
12 Вестник Карагандинского университета 

UDC 616–091.8:553.676 

Identification of induced mutagenesis by method of accounting  
of chromosomal aberrations at the workers of chrysotile asbestos production 

Хризотил-асбест өндірісі жұмысшыларында индукцияланған  
мутагенезді хромосомдық аберрацияны есептеу əдісімен анықтау 

Amanbekova A.U.1, Ibrayeva L.K.1, Azhimetova G.N.1, Zhumabekova G.S.2 

1National center for occupational hygiene and occupational diseases MH RK, Karaganda; 
2Station of the emergency help, Karaganda (E-mail: ncgtpz@gmail.com) 

Мақалада хризотил-асбест өндірісіндегі жұмысшылардың цитогенетикалық зерттеуі берілген. Негізгі 
цехтағы жұмысшылардың перифериялық қанындағы хромосомды аберрациялар есептеліп, хромосом-
дық аберрациялар деңгейінің дəлелденген түрде артқаны анықталды. Хросомалардың құрылымдық 
бұзылуы хросомдық жəне хроматидтік түріндегі аберрациямен көрсетілген, бұл химиялық мутагенез-
дің орын алғанын дəлелдейді. Индукцияланған мутагенездің жоғарғы көрсеткіші хризотил-асбест 
байыту цехының жұмыскерлерінде жəне 25 жылдан астам еңбек өтілімі бар кісілерде анықталды. 
Перифериялық қан лимфоциттеріндегі хромосомдық аберрациясы бар жасушалар саны бақылау 
тобымен салыстырғанда негізгі топта 2,4 рет есе артық екені тіркелді. 

В статье приведены данные цитогенетического исследования рабочих хризотил-асбестового произ-
водства. Проведен учет хромосомных аберраций в периферической крови рабочих основных цехов, 
где выявлено достоверное увеличение уровня хромосомных аберраций. При этом структурные нару-
шения хромосом были представлены аберрациями хромосомного и хроматидного типов, что может 
свидетельствовать в пользу химического мутагенеза. Авторами установлено, что более высокие пока-
затели индуцированного мутагенеза наблюдались у рабочих цеха обогащения хризотил-асбеста и у 
лиц со стажем работы более 25 лет. Частота клеток с хромосомными аберрациями в лимфоцитах пе-
риферической крови основной группы достоверно превышала контрольные показатели в 2,4 раза. 

 
Actuality. To date, assessment of the effects of the mutagen-induced production factors and the effects 

of environmental factors is carried out by detecting chromosomal damage by analysis of chromosomal aber-
rations and sister chromatid exchanges in peripheral blood lymphocytes. To evaluate the mutational event is 
necessary to use method of accounting for chromosomal aberrations, which is a highly sensitive methods of 
biological indication of human exposure to mutagens and production of environmental factors. In the mole-
cules of DNA genetic information is encoded, mutagenic, acting on the cell, leading to breaks and rear-
rangements of chromosome structure [1]. In the formation of chromosomal aberrations important stage of the 
mitotic cell cycle, which occurred at the time of the impact of the mutagen. 

Damage to the genetic apparatus of cells forms the basis of violations of biological reactions. According 
to N.P.Bochkov and A.N.Chebotarev, chromosomal aberrations are an early indicator of adverse effects on 
the body before they will develop pathological processes. In some countries, accounting cytogenetic analysis 
of chromosomal aberrations is used as a control method of mutagens and raises the question of restricting 
professionals on genetic grounds. As a result of works by American authors found that the mutagenic effects 
at low doses is important in assessing the carcinogenicity of substances has been investigated with 134 sub-
stances listed in the National Toxicology Program USA [2–5]. Studies on the structural variation of chromo-
somes in lymphocytes, provides an opportunity not only quantitative, but also qualitative account the need 
for objectivity and accuracy of test results. Studies of the spontaneous level of chromosomal aberrations in 
human peripheral blood lymphocytes in the last 30 years have shown that the level of chromosomal aberra-
tions increased by 1.5–2 times to the present time, 1.56–2.78 % [5, 6]. 

A team of researchers found mutagenic activity of heavy metal salts, which contacted the workers of 
cobalt and tungsten in the production of plants at steel mills, manifested a significant increase in the level of 
chromosomal aberrations in lymphocytes of the workers at these plants compared with the control group by 
2.5–3 times [7]. 

According to some authors, the workers of lead refineries traced the growth of disease, based on con-
siderable importance is the accumulation of adverse genetic load. The frequency of chromosomal aberrations 
in workers of lead production exceeds spontaneous level [8], other researchers have noted that the metal ions 
possess mutagenic activity due to destruction or binding of natural antimutagens cells [9]. 
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At the present time particularly relevant in the diagnosis of prenosological is to study the role of indi-
vidual human sensitivity to adverse environmental factors. Polymorphism of enzymes responsible for metab-
olism of mutagens, determines the ability of an organism to mutations [10–12]. 

Thus, all of the above confirms that the study of the chemical nature of mutagens, scientists are paying 
great attention, which confirms the need to further examine the state of the genetic status of persons em-
ployed in manufacturing. Analysis of the literature has shown promising use of micronucleus test and the 
method of accounting for chromosomal aberrations in peripheral blood lymphocytes to detect cytogenetic 
damage from exposure to factors of production. 

The aim of investigation: to study the cytogenetic status of the workers of chrysotile asbestos produc-
tion by method of accounting of chromosomal aberrations in peripheral blood. 

Materials and methods. A retrospective cohort study of workers of main shops of JSC «Kostanai min-
erals is carried out.» In order to study the cytogenetic status of the accounting method of chromosomal aber-
rations in peripheral blood of 50 men studied male, working on chrysotile asbestos production: 20 out of the 
shop enrichment (SE) and 15 of the ore preparation plant (OPP) and mining-transport workshop (MTW). In 
the SE (group 1) — the average age was examined 47,8 ± 1,3 years, the average length — 27,4 ± 0,82 years. 
In group 2 (OPP) — the average age of workers was 48,2 ± 1,05 years, the average length of service — 
23,2 ± 0,65 years. In group 3 (MTW) — the average age of surveyed — 45,1 ± 0,93 years, average length — 
25,0 ± 0,06 years. The control group consisted of 12 male workers in non-manufacturing sector, whose aver-
age age was 42,8 ± 2,01 years, the average length of service — 24,8 ± 0,96 years (Table 1). 

T a b l e  1  

Number of persons examined for chromosomal aberrations account for the group,  
depending on length of service 

Main groups 
Experience 15–25 years Experience 25–35 years 

Subdivisions Number of persons Subdivisions Number of persons 
SE 1 5 2 15 
OPP 3 10 4 5 
MTW 5 9 6 6 
Control 7 6 8 6 

 
Each of the surveyed groups was divided into two subgroups depending on the length from 15 to 25 

years and 25 to 35 years and above. All respondents at the time of blood sampling did not take chemotherapy 
and hormone therapy, and were not subjected to X-ray examination the past 3 months. 

Statistical analysis was carried out with material of PP «STATISTICA 5.5», with the calculation of av-
erage performance (M ± m), t — the Student for comparisons between groups. 

To account for the frequency and types of chromosome aberrations in human peripheral blood lympho-
cytes using a modified method of cultivation of peripheral blood lymphocytes of Hungerford DA et al. [13]. 
Consideration of chromosomal aberrations was performed using a microscope «NiKon Eclips 400» (Japan, 
2005) and the system of karyotypes LUCIA Cytogenetics KARYO. Criteria for selection of metaphases cor-
responded to the generally accepted guidelines (N.P.Bochkov, 1989) [1]. From each individual were ana-
lyzed in 200 metaphases. All the results of cytogenetic analysis of the aberrations introduced into the uni-
form modeled on protocols approved by the Local Ethics Committee (Protocol № 4 of 16.05.2008) 

Results and discussion. The results of cytogenetic studies by taking into account the status of chromo-
some aberrations (Table 2) demonstrated in peripheral blood lymphocytes of workers of major groups of 
chrysotile asbestos production significantly increased frequency of chromosome aberrations by 2.4 times 
(2,87 ± 0,16 %) compared with those of the individuals the control group (1,16 ± 0,21 %). 

At the same time structural changes of chromosomes in the study group presented chromosome aberra-
tions and chromatid types (Fig. 1). 

The frequency of chromosome type aberrations in the exposed group was 1,19 ± 0,10 %, chromatid — 
1,68 ± 0,12 %. In the control group, respectively — 0,58 ± 0,15 % and 0,58 ± 0,15 %, the difference is relia-
ble indicators at p <0.01. Aberrations of chromosome type were 41.5 % of the total chromosomal abnormali-
ties in the major groups and, respectively, 58.5 % were chromatid-type. This ratio of types of chromosomal 
aberrations speaks in favor of chemical mutagenesis [5–7]. 

When analyzing the frequency and types of chromosomal aberrations in the examined individuals, de-
pending on the place of work (shop) and work experience revealed that the highest level of chromosomal 
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On decreasing the carcinogenic activity of calcified chrysotile fibers 
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Хризотил талшығын Mg портландцементмен өңдеген кезде жарым-жартылай Са айнала бастаған. 
Осының нəтижесінде олар көп қабатты портландит Са(ОН)2 жабылған, сонымен бірге қышқыл-
дылығы, белсенді орталық мөлшері мен биологиялық белсенділігі өзгерді (мутагенділігі жойылған, 
макрофагтармен оттегінің белсенді формаларының туындауы анағұрлым төмен максимуммен жəне 
нативті хризотилмен салыстырғанда анағұрлым ұзақ фонға ие болды). 

В статье рассмотрены результаты исследований, когда при обработке портландцементом волокон 
хризотила Mg частично заменялся на Са, в результате чего они покрыты монослоем портландита 
Са(ОН)2. При этом менялись кислотная сила, количество активных центров и биологическая актив-
ность (отсутствовала мутагенность, генерация активных форм кислорода макрофагами характеризо-
валась более низким максимумом и более длительным достижением фона по сравнению с нативным 
хризотилом). 

 
Discovering carcinogenic properties of asbestos in cancer epidemiology and experimental studies re-

sulted in a tough struggle between opponents and supporters of its continued industrial use. In some cases 
this struggle (and opposition in the first place) gets farther away from the reality and scientific facts and of-
ten acquires a commercial and political format. 
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