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ABSTRACT

In 54 subjects occupationally exposed to mercury vapour (0.016 - 0.300 mg /m?) the following
biological parameters were determined: haemoglobin, haematocrite, red and white blood cell counts,
total serum proreins, serum albumin, #, 5 and y-globulins, total and free cholesterol, serum and
urinary ribonuclease, serum and urinary z-esterases, serum cholinesterase and serum transaminases.

Haemoglobin and white blood cell count were higher in mercury workers than in controls.
Mean corpuscular haemoglobin and mean corpuscular haemoglobin concentration were the only
blood parameters significantly higher in sympromatic than in asymptomatic mercury workers or
controls,

Serum albumin and esterified cholesterol were found to be decreased while serum +-globulin
and free cholesterol were increased in mercury workers, but there was no correlation between these
parameters and blood mercury level or duraton of exposure.

Mercury workers had a significant increase in the activities of ribonucleases, z-esterases and
serum cholinesterase, but symptomatic and asymptomatic workers could not be differentiated on
the basis of these enzymatic changes.

As out of ten workers with weighted daily exposure to mercury vapour 0,016 - 0,050 mg/m?
four showed signs and/or symproms of mercurialism, the application of the threshold limit value of
.05 mg/m? for Egyptian population, with malnutrition and parasitic discase still prevalent, is
questioned.

Although there is a rich literature on the toxicity of mercury com-
pounds!*.20, not many data are available concerning the metabolic disturbances
associated with exposure to mercury vapour. Moreover, there have been few
studies correlating changes of enzymatic activities with exposure level to mercury
vapour and with the frequency of signs and symptoms of mercurialism8.11.16,
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The evaluation of health risks from exposure to mercury vapour in man is often
based on an empirical relationship between air mercury levels and frequency of
signs and symptoms in the exposed population?.12.20,

The present study was undertaken to investigate the relationship berween
changes in the blood picture, serum proteins, serum cholesterol, activities of
serum and urinary ribonuclease, nonspecific z-esterases, serum cholinesterase,
SGOT and SGPT and mercury levels in the blood of mercury workers with and
without signs and symptoms of mercurialism. To our knowledge, no report on
the changes of activities of ribonuclease or z-esterases in mercury exposure has
been published.

POPULATION AND METHODS

The study comprised 54 workers exposed to mercury vapour at levels
ranging from 0.016 to 0.30 mg/m? in a factory producing fluorescent lamps in
Alexandria, as well as 17 control subjects. All subjects were clinically examined
to derect signs and symproms of mercurialism: irritability, loss of memory,
insomnia, tremor and gingivitis. Urine samples (about 300 ml) were collected ar
the time of survev in flasks containing 15 ml toluene as preservative. Venous
blood (10 ml) was withdrawn with vacutainers and transferred into dry tubes for
later biochemical tests. Another 5 ml of blood was collected from each individual
in a heparinized vacutainer for the haematological examination. The hacmatolo-
gical examination comprised haemoglobin value (Hb), haematocrit value (Ht),
red and white blood cell counts (R. B. C. and W. B. C.), mean corpuscular volume
(M.C.V.), mean corpuscular haemoglobin (M.C.H.) and mean corpuscular
haemoglobin concentration (M.C. H.C.) were computed3.

Serum and urinary ribonuclease (RNase) activities were measured as
described by Sigulem and co-workers!7. Serum and urinary non-specific
z-esterases were measured as described by El-Sewedy and co-workers6. Serum
cholinesterase, total serum protein and protein fractions, as well as total serum
cholesterol and esterified cholesterol were measured by standard methods!?.
Serum GOT and GPT were determined by means of srandard Sigma kirs.

Mercury vapour was sampled by means of MSA personal samplers and
determined by the iodine-iodide method!. Blood mercury concentration was
measured by the flameless vapour atomic absorption!3.

RESULTS

Table 1 shows the mean values of blood parameters in the mercury workers
and controls. While there was no mercury above the limit of analvtical sensitivity
in the blood of controls, its mean concentration in mercury workers free from
symptoms and/or signs of mercury poisoning (asymptomatic) was somewhat
higher than in those showing symptoms and/or signs (symptomatic); the
difference, however, was not significant. Hb and W.B.C. were significantly
higher (P < 0.05) in both symptomatic and asymptomatic groups of mercury
workers than in controls. M.C.H. and M.C.H.C. were found to be
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TABLE 1
Blood parameters in mercury workers and control subjects (mean = S.D.).

Mercury workers

Controls
Parameter —— —
n'= 17 All Asympromatic  Sympromatic
r. = 5 o= 16 n = 38
Blood mercury
(g /100 ml) Undetecrable 9.65 £ 12.1 10.44 =997 9.19 £12.98
Hb (g/100 ml) 13.85 + 1.04 15.23= 176" 1550 =143 1515+ 1.90°
Ht (9,) 4347 - 341 45,10 = 5.2 47.80 £3.16" 4424 4.54"
R.B.C. (million mm?) 476 074 4.87= 0.7 5.21 = 0.54 4.69= 071"
W.B.C. (count/mm?) 4437 + 692 5418 + 1228¢ 5636 = 1050 5326 + 1298*
M.C.V. (femrolirers) 9344+ 11.8 94.20 = 13.45 92,20 =9.1 95.02 = 14.9
M.C.H. (picograms) 20,63+ 3.87 31.76 = 491 29.86 = 3.45 32,52+ 5.24*
MIC.H.C.. (%) 31.99= 1.33 33.91 = 395 32,10 =202 34.68 = 4,124
Age (years) 3447 633 2061 = 8.55" 2406 =4.26 3195 872
Duration of
exposure (vears) — 355+ 221 2.03x2.03 4.18= 1.96
a: Mercury workers significantly different from  controls (P < 0.05)
b: Asympromane significantly different from symptomatic mereury workers (P = 0,05)

significantly elevated in symptomatic (P < 0.05) but not in asymptomatic
mercury workers (P > 0.05),

In mercury workers, a statistically significant (P < 0.05) negative
correlation was found between individual blood mercury levels and all the blood
parameters presented in Table 2 except for M. C. V. the correlation coefficients
between mercury and Ht, R.B.C, and M.C. H., respectively, were low. It is
interesting that mean levels of the blood parameters were found to be high in the
mercury group with up to one year of exposure and then gradually decreased
with increasing duration of exposure approaching control values.

TABLE 2
Correlation cocfficient between blood mercury and other haematological parameters.
Test Hb Ht R.B.C W.B.C. M.CV. M.C.H. M.C.HL.C.
r = 0.69 —10.38 —0.32 — .62 + 0.10 —0.29 — .63
P < 0.01 = .01 < (.05 = (.01 NS, < (.05 < 0.01

Table 3 shows the mean levels of serum proteins and serum cholesterol.
Mecan serum albumin, and the albumin globulins ratio were significantly lower
while v-globulin was significantly higher in the exposed workers than in
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controls. Esterified cholesterol was significantly lower while free cholesterol was
significantly higher in mercury workers than in the controls. No significant
differences in those parameters were observed, however, between symptomatic
and asymptomatic mercury workers (Table 3). Moreover, none of these

TABLE 3

Scrum proteins and blood cholesterol in mercury workers and controls (mean — S.D.).

Mercury workers

Biochemical Controls _ e
parameters n =17 All Asympromarie Sympromatic
n = 54 n =16 n o= 38

Toual proteins
(g/100 ml) 10.03 £ 0.78 9.86 = 1.54 1010 = 0.64 976 2.40
Serum albumin* 54.34 = 10.02 35,69 = 17.56"  40.34 = 18.32° 3328 = 16.64°
z-globulin® 15.68 % 7.05 16.63 = 5.07 14.63 = 3.80 17.66 £ 5.42
S-globulin® 16.62 = 5.40 16.29= 595 17.12 = 6.36 15.86 = 5.67
-globulin® 14.31 = 9.36 3142 2 18.15° 28,05 < 2148 33.16 = 15.66°
Albumin globulin 1.25 £ .62 0.66 =~ 0.50" 0.82 = (.56 0.58 = 043
Total cholesterol
(mg/ 100 ml) 216.68 = 55.25  198.94 =45.12 195.16 = 40.20  201.74 = 47.83
Free cholesterol
(mg/100 ml) 46,07 = 15.67 68.72 * 18.44*  06.62=19.56" 69.77 = 17.88"
Esterified cholesterol
(mg/ 100 ml) 170,61 =44.03  131.16 = 33.07" 126.54 = 27.92* 133.47 + 36.06°
Esterificarion (2) 7873 = 4.82 6350 = 573"  65.68 = 6.04*° 6540+ 35.67°
ar Mercury workers significanthy different from controls
*: Bxpressed as %, of towml prorein.

TABLE 4

Activities of serum and urinary RNase, z-esterases, serum cholinesterase, and serum rransaminases

(mean + S.D.).

Mercury workers

Biochemical Controls — —
parameters n = 17 All Asympromatic  Symptomatic
n = 534 n = 16 n = 38

Serum RNase (ng/100 ml)  48.83 ~ 9.81 5398 = 15,72 56.49 = 11.08" 5295 = 1547

Urinary RNase (mg/liter) 2147 197 2601+ 2200 2529 1.28° 2631+ 1.54
Serum esterases

(units/'ml) 6.32= 091 8.05= 1.84* 7.88 © 0,60 8.39= 0.92°
Urinary esterases

(units/liter) 32.860 = 5.15 4358 = B.96" 4152 5400 4399 8.94°
Scrum cholinesterase 099.76 = 27.34 125.24 = 24.98* 126.75 £ 15.36* 124,48 = 26.69"
SGOT* 1524 = 297 1517 = 8.58 15.88 = 6.04 14.81 = 9.67
SGPT* 11.29 & 2.56 9.69 = 6.39 9.06 = 3.04 10.10 = 0.86

a: Mercury workers significantly different from eontrols
“m: 48 an all and 32 in symptomatic.
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biochemical parameters showed any significant correlation with cither blood
mercury level or duration of exposure.

Table 4 shows the activities of the enzymes in serum and urine. No
significant difference in the activity of SGOT or SGPT was found between
workers exposed to mercury vapour and controls or between symptomatic and
asymptomatic mercury workers. Significant increases were observed in the mean
activity of scrum and urinary z-csterases, serum cholinesterase and urinary
ribonuclease in all the mercury workers as compared with control subjects. In
asymptomatic workers the activity of these enzymes as well as serum RNase were
significantly increased as compared with controls, but no significant differences
were observed when compared with symptomatic workers. Moreover, a
significant negative correlation between the activity of these enzymes and blood
mercury concentration was found except for the urinary RNase, which was
positive, and for serum RNase which was not significant.

TABLE 5
Corrélation coefficient between blood mercury and enzymatic activity in mercury workers.
= Serum  Urinary Serum Urinary Serum i e Yo
Tew RNase RNase 2-CSEErases 2-CSTErases cholinesterase SGOT SGP1
r +0.14 + 0.63 —0.52 —0.57 —(.31 =067 —0.54
P NS, < 0.0 < 001 < 0.01 < 0.05 < 0.01 = 0.0
DISCUSSION

Haemoglobin values were significantly higher in exposed workers. This
observation differs from that reported by Fl-Sadik and El-Dakhakhny+.
Moderate leukocytosis was observed in mercury workers without any significant
difference in the differential cell count between the mercury workers and
controls. This is not in agreement with previous reports in which lymphocytosis
and eosinophilia were reported in mercury workers!0. Mean corpuscular
haemoglobin and mean corpuscular haemoglobin concentration were the only
blood parameters significantly higher in symptomatic than in asymptomatic
mercury workers or controls. These changes seem to be most pronounced during
the first vear of exposure to mercury vapour but tend to approach the control
values with further exposure.

In mercury workers a positive correlation was obtained between mercury
level in air and mercury in blood (r = + 0.75). However, no useful association
was found between mercury in blood and clinical manifestations. It is evident
that the level of mercury in blood may be used for the monitoring of exposure
but not as a criterion for the degree of health impairment.

The increased level of v-globulin and decreased serum albumin and
esterified cholesterol in mercury workers may indicate a liver impairment. It is
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well known that serum albumin decreases and v-globulin increases in acute and
chronic hepatitis!”. The esterified cholesterol may be depressed in liver
parenchyma damage!”. As no difference was found in these biochemical
parameters between the symptomatic and asymptomatic mercury workers on one
hand, and there was no correlation berween them and either blood mercury level
or duration of mercury exposure on the other, they could not be used as
biological indicators of mercury exposure.

The study revealed that workers exposed to mercury vapour may have
significantly increased activities of ribonucleases, z-esterases and serum
cholinesterase but that symptomatic and asymptomatic workers could not be
differentiated on the basis of these enzymatic changes. On the other hand, a
significant negative correlation was found between the blood mercury level and
the activities of serum and urinary z-esterase and serum cholinesterase, while the
correlation between blood mercury and urinary ribonuclease was found to be
positive. Tt is difficult to interpret these contradictory findings; further studies
are required.

Normal levels of serum cholinesterase were previously reported in mercury
exposure!l. The increase in the activity of serum cholinesterase we found, may
reflect the well-known toxic effect of mercury on the kidneys. It is well known
that the kidney is the site of accumulation of mercury irrespective of the form of
mercury compound involved23. High levels of serum cholinesterase were
previously observed in nephrotic disease?.

Out of ten workers with weighted daily mercury exposures between 0.016
and 0.05 mg/m® four showed signs and/or symptoms of mercurialism. It is
therefore concluded that the most frequently used threshold limit value, namely
that of the American Conference of Governmental Industrial Hygienists (0.05
mg/m*)!8, may comprise an insufficient margin of safety for the Egyptian
worker. Whether this may be attributed to the higher susceptibility of a
population with a high prevalence of parasitic disease and with prevalent
malnutrition!3 remains to be studied.
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