller and colleagues, in Great Britain,
found that workers with 10 or more years of exposure
to CS, had a greater than twofold excess mortality
from ischaemic heart disease than non-exposed
workers.* In Finland, a nearly fivefold excess in
mortality from ischaemic heart disease was found
among viscose rayon workers compared with paper
mill workers.? The effect of CS, exposure on
ischaemic heart disease appears to be reversible: the
excess mortality from ischaemic heart disease in the
Finnish cohort disappeared after the initiation of a
prevention programme that removed most workers
from exposure and greatly reduced CS, exposure
concentrations for the others.® Similarly, in a follow
up study of rayon workers in Great Britain,
cumulative exposure among workers whose exposure
had ceased for one or more years was not related to
increases in mortality from ischaemic heart disease.’

Despite the well established association of
exposure to CS, with ischaemic heart disease, few
studies have attempted to examine the possible
mechanisms that may mediate the effect of CS, on
risk of ischaemic heart disease.'?’” These studies
report no significant differences in electrocardiogra-
phic abnormalities,'” glucose metabolism, or serum
triglyceride concentrations’; CS, has been associated,
however, with increases in blood pressure,' >and with
increases in total cholesterol concentration in some® '
but not all' studies. Although the mechanisms for the
putative effect of CS, on lipids and blood pressure
have not been established, CS, impairs thyroid
activity'' and alters catecholamine metabolism.'
These, in turn, could influence lipid metabolism and
vasoregulation.
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We examined the relation of exposure to CS, to
total serum cholesterol, low and high density
lipoprotein cholesterol, triglyceride, and fasting
glucose conclentrations, and systolic and diastolic
blood pressure, using existing data from a cross
sectional study conducted in 1979." Other findings
from this study have been described previously.'***
Although the data presented here were collected over
11 years ago, the findings contribute to our current
understanding of the association of CS, with risk of
ischaemic heart disease.

Methods

STUDY POPULATION

In 1979, participants for the cross sectional study
were recruited from current employees of a synthetic
textile company operating four artificial fibre plants
in a small community in Tennessee.”” Workers
exposed to CS, were recruited from employees who
had worked for a minimum of one year in the viscose
rayon plant. The comparison group of non-exposed
workers was recruited from employees who had
worked for at least one year in the three other plants
(polyester filament, nylon filament, and nylon polye-
ster staple plants) and had never worked in the
viscose rayon plant or in a previously closed rayon
filament plant. Of the 273 exposed men in the viscose
rayon plant, 69-2% (189) agreed to participate. Of
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the 422 workers not exposed to CS,, 58:1% (245)
agreed to participate. No data are available on the
demographic characteristics of the non-participants.

Exposed workers were divided into three exposure
groups: low, moderate, and high. The classification
was established before the field work and was based
on information about the manufacturing process,
exposures associated with current job assignment,
and company data on historical exposure.'’ Table 1
lists the job titles used to group workers into the low,
moderate, and high exposure categories. Twenty
four workers were excluded from the analyses
because they could not be categorised into a single
exposure group. Of the 165 exposed workers, 48 were
categorised into the low, 67 into the moderate, and 50
into the high exposure groups.

To estimate the current CS, exposure concentra-
tion of the three exposure groups at the time of the
study, eight hour time weighted average (TWA)
personal breathing zone samples were collected from
some workers in each job category. Samples were
collected with 150 mg charcoal adsorption tubes at a
flow rate of 20 ml/min using calibrated MDA and
duPont low flow sampling pumps. Charcoal samples
were desorbed with benzene and analysed by gas
chromatography.'® The personal samples were
collected on 12 days in March and April 1979.
Although we use the relative terms, low, moderate,

Table 1 Personal eight hour time weighted average CS, exposure (ppm) by job assignment and exposure category among

rayon workers

Range
Exposure[job title No of samples Mean (SD) Min Max
Low:
Lye room operator 5 0-6 (0-40) 0-04 0-99
Soaking press loader 2 1-1 (0-34) 0-90 1-38
Soaking press operator 2 1-1 (0-35) 1-01 1-51
Shredder operator 6 25 (1-62) 0-99 553
Correction operator 3 1-3 (0-56) 0-62 1-60
Salt unit operator 3 0-2 (0-16) 0-04 0-37
Sand filter operator 5 17 (0-70) 0-95 2-83
Chemical mix operator 3 06 (0-34) 0-34 0-97
Dryer operator 1 111 — — —_
Bale weigh operator 5 0-7 (0-39) 0-04 1-02
Moderate:
Dissolver operator 17 41 (1-57) 1-89 7-90
Receiving/filtration 2 37 (0-249) 3-50 3-84
Spinning tank operator 2 3-4 (0-05) 3-33 3-41
General relief operator 22 44 (2-57) 0-04 11-20
Press packer 6 47 (1-42) 331 6-90
Crystalliser/evaporator 4 42 (454) 1-39 11-:02
Dye mix operator 7 5-1 (1-98) 3-37 9-00
High:
Churn operator 20 71 (3-12) 1-15 16-10
Tank cleaner 2 8-0 (10-00) 095 15-10
Staple spinner 54 88 (7-41) 1-28 33-90*
Tow patroller 3 11-8 (5-48) 6-09 17-00
Cutter operator 13 11-3 (7-08) 0-04 30-70
Washer operator 30 6-1 (292) 1-01 14-40t

*Excluding one outlier of 216-0 ppm.
tExcluding one outlier of 159-0 ppm.
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and high for the three exposure groups throughout
the paper, we emphasise that the median CS,
exposure concentrations for all three exposure
groups were low: 1-0 ppm for the low, 4-1 ppm for the
moderate, and 7-6 ppm for the high exposure
groups.”” Table 1 lists the mean and range of
exposure concentrations associated with each job
category in each exposure group. Although the
exposure data showed some variability, the personal
exposure sampling verified the prior classification of
workers into low, moderate, and high exposure
categories: the mean TWA exposures for the job
titles ranged from 0-6 to 2-5 ppm in the low exposure
group, from 3-4 to 5-1 ppm in the moderate exposure
group, and from 6-1 to 11-8 ppm in the high exposure
group.

As well as CS, exposure concentrations, other
occupational exposures were assessed during the
fieldwork. Workers exposed to CS, were potentially
exposed to hydrogen sulphide, whereas workers in
the comparison group were potentially exposed to
caprolactam, ethylene glycol, dimethyl tereph-
thalate, and methanol. Personal eight hour air
sampling was conducted to determine the extent of
other chemical exposures. At the time of sampling,
exposures to the compounds mentioned were
negligible."” All five samples tested for methanol and
all 11 samples tested for dimethyl terephthalate were
below the limit of detection (0-9 ppm and 0-015 ppm
respectively). Eleven of 12 samples tested for
caprolactam were below the limit of detection (0-14
ppm), and the remaining sample (3-9 ppm) was below
the 5 ppm standard of the United States Department
of Labor, Occupational Safety and Health Adminis-
tration (OSHA) and the 4-3 ppm recommended
standard set by the American Conference of Govern-
mental Industrial Hygienists (ACGIH)."® Seventeen
samples were analysed for hydrogen sulphide and
showed low concentrations ranging from 0-1 to 1-9
ppm; concentrations well below the ACGIH stan-
dard of 10 ppm.' The eight samples analysed for
ethylene glycol had concentrations ranging from 0-32
to 10-1 ppm; these were well below the OSHA
standard and the ACGIH recommended standard of
50 ppm." Although no environmental monitoring
was conducted for lead, blood lead concentrations
were determined for all study participants because of
the potential for exposure to lead during maintenance
operations with lead solder.

The risk factors for ischaemic heart disease were
measured during the 1979 cross sectional study.
Blood pressure was measured after each worker had
been in a supine position for a minimum of 10
minutes. All measurements were made by one tech-
nician using a random zero sphygmomanometer to
minimise observer error. The average of two read-
ings was used in the analyses. Fasting morning
venous blood samples were collected on 94% (385) of
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the 410 participants to obtain serum for laboratory
analyses of total cholesterol, high density lipoprotein
cholesterol (HDL,), triglyceride, and glucose con-
centrations in accordance with the laboratory tech-
niques and protocols used by the Lipid Research
Clinic Program Study.'® The concentration of LDL,
was calculated using the Friedewald equation,?
which is a valid estimate of LDL_when triglyceride
concentrations are below 350 mg/dl. Samples from
24 subjects were excluded from the LDL, analyses
because triglyceride concentrations exceeded 350
mg/dl. A questionnaire was administered on work
history, health behaviour, and use of medication.
Subjects who reported health conditions or current
use of medications known to influence risk factors for
ischaemic heart disease were excluded from the
analyses. For the blood pressure analyses, we
excluded 18 subjects who reported the use of anti-
hypertensive drugs; for fasting glucose, we excluded
two subjects taking hypoglycaemic drugs, and for
lipoproteins, we excluded five subjects taking cor-
ticosteroids and lipid lowering or thyroid medica-
tions. Because antihypertensive medications could
influence the lipid concentrations, we also conducted
the lipid analyses without subjects taking these. As
the results were unaltered, they are not reported here.

ANALYSES

We examined the relation of exposure to CS, with
total serum cholesterol, low and high density
lipoprotein cholesterol, triglyceride, and fasting
glucose concentrations, and systolic and diastolic
blood pressure. General linear models were used in
all univariate and multivariate linear regression
analyses to examine differences in each risk factor by
exposure level (none, low, moderate, and high). To
test for trend, we also examined exposure to CS, as a
continuous variable. In this analysis, we assigned
each worker the mean CS, exposure (ppm) associated
with his current job title category as depicted in table
1. Non-exposed workers were assigned a zero
exposure value. Because of possible differences in
other chemical exposures between the exposed and
unexposed groups, all analyses were repeated with-
out the unexposed group to examine the consistency
of the data.

Because of the data which suggested that the effect
of CS, on ischaemic heart disease is reversible, we
were primarily interested in examining the effect of
current CS, exposure on the risk factors for
ischaemic heart disease. We did, however, also
examine cumulative exposure. Because historical
personal exposures were difficult to reconstruct and
because our records indicated that 81-8% of the
exposed employees worked in their current job
assignment for the duration of their employment
with the company, we examined a cumulative
exposure effect by entering duration of employment
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into the final multivariate model containing the
current exposure categories. The distributions of
serum triglyceride and blood lead concentrations
were normalised by a natural log transformation.

We considered the following variables as potential
confounders in the analyses of serum lipids: age,
body mass index (kg/m?), education (less than 12
years v 12 or more years), current smoking (yes v no),
current alcohol consumption (none, less than one
drink a week, one or more drinks a week), and race
(white v non-white). In the blood pressure analyses,
we examined the above variables as well as blood lead
and haemoglobin concentrations and pulse rate.

Results

The CS, exposed workers were significantly older,
worked more years at the plant, had higher blood lead
concentrations, and were less likely to drink alcoholic
beverages than the comparison group of unexposed
workers (table 2). Also, a greater percentage of non-
white subjects was seen in the highest exposure
group and the CS, exposed workers were slightly less
educated than the unexposed comparison group, but
these differences were not statistically significant. No
differences by exposure were found for body mass
index or smoking.

In multivariate analyses, in which current
exposure was examined as a continuous variable, we
found a significant positive linear trend in LDL,
(regression coefficient = 0-04 mmol/l, p = 0-02) and
a non-significant positive linear trend in total choles-
terol (regression coefficient = 0-03 mmol/l, p = 0-09)
with increasing job exposure level, after adjustment
for age, body mass index, and smoking. For both
LDL. and total cholesterol concentration, further
adjustment for alcohol consumption, educational
level, race, and duration of employment, did not add
to the predictive value of the multivariate model and
did not modify the effect of exposure. When we
limited the analyses to the CS, exposed workers, the
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positive linear trend became slightly stronger for
both LDL (regression coefficient = 0-05 mmol/l, p
= 0-03), and total cholesterol concentration (regres-
sion coefficient = 0-05 mmol/l, p = 0-07).

The adjusted means and standard error (SE) terms
for LDL_ and total cholesterol concentrations based
on the analyses of exposure as a categorical variable
(table 3) were comparable with the predicted means
based on the analysis of exposure as a continuous
variable. The moderate exposure group had a mean
LDL, concentration that was 0-10 mmol/l greater
than the non-exposed group (3:19 2 3-09 mmol/l,p =
0-43), and the high exposure group had amean LDL,
concentration that was 0-32 mmol/l greater than the
non-exposed group (3-41 v 3-09 mmol/l, p = 0-02).
Similarly, for total cholesterol concentration, the
moderate exposure group had a value that was 0-07
mmol/] greater than in the non-exposed group (519 v
5-12 mmol/l, p = 0-54) and the high exposure group
had a mean total cholesterol concentration that was
0:26 mmol/l greater than the non-exposed group
(538 v 5:12 mmol/l, p = 0-08). Categorical analysis
limited to CS, exposed workers showed a slightly
stronger exposure effect for both LDL, and total
cholesterol concentration.

We also found a significant positive linear trend in
diastolic blood pressure with increasing exposure to
CS, (regression coefficient = 0-42, p = 0-04) after
adjustment for age, body mass index, and the log of
blood lead concentration. This trend became stron-
ger in the analysis limited to the CS, exposed workers
(regression coefficient =0-87, p < 0-01). Table 3
depicts the adjusted means and SE terms for diastolic
blood pressure for each CS, exposure category. The
high exposure group had a mean diastolic blood
pressure that was 3-15 mm Hg greater than the non-
exposed group (76-55 v73-39 mm Hg, p = 0-09);
when we limited the analysis to the CS, exposed
workers, the high exposure group had a mean
diastolic blood pressure that was 5-00 mm Hg greater

Table 2 Distribution of selected characteristics by CS, exposure state among 410 male textile workers

Unexposed Low Moderate High

No of workers 245 48 67 50
Age (y) 341 (9-2) 37-0 (109) 385 (9-6) 39-1 (10-8)*
Years employed 87 (5:0) 11-1 (7-2) 12:7 (6-2) 133 (7-1)*
Body mass index (kg/m?) 250 (4'1) 256 (3:7) 25-8 (3'5) 249 (3-4)
Blood lead (umol/l) 0-44 (0-36) 0-65 (0-40) 0-70 (Q-50) 0-82 (0-47)*
No of cigarettes per dayt 232 (10-1) 21-4 (89) 22-1 (9'5) 202 (88)
Current smokers (%) 57-8 64-6 53-0 48-0
Non-white (%) 45 21 3-0 10-0
Alcohol (%):

Non-drinker 282 45-8 43-3 54-0%

<1 drink/week 359 333 373 240

> 1 drink/week 35-9 208 19-4 220
Education (%)

= High school 60-8 52-1 537 48-0

For continuous variables, data are presented as mean (SD).

*p < 0-05, significant difference in means or proportion by exposure level.

+For smokers only.
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Table 3 Adjusted means ( SEs) for selected coronary heart disease risk factors by CS, exposure group
All workers CS, exposed workers
No* Adjusted (SE) p Valuet Adjusted (SE) p Value}

LDL, (mmol/1)§ for CS, exposure:

None 207 3-09 (0-06)

Low 41 3-06 (0-13) 0-88 3-10 (0-13)

Moderate 58 319 (0-11) 0-43 3-25 (0-11) 0-35

High 46 3-41 (0-12) 0-02 349 (0-12) 0-03
Total cholesterol (mmol/1)§ for CS2 exposure:

None 5-12 (0-06)

Low 45 506 (0-14) 0-76 510 (0-14)

Moderate 61 519 (0-12) 0-54 5-28 (0-12) 0-32

High 48 5-38 (0-14) 0-08 5-50 (0-13) 0-04
Diastolic blood pressure (mm Hg)|| for CS, exposure:

None 209 73-39 (0-78)

Low 42 70-74 (1-68) 0-16 72-18 (1-62)

Moderate 54 72:77 (1-50) 0-72 7413 (1-44) 0-37

High 47 7655 (1-64) 0-09 77-18 (1-54) 0-03

*Number of subjects in analyses after exclusions due to missing covariate data.

+tExposed v non-exposed group.
1Exposed v low exposed group.
§Adjusted for age, body mass index, and smoking.

|Adjusted for age, body mass index, and log of blood lead concentration.

than the low exposure group (77-18 v 72-18 mm Hg,

= 0-03). Further adjustment for haemoglobin,
alcohol consumption, educational level, smoking,
race, and duration of employment did not add to the
predictive value of the model or modify the mag-
nitude of the effect of CS, on diastolic blood pressure.

Exposure to CS, was not related to systolic blood
pressure after adjustment for body mass index, pulse
rate, and the log of blood lead concentration (CS,
regression coefficient = 0-13, p = 0-57). Further-
more, the results were not altered when the analysis
was limited to the exposed workers, or when blood
lead concentration was removed from the model. The
inclusion of pulse rate in the final model did not result
in an overadjustment for an effect of CS,, as CS, was
not related to pulse rate.

Blood lead concentration was an important predic-
tor of systolic and diastolic blood pressure. After we
adjusted for age, body mass index, pulse rate, and
CS, exposure, the log of blood lead concentration was
positively related to systolic blood pressure (regres-
sion coefficient = 1:82, p = 0-04); this effect was
strengthened when the analyses were limited to the
CS, exposed workers (regression coefficient = 3-06,
p = 0-04). The log of blood lead concentration,
however, was positively related to diastolic blood
pressure only in the analysis limited to the CS,
exposed workers (regression coefficient = 2-38,p =
0-06) after adjustment for exposure to CS,, age, and
body mass index.

By univariate and multivariate analyses, we did not
find any association between CS, exposure and
HDL._ triglyceride, or fasting glucose concentrations.

Discussion

The results indicate that modest exposure to CS, may
raise LDL_ concentration. Because LDL_ is the
largest component of total cholesterol, and because
CS, had no obvious effect on HDL, concentration,
the effect of CS, on total cholesterol concentration
found in this study appears to be attributed to the
effect of CS, on LDL_concentration. An effect of CS,
on LDL, concentration is consistent with the type of
heart disease (atherosclerotic) found in occupation-
ally exposed populations,'” and with the increase in
B-lipoprotein concentrations found in laboratory
rabbits exposed to CS,.”" Also, because reductions in
LDL. and total cholesterol concentrations reverse or
slow the progression of atherosclerotic lesions,*?
and reduce the risk of coronary events,” a CS, effect
on LDL_ concentration is consistent with the
apparent reversible effect that CS, has on risk of
ischaemic heart disease.

We are not aware of any other study which
examined LDL_among populations exposed to CS,.
Other studies have reported increases in total choles-
terol concentration among workers exposed to CS,
concentrations that were much higher than those
experienced by the current study population. Raised
total cholesterol concentrations were found among
Japanese viscose rayon workers exposed to CS,
concentrations ranging from 15 to 65 ppm, but not
among workers exposed to lower concentrations,
ranging from 5 to 19 ppm.® Similarly, increases in
total cholesterol concentration were found among
Japanese workers exposed to CS, concentrations
ranging from 40 to 50 ppm in two plants in the early
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1950s, but not among workers in the same two plants
in 1965 when exposures ranged from 5 to 15 ppm."
Among viscose rayon workers in Finland, exposure
was not related to total cholesterol concentration,’
but only 61-5% of the exposed study participants
were currently exposed at the time of the study and
current exposures were below 20 ppm. In the present
study, we found a non-significant positive linear
trend in total cholesterol concentration with increas-
ing CS, exposure. Average exposure concentrations
by job title ranged from 0-6 ppm to 11-8 ppm.

The mean LDL. concentration in the high
exposure group is in the borderline high risk range
(=3-36 mmol/l) established by the National Heart,
Lung, and Blood Institute.®® The Lipid Research
Clinics (LRC) prevalence follow up study reported
that a 0-78 mmol/l (30 mg/dl) difference in LDL,
concentration was associated with a 65% increase in
mortality from coronary heart disease among men
during an eight year period.” In the LRC popula-
tion, the differences in LDL, concentration by
exposure category would translate to an increased
coronary heart disease risk of 26% and 9% for the
high and moderate exposure groups respectively. A
mortality study of four rayon textile plants in the
United States, that included our study plant, found a
24% increase in mortality from ischaemic heart
disease among workers that had similar job assign-
ments as our high exposure group.* The mortality
study did not report CS, exposure levels at these four
plants, however.

As well as an effect on LDL, concentration the
results indicate that exposure to CS, may also have an
effect on diastolic blood pressure. As with LDL._and
total cholesterol concentrations, the trend in diastolic
blood pressure found among all workers was streng-
thened in the analysis limited to the CS, exposed
workers. It is possible that potential differences in
other chemical exposures between the CS, exposed
and unexposed groups may influence the magnitude
of the association found between exposure state and
blood pressure and lipoproteins. For example, the
group not exposed to CS, had potential exposure to
caprolactam, which has been reported to raise blood
pressure in animal studies.” Because the exposed
population is more homogeneous with regard to
chemical exposures than the total CS, exposed and
non-exposed group, the analyses excluding the non-
exposed group could provide a more sensitive indica-
tion of a possible effect of exposure to CS,.

Our results do not indicate an effect of exposure to
CS, on systolic blood pressure. Reports from a study
population in Finland, however, showed raised dias-
tolic and systolic blood pressure among CS, exposed
workers.'? Reasons for this discrepancy are not
obvious, as current exposures (less than 20 ppm) and
the average duration of employment of the Finnish
workers were comparable with that of our study

Egeland, Burkhart, Schnorr, Hornung, Fajen, Lee

population. The Finnish study, however, did not
consider the potential for confounding exposure to
inorganic lead, which was positively correlated to
CS, exposure and blood pressure in this study.

The relation of blood lead concentration to dias-
tolic and systolic blood pressure is of interest. The
blood lead concentrations, which ranged from a mean
of 0-44 umol/l for the unexposed CS, group to 0-82
umol/l for the high exposed CS, group, are compara-
ble with the range of exposures identified in the
general United States population.® The results are
consistent with the hypothesis that low to moderate
exposure to lead is related to increases in blood
pressure as shown in animal studies,”** and suppor-
ted by associations found in several,”*” but not all*®
epidemiological studies.

One strength of our study is that we were able to
examine and control for several potential confoun-
ders, such as blood lead concentration, body mass
index, race, smoking, and educational level: variables
that are often not available in occupational studies.
One limitation, however, is that we were not able to
control for potential differences in other characteris-
tics, such as diet or physical activity. The fact that
there were no differences in the basic pay rate of the
viscose rayon workers by exposure category,
however, suggests that the workers were a relatively
homogeneous group. Another limitation is the
potential for selection bias. Workers with health
concerns may have been more likely to participate in
the study, but this could have been equally true for
exposed and non-exposed workers. Because
demographic data were not collected on non-
participants we are unable to consider the issue of
selection bias in detail. We did, however, examine the
distribution of workers taking antihypertensive
medications by degree of exposure. Although we
found no statistically significant differences, we did
find a slightly greater percentage of antihypertensive
use among the low (6:3%) and moderate (9:0%)
exposure groups than among the non-exposed
(3:3%) and high exposure groups (2:0%). It is
possible that these slight differences could result in
an underestimate of an effect of CS, on blood
pressure in the low and moderate exposure groups.

In 1989, OSHA reduced the eight hour TWA
permissible exposure limit for CS, from 20 ppm to 4
ppm,” because of findings suggesting that exposures
within the range of 20 ppm are associated with
cardiovascular,’®* neurological,® and possible
reproductive effects.®* The moderate exposure
group, which had CS, exposures in the range of the
current OSHA standard, showed no statistically
significant differences in LDL_ concentration and
diastolic blood pressure compared with the non-
exposed group. The lack of statistically significant
increases in these risk factors among the moderate
exposure group, however, may be due to the
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relatively large SE terms and the small sample size of
the moderate exposure group: our power to detect the
0-10 mmol/1 difference in LDL concentration bet-
ween the moderate and non-exposed group was only
56%. Also, because we found a significant linear
trend in LDL_ concentration and diastolic blood
pressure with increasing exposure to CS,, the results
support the NIOSH recommended exposure limit of
1 ppm, which was established to provide a margin of
safety for the estimated 40 000 United States workers
exposed to CS,.#

The results of this study indicate that relatively
modest exposure to CS, may raise LDL_ concentra-
tion and diastolic blood pressure. This suggests
mechanisms by which CS, exposure may increase the
risk of ischaemic heart disease. Our findings also
confirm other studies which show that lead exposure
increases diastolic and systolic blood pressure.
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