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SUMMARY

The discovery of the detrimental effects of asbestos on human health came long after its widespread use, with the first
scientific evidence of asbestos-related diseases emerging in the late 1 9 and early 207 centuries. Despite efforts to ban
its use, asbestos continues to be mined and used in Central Asia (as well as in Russia, China, and other countries).
1o gain a deeper understanding of the situation in Central Asia, we have conducted a review of scientific literature
on the use of asbestos, exposure assessment, and health consequences of asbestos exposure in this geographic area. This
review encompasses studies about exposure assessments, epidemiological data, and biochemical or clinical surveys
conducted in Kazakhstan, Uzbekistan, Tajikistan, Turkmenistan, and Kyrgyzstan. A total of 18 articles met the
inclusion criteria, and their content is summarised in this review, which represents the first attempt to systematically
examine research on asbestos and its impact on the health of workers and the general population in Central Asia coun-
tries, including literature published in Russian and English. The findings here highlighted the substantial limitations
of the currently available knowledge about the impact of asbestos on health in this geographical area.

1. INTRODUCTION

Asbestos is the name given to six silicate miner-
als: chrysotile (the only one belonging to the ser-
pentines) and amphiboles (amosite, crocidolite,
asbestos anthophyllite, asbestos tremolite, and as-
bestos actinolite) [1]. Asbestos has been considered
a valuable resource in various industrial sectors for
a long time owing to its exceptional physical and
chemical properties. These properties include, but
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are not limited to, fire resistance, electrical, thermal,
and acoustic insulation, and mechanical robustness.
As such, asbestos has been extensively utilized in a
wide range of manufactured goods, such as building
materials (roofing, ceiling and floors, and asbestos
cement products), automobile parts, heat-resistant
fabrics, and the war industry [2].

Exposure to any form of asbestos poses an in-
creased risk of developing asbestos-related diseases

(ARDs) [3]. These diseases can be divided into
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non-malignant conditions, such as pleural plaques
and asbestosis, and malignant ones, lung cancer, pleu-
ral and peritoneal mesothelioma, laryngeal and ovar-
ian cancer, and, with lower levels of evidence, other
cancers [3, 4]. Malignant mesothelioma is a highly
aggressive cancer arising from the mesothelial lin-
ings of pleural, pericardial, peritoneal, and testicular
cavities [5]. It has given rise to clinical manifestations
for several decades since the beginning of exposure
[6, 7]. Different levels of exposure and risk exist, with
certain occupations and proximity to asbestos mines
or factories posing higher risks [7, 8].
Asbestos-related diseases cause around 255,000
deaths annually worldwide [9]. Many countries
have banned asbestos production and use, aligning
with the C162 Asbestos WHO reports published in
2006 and 2007, the Basel Convention [10, 11], and
national prohibition laws [12]. Nevertheless, there
are several countries, among which Russia, China,
Kazakhstan, and India, who continue asbestos min-
ing and use. Other countries, including Central Asia
(CA), such as Kyrgyzstan, Tajikistan, Turkmenistan,
and Uzbekistan, are still large importers and con-
sumers of chrysotile, even if they do not have asbes-
tos mines. On these bases, the present paper provides
an overview of the existing knowledge on asbestos
use, exposure, and consequences in CA (and precisely
in Kyrgyzstan, Kazakhstan, Tajikistan, Uzbekistan,
and Turkmenistan), aiming to understand the cur-
rent situation in these countries, where asbestos-
containing materials are still highly diffused.

2. METHODS
2.1. Data Sources and Search Strategy

We reviewed available publications to identify ar-
ticles on asbestos and ARDs in CA countries. We
searched international repositories (Google Scholar,
PubMed, Web of Science, Scopus, and Elibrary.ru
[13]) using the keywords reported in Table S1 in the
Supplementary materials.

Articles published in English and Russian from
2008 to 2022 were collected as electronic publica-
tions. All references were imported into EndNote
X20. The PRISMA Flow Diagram [14, 15] cre-

ated a review flowchart. In addition, we used the

Russian-language version of the Elibrary.ru data-
base (an electronic library of scientific publications
from Russia and CA countries integrated with the
Russian Science Citation Index (RSCI) to search
for all available Russian journals. Data were also col-
lected from the Scientific Production Association
‘Preventive Medicine’ in Kyrgyzstan and the na-
tional statistical agencies of each CA country [16].
In addition, data was taken from open online
sources, such as export and import statistics, pro-
duction quantities, and data concerning the con-

sumption of asbestos in CA [17].
2.2. Selection Criteria

During this search, we reviewed the articles by
selecting them by title and abstract, then by full text
and review results. After removing duplicate arti-
cles, we screened each study based on the inclusion
and exclusion criteria.

'The papers were included if they contained suf-
ficient and relevant information concerning the
following topics: asbestos, occupational and envi-
ronmental exposure to asbestos, production, use of
asbestos-containing products, asbestos-related dis-
eases, and mesothelioma. They were included if they
were available as complete texts, written in English
or Russian, and focused on CA Countries.

'The screening process and quality assessment of
the selected articles were conducted separately (and
double-checked) by different authors (ZK, KD, AS,
CC) to reduce operator-related errors. The four in-
vestigators independently extracted the information
from the included studies using a predefined data-
sheet (first author, geographic area, year of publica-
tion, industry sector, type of asbestos, and outcome).
Articles that could not provide sufficient data or in-
formation or that were related to laboratory studies
on asbestos in chemistry and geology sciences and
studies published in languages other than English
and Russian, reviews, and articles unavailable as full
text were excluded from the study. Excluded stud-
ies were checked for any relevant information not
delivered in the selected publications. Any disa-
greement or discrepancy in the study selection and
data extraction processes was resolved by consensus
among the authors.
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2.3. Data Extraction

The full text of each study was categorized by its
title, first author, date of publication, journal, study
period, keywords, and strand use. This data was then
used to build a database using an Excel spreadsheet.

3. RESULTS
3.1. Data Acquisition and Analysis

In total, 105 relevant research articles were
tound using the repositories outlined in Figure S1
(Supplementary materials), which summarises the
PRISMA [14, 15] flow diagram selection process.

'The main findings of the selected articles were
tabulated in a data extraction Excel form. Table S2
(Supplementary materials) summarises the study’s
key findings, the year of publication, and the language
used. After applying the inclusion and exclusion crite-
ria to all 105 articles, 18 papers were left (a summary
is presented in Table S1). CA countries are former
members of the Soviet Union; therefore, they pre-
dominantly publish in Russian (78% of the 18 selected
articles were written in Russian). As for the country
addressed, most of the studies (88.9%) concerned Ka-
zakhstan. Only 5.6% concerned Kyrgyzstan, another
5.6% concerned Uzbekistan, and none concerned
Turkmenistan and Tajikistan. The thematic content of
the 18 articles can be summarised as follows:

- Only one reviewed paper [18] was about as-
bestos exposure in workplace environments.

- Only one paper [19] addresses outdoor air
pollution from asbestos production.

- Nine studies [20-28] are based on biological
samples from individuals working with as-
bestos and conducting clinical examinations,
including biochemical and histological tests.

- Two studies [19,29] contained additional in-
formation concerning asbestos dust pollution
at the workplace.

- 'The other two [30, 31] described tests con-
ducted on laboratory animals (rats).

- One [32] addressed Uzbekistan’s economic
and public health-related disadvantages of

asbestos use.

- 'Three studies [23, 26, 30] concerned non-
malignant ARD:s.

- Two articles [19, 33] contained epidemio-
logical studies on the links between meso-
thelioma and chrysotile asbestos.

- One article [34] focused on developing risk
management strategies to minimize health
risks in workers.

- Only one study [35] investigated the mor-
bidity with temporary disability (MTD)

among workers in the asbestos factory.

In addition to peer-reviewed journals, we also
examined the occupational disease registries of the
various CA countries, non-peer-reviewed reports,
conference proceedings, and internal government
documents, such as the report of the Scientific and
Production Association “Preventive Medicine” un-

der the Ministry of Health of the Kyrgyz Republic.

3.2. Overview of Asbestos Production and
Corresponding Industries in CA Countries

Three countries—Russian Federation, China,
and Kazakhstan—still produce more than 2 mil-
lion metric tons of asbestos annually. Currently,
25 countries, including all the CA countries:
Kazakhstan, Kyrgyzstan, Tajikistan, Turkmenistan,
and Uzbekistan, consume at least 1,000 metric tons

of asbestos annually (Table 1) [36].

3.2.1. Asbestos Mining and Producing Asbestos-
Contained Commodities Industries in Kazakhstan.

Kazakhstan is the largest country in CA, with a
population of 18,879,552 [37]. The country is rich
in deposits of various minerals, including chrysotile.
Today, Kostanay Minerals Enterprise (KME) is the
only company mining asbestos in the country [38].
The KME works the Zhitikara chrysotile deposit
in the Kostanay region and employs around 2,000
people. This deposit ranks fourth in the world in
terms of reserves, and the company exports to other
countries of CA and beyond. Annually, the KME
produces over 200,000 tons of asbestos as a raw ma-
terial [38]. In addition to this company, three linked
companies within the mining industry produce
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Table 1. Export and import of asbestos (excluding asbestos products) to CA countries from 2017-2021. Adapted from

https://www.trademap.org/, accessed on 26.12.2022.

Years  Countries Kazakhstan =~ Uzbekistan  Tajikistan ~ Turkmenistan = Kyrgyzstan
2017  Exported asbestos (tons) 182,304 0 0 0 0
Imported asbestos (tons) 130 87,403 4,968 6,405 9,601
2018  Exported asbestos (tons) 184,830 0 0 0 0
Imported asbestos (tons) 44 129,032 9,616 6,438 9,319
2019  Exported asbestos (tons) 217,839 0 0 0 0
Imported asbestos (tons) 12 94,168 14,818 8,786 9,847
2020  Exported asbestos (tons) 209,784 0 0 0 15
Imported asbestos (tons) 407 116,654 15,493 13,324 9,616
2021  Exported asbestos (tons) 232,366 0 0 0 0
Imported asbestos (tons) 20 126,115 23,711 13,130 12,013

asbestos-cement goods, employing about 6,000 ad-
ditional people [29].

3.2.2. Industries of Kyrgyzstan Produce

Asbestos-Containing Commodities

Kyrgyzstan is another of the former Soviet re-
publics in CA, with a population of 6.936,2 million
[39]. The first enterprise in Kyrgyzstan to produce
chrysotile-cement products is the Kant Pipe and
Slate Enterprise (PSE) [40], which has been oper-
ating since 1967 and remains open today. The en-
terprise is located in Kant town, 22 km from the
capital, Bishkek, and employs around 300 workers.
Raw asbestos is imported from Kostanay Miner-
als JSC (Kazakhstan) and Ural Asbest OJSC [41]
(Russia). Annually, the company sells 5 million
units of asbestos-containing products. In 2020,
a branch of Kant PSE was opened in the city of
Kyzyl-Kyia, in the south of Kyrgyzstan, with a pro-
duction capacity of 3.7 million units of 8-wave slate
per year and employing around 150 workers. This
production capacity is designed to meet the demand
in the south of Kyrgyzstan, and it is exported to
Uzbekistan and Tajikistan [40]. The second plant
to open in Kyrgyzstan producing chrysotile prod-
ucts is Kant Kurulush LLC [42], founded in 2013
in the city of Kant in the north of Kyrgyzstan. They
produce non-pressure pipes and couplings as well
as 8-wave slate. The primary raw material used is

Russian chrysotile (asbestos), imported from Ural

Asbest OJSC, Russia [42].

3.2.3. Industries of Uzbekistan Producing

Asbestos-Containing Commodities

Uzbekistan is the most highly populated countryin
the CA region, with a population of 36,024,946 [43].
In 2020, Uzbekistan imported $37 million worth
of asbestos, making it the 3rd largest asbestos im-
porter in the world. In the same year, asbestos
was Uzbekistan’s 132™ most imported commod-
ity. Uzbekistan imports asbestos mainly from the
following countries: Kazakhstan ($29.2 million);
Russia ($7.63 million), China ($104 thousand), and
Kyrgyzstan ($2.29 thousand) [44]. There are 44 en-
terprises in the country producing asbestos goods
[45]. However, the total quantity of asbestos prod-
ucts manufactured by Uzbekistan is unknown.

3.2.4. Industries in Iujikistan Producing
Asbestos-Containing Commodities

Tajikistan’s population is around 9,700,000 [46].
In 2020, Tajikistan imported $6.19 million worth
of asbestos, becoming the ninth-largest asbestos
importer in the world. Asbestos is ranked 138th
among Tajikistan's most imported commodities.

Tajikistan imports asbestos mainly from Kazakhstan
($4.54 million) and China ($1.65 million) [44].
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However, information regarding the number of en-
terprises producing asbestos products is not publicy
available.

3.2.5. Industries in Turkmenistan Producing
Asbestos-Containing Commodities

Turkmenistan has a population of 6,341,855 [47].
In 2020, it imported $4.52 million worth of as-
bestos, making it the 10th largest asbestos im-
porter globally. In the same year, asbestos was
Turkmenistan’s 147th most imported commod-
ity. Turkmenistan imports asbestos mainly from
Kazakhstan ($4.52 million) [44]. Again, the num-

ber of enterprises using asbestos is unavailable.

3.3 Detailed Overview of the Results

3.3.1. Physical and Chemical Characteristics
of Asbestos Used in CA

Ibraev and colleagues described the physical and
chemical characteristics of chrysotile mined and ex-
tracted from Zhitikara ore [48]. The study used a
scanning electron microscope (Tescan Vega\LSU)
with an energy-dispersive spectroscopy microprobe
(INCA-PentaFET-x3). Notwithstanding, the au-
thors do not present any EDS spectra, only SEM
images (compatible with pure chrysotile) and a table
containing the percentage of elements included in
the analyzed points. The results showed the different
values of the outer diameter of the chrysotile fibers,
which range from 94 to 167 nm (no data about the
lengths of the fibers were presented).

3.3.2. Asbestos Concentrations in the Workplace
and the Environment

Amanbekova and co-workers (2014) [29] found
that the average daily dust concentration at work-
places in “Kostanay minerals” JSC in Kazakhstan
was equal to 6 mg/m? in 2014, which was higher than
the maximum permissible concentration (MPC) of
Kazakhstan’s legislation where the MPC is equal to
0,5 mg/m3 (for dust containing more than 20% of
asbestos) and 1 mg/m? (for dust containing less than
20% of asbestos) [49]; however, they did not specify

whether the MPC of one-time exposure or average
daily exposure, moreover there was no description of
the measurement method used for determining the
dust concentration. The following year (2015),Ibraev
et al. [18] measured the level of dust in 2015 in the
same industry; the average daily results ranged from
0.2 to 1 mg/m? which did not exceed the MPC
limits of Kazakhstan. This study used a gravimet-
ric method to measure the asbestos concentration.
This method is considered obsolete for measuring
asbestos contamination since it does not count only
the number of asbestos fibers but the whole dust
dust collected, thereby not providing a fiber-specific
concentration.

Both studies did not mention the implementa-
tion of specific environmental control actions be-
tween 2014 and 2015. The decrease in reported dust
levels by Ibraev et al. (2015) could imply some inter-
vention to reduce dust levels. However, with explicit
details, we can conclusively link the decrease in fiber
concentration to any particular control measures.

The Centre for Environmental Medicine and
Human Ecology also studied air pollution in one
industry that produced asbestos-containing com-
modities (Kant PSE, Kyrgyzstan) from 2019 to
2020 [16]. In total, 340 measurements were made
at 162 points during the day and 18 points at night.
'The dust content in the air was determined through
the gravimetric method. The dust dispersion and
particle size characteristics were determined using a
light trinocular microscope equipped with an ocular
micrometer and software (BioVision, Austria). Ac-
cording to the results of the study, the average daily
dust level in the air at the workplaces varied from
1.34 mg/m’ to 1.45 mg/m’ [16], which exceeds the
national regulations on acceptable MPC limits of
dust containing asbestos in industries, where aver-
age daily MPC is equal to 0,5 mg/m® (for dust con-
taining more than 20% of asbestos) and 1 mg/m’
(for dust containing less than 20% of asbestos) [50].
'The authors did not report the determination of
weight concentrations of asbestos.

However, it should be noted that the studies’ find-
ings do not complywith the European Union’s occupa-
tional exposure limits or Kazakhstan’s or Kyrgyzstan’s
MPCs. Additionally, the gravimetric method is ob-

solete for measuring asbestos contamination since it
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is impossible to count the number of asbestos fibers
(and thus obtain a quantitative and specific value for
airborne asbestos concentrations) [3, 51].

Korotenko et al. (2011) studied the environmental
emissions caused by Kant Pipe and Slate Enterprise
(PSE) in Kyrgyzstan [19]. They highlighted that the
industry released ten pollutants into the surround-
ing atmosphere, with 0.515 tonnes of asbestos-
containing dust emitted in 2010. This amount of
asbestos did not exceed the allowed annual emission
of asbestos-containing dust in Kyrgyzstan, which is
1.47 tonnes. However, the authors did not elaborate
turther on their findings.

3.3.3. Research on Asbestos Industry Workers
3.3.3.1. Morbidity

Ibraev et al. (2014) [34] studied working condi-
tions and health risks in chrysotile extraction at JSC
“Kostanai Minerals”, revealing hazard levels of 3.3-
3.4 at the enrichment complex (EC) and 3.3 at min-
ing and transport enterprises (MTE). Occupational
disease rates were 55.9 per 10,000 workers at EC
and 34.9 at MTE, with temporary morbidity caus-
ing 1127.3 days of incapacity at EC and 1144.6 days
at MTE. The authors analyzed morbidity using the
WHO’s “International Classification of Diseases,
Injuries, and Causes of Death” (1996) but did not
specify the exact diseases, such as mesothelioma or
lung cancer. However, the authors emphasized the
need for strict chrysotile use control, safety stand-
ards, risk management, and preventive measures to
protect workers’ health and ensure compliance with
safety regulations.

Ibraev et al. (2018) [35] investigated the tempo-
rary disability/morbidity among workers involved in
chrysotile production at JSC “Kostanai Minerals,”
focusing on ore enrichment. Two groups were com-
pared: control (administrative and technical workers,
n=299) and main (ore preparation and enrichment
workers, n=917). The control group faced fewer
harmful factors, while the main group suffered high
noise levels, dust exposure, and poor working condi-
tions. Morbidity rates were higher in the main group,
with men showing 21.2+2.2 cases of disability/
morbidity and 514.1 days of incapacity per 100

workers, compared to 9.1+0.2 cases and 203.1 days
in the control group. Women’s rates were slightly
lower but still significant. The main group’s overall
morbidity was 69.2+8.4 cases and 1127.3 days per
100 workers, versus 46.0+2.6 cases and 677.3 days
in the control group. The highest morbidity was
among workers with less than 9 years of experience,
and respiratory diseases were the most common ail-
ment. The study highlights the significant impact of
production factors on worker health, with a higher
morbidity level in the leading group, indicating the
need for improved working conditions and health
monitoring. Notably, the work did not address spe-
cifically asbestos-related diseases.

3.3.3.2. Radiological Findings

A study by Ibraev et al. (2008) examined 47 em-
ployees of Kostanay Minerals JSC in 2008 [23]. An
X-ray examination of 20 workers with more than
20 years of work experience showed an increase in
the vascular picture, minor perivascular and peri-
bronchial pneumofibrosis in the median zones of
the lungs in 60% of cases, and moderately expressed
perivascular and peribronchial pneumofibrosis in
the media zones in 13 cases (40%).

3.3.3.3. Pulmonary Function and Respiratory
Findings (PFR)

In the same study, the respiratory function of
these 47 employees was analyzed, revealing that six
workers suffered from chronic bronchitis and disor-
ders of pulmonary ventilation function. Twenty-five
percent of cases among them had respiratory ob-
struction, with some cases also showing hypoxemia
[23]. Interestingly, no cases of pulmonary restriction
were observed.

Additional cytological examination of the nasal
and oral epithelium of 65 workers [22] and 108
workers [27] of Kostanay Minerals JSC (2015)
showed a high frequency of destructive changes of
the cells of the nasal mucosa in samples of work-
ers with occupational exposure from 5 to 20 years.
In these studies, authors investigated cellular
changes in the nasal mucosa and buccal epithelium
among workers exposed to asbestos. Cytological
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examinations were performed to detect potential
signs of cellular damage or early disease states re-
lated to asbestos exposure.

The results indicated that for workers with more
than 20 years of exposure, the cellular alterations
were similar to those observed in individuals with-
out exposure (the control group). This was contrary
to expectations since long-term asbestos exposure
is typically associated with cellular damage. The au-
thors interpreted these findings to suggest that over
time, the bodies of these long-term exposed workers
may have adapted to the presence of asbestos fib-
ers. This implied, in the Authors’ view, some form
of physiological or cellular adjustment that resulted
in reduced observable damage in the nasal and buc-
cal epithelial cells. However, it should be noted that
no evidence exists of a possible biological adaptation
to carcinogens. Therefore, the most logical answer
to the problem posed by these findings is simply
that asbestos does not cause the cellular alterations
that were searched for by these authors. For sure,
asbestos is a known carcinogen, and the most dif-
tused and accepted understanding is that the risk of
disease increases with the duration and intensity of
exposure, with some differences for mesothelioma.

3.3.3.4. Immunological Markers

Amanbekova et al. (2012) studied the cell and
humoral immunity of 106 workers in the Kostanay
Minerals JSC, examining the “shortened” panel of
monoclonal antibodies (mAbs), immunoglobulins
(IgA, IgM, IgG) and secretory immunoglobulin A
(SIgA) through an ELISA test [24]. They reported
decreased functional activity of the T-lymphocytes
in a proportion of all immune cells, accompanied by
a reduced number of CD3 cells in workers who had
worked more than 20 years — 58.7+0.41% (p<0.01),
compared to the control group (71,2+0,52%).
A similar picture was reported in CD4 cells -
40.9+0.85% (control group 45,2+0,26), CD20 cells
- 6.1£0.39% (control 12,7+1,09), and IgA 1.35+0.57
g/1 (control group 2,85 + 0,27 g/1), and an increase
of IgG - 19,27+0,57 g/l (control group 11,27+0,14
g/1) of the employees who worked more than 20 years,
respectively. Workers exposed to chrysotile asbestos
over 20 years had decreased the mucous barrier of

the nasal secretion in IgA - 0.16+0.03 g/1 (p<0.01),
compared with a control group (0.34+0.07 g/1).

In another study on 125 workers in the Kostanay
Minerals JSC, Koigeldinova et al. (2022) found
changes in the number of CD4+ T-cells [28]. In
employees’ occupational exposure of more than
15 years, the number of CD4+ T-cells was signifi-
cantly lower than in those who had been working
for less than 15 years. The levels of CD8+ T-cells
were similar in these two examined groups. They
concluded that most healthy workers with a longer
occupational exposure to chrysotile have increased
neutrophil phagocytic activity and a decreased to-
tal number of CD3+ T and CD4+ T cells but an
increased number of CD8+ T-cells with a lower
immunoregulating index of CD4+8+. Koigeldinova
et al. (2015) also found that the workers of Kostanay
Minerals JSC with longer occupational exposure
to asbestos fibers have an increased activity of lipid
peroxidation, which was more pronounced in the
workers of the processing complex than the drivers
and miners [21].

3.3.3.5. Biochemical and Cytological Changes

Ibraev et al. (2015) found that workers of Ko-
stanay Minerals JSC showed destructive changes in
the nasal mucosa and buccal epithelium cells. No-
tably, the alterations were primarily observed in the
workers with less than 20 years of exposure, while
in workers with more than 20 years of exposure, the
pathological changes were not different, for inci-
dence and entity, to those observed in the control
group [26]. On the other hand, blood plasma
analysis revealed elevated alveomucin 3EGS5 levels
(p<0.05), a marker of lung fibrosis, in workers with
over 20 years of exposure compared to controls. They
recommended measuring lipid peroxidation prod-
ucts and alveomucin 3EG5 levels in blood plasma
as biomarkers of the initial stage of pneumoconiosis
caused by chrysotile exposure.

3.3.3.6. Longitudinal Studies and Cellular Membrane
Changes

A 7-year longitudinal study by Ibraev et al.
(2016) revealed adaptive changes in cell membrane
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constituents, such as an increase in sphingomyelin
(SM) and a decrease in phosphatidylcholine (PC)
in workers with longer occupational exposure to
asbestos-containing dust [20]. According to the au-
thors  opinion, these changes in the cell membrane,
involving both the plastic and energy state of cells
and the level of catecholamines, occurred due to ad-
aptation to asbestos exposure at the workplace. Dif-
terences in the body’s functional state were revealed
in workers involved directly in the production for
4 to 5 years and in employees of the mining and
transport department who had worked for between
5 and 6 years. For workers directly involved in the
production, the authors regarded a working period
of 5 years as a risk for developing occupational dis-
ease, while for employees of the mining and trans-
port department, this risk began from 6 years.

3.3.3.7. Chromosomal and Genetic Findings

In a cytogenetic blood study of workers in
chrysotile-asbestos production, Amanbekova et al.
(2012) revealed structural disorders of chromosomes
represented by aberrations of chromosome and
chromatid types [25]. The authors observed higher
rates of such induced chromosomal abnormalities
in workers with more than 25 years of asbestos ex-
posure. The frequency of cells with chromosomal
aberrations in the peripheral blood lymphocytes of
the leading group significantly exceeded the control
values.

3.3.3.8. Morphological and Pathological Assessments

Ibraev et al. (2022) studied the morphological
parameters and the dust content in lung tissue taken
from autopsy material of 343 deceased individuals
(including workers at Kostanay Minerals JSC and
a control group composed of residents of Zhitikara
who never worked at Kostanay Minerals JSC) [52].
‘They observed severe sclerosis and dust particles in
the form of grains (pigments) of black color. These
black dust particles were found in the lung sections
of 33.3% of the workers of Kostanay Minerals and
44.6% of non-exposed residents of Zhitikara. Such
particles, however, cannot be regarded as a spe-
cific consequence of asbestos exposure since they

are different from asbestos bodies that appear as
brown or dark yellow corpuscles at light microscopy.
Moreover, the authors found more pronounced fi-
brotic changes, sometimes with the obliteration of
alveoli, in the lung sections of Kostanay Minerals
JSC workers compared to the controls, in which
non-specific inflammation prevailed. The authors
concluded that chrysotile occupational exposure
does not increase the risk of developing pathologic

changes in the lung tissue (RR-1.9 CI=0.68).
3.3.4. Epidemiological Studies

An epidemiological study by Altynbekov et al.
(2018) investigated the prevalence of mesothelioma
in Kazakhstan and examined the potential relation-
ship between chrysotile asbestos exposure and the
development of mesothelioma [33]. From 2012
to 2016, 17 mesothelioma cases were reported in
Kazakhstan. The majority (95.7%) was represented
by pleural mesothelioma, the remaining by perito-
neal and pericardial mesothelioma. The age at diag-
nosis was between 40 and 70 years. Notably, in only
7.5% of diagnosed cases, there was a documented
history of occupational asbestos exposure. The au-
thors concluded from this data that there was no
evident relationship between exposure to chrysotile
asbestos and the development of mesothelioma.
'This was based on the low percentage of cases with
documented occupational exposure. The study also
reported some data regarding the geographical dis-
tribution of the cases, with 15.2% of cases coming
from the Almaty region, 12.8% from the Kostanay
region, and 10.5% from the Karaganda region. This
is interesting as Almaty and Karaganda regions are
not known for asbestos-producing facilities. While
the study highlights the low incidence of occupa-
tional exposure in mesothelioma cases, it does not
provide detailed environmental exposure data or a
comprehensive description of asbestos-related work
activities in Kazakhstan. It is essential to consider
both occupational and environmental exposures
when assessing the risks associated with asbestos
because secondary or non-occupational exposures
can also contribute to disease.

As already mentioned in the introduction,
Kazakhstan has industries engaged in mining and



AsBEsTOS IN CENTRAL ASIA 9

producing asbestos-containing commodities. For
instance, the Kostanay Minerals Enterprise is men-
tioned as the primary company involved in asbes-
tos mining. Additionally, asbestos is used in various
industries, including asbestos-cement goods manu-
facturing. Altynbekov et al.’s assertion that “no rela-
tionship between chrysotile asbestos exposure and
mesothelioma” is controversial, given the widely
recognized carcinogenicity of all forms of asbestos,
including chrysotile. The International Agency for
Research on Cancer (IARC) and other health au-
thorities have concluded that all types of asbestos
fibers are causally linked to mesothelioma and other
asbestos-related diseases.

Only one study on pleural mesothelioma
was conducted in Kyrgyzstan by Golovachev in
2008 [53]. He examined 12 patients with a newly
diagnosed pleural mesothelioma at the National
Centre of Oncology (NCO) in 2000-2005. Among
these, seven were male (58.4%), and five female
(41.6%); their average age was 44. The incidence rate
of pleural mesothelioma in Kyrgyzstan was 0.14 per
100,000 men and 0.1 per 100,000 women in the
same period. Histologically, malignant mesothe-
lioma was confirmed in six patients (50%). In three
patients (25%), the diagnosis remained histologically
unverified due to their refusal to conduct diagnostic
and therapeutic thoracoscopy. The rest (25%) were
finally diagnosed with other types of malignant ne-
oplasms. The patient’s history showed occupational
exposure to asbestos in five patients who had worked
with asbestos insulation and asbestos-cement mate-
rials. The verification of the diagnosis was based on
histological methods only, an immunohistochemical
assay was never performed.

Comprehensive studies that account for all
potential exposure routes, latency periods, and de-
tailed work histories are essential for a more accu-
rate assessment of the relationship between asbestos
exposure and mesothelioma. The data should in-
clude occupational, environmental, and secondary
exposures to give a complete picture of the asbestos-
related health burden.

Even with the lack of studies in CA regarding
ARDs, after an extensive search, we found some
data on occupational diseases among workers only
in the Bureau of National Statistics of the Republic

of Kazakhstan database. According to them, “pneu-
moconiosis caused by asbestos and other minerals”
(J61, ICD-10) was registered in 1 case in 2006,
10 cases in 2015,and 1 case in 2021 [37], with an age
range predominantly from 30-45. Such data reflect
the deficient reporting of ARDs. However, the find-
ings of Chen et al. for Kazakhstan indicate a signifi-
cant burden of asbestos-related diseases, with the
country experiencing the highest age-standardized
mortality rate (ASMR) and age-standardized
DALY rate (ASDR) among the four countries stud-
ied: Russia, Brazil, China, Kazakhstan). Specifically,
Kazakhstan’s ASMR peaked at 4.89 per 100,000
population in 2015, while the ASDR reached a high
of 123.75 per 100,000 in the same year. Between
1990 and 2019, Kazakhstan's ASMR and ASDR
declined significantly, with a reduction of approxi-
mately -48.62% in ASMR and -54.06% in ASDR
in men, represented by estimated annual percentage
changes (EAPC) of -3.09 and -3.69, respectively.
Despite these reductions, tracheal, bronchus, and
lung (TBL) cancers remained the leading causes of
asbestos-related mortality and DALY, contribut-
ing to the sustained high disease burden [54]. At
the same time, it is worth mentioning that the inci-
dences of mesothelioma in CA countries, according
to the WHO, are low compared to the European
ones: 0.28/100,000 in Kazakhstan, 0.06/100,000
in Kyrgyzstan, 0.12/100,000 in Uzbekistan,
0.02/100,000 in Tajikistan, 0.15/100,000 in
Turkmenistan compared to 1.7 for males and

0.4 for females in Europe [55].
4. DISCUSSION

'This review presents the available data about as-
bestos in CA countries, including epidemiology, ex-
posure assessment, and experimental studies.

First, it is essential to note the need for more
accurate data on the number of workers occupa-
tionally exposed to asbestos in Central Asia. For
instance, it is known that Kazakhstan’s Kostanay
Minerals Enterprise, a significant asbestos pro-
ducer in the region, employs approximately 2000
workers and produces substantial quantities of
asbestos-containing materials. In contrast, coun-

tries like Kyrgyzstan, Uzbekistan, Tajikistan, and
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Turkmenistan, while importing large amounts of
asbestos (see Table 1) for manufacturing asbestos-
containing products, must provide comprehensive
data on their workforce engaged in these activities.

The absence of precise data concerning the num-
ber of workers engaged in asbestos processing pre-
sents significant constraints. One of the primary
obstacles posed by this need for more information
is the need for reliable denominators for statistical
analysis and the difficulty in creating profiles of as-
bestos exposure among workers based on jobs, tasks,
working time, etc., and determining ARD incidence
among asbestos workers. Comprehensive studies
that collect accurate occupational data, including
the number of workers involved in asbestos-related
industries, are imperative. Such efforts are essential
for accurately assessing health risks associated with
asbestos exposure, developing targeted public health
strategies, improving worker safety standards, and
advocating for the cessation of asbestos use in the
region.

Even though incomplete, the existing data about
occupational exposure to asbestos in Central Asia
reveals alarming health outcomes reflective of out-
dated safety practices and inadequate regulatory
frameworks. Studies at Kostanay Minerals JSC
show high morbidity rates among workers, primar-
ily due to respiratory diseases such as chronic bron-
chitis and pneumofibrosis [9]. Radiological findings
by Ibraev et al. (2008) showed significant lung dam-
age among workers with over 20 years of exposure,
including perivascular and peribronchial pneumofi-
brosis [23]. These findings are evident from the el-
evated exposure levels at the workplace, which was
reported by Amanbekova et al. (2014), showing
that the daily dust concentrations were significantly
higher than the maximum permissible concentra-
tion (MPC) in Kazakhstan [24]. This is concerning
compared to Europe and other Western countries,
where stringent occupational safety measures have
been adopted. For example, the recent European di-
rective (EU) 2023/2668 has established to modify
the former OELV (8-hour time-weighted average
(TWA) — PCM analysis) 0.1 ff/ml established by
Directive 2009/148/EC, reducing it to 0.01 ff/ml
(within 20 December 2029 — electron microscopy

analysis) and then progressively to 0.002 ff/ml (from
21 December 2029 — electron microscopy analysis)
[56]. In contrast, the average daily dust concentra-
tions at Kostanay Minerals JSC, as reported by the
studies mentioned above, were significantly higher,
even considering the difficulties in comparison due
to different analytical approaches, often exceed-
ing national and international permissible limits
[49, 56].

Other findings in CA literature were based on
laboratory experiments performed on animals; the
above-cited studies demonstrated the development
of asbestos-related pneumofibrosis, which can lead
to neoplasms. However, sufficient and relevant stud-
ies on cancers related to asbestos have just been pub-
lished in CA. This can be explained by the need for
well-established methods or equipment for apply-
ing the most internationally accepted approaches,
sometimes due to insufficient financial support. An-
other issue that should be reported is that Occupa-
tional Health is not well-developed in CA countries.
In Kyrgyzstan, for instance, only a few specialists in
occupational diseases are active across the country,
and the medical examination of workers is among
the duties of general practitioners, who often
lack the occupational health skills necessary to man-
age the health surveillance of workers [16]. It should
be stressed, however, that awareness and considera-
tion of the problem of asbestos hazards are generally
evident in CA countries through the work of scien-
tists in the corresponding fields.

Interestingly, countries with comprehensive as-
bestos regulations, such as those in the European
Union, showed a decline in recognized cases of
ARDs between 2013 and 2021. Specifically, there
was a 26% decrease in the overall index of recog-
nized occupational diseases, and in this frame,
pneumoconiosis due to asbestos and other mineral
fibers saw a 52% reduction.

Despite reductions over time, the findings by
Chen et al. highlight that Kazakhstan continues
to bear a high burden of asbestos-related diseases,
mainly due to TBL cancers, which account for the
majority of asbestos-related deaths and DALYs.
Kazakhstan’s peak ASMR and ASDR in 2015 and
the highest values among the countries studied
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suggest that the population is still experiencing sig-
nificant health impacts from asbestos exposure [54].
This indicates that while the EU has seen progress
in controlling occupational diseases, CA countries
face ongoing but under-recognized challenges, po-
tentially due to differences in regulatory approaches,
recognition of occupational diseases, and prevention
measures taken [57, 58].

Even though all types of asbestos are known to
be carcinogenic, the literature reports differences in
the pathogenic potential according to asbestos type.
However, there is no agreement about the lower
neoplastic potential of chrysotile compared to am-
phiboles [59, 60]. In addition, most previous studies
about fiber content in the lungs of asbestos workers
non-occupationally exposed patients, and the gen-
eral population has been conducted in Europe, the
US, Canada, and Australia on subjects exposed to a
mixture of chrysotile and amphiboles [61-63].

Instead, in CA, only chrysotile is mined and used,
even though there is currently no sufficient evidence
to prove that amphiboles do not contaminate the
chrysotile ores here exploited. Chrysotile is con-
sidered less carcinogenic for the mesothelium than
amphiboles; however, its association with mesothe-
lioma has been described in some studies conducted
in Italy and China [64, 65]. Recent research has sig-
nificantly advanced our understanding of the health
risks associated with asbestos exposure, particularly
chrysotile, a topic of considerable debate. A com-
prehensive case-control study published in 2020
in the USA (investigating exposures that occurred
from 1975 to 1980) suggests that both chrysotile
alone and mixtures containing amphiboles pose sig-
nificant risks of developing mesothelioma [66], con-
tradicting the previously held view that chrysotile
might be less hazardous than other forms of asbestos
[59]. The study found that exposure to pure chryso-
tile was significantly associated with mesothelioma,
even with a risk magnitude lower than amphiboles.
The research underscores the heterogeneity in the
risk of different fiber types and lengths, suggesting
a nuanced approach to asbestos regulation and con-
trol strategies.

Despite the well-known hazardousness of chryso-
tile,in CA countries, there is a lack of epidemiological

data on lung cancer. On the other hand, the inci-
dence of mesothelioma, according to the available
literature, appears to be as low as 0,28/100.000 in
Kazakhstan and 0,06/100.000 in Kyrgyzstan; this
unbelievably low incidence of mesothelioma (much
lower compared to countries where asbestos has
been banned for decades) might be due both to the
type of asbestos used (maybe pure chrysotile) and
perhaps to significant under-reporting of the dis-
eases, owed, on one hand, to the lack of a sound
diagnostic protocol and, on the other hand, to insuf-
ficient health surveillance of workers, which is rec-
ommended, in case of asbestos exposure, even after
retirement. The protocol for mesothelioma diagnosis
adopted in CA countries needs to be explained in
detail in any of the consulted sources, and it does not
include immunohistochemistry [67]. A suitable his-
topathologic protocol accompanied by an immuno-
histochemistry assessment is an essential tool in the
differential diagnosis of this neoplasm, which could
also be difficult for a very experienced pathologist.
Moreover, the scientific literature concerning as-
bestos exposure in CA needs to provide sufficient
data to understand if workers and the general popu-
lation are exposed to pure chrysotile substances or
if amphibole contaminations occur. The available
data described above have been produced using
outdated and imprecise methods, lacking the ac-
curacy of the widely shared updated recommenda-
tions. For instance, with a fiber-specific sampling
method (and applicable, consistent exposure limits),
industrial hygiene experts can fully understand the
complex exposure picture for asbestos in CA. This
means they cannot wholly and accurately evaluate
the health risks of asbestos in the workplace. Asbes-
tos has been recognized as different from other dust
or fibers; thus, appropriate sampling and analysis
techniques should be used to obtain data applica-
ble to the industrial hygiene field. The microscopic
method (e.g., ISO 14966-2019) has been used for
many years to count and identify “respirable” asbes-
tos fibers in fiber and dust samples collected on a
filter. Moreover, recent analyses emphasize the im-
portance of understanding the fiber type, length,
and exposure duration when assessing health risks.
Longer and thinner fibers are more persistent in
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lung tissue and, thus, more likely to cause mesothe-
lioma and other lung diseases. This complexity is
crucial for developing practical occupational health
standards and protective measures.

Integrating the detailed exposure assessments
from recent studies with regional insights can en-
hance our understanding of asbestos-related risks.
Any safe exposure level is highly questionable and
historical and current data should inform ongoing
efforts to eliminate asbestos use and improve public
health outcomes.

Our review delves into the impact of asbestos in
Central Asia, shedding light on the widespread use
and health consequences of heavy asbestos use in
the region. Despite global banning policies, we show
the ongoing production and use of asbestos, empha-
sizing the critical need for comprehensive exposure
assessments and epidemiological data to guide pub-
lic health measures.

Epidemiological and postmortem lung content
studies are needed to address the above-summarized
lack of data. Determining asbestos exposure, asbes-
tos inhalation at the workplace and in both urban
and rural environments, and asbestos persistence
in the lungs, as well as the link between asbestos
exposure (occupational and non-occupational) and
neoplasms (malignant pleural mesothelioma, lung
cancer, etc.), is an urgent and unmet public health

issue in CA.
5. CONCLUSION

'This is the first review of asbestos and its impact
on the health of workers and the general population
of CA countries, including also studies published in
Russian. We emphasize that the arbitrary presen-
tation of the results of reviewed studies and their
notable incompleteness do not allow a clear under-
standing of the situation. The picture of asbestos-
related issues in CA countries strongly needs to be
improved. Several topics require attention: in the
CA area, there are only a few studies on asbestos’s
impact on health, and almost no occupational and
environmental exposure assessments are conducted
adopting modern and internationally accepted
methods. In particular, outdated techniques are
often used to assess exposure in the cited studies.

These methods are unsuitable for determining the
composition of the revealed dust and distinguish-
ing between asbestos and non-asbestos components.
There is also a need for studies addressing the actual
nature of asbestos mined in Kazakstan, as well as the
link between mesothelioma risk and chrysotile ex-
posure. CA might offer the opportunity to study the
effects of exposures to chrysotile alone (if the ab-
sence of amphibole contamination were confirmed
with suitable methods) and would help solve the
still open problem regarding the capacity of chry-
sotile to pose a significant risk of pleural mesothe-
lioma. Overall, a shortage of analytical foundations
results in a substantial scarcity of inquiries and size-
able gaps in the few existing investigations. To fill
this gap, more studies must be conducted according
to updated and validated methods to address the
currently open issues, investigating the amount of
asbestos exposure and the impact of asbestos mining
and use on public health. For sure, the situation in
CA regarding asbestos represents a chance to con-
duct research, fill the existing knowledge gap, and
improve the general knowledge regarding the toxic-
ity of specific types of asbestos fibers.
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