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In order to determine actual lead exposure from residu- 
al amounts of lead in the environmental soil following 
the introduction of effective engineering emission con- 
trols in a lead smeltery, the absorption of lead in cows 
grazing in the vicinity was i~vestigated. Four groups 
of cows were examined: two groups of cows exposed to 
different ambient lead concentration, compared with two 
normal groups of cows. In each cow ~-aminolevulinic acid 
dehydratase (ALAD), erythrocyte protoporphyrin (EP) and 
blood lead (Pb-B) were determined, two years prior to 
and four years after the technical sanitation ef the 
lead emission source. The results demonstrated normali- 
zation of ALAD, EP and Pb-B after the technical sanita- 
tion. In spite of normalization, biological indicators 
ALAD and Pb-B determined four years after the technical 
sanitation showed increased lead absorption in compari- 
son with the results of the control group. This indi- 
rectly indicates lead contamination of the environment 
from residual amounts of lead in the soil. The biologi- 
cally active lead deposit from past exposure could be 
an additional factor in the prolonged effect of lead in 
the body. 

In small village farms about 5000 m away from the lead 
s~eltery, the inhibitants had been exposed for a long 
time to increased lead concentration. In 1978 new effi- 
cient bag filters were introduced for cleaning flue 
gases in the smeltery, which resulted in an immediate 
improvement of the air" quality (Fuga~ et al. 1980). The 
radical decrease of air lead concentration had an 
effect on the normalization of biological ~ndicators of 
lead absorption in humans although these were still 
different to the corresponding values in the control 
group (Prpi6-Maji~ et al. 1983). After the technical 
sanitation of the lead emission source, the soil re- 
mains contaminated by lead for a longer period than air. 
The preliminary data indicate that lead in the first 
10 cm of the soil in this area is 6 - 17 times more 
than in the control area (Fuga~ and Hr~ak - unpublished 
data). The residual amounts of lead in the soil are 
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transferred into plants and may enter the food chain. 
Cows grazing in the vicinity of the lead smeltery could 
be used as a specific sample when evaluating the resi- 
dual ambient lead exposure. From this point of view the 
characteristic biological indicators in cows were in- 
vestigated before and after the installation of an 
emission control system in order to evaluate the resi- 
dual ambiental lead exposure. 

MATERIAL AND METHODS 

The examinations were carried out in lead exposed and 
control areas. The cows in the lead exposed areas were 
from small farms up to 5000 m from the lead smeltery. 
In the first study (1976), two years prior to bag filter 
installation, 30 cows from the lead exposed area and 22 
cows from the control area were examined. In the second 
study, four years after the technical sanitation of the 
lead emission source (1982), 30 cows from the lead 
exposed area and 15 cows from the control area were 
studied. For each cow and in each period the following 
biochemical indicators of lead absorption were determi- 
ned in blood-ALAD, EP and Pb-B (Kara~i~ et al. 1978). 
All indicators were analyzed in samples of cow blood 
with heparin as an anticoagulant. ALAD was determined 
by the standard European method (Berlin and Schaller 
1974) CV = 2%; EP by extracti0n/spectrofluorometric 
method (Chisolm and Brown 1975) CV = 3%; Pb-B by ETA - 
- AAS method (Fernandez 1975) CV = 5%. 

The results of the parameters obtained in each group 
and for each period were presented as median (M) and 
range values (R). The differences in biological indica- 
tors of lead absorption between the two groups in the 
lead exposed area for each period and corresponding 
control groups, were tested by median test (Siegel 
1956). 

RESULTS AND DISCUSSION 

Biochemical indicators of lead absorption in cows gra- 
zing in lead contaminated pastures are presented in 
relation with identical indicators for cows from the 
control area (Table I.). 

All indicators show increased absorption of lead in 
cows from the contamined pastures. In 1982 a definite 
trend of normalization of ALAD, EP and Pb-B occurred, 
after the technical sanitation of the filter system. 

The difference in all biochemical indicators in cows 
from the lead contaminated area, before and after the 
technical sanitation of the lead emission source, 
tested by median test, is highly significant (p~0,O01) 
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(Table 2.). The results confirm the efficiency of the 
new filters. 

Table I. Median (M) and range (R) values of biochemical 
indicators of lead absorption in cows from the 
lead contaminated and control area, before and 
after bag filter installation 

Statis- 
Biochemical indicator 

tical Year para- ALAD EP Pb-B 
meter U/L E ~mol/L ~mol/L 

Exposed 
group 

1976 Control 
group 

1978 

Exposed 
group 

1982 
Control 
group 

M 0,6 14,55 
R 0,0-1,8 3,88-58,82 

M 4,3 1,45 
R 0,9-14,0 1,14-2,15 

Bag filter installation 

M 1,5 3,47 
R 0,6-5,9 1,68-12,38 

3,09 
1,21-5,45 

0,29 
0,24-0,53 

1,44 
0,82-3,40 

M 5,0 2,22 0,27 
R 1,6-8,8 1,70-3,27 0,09-0,60. 

Table 2. Statistical significance of the difference in 
biochemical indicators in cows from the lead 
contaminated area, before and after the bag 
filter installation 

Statis- Biochemical Indicator 
Years tical 
com- 
pared para- "ALAD EP Pb-B 

meter U/LE ~mol/L ~mol/L 

1982- ~ 17,066 26,666 13,066 

-1976 p <0,001 <0,001 <0,001 

In spite of the evident normalization in 1982 in com- 
parison with 1976, the biological indicators ALAD and 
Pb-B showed increased lead absorption in 1982 in rela- 
tion to the results of comparable control group 
(p~0,001) (Table 3.). The increased lead absorption 
demonstrated through lowered ALAD activity and incre- 
ased Pb-B concentration, in comparison with the control 
group, could be explained by contaminated grass from 
the residual amounts of lead in the soil. An additional 
factor is probably a biologically active lead deposit 
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from past exposure. 

Table 3. Statistical significance of the difference in 
biochemical indicators in cows from the lead 
contaminated and control area, before and 
after bag filter installation 

Statis- 
Year of Biochemical indicator 

tical 
examination 

para- ALAD EP Pb-B 
meter U/L E pmol/L pmol/L 

1976 Xs 25,527 38,133 38,133 
p <0,001 <0,001 <0,001 

1978 Bag filter installation 

1982 )(2 16,899 3,600 22,500 
p <0,001 >0,05 ~0,001 

It is pointed out that the Pb-concentration in air has 
been within the limits allowed since 1979. Thus the 
biological indicators of increased lead absorption in 
cows reflect soil contamination by lead for a longer 
period than air. 

The biological monitoring of ALAD, EP and Pb-B in cows 
grazing in the vicinity of a lead smeltery could be a 
useful approach in the establishment of the elapsed ti- 
me, after the reduction of lead emissions, before lead 
contaminated soil could be proclaimed as safe for hu- 
mans and domestic animals. Thus, the chosen biological 
indicators of increased lead absorption in cows could 
be applied in evaluating residual ambient lead exposure. 
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