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Once one of the largest saline lakes, the Aral Sea, was recognized as a significant environmental disaster as the

water level decreased dramatically. Water level decrease increases water salinity, affecting biodiversity. Exposed

lake beds become the source for fine dust picked up by the dust storms and spread across a long distance,

affecting people’s health in surrounding areas. 
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1. Introduction

Environmental factors are significant contributors to the health of people . About 23% of global deaths and 22%

of global disability-adjusted life years (DALYs) were due to environmental risks in 2012, which could have been

prevented . As it is a concern for many countries, the “One Health” approach has been adopted by collaborating

and coordinating the joint efforts of responsible authorities . The idea represents the concept of “One Health for

the entire ecosystem” as interventions and interconnections among living species. Thus, the main goal is to

achieve the best health outcomes for people, animals, plants, and the environment through the cooperation of

experts in human health (doctors, nurses, public health practitioners, epidemiologists), animal health (veterinarians,

paraprofessionals, agricultural workers), environment (ecologists, wildlife experts), and other related areas of

expertise.

While Sustainable Development Goal 3 (SDG 3) considers the importance of decreasing the risks for health

caused by air and water pollution, SDG 6 ensures the health of water resources and the sustainable and universal

access of everyone to safe water and sanitation . According to The Global Burden of Diseases, Injuries, and

Risk Factors Study , water pollution caused 1.8 million deaths in 2015 compared to 0.84 million in 2012.

Consequently, effective handling of domestic, industrial, and agricultural pollution emissions provides benefits for

the environment and public health .

Once one of the largest saline lakes, the Aral Sea, has been recognized as one of the significant environmental

disasters as the water level decreased dramatically in recent years  and is one of the examples of a clearly

unsustainable case . Water withdrawal for irrigation was a primary reason for the desiccation of the lake. The

decrease in water level causes an increase in water salinity and consequently affects biodiversity. In many related

cases, the shrinking of saline lakes speeds up the anthropogenic impact rather than the long-term effect of climate
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change . The salt crusts, formed on the dry bottom of the former lake, are rich in various minerals like

sodium, chloride, magnesium, calcium, sulfates, borate, lithium and potassium . Minerals from Lake Munclin

(Sahara desert) and the Dead Sea are used as fertilizer, salt from Lake Minchin, at present called Salar de Uyuni

salt pan in Bolivia, is extracted for table salt and lithium and Bristol Lake in California is extracted for industry and

food products  and salts from the shrunk bottom of Lake Zuni are used for pharmaceutical purposes .

Therefore, several economic benefits due to desiccation, such as mineral extraction, might contradict direct

economic losses of affected fisheries, collapsed infrastructure, deteriorated ecosystems, and subsequent

environmental costs, like in the Aral Sea case .

2. The Aral Sea and Its Related Health Issues

The exposed bottom of the Aral Sea had a dry salt crust and numerous pollutants. The dust storms carried these

contaminated salts and deposited them on land surfaces, reportedly causing several health issues like disability,

reproductive and tumors to the people living in the Aral Sea region. Numerous studies conducted by scientists

show that the population’s state of health in the Aral Sea region has continued to deteriorate in recent decades .

The following sections detail the health conditions of the population in the Aral Sea region.

2.1. Respiratory Disorder

The spread of atmospheric air pollution caused by dust storms has led to respiratory diseases such as chronic

bronchitis, bronchial asthma, and tuberculosis. Instead, there is a belief that dust storms cause respiratory

diseases, several researchers just describe the issue generally, without detail investigations for the case of

Kazakhstan . Gazizova  analyzed retrospective data about respiratory diseases among the adult

population of the Aral Sea zone between 1991 and 2016. A growth of respiratory diseases was detected in the

catastrophe zone from 9467 diagnosed people (per 100 thousand population) in 1991 to 10,744 (per 100

thousand) in 2016. The number of people with respiratory diseases in the catastrophe zone in 2016 slightly varied

with the number of people diseased in the crisis (9247) and pre-crisis (9079) zones. The number of people in the

control zone differed significantly—5879 people per 100,000 population. The respiratory and pulmonary functions

were studied by researchers  among the children at the Catastrophe zone. 8.1% of the surveyed kids in the

study area found chronic cough in the study area, compared with 4.6% in the reference area. The study considered

subjects from 200 km and 500 km from the Aral Sea. Some investigations have been carried out in neighborhood

countries. An annual analysis of asthmatic status in Central Asia found that about 113 per 100,000 people suffered

from asthma in the Khorezm region (Uzbekistan), which is more than three times higher than the national average

(38 incidences per year 100,000 of the population). In Karakalpakstan, it was 67 per 100,000 people which is twice

the national average . Researchers Kunii et al. and Bennion et al. conducted studies in Uzbekistan during 2000

to find the connection between the dust storms and respiratory disorders among the children residing near the Aral

Sea .

The results of these studies show no strong connection between dust storms and respiratory disorders. However,

this does not mean that the sandstorms are harmless. Even though no direct connection to respiratory diseases
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was found, the dust storms could indirectly affect the Aral Sea region’s demographics.

2.2. Disabilities

The analysis of the results  for the study period 2004–2013 revealed the prevalence of 6 classes of pathology:

cardiovascular diseases were perhaps highest, respiratory diseases on the second highest, vision pathologies on

the third, and mental disorders were in the fourth most prevalent. The malignant neoplasms followed the rank, with

injuries being the last. The disability rate in three zones as compared to the control region is shown in Figure 1 .

It can be seen that the incidence rates of respiratory disabilities were highest in the catastrophe zone;

cardiovascular and psychological disabilities were peaking in the crisis zone.

Figure 1. The structure of the primary disability of adults per 10,000 of the population in the Aral Sea region for the

years 2004–2013.

The study also calculated the prediction of disability occurrence until 2023 based on the disabilities observed from

2004 to 2013. The predicted incidence of disability for the year 2023 shows a 28.1% increase in the Aral Sea

region, 28.4% increase in the Kazalinsk, 7.9% increase in the Shalkar, 46.4% increase in the Karmakshy, 30.9%

increase in Zhalagash, 43.7% increase in Arys, 23.1% in Irgyz, and 39.1% increase in Ulytau region. However, this

is too rough of an estimation, which does not account for risk factors, the demographic structure of the population,

and the curve of the disability distribution. That is why this prediction should be interpreted accordingly.

2.3. Incidence of Cancer
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Malignant neoplasm (cancerous tumor)  is another health disaster to be considered while analyzing the health

effects in the Aral Sea region. To analyze malignant neoplasm incidence, the data of a 10-year (2004–2013)

timeframe were considered. The data were reported to be taken from local oncology dispensaries. Figure 2 shows

the ten-year average malignant neoplasm incidence in the three disaster zones (catastrophe, crisis and pre-crisis

as described in Figure 3), Zhanaarka district, and the whole of the Republic of Kazakhstan for comparison

purposes. The incidence rates are calculated for 100,000 populations residing in the regions mentioned above.

Figure 2. Ten-year annual average of cancer incidence rates 100,000 people for the period 2003–2014 .
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Figure 3. The study area of the Aral region in Kazakhstan, Kyzylorda region.

The catastrophe and the crisis zones have 61.9% (211.6) and 57.2% (205.4) per 100,000 population increased

incidence rate of malignant neoplasm, respectively, when compared to the control region (130.7). The incidence

rate in the pre-crisis region is 152.7 for 100,000 population, which is 16.8% higher when compared to the control

region but is 18.8% lower than the Republic of Kazakhstan. The detailed observations from individual locations

showed the controversial picture.

As discussed previously, the incidence of cancer in the catastrophe zone was notably higher than in the control

region. The three districts belonging to the catastrophe zone are Aral, Kazalinsk, and Shalkar. The malignant

neoplasm incidents observed in the Aral region were 225.8 per 100,000 population, in Kazalinsk was 200.2 per

100,000 population and in Shalkar, it was 179.9 per 100,000 population. These observations are 1.7, 1.5 and 1.4

times greater, respectively, compared to the control region, Zhanaarka (130.7 per 100,000 population), while the

value in Kazakhstan was 188 per 100,000 population.

Similarly, the observations made at the crisis zone are higher than the control region and the Republic of

Kazakhstan. The incidence observed in the Zhalagash, Karmakshy, and Shieli regions was 1.65, 1.69 and 1.53

times greater than the control region.

For the pre-crisis zone, which comprises Arys, Irgiz, and Ulytau, the observed cancer incidence was 153.3, 202.2,

and 102.6, respectively. Only the Ulytau region has cancer incidence less than the control region. Arys and Irgiz

have 1.17 and 1.54 times more than the incidence rates observed in the Zhanaarka region. As for the Ulytau

region, the incidence rates observed for the period 2003–2014 were 1.27 times less than the control region and

1.84 times less than the Republic of Kazakhstan.
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Another research study  has collected data on multiple types of cancer that affected the population of the Aral

Sea region. These data were collected for 11 years starting from 1999 and lasting until the end of 2009. Figure 2

shows the distribution of types of cancer observed during this time period. A total of 10,382 cancer incidents was

recorded. Among these, esophagus cancer is the most prominent with a 17.8% occurrence rate, at second and

third positions, lung cancer and cancer of the stomach have a close 12.7% and 12.6% occurrence rates. These

forms of cancer were prominent during the 1999 to 2009 period.

2.4. Reproductive System

In the Aral Sea region, it was found that there was a decrease in life expectancy among the demographic indicators

along with a high perinatal and infant mortality . Out of the 19,561 mortality cases between 1999–2008 in the

Kyzylorda region, 16.1% (3155) were women of reproductive age (15–49 years) . The average annual mortality

rate for women in the Kyzylorda region at the fertile age was 1.98 ± 0.05 per 1000 population, decreasing the

dynamics for 1999–2008 by 2.15%. High mortality rates of 4.51 ± 0.17 per 1000 population were established in 45–

49 years . According to the survey performed on women’s reproductive stage in Kazakhstan, the women in the

Aral region, compared to other parts of the Soviet region, faced later menarche, menstrual disorders, and

spontaneous miscarriages. At the same time, a positive trend in reproductive behavior was observed. The optimal

reproductive age was between 20 to 34 years of age, among 88.2% of the laboring population of women. The

usage of contraceptives was relatively high for the region (intrauterine device in 32.1%) and the frequency of

abortions was low (5.5%) .

The onset of pregnancy in most women occurs against a background of irregularities in the hematopoietic,

pituitary-thyroid, and immune systems. During pregnancy time, women got affected due to improper intake of

nutrition. Meanwhile, babies’ immune systems are threatened by lack of breastfeeding because of long-term

exposure to pesticides in the Aral Sea region . Such compounds accumulate in fetuses through the

placenta and breastfeeding in the postnatal period. Hence, researchers can say that adverse environmental factors

and toxicants significantly impact women’s reproductive health .

However, the studies conducted in this discipline are limited, thus making it challenging to draw well-grounded

conclusions.

2.5. Psychological Disorder

A psychological disorder is a wide range of conditions that affect an individual’s mood, thinking, and behavior. A

number of cognitive disorders were revealed in the population of the Aral Sea region, for instance, a decrease in

short-term memory, long-term memory and attention span, different psycho-emotional disorders and depression.

During May 1999, a study  was conducted to determine the connection between the drying of the Aral Sea and

the mental health of the population surrounding it. It was an interview survey involving 118 randomly selected

individuals in Karakalpakstan. The survey included a general health questionnaire, Somatic Symptom CheckList-90

(SCL-90, which is a psychometric self-report designed to evaluate a broad range of psychological problems) and
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questions about the perception of the environmental disaster and social support. 41% of participants reported

concerns regarding environmental issues, and 48% reported stages of somatic symptoms connected with mental

distress, which was above the standardized cut point; cut-point refers to a mean score above the population norm,

signifying a probable case of emotional distress manifested in somatic symptoms .

Another research study  compared the available clinical records of the Aral zone and Kyzyl-Orda zone in

Kazakhstan to understand the mental and behavioral conditions of the population inhabiting the regions mentioned

above. It was reported that the Aral zone had about 1.4 times more occurrence of psychological disorders (642.9

cases per 1000 population) than in the Kyzyl-Orda zone in Kazakhstan (451.5 cases per 1000 population).

Psychological disorders observed around the Aral Sea region could be an example of the indirect effects of dust

storms. The dust storms deposit harmful chemicals on the fertile soil bringing about a decline in agricultural

production. The inhabitants of the region who were dependent on agriculture were now unemployed. Poor

economic conditions, unemployment and deteriorating health conditions take a toll. These factors could lead to

increased stress and depression. However, these survey-based studies are heavily reliant on the self-assessment

of the patient. There is no solid standard to weigh the opinion of a patient. Moreover, these studies are cross-

sectional with randomly selected participants; thus, the selection of patients for the study, the socio-economic

conditions of the selected population and several other factors act as uncontrollable variables, thus making the

result of the study less reliable.

2.6. Nervous System

The role of environmental factors in developing neurodegenerative diseases of the nervous system has been

repeatedly emphasized. Recent literature finds the association between the environmental factors and multiple

sclerosis  among the population and Parkinson’s disease .

The adverse effect of environmental factors is indicated by an increase in central nervous system disorders like

mental disorders and decreased intelligence . Highly toxic substances such as lead, nickel and chromium cause

asthenia and psychogenic disorders . The prevalence of depressive personality disorders in the Catastrophe

zone exceeds that of the Control zone by almost three times, the prevalence of anxiety disorders by 2.5 times and

depressive disorders by more than two times.

Nervous disorders are found to be at a relatively very high rate. Almost one in ten of the women surveyed in the

crisis zone suffered from nervous system diseases, and the peak of the frequency of these diseases falls between

the age of 20–50 years .
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