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Changes in zinc and serum proteins due to
carbon disulphide exposure
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El-Gazzar, R., El-Sadik, Y. M., and Hussein, M. (1973). British Journal ofIndustrial Medicine,
30, 284-288. Changes in zinc and serum proteins due to carbon disulphide exposure. Serum zinc
and proteins have been studied in 82 workers in the Egyptian rayon industry, of whom 40
were at the time exposed to carbon disulphide (CS2) and nine had been exposed in the past
for a year or more. Thirty-three workers without exposure were used as controls. Carbon
disulphide caused depletion of serum zinc by an increase in the rate of zinc excretion and an
increase in all serum protein fractions. All these effects are temporary and improve on
cessation of exposure.

Workers in rayon industries are liable to be exposed
to carbon disulphide vapour during the different
processes.

Carbon disulphide intoxication leads to metabolic
disorders (McKee et al., 1943; Vigliani, 1954;
Hernberg, Partanen, Nordman, and Sumari, 1970).
Soucek (1957) believes that carbon disulphide enter-
ing the body is bound to amino acids to form
dithiocarbamates and eventually thiazolidone. These
newly formed substances are able to form non-
ionized complexes with polyvalent metal ions.
Accordingly, chelation of some metal ions is to be
expected, leading to their depletion. Disturbance to
cellular metabolism and cell injury occur as a result
of such depletion. Some authors (Cohen, Paulus,
Keenan, and Scheel, 1958) consider that this
chelation effect is a basic mechanism in carbon
disulphide toxicity.

In carbon disulphide poisoning several enzymes,
of which zinc is an integral part, are inhibited in vivo
and in vitro (Madlo, Peizker, and Soucek, 1953;
Vertin, 1967). Depletion of zinc from the body leads
to several symptoms similar to those of carbon
disulphide poisoning (Brieger, 1967). Furthermore,
increased urinary zinc excretion in animals poisoned

by carbon disulphide has been reported (Cohen et
al., 1958; Scheel, 1967).

Abnormalities in zinc metabolism have been
implicated in pathological and biochemical lesions
in several human disorders. A close correlation has
been observed between low serum zinc levels and
diseases such as beri-beri, nephrosis, liver disorders,
myocardial infarction, pneumonia, bronchitis, per-
nicious anaemia and leukaemia (Eggleton, 1939;
Vallee, 1959; Talbot and Ross, 1960).
The physiological role of zinc may lie in one of its

known functions as an integral part of many
metalloenzymes as well as hormones (Vallee, 1955).

It has been found that the zinc ion forms stable
complexes with many amino acids and proteins
(Vallee and Altschule, 1949). Zinc exists in plasma
in two forms-about one-third of total zinc as a
firmly bound fraction attached to globulins, and a
loosely bound fraction attached to albumin. Dennes,
Tupper, and Wormall (1962) found that the part of
zinc plasma attached to globulins is mainly with the
alpha globulin fraction. Vallee (1959) predicted that
zinc plays a cardinal role in protein and carbo-
hydrate metabolism ofhuman and animal pathology.

Because of these facts, the question is raised
284
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regarding the extent of the relationship between
carbon disulphide exposure and changes in serum
zinc. The objectives of the present study are to
answer this question and to find the effect of carbon
disulphide exposule on serum proteins as they are
liable to be affected by changes in serum zinc.
There are two rayon plants in Egypt, one in Cairo

where the line of flow is an enclosed one with no
exposure to carbon disulphide except accidentally.
The other is in Kafr El-Dawar, Alexandria, where
this study was conducted.

Materials and methods
The study was carried out on a 20% random sample of
available workers in the spinning department of a rayon
viscose plant, where there is exposure to carbon di-
sulphide of 5 ppm to 40 ppm, with an occasional exposure
of 105 ppm beside the machines.
The threshold limit value (TLV) for carbon disulphide

is 20 ppm (American Conference of Governmental
Industrial Hygienists, 1970). The sample comprised 82
male workers, of whom 40 were exposed to carbon
disulphide and nine had previous exposure to carbon
disulphide, but not for at least one year or more. The
remaining 33 were non-exposed workers employed as
guards or gardeners at the same factory, and who were
of the same socio-economic standard and age distribution
as the other men, and acted as a control group.
The mean ages of the exposed, previously exposed, and

control groups were 40, 39, and 42 years and their mean
weights were 71, 73, and 79 kg respectively. The mean
work duration for the exposed group was 18 years. Those
previously exposed to carbon disulphide had a mean
duration of exposure of 10 years.
For each man in the sample a detailed occupational

history was obtained and his body weight and height
were recorded. A sample of about 10 ml of blood was
drawn by nitric acid (2 N) washed evacuated tubes
specified for zinc. Serum was separated after clotting by
centrifugation. A 20 ml sample of urine was also collected
in zinc-free plastic bottles.

Zinc levels in serum and urine were determined by the
mixed colour method (Hoch and Vallee, 1949) after
direct extraction with diphenylthiocarbazone in carbon
tetrachloride. All precautions to avoid contamination
were followed as specified by Malmstrom (1956). Urinary
zinc determinations were carried out on 2 ml of urine.
Creatinine in urine was measured by the modified Folin
alkaline picrate method (Varley, 1967) to make a cor-
rection for variability in urine concentration. Twenty-
four-hour urine samples were not accepted because of
their liability to contamination. All these analyses were
done blind without knowledge of the men's exposure to
carbon disulphide and the analyses were carried out for
all groups at the same time.

Total serum proteins were estimated by the biuret
method (Gornall, Bardawill, and David, 1949). Differ-
ential protein fractions were determined by electrophoresis
using Whatman filter paper strips at pH 8-6 in 0-05 mol/l
barbitone buffer (Flynn and De Mayo, 1951).
Using the recorded heights and weights of the subjects,

they were classified as under weight, normal, and over
weight, (Wohl, 1960).

Results and discussion
The mean serum zinc level of the exposed men
(69-0 ,ug %) is lower than that of the controls
(94 7 ,ug %) (Table 1). The difference is highly
significant (t = 5 82, p < 0 01). The mean serum
zinc level for the group with previous exposure
(87-8 ,ug %) is lower than that for the controls but
the difference is not statistically significant (t = 1 09,
p < 0-05). The difference in mean serum zinc levels
between the exposed and those who were previously
exposed is statistically significant (t = 3-23,
p < 001). These findings therefore indicate that
exposure to carbon disulphide decreases zinc levels
in serum and that such an effect is a temporary one.

TABLE 1
DISTRIBUTION OF WORKERS ACCORDING TO
SERUM ZINC LEVELS AND ExPOSURE TO

CARBON DISULPHIDE

Serum zinc kvel (1tg %) Exposed Previous Controls
exposure

80 .... .. .. 30 3 9
80-100 .. .. .. 9 4 1 1
100 .. .. .. 1 2 13

Total no. of men .. 40 9 33

Mean" .. .. .. 69-0 87-8 94-7
Standard deviation1 .. 16-3 15-6 20-9

"Mean and standard deviations are computed from the raw
data.

The rate of zinc excretion in urine is higher among
the exposed men (525 05 ,ug/g creatinine) than in the
controls (353 8 ,ug/g creatinine) and in those who
were previously exposed (402-8 ug/g creatinine)
(Table 2). This higher rate of zinc excretion in urine
among the exposed group is statistically significant
compared with that for the controls (t = 7-40,
p < 0 01) and with that for the previously exposed
men (t = 3-87, p < 0-01). The difference between
the mean of those who were previously exposed and
of the controls is not significant (p > 0 05). Com-
bining these findings, one can say that the lowered
serum zinc level among the exposed is probably the
result of a higher rate of urinary zinc excretion.
Further, the increase in zinc excretion in urine can
be attributed to carbon disulphide exposure and
these effects are transient.
These findings confirm the hypothesis of Cohen

et al. (1958) that such an effect is a temporary one
which vanishes after interruption of the exposure.

Since the urinary zinc content depends on the
serum zinc level, it was decided that a more thorough
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TABLE 2
DISTRIBUTION OF WORKERS ACCORDING TO
URINE ZINC LEVELS AND EXPOSURE TO

CARBON DISULPHIDE

Urinary zinc level Exposed Previous Controls
(uFAg/g creatinine) exposure

200- .. .. .. 8 5 23
400- .. .. .. 17 4 10
600 + .. .. .. 15 0 0

Total no. of men .. 40 9 33

Mean' .. .. .. 525-05 402-8 353-8
Standard deviation' .. 129-3 755 69-9

'Mean and standard deviations are computed from the raw
data.

investigation of the interrelationship between serum
zinc, urinary zinc, and exposure to carbon disulphide
was required. For this purpose a detailed regression
analysis of the data was done. However, before
performing this analysis it was decided to pool the
data of the previously exposed with the non-exposed
to form a new control group. This seemed justifiable
since the previous findings indicated no significant
difference between these two groups, in addition to
the fact that the number of previously exposed was
rather small. In the regression analysis we considered
the serum zinc level as the independent variable (X)
and the urinary zinc level as the dependent variable
(Y). A linear regression model was first fitted to the
data which showed a difference between the exposed
and the controls. However, the linear regression did
not produce a good fit for the data, and it was there-
fore replaced by a curvilinear model including both
linear (X) and quadratic (X2) values of the indepen-
dent variable. This model produced a better fit
(Table 3). From the values of the standard partial
regression coefficients it can be seen that the relative
strength of the relation between the urine zinc (Y)
and X2 is stronger than with X, as indicated by the
higher absolute value for the quadratic coefficients

TAB

than for linear for both exposed and control groups.

The resulting regression equations were as follows:
exposed: Y = 383-81 + 5-561 x -0-0489 X2
controls: Y = 218-78 + 3-670 x -0-0218 X

where Y is the expected urinary zinc and X is a given
value of serum zinc.
The figure shows the regression lines obtained from

these equations which are clearly different for the
exposed and the controls. Analysis of variance shows
that the differences between legressions and adjusted
means for the two groups are highly significant
(p < 0.01). These results coincide with those found
by Cohen et al. (1959) and Scheel (1967).
Table 4 shows the means for serum zinc and the

urinary zinc levels among the exposed group accord-
ing to their work duration. These levels did not show
any definite trend. The product correlation co-
efficient (r) between serum zinc level and duration of
work was 0-196. The value of r between urine zinc
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FIGURE. See text.

3LE 3

RESULTS OF REGRESSION ANALYSIS FOR URINARY ZINC (Y) AND SERUM ZINC (X)

Partial regression Standard partial Mean urinary level
Intercept coefficient regression coefficient

Group
bo Linear Quadratic Linear Quadratic Unadjusted Adjusted

b, b,

Exposed .. .. .. 383-81 5-561 -0-0489 0-6733 -0-8486 525-05 515-80
Controls .. .. .. 21878 3 670 -00218 0-9615 -1 0769 364-16 372-98
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TABLE 4
SERUM AND URINARY ZINC LEVELS ACCORDING

TO DURATION OF EXPOSURE TO CARBON
DISULPHIDE (EXPOSED GROUP)

Duration of work (yr)

< 10 10- 15- 20- 25-30

No. of workers .. 3 4 4 27 2
Mean serumzinc (Qg %) 54 73 58 71 57

Mean urinary zinc (jAg/g
creatinine) . . .. 490 391 425 530 734

and duration of exposure was 0-259. Neither of these
values is significantly different from zero (p > 0 05).
This means that duration of exposute does not
affect the zinc levels in serum or the rate of its
excretion in the urine.

This is not in fact acceptable because the daily
exposure is variable for those who are exposed, and
so duration of work cannot be considered alone for
such a comparison. Weighted daily exposures for
such individuals were difficult to obtain because
workers do not always occupy the same job in the
exposed area. In association with such variability in
exposure, personal susceptibility may play a role.
Another explanation which is plausible is that the
effect of carbon disulphide exposure is an all or none
effect which has no relationship to duration of
exposure. This is substantiated by the findings that
the previously exposed group is similar to the
controls.
Among the exposed workers the mean of total

serum proteins is 9-42 g % (Table 5) which is sig-
nificantly higher than that for the controls (t = 1005,

p < 0-01). Also the difference in albumin, 0x1, 0x2,
9 and y globulins is significantly higher among the
exposed than the controls. Comparing the values for
those previously exposed with those for the controls

there is no significant difference except for gamma
globulins (t = 2 75, p < OO5). The difference
between the mean value for total proteins among
those previously exposed and the controls is sig-
nificantly higher (t = 2A40, P<O0O5). Thus from
this table one can say that carbon disulphide
exposure is associated with a disturbance in blood
serum proteins in the form of an increase in both the
albumin and globulin fractions. These changes
except for the globulin fractions are transient in
nature, as they become normal after cessation of
exposure. Whether such an extensive effect of
exposure is harmful or not needs further investi-
gation including observations on blood osmotic
pressure and cell metabolism.

It has been reported that in experimental animals
serum zinc level affects body weight (El-Gazzar,
1965; Millar, Fischer, Elcoate, and Mawson, 1958).
In our data a x2 test showed no significant relation-
ship between serum zinc and weight groups
(X2 = 3X8, p > 005). Thus serum zinc could not be
related to body weight, which may be due to the
difference in workers' dietary habits and their
activities.
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