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Abstract
Objectives-To identify any differences
in hepatic function between workers
exposed to carbon tetrachloride and con-

trols, and to identify the best variable
with which to examine any effects.
Methods-In a cross sectional study of

hepatic function in workers occupation-
ally exposed to carbon tetrachloride, 135
exposed employees were compared with
276 non-exposed controls. The exposed
group was taken from three sites in the
north west of England and the control
group included non-exposed workers
from one of these sites and another site
located nearby. Demographic and alco-
hol consumption data were collected
from both groups by questionnaire. Each
member of the study group was allotted a

notional estimated exposure to carbon
tetrachloride, calculated from historic
personal monitoring data and job cate-
gory. A fasting sample ofblood was taken
from all participants and analysed for a

variety of biochemical and haematologi-
cal variables. The techniques of univari-
ate and multivariate analysis of variance
were used to investigate the effect on bio-
chemical and haematological indices of a
range of factors.
Results-Multivariate analysis of vari-
ance of four core liver function variables,
alanine transaminase, aspartate
transaminase, alkaline phosphatase, and
y-glutamyl transferase, showed a signifi-
cant difference between exposed and
non-exposed workers. The univariate
analyses identified increases in only alka-
line phosphatase and ,'oglutamyl trans-
ferase within the exposed group and these
did not show a significant dose-response
relation. Univariate analysis of variance
did show effects of alcohol and age on

several variables. Significant differences
between exposed and control groups for
three haematological variables, haemo-
globin, packed cell volume, and red blood
count, were thought not to be due to the
effects of exposure. Clinical review of
exposed subjects with abnormal results
did not show clinically evident disease
that could have been associated with
exposure to carbon tetrachloride. Also, a

follow up study conducted three years
after the cross sectional study at the site
with highest exposures to carbon tetra-
chloride showed no evidence of any fur-

other changes in liver function variables.
Conclusions-The most sensitive statisti-
cal methods have shown significant dif-
ferences in the liver fiction variables
measured between people exposed to car-
bon tetrachloride and the control group.
The interpretation of the data collected
was that these differences may be due to
exposure to carbon tetrachloride but this
was not clearly shown. Furthermore, the
changes found have not given rise to any
clinical disease.

(Occup Environ Med 1995;52:508-514)
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Carbon tetrachloride has been known for
many years to be toxic to the liver. In animal
experiments it has been shown to produce
hepatic damage including necrosis and fatty
degeneration in various species.' 2 Many cases
of human over exposure leading to liver dam-
age have been documented.3 6 These have in
general been cases of acute overexposure to
massive levels of carbon tetrachloride,
whereas studies of long term exposure to
lower levels contain little information about
the magnitude of exposure to carbon tetra-
chloride and are in general, inadequate in
answering questions related to assessment of
health risk. 10

Experiments on laboratory animals have
shown minor effects to occur in liver tissue on
repeated daily exposure to vapour at concen-
trations as low as 10 parts per million (ppm).' 2
At the time of the study, the occupational
exposure limit in the United Kingdom was set
at 10 ppm (8 hour time weighted average).
The threshold limit value set by the American
Conference of Industrial Hygienists was 5
ppm" and the internal hygiene standard rec-
ommended by the Occupational Health
Department within ICI Chemicals and
Polymers (C and P) was also set at 5 ppm. In
the years preceding the study, compliance
with this figure has not always been achieved
at ICI C and P plants where occupational
exposure to carbon tetrachloride occurs.

Because the liver is one of the target organs
for carbon tetrachloride, monitoring of bio-
logical effects has formed part of the medical
surveillance of workers exposed to carbon
tetrachloride in the past. The monitoring of
liver function tests has involved the assay of a
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single enzyme, alanine transaminase with a
full liver function screen on workers who have
shown an abnormality in this variable. In
recent years, workers with potential exposure
to carbon tetrachloride have had periodic
measurements of several plasma enzymes.
The data obtained from this biological surveil-
lance have generally been used on an individ-
ual basis to identify either people who have
underlying liver pathology and who are thus at
greater risk from working in this environment,
or to those who may be more sensitive to the
effects of carbon tetrachloride and who are
showing abnormalities in these tests due to
exposure.
The plasma enzyme assays carried out in

recent years have the advantage that they have
been well tried and tested in clinical practice.
An increase in measured enzyme activities
may be due to a variety of causes. For example,
it has been postulated that cellular damage in
the liver or enzyme induction may result in
increased enzyme activity after exposure to
certain liver toxins.'2 13 The main disadvantage
is that raised enzymes are not all organ spe-
cific and this may cause occasional diagnostic
problems in clinical practice.
The measurement of total bile acids in

serum may be a more sensitive indicator of
hepatic function and has the advantage of
being organ specific. Measurement of bile
acids has not been standard clinical practice,
however, and interpretation of high results
might present difficulties.
The objective of the study was primarily to

identify any difference in hepatic function
between a work group with occupational
exposure to carbon tetrachloride and a control
group, which might indicate an adverse effect
of exposure to carbon tetrachloride on liver
function. In the event of such an effect being
detected, it was also intended to investigate
whether it was related to clinically detectable
liver disease. A secondary objective was to
identify which plasma measurements are the
most sensitive indicators of any effect of car-
bon tetrachloride on liver function that may
exist. As the testing of hepatic function neces-
sitated the collection of a blood sample, it was
decided to measure haematological variables
although there was no previous evidence of
changes in haematological variables after
inhalation of carbon tetrachloride.

Subjects and methods
STUDY DESIGN
This was a cross sectional study that com-
pared biochemical and haematological vari-
ables in two groups of workers in a chemical
plant. The study group consisted of process,
maintenance, and other workers occupation-
ally exposed to carbon tetrachloride and the
control group consisted of process, mainte-
nance, and other workers with no occupa-
tional exposure to carbon tetrachloride.
A short questionnaire was given to all

potential study and control group members in
advance of the study and was used to select

eligible participants. It was also used to ensure
that study and control groups were well
matched for demographic details (age, height,
weight, and type of job) and alcohol con-
sumption.

Participation in the study was voluntary
and the study group contained 135 workers,
83% of those eligible for inclusion. The con-
trol group was drawn from a target population
of 370 employees who worked at two sites. At
one site, a series of communication exercises
were held and workers were encouraged to
volunteer and complete the short question-
naire. At the second site, workers were sent a
letter describing the study and a copy of the
short questionnaire. Three hundred and
twenty five employees completed the short
questionnaire and 88% of those selected to
participate on the basis of their responses to
the short questionnaire, agreed to take part.
The overall participation in the control group
was 276 (77%).

EXPOSED GROUP
Subjects in the exposed study group were vol-
unteers drawn from three plants in the north
west of England belonging to ICI C and P. To
qualify for inclusion in the study group
employees were required to work on one of
the processes with potential exposure to car-
bon tetrachloride either full time (in the case
of process personnel and dedicated mainte-
nance personnel) or on a regular basis (in the
case of other maintenance personnel).

CONTROL GROUP
A control population was chosen from
employees of ICI C and P who worked on
plants where there was no risk of exposure to
carbon tetrachloride or other hepatotoxic
chemicals. Control subjects came from one of
the sites that provided workers for the
exposed group and a further site located
nearby where carbon tetrachloride is not
handled. Workers were excluded from the
control group if they had worked in or on any
of a redefined list of workplaces within ICI
where there was a potential for exposure to
carbon tetrachloride or other known hepa-
totoxins, during the previous five years.
The study was scheduled to start in

November 1986 but after a two week period
of sample collection (about 60 subjects) there
was a problem with availability of controls due
to plant breakdown. In view of this it was
decided to restart the study in February 1987
and the rest of the samples were taken during a
period of about eight weeks.

QUESTIONNAIRE
An extensive questionnaire was given to each
member of the study and control groups. The
questionnaire was given by one occupational
health nursing officer trained for this purpose.
The data obtained on the questionnaire
included age, height, weight, job description,
plant, hobbies, medical history, and a detailed
alcohol history. Also, the length of service in a
job exposed to carbon tetrachloride was
obtained for the exposed workers.
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BIOCHEMICAL AND HAEMATOLOGICAL
MEASUREMENTS
All members of the study and control groups
had a blood sample taken on the day on which
they completed the questionnaire. This blood
sample was taken after the subject had not
eaten or drank beverages containing milk,
sugar, or alcohol for the previous 12 hours.
The sample comprised 15 ml (10 ml in a
lithium heparinised tube, 4 ml in a plain glass
tube for serum, and 1 ml in an EDTA tube
for a full blood count). Samples were trans-
ported to the ICI central toxicology laboratory
for analysis on the morning of collection. To
minimise any effect of laboratory variation,
blood samples were taken from a roughly con-
stant ratio of study and control group subjects
on each day.
The variables measured on plasma, serum,

or EDTA samples consisted of alanine
transaminase, aspartate transaminase, alkaline
phosphatase, y-glutamyl transferase, gluta-
mate dehydrogenase, 5' nucleotidase, total
bile acids, cholesterol, and triglycerides.
The haematological variables consisted of

haemoglobin, packed cell volume, mean
corpuscular volume, red blood count, mean
corpuscular haemoglobin concentration,
platelets, white blood count, lymphocyte,
monocyte, eosinophil, neutrophil, and
basophil counts.

Bile acids were measured with a commer-
cial radioimmunoassay and other biochemical
variables were measured with either a Vitatron
PA800 analyser or a Kone CD analyser.
Haematological variables were measured with
an ELT 800 analyser.

EXPOSURE
Each member of the study group was allotted a
notional estimated exposure to carbon tetra-
chloride that was calculated from historical
personal monitoring data for each job cate-
gory. According to this estimate, study group
members were allotted to an exposure cate-
gory (high, medium, or low).
Most work groups had historical personal

monitoring data and the mean of these results
was calculated and the group categorised. The

Table 1 Alcohol consumption of exposed and control populations

Alcohol conslliptiol

Low:
Never drink
1 2 Units no more than 1-2 times/week
3 7 Units no more than 2-3 times/month
> 8 Units no more than once/month

Medium:
1 2 Units at least 3-4 times/week
5 7 Units 3 -4 times/week
> 8 Units 1 2 times/week

High:
3 4 Units at least 3--4 times/week
5-7 Units 3 4 times/week
> 8 Units 1 2 times/week

Very high:
5 7 Units every day
> 8 Units at least 3-4 times/week

Control (0O

26 5

26 9

27 3

19 6

low category contained those with mean
results of 1 ppm or less, the medium category
included groups with mean results from more
than 1 ppm to 3 ppm and the high category,
those with mean results of 4 ppm or more.
For groups or workers where no monitoring
had taken place, categorisation was allotted by
judgement of likely exposure from compari-
son with other groups. This judgement was
made by a professional industrial hygienist in
association with each plant manager. The
appendix shows a summary of the distribution
of results on which the categorisation was
based.
Members of the study group were also cate-

gorised according to length of time in the job
(< 1 year, 1-5 years, and > 5 years).

STATISTICAL METHODS
The techniques of univariate and multivariate
analysis of variance were used to investigate
the effect on biochemical and haematological
indices of a range of factors, in particular
that attributable to exposure to carbon
tetrachloride. For certain biochemical and
haematological measurements a logarithmic
transformation gave closer agreement with the
assumptions of the analysis of variance
model that is, normally distributed errors
and a linear model. All analyses of these
variables were performed on the logarithmi-
cally transformed measurements. The SAS
package was used to fit the univariate and
multivariate analysis of variance models.'4

Linear models were fitted to either the raw
or logarithmically transformed data. The
terms in the models included exposure cate-
gory, age, sampling time (first or second
phase) and a measure of alcohol intake based
on the quantity and frequency of consump-
tion. The possibility of a synergistic reaction
between exposure to carbon tetrachloride and
alcohol consumption was examined by
including an interaction term between the two
factors in the linear model.

For each exposure category, further com-
parisons were made between workers at the
four sites. Also, a multivariate analysis of vari-
ance was performed for the four variables
alkaline phosphatase, aspartate transaminase,
alanine transaminase, and )4glutamyl trans-
ferase, with the same linear models as the uni-
variate analysis.
The means presented in tables are least

Exposed (/o) square means.'5 These means correct for
imbalance in the numbers of workers in the

23 0 different categories when broken down by the
factors present in the analysis of variance
model.

21-5 As well as comparing mean levels of the
biochemical and haematological variables in
the exposed and non-exposed groups, the
spread of results was also compared. For each

28 9 variable a normal range was constructed for
the non-exposed workers, which ranged from
the 2-5% quantile up to the 9755% quantile.

26 7 The percentage of exposed and non-exposed
workers lying above and below the range were
calculated for each variable.
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Table 2 Exposure effects-means (SEM)jt ofselected biochemical and haematological indices for different exposure
categories

None Low Medium High

Mean (SEM) Mean (SEM) Mean (SEM) Mean (SEM)

Alanine transaminaset (mU/ml) 20-54 (1-03) 20 35 (1-08) 20-82 (1-05) 19-39 (1-06)
Aspartate transaminaset (mU/ml) 16-48 (1-02) 15-25 (1-05) 15-88 (1-04) 15 62 (1-04)
Alkaline phosphataset (mU/ml) 125-79 (1-02) 122-20 (1-05) 137-10* (1-04) 135-10 (1-04)
y-Glutamyl transferaset (mU/ml) 26-89 (1-05) 26-89 (1-11) 33-17* (1-08) 31-50 (1-08)
Totalbile acidst (umolIl) 1-06 (1-06) 1-00 (1-14) 1-25 (1-10) 1-28 (1 10)
5'-Nucleotidase (mU/ml) 5-89 (1-03) 6-54 (1-08) 6-25 (1-06) 5-75 (1-06)
Glutamate dehydrogenaset (mU/ml) 3-00 (1-05) 3-26 (1 10) 3-57* (1-07) 2-98 (1-07)
Haemoglobin (g/dl) 15-97 (0 08) 15-60 (0-19) 15-39*** (0-14) 15-71 (0-14)
Packed cell volume 48-54 (0-23) 47.32* (0-54) 47-32** (0-39) 48-05 (0-41)
Red blood count (x 1012/1) 5-61 (0-03) 5-50 (0-08) 5-47* (0-06) 5-50 (0-06)

*P < 0-05; **P 0-01; ***P < 0-001; v control group.
t Geometric means (SEM) are presented for variables analysed after a logarithmic transformation.16

Results
The study and control groups were well
matched for age, height, weight, work pat-
terns and alcohol consumption. The ages of
subjects in the exposed and control groups
were roughly normally distributed with means
between 40 and 41 and ranges of 18-63 and
17-62, respectively. Virtually all control
(97%) and exposed (98%) subjects were cur-
rent drinkers. Table 1 shows the drinking
habits and the alcohol consumption as mea-
sured by the variable measuring the quantity
and frequency of alcohol consumption.

Preliminary analyses were first performed
incorporating an interaction term between
exposure to carbon tetrachloride and alcohol
consumption. No evidence of such an effect
was found in these analyses and the term was
dropped from the analyses presented below.
Univariate analyses of variance for all 21 of
the biochemical and haematological variables
showed significant differences between
exposed and non-exposed workers for only
three variables, haemoglobin (P < 0 001),
packed cell volume and red blood count (P <
0-0 1). None of these variables showed any sig-
nificant differences between exposed workers
in the three exposure categories.

Significant relations with alcohol consump-
tion were found for total bile acids (P <
0-001), yrglutamyl transferase (P < 0-01), red
blood count, mean corpuscular volume, and
triglycerides (P < 0 05). There were also sig-
nificant differences for several variables
between samples taken in November 1986 and
those taken in spring 1987. These differences
were particularly obvious for the haematologi-
cal variables. Several variables showed signifi-
cant relations with age. The strongest relations

with age were seen for y4glutamyl transferase,
cholesterol, and triglycerides (P < 0 001) but
mean corpuscular volume (P < 0.01) and
aspartate transaminase, 5' nucleotidase, red
blood count, and neutrophil count (P < 0-05)
were also related to age.

Table 2 shows mean results by exposure
category for the targeted variables alanine
transaminase, aspartate transaminase, alkaline
phosphatase, yglutamyl transferase, total bile
acids, 5'-nucleotidase, and glutamate dehy-
drogenase and those variables for which there
was a significant difference between exposed
and non-exposed workers, haemoglobin,
packed cell volume, and red blood count.
The multivariate analysis of variance of the

variables alkaline phosphatase, aspartate
transaminase, alanine transaminase, and r'
glutamyl transferase showed a significant dif-
ference (P < 0 05) between exposed and
non-exposed workers. In the exposed group
there were no significant differences between
different exposure categories. The univariate
analyses of variance of these four variables did
not show significant differences between
exposed and non-exposed workers. Pairwise
comparisons showed a significant increase (P
< 0.05) in the concentrations of alkaline phos-
phatase and yglutamyl transferase in the
medium exposure group and a comparable,
but non-significant increase in the high expo-
sure group (table 2). There were no similar
patterns in the concentrations of aspartate
transaminase and alanine transaminase.

Table 3 shows mean results by alcohol cate-
gory for alanine transaminase, aspartate trans-
aminase, alkaline phosphatase, yglutamyl
transferase and total bile acids and the other
variables that showed a significant alcohol

Table 3 Alcohol effects-means (SEM) t of selected biochemical and haematological indices for different alcohol
consumptions

Low Medium High Very high

Mean (SEM) Mean (SEM) Mean (SEM) Mean (SEM)

Alanine transaminaset (mU/ml) 20-40 (1-05) 21-10 (1-04) 20-75 (1-04) 19-22 (1-04)
Aspartate transaminaset (mU/ml) 15-76 (1-03) 16-19 (1-03) 16-12 (1-03) 16-04 (1-03)
Alkaline phosphataset (mU/ml) 128-23 (1-03) 126-38 (1-03) 126-84 (1-03) 132-69 (1-03)
y-Glutamyl transferaset (mU/ml) 24-60 (1-07) 27-97 (1-06) 30 05** (1-06) 32.32*** (1-06)
Total bile acidst (umol/l) 1-02 (1-08) 0-94 (1-07) 1-19 (1-07) 1-35** (1-08)
Triglyceridest (mg/dl) 125-08 (1-07) 122-87 (1-06) 139-16 (1-06) 149.77* (1-06)
Mean corpuscular volume 86-11 (1-01) 85-73 (1-01) 87-22 (1-01) 87-59* (1-01)
Red blood count (x 102/1) 5-60 (0-05) 5-61 (0-04) 5.48* (0-04) 5-52 (0-05)
*P < 0-05; **P < 0-01; ***P < 0-001; v low group.
t Geometric means (SEMs) are presented for variables analysed after a logarithmic transformation.6
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Table 4 Normal ranges derivedfrom results of control group with percentages above and below in exposed and
non-exposed groups

Non-exposed Exposed
Range

Below Above Below Above
Variable (with manufacturers range) Lower Upper (Os) (%) n (%) (%) n

Alanine transaminase (mU/mI) (< 29) 9-6 40 0 2-3 2-7 262 1 6 7-8 129
Aspartate transaminase (mU/ml) (< 25) 11 0 30 4 3-8 2-3 262 6-2 1 6 129
Alkaline phosphatase (mU/ml) (< 170) 80-0 206-0 2-7 3-0 263 0-8 4-7 129
y-Glutamyl transferase (mU/ml) (< 50) 10-6 68-0 2-3 3 0 263 0-8 10.9 129
Total bile acids (iinol/l) (< 6) 0 3 3-3 6-2 2-5 242 1-6 4 1 122
5'-Nucleotidase (mU/ml) (2-10) 3 0 13-0 6-8 3 0 263 5-4 3-1 129
Glutamate dehydrogenase (mU/ml) (< 4) 1-6 8-0 2-3 3 0 263 3-9 7-0 129
Haemoglobin (g/dl) (140-18-0) 13-9 17-6 3-4 2-3 264 3-9 3-1 130
Packed cell volume (39-52) 40-2 54-3 2-7 2 7 264 1-5 0.0 130
Red blood count ( x 1012/1) (4-5-6 3) 4-5 6-3 2-3 2-3 264 3-9 0-8 129

effect, triglycerides and mean corpuscular vol-
ume. The significance of comparisons of the
medium, high, and very high consumption
groups with the low consumption group are
also given.

For each exposure category (high, medium,
low, or unexposed) a comparison was made
between workers at the four sites. These
analyses showed no significant differences
between biochemical and haematological vari-
ables in workers at the four sites.

Table 4 shows the results of the normal
range analysis for the targeted variables and
those showing a significant difference in con-
centrations between exposed and non-
exposed workers. The ranges are presented
together with the percentage less than or
equal to the lower limit or greater than or
equal to the upper limit. The reference ranges
supplied by the manufacturers of the tests are
also included for comparison. The proportion
of exposed workers above the upper limit was
significantly raised for two variables, alanine
transaminase (P < 005) and yglutamyl
transferase (P < 0001). There was little dif-
ference between the proportions of exposed
and non-exposed workers below the lower
limits of the haematological variables, haemo-
globin, packed cell volume, and red blood
count.

Discussion
The finding of a significant difference
between exposed and control groups in the
multivariate analysis of alanine transaminase,
aspartate transaminase, alkaline phosphatase,
and yglutamyl transferase is consistent with
the excess of abnormal results in the exposed
group for two of these variables, alanine
transaminase and yglutamyl transferase
(table 4). The univariate analysis of variance
did not show significant differences between
the exposed and non-exposed workers in
these four variables, but there was a sugges-
tion of a dose response for alkaline phos-
phatase and yglutamyl transferase.
The lack of a significant dose-response

effect may be due to imprecision in the expo-
sure ranking of each worker. Unfortunately,
few measurements were available for the
lower exposure groups as the monitoring
strategy mainly targets the higher exposure
groups. In general, however, workers in the

high group will have had greater exposure
than those in the medium group who in turn
have had greater exposure than those in the
low group. Alternatively the finding of a lack
of dose-response effect but a difference
between the group exposed to carbon tetra-
chloride and the control group could have
been due to something other than carbon
tetrachloride.
The comparison of alcohol consumption in

the two groups (table 1) shows that the
exposed group admitted to drinking five to
seven units of alcohol every day or eight or
more units at least three or four times a week
(very high category) more frequently than the
control group. The results shown in table 3 of
mean values of several liver function variables
according to alcohol consumption are broadly
in line with those that would have been
expected from a clinical viewpoint. This find-
ing gives some confidence to the accuracy of
the alcohol data.
From a theoretical understanding of the

metabolism of carbon tetrachloride and alco-
hol one might expect that alcohol and carbon
tetrachloride would have a synergistic effect
on liver function.'7-19 This was tested by
including an interaction term between alcohol
and exposure in the linear model. No syner-
gistic effect could be detected.
To determine the extent to which the effect

of exposure on the multivariate analysis of
liver function could have been related to clini-
cally detectable liver disease, all participants
from both study and control groups with one
or more results in excess of 3 SDs outside the
control group mean were reviewed in a clini-
cal gastroenterology department by a special-
ist. The result of this review was that one case
of liver disease (as defined clinically by the
gastroenterologist) was identified but this
could not be explained by exposure to carbon
tetrachloride at work. Another study subject
was found to have non-Hodgkin's lymphoma
and one control had haemochromatosis.

Before the study there was an expectation
that total bile acids might represent a more
sensitive test of liver function than the more
commonly used variables of alanine transami-
nase, aspartate transaminase, alkaline phos-
phatase, and rglutamyl transferase. In the
event, the two variables that seem to have been
most affected were alkaline phosphatase and
rglutamyl transferase. These two variables
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contributed most to the differences noted in
the multivariate analysis although when
analysed on a univariate basis, the difference
between exposed and control groups did not
reach significance. It could be argued that the
appearance of enzymes such as alkaline phos-
phatase, alanine transaminase, aspartate
transaminase, or yglutamyl transferase in
plasma at higher activities reflects an increase
in cell turnover or cellular leakage of these
enzymes. In contrast, total bile acids are spe-
cific endogenous materials that are synthesised
and secreted by the liver and can be used as a
functional index of the liver. An explanation of
the results of this study could thus be that
there has been some enzyme leakage from cells
without measurable deficit in function.
The haematology results presented a differ-

ent picture to those of the liver function tests.
Differences between exposed and control
groups noted in the univariate analysis for
haemoglobin, packed cell volume, and red
blood count were not accompanied by an

equivalent increase in the number of abnor-
mally low results in the exposed group but
rather by a decrease in the number of abnor-
mality high results for two of the variables
(table 4). There is no theoretical basis for a
reduction of haemoglobin, packed cell vol-
ume, or red blood count as a result of expo-
sure to carbon tetrachloride. Indeed, Loyke in
a study of the effects of subcutaneous carbon
tetrachloride on normotensive Sprague-
Dawley rats showed an increase in red blood
cell count in treated animals and no signifi-
cant change in packed cell volume or haemo-
globin.20 Finally there is no indication of any
exposure-effect relation for these variables
(table 2).

It seems unlikely that the differences
between exposed and control groups in the
three haematological variables were caused by
exposure to carbon tetrachloride but there is
no obvious explanation. There were signifi-
cant differences in many haematological vari-
ables between samples taken in November
1986 and those taken in February or March
1987 and there is a possibility that some sea-

sonal or laboratory effect could have intro-
duced a systematic bias.2' The later results
were analysed separately and were consistent
with the overall result.

Biochemical and haematological variability
of workers from different sites could have
caused exposure like effects. The hygiene
results (appendix) show, for instance, that
there were no workers in the highest exposure
category at one site. There was no evidence to
suggest that the biochemical and haematolog-
ical variables differed between workers in the
same category at different sites, although the
numbers of workers in the different exposure
categories were sometimes too small to per-
form sensitive comparisons between the four
sites.

Despite reservations about the accuracy of
the assessment of exposure to carbon tetra-
chloride, there was no evidence of effects of
clear clinical significance on the liver function
of workers exposed to carbon tetrachloride at
the levels indicated. Nevertheless, there is the
possibility that exposure to carbon tetrachlo-
ride was responsible for some of the effects
seen in liver function enzymes. Before the
study started, considerable efforts were being
made to identify and implement improve-
ments in plant and procedures to reduce
exposure. These were continued at the three
plants involved.
As a postscript to the study, a follow up

study was conducted at one of the sites three
years after the cross sectional study. A large
proportion of the workers at this site had been
categorised in the high exposure group in the
cross sectional study but considerable reduc-
tions in exposures at this site had since been
achieved. Changes in haematological and bio-
chemical variables were compared between 26
exposed workers and 43 unexposed workers
who had participated in the cross sectional
study. There was clear evidence of differences
in laboratory procedure between the laborato-
ries who had performed the testing of blood
samples in the cross sectional and follow up
studies. The changes in variables over the
three year period were remarkably consistent

APPENDIX: Distribution ofpersonal monitoring results for exposure to carbon tetrachloride in three plants

Number of subjects (number of results)

Category Results mean Plant 1 Plant 2 Plant 3 Total

Low: Measured range:
< I ppm 0 0 0 0
1 ppm 0 0 17 (52) 17
Estimated 6 6 11 23
Total 40

Medium: Measured range:
11 1-9ppm 4 (76) 0 0 4
2-2-9ppm 8 (190) 2 (26) 0 10
3-3-9ppm 4(1) 1(5) 0 5
Estimated 8 1 26 35
Total 54

High: Measured range:
4-59 ppm 12 (588) 2 (11) 0 14
6-7-9 ppm 12 (407) 2 (16) 0 14
8-99 ppm 4 (135) 12 (56) 0 16
10-11 9 ppm 0 15 (173) 0 15
Estimated 2 0 0 2
Total 61
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in the exposed and unexposed groups. The
follow up study has provided no evidence of
any further changes in biochemical and
haematological indices since the cross sec-
tional study.

Finally, a comparison of the ranges calcu-
lated from the control group with the refer-
ence ranges supplied from the manufacturers
of the biochemical tests show that there were
some substantial differences between the two
sets of ranges (table 4). In general the control
group (and the study group) had higher aver-
age results for all the liver function variables
than would have been expected from the ref-
erence ranges supplied with the tests. The rea-
son for this difference is not completely clear,
although it could be due to the use of hospital
or laboratory populations to formulate refer-
ence ranges. If this is the case, these popula-
tions are clearly not comparable with a group
of working men in the north west of England
and it does emphasise the importance of hav-
ing a proper control group in this type of
study.

We express our particular gratitude to Sisters Debbie
Fearnley, Doreen Evans, Win Ashcroft, and Margaret Riley
for their role in local organisation, data collection, and vene-
section. Thanks also to Sue Braithwaite for her work in data
coordination and to Angela Benson for her contribution to the
preparation of the report.
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