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Studies on the pollution of the biosphere by lead published in recent years are discussed. Numerous sources from which
lead can be introduced into the atmosphere and the hydrosphere and, the problems of the contamination of the soil, plants,
algae, and animal and human organisms as a consequence of the increased absorption and accumulation of lead are con-
sidered. The problem of the chemical forms of lead in the environment, including the internal environment, is described.
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I. INTRODUCTION

The manufacture and consumption of lead in various
branches of industry increase continuously; at the same time
its release into the biosphere has also increased. Thus
100 000 tonnes of lead were released into the atmosphere in
the USA in 1964, which amounted to 10% of the total indus-
trial consumption of lead; the corresponding amount in 1968
was 184 316 tonnes!. According to UNESCO data, more than
2.3 million tonnes of lead enter the seas with river water.
The atmosphere is also a source of the contamination of the
Pacific Ocean by lead. According to Kutyrin's calculations?,
200 000 tonnes of lead fall on its surface every year.

The number of publications devoted to the problem of the
pollution of the environment by lead is large, because lead
contaminates various areas—the atmosphere, the hydrosphere,
and soils. Many plants grow on soils contaminated with lead
accumulate it. The concentration of lead in such lead-
enriched plants exceeds the normal content by a factor of
2—-100.%* The accumulation of lead by plants merits atten-
tion, since not only wild but also cultivated plants, which
serve as food products for people, are enriched in lead.
Lead can be concentrated at all levels of the aquatic food
chain—in both algae and molluscs and fish®. Studies in
which large amounts of lead were detected in meat and inter-
nal organs of domestic animals used as food have been pub-
lished recently®’. Lead enters the human organism with
water and food.

The food chain is not the only source of lead in the human
organism. Contamination of air by lead also promotes its
penetration into the organism. An increasing number of
studies have shown that the main source of lead entering the
organism is air contaminated by anti-knocking additives,
which contain lead alkyls®°. As a part of organic com-
pounds?! and also in ointments and cosmetic preparations,
lead penetrates through the skin, but apparently only to an
insignificant extent!?. Thus there are two main pathways
leading to the chronic action of lead on man—oral and respi-
ratory. The Figure illustrates schematically the migraton of
lead in the biosphere.

The global pollution of the environment by lead is indi-
cated by its increased content in polar ice. Thus during
the last 25 years the lead content in the snow cover of Green-
land has increased by a factor of 400.%* Lead has also been
found in the soil of northern forests remote from industrial
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regions, where it has been deposited at a rate of 305 grammes
per hectare annually’*. This shows that lead migrates in
the environment via the atmosphere in the form of aerosols

of lead and its compounds, and the problem of the pollution
of the environment by lead has become international, since
there are no state boundaries to the movement of atmospheric
pollution.

I1. LEAD IN THE ATMOSPHERE

1. Sources from which Lead Enters the Atmosphere

The sources of lead in the atmosphere can be divided into
natural and anthropogenic. The former include windborne
dust, forest fires, volcanic eruptions, sea mist, and plant
decomposition products. According to Nriagu'*, the annual
amount of lead entering the atmosphere throughout the world
from natural sources is 24.5x10° kg.

|
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Fish Man ] Animals

Ocean Air

Scheme illustrating the migration of lead in the biosphere.

The anthropogenic sources of lead include lead mines,
factories where lead is smelted and lead-containing articles
are remelted, factories where various lead compounds are
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manufactured, and ferrous and non-ferrous metallurgical
plant. The atmosphere is extensively polluted by lead as &
result of the combustion of coal, peat, wood, and petroleum
fuels used in internal combustion engines, in the combustion
of waste, and in the cleaning of tanks and cisterns for the
storage of petrol.

The anthropogenic emission of lead amounts to 449 x 10°kg
annually’* and exceeds the natural emission by an order of
magnitude. The amount of lead entering the atmosphere on
combustion of petrol, which contains anti~knock compounds,
amounts to approximately 60% of the total emission from anthro-
pogenic sourcs.

The total amount of lead distributed in world ecosystems
through the atmosphere during the period of civilisation is
20x10° kg. ™ A sharp increase of lead emission was observed
at the beginning of the 20th century and then in 1923 when
anti-knock alkyl-containing derivatives were introduced into
petrol.

2. Lead in the Exhaust Gases of Automobiles

One of the principal sources of lead in the environment is
the exhaust gases of automobiles and aeroplanes. The waste
from autcmobiles constitutes 57—95% of the pollution of air in
many cities of highly developed capitalist countries, more
than 40% in Moscow, and 13.3% on average in the USSR. 15
During use, an automobile releases into the environment more
than 100 different compounds, the majority having a harmful
effect on the environment.

The results of the study of the pollution of air by lead
from compounds used as anti-knock agents for internal com-
bustion engines have been published®’. The authors of this
study determined with the aid of 2°°Pb the amount of lead
deposited on the leaves of plants, on the soil, and on grass.
It was found that fine aerosol particles (0.01—0.03 ym) are
deposited on the surface of plants more readily than large
particles (0.2—0.25 um), Only 10% of the total amount of
lead in exhaust gases is deposited on plants 30 m from a
motorway with a traffic density of 40000 automobiles per hour;
the remaining lead-containing particles remain suspended and
are deposited at a much greater distance from the highway.

The anti-knock additives includes mainly alkyl derivatives
of lead: Pb(CHjy)y, Pb(CH,);3(C,H;), Fb(CH,),(C,H;),, and
Pb(C,H;),. In the combustion of fuel asignificant proportion
of the lead bound in organic compounds decomposes and is
ejected into the atmosphere in the form of inorganic salts, but
a certain amount is ejected unchanged. The results of a
study of the levels of organic and inorganic lead compounds
in air have been published’®. By taking samples on filters
with a pore diameter of 0.01 pym and using the gas-chromato-
graphic method of analysis, it is possible to determine the
concentrations of organic and inorganic compounds of the ele-
ment. It has been established that most of the lead detected
in the atmosphere is present in an inorganic form, while the
concentrations of organic lead compounds in air are very low,
amounting to 10°-10° ugm™3.

In a review'® devoted to the problem of the pollution of
the atmosphere by tetraethyl-lead (TEL) and tetramethyl-
lead (TML) it is noted that their content in the atmosphere is
less than 5% of the total amount of lead present. The
authors®® explained this finding by two causes: the fairly
rapid photochemical decomposition of these compounds and
the presence in the atmosphere of substances accelerating
their decomposition. Among these, the most active are NOy,
O,, atomic oxygen, and the radicals OH, CO; etc., the reac-
tions of alkyl derivatives of lead with these substances being
fairly rapid also in the dark. The kinetics and mechanisms
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of the main homogeneous reactions of TML and TEL in the
atmosphere have been investigated®®. It has been found
that the lead alkyls are relatively stable in the dark and have
half-lives of 320 and 100 h for TML and TEL respectively in
purified dry air. Both compounds are unstable to the action
of ultraviolet light and decompose in the light via first-order
reactions with photolytic decomposition rate constants of
3.4%x10™* min~? for TML and 1.3 x107% min~! for TEL (after
subtracting the corresponding values for the dark reactions).

Thus the rate of photolysis of TEL is almost four times
greater than that of TML. This is probably why, among
lead alkyls, only TML can be detected in the air over our
motor highways with a high traffic density, its content
amounting to 1—20% of the total concentration of lead in the
air’*. As regards the mechanism of the homogeneous reac-
tions of lead tetra-alkyls, the authors?’ concluded that it is
analogous to the mechanism of the hydrocarbon decomposition
reactions. The reactions of TML and TEL with Oj, O and
OH’ are analogous to the reactions of alkenes, particularly
ethylene and propene.

The following mechanism of the reaction of TML with ozone
has been proposed?’:

Pb (CHg)--05->(CHg)sPhOOH--CHZ0O

The rate constant for this reaction has been determined as
1.9%x107% (p.p.m.)"* min~*. The rate constant for the reac-
tion of TEL with ozone is 1.6 x1072 (p.p.m.)"* min™*. Lead
alkyls can react with atomic oxygen either via reaction (1)
or via reaction (2).

R;Pb + O «RPHO" R 3 (1)
R,Pb + O’ - RyPbCH, + OH' 3
R=CH, or GC,Hy . (2)

The rate constants for the above reactions are 7.0 x 102 and
18.9x 10 (p.p.m.) * min~? for TML and TEL respectively®’.
The interaction of OH' radicals with lead tetra-alkyls

most probably proceeds via the mechanism

R,Pb - OH' - RyPbCH;, + H,0 .

The rate constants are 13.3 x10° and 11.7 x1¢* (p.p.m) *min~?

for TML and TEL respectively.

According to the data of Harrison and Perry??, the con-
centration of lead tetra-alkyls in city air near motorways is
on average 0.1 ug m~3 and constitutes less than 5% of the
total content of lead, which agrees with Baba's results*’.

Between 80 and 100% of lead compounds found in the
exhaust gases of automobiles consist of the lead halides PbBr,,
PbCl,, PbBrCl, and the o- and B-forms of the double salt
2PbBrCl.NH,Cl. The composition and size of the particles
in the exhaust gases have been studied in detail®® using a
scanning microscope. It was found that the large particles
(>200 pm) contain mainly PbBrCl, 2PbO.PbBrCl, and insigni-
ficant amounts of PbSO, and Pb,(PO,),; the main lead com-
pound in 2—10 um particles is PbBrCl. Particles with a
diameter >5 um contain 20—30% Pb, those with a diameter of
1-5 um contain 50—70% Pb, and only 5% Pb is present in sub-
microparticles.

More than 90% of the particles in the exhaust gases have
dimensions less than 2 ym. Thus, as a consequence of the
high degree of dispersion of the particles in the exhaust
gases from automobiles, there is a high probability of the
penetration of lead into the organism via the respiratory
pathway. We may note that the concentration of lead in city
air has reached dangerous levels, bearing in mind that llitre
of petrol contains 200—600 mg of lead, 50—70% of which is
ejected into the air with the exhaust gases?*. The possible
ways of combating the pollution of the environment by lead
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involve the creation of fundamentally new engines and new
catalysts and the use of unleaded petrol. The results of
experiments have demonstrated a decrease of the lead content
in the parts of cities with a reduced automobile traffic?®.

3. The Lead Content in the Atmosphere and Its Biological
Action

Although the views on the mechanism of the absorption of
lead via the respiratory pathways are contradictory, it has
been suggested that a considerable proportion of the lead
breathed in enters the blood through the tracheobronchial sys-
tem. According to the data in Ref.21, 35% of the total
amount of lead breathed in enters blood.

Results obtained in the inhalation by rats, over 40—60 min,
of the aerosol of the exhaust gases from engines working on
petrol with added TEL containing the 2°%Pb isotope have been
published?®. The authors suggest that lead is absorbed by
rats mainly through lungs and not through the gastrointesti-
nal tract. It has been noted that lead assimilation processes
during inhalation are fairly similar in rats and in men, but
there are significant differences in the metabolism of the
assimilated lead.

Cantrell et al.?’ caused baboons to inhale Pb 0, dust
(particle diameter 3.2 um) at a concentration of 1.5 ug m ° in
the course of 4 h per day for 26 days. It was found that,
whereas the initial lead content in the blood was 9.9 ug/100 ml,
after 24 h of inhalation it rose to 19, and after two days to
41 ug/100 ml.

Data concerning the concentration of lead in the atmo-
spheric dust of large cities in the industrial centres of Canada
exceeding the natural concentrations by a factor of 18—300
have been published?®. Following the inhalation of 0.1 g of
dust with a lead concentration of 1500 ug g~!, which corre-
sponds approximately to its content in the dust of a medium-
scale industrial city, man accumulates up to 20 pg of lead.

In rural areas the absorption of lead with dust amounts to 5%
of its total daily intake (with food, water, and air), while in
a large industrial city it amounts to 60%.

People constantly exposed to air containing 4.5 pg m™3 of
lead (the concentration over large industrial cities) absorb
91 ug of lead in 24 h. Depending on the particle size, the
organism retains approximately 30—40% of the lead absorbed
in this way, which amounts to 36 ug in 24 h.?? In Philadel-
phia the level of lead in the blood of 11 women living in city
areas amounted to 29 ug/100 g and more, while the concentra-
tion of lead in the city air was 1.7 uyg m™3,2%

In many investigations it has been emphasised that the
level of lead in the blood depends on a multiplicity of differ-
ent factors and not only on the lead content in the atmosphere.
Thus a detailed study of the biological action of lead aerosols
on the inhabitants of Tokyo has been described®®. The limit-
ing concentration of lead in the atmosphere was 0.63 ug m~3,
The level of lead in the blood varied in the region of 16.8 to
18.7 pg/100 ml depending on the given person's place of
residence and occupation. However, a positive correlation
between the lead concentration in the blood and its content
in the atmosphere has not been established. No correlation
has been found either in a study®® of the biological action
of the lead content of the atmosphere on the inhabitants of 7
American cities, However, it has been shown®? that the
lead content in the blood of the inhabitants of Teheran is
closely related to street traffic; the lead concentration in
the blood increased with age and was higher in cancer patients
than in healthy people. In Italy tests were made on the level
in the blood of people living in industrial city regions and in
the region devoted to the ceramic industry®*. The average
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lead contents in the blood were respectively 26.02, 32.21, and
58.06 ug per 100 ml. The lead content in the blood was
higher in men than in women and higher in male smokers than
in non-smokers. Thus smoking can be regarded as one of
the ways whereby lead penetrates into the human organism.

It has been shown?® that the average level of lead in the
blood increases slightly under the influence of air with a lead
content of approximately 2 ug m™%; in the presence of this
amount of lead in air the lead concentration in the blood of
most people is approximately 30 pg/100 ml. It has been cal-
culated? that after exposure to an atmosphere containing
lead at a concentration of 2 ug m™ 3, the amount of lead
absorbed from respiratory pathways is on average 14 ug per
day. The average lead contents in the blood of city inhabi-
tants in different countries are 12.11g/100 ml,3°25 ug/100ml, 3¢
and 43 pg/100 ml. ¥

l11. CONTAMINATION OF THE SOIL AND PLANTS BY LEAD

1. Lead in the Soil Near Smelting Plants, Mines, and
Industrial Undertakings

The Clark level of lead in the Earth's core is 1.6 x 1073, 3¢
In the region of abandoned lead amines, smelting plants, and
industrial undertakings associated with the production of lead
and its compounds, the content of this metal in the soil, par-
ticularly in the surface layers, is much higher. Extremely
high concentrations of lead (>5000 ug g/~*) have been found
in the upper layers of soils in direct proximity to industrial
undertakings involved in the processing of scrap metal and
used batteries and outside the storage areas of factories
manufacturing batteries.

It has been shown®® that the lead content diminishes expo-
nentially with distance from the source of pollution. Analo-
gous data have been quoted in other investigations. Dust
and specimens of dirt collected on the surface of the Earth at
a distance of 1 km from smelting plants contained 3541 to
5466 ug g~! of lead, whilst at a distance of 2.5 km the con-
tent was 397 ug g~*. *® In many studies devoted to the
determination of lead in soil near industrial undertakings its
high content was also observed**™*3, It is noteworthy that
the lead concentrations in the soil of open spaces and playing
fields remote from industrial undertakings and automobile
highways were 800 pg g~* (in 900 soil specimens**).

Lead accumulates in the soil not only as a consequence of
its contamination by industrial waste, but, as mentioned
above, also as a result of the pollution of air by the exhaust
gases from motor transport. Near motorways, the concen-
tration of lead in the soil and in the dust covering plants is
enhanced. According to Strusinski's results*®, the highest
amounts of lead have been detected at a distance of 10 m
from the road; with increase of the distance from motorways,
the concentration of lead diminishes. It has been shown"®
that lead accumulates on the surface of soils in layers 0—5 cm
deep. Specimens taken from rice fields at a distance of 3 to
5 m from a motor highway contained 11—100 ug g~ of lead;
in specimens taken at a distance in excess of 3—5 m the Clark
level of lead was not exceeded.

The ability of lead to be absorbed by various soils is
extremely high. Thus, in a study of the distribution of
metal ions between the soil and a solution, it was established*’
that in the pH range 3.5—4.5 the degree of adsorption dimin-
ishes in the following sequence: Pb >Cu>Cd=Zn >Ca. The
absolute amounts of adsorbed ions increase with the concen-
tration in solution and the adsorption and desorption half-
lives are in the range 5—15 s. Since soil is a complex multi-
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component system incorporating fungi and enzymes in addi-
tion to organic and inorganic ingredients, it is to be expected
that lead will influence them. In an experiment designed to
investigate the influence of lead on the self-purifying capa-
city of soils it has been observed"“® that, among all the param-
eters of the biological activity of the soil, the activity of
enzymes is the most sensitive to the action of lead. Lead at
a concentration of 100 ug per 100 g of soil suppresses the
dehydrogenase activity of the soil to a fairly high extent. In
a study of the toxic effect of lead salicylate, acetate, and
oxide on soil enzymes it was found that the salicylate causes
the greatest inhibition of enzyme activity, while the oxide has
the least effect®, i.e. the most water-soluble compound
exerts the greatest influence.

2. Contamination of Plants with Lead

The possibility of the stimulating effect of lead at low con-
centrations on plants has been pointed out in Soviet studies®’-?,
but the problem of the relation between the lead concentra-
tions in the soil and the biological effect has not been solved
in the above investigations. In studies of recent years much
attention has been devoted to the establishment of a correla-
tion between the amount of lead introduced into the soil and
its effect on the development of plants. Thus it has been
demonstrated®” that the introduction of lead acetate into the
soil at a concentration of 100 mg kg™* and of lead carbonate
at concentrations of 500 and 5000 mg kg™* has a positive
effect on the growth and development of Khar'kovskaya-46
wheat. On the other hand, lead acetate at concentrations
of 500 and 5000 mg kg™* inhibited the growth of plants. The
different effects of lead salts are attributed to the low assi-
milability of lead carbonate as a consequence of its low solu-
bility and also to the change in the pH of the soil water after
the introduction of lead salts. No data were published in
the above study®? concerning the lead content in the plant
itself.

It has been stated®® that the introduction of lead into the
soil at concentrations up to 1000 ug g~! does not have any
effect on rye and oats sown in sandy loam. A further
increase of the lead concentration leads to a sharp decrease
of the rate of growth. The introduction of fertilisers does
not decrease the harmful effects of lead at its concentrations
in excess of 1000 ug g™*.

According to Vinogradov's data®*, the Clark content of
lead in plants is 1.0 x107"%. In regions with soils contami~
nated by industrial waste and automobile transport, lead has
been found to have been accumulated by plants. The accu-
mulation of lead by plants grown on soils with its different
contents has been investigated®. The results showed that
potatoes, cabbages, tomatoes, cucumbers, onions, and carrots
grown on soils with a lead content of 220—480 mg kg™! contain
2—5 times more lead than the vegetables grown under the
same climatic conditions but on soils with a lower lead content
(18 mg kg‘l). The authors?® conclude that the lead concen-
tration in vegetables is on average smaller by two orders of
magnitude than its concentration in the soil on which they
have been grown and that the accumulation of lead by plants
on lead-enriched soils compared with that on normal soils dif-
fers by a factor not greater than 10.

It has been established" that different plants are capable
of absorbing different amounts of lead under identical condi-
tions. The minimum amount of lead was found in the seeds
of leguminous plants—peas and beans. The maximum
amount was found in the leaves of the turnip and egg plant—
16.2 and 22.4 mg kg~ ! respectively. On average, the lead
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content in the majority of plants was 2—3 mg kg™'. When
lead was introduced into the soil in the form of an aqueous
solution of its acetate in doses of 50 and 100 mg per kilogram
of soil, the leaves of lettuce accumulated 17 and 32 times
more lead respectively than in control plants. For the major-
ity of plants, a proportionality has been observed between
the lead content in the soil and its accumulation in the plants.

The ability of lettuce to accumulate lead in appreciable
amounts has been reported in a study®® where the species
response of lettuce to lead was investigated. Nine species of let-
tuce were grown by the hydroponic method with addition of lead
to the nutrient medium at concentrations of 0.1-50 mg kg™*.
It was shown that low concentrations of lead (0.1~0.5mgkg™?)
stimulated the growth of the roots and leaves on the lettuce,
particularly in the early stages, while concentrations in
excess of 50 mg kg~* significantly inhibited the growth of
plants after 4-6 weeks. Differences in the responses of
the lettuce species considered, characterised by similar
morphological structures, were discovered, which indicates
a genetic regulation of the physical mechanisms of the
assimilation and transport of lead in plants. It has been
suggested that species selection will make it possible to
obtain plants with a reduced capacity for the accumulation
of lead and hence to reduce to a minimum the risk of the
introduction of lead into the organism with food. The
important conclusion has been reached®® that the lead con-
tent in pea plants grown in pots with a lead-contaminated
soil is correlated with the level of the water-extractable
lead and not with its total content in the soil.

As noted above, roadside plants in the vicinity of a
highway with intense motor traffic or near industrial under-
takings contain much more lead than plants in regions not
subjected to the influence of automobile transport and
industrial pollution. Thus the lead content in grain cereals
grown on lead-contaminated soils is appreciably increased®’.
In the immediate vicinity of a motor highway grass was

found to have a maximum lead concentration of 206 mg kg™?. 5°

In the course of a number of years Ocker and cowork-
ers®®~® investigated the content of mercury, lead, and cad-
mium in specimens of wheat and rye and in their processing
products. It was established that lead is present in the
grain in amounts of 0.1-0.2 mg kg™ and is concentrated in
its outer layers. The lead content is associated with the
region in which the plants are grown and is particularly high
in fields located near industrial centres. In the course of
the husking of the grain up to 70% of lead is removed;
approximately 40% of the lead contained in the grain enters
the flour in the milling of the Canadian "durum" wheat. It
has been shown®® that a daily intake of 3 mg of lead by the
human organism is harmless to health. It has been pointed
out that the permissible lead content in food products is
£0.5 mg kg™'. In a number of studies it has been emphasised
that, provided that technical instructions as regards the
growing and gathering of the crop are adhered to, there is
at present no acute risk to the health of people due to the
contamination of food products by lead in connection with
automobile exhausts.

Studies over a period of many years®?”°*have demonstrated
the ability of lichens to accumulate the radioactive isotope
“1%pb. Natural breakdown in the 2*’Ra chain is the source
of supply of **°Pb into the biosphere. The long half-life of
*1%ph ensures a global distribution of the isotope in the
atmosphere and its uniform deposition on the Earth's surface.
The ability of lichens to accumulate lead is responsible for
the increase of lead concentration in all parts of the chain
lichen—deer—man. According to the data of Litver et al.®?,

1 kg of dry lichen contains 7.6 x 107° Ci of 2*°Pb.
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There are literature data concerning the ability of fungi
to concentrate lead®%:%®, Lead at a concentration of 5.34—
80.98 mg kg~! has been detected in the majority of puff-balls
collected at a distance of 23—24 m from an automobile high-
way. The metal concentration in the washed and unwashed
fungi was virtually the same, its greatest amount being
located in the fungal caps®®. According to Schnellmann and
Opitz®®, the greatest amount of lead is contained in the
fungus Psalliota campestris—the common mushroom-—1.0 mg
per kg of dry weight.

3. Lead in Seaweed

Many types of seaweed as well as terrestial plants are
able to accumulate heavy metals. It has been established®’
that, in the presence of sufficient illumination, thick growths
of certain seaweed contain lead in an amount exceeding 70 g
per kilogram of dry mass. Careful washing of seaweed in
fresh water removed less than 10% of the bound heavy metals.
Exposure of seaweed specimens to dissolved lead salts led to
a rapid exchange of the Na*, Ca?*, and Mg2* ions, which
are intracellular cations and are bound to the outer surface
of the walls and plasmatic membranes. When seaweed is
exposed to lead acetate (lead concentration of 100—500mg kg™,
extremely high losses of organic material occur, which indi-
cates cell damage®®.

Experiments with natural thickets of seaweed have shown
that in the vicinity of industrial waste heavy metals such as
lead can accumulate to considerable levels without any appa-
rent physiological harm to the aqueous organisms. It may
be that incorporation of heavy metals along the cell wall pro-
tects the normal state of the metabolic enzymes and the cell
structure. However, no attempt has as yet been made to
determine the relative abundance of the physiologically harm-
less lead within the cell or on its envelope. Plants collected
at a site where industrial waste is released contain excess
amounts of heavy metals. Thus in its habitat in the bays of
the Sea of Japan, where the lead concentration in water is
0.01 mg litre™*, the plant Ulva fenestrata contains 5.4 times
more lead than in a control, uncontaminated bay®®.

The authors explained the increased lead content in sea-
weed by the affinity of lead for the sulphydryl groups of
proteins. It has been noted that changes in the geochemi-
cal factors of the medium in a polluted bay led to the adapta-
tion of the water plants to the change in its mineral composi-
tion. The slow influence of lead on cell growth as a result
of its slow accumulation has also been noted in other investi-
gations. Thus the influence of copper and lead on the
growth of pigmentation of seaweed has been studied’’. Even
low lead concentrations tend to reduce the amount of chloro-
phyll and carotenoid. In addition, the generation of oxygen
under illumination is suppressed, However, lead should not
be regarded as extremely toxic to seaweed. It has been
shown’! that the accumulation of lead by seaweed and water
plants is associated with the pollution of the underlying soil
when snow collected from cities with intense motor traffic is
disposed of in water basins.

The toxicity of TML in relation to the freshwater alga
Scenedesmus quadricauda has been investigated’?. When
biologically generated TML from a container with a lead solu-
tion at a concentration of 5 mg litre™! is bubbled through a
medium containing an alga, the cell growth of the latter is
reduced by an amount ranging from 85 to 32%. Cells exposed
to the action of lead tend to aggregate. Changes were
observed in their fine structure.
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IV. LEAD IN THE HYDROSPHERE

According to Chow's data’®, lead compounds are introduced
into the oceans with continental water in an average amount
of 1.7x10'° g annually. The main contribution of lead to
the hydrosphere comes from industrial waste water, the pre-
cipitation of radioactive deposits, and the use in river trans-
port of motors driven by petroleum fuels. It has been esti-
mated’* that the lead content in the surface layers of fresh
water has increased from prehistoric times up to the present
by an amount ranging from 0.5 to 5 ug litre™*.

As mentioned in the previous sections, the transport and
distribution of lead from various sources takes place mainly
through the atmosphere. Large lead~containing particles
are deposited along the roads and are responsible for the
high level of lead in soils. Aerosols with smaller particles
are transported by wind and are dispersed around the terres-
tial globe. On precipitation of snow and rain, these lead
compounds are "washed out" of the layers of the atmosphere
and enter the soil and the hydrosphere. Naturally the lead
content in rain water is correlated with its local content in
air, the intensity of motor traffic, and the degree of indus-
trialisation of the region. According to the results of Droz-
dova and Machon'ko”®, the average concentration of lead in
rain water at 16 points in the European territory of the USSR
was 5.5 ug litre™* in 1968—1969. Andren and Lindberg?’®
found that the average deposition of lead with rain is 20 g
per hectare per month. The lead content in the river waters
of South Western France has been determined’” and it has
been noted that it varies from 14.4 to 0.2 ug litre™* and that
the precipitation of lead in atmospheric rain is higher than
its transport in river water,

1. Lead in Polar Ice

The study of polar snow, frozen layers of which permit the
determination of its chronological age, is a reliable means of
estimating the anthropogenic contribution of lead to the
environment as a function of time. The results of studies of
the concentrations of 12 heavy metals, including lead, in the
snows of Western Antarctic from 1914 to 1974 have been pub-
lished’®. It was found that snow became greatly enriched in
lead, cadmium, copper, zinec, and silver as early as 60 years
ago and that the enrichment factors found in 1914 were com-
parable to those determined at the present time. The con-
centrations of the heavy metals were higher than expected on
the basis of their average values for the Earth's core and
seawater, the values for lead being 0.018 and 0.04 ug kg *,
depending on the kind of filter used. The authors’® believe
that the sources of the heavy metals in polar snows may be
their emission from the surface microlayers of the oceans and
from plants as well as human activity. However, they believe
that the most probable source is volcanic activity, since the
changes in the concentrations of metals with time agree with
the historic records of volcanic aerosols. Evidence that
volcanic aerosols can reach the Antarctic ice cover had been
published previously”®.

The results of the above study’® agree with those obtained
by other workers. Thus, according to Murosumi et al. %,
the lead content in specimens of Antarctic snow after 1916
was 0.01 ug kg™!. In northern Greenland the lead concen-
tration proved to be higher than in the Antarctic. The lead
content in the ice layers of Greenland extrapolated to 1753,
which corresponds to the beginning of the European indus-
trial revolution, is 0.011 ug kg™*. This concentration
exceeds by a factor greater than 25 its natural level. During
the period from 1933 to 1965 the metal concentration increased
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to 0.20 ug kg™!, which exceeds the natural level by a factor
of 500. The authors® explain this increase of the lead con-
tent in polar ice by the contribution of smelting operations,
the combustion of coal, and the use of lead-containing anti-
knock additives, which began actively in 1940.

Sanak and Lambert® investigated the variation of the con-
centration of ?1°Pb in the ice cover of the South Pole as a
function of the depth from which the specimen was collected.
92 specimens collected from depths down to 18 m were ana-
lysed, which showed that between 1920 and 1954 the lead con-
centration increased. The authors explained this either by
a change in the rate of the accumulation of snow or by an
increase of the concentration of 2°Pb in the snow. Possibly
both factors operated simultaneously.

2. Lead in Fresh Water

The concentration of lead in fresh waters depends on the
site from which samples are removed, on the time of the year,
and on the distance from industrial regions. A review’® pre-
sents the results of the determination of lead in fresh waters.
Lead was determined during the period 1956—1975in 42 sources
of water located in different parts of the Earth. It was found
that the average lead concentrations in fresh waters vary
from 1 to 24 ug litre™* and in the majority of rivers and lakes
are in the range 1—10 pg litre™".

Higher amounts of heavy metals are located in the surface
microlayer and in the foam generated by wind on the surfaces
of rivers and lakes. The foam and the surface microlayers
can also be enriched in aliphatic acids, esters, alcohols,
chlorinated hydrocarbons, microelements, and organic and
inorganic forms of phosphorus, nitrogen and carbon. The
enrichment of the foam in heavy metals takes place as a result
of the pollution of the surface of water by the metals, the
retention of material particles in the surface film and in air
bubbles, and the atmospheric contribution.

The foam collected in 1973—1974 at the southern and west-
ern coasts of Lake Mendota has been analysed®. The foam
specimens were collected in plastic cylinders and, after desta-
bilisation in the dark at 4 °C for 24 h by the voltamperometric
method, the heavy metal content was determined. It was
found that 27—28% of the metal from the destabilised foam is
present in the dissolved phase. A considerable proportion
of the dissolved metal is bound in complexes with organic
substances or is associated with the colloid phase. The
average lead concentration in the foam is 2.21 mg litre™*. The
average enrichment factor in the solid fractions was found to
be a maximum for lead (1580), being 800, 235, and 80 for the
remaining metals (Cd, Zn, and Cu respectively). It is note-
worthy that the surface layers and foam have so far been
little investigated from the standpoint of the accumulation of
lead and other heavy metals.

At the sites of the disposal of city and industrial waste
the lead concentration is appreciably increased and can reach
1000 ug litre™? and more. In connection with the struggle
for the protection of the environment, industrial undertakings
nowadays have purifying equipment to protect water resources
from contamination by waste water. "Rules for the protec-
tion of surface water from contamination by waste water",
defining the conditions for the disposal of waste water and
specifying norms for the quality of water are operative in our
country. The limiting permissible concentration (LPC) of
lead in reservoirs for sanitary and domestic consumption is
0.1 mg litre™1; tetraethyl lead must be absent (within the
limits of the most sensitive research method)®?. The follow-
ing values of LPC have been established for radioactive iso-
topes®: 1x1077 Ci litre™* for 2°%Pb; 1x107*! Ci litre™* for
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#%pp; 5x107° Ci litre™* for 2!'Pb. When waste water is
released within the boundaries of any inhabited site, the
requirements established as regards the composition and pro-
perties of the water in a given body of water must apply to
the waste water itself, since in practice one cannot hope for
dilution and self-purification®*.

The limiting permissible concentration of lead in drinking
water, amounting to 100 ug litre™, has been established by
the World Health Organisation (WHO); the same quantity has
been adopted as the LPC in the Soviet Union. A limiting
level of 50 ug litre™* has been established in the USA and
Canada, while in Sweden it is 20 ug litre™*. Many investi-
gators suggest that the LPC for lead established by WHO
be reduced. Thus it has been proposed® that a limiting
concentration of lead of 30 pg litre™! be established.

In certain countries where lead pipes are used in the water
supply drinking water can contain increased quantities of
lead. This applies to regions with soft water giving aweakly
acid response in which the solubility of lead is enhanced.

The average concentration of lead in such water usually varies
in the range 50—100 ug litre™! and in certain cases it reaches
2300 ug litre™>. Cases of an increase of the lead concentra-
tion in water to 600 ug litre™! are known; when the lead
pipes in the water supply were replaced, the concentration of
lead in water fell to 3 g litre™!, 86

3. Lead in Sclid Deposits

The lead contents of solid deposits in rivers, lakes, and
seas are various and depend on the geochemical conditions
and the anthropogenic contribution. The concentration of
lead in the solid deposits removed from various regions near
Long Island (USA) varies in the range 200—350 ug litre™*. &7
The concentration of lead on the surface of the deposits from
the Lake Ontario, amounted to 120—137 mg kg~ 2. ®®

The distribution of heavy metals in the solid deposits and
waters of the Amur Bay has been investigated®® and the
degree of contamination of the deposits in the Golden Horn
Bay, where there is a large anthropogenic contribution, has
been established. The degree of contamination of the
deposits in the latter bay decreases in the sequence Pb >Hg >
Cd>Zn >Cu >Cr. The ratio of the average concentrations
of the elements in the deposits of the Golden Horn and Amur
Bays has been adopted as an index of the contamination of
such deposits.

For lead, this quantity amounts to 11.1 (solid deposit) and
1.6 (water near the bottom). The above coefficients show
that the lead content in the deposits of the Golden Horn Bay
is much higher than the background concentration, which is
due to the high sorption capacity of the deposits and the low
mobility of the metal in the latter. The local character of
the increase of the concentration of heavy elements, asso-
ciated with the disposal of pollutants in the water of the bay,
has been emphasised: the concentrations of the elements in
the deposits removed from the mouth of the bay is reduced.

The deposits in Newport Bay (California) were analysed®®
by three independent methods, It was found that the con-
centrations of zine and lead increase in the upper layers
deposited since 1955, when industrial development began in
the catchment area.

The compositions of the solid deposits from different bodies
of water are different. In those places where argillaceous
rocks predominate, the sorption of ions by clay particles
takes place via ion-exchange processes and under the influ-
ence of adhesion forces. The overall sorption capacity of
clays in relation to heavy metal ions depends on the mineral
composition and on the pH of the medium®*. With increase
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of pH, the sorption capacity of clays as a rule increases as
a consequence of the formation of stable hydroxo-complexes.

4. Chemical Forms of Lead in the Hydrosphere

The complexity of the behaviour of metals in the hydro-
sphere is due to the presence in water of a large amount of
organic and mineral compounds of abiotic origin and those
which are formed in the course of the vital activity of water
organisms and as the result of their natural death or mass
destruction due to unfavourable conditions. These are
nitrogen-containing substances, organic acids, aminoacids,
vitamins, hormones, and inorganic salts.

The determination of the overall concentration of trace
metals in natural waters in order to establish the degree of
their toxicity to water organisms and plants can yield erro-
neous results. Depending on the chemical formof the metal,
water with a high lead concentration can be less toxic than
another type of water with a lower lead concentration. The
ionic form of lead is more toxic to organisms than lead bound
in a complex and the greater the stability of the complex the
lower the toxicity. The chemical behaviour of lead in the
hydrosphere constitutes a problem which has been little
investigated. Problems associated with the form of thechem-
ical compounds of lead contained in the solid deposits have
been inadequately studied; it is known that lead is present
in the form of such compounds in fresh water and sea water.

The chemical simulation of the nature of the trace metals
in water has been carried out®. A study was made of the
behaviour of heavy metals, including lead, in the presence
of inorganic ligands (CO% , S0Z™, CI”, Br™, F~, NH,, PO{",
and OH™) and organic ligands [ethylenediaminetetra-acetic
acid (EDTA), citrate ions (Cit), histidine, cysteine, and
aspartic acid]. The adsorption of metals on the surface of
Si0, has been studied. It has been established that at pH <
7.1 lead exists in the form of Pb2* ions; above this pH, lead
is present as PbCO; and hydroxo-species. The sum of lead
carbonate and its hydroxo-complexes does not exceed 15%.
The complexes with sulphate, chloride, and bromide ions
exist in very small amounts. The study of the behaviour of
lead in the presence of organic ligands has shown that com-
plete binding in the complex takes place at [EDTA] =30[Pb].
Appreciable binding of Pb2* by citrate ions takes place when
the ligand concentration is more than a factor of 10 greater
than that of the metal; thus 30% of lead is bound in the form
of complexes at [Cit] =100[Pb). The distribution of lead
between water and the sorbing surface depends on the
accessibility of the latter. With increase of the surface area,
the degree of adsorption of metals increases. Copper(II)
is most readily adsorbed on Si0, and is followed in this respect
by lead(II) and mercury(II).

In a deposit—water system lead also exists in different
forms. Part of the metal can remain in the intermediate water
in the form of free or complex ions and can combine with solu-
ble inorganic and organic substances, can be adsorbed on the
surface of the deposits, or can be incorporated in the crystal
structure of the latter.

The behaviour of different organic substances and heavy
metals in the deposit—sea water system under various oxida-
tion-reduction conditions has been investigated®®. The
authors studied three typical forms of natural solid deposits—
clay, silt, sand, and the water above these deposits. The
lead content in the specimens of the deposits was 177, 93.6,
and 64.8 mg kg, while the natural level is 20—-50 mg kg™*;
the lead content in sea water corresponding to the deposits
was 0.10, 0.04, and 0.08 ug m™%. Oxidising conditions were
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established by reducing the pH from 8.2—8.4 to 7-7.5; reduc-
ing conditions were created by increasing the pH from 6.8 to
7-7.5. Under oxidising conditions, the amount of lead lib-
erated from the deposits increased, while under reducing
conditions it decreased compared with the natural level of
lead in sea water. This can be explained by the formation of
an insoluble sulphide. The solubilities of PbCO; and PbS
(the compounds of which it is proposed to monitor), the for-
mation constants of the principal species existing under spe-
cific conditions, and their percentage contents relative to

the total concentration of soluble lead have been calculated®®.
Experimental data show that the type of deposit (clay, silt,
or sand) does not control the direction of migration of the
elements, which is regulated by the chemical composition of
the water; the oxidising or reducing conditions are a funda-
mental factor.

V. THE EFFECT OF LEAD ON LIVING ORGANISMS

1. Lead in Animal Organisms

There is virtually no evidence in the literature concerning
the biological necessity for lead to maintain the vital activity
of an organism with the exception of a few publications. It
has been reported®* that the addition of 1,0~2.5 ug g™* of
lead (as the acetate) to a diet lacking this element increased
the growth of rats by up to 20%; lead oxide and nitrate
showed the same effect. Some dataindicate that small amounts
of lead have neither a favourable nor an undesirable effect.
An experiment in which sheep were fed paper from news-
papers and magazines (23% of their rations) in the course of
175 days has been described®s., The lead contained in the
paper accumulated in animal tissues, but histopathological
studies with the aid of an electron microscope did not reveal
any damage associated with the diet.

However, the majority of investigations on animals have
shown that even a slight exposure to lead induces visibie
changes in the microstructure of the kidneys and the liver,
affects the blood circulation, alters the central nervous sys-
tem, and diminishes the reproductive function®¢~%. The
biochemical effect includes the inhibition of the activity of
erythrocyte aminolaevulinate dehydratese (ALD), an increased
elimination of §-aminolaevulinic acid (ALA) with urine, and an
increased concentration of lead in the blood®®. The reduc-
tion of the activity of ALD entails a disturbance of the syn-
thesis of haem. In addition, lead inhibits the decarboxylases
of coproporphyrinogen and uroporphyrinogen.

The inhibiting effect of PbCl, on the activity of adenosine
triphosphatase has been demonstrated'®®. After the intro-
duction of neutral lead acetate in the experimental lead intox-
ication of rats, an increase of the content of nucleic acid in
the liver and in the kidneys was observed. The increase of
the DNA and RNA concentration was proportional to the lead
dose administered'®’. Lead can be regarded as a weak muta-
gen, since a slight increase of chromosomal aberrations was
observed under the influence of the maximum dose tested
(0.05 mg kg~1).1°2 It has also been established that lead
disturbs the normal replication and genetic processes in the
cell at doses much lower than those required for the appear-
ance of signs of toxic activity9%1%*,

Data concerning the lead content in the blood together
with other factors determining the state of animals have been
published in numerous investigations. Thus an increased
content of lead in the blood, heart, and aorta of rabbits with
atherosclerosis induced by a cholesterol-enriched diet!’® and
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an increase of the concentration of lead in the blood of mon-
keys under the influence of psychological stress*’® have been
reported.

It has been demonstrated on experimental animals that a
deficiency of certain biogenic elements and vitamins as well
as a high content of fats in food increase the toxicity of lead.
Enhanced poisoning with lead occur in the presence of an
excess or deficiency of protein in the diet. A deficiency of
mineral components increases to the greatest extent the
toxicity of lead, particularly in the presence of a deficiency
of elements such as calcium, phosphorus, iron, zinc, and in
certain cases copper!®”1°®, A hypothetical mechanism of the
enhancement of the toxic effect of lead in the presence of low
contents of calcium in the food, based on the hypothesis that
the observed retention of lead in the organism is due mainly
to the decrease of its excretion and not an increase of its
assimilation in the gastrointestinal tract, has been discussed
in a review'®®. Other workers®'® arrived at the same conclu-
sion. They did not observe significant differences in the
assimilation of 2°°Pb by rats receiving for two weeks a diet
with low and high calcium contents, but in the presence of a
deficiency of calcium in the diet a decrease of the excretion
of lead and its accumulation in the organs and tissues were
observed.

The iron deficiency in anaemia promotes an increased
assimilation of lead in the gastrointestinal tract of rats:!,
while in a lead-intoxicated embryo the incorporation of iron
in liver haem was greatly depressed!*?. A vitamin E defi~
ciency in poisoning by lead induces anaemia in rats1®%,
Like other heavy metals, lead blocks the SH groups of
enzymes't1s,

Wild animals, fish, and birds are constantly subjected to
the action of lead in the environment. Cases of acute poison-
ing of migratory birds by lead are known. Thus the concen-
tration of lead in the kidneys and livers of geese, found in
Canada, which were either dead or too weak to fly, proved to
be 9.21-102.56 pg gt 12¢

An interesting method for the determination of lead in the
environment has been proposed by Stone et al.**’. In the
course of two weeks, ten-day old Japanese quails received a
diet containing 14.8—1223 pg g~! of lead. With increase in
the concentration of lead in the diet, the latter accumulated
in the tissues; at the end of the experiment the duodenum,
the kidneys, the liver, and the shin-bone contained 16.76,
20.18, 3.8 and 1527.1 ug g~ ! respectively. The relation
between the lead content in the tissues and in the diet was
virtually linear. The results obtained can be used, accord-
ing to the authors'!’, to determine the lead content in the
environment by a biological method.

It follows from the literature data that, among domestic
animals, horses are most susceptible tolead intoxication!®-12°,
The kidneys and liver of horses from North Western Saxony
(Federal Republic of Germany) contained 0.4 and 0.9 ug g!
of lead respectively, which is 2—3 times more than its content
in the organs of horses from Poland!?’. To prevent the risk
to human health, the authors recommend that the liver and
kidneys of horses be declared unsuitable for use in food and
that horse meat should always be tested for lead content.
Horses in regions polluted by smoke from industrial undertak-
ings producing lead have shown symptoms of poisoning by
lead and the organs and tissues of young animals were less
contaminated than those of old ones. Analtysis showed that
hay and fodder grass were contaminated by lead in this
region?!®,

Attention should be drawn to the possibility of the lead
poisoning of cattle grazing along highways with heavy auto-
mobile traffic. An increased concentration of lead in the
internal organs of cattle, pigs, sheep, and horses has been
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noted in regions located near the sources of the pollution of
the environment by industrial waste and under the conditions
of a large consumption of green fodder. On the basis of
data concerning the average annual consumption of meat, the
average weekly intake of lead by the human organisms has
been calculated as 0.006 mg.**® The meat of 180 cows has
been analysed'?! and the average lead content in the fresh
meat proved to 0.31 mg kg™, which is higher than the maxi-
mum amounts found previously.

The considerable accumulation of ?*°Pb in the muscles of
deer in the extreme north of the USSR, exceeding its content
in the muscle tissue of deer in Finland and Sweden by a
factor of 10, has been noted®*. The accumulation of 2*°Pb
in the bone of deer depends on the age of the animals. Five
to six-fold seasonal variations in the content of radioisotopes
have been noted—maximum amounts are observed at the
beginning of spring and minimal amounts in the autumn; the
average 2!°Pb concentration in the bone of deer proved to be
8.3x107° Ci kg™! according to the determinations in 1967 to
1968. 54

It is believed!?? that the prolonged exposure of animals to
lead at concentrations up to 25 mg kg™! does not entail a sig-
nificant intake of the element by the organisms of people
utilising food products prepared from the meat or obtained
from these animals. A large amount of the lead taken up by
animal organisms is deposited in the bones, mainly in an
inert form. In the determination of different elements in 20
specimens of the bones of domestic animals lead was found
in the concentration range 1.5-8.5 ug g~t.28

2. Lead in Aquatic Organisms

The toxic effect of lead on fish, molluscs, etc. depends
on factors such as the form of lead, the duration of exposure,
the type of water, and the specific features of the aquatic
organisms. It has been established® that a lead concentra-
tion of 0.1-15 mg litre™? is acutely toxic to fish; lead arse-
nate at a concentration of 17.1 mg litre™* does not harm small
fresh water fish in the course of exposure for 1 h, while at
a concentration of 25 mg litre™! it leads to the death of the
fish in the course of 24 h.

Lead can be biologically concentrated at all levels of the
water food chain. The ability of sea organisms to concen-
trate elements at higher levels than those found in their
environment has been known for many years. Lead concen-
tration factors in the sea biosphere have been established’?*;
they amount to 700 for seaweed, 40000 for the phytoplankton,
3000 for the zooplankton, 4000 for molluscs, and 40 for the
muscles of molluses. It has been shown'?® that the lead
content in the crude mass of the zooplankton varied from 0.3
to 1.5 ug g~! in 1972 and from 0.2 to 2.6 ug g~* in 1974,
Approximate lead accumulation coefficients in the zooplankton
amounted to 3.5 x10° (for a lead content of 0,06 ug litre™ in
the water of the Atlantic Ocean) and 8.8 x 10* (for alead con-
tent in the water of 0.003 ug litre™*),

Tissues of the oysters in the Missouri Basin contain
0.77 ug g~* of lead'®®, The tissues of the oysters and mol-
luscs in the coastal waters of Tasmania contain lead within
limits not exceeding the permissible sanitary norms??’, As
in the case of animals, the liver and kidneys of fish accumu-~
late lead selectively'2®, Fish from different lakes in Poland
and the Baltic Sea have been analysed*?® for heavy metals.
The average level of lead was 0.199 ug g~* and the highest
level (2.64 ug g~!) was found in the beluga. In some
investigations it has been noted that the accumulation of
heavy metals by fish depends not only on the pollution of
water by industrial waste but also on the species of the fish,
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their age, and their size. The accumulation of metals is
proportional to the length and weight of fish!3°. External
tissues (shells, scale, and skin) contain higher concentra-
tions of lead than internal organs, which is due to the partial
adsorption of metals from sea water and especially to their
release from the organisms in the course of detoxication. Like
other heavy metals, lead probably forms complexes of mucous
membranes, gills, or body surfaces.

3. Lead in the Human Organism

Food products are one of the main sources of the lead
intake in the human organism under normal living conditions
and the lead content must be monitored. The lead content
in certain dietary products has been determined!’! by atomic-
absorption spectrophotometry; the results in ug/100 g, are
as follows: 90 in the tissues of the cod, 17 in the crab, 115
in the pig, 104 in the rabbit, 8 in apples, 23 in nuts, 160 in
tea, and 30 in coffee. Apart from the pathways discussed
previously, lead enters food products from the packing.
Thus preserved orange and tomato juice absorbs lead from
cans during storage—orange juice to a greater extent than
tomato juice'*2. On the basis of the results of the investi-
gation, it is suggested that the maximum permissible lead
concentration in preserved fruit and vegetable juices is
0.4 mg litre™*. As a result of contact with metallic caps,
carbonated drinks are also contaminated with lead®®., Lead
can migrate from porcelain ware into its contents. It has
been established™®" that it is extracted in greatest amounts
into a 4% solution of acetic acid (0—3 mg litre™® in 24 h at
room temperature).

The lead content in food varies from 200 to 300 ug per
24 h.2° Approximately 10% of the lead is extracted from
food in adult humans in the gastrointestinal tract. Since
the degree of absorption of lead by children is much greater
than by adults (approximately 50% of the lead in food is
assimilated), its daily consumption must not exceed 150 ug.
Analogous results have been presented in another communica-
tion!3,

Children, particularly embryos and newborn babies, con-
stitute a group particularly susceptible to lead. This
observation is associated not only with the unusual assimila-
tion of lead by the child's organism but also with the fact
that children can accidentally absorb much more lead than
adults. Many instances of the poisoning of children who
have eaten lead-based paint have been recorded. The lead
content in four specimens of paint has been determined by
atomic absorption metnods*®’ and has been found to be con-
sidérable; 5114, 2651, 1630, and 1350 mg kgul.

Lead enters the bodies of children also with dust and dirt.
Day et al.®® determined the potential risk to the child's body
due to the lead contained in school yards, kindergartens,
playing fields and city streets. The lead content in samples
of dust, sand, and earth has been found by'atomic absorption
spectroscopy; it varies in the range 570—2130 ug g™ 1.
According to the authors®®®, the increased lead content in the
blood of city children up to the age of five:is due to the
intake of lead with street dust. The frequency of lead poi-
soning among children is directly proportional to the degree
of industrialisation of the region and is directly related to
the amqunt of food consumed by children. Protein deficiency
in children enhances the toxic effect of lead on the organism
and its deposition in tissues. Vitamins E and C and various
preparations containing ca?”, Cu, Zn, Fe, and Se reduce the
toxicity of lead, which can be used in the treatment of poi-
soning by heavy metals'®®., Numerous studies devoted to
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lead intoxication in children are also related to the non-spec-
ificity of the symptoms, which hinders the diagnosis of the
intoxication of children, particularly at an early stage.

As in animal organisms, lead inhibits the activity of the
enzyme ALD in the human organism. On the basis of the
correlation observed between the level of lead in the blood
and the ALD activity, it is suggested that the latter be
determined to estimate the level of lead in the blood in mass
investigations and in the cases where lead acts at low concen-
trations*®™1%2,  Other works!*®** believe that the deter-
mination of Zn-protoporphyrin in the globin fraction which
incorporates it in place of haem in the presence of lead is a
particularly valuable method; this parameter is better corre-
lated with the degree of damage to the nervous system and
the generation of blood than the concentration of lead in the
blood. Lead in the human organism interacts with nucleic
acids, proteins, and cell membranes'*®, accumulating in vari-
ous organs and tissues, Organic lead compounds accumu-
late in tissues with a high lipid content, while inorganic
compounds accumulate in bones™. According to a report*¢,
the levels of lead in the liver, blood, and bones of human
beings not subject to lead intoxication are respectively 0.447,
0.026, and 4.002 mg kg™*.

The role of urbanisation in the deposition of lead is
reflected in the results of a study by Grandgean et al. ",

It was established that the lead content in the bones of the
inhabitants of Nubia is ten times lower than in the bones of
the inhabitants of Denmark, while the lead content in the
teeth of Nubians is thirty times lower than among Danes.
Lead is one of the elements detected in dental enamel in dif-
ferent amounts. It proved to be the only element present in
food products whose concentration is strongly and directly
related to the incidence of caries.

In regions associated with the manufacture of lead, its
increased content in hair has been noted*®. It is suggested
that hair be used as an indicator of the pollution of the
environment by heavy metals, since these elements remain
in hair for a long time after contact with them has ceased*®.
According to the data of the Pan-American Health Organisa-
tion, lead concentrations in hair less than 70 ug g ! are non-
toxic to man**®.

Complex forming agents such as EDTA, also employed in
therapy, are used to diagnose lead intoxication. The con-
centration of lead is determined from the increase of the
urinary excretion of the lead complex of EDTA after the injec-
tion of Na,Ca.EDTA.!%® There have been reports of the
effectiveness of the treatment of chronic intoxications with
penicillamine, cysteine, and citric acid'!. It is believed*5?
to be useful to employ aqueous solutions of sodium pectate
for the prophylaxis and treatment of lead intoxications. The
protecting effect of tannic acid has been reported!ss.

—---000-——

It follows from the data presented that lead is a complex
pollutant of the environment entering the organism via dif-
ferent pathways. Bearing in mind the ability of lead to
accumulate and the large number of sources of lead in the
environment, its danger is evident. On the basis of the
latest studies, many investigators suggest that the limiting
permissible amounts lead established previously be reduced.
Thus it has been suggested that the PLC of lead in drinking
water be set at 30 ug litre *; %5 for children, the authors2®
propose a norm not exceeding 1 ug m~? of lead in air or
50 ug g lin dust. A norm of 40 pg/100 ml of lead in the
blood has been suggested?® as more acceptable than the pre-
vious norm of 80 ug/100 ml adopted at the XVIth Combined
Committee of FAO/WHO experts on food additives.
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