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Heavy metals in various environmental samples have been 
determined in the last decade. Data for air, waters, 
sediments, soil and food have been obtained but little 
attention has been devoted to continuous monitoring and 
study of metal intoxication of human beings. The upper 
concentrations of many heavy metals in air, water and 
some foodstuffs are regulated by law or norm. But there 
is no standardization of heavy metal determination in 
biological and human materials, e.g. organs, tissues, 
hair, bones, and body liquids or excrements, though the 
intoxication by heavy metals is known since antiquity. 
The analyses of old Roman wines proved that in 1 liter 
were about 20 mg Pb and so we can assume that a Roman 
aristocrat consumed a few tens of milligrams of lead 
daily. 

Nowadays the daily intake of lead should not exceed 
0.2 mg or 0.15 mg for adults or children respectively, 
because lead is a toxic element. A great deal of this 
amount is supplied _by drinking water, which generally 
contains 2-20 ~g.L ~ of Pb or, in accordance w~h 
the Czechoslovak norm dSN 75 71 Ii, less then 50 ~g.L ~. 
The whole amount of lead in a living organism is also 
contributed by nutrition. A high concentration of lead in 
foodstuffs can be accumulated from natural sources (aver- 
age concentration of Pb in Earth crust is 1.6xi0-3% w/w) 
as well as from anthropogenic sources as industrial and 
automobile pollution. In addition, lead enters the organ- 
ism not only through the alimentary chain but also 
through the respiratory system. The upper level of lead 
in air allowed by the WHO is 2 ~g.m -3. Lead occurs in air 
mainly in particles of dust. 

Lead, a typical heavy metal with cumulative and nondegra- 
dative characteristics, enters the blood, lymph, and or- 
gans where its concentration remains constant for a long 
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time. 0nly little lead is excreted by urine and sweat, 
where its concentration is lower than in blood. The con- 
centration of Pb in whole blood is higher than in plasma 
or serum. 

There are no data characterizing the concentration of Pb 
in biosphere, human organs, and liquids from the time be- 
fore the industrial revolution. Even a few results, which 
were obtained before the World War II, cannot be accepted 
with regard to the low standard of analytical instrumen- 
tation of that time. We can only estimate the level of 
lead in those materials on the basis of today's analyses 
of anthropologic or archaeologic remains like bones, 
hair, teeth, seeds, etc. The achieved results indicate 
the global ascent of environmental lead. 

In the present work we have determined the lead concen- 
tration in whole human blood of middle aged population of 
Bratislava city, Czechoslovakia. Blood is a sample which 
can be obtained very simply during the life of a donor so 
that it can be used for environmental quality testing 
with time. Lead was chosen for our study because its 
rapid growth in the environment caused by an increase of 
the lead production and automobile traffics 

MATERIALS AND METHODS 

The analyzed samples came from healthy working women and 
men, age 30-57, not professionally exposed, living in the 
central and eastern part of Bratislava where there are 
neither glassworks nor lead industry. Our results were 
obtained from whole blood of 80 donors (160 samples). The 
blood samples, 100-300 ~L or more, were mineralized in 
the quartz ceils with equal volume of concentrated H2SO a 
in furnace at 150~ for 2 hr, then at 300~ for 2 hr and 
at 500~ for 3 and more hr. The higher volumes demand 
longer time for ashing. The obtained white ash was dis- 
solved in the hot mixture of 50 ~L of concentrated HNO 3 
and 50 ~L of concentrated HCI and diluted with high puri a 
ty demineralized water to 2 mL. 

Bivalent lead was determined using the anodic stripping 
voltammetry on the mercury static electrode after deposi- 
tion at -0.6 V for 80 sec in differential pulse fast scan 
mode by Polarographic Analyzer PA3, Prague, Czecho- 
slovakia. The concentration was calculated by the linear 
regression using the standard addition method. The detail 
procedure is described by Kalavsk~ (1989). 

RESULTS AND DISCUSSION 

The content of lead is monitored in many materials to 
check observing hygienic norms. The growth of lead con- 
tent in plants, fruits, soils, seeds in vicinity of high- 
ways and also in milk and meat of cows pastured here was 
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proved. The Pb level in water, foodstuffs, corn, fruits, 
vegetables, tobacco, and tins is regularly monitored in 
many industrial countries. In 1972 the Joint FAO/WHO Ex- 
pert Committee recommended that the intake of lead via 
the diet should not exceed 3 mg for an adult per week. 
The average values of Pb concentration in some mentioned 
materials are shown in Table i. 

Table I. Content of lead in some materials 

Material Range of content Unit 

Surface and drinking waters 

Rain waters in urban areas 

Atmosphere in urban areas 

Atmosphere in rural areas 

Soil in rural areas 

Inorganic fertilizers 

Vegetables and cereals fresh wt 

Mushrooms fresh wt 

Milk 

Human urine and sweat 

Human bones and teeth 

Human organs wet wt 

2 - 15 ~g.L -I 

4 - 30 ~g.L -I 

1 - i0 ~g.m -3 

0.1 - 1 ~g.m -3 

2 - 200 ~g.g-i 

2 - 40 ~g.g-I 

0.I - 1 ~g.g-I 

0.008 - 0.04 ~g.g-i 

2 - 6 ~g.L -I 

i0 - i00 ~g.L -I 

0.2 - 20 ~g.g-i 

0.i - 2 ~g.g-i 

The analyses of human blood of the professionally exposed 
workers as galvanizer, miner, smelter, and welder proved 
the increase of Pb concentration (van Netten at al. 
1987; Cornelis 1988). After the intake of a complexing 
agent (e.g. EDTA) lead binds into the chelate and partly 
excretes in urine. 

Our results in Table 2 show the level of blood lead in 
a group of citizens which represents the population of 
Bratislava. These results show the middle level of blood 
lead in comparison with the results of the other authors 
(Rummo et al. 1979; N~rnberg 1979; Lynam et al. 1981). 

The level of blood lead can be used as an indicator of 
global pollution which indicates a nonideal state in Bra- 
tislava, especially in comparison with the level in Scan- 
dinavia (Lynam et ai.1981). 

The levels of lead in human blood published by several 
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Figure i. Average concentration of lead in human blood by 
several authors 

authors are shown in Figure i. In all cases the samples 
of blood came from the regions which were not extremely 
polluted by lead. The showed results are comparable with 
the results from the others industrial regions. 

According to Bryce-Smith at al. (1978) the upper level of 
lead in normal bloo d in the USA is 400 and the average 
level is 250 ~g.dm-~. Lynam et al. (1981) reported the 
range 110-300 ~g.dm -j for 88 % of the world adult popula- 
tion. Carson et al. (1986) found that the lead level 
< 350 ~g.dm -3 for 90 % of population and Rummo et al. 
(1979) wrote about < I00 ~g.dm -~ Pb in blood of Scandina- 
vians, while in industrial North Italy it was 240-350 
~g.dm -3. N~rnberg's results (1989) from medium-industri~l 
town of J~lich, Germany were in the range 79-190 ~g.dm -~. 
Mahaffey et ai.(1982) published 139 ~g.dm -~ as the aver- 
age in the USA. On the basis of the children data in the 
USA (Ernhart et al. 1988) it can be supposed that the 
average level for adults must be over 170 ~g.dm -3 in that 
country. It is generally admitted that the adults have 
a higher level of lead in blood than children. In our 
opinion the average depends on age of a man. The old 
people have higher Pb content than the young ones because 
of the cumulative ability of this metal. The world aver- 
age of blood lead is represented in Figure 2. 

In this assumption the conclusion published by Boeckx 
(1986) might be accepted. He correlated the growing blood 
lead concentration with health of children and adults. 
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Figure 2. Distribution of human population in the ranges 
of blood lead concentration 

The concentration of about 400 ~g.dm -3 causes the inhibi- 
tion of enzymatic 6-ALAD and blood creating processes in 
children. In the range 400-500 ~g.dm -~ anemia, in 
500-600 ~g.dm-~ cognitive defects occur. In the range of 
600-700 ~g.dm-J^ encephalopathy and in the range of 
800-1000 ~g.dm -~ death occurs. It is generally admitted 
that the critical lead concentration in whole blood is 
400-500 ~g.dm- and above this level there is no healthy 
or professionally nonexposed man. 

There are few data about drug addicts, alcoholics and 
smokers. In the paper of Lansdown and Yule (1986) the 
level of blood lead for smokers is published which is 
10-15 % higher than in nonsmokers. Ernhart et al. (1985) 
proved the increase of lead concentration in fetal blood 
according to the growing number of smoked cigarettes of 
the mothers. The study of blood lead level of drug ad- 
dicts and alcoholics also proved a correlation with the 
intensity of this activity. According to results of Vives 
(1980), the alcoholics can have a blood lead concentra- 
tion higher than 690 ~g.dm -3. Dally et al. (1989)~pub- 
lished the mean blood lead i v alcoholics 280 ~g.dm -~ and 
the highest value 725 ~g.dm -~. In this context we must 
consider an enhanced mortality of lead workers with high 
blood lead, where cancer is very often the cause of death 
(Fanning 1988). 

The data of blood lead level of 80 inhabitants of Brati- 
slava, Czechoslovakia, are published in this paper. It 
was confirmed that the monitoring of lead concentration 
in blood can be used for testing condition of donors and 
for evaluating the environment in global. The obtained 
data of nonsmokers can be used for the classification of 

491 



Table 2. Results of the determination of lead in whole 
blood 

Sample donor Age range Number Number Range Average 
of of 

(yr) persons samples (~g.dm -3 ) 

Women 35-55 15 30 80-230 160 
nonsmokers 

Men 30-39 15 30 70-240 150 
nonsmokers 

Men 40-57 20 40 90-250 180 
nonsmokers 

Men and women 35-57 30 60 180-450 300 
smokers 

pollution of the monitored people and region. It seems 
that a high contribution to blood lead comes from smoking 
and blood lead level depends also on age of the man. 

REFERENCES 

Boeckx RL (1986) Lead poisoning in children. Anal Chem 
38:275A-288A 

Bryce-Smith D, Mathews J, Stephens R (1978) Mental health 
effects of lead children. Ambio 5:192-203 

Carson BL, Ellis HV, McCann JL (1986) Toxicology and 
biological monitoring in humans. Lewis Publ Chelsea, 
Michigan 

Cornelis R (1988) Analytical procedures in clinical 
reference materials in monitoring human exposures to 
trace elements with special reference to Cr, Pb and 
TI. Sci Tot Environ 71:269-283 

Dally S, Girre C, Hispard G, Fourrier L (1989) High blood 
lead level in alcoholics. Drug and Alcohol Dependence 
23:45-48 

Ernhart CB, Wolf AW, Sokol RJ, Brittenham GM (1985) Fetal 
lead exposure. Environ Res 38:54-66 

Ernhart CB, Morrow-Tlucak M, Wolf AW (1988) Low level 
lead exposure and intelligence in the preschool 
years. Sci Tot Environ 71:435-459 

Fanning D (1988) A mortality study of lead workers. 
Archiv Environ Health 43:247-251 

Kalavska D (1989) Determination of lead in microvolumes 
of blood after decomposition of the organic matrix. 
Chem Paper 43:371-376 

Lansdown R, Yule W (1986) The lead debate. Croom Helm, 
London Sidney 

492 



Lynam DR, Piatanida LG, Cole JF (1981) Environmental 
lead. Academic Press, New York London Toronto 

Mahaffey KR, Annest JL, Roberts J, Murphy RS (1982) 
National estimates of blood levels: United States 
i~76-1980. New Engl J Med 307:573-579 

van Netten C, Brubaker RL, Mackenzie CJG, Godolfin WJ 
(1987) Blood and carboxyhemoglobin levels in chainsaw 
operators. Environ Res 43:244-250 

N~rnberg HW (1989) Polarographic and voltammetric studies 
of toxic metals in environment. Sci Tot Environ 
12:35-60 

Rummo JH, Routh DK, Rummo NJ, Brown J (1979) Behaviour 
and neurological effects of lead exposure in children. 
Archiv Environ Health 34:120-140 

Vives J (1980) Alcoholisme chronique et intoxication 
saturnine. Gastroenterol Clin Biol 4:119-122 

Received September 13, 1990; accepted December 1, 1991. 

493 


