
INTRODUCTION
pecies, individuals and tissues are not equally cancer prone.
This is one of the reasons why a variable reaction to car-

cinogenic factors, environmental and endogenous, is observed in
relevant investigations. Ontogeny, popularly known as aging, and
different combinations of factors provide additional variations. The
different relations of the organisms suffering from neoplasms,
especially developing neoplasms and combinations of environ-
mental factors complicate and diversify the comparative oncolog-
ic pictures of various neoplasms, including regressive develop-
ment. The latter can be induced by therapy or occurs sponta-
neously. 
Countries of the industrialized world vary in their cancer frequen-
cy and specificity from developing countries to which the
Republic of Armenia belongs. The ethnic and racial varieties differ
in both groups of countries, industrialized and developing, regard-
ing the question of carcinogenesis. The single factors involved in
cancer development act in a variable manner to environmental
variability of the purity of agents in diet and other types of con-
sumption. The preventive aspects come variably in appearance. 
Cancer still remains one of the major causes of human death in
the whole world. Various cancers  have various causes and detec-

tion of these causes may give the chance to prevent cancer devel-
opment (1). In the USA., tobacco related cancers account for 30-
35% of the total causes, tobacco and alcohol related 3-4%, diet
related 35- 42%, occupational and environmental exposure relat-
ed cancers account for 5% (2). 
In this paper we tried to present  data concerning the spreading of
carcinogens and mutagens in the environment of the Republic of
Armenia and some of the potential ways to prevent cancer. As in
the USA., cancer is the second leading cause of death after car-
diovascular diseases and stroke in Armenia (16.5% of all deaths
in 1998) (3, 4).

TABACCO AND DIETARY FACTORS

Among all identified carcinogenic products tobacco is the product
responsible for the most cancer cases, particularly lung cancer,
but also for the cancer of urinary tract, bladder, oral cavity, phar-
ynx, larynx, and esophagus.
We studied the micronuclei in bone marrow erythrocytes induced
by mainstream tobacco smoke obtained from cigarettes widely
consumed in Armenia using a mice model (5). Tobacco smoke
obtained from cigarettes produced in Armenia is 2-3 times more
clastogenic than smoke obtained from those produced in the
USA. A high positive correlation was observed between the clas-
togenic/mutagenic activity and carcinogenic potency of xenobi-
otics (1). Therefore, we conclude that local cigarettes are more
dangerous for human health and may be more carcinogenic than
cigarettes produced in the USA. Smoking is a very serious prob-
lem because 65% of Armenian males and 30-35% of females are
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The data concerning the spreading of carcinogens and mutagens in the environment of
Armenia are presented. These data show that soil, air, water and therefore some food
products are polluted and dangerous for human health including carcinogens. Because
of poor living standard in Armenia, most people consume food and cigarettes of low
quality, whereas fresh fruits and vegetables are not available in enough quantity even
on a seasonal basis. In many regions of Armenia the content of heavy metals and pes-
ticides in agriculture food products exceed several times the hygienic limits. At present,
we cannot recognize any appropriate opportunity to prevent cancer in Armenia.
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smokers. These data suggest that tobacco related cancer contri-
bution in Armenia is significantly higher than in the USA.. Now,
one of two tobacco companies of Armenia uses modern
Canadian technology for cigarettes production. In near future, our
goal will be the study of mutagenic action of smoke obtained from
these cigarettes.
It is clear that many dietary factors may have causative or pro-

tective roles in cancer etiology. In the western world, diets high in
fat, which typically represent 40% of calories, are correlated with
high risk of breast, ovary, endometrium, pancreas and large
bowel cancer. Dietary fats also have an important role in promo-
tion of diet-related carcinogenesis (1). Some investigations in
Armenia showed that fat contained only 30% of calories in diet
before the collapse of the USSR (6). Vegetable oils contribution
was only 10% of fat calories. After the collapse of the USSR and
independence of Armenia the living standard of most people sig-
nificantly decreased. At present, fat contains only 25% of the total
calories in the diet of the majority of Armenians. Vegetable oils
contribution is now 85% of fat calories. We suggest that fat relat-
ed carcinogenesis in population of Armenia is lower than in west-
ern countries.
Age-standardized incidence rates of gastric cancer in Armenia
were significantly lower than mean rates in the USSR (1.5 times)
(7,8) and at present they are considerably lower than in Russia
(9). It has been suggested that the cause of it is an increased level
of Mg ions in drinking water in most regions of Armenia because
Mg can protect experimental gastric cancer (10). 
Armenia practically has no control system for the quality of
imported food. A danger arises in handling the inferior quality
products in the domestic trade, originating overseas and locally.
It was found that many imported and local food products con-
tained compounds dangerous for human health, such as pesti-
cides (3-20 times above the hygienic limits), and some of them
had mutagenic and carcinogenic properties (11).
Most studies have found that a diet rich in green and yellow veg-
etables and fruits is associated with lower risk for development of
the cancer of the digestive tract (esophagus, stomach, colorec-
tum), of the respiratory tract (larynx and lung), of the upper
aerodigestive tract (oral cavity and pharynx) (12-13). The con-
sumption of expensive fresh fruit and vegetables among the
majority of the population in Armenia is very low and is usually on
seasonal basis and results in a very low intake of vitamins A, C,
and E.

ENVIRONMENTAL POLLUTION

Another hazard for human health is the pollution caused by many
dangerous agents including heavy metals in soil. Investigations
conducted in 1996  indicated that the level of heavy metals (Pb,

Cd, Hg, Ni, Cu, Zn, Mn, Fe) in fruit and vegetables  grown in some
areas of Armenia were remarkably higher than hygienic limits and
thus became dangerous for human health (14-15). 
The above presented data  show that fruit and vegetables grown
in some regions of Armenia are hazardous for human health. They
are  quite opposite to the findings of most studies that a diet rich
in fruit and vegetables is associated with lower risk for develop-
ment of cancers of the digestive and respiratory tracts. We
assume that contribution of nutritional factors to overall causes of
cancer in Armenia is much higher than in the USA (35-42%).
Up to 1988, Armenia was a developed, industrial part of the USSR
and had many factories. Industrial processes in some of them
were carcinogenic for humans (IARC Group 1) (aluminum pro-
duction, boot and shoe manufactures, furniture making, rubber
industry) (1). At present, these plants are only partly working.
Yerevan has a big chemical plant, the fifth largest in the whole
world, manufacturing synthetic chloroprene rubber. In 1999, car-
cinogenicity of chloroprene was reevaluated by the experts of the
IARC from Group 3 to Group 2B (possibly carcinogenic to
humans). The findings of retrospective studies of the cohort of
chloroprene workers from Armenia showed an increased disease
incidence and mortality due to liver cancer (16). Investigations
carried out from 1974 to 1976 showed that level of chromosomal
aberrations in lymphocytes of workers and concentration of
chloroprene in the air at working place were significantly
increased (17). Chloroprene rubber plant and "Polyvinylacetate"
plant produced many chemical compounds clastogenic for labo-
ratory animals (18-19). Unfortunately, the concentration of chem-
icals in the ambient air of chloroprene and some other chemical
plants is now also two to five times higher than the hygienic lim-
its. The chromosomal aberrations level in lymphocytes of work-
ers was found to be significantly higher than in the controls (20). 
The concentration of chemicals dangerous for human health
(benzo[a]pyrene, sulfur and nitrogen oxides, formaldehyde, Cd,
Pb, Ni, Cu, Cr) in the air was evaluated in big cities of Armenia
during 1978-1988. These investigations showed that this para-
meter in Yerevan, depending on the year of study, exceeded anal-
ogous parameter in Vladivostok (Russia) 8.5-22 times (due to
chemical plants and transport) (6). Vladivostok was one of the
cities of the USSR with the minimal level of chemicals dangerous
for human health in the ambient air. The number of cars and
buses in Armenia is now two times smaller than it used to be not
long ago, (because of immigration and high prices of motor fuel)
and aluminum production is stopped. BP concentration in ambi-
ent air of Yerevan is significantly decreased but instead of this
carcinogenic agent increased levels of other carcinogens
(formaldehyde and benzene because of poor quality of used fuel)
are detected (3). 
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Tradescantia clone 02 was used to investigate mutagenic activity
of ambient air in Yerevan. The obtained results showed that muta-
genic effect exceeded the control level 5-9 times in the regions of
Yerevan with intensive traffic and in those located close to the
chemical plant when compared to the parts of Yerevan located far
from industrial plants and with minimum car traffic (21-22). The
high lung cancer incidence in big cities of Armenia observed now
can be explained by the pollution of ambient air in past years
because the latency period of human cancer is more than ten
years. In villages the incidence of lung cancer is significantly
lower and this supports our hypothesis.
Water probes from two rivers in Armenia were mutagenic in the
Ames test due to many chemical agents at one time (heavy met-
als, pesticides). It is a very serious problem because several
regions of Armenia use these waters as drinking water. Increased
levels of herbicides, pesticides and heavy metals can be accu-
mulated in fish (23). But according to Ames test drinking water in
Yerevan is not mutagenic (23).
It is estimated that ionizing radiation causes 4% of all cancers,
mostly as a result of natural radiation to which everyone is
exposed (radon in the air, cosmic rays from outer space, external
radiation from radionuclides in rocks, soil, and building materi-
als, and internal radiation from the naturally radioactive traces of
potassium, lead, and polonium in food) (24). Mean radioactivity
from building materials in Armenia (mostly natural stones of vol-
canic origin) are 1.4 times higher than hygienic limits in the USSR
(24). Three kinds of natural stones that  are mostly used as build-
ing material  are highly radioactive (251.6, 214.6 and 303.4
Bq/kg) [25]. During the last five years natural radiation level has
remarkably increased up to 1.64 times in Yerevan (26); but the
reason of this increase is still unknown.
Taking into account that water, soil, air and therefore fruits and
vegetables and building materials contain many hazardous
agents, we suggest that the contribution of environmental pollu-
tion to development of cancer is much higher than in developed
countries.
During the period from 1970 to 1990 the most frequent cancer
sites were lung, stomach, lymphatic/hemopoietic system, skin
including melanomas and colon-rectum in males, and breast,
stomach, lymphatic/hemopoietic system, cervix uteri, colon-rec-
tum and skin including melanomas in females. During the Ô90s
the most frequent cancer sites were lung, stomach,
lymphatic/hemopoietic system, colon-rectum, urinary bladder
and prostate in males, and breast, cervix uteri, colon-rectum,
stomach, lymphatic/hemopoietic system and lung in females.
Calculation of cancer incidence risk showed that it was 0.11% in
1970 and  increased every five years up to 0.01% till 1990 when
it reached 0.15%; in 1995 it was the same (0.15%) and in 1998

it was 0.17%. Therefore, cancer incidence risk was 1.5 times
higher in 1998 than in 1970. We can conclude that cancer inci-
dence in Armenia increases every year and the most frequent
cancer sites, according to IARC data, are similar to those found
for other developing countries (4).

CONCLUSION

We suggest that tobacco, nutrition and environmental pollution
cause cancer rates in Armenia that are higher than in developed
western countries. Effective primary prevention resulting in a
reduction of cancer risk can be obtained by: (i) a reduction in the
number of carcinogens to which humans are exposed, or (ii) a
reduction of the exposure levels to carcinogens (27). In our opin-
ion, cancer prevention in Armenia can be theoretically successful
in case of  tobacco related cancer. It is known that cessation of
smoking leads to a progressively lowered risk of lung cancer (1).
But unfortunately, newspapers, magazines, television and radio in
Armenia advertise the cigarettes mostly produced in the USA.
Therefore, the action against smoking is very difficult if not
impossible. As for the cancer caused by nutrition, this problem is
associated with a very low living  standard in Armenia where 40%
of the population live below the line of  poverty. Consequently, we
cannot recognize the method for the prevention of environmental
cancers in the Republic of Armenia at present. In future, the pre-
vention of neoplastic diseases in  Armenia can only  be performed
by disintegration of cancer causing environmental factors.
Therapeutic side effects and cancer complications are of sec-
ondary importance at present.

REFERENCES

1. Weisburger JH, Williams GM. Causes of cancer. In: Murphy GP, Laurence W,
Luhard RE, editors. Clinical Oncology. Washington: American Cancer Society
Publication; 1995. p. 1-39.

2. Boring CS, Spires TS, Tong T, Montgomery C. Cancer Statistics. CA Cancer
J Clin 1994;44:7-26.

3. Garibyan L, Asmangulyan T, Oganesyan T. Changes in health dynamics in
Armenia. In: Valesyan L, editor. Sustainable Human Development and
Armenia. Yerevan: Noyan Tapan Publ. House; 1997. p. 119-22.

4. Barsegyan VS, Nersesyan AK. Cancer incidence in Armenia (1970-1998).
Archive of Oncology 2000;8:187.

5. Nersessian AK, Arutyunyan RM. The comparative clastogenic activity of
mainstream tobacco smoke from cigarettes widely con-sumed in Armenia.
Mutat Res 1994;321:888-92.

6. Nersesyan AK, Arutyunyan RM. Mutagens and carcinogens - the application
of environmental estimates to Armenia. Biol J Armenia 1989;42:499-504.

7. Mkrtichian LN, Galstian HM, Magakian AG. Geooncopathology of malignant
tumors of   gastrointestinal tract. Yerevan: Luys Publ. House; 1989. p. 398.

8. Dvoirin VV, Tserkovny GF, Gulaya VA. Malignant tumors in the USSR (1981-
1985). Vopr Oncol 1988;34:1301-35.

Carcinogens and mutagens in Armenia

© 2001, Institute of Oncology  Sremska Kamenica,Yugoslavia

31



9. Hovsepyan LK. Cancer incidence in Armenia (1990-1995). In: Mkrtchian LN,
editors. Jubilee Session of Cancer Research Centre of Armenia. Yerevan;
Noyan Tapan Publ House; 1996. p. 147-9.

10. Basikyan KL. Epidemiology and cancer prevention in Armenia. Yerevan:
Hayastan Publ House; 1989. p. 236.

11. Harutyunyan G, Ter-Balyan N. The determination of pesticides in food being
certificated. In: Osipyan LL, editor. Contamination of Foodstuffs by Biotic and
Abiotic Contaminants. Yerevan: University Press; 1996. p. 70-1.

12. Ziegler RG, Colavito EA Hartge P, McAdams MJ, Schoenberg JB Mason TJ,
Fraumen JF. Importance of alpha-carotene, beta-carotene and other phyto-
chemicals in the etiology of lung cancer. JNCI 1996;88:612-5.

13. Willett WC. Who is susceptible to cancers of the breast, colon and prostate?
In: Bradlow HL, Osborne MP, Veronesi U, editors. Cancer Prevention. New
York: The New York Academy of Sciences; 1995. p. 1-11.

14. Jugaryan O. Heavy metals pollution in Armenia. In: Valesyan L, editors.
Sustainable Human Development and Armenia. Yerevan: Noyan Tapan Publ.
House; 1997. p. 91-3.

15. Mouradian AH, Hovhannisyan HA, Aresvshatyan SH. Contamination of veg-
etables with heavy metals in the city of Yerevan. In: Osipyan LL, editors.
Contamination of Foodstuffs by Biotic and Abiotic Contaminants. Yerevan:
University Press; 1996. p. 66-7.

16. Bulbulyan MA, Margaryan AG, Ilychova SA, Boffetta P. Cancer incidence and
mortality of chloroprene workers from Armenia.  Int J Cancer 1999;81:31-3. 

17. Zhurkov VS, Fichidzhian BS, Batikian GG, Arutyunyan RM. Cytogenetic study
of persons in contact with chloroprene under industrial conditions. Tsitol
Genet 1977;11:210-2.

18. Zilfian VN, Nersessian AK. The influence of tularemia live vaccine on chemi-
cal mutagenesis in white rats. Genetika 1985;21:1507-11. 

19. Nersesyan AK, Zilfian VN. The evaluation of mutagenic activity of some
chemical compounds produced in Armenia. Biol J Armenia 1990;43:796-7.

20. Babayan EA, Pogosyan AC, Bagramyan SB,. Chromosomal aberrations in
workers exposed to some chemical substances. In: Mkrchian LN, editor.
Medical Aspects of the Earthquake Consequences in Armenia. Yerevan:
Hayinfo Press; 1998. p. 247-8.

21. Arutyunyan RM, Pogosyan VS, Simonyan EG. In situ monitoring of the ambi-
ent air around the chloroprene rubber plant using the Tradescantia-stamen-
hair mutation assay. Mutat Res 1999;426:117-20. 

22. Atoyants AL, Pogosyan VB, Arutyunyan RM. The estimation of mutagenic
activity of ambient air in Yerevan using Tradescantia.  Cytol Genetics
1996;30:26-31.

23. Mailyan RA. Water toxicology in Armenia. In: Osipyan LL, editor.
Contamination of Foodstuffs by Biotic and Abiotic Contaminants. Yerevan:
University Press; 1996. p. 6-9.

24. Doll R. Nature and nurture: Possibilities for cancer control. Carcinogenesis
1996;17:177-84.

25. Petrosyan AA. Natural radioactivity of building materials in Armenia. In: Ilyin LA,
editor.  Actual Problems of Hygiene. Moscow: Nauka Press; 1986. p. 58-60.

26. Asmangulian T, Markarian I. The influence of some natural factors on the health
of people in Armenia. In: Valesyan L, editor. Sustainable Human Development
and Armenia. Yerevan: Noyan Tapan Publ. House; 1997. p. 122-3.

27. Tomatis L, Huff J, Hertz-Picciotto I, Sandier DP, Bucker J.  Avoided and avoid-
able risks of cancer. Carcinogenesis 1997;18:97-105.

Nersesyan K.A.

© 2001, Institute of Oncology  Sremska Kamenica,Yugoslavia

32


