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Food pollutants and child health with special reference 
to the situation in the Aral Sea region in Kazakhstan 

By Rolf Zetterstrom 

Abstract 
Despite all progress in child health during this century, a number of hazards, which also may 
cause severe consequences in adult life, still remain. Thus, it has become obvious that 
environmental pollutants, which are found in various food products and drinking water, 
constitute a severe threat to human health and particularly for young children. Among such 
compounds, different organochlorins, such as pesticides for the control of parasites (DDTs, 
HCHs), and products of industry and agriculture such as dioxins and dioxin-like compounds 
(PCBs) are much discussed, as well as organic mercury and heavy metals (lead and cadmium). 

Consequences of acute intoxications with PCB have been documented in Japan following the 
ingestion of rice oil contaminated by PCBs. In Sweden birth weight has been found to be reduced 
and perinatal mortality rate higher than expected in regions with high consumption of fat fish and 
in that children who have been exposed to PCBs in utero have retarded cognitive development. 

From the Aral Sea basin in Central Asia it has been reported that the population has been 
subjected to a long-term exposure to various organochlorins which in very large quantities have 
been distributed over the cotton fields. These com ounds which are resistant in nature have P entered the food chain leading to humans. As a consequence, organochlorins which have 
accumulated during fetal life continue to do so postnatally. The concentrations may be high in 
human milk. Children living in the Aral Sea region have poor health with high morbidity and 
mortality, high rate of chronic diseases and retarded development. They are subjected to many 
health hazards due to poverty and environmental pollution. 

By proper epidemiological studies, it may be possible to obtain accurate information about the 
health risks of people who are exposed to environmental pollution from organochlorins, and also 
to device means of improving the situation. 

Introduction 
During the last 50 years, child health has 
improved in affluent countries to an ex- 
tent, which has far exceeded the most 
optimistic expectations in the middle of 
this century. Due to better living con- 
ditions and efficient maternal, obstetric 
and neonatal care, perinatal mortality has 
declined to 115 of the rate in 1950, as 
shown in Figure 1 (1). In addition, a con- 
tinuous improvement in nutrition and con- 
trol of diarrhoea, respiratory infections 
and other infectious diseases have 
contributed to a rapid decline of infant and 
childhood mortality rates as exemplified 
by the secular trend in Sweden as is also 
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shown in Figure 1. The increasing pre- 
valence of breast-feeding during the last 
25 years, which is particularly obvious in 
the Scandinavian countries (Figure 2), is 
another favourable factor for the im- 
provement of infant health. 

However, despite all progress that has 
been made, a number of hazards to child 
health, which also may cause severe 

consequences in adult life, still remain. 
For instance, the increase in the incidence 
and prevalence of such immunopathologi- 
cal conditions, as atopic disease (2) and 
insulin dependent diabetes (3) in Sweden 
and several other European countries, cau- 
ses great concern. New severe problems 
are also seen in the field of infectious 
diseases, such as the appearance of HIV 

Figure 1. Rates of still-birth, first day, first week, first month and first year mortalities 
in Sweden 1945-1997 (1). Still-birth rate has not changed significantly during the last 15 
years whereas infant mortality rate has gradually declined and is now approaching the 
still-birth rate. 
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and other recently identified viral di- 
seases. The dramatic increase of the num- 
ber of pathogenic microorganisms which 
are resistant to antibiotics may not only be 
due to the widespread use of such drugs for 
treatment of various infections but also 
when used for the promotion of growth of 
animals that are used for meat production. 

That environmental pollutants, which 
are found in various food products and 
drinking water, constitute a severe threat 
to human health and particularly for young 
children, has become obvious during the 
last decades, and has caused world-wide 
concern among professionals and lay 
people. Among much discussed toxic com- 
pounds are pesticides for the control of 
parasites and weeds, such as dichloro- 
disphenyl-trichloroethan compounds 
(DDTs), hexachloro-cyclohexane com- 
pounds (HCHs), organic mercury and 
products of industry and agriculture as 
dioxins and dioxin-like polychlorinated 
biphenyls (PCBs), heavy metals, arsenic 
or radionucleids may be mentioned. 

Ways of exposure to 
chlorinated contaminants 
Although such organochlorine contami- 
nants as DDTs, various PCBs and dioxins 
are now banned in most countries, they 
may continue to enter the food chain and 
accumulate in humans due to their long 
half-life in nature. If present in the mother, 
foetuses may accumulate these lipophilic 
components following placental transfer 
and may thus occur at rather high levels in 
cord blood lipids (43). In such instances, 
a further supply then continues postnatally 
if the infants are breast-fed as the milk 
lipids contain high concentrations of these 
compounds (6-8). After weaning, water 
and foodstuffs such as different crops and 
vegetables, fish and animal fat may 
contain further amounts of polychlori- 
nated contaminants and of heavy metals. 

Clinical consequences of 
exposure to toxic components 
High morbidity and mortality have been 
reported following a number of acute or 
long-term exposures to various toxic 
agents. In the Minamata catastrophe in 
Japan in 1956 a large number of people of 
all ages who had eaten sea food, which was 
contaminated with organic mercury, were 
affected by a crippling chronic neurolo- 
gical disease. Another well-documented 
intoxication is the epidemic of PCB poiso- 
ning in Japan, and particularly in Kyushi 
in 1968 (Yusho disease) which affected 
people who had ingested rice oil which 
was contaminated with Kanechlor 400, a 
PCB mixture that had been used to mini- 
mise rice-oil odour during the manufac- 

Figure 2. Prevalence of exclusive breast-feeding at 2,4, and 6 months (a) and of breast-feeding with 
supplementary or complementary feeding at 2,4,6 and 9 months (b) in Sweden 1978-1997. (Data from 
Semper Foods 1998.) 
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turing (9). The clinical and epidemiolo- 
gical-characteristics in 325 patients with 
Yusho disease were thoroughly studied. 
Acneifom- eruptions and skin pigmen- 
tations were the most obvious features but 
also such symptoms as general weakness 
and gastrointestinal disturbances were com- 
mon ( 10). In congenital poisoning by poly- 
chlorinated biphenyls stillbirth rate is high 
and the ch i l ihea l th  akd fho8po~ution~~i~h Or 
dark-brown pigmentations of skin, nails 
and gingiva as reported from Taiwan (1 1). 

It has also been shown that intrauterine 
exposure to PCBs in concentrations, 
which are slightly higher than in the 
general population, causes deficient foetal 
and postnatal growth, retarded psycho- 
neurological development and reduced 
cognitive ability at 11 years of age (12). 
Among people living at the coast of the 
Baltic Sea in the Swedish county of Ble- 

kinge and having a high intake of herring, 
perinatal mortality rate in 1974- 1990 was 
30-50% higher than in the rest of Sweden 
with a particular elevation of the stillbirth 
rate (1). It has also been reported that in the 
same population, the birthweight is de- 
creased among infants born to women 
with a high dietary intake of fish conta- 
minated with persistent organochlorine 
compounds (13). Furthermore, studies in 
the Netherlands have demonstrated that 
offspring of mothers who have been 
exposed to dioxins and PCBs during preg- 
nancy have elevated plasma levels of 
thyroid-stimulating hormone (TSH) for at 
least 3 months after birth and that the 
plasma levels of free and total thyroxine 
are reduced during the second week after 
birth (14), findings, which document that 
intrauterine exposure to organochlorins 
may alter thyroid hormone status. 

Figure 3. Map of the Central Asian republics. The region has a population of 
about 4 million people living in the three counties Karakalkpakstan, an 
autonomous region of Uzbekistan,Turkmenistan and Kazakhstan. The main 
tributary rivers to the Aral Sea are Syr Darya in Kazakhstan and Amu Darya 
in Uzbekistan. Both rivers are highly polluted from industries and 
agriculture, (particularly from cotton fields) along the whole reaches of the 
two rivers, which rise in Kirgizistan and Tadjikistan. 
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Figure 4. The drawings are demonstrating the 
decline of Aral Sea from 1960 until a predicted 
size for the year 2000. 

People living in the former Soviet Re- 
public% and particularly in the Aral Sea 
Basin have been subjected to severe health 
hazards from the exposure to large quanti- 
ties of environmental pollutants (15) in 
addition to increasing impoverishment 
(16-17), and break-down of health ser- 
vices. Clinical and epidemiological stu- 
dies in this region may thus give new and 
important information about the conse- 
quences of such exposures and about how 
to treat those who have been exposed. 
Furthermore, such studies may be of value 
to prevent that new groups of people be- 
come exposed. 

Ecological situation 
in the Aral sea region 
In the Aral Sea region (Figure 3), economy 
was traditionally based on animal breed- 
ing, primitive agriculture, and fishing in 
the Aral Sea. When Soviet central planners 
in the 1950s decided to turn vast areas of 

dry plains in Central Asia into cotton fields 
the situation was completely changed. In 
fact, a ruthless exploitation of the natural 
resources and a complete neglect of the 
needs of the local population and their 
traditions have caused a real ecocide (1 8). 
The implementation of a massive irriga- 
tion scheme to support the cotton fields in 
the former desert land, the water flow in 
the two rivers to the Aral Sea, i.e. Syr 
Darya and Amu Darya has been reduced to 
less than half, and during several years the 
water from these rivers has not even come 
close to the open sea. As most of the water 
from Amu Darya disappears in the former 
delta region, and Syr Darya dies in the 
patch plains outside Kazalinsk, which is 
more than 120 kilometres from its 
previous outlet, the Aral Sea has now lost 
nearly three-quarters of its water volume 
and its surface area has declined about 
60% as shown in Figure 4. 

Vast areas of former sea bottom have 
turned into sterile land with a high degree 
of salination and polluted by toxic che- 
micals derived from river sediments and 
other sources. The dense tamarisk vegeta- 
tion which previously surrounded the Sea 
has completely vanished and the number 
of original mammals living around the 
Aral Sea has declined from 153 to 23 and 
the number of bird species from 310 to 
around 170 (19). When stormy winds 
sweep along these areas dense dust con- 
taining polluting agents are deposited over 
large distant regions by atmospheric tran- 
sport. In addition, polluted river water, 
which is used for irrigation, contaminates 
soil with toxic chemicals, which are then 
taken up by vegetables and other food 
products. As a result of an increasing salt 
concentration in the Aral Sea from 0.9 to 
3.3%, fish, which was one of the main 

Figure 5. Selected gas chromatograms from the analysis of blood plasma lipids from children from 
Sweden (I) and the Aral Sea region in Kazakhstan (11) compared with a PCB standard (111). Numbers 
refer to different chloro-biphenyl congeners in Clophen A50. The sample in I1 is three times more 
diluted than in I. From (15). 
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sources of protein for the population, have 
disappeared. 

Child health in the Aral Sea 
region in Kazakhstan 
According to official statistics, child 
health is deteriorating (19). Infant morta- 
lity rate which was around 25 per thousand 
in 1950 increased to 70-80 per thousand in 
1996. The rate of birth weight below 2500 
g is about 10%. Child growth is retarded 
and the growth spurt at 11 years of age is 
lacking in 53% of the girls. Compared to 
the situation 40 years ago, puberty is 
delayed in 33% of the girls and in 53% of 
the boys. Psychoneurological retardation 
is considered to be much more prevalent 
than expected. 

School children from the Aral Sea re- 
gion with clinical features considered to 
be caused by environmental pollution and 
thus diagnosed as "ecological disease" are 
since several years referred to Children's 
Rehabilitation Centre (URPAK) in Al- 
maty for clinical work-up. These children 
exhibit multiple, medical problems such 
as acneiform eruptions and abnormal skin 
pigmentations, jaw malformations, 
enamel defects, gastritis and other 
gastrointestinal disorders, bronchiectasis, 
heart, liver or renal disease and suspected 
immunological deficiencies (1 8). Most of 
them are slightly retarded in their growth 
and the adolescents are moderately 
retarded in their sexual development 
compared to healthy Swedish children. 
The main cause of the poor health in these 
children is obviously not only due to 
exposure to toxic chemicals but also to 
poverty with crowding, poor sanitation 
and inadequate nutrition. Thus, diarrhoea1 
disease, tuberculosis and parasitic infec- 
tions are common in the villages where the 
children live. 

Blood levels of \ 

environmental pollutants 
We have found that the levels of organo- 
chlorine compounds are much higher in 
the blood lipids of children living in the 
Aral Sea region than in Stockholm 
children as demonstrated on gaschroma- 
tograms (18). Thus, non of the HCH-iso- 
mers, which are found in high concentra- 
tions in the children from the Aral Sea area 
occur in a detectable concentration in the 
Swedish reference groups (Figure 5 and 
Table 1). Children from the Aral Sea 
region had almost 1,000 ppb of HCH on fat 
weight basis and the concentrations of 
PCB and DDT compounds were elevated 
by factors of 3 and 20, respectively (18) 
and in a study of a second group of child- 
ren, extremely high individual values of b- 
HCH and DDT compounds of appro- 
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ximately 5,000 ppb were found (1 8). In the 
same studies, it was found that the lead 
level in the hair of the Kazakhstani child- 
ren was 30 times higher than the upper 
limit in hair from children in Hamburg in 
Germany, and in erythrocytes approxima- 
tely 5 times higher than in children from 
Stockholm. The corresponding relation 
for cadmium in erythrocytes was 2.5 (1 8). 

Chlorinated contaminants, 
growth and thyroid function 
As it has been demonstrated that elevated 
levels of the dioxins and PCBs in newborn 
infants can alter their thyroid hormone 
status, we have studied the relation bet- 
ween the levels of some polychlorinated 
organic compounds in the blood lipids and 
growth and thyroid hormone status in 
twelve 7.5-15 years old school children 
from the Aral Sea region (20), all of whom 
had been hospitalised for skin manifesta- 
tions or symptoms of gastritis, liver and 
kidney diseases (20). The plasma levels of 
TSH and total thyroxin were found to be 
within the Stockholm or Paris reference 
range. Although some of the children had 
extremely high levels of organochlorine 
pesticides, no relation to TSH or thyroxin 
levels was found. Body mass index (BMI) 
varied between -3.47 and +I.% SDS and 
was below the mean in 10 of the 12 child- 
ren but no relation was found between the 
height and the concentrations of organo- 
chlorine pesticides. The total DDT and 
PCB concentrations were inversely re- 
lated to BMI SDS (Figure 6a,b). The IGF- 
1 levels in blood where low, which might 
be a reflection of poor nutrition due to 
malabsorption from gastrointestinal 
damage by toxic compounds. In the 
children we studied and who obviously 
had been exposed both in utero and during 
early postnatal life to large amounts of 
PCBs and other chlorinated contaminants, 
no effect on thyroid hormone status was 
found. The explanation for the discre- 
pancy between our findings and those re- 
ported from the Netherlands (14) may 
either be that the effect on thyroid hor- 
mone status disappears during develop- 
ment or that the pattern of contaminants is 
different in the Aral Sea region from that in 
the Netherlands. 

Discussion 
Severe child health effects 
The main clinical features of the children 
who were admitted to the special hospital 
in Almaty from the Kazakh Aral Sea re- 
gion, were retarded in growth and had 
delayed onset of puberty, anaemia, skin 
pigmentations with hyperkeratosis and 
dysplasia of mucous membranes of the 
oesophagus and stomach. In addition, 

Table 1. Concentration of toxic chemicals in blood plasma (Clg per kg plasma-fat) in Kazakhstan 
compared to two reference groups in Sweden (Stockholm) . 

Substance Sweden KZ, Aral Sea region KZ, Almaty 
sw- 1 SW-2 Village- 1 Village-2 

a-HCH nd 
P-HCH nd 
y-HCH nd 
C-HCH 
HCB <10 
DDE 140 
DDD nd 
"C-DDT 150 

HCH = HexaChlorocycloHexane (y-HCH=Lindane) 
HCB = HexaChloroBenzene 
DDE = "Dichlorophenyl-DichloroEtylene" 
DDD = "Dichloro-Diphenyl-Dichloroethane" 
DDT = "Dichloro-Diphenyl-Trichloroethane" 

many of them suffered from respiratory, 
liver, pancreatic and renal diseases and 
congenital heart disease occurred at a 
higher thaaexpected rate. It is also known 
that early neonatal death caused by neo- 
natal septicaemia is extremely common, 
and that respiratory and other lethal in- 
fections are very prevalent during infancy, 
indicating that immunological incom- 
petence may be common. 

As the cause of poor child health in the 
Aral Sea region obviously is multi-fac- 
torial, it is difficult to assess the role of 
exposure to toxic chemicals in relation to 
other predisposing factors such as de- 
ficiencies in macro or micro-nutrients, 
poor nutrition, frequent episodes of diarr- 
hoea and other infectious diseases. How- 
ever, it is quite obvious that many of the 

PCB = Poly Chlorinaed Biphenyls 
S-HCH = Sum of a + j3 + y-isomers 
"S-DDT" = Sum of DDE + DDD + DDT 
nd = not detectable 

abnormal findings in the children from the 
Aral Sea region, such as hyperkeratosis, 
skeletal malformations and kidney di- 
sease have also been observed in Yushu 
disease and in seals, otters and minks from 
the Baltic Sea after having been exposed 
to PCBs and DDTs (21,22). As prenatal 
exposure to polychlorinated biphenyls 
causes developmental toxic effects in 
experimental animals (23), and infants 
born to mothers, who have accidentally 
been poisoned by PCB contaminated rice 
oil or have eaten fish containing organo- 
chlorines, have intrauterine retardation of 
growth (1 1,13) and a retarded cognitive 
and psychomotor development (12), it 
may be assumed that also children living 
in the Aral Sea region are affected by the 
same developmental defects. 

Figure 6a. Relation between BMI Standard Deviation Score (BMI-SDS) and S-DDT in ng/g lipids in 
12 children (6 m and 6 f) of the age 7.5-15 years of age with multiple medical problems, including 
gastritis (in all of them), liver and kidney diseases and failure to thrive. Most to the children had a slight 
retardation of growth (-0.5 SDS) and the teenagers were moderately retarded in their sexual 
development compared to healthy Swedish children. 
Figure 6b. Relation between BMI-SDS and S-PCB in ng/g lipids in the same children as in Figure 6a. 

a 
S-DDT v BMI SDS 

S-DDT nglg lipids S-PCB nglg lipids 

Scand J Nutr/Nkingsforskning 4/98 



Table 2. Calcualted daily intake of some chlori- 
nated contaminated by exclusivly breast-fed 
infants in Kazakhstan (nglkg)". 
Acceptable intake for total DDT is 20,000 nglkg 
bw/day (WHO 1986). 

Mean Range 

Total DDT 7,266 1,323-48,600 
HCB 328 25- 1,848 
P-HCH 7,014 1,806-13,616 
Total PCBs 1,424 627-5,662 

* Assuming a fat content of 3.5% and a daily 
intake of 120 ml/kg. Petveas et al. 1 996 (26). 

Prevention of exposure 
To prevent further exposure, the ways in 
which it happens must be considered. In 
Sweden, and among people living around 
Lake Michigan, the main exposure route 
for both PCB and other persistent organo- 
chlorine compounds seems to be the con- 
sumption of fatty fish, and from studies in 
the Netherlands, it has been found that 
fatty fish from the North Sea coast may 
have a high concentration of such organo- 
chlorine compounds as dioxins (24). 

In Kazakhstan, and most probably also 
Uzbekistan and Turkmenistan large quan- 
tities of DDTs were used from the middle 
of the 1950s to increase the yield of cotton. 
Due to the disastrous ecological effects of 
DDT, it was banned in 1972 (25). How- 
ever, the very high peaks for unmetabo- 
lised DDTs as found in children from 
Kazakhstan indicate that such pesticides 
have been widely used until recently (19). 
However, after the prohibition of DDT in 
many countries, Toxaphene was introdu- 
ced as a new and efficient pesticide. But 
after it had been used for about 10 years, it 
was found that it is carcinogenic and has 
mutagenic effects of what reason it was 
abandoned in Western countries in 1982. 
However, it remains unknown whether 
Toxaphene is still used in Central Asia. 

Table 3. The concentrations of 2,3,7,8-TCDD in 
human milk by geographic area. (MeankSD). 
From (26). 

Agricultural district' 48f  4 
Almaty 8 + 2  
Atyrau 8 + 1  
Aralsk 4 10.3 
Chimkent 8.5 + 1 
QzylOrda 5 f 0.4 

'Close to Kasalinsk and near Amyr Darya 

Although it cannot be traced by blood 
analysis due to its short half-life in hu- 
mans, its rather high stability in nature 
may cause contamination of food products 
like fish and vegetables. Some of the 
children we studied, had extremely high 
blood lipid levels of P-HCH, an isomer 
which is a contaminant of 3-7% in crude 
HCH, the product which also contains the 
isomer, i.e. Lindane, the active HCH 
pesticide, and which has been used from 
the 1950s and until now without any 
reported effects. Due to a high biological 
stability of P-HCH compared to Lindane, 
it can be recovered in humans even if the 
exposure is low in relation to that of 
Lindane. However, whether P-HCH ex- 
hibits any toxic effect remains unknown. 
The fact that we did not observe any im- 
pact on thyroid status although the con- 
centration of P-HCH was extremely high 
certainly does not exclude other toxic 
effects. Without question, toxic effects are 
caused by the high concentration of PCBs 
as found in children from the Aral Sea 
region and the origin of which may be their 
use for protection against weeds, and their 
addition to pesticides in order to delay 
vaporisation in a dry desert climate. 

High levels of dioxins 
in breast milk 
In many instances the daily intake of 
chlorinated contaminants in exclusively 
breast-fed infants exceeds what is accept- 
able according to WHO, as shown by 
Petreas et al. (26) and demonstrated in 
Table 2. Most alarming for the health of 
infants in the Aral Sea basin is the finding 
that the extremely toxic compound 
2,3,7,8-tetrachlorodibenz-para-dioxin 
(TCDD) has been found at a concentration 
of around 50 pg . g-l lipid in the milk of 
mothers from agricultural districts in 
Kazakhstan as shown in Table 3 (26) 
which is more than 10 times higher than in 
milk from Swedish mothers (27). It may 
also be mentioned that more than 80% of 
the total dioxin consists of this extremely 
toxic substance in human milk from 
Russian mothers, whereas it only accounts 
for about 10% in breast-milk from West- 
European countries (28). This finding 
clearly indicates that TCDD in human 
milk in Kazakhstan emanates from impure 
formulations of the herbicide 2.4.5-tri- 
chlorophenoxyacetic acid, which was 
used as a defoliant in the Vietnam war in 
the 1960s. 

Long-term effects 
To obtain further information about the 
long-term effect of exposure to organo- 
chlorines and other toxic compounds, 
many studies remain to be performed. 

Thus, the relation between immuno-com- 
petence and blood lipid concentrations of 
organochlorines has to be studied (cf 29). 
Due to the fact that pollutants may induce 
mutations or predispose to the develop- 
ment of cancer, genotoxicity tests have to 
be performed in families, who have been 
exposed to PCBs and other organo- 
chlorines. 

In areas where people have been ex- 
posed to toxic pollutants, like in the Aral 
Sea region, it is important to avoid further 
exposure. As a first measure, further 
spread of such pollutants should be ban- 
ned. However, due to their persistence in 
nature, it is also of importance to study the 
degree of exposure to all people living in 
areas where it has been shown that the 
levels in breast-milk lipids from lactating 
mothers contains high concentrations of 
dioxins and other organochlorines (26, 
30). It is quite obvious that those being 
heavily loaded with such compounds are 
at high health risk, and that methods aimed 
at eliminating them should be developed. 
In addition, a thorough study about the 
occurrence of organochlorine compounds 
in different sources of drinking water and 
food products, which are used in the Aral 
Sea region, has to be performed to avoid 
further exposure of people living in this 
region. The tolerance limit of infants who 
already in utero have been exposed should 
be studied so that a too heavy load will be 
avoided in breast-fed infants. On the other 
hand, the extreme importance of breast- 
feeding in the Aral Sea region, has to be 
considered in recommendations about 
infant feeding. The concentrations of vari- 
ous organochlorines in human milk from 
mothers from various regions and in the 
blood lipids from mother - infant pairs, 
thus have to be thoroughly studied. 

Although the distance between the Aral 
Sea region and the Scandinavian countries 
is very large, it should be kept in mind that 
toxic compounds can be transported over 
large areas as demonstrated after the Cher- 
nobyl catastrophe in 1987. It is thus esti- 
mated that nowadays winds yearly trans-, 
port 43 millions of tons of sediments con- 
taining salt, minerals and pesticides from 
an area of 30,000 lun2 of former seabed, 
from the sinking Aral Sea to surrounding 
regions and as far as China and India (3 1) 
and there can expose people from water 
and local food products. 

From our results of the high levels of 
organochlorines in blood lipids, it seems 
likely that the long standing exposure to 
these substances has been more severe in 
the Aral Sea region than in any other part 
of the world. In order to obtain accurate 
information about the health hazards of 
such exposures, accurate epidemiological 
and other scientific studies are needed. 
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Only on the basis of such knowledge will 
it, in the future, be possible to avoid health 
risks in industrialised countries, and 
particularly in those countries now under- 
going rapid industrialisation and agri- 
cultural development (32). 

Conclusions 
As the exposure to various toxic com- 
pounds, such as organochlorines and heavy 
metals that are persistent in nature, con- 

stitute a severe threat to the health of 
humans and particularly to infants and 
children, it is extremely important that the 
relation between various qualitative and 
quantitative exposures and the clinical 
consequences are examined as ways of 
prevention of disastrous consequences 
can only be worked out on the basis of such 
knowledge. As the situation most likely is 
more severe in the Aral Sea basin than in 
any other part of the world, studies in this 

region are of particular importance. 
By the results of cross-sectional scienti- 

fic, chemical, ecological and investiga- 
tions, it will not only be possible to 
improve the conditions for the people 
living in the Aral Sea region but also to 
learn more about what guidelines need to 
be worked out so that catastrophes similar 
to those in the Central Asian countries will be 
avoided in other countries undergoing rapid 
industrialisation. 
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