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Granulocyte viability test in children from an 
environment with heavy metal pollution
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I n  a  g ro u p  o f  43 school-children  liv ing  n e a r  a  zinc p la n t, th e  te s t  o f 
g ran u lo cy te  v ia b ili ty  b y  th e  m ethod  o f  C occhi e t  a l, th e  lead  level b y  flam e 
a tom ic  a b so rp tio m e try , a n d  th e  level o f e ry th ro c y te  z in c -p ro to p o rp h y rin  
b y  th e  flu o rim e tr ic  m e th o d  w ere d e te rm in ed  in  p e rip h e ra l blood.

T he  m e a n  re s u lt o f  th e  g ranu locy te  v ia b ili ty  te s t  w as 6 .49% . I n  18 
ch ild ren , th e  p ro p o r tio n  o f  abno rm al g ra n u lo c y te s  w as ra ised  a b n o rm a lly  
above 6 .0 % . T h e  le ad  level w as in  th e  ran g e  fro m  14.1 to  53 pg /i 11, a n d  th e  
level o f  e ry th ro c y te  Z P P  w as from  0.3 to  2.1 p g /g  H b . N o co rre la tio n  w as 
found  b e tw een  th e  re su lts  o f  th e  g ranu locy te  v ia b ili ty  te s t  a n d  th e  b lood  lead  
level. T he re s u lt o f  a  com parison  w ith  th e  Z P P  v a lu e  w as o f bo rderline  sign if­
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].

Ma t er ia l  and Metho d s

T he s tu d y  w as c a rr ie d  o u t in  43 h e a lth y  
ch ild ren  a g e d  8— 10 y ea rs  liv ing  in  a  to w n
0.5 to  2 k m  fro m  a  zinc p la n t. S am ples o f  6 
m l v en o u s b lo o d  w ere  ta k e n  in to  h e p a r in ­
ized  te s t  tu b e s , a n d  p e rip h e ra l b lood  cell 
co u n ts  w ere  d o n e .

T he  g ra n u lo c y te  v iab ility  te s t  w as c a r­
ried  o u t b y  th e  m e th o d  o f Cocchi e t  a l [2]. 
A  d ro p  o f  1 %  aq u eo u s  eosin w as p lace d  on 
a  slide a n d  le f t to  d ry , th e n  a  d ro p  o f  b lood
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w as p la c e d  on  i t  an d  m ixed . T h e n  th e  slide 
w as  p u t  in to  a  hum id  c h a m b e r a t  ro o m  
te m p e r a tu r e  fo r 2 m inu tes . T h e  p ro p o r tio n  
o f  g ra n u lo c y te s  con ta in ing  th e  r e d  d y e  w as 
c a lc u la te d  b y  m icroscopic e x a m in a tio n  o f 
th e  s a m p le . Since dam ag ed  g ra n u lo c y te s  
a re  u n a b le  to  rem ove th e  a b so rb e d  eosin  in  
i t s  io n is e d  fo rm , th is  re m a in e d  in  th e  cell 
a n d  s t a in e d  d iffusely  its  c y to p la sm . T he  
a c c e p ta b le  p ro p o r tio n  o f a b n o rm a l g ra n u lo ­
c y te s  s h o u ld  be 0 to  6%  a c c o rd in g  to  
C occhi e t  a l  [2].

T h e  le a d  level in  w hole b lo o d  w a s  d e te r ­
m in e d  b y  flam e a tom ic  a b s o rp tio m e try  
a c c o rd in g  to  W hiteside  [9]. T h e  m e a s u re ­
m e n ts  w e re  perfo rm ed  w ith  a  Sp-2900  P y e  
U n ic a m  a to m ic  ab so rp tio n  s p e c tro p h o to ­
m e te r .  T h e  re su lts  w ere e x p re ssed  in  g g /d l. 
V a lu e s  a b o v e  30 /<g/d 1 w ere  re g a rd e d  as  
ra is e d  b lo o d  lead  level. L evels o f  b lo o d  lead  
fro m  30 t o  69 gg /d l suggested  a n  in c reased  
a b s o r p t io n  o f  lead . L ead  p o iso n in g  w as 
d ia g n o s e d  -when th e  b lood  le ad  level e x ­
c e e d e d  70 yUg/dl [8].

D e te rm in a t io n  o f z in c -p ro to p o p h y rin  
(Z P P ) in  th e  e ry th ro cy tes  w as b a se d  on 
m e a s u re m e n ts  o f the  fluo rescence  o f  zinc- 
p ro to p o rp h y r in  I I I  com plex, u s in g  a  M a­
n u a l H e m a to f lu o ro m e te r  M odel Z P P  M e­
te r  210 (A v iv ) a p p a ra tu s . T he re la tio n sh ip  
o f  Z P P  to  haem oglobin  in  th e  te s te d  
b lood  sa m p le  w as expressed a s  /xg/g H b . 
T he m e a n n o rm a l resu lt acco rd in g  to  S tan - 
k iew icz  a n d  F ry d ry ch  [6] w as 1Д ±  0.2 
jug/g H b .  a n d  th e  accep tab le  v a lu e  in  ch il­
d re n  w a s  4.4 y g /g  H b .

T h e  r e s u l ts  w ere su b jec ted  to  s ta tis t ic a l  
a n a ly s is  u s in g  S tu d e n t’s t te s t  a n d  th e  chi 
sq u a re  t e s t  w ith  Y a tes’ m o d if ic a tio n .

R esults

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,

group I with the proportion of abnor­
mal granulocytes exceeding 6% (the 
normal value of viable granulocytes), 
and group II 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 II). 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 û/dl (Table I). In the 
group with abnormal result of the 
test the blood lead level was 25.81 ±  
зЬ 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
ly-

The 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 2.1/xg/g Hb 
(Table I). 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 II).

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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T a b l e  I

M ean  re s u lts  o f  g ran u lo cy te  v ia b ility  te s t  (g. v .), b lo o d  lead  level, a n d  e ry th ro c y te  zinc 
-p ro to p o rp h y rin  (Z P P ) in  ch ild ren  w ith  en v iro n m en ta l lead ex p o su re

n  =  43 g-V.%
P b Z P P  

/*g/g H b

X 6.49 29 1.23
S D ± 10.3 9.49 0.55

range 0—62 14.1—53.0 © C
O 1 to

T a b l e  I I

G ran u lo cy te  v iab ility  te s t  (g. v .) b lood  lead  level a n d  e ry th ro c y te  z in c -p ro to p o rp h y rin
(Z P P )

Group No of Pb ZPP g. V.
patients (Kg/dl 0g/g Hb per cent

V 2/
norm al g. v. 25 X 31.3 1.1 1.64

S D ± 10.51 0.53 1.75
range 14.1—53 0.1—2.0 0 —5

abnorm al 18 X 25.81 1.42 13.3
g- V- S D ± 6.91 0.53 12.98

range 17.5—37.2 0.4—2.1 6—62

1. t  =  1.94 0.1 p  0.05
2 . t  =  2.0 p =  0.06

D i s c u s s io n

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 ranged from 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

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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