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Introduction 
Global processes associated with the development of 

technology and industries have led to intense pollution, 
including pollution with carcinogenic substances of the 
environment, which adversely affects health of the 
population and contributes to the occurrence of cancer. 
Of all malignant neoplasms (MNs), breast cancer (BC) is 
most commonly diagnosed in women (140 out of 184 
countries): in the United States (2014), the highest 
standardized incidence rate was reported 32% of all 
newly diagnosed MN cases among women (103 cases 
per 100,000); in the Western Europe the incidence is 
much lower, with France featuring the highest rate (86 
per 100,000); in Eastern Europe the number of cases of 
breast cancer among all MNs is less: 21% in Poland and 
the Czech Republic, and 17% in Belarus (92.8 per 
100,000) [48]. According to descriptive epidemiology, 
breast cancer in Ukraine occupies the first place in the 
MN morbidity structure of the female population (72.3 per 
100,000) and mortality (32.3 per 100,000) (data as of 
2014) [3]. The leading place of breast cancer in the 
structure of MN morbidity and mortality among the female 
population of Ukraine has turned it from a purely medical 
condition to a complex medical and social problem.  

The world practice has proved the consistency of 
predictive models of breast cancer risk constructed 
primarily with account for age-appropriate indicators, 
race, personal and family history, reproductive factors, 
number of breast biopsies, bad habits, etc. [15, 67]. 
However, such predictive models have limitations as they 
do not include the contribution of regional environmental 
patterns in the formation of cancer pathology in the form 
of the whole spectrum of etiologic factors, which is 
especially important for the industrialized cities with a 
high level of anthropogenic pollution. In view of the 
existing epidemiological evidence of environmental 
conditionality of breast cancer occurrence [46], this 
feature greatly reduces the potential for assessing the 
individual risk in the areas with varying carcinogenic 
loads. 

The aim of the study is to review the literature on the 
regional ecological characteristics of the formation of 
cancer-causing environmental factors and their role in the 
occurrence of breast cancer. 

Materials and findings 
Data of a number of international organizations, 

including WHO, World Cancer Research Fund (WCRF), 
US National Cancer Institute (NCI), International Agency 
for Research on Cancer (ІARC) [62, 69] suggest a direct 
involvement of the combined effects of environmental 
carcinogens (physical, such as UV and ionizing radiation, 
and chemical, such as polycyclic aromatic hydrocarbons 
(PAHs), nitrogen oxides, asbestos, heavy metals, 
pesticides, dioxins) in the occurrence of 70-80% of all MN 
cases. 

In the human life environment, hundreds of chemicals 
– inducers of tumor growth are found, 14 of them, 
including PAHs and nitrosamines are considered to be 
substances with the greatest degree of carcinogenic risk, 
61 substances are considered to be potentially 
dangerous in this respect. Twenty three manufacturing 
processes (steel, carbon, aluminum, rubber, etc.) are 
associated with the development of MNs in humans [63, 
64]. Among chemical environmental carcinogens causing 
high risks of breast cancer, the most important are: 
PAHs, nitrosamines [41, 68], heavy metals, pesticides, 
dioxins, polychlorinated biphenyls, and solvents [62]. 

In Ukraine [11, 16], as a result of industrial and 
agricultural production and increased number of cars, 6.8 
mln tons of chemical pollutants were discharged in the 
atmosphere in 2014, which is 15% more than in 2010. On 
a per capita basis, 15 kg of pollutants were discharged in 
Ukraine, while in the Donetsk region, which is one of the 
most polluted, this number was 332 kg per capita. A high 
proportion of gross emissions of chemical pollutants is 
recorded in the industrialized areas: Donetsk, 
Dnepropetrovsk, Lugansk, Zaporizhya (30.1-117.5 t/km2); 
the lowest levels (7.2-7.9 t/km2) are typical for the 
northern regions: Chernihiv, Volyn, and Zhytomyr [37]. 
The large industrialized cities of the Eastern and 
Southern regions (Donetsk, Odessa, Lugansk), as well 
as Kyiv feature the highest overall rates of air pollution 
which exceed the maximum permissible concentration 
(MPC) by 1.6-3.5 times. The Northern and Western 
regions of Ukraine are characterized by the lowest rates 
of total pollution, which do not exceed MPC. 

In line with the level of pollutants, the level of 
substances that cause high risks of MN is also several 
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times higher than normal in the air of industrialized cities 
in Ukraine. For example, the contents of BP – an 
indicator of carcinogenic PAHs (MPC:110-6 mg/m3) is by 
4-15 times higher than the permissible level in Donetsk, 
Odessa, Lugansk, Dnepropetrovsk, Kremenchug, Kyiv; 
formaldehyde level is 2.0-7.6 times higher than MPC in 
Kyiv, Odessa, Simferopol, Donetsk, Lugansk; phenol 
level in Odessa, Donetsk, and Kyiv (2.0-2.3 times MPC); 
ammonia level in Donetsk, Kyiv, Vinnitsa (1.5-2.8 times 
MPC), nitrogen dioxide level exceeds MPC 1.8-2.3 times 
in the cities of Donetsk, Odessa, Kyiv, 
nitrosodimethylamine (NDMA) level, which is a well 
known inducer of breast carcinogenesis, ranges from 
110-4 to 8.610-6 mg/m3 in Dnepropetrovsk, 
Kremenchug and Kyiv (in the absence of the reference 
value) [16]. 

In the post-Soviet states, the lack of modernization of 
obsolete technologies in industry and outdated regulatory 
framework contributes to the further growth of the volume 
of unsafe wastes in the environment and increased levels 
of MPC in industrialized regions. This situation is typical 
for all the former republics of the European part of the 
Soviet Union. For example, in 2014 the volume of 
pollutant emissions into the air of Belarus amounted to 
462,800 tons, which means an average of 46.16 kg per 
capita. The largest the shares of pollutant emissions are 
in the Vitebsk and Gomel regions – 22% in each 
(102,000 – 103,000 tons), in Minsk region – 16% and 
Mogilev region – 11%. The most polluted city in Belarus 
is Novopolotsk with 52,000 tons of emissions per year, or 
498 kg of emissions on a per capita basis [17]. 

As a result of technological processes of processing 
and storage, as well as contamination due to widespread 
distribution, sources of PAHs in the human body include 
water and food, specifically oils, fats, smoked meat 
products. WHO recommends that BP intake with food 
should be strictly limited to the amount of 0.36 g/day, with 
an average acceptable level of 0.05 mg/day. About 1% of 
PAHs entering the body are associated with the 
consumption of drinking water. BP content in drinking 
water should not exceed 0.7 mg/l [55]. Regulation of the 
European Commission determines that the content of BP 
in vegetable oils and fats should not exceed 2 mg/kg; in 
smoked products 5 mg/kg; in cereals, including infant 
formulas, up to 1 mg/kg [25]. 

The level of BP resulting from the thermal treatment 
of cocoa beans in chocolate should not exceed 0.63 
mg/kg (according to Ukrainian standards, this number is 
2 mg/kg, and the content of BP is regulated only in 
sunflower oil). Tea (dry matter) contains 2.7 – 63 mg/kg 
(it should be noted that the only 1.6% of PAH gets into 
tea as a beverage). The BP content in meat after heat 
treatment should not exceed 4 mg/kg. Its content should 
be limited to 5.5 mg/kg in chickens and to 62.6 mg/kg in 
grilled meat [8, 27, 28]. According to EU standards, BP 
level in vegetable oil is limited to 2 mg/kg. 

In the list of environmental contaminants with a high 
potential risk of causing breast cancer, dioxins (DOs) 
rank rather high. Dioxins comprise two classes of 
organochloride compounds containing more than two 
hundred substances, of which 17 are considered toxic. 
One of the DOs – 2,3,7,8-tetrachlorodibenzo-p-dioxin 
(THHD) – is classified as a carcinogen by the US 
Environmental Protection Agency and IARC. Based on its 
mechanism of biological action, it is classified as an 
endocrine disruptor [45, 46]. At present, there are 
conflicting epidemiologic data on the direct role of DOs in 

breast carcinogenesis [57, 58, 61, 66]. However, in 
animal models (rats, mice, hamsters), THHD has been 
proved to act as an inductor and promoter of 
carcinogenesis with an estrogen-dependent mechanism 
of action [51]. It has been confirmed that DOs are able to 
accumulate in the fatty tissue of human breast in case of 
elevated exposure [43]. 

DOs form as a result of production processes in the 
pulp and paper; woodworking and metal industries, in 
chlorination of drinking water and biological wastewater 
treatment. In addition, DO emissions from the 
combustion of municipal solid wastes are one of the main 
and the most hazardous sources for the population. Also, 
DOs are consumed with food, accumulate in fatty tissue, 
are transmitted along the food chains, and have a long 
half-life of 7 to 11 years [56]. 

During the last three decades, as a result of 
numerous state regulatory actions, the DO levels in food 
and in the environment of economically developed 
countries in Europe and the United States tend to reduce, 
although today more than 95% of US citizens have 
detectable DO levels in the body; and older people have 
statistically higher values compared to younger people, 
which probably reflects the low DO levels in the 
environment today [42]. For example, in the atmospheric 
air of the populated areas in US, permitted DO content is 
0.02 pg/m3, in water 0.013 pg/L, in soil of farmlands 27 
ng/kg, and in food 0.001 ng/kg. In Germany, water: 0.01 
pg/L, soil: 5 mg/kg; standards for food and air are not 
established. In Italy, air of populated areas: 0.04 pg/m3, 
water: 0.05 pg/l, soil: 10 mg/kg; allowable concentrations 
for food are not established. These DO levels are 
significantly lower than the MPC in the former Soviet 
Union. In the territory of the Customs Union, the following 
MPC levels are established for DOs: air: 0.5 pg/m3, 
water: 20 pg/l [7], foods: 0.1  10-5 – 0.3  10-5 mg/kg 
[10].  

It should be noted that there are no laboratories in 
Ukraine for the detection of low concentrations of DOs. 
This fact, along with the widely-accepted practice of 
burning municipal waste in the settlements, increases the 
degree of uncontrollability of the environmental situation 
[33]. At the same time, there are data showing a high 
(5.88-fold) concentration compared with the average 
urban rates, incidence of breast cancer in Kyiv (Ukraine), 
among residents of a 2-km zone around the waste 
incineration plant [23]. 

Transition metals are classified as carcinogens with 
respect to humans. Based on their mechanism of action, 
they are classified as endocrine disruptors [47]. There is 
experimental evidence of estrogenic effect of these 
metals on the breast tissues. Heavy metals, being 
accumulated in breast tissues, cause molecular damages 
that play a role in the development of carcinogenesis; 
namely, they modulate the processes of antioxidant 
protection, gene expression, signal transduction, cell 
proliferation, differentiation, and apoptosis [47, 65]. 

In today's world, the impact of heavy metals on 
human beings has increased dramatically in line with the 
exponential growth of their industrial (mining, casting, 
and steel manufacturing), agricultural, domestic and 
technological (pharmaceuticals) use. Arsenic (As), 
cadmium (Cd), nickel (Ni), copper (Cu), chromium (Cr), 
zinc (Zn) are currently among the most hazardous 
carcinogenic metals, prolonged exposure to which 
increases the risk of breast cancer. Higher 
concentrations of these metals are found in serum 
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samples from women diagnosed with breast cancer and 
breast tumor biopsy specimens, compared with levels in 
normal breast tissue of women [53]. The increased (by 
15-25% compared to control) content of heavy metals, 
such as Fe, Zn, Cu, Cr, Ni and Pb, in breast tumor tissue 
was found in women living in ecologically contaminated 
areas of Ukraine [26].  

Human exposure to Cd is possible as a result of 
occupational activity in the mining, metallurgical industry 
and manufacture of batteries, pigments, stabilizers, and 
alloys [30]. But still, the main sources of Cd in a human 
body include cigarette smoke, drinking water and food 
(leafy vegetables, potatoes, grains, seeds, liver, kidneys, 
as well as crustaceans and mollusks). Cd-high foods can 
considerably increase its concentration in the tissues of 
the body, which can be assessed by the measurements 
of the levels in the blood (reflecting the recent exposure, 
for example, due to smoking) or urine (reflects chronic 
loads). Cd levels vary considerably in the environment of 
various regions across the world: serious Cd pollution of 
rivers, lakes, coastal waters and groundwater sources 
exist in China, India, Pakistan, Thailand, Nigeria, and 
Russia. However, in developed countries, there is also 
some pollution of coastal waters and large areas of 
farmlands (US, Canada, China) due to the use of 
phosphate fertilizers and manure [2]. 

Prolonged exposure to Cd can lead to varying forms 
of cadmium intoxication, and increase the risk of breast 
cancer. This is especially true for the Eastern countries 
[40, 70]. There is a large body of experimental evidence 
of the accumulation of Cd in biological fluids, tissues and 
breast tumors of women, as well as women with 
addictions or living in polluted areas [26, 50].  

WHO and the UN Food and Agriculture Organization 
have established the following maximum permitted Cd 
levels: 0.003 mg/l for drinking water, 0.01-0.4 mg/m3 for 
air [12], 0.05 – 0.2 mg/kg for food [14]. 

In Ukraine MPC for Cd in water is set at 0.001 mg/l, in 
soil at 1.0 mg/kg. For food, the following hygienic 
standards for the levels of Cd are established (mg/kg of 
wet weight): meat, bread: 0.05; grains, vegetables, fruits, 
milk: 0.03 [8]. The average daily intake of Cd in the 
human body must not exceed the values that give the 
levels of 4.7 mg/L in urine and 0.05 g/l in the blood [32].  

Pb is one of the most toxic metals. It is included in the 
list of priority pollutants by several international 
organizations, including WHO, UNEP, the United States 
Agency for the Control of Toxic Substances and Disease, 
and other regulatory government agencies in various 
countries. The main sources of Pb in the air, water and 
soil include: ferrous and non-ferrous metallurgy, mining 
and refining, chemical and coking industries, thermal 
power plants, and motor vehicle emissions. Natural 
sources of Pb in clude its fields, where from Pb enters 
the environment through weathering and leaching. In a 
human body, the main routes for Pb intake are inhaled 
and oral route [20].  

It is believed that the widespread contamination of the 
soil and drinking water sources with Pb, along with other 
industrial metals, contribute to the increased incidence of 
breast cancer. There are epidemiological studies of the 
link between the high content of Pb in hair samples of 
patients diagnosed with breast cancer. Also, there is 
experimental evidence of the occurrence and accelerated 
growth rate of breast tumors in mice in conditions of 
chronic exposure to low levels of Pb. Besides, Pb has 

been shown to decrease the antitumor effect of selenium, 
whose anti-oxidant properties are well known [39].  

In Ukraine, MPC for Pb in water is 0.03 mg/l; in soil 
20 mg/kg; in food 0.1- 1.0 mg/kg [5, 45]. According to the 
current state standards for the content of Pb in food, its 
content should not exceed 0.3 mg/l for beverages; 0.1 
mg/l for drinking water; about 2.5 mg/kg for solids food, 
about 8 mg/kg for fruits and vegetables (on a dry matter 
basis) [14, 47]. The allowable daily intake of Pb in the 
human body must not exceed the amount which is 
recorded at 0.2 mg/l of blood, 50 g/l in urine [32]. 

It is known [49, 52] that ionizing radiation (IR) under 
certain conditions can increase the risk of breast cancer. 
Breast is one of the most radiosensitive organs. The 
degree of its sensitivity depends on the intensity of the 
proliferative processes: the risk increases when a woman 
with hormonal imbalance (menarche, pregnancy and 
lactation, menopause) is exposed to irradiation. Breast 
cancer can be induced by doses less than 0.5 Sv, while 
the irradiation dose of 1 – 3 Sv increases the risk by 60% 
[60] both as a result of the body’s direct exposure to IR 
and indirectly; i.e. as a result of disturbed endocrine 
balance [24]. 

An average natural background radiation dose, to 
which the world's population is exposed annually, is 
approximately 2.4 mSv/year [59]. In Ukraine, according to 
the Standards of Radiation Safety (NRBU 97) [19], the 
recommended effective dose is 1 mSv/year. However, 
the extrapolation of data from epidemiological studies 
suggests that life-long exposure to this dose of IR leads 
to 65 cases of leukemia and 495 cases of other forms of 
MN per 100,000; that is, IR may be responsible for 4-5% 
of all MNs [69]. 

It has been established that the increased IR level 
and radioactive contamination from the Chernobyl 
disaster and the combined effect of environmental risk 
factors play a significant role in the CIS countries. 
According to some estimates, over 10 years after the 
accident, the population in the affected areas has been 
exposed to an average whole-body radiation dose of 33 
mSv [36]. For comparison: residents of some countries, 
where there is a high natural background radiation 
(Brazil, India, Iran), are exposed to 100-200 mSv in 20 
years, which is not associated with any increase in the 
incidence of breast cancer. 

In 1986-1987, an increase in the incidence of breast 
cancer in a limited cohort of women – participants of 
liquidation of the aftermath of the Chernobyl accident – 
was reported. Since 1997, an increase in the incidence of 
breast cancer in women who were evacuated from the 
exclusion zone has been registered. The incidence of 
breast cancer in women exposed to the factors of the 
zone of radioactive contamination after the accident 
increased dramatically: in 1986, there were 21.8 cases 
per 100,000; in 2010, this number was 34.7 [34]. 

In Belarusian women who participated in the 
liquidation of the aftermath of the Chernobyl accident in 
1988-2010, the incidence of breast cancer significantly 
increased in each 5-year age group, beginning from 35 
years of age. The average age of the onset of breast 
cancer in 1993-2003 was 62.6 years, in 2005 – 63.9 
years, in 2009 – 64 years, and in 2010 – 64.5 years. In 
the Gomel region, which was the most contaminated as a 
result of the Chernobyl accident, the number of cases of 
breast cancer is higher compared to other regions [18, 
29]. 
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Thus, the growing industrialization and urbanization 
leads to intensive pollution with carcinogens of the air, 
soil, water, and food. Besides, the degree of hazard of 
the environmental risk factor increases as a result of 
simultaneous synergistic effects of various contaminants. 
Such an effect is materialized in the long-term 
consequences in the form of cancer pathology, 
particularly in the regionally-conditioned increase in the 
incidence of breast cancer. In Ukraine, there is a clear 
upward trend in breast cancer incidence along the 
geographic vectors directed from the West to the East 
and from the North to the South. However, there are also 
some differences in the breast cancer incidence within a 
single administrative-territorial unit (region), one of which 
is the difference in the incidence rates of urban and rural 
populations. On the other hand, it is possible to see the 
unidirectional trends in the incidence of breast cancer 
among the urban population of the regional centers of 
geographically remote regions of Ukraine [24]. For 
instance, according to data from the National Cancer 
Registry of Ukraine (2014), the highest incidence rates of 
breast cancer (per 100,000) are observed in the 
industrialized regions: Kyiv city – 87.8, Kirovograd region 
– 85.3, Kharkiv region – 83.0, Zaporizhia region – 81.5, 
while in the environmentally friendly areas the incidence 
rates of breast cancer are the lowest: Zakarpattya region 
– 49.0, Ivano-Frankivsk region – 50.4, Volyn region – 
51.6, as compared to Ukraine’s average incidence of 
72.3 [3]. 

Conclusions 
The results of analysis of literature warrant the 

conclusion that it is needed to assess the role of 
environmental risk factors in the occurrence of breast 
cancer, taking into account the regional specifics of their 
formation, general patterns of the concomitant action of 
physical and chemical agents of carcinogenic nature, and 
predicted cancer risk. It is also essential to develop the 
ways and means for its prevention/reduction as part of 
the primary prevention framework. 

The development of models able to predict the risk of 
breast cancer based on the use of risk factors, reflecting 
the state of the hormonal status of a woman must take 
into account the prognostic significance of regionally-
conditioned carcinogenic environmental factors, which 
will help to individualize the recommendations for 
oncological vigilance and screening activities.  
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