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In a group of 43 school-children living near a zinc plant, the test of
granulocyte viability by the method of Cocchi et al, the lead level by flame
atomic absorptiometry, and the level of erythrocyte zinc-protoporphyrin
by the fluorimetric method were determined in peripheral blood.

The mean result of the granulocyte viability test was 6.49%. In 18
children, the proportion of abnormal granulocytes was raised abnormally
above 6.0%. The lead level was in the range from 14.1 to 53 pg/ill, and the
level of erythrocyte ZPP was from 0.3 to 2.1 pg/g Hb. No correlation was
found between the results of the granulocyte viability test and the blood lead
level. The result of a comparison with the ZPP value was of borderline signif-

icance (p = 0.05).

The criteria of lead poisoning of
children with environmental exposure
are not sufficiently clear. New lab-
oratory diagnostic tests are being
introduced and the greatest advance
in the field was achieved by introduc-
ing determinations of the blood lead
level and tests for its toxic effects on
biochemical processes [3].

Lead poisoning may not manifest
itself clinically and the symptomless
period may precede for a long time
the appearance of clinical symptoms.
Heme biosynthesis is particularly
sensitive to the effects of lead [6, 8].
One of the earliest signs of damage to
erythrocyte functions is a rise in the
level of zinc-protoporphyrin (ZPP) due
to a direct action of lead on mito-
chondria [4, 6, 8].

The aim of this work was to evalu-
ate the disturbances of intracellular

metabolic processes in granulocytes,
using the method of granulocyte
viability test. Studies on the life span
of the circulating leucocytes allow
the detection of abnormalities in
their function [2]. In addition, the
cause of the increased incidence of
respiratory infections in children liv-
ing in a highly industrialized area was
also studied [1, 4, 8].

Material and Methods

The study was carried out in 43 healthy
children aged 8—10 years living in a town
0.5to 2 km from a zincplant. Samples of6
ml venous blood were taken into heparin-
ized test tubes, and peripheral blood cell
counts were done.

The granulocyte viability test was car-
ried out by the method of Cocchi et al [2].
A drop of 1% aqueous eosin was placed on
a slide and left to dry, then a drop of blood
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was placed on it and mixed. Then the slide
was put into a humid chamber at room
temperature for 2 minutes. The proportion
of granulocytes containing the red dye was
calculated by microscopic examination of
the sample. Since damaged granulocytes
are unable to remove the absorbed eosin in
its ionised form, this remained in the cell
and stained diffusely its cytoplasm. The
acceptable proportion ofabnormal granulo-
cytes should be 0 to 6% according to
Cocchi et al [2].

The lead level in whole blood was deter-
mined by flame atomic absorptiometry
according to Whiteside [9]. The measure-
ments were performed with a Sp-2900 Pye
Unicam atomic absorption spectrophoto-
meter. The results were expressed in gg/dl.
Values above 30 /<g/dl were regarded as
raised blood lead level. Levels of blood lead
from 30 to 69 gg/dl suggested an increased
absorption of lead. Lead poisoning was
diagnosed -when the blood lead level ex-
ceeded 70 yUg/dl [8].

Determination of zinc-protopophyrin
(ZPP) in the erythrocytes was based on
measurements of the fluorescence of zinc-
protoporphyrin Il complex, using a Ma-
nual Hematofluorometer Model ZPP Me-
ter 210 (Aviv) apparatus. The relationship
of ZPP to haemoglobin in the tested
blood sample was expressed as /xg/g Hb.
The meannormal result according to Stan-
kiewicz and Frydrych [6] was 14 = 0.2
jug/g Hb. and the acceptable value in chil-
dren was 4.4 yg/g Hb.

The results were subjected to statistical
analysis using Student’s ttest and the chi
square test with Yates’modification.

Results

The mean proportion of granulo-
cytes with abnormal viability was
6.49 i 10.3% in peripheral blood of
the children (Table I). The children
were then divided into two groups,
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group | with the proportion of abnor-
mal granulocytes exceeding 6% (the
normal value of viable granulocytes),
and group Il with that proportion
below 6%. The first group comprised
18 children with raised proportion of
abnormal granulocytes, mean value
13.3 di 12.98% (Table I1). In the sec-
ond group of 25 children, granu-
locyte viability was normal, the mean
value was 1.64 + 1.76% (Table II).

The serum lead level was from
14.1 /ig/dl to 53.0 fig/dl, with a mean
of 29 + 49 ~ud (Table 1). In the
group with abnormal result of the
test the blood lead level was 25.81 +
3b 6.91 pg/dl, while in the group with
a normal result of the test the mean
was 31.3 di 10.51 pg/dl. The differ-
ence was not significant statistical-
Iv-
yThe mean zinc-protoporphyrin level
measured in the erythrocytes was in
these children 1.23 ~ 0.55 pg/g Hb,
with a range of 0.3 to 2.l/xg/g Hb
(Table 1). The results in the first
group compared with the second
group showed a difference of border-
line statistical significance, being
1.42 di 0.53 /ig/g Hb, and 1.1 /xg/g Hb
in the first and second groups, re-
spectively (p= 0.05) (Table I1).

The blood cell count was normal in
all the 43 children, the mean haemo-
globin concentration was 13.53 + 1.36
g/dl, the mean white blood cell count
was 4.200 di 1.100 cu, mm.

Physical examination failed to dem-
onstrate in the studied children any
abnormalities in the osteoarticular,
respiratory, circulatory and nervous
systems.
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Mean results of granulocyte viability test (g. v.), blood lead level, and erythrocyte zinc
-protoporphyrin (ZPP) in children with environmental lead exposure

n = 43 g-V.%
X 6.49
SD= 10.3
range 0—62
Table

Granulocyte viability test (g. v.) blood lead

Pb zpPpP

I*glg Hb

29 1.23
9.49 0.55
14.1—53.0 ©8 -2

level and erythrocyte zinc-protoporphyrin

(ZPP)
No of Pb ZPP .V
Group patients (Kg/dl 0g/g Hb peng cent
\Y% 2/
normal g. v. 25 X 31.3 11 1.64
SD+ 10.51 0.53 1.75
range 14.1—53 0.1—2.0 0—5
abnormal 18 X 25.81 1.42 13.3
o- V- SD+ 6.91 0.53 12.98
range 17.5—37.2 0.4—21 6—62
1. t = 194 01 p 0.05
2. t = 20 p = 0.06

Discussion

The results showed that in children
living under environmental exposure
to lead the number of granulocytes
with reduced viability is increased in
the peripheral blood. The mean pro-
portion of granulocytes with reduced
viability (6.49 = 10.3%) was signifi-
cantly higher than the mean value of
1.7 + 1-5% obtained by Cocchi et al
in a group of healthy children aged
1—6 years [2]. Impaired function of
the granulocytes was observed in the
neonatal period during septicaemia or

malnutrition, and the toxic effect of
lead on biochemical processes is also
known; of particular importance for
the assessment of these effects is the
determination of zinc-protoporphyrin.
After excessive absorption of lead the
blood level rises to 30 69 pg/dl and
biochemical disturbances develop.
These changes may appear without
any clinical symptoms or signs [8].

In our material the mean blood
lead level was 29 + 9.49 p.g/dl (from
14.1 to 53.0 jtig/dl). In 17 children the
level ranged from 31.0 to 53.0 jug/dl.
The results obtained showed a wide
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range of blood lead values which may
be still within the physiological vari-
ability or may be caused by severe
exposure to lead from time to time
[7, 8].

In children lead is absorbed mainly
through the digestive tract with soil,
wall paints and from the surface of
toys. The blood lead level corresponds
to the degree of exposure. One of the
important indicators of lead poisoning
are changes of erythrocyte zinc-pro-
toporphyrin. Its level in the children
with environmental exposure was in
the range from 0.3 to 2.1 pg/g Hb,
with a mean of 1.23 i 0.55 pg/g Hb,
and in 17 children with raised serum
lead level it rangedfrom 0.3 to 1.8 pg/g
Hb.

Many authors stressed the lack of a
correlation between ZPP and the
blood lead level [4, 6, 8]. A raised
ZPP level indicated a toxic effect of
lead on heme synthesis, confirming
the presence of disturbances of intra-
cellular metabolism. It may be as-
sumed then that demonstration of a
toxic effect of lead on blood elements
in children is sufficient for considering
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them to be at risk of lead poisoning.
A moderate rise of the blood lead le-
vel (30 -69 pg/dl) does not seem suf-
ficient for this purpose [8]. The ab-
sence of a significant correlation be-
tween the serum lead level and the
increase in the proportion of abnormal
granulocytes and a simultaneously
demonstrated correlation between
these values and the results of ZPP
determinations might confirm this
concept.

The presented results suggest that
during excessive absorption of lead
by the organism of a child, despite
the absence of clinical signs of lead
poisoning, certain metabolic disturb-
ances develop. The value of ZPP in
the erythrocytes rises, the survival of
granulocytes is shortened.

Summing up, in children living in
an area with atmospheric lead pol-
lution the test of granulocyte viabil-
ity is often abnormal. Besides, a cor-
relation exists between the erythrocyte
zinc-protoporphyrin concentration
and the result of the granulocyte
viability test in these children.
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