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Abstract
Introduction. The most common cancers in children are 
leukemias, which account for approximately 25% of all cancers 
diagnosed in children in Poland. During 1999–2016, a total of 
4,905 children and adolescents fell ill with leukemia, of whom 
1,479 died. The study assumes that the exposure of parents 
in the pre-contraceptive period and the exposure of their 
children in the prenatal period to environmental carcinogens 
may influence the development of leukemia.  
Objective. The aim of this study was to analyze the occurrence 
of health risk factors in the families of children suffering from 
leukemia, caused by environmental pollution or the lifestyle 
of their parents.   
Materials and method. To achieve the assumed goal, 
a questionnaire study was conducted among 100 parents/
legal guardians of children treated for leukemia.   
Results. Statistical analyses of the data obtained showed 
a statistically significant correlation between the occurrence 
of leukemia in a child and: the child's age at diagnosis of the 
disease (p<.047), consumption of vegetables from their own 
cultivation by the respondents and their children (p<.048), and 
the use of plant protection products and artificial fertilizers 
in arable fields, allotment and home gardens owned by the 
respondents (p<.003).   
Conclusions. In order to reduce the health risk associated 
with the occurrence of neoplastic diseases of the blood in the 
population of children, actions should be taken to increase 
the awareness of the general population about the presence 
of carcinogenic and haematotoxic factors in the human living 
environment.
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Streszczenie
Wprowadzenie i cel pracy. Najczęstszymi nowotworami 
występującymi w populacji dzieci są białaczki, które stanowią 
ok. 25% wszystkich nowotworów rozpoznawanych u dzieci 
w Polsce. W latach 1999–2016 na białaczkę zachorowało łącz-
nie 4905 dzieci i młodzieży, z czego 1479 zmarło. W pracy zało-
żono, że ekspozycja rodziców w okresie przedkoncepcyjnym 
oraz ich dzieci w okresie prenatalnym na czynniki rakotwórcze 
w środowisku może wpływać na rozwój białaczki. Celem pracy 
była analiza występowania czynników ryzyka zdrowotnego 
w rodzinach dzieci chorych na białaczkę, spowodowanych 
zanieczyszczeniem środowiska lub stylem życia rodziców 
dzieci.   
Materiał i metody. Aby osiągnąć założony cel, przeprowa-
dzono badanie ankietowe wśród 100 rodziców/ opiekunów 
prawnych dzieci leczonych z powodu białaczki.   
Wyniki. Analiza statystyczna danych uzyskanych w badaniu 
kwestionariuszowym wykazała istotną statystycznie kore-
lację pomiędzy występowaniem białaczki u dziecka a: wie-
kiem dziecka w momencie rozpoznania choroby (p < 0,047), 
spożywaniem warzyw z własnych upraw (p < 0,048) oraz 
stosowaniem środków ochrony roślin i nawozów sztucznych 
na polach uprawnych, w ogródkach działkowych i ogrodach 
przydomowych należących do respondentów (p < 0,003).   
Wnioski. W celu zmniejszenia ryzyka zdrowotnego związa-
nego z występowaniem chorób nowotworowych krwi w po-
pulacji dzieci należy podjąć działania mające na celu zwięk-
szenie ogólnej świadomości populacji na temat obecności 
czynników rakotwórczych i hematotoksycznych w środowisku 
życia człowieka.

Słowa kluczowe
czynniki ryzyka, białaczka, styl życia, rodzice, dziecko, 
narażenie środowiskowe
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INTRODUCTION

Neoplastic diseases constitute a growing socio-economic 
problem worldwide as the primary cause of premature death 
in most developed countries and the secondary cause of 
mortality after cardiovascular diseases. Cancers are relatively 
rare in the paediatric population compared to the adult 
population. It is estimated that 1.5% – 3% of the total number 
of malignant neoplasms are childhood cancers. Each year, 
approximately 300,000 new cases of cancer are diagnosed 
worldwide in the population of children aged 0–19 years [1–
4]. Childhood cancers are the second after accidents, injuries 
and poisoning, and the first disease cause of death in children 
[4, 5]. In Poland, 1,100 – 1,200 new cases of childhood cancer 
are diagnosed every year. The most common cancers in 
children are leukemias, which account for approximately 
25% of all cancers diagnosed in children in Poland. During 
1999–2016, a total of 4,905 children and adolescents fell ill 
with leukemia, of whom 1,479 died. The data show that 30% 
of patients could not be cured. Both the incidence and deaths 
are more common among boys. In the morbidity statistics 
for 1999–2016, almost 57% (2,788 cases) were boys, while 
girls constituted over 43% of the total (2,117 cases). Over the 
same timeframe, 898 deaths from leukemia were recorded 
in the population of boys (61% of all deaths), and 581 (39%) 
in the population of girls [6].

The most commonly diagnosed childhood malignancies 
include leukemias, brain cancers, lymphomas and solid 
tumours such as neuroblastoma or Wilms’ tumour. 
According to statistics, 50% of the total number of neoplasms 
in the population up to 18 years of age are malignancies 
of the haematopoietic system, including leukemias which, 
depending on the age group analyzed, account for 25% – 30% 
of the total number of neoplasms in the child population, 
followed by lymphomas (15%), Hodgkin’s lymphoma (2–3%) 
and myelodysplastic syndromes (approx. 10%) [5, 7, 8].

Among the factors influencing the formation of cancer 
in children, environmental factors are increasingly more 
often mentioned, apart from the occurrence of genetic 
mutations. Among the factors connected with parental 
lifestyle, maternal alcohol consumption during pregnancy 
is associated with a significantly increased risk of acute 
myeloid leukemia (AML) in young children. According 
to data from the International Agency for Research on 
Cancer (IARC), published in the World Cancer Report in 
2014, environmental factors (including lifestyle) play a key 
role in the formation of 80–90% of malignant tumours 
[9]. There are many harmful factors in the human living 
environment which may have a negative impact on health 
in particularly vulnerable groups, including children [10]. It 
is considered that the incidence of cancer occurs in people 
with a genetic predisposition who have been exposed to 
harmful environmental factors during their utero or early 
childhood [11, 12]. This fact is confirmed by a large number 
of diagnosed cases of leukemia in children in the first years 
of life. The peak incidence of acute lymphoblastic leukemia 
(ALL) is between the ages of 2–5 years, while acute myeloid 
leukemia (AML) is most common in children under 1 year 
of age. In addition, parental exposure to environmental risk 
factors, especially during the preconception and prenatal 
periods, is also expected believed to play a role [13, 14, 15].

Environmental factors that have a proven impact on the 
incidence of leukemia in children include ionizing radiation 

and chemical agents, such as particulate matter fraction 
PM10, polychlorinated biphenyls (PCBs), benzene, toluene 
and pesticides [16–20]. Exposure to ionizing radiation is 
one of the environmental risk factors most often associated 
with the occurrence of leukemias, especially acute myeloid 
leukemia. Research indicates that the risk of developing 
cancer is greatest when exposure to ionizing radiation occurs 
prenatally and in early childhood [21]. Research also focuses 
on the use of x-rays in the diagnosis of children, in the prenatal 
and postnatal periods, which may be a risk factor in the 
development of leukemia [13, 15]. According to the IARC and 
the United States Department of Health and Human Services 
(HHS), the chemical factors responsible for the formation of 
haematopoietic system neoplasms include: particulate matter 
fraction PM10, arsenic and its compounds (in particular 
arsane), benzene, chemicals contained in cigarette smoke, 
mixtures containing polycyclic aromatic hydrocarbons 
(PAHs) – e.g. coal pitch, tar, asphalts, vinylbenzene (styrene) 
[22–29]. Some studies also indicate a relationship between 
children’s environmental exposure to PCBs and an increased 
risk of developing acute lymphoblastic leukemia [17, 30].

The growing number of new cases of children suffering 
from malignant blood cancers requires the implementation 
of effective preventive measures, which should take into 
account the limitation of the influence of modifiable 
factors, such as environmental pollutants, that affect the 
occurrence of blood cancer in the population of children. 
Actions to reduce the concentrations of toxic pollutants are 
long-term actions; therefore, the best method which can be 
achieved in a short time would be to raise public awareness 
of environmental threats to health, because early exposure to 
harmful compounds present in the environment of human 
existence may not only contribute to the occurrence of 
childhood cancers, but can also cause the development of 
cancer later in life [31].

The study assumes that the exposure of parents in the 
pre-contraceptive period and the exposure of their children 
in the prenatal period to environmental carcinogens may 
influence the development of leukemia. The aim of this study 
was to analyze the occurrence of health risk factors in the 
families of children suffering from leukemia, caused by 
environmental pollution or the lifestyle of their parents – 
assuming that the lifestyle decisions taken by parents will 
also affect their children.

MATERIALS AND METHOD

To achieve the assumed goal, a questionnaire study was 
conducted among 100 parents / legal guardians of children 
treated for leukemia, and who agreed to participate in the 
study, in the medical centres involved in the treatment of 
leukemia in children in the Silesian Province of south-
western Poland:
– Dr. Edward Hanke Center of Pediatrics and Oncology in 

Chorzów (CPOC)
– Prof. Stanisław Szyszko Independent Public Clinical Ho-

spital No. 1 in Zabrze, Medical University of Silesia in 
Katowice (IPCH)

– John Paul II Upper Silesian Child Health Centre in Kato-
wice (USCHC), Medical University of Silesia in Katowice.

The questionnaires were collected during the treatment, 
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directly in the hospital. The proprietary questionnaire was 
carried out each time personally by a qualified nurse. For the 
purposes of this study, 100 questionnaires were collected, 
of which:
•	 60 questionnaires in the Department of Pediatric Haema-

tology and Oncology in USCHC.
•	 25 questionnaires in the Department of Oncology, Hae-

matology and Chemotherapy in IPCH.
•	 15 questionnaires in the Department of Pediatric Haema-

tology and Oncology in CPOC.

The questionnaire was also conducted among the parents 
/ legal guardians of 100 healthy children – a control group. 
The research material used in statistical analyses was based 
on an anonymous proprietary questionnaire consisting 
of 26 questions. The database included both quantitative 
(measurable) variables, such as: age of the child, mother and 
father, age at which the child fell ill, number of cigarettes 
smoked per day by a parent, and qualitative (non-measurable) 
variables, such as: child’s gender, diagnosed disease entity (in 
the case of sick children), parents’ education and professional 
status. The questionnaire also included questions about 
lifestyle, which concerned: smoking, having a backyard or 
allotment garden, or a farm, and the vegetables cultivated 
there. The variable “child’s onset age” was recoded in age 
groups, in accordance with the guidelines of the National 
Cancer Registry: 0–4 years, 5–9 years, 10–14 years and 15–19 
years.

The Chi Square test and.05 level of significance was used in 
the statistical analysis of the data. If the relationship between 
variables was statistically significant, the strength of the 
relationship (correlation) was checked using the V-Cramer 
or Φ-Yule coefficient. Statistical analysis of the collected 
material was carried out using Microsoft Office (MS Excel) 
and Statistica 12 (StatSoft, Poland), with the addition of the 
Medical Kit.

RESULTS

Characteristics of the studied population. The questionnaire 
study covered parents / legal guardians of 100 children 
suffering from leukemia, as well as parents / legal guardians 
of 100 healthy children as the control group. Taking into 
account the rarity of malignant neoplasms in the population 
of children, the study group can be assessed as numerous.

Analyzing the education of the surveyed parents, the 
most numerous group of mothers (44%) were women with 
secondary education, the least numerous with vocational 
education (20%). The education of the fathers differed from 
that of the mothers; the most numerous group were fathers 
with vocational education (37%), 33% of fathers had secondary 
education, 25% had higher education, and 2% of fathers had 
primary education. The most frequently indicated types of 
professional work performed by mothers were white collar 
work (27%) and physical work (25%). 24% of the surveyed 
mothers declared that they were unemployed, and 16% 
had never taken up a job. 5% of the respondents worked in 
agriculture, and one of the mothers was a pensioner. Of the 
97 fathers, 66% were blue collar workers, 27% white collar 
workers and 4% farmers. Retirees, disability pensioners and 
those never working professionally constituted the remaining 
3% of the surveyed group of men.

In the control group, both mothers and fathers most 
often had higher education, 65% and 50%, respectively. The 
smallest percentage among the surveyed parents from the 
control group were those with primary education – 1% of 
mothers and 5% of fathers. White-collar work and physical 
work were the most frequently indicated types of professional 
work performed by mothers – 66% and 22% respectively. 
7% of the surveyed mothers were unemployed, while 3% 
of mothers declared that they had never taken up a job. 
Moreover, 1% of the surveyed mothers worked in agriculture 
and one of the mothers was a student. Among the fathers, 
the majority of respondents were blue-collar and white-collar 
workers – 49% and 48% respectively, while 1% were farmers 
and unemployed. The questionnaire was answered by parents 
/ legal guardians of 56 boys and 44 girls diagnosed with 
leukemia and parents / legal guardians of healthy boys and 
girls, 51 and 49 respectively, aged 0–19. For the purposes of 
statistical analyses, the population of children included in the 
study, both in the study group and in the control group, was 
divided into 4 age groups, in accordance with the guidelines 
of the National Cancer Registry. The youngest age group, 0–4 
years, constituted 48% of the total in the study group and 60% 
of the total in the control group. 32% were sick children and 
20% healthy children aged 5–9 years, and the percentage of 
children aged 10–14 years was 12% for sick children and 16% 
for healthy children. The smallest group, both in the case of 
the control group and the study group, were adolescents aged 
15 -19, representing 4% and 10% of the total, respectively.

The study confirmed the results of other analyses, which 
indicate the most frequent occurrence of leukemia in children 
aged 2–5 years [5–8]. In the study population of sick children, 
leukemia was also most often diagnosed between the ages 
of 2–5, with the highest incidence of 20% in the group of 
3-year-olds (Fig. 1). The most common types of leukemia 

Table 1. Characteristics of the studied population: study group and 
control group

Variables
Study group  

(N=100)
Control group  

(N=100)
Both groups  

(N=200)

gender:
 girls
 boys

44%
56%

49%
51%

47%
53%

average age [years]:
 child 
 mother
 father

9.5
35.8
38.5

4.8
32.4
35.2

7.1
34.1
36.8

mother’s education:
 primary
 vocational
 secondary
 higher

0%
20%
44%
36%

1%
2%

32%
65%

0.5%
11%
38%

50.5%

father’s education:
 primary
 vocational
 secondary
 higher 
 no answer

2%
36%
32%
27%
3%

5%
11%
34%
50%

3.5%
23.5%
33%

38.5%
1.5%

smoking by mother:
 yes
 no

25%
75%

25%
75%

25%
75%

smoking by father:
 yes
 no
 no answer

40%
57%
3%

31%
69%

35.5%
63%
1.5%
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diagnosed in the study group were: lymphoblastic leukemia 
(C91) (35% of the total), acute lymphoblastic leukemia (C91.1) 
(28%) and cell leukemia of unspecified type (C95–17%). 
Myeloid leukemia (C92) occured in 11% of sick children, and 
acute myeloid leukemia (C92.1) in 8%.

Results of the Questionnaire Survey. The study showed that 
the respondents and their children suffering from leukemia 
were exposed in the living environment to environmental 
factors that could influence the onset of the disease.

One of the factors is exposure to tobacco smoke [23, 27, 
29], and among mothers in the study group as many as 25% 
of the respondents declared that they smoke. When asked 
about the number of cigarettes they smoke, 19 mothers say 
they smoke 10–17 cigarettes a day, and another 6 women 
stated that they smoke 2–6 cigarettes a day. As many as 15% of 
mothers admitted smoking during pregnancy which proves 
that their babies were exposed to toxic substances in tobacco 
smoke in the womb. The percentage of fathers declaring 
smoking cigarettes was significantly higher compared to 
mothers and amounted to 41%. In the analyzed group of 
fathers declaring smoking, 24 of them smoked from 20–40 
cigarettes a day, the remaining group (N = 16) from 5–18 
cigarettes a day. Among all mothers in the control group, the 
same as in the study group, 25% declared that they smoke 
cigarettes; 15 mothers smoke 10–20 cigarettes a day, and 10 
mothers 1–10 cigarettes. 5% of mothers surveyed admitted 
to smoking during pregnancy. In the case of fathers in the 
control group, 31% of them declared smoking.

Other factors that have proven influence on the formation 
of malignant neoplasms, including leukemia in children, 
are toxic substances present in the living environment or 
the parents’ workplace. When asked about the presence of 
harmful substances in the workplace, most parents of sick 
children responded negatively (64% of mothers and 66% 
of fathers). On the other hand, 14% of women and 33% of 
men answered positively. 22% of women and 1% of men 
did not provide an answer. Among the harmful substances 
present in the work environment, the respondents most often 
mentioned heavy metals, i.e. lead, zinc and cadmium (N = 13 

people). Artificial fertilizers and plant protection products 
were mentioned by 10 respondents. The fathers from the study 
group of sick children also reported that they are exposed to 
construction dust, coke dust and coal dust in the working 
environment. In the control group, 86% of mothers and 80% 
of fathers declared that they have no contact with harmful 
substances in the workplace.

A significant source of exposure to toxic substances, such 
as dioxins (PCDDs), polychlorinated biphenyls (PCBs) or 
polycyclic aromatic hydrocarbons (PAHs), with a proven 
impact on the formation of leukemia in children, is the 
incineration of plastic waste in home boiler rooms and 
heating furnaces [16–20]. When asked about the type of 
residential building where the parents / legal guardians live 
with their sick child, 55% of respondents answered that they 
live in a single-family house, 41% in a multi-family block, 
and 4% in a tenement house. The main source of heating 
an apartment / house, declared by 31% of respondents, was 
central heating from a combined heat and power plant, 
central heating from own boiler room was declared by 29% 
of respondents, gas heating (17%), a coal stove (16%), another 
form of heating (such as a fireplace with a mantle water) 
(4%), electric heating (2%), oil heating (1%). Among the 
respondents who have a coal stove to heat their home, as many 
as 50% (n = 8) declared burning plastic waste, such as PVC 
bottles and containers, other plastics and rubber products. 
In the control group, 32% of the respondents live in a single-
family house, 61% in a multi-family block, 7% in a tenement 
house. 44% of respondents declared that the main source 
of heating their apartment / house is central heating from 
a combined heat and power plant, over 1/4 of the respondents 
(27%) have gas heating. 13% of parents declared having a coal 
stove, while central heating from their own boiler room was 
declared by 9%, electric heating – 5%, and another form of 
heating (such as a fireplace with a water jacket) – 2%.

Scientific research shows that exposure to pesticide plant 
protection products can also have a significant impact on 
the formation of leukemia in children [11]. Among the 
respondents from the study group (parents of children 
with leukemia), 18% of parents own a farm, 25% a home 

Figure 1. Characteristics of the studied population, taking into account the age of the child at the time of diagnosis
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garden and 16% an allotment garden where vegetables are 
grown. (Fig. 2), and 91% of them declare that grown vegetables 
are part of their daily diet, the most commonly grown are 
parsley, carrots, cabbage, lettuce and chives.

In the analyzed group of parents of sick children, when 
asked about the use of chemicals such as plant protection 
products or fertilizers, as many as 1/3 of respondents (31%) 
replied that they use such agents in their farms, home gardens 
or allotments. In the control group, having a farm, home 
garden or allotment garden was declared by 5%, 16% and 
5% of parents, respectively. Out of them, 62% of respondents 
consume self-grown vegetables every day. In the analyzed 
control group, 23% replied that they use chemical plant 
protection products.

Arsenic contained, for example, in well water intended for 
drinking, which is not subject to mandatory control tests in 
Poland, is another factor that may adversely affect the health 
of children, influencing the occurrence of leukemia in this 
population group [22]. Among the surveyed parents of sick 
children, 8% have their own wells from which they draw 
drinking water. The water source for 91% of the respondents 
is the water supply network, while 1% have another source 
of water supplied to the home (using spring water). In the 
control group, the main source of water for 4% of respondents 
is a well, while 96% of respondents obtain water from the 
main water supply.

The last question in the survey concerned the subjective 
assessment of the quality of the environment in the place of 
residence. In the study group, 46% of respondents answered 
that they assessed the condition of the environment as good, 
22% as sufficient, 12% as very good, and the same percentage of 
respondents assessed the condition of the environment as bad. 
5% of respondents believe that the state of the environment 
in their place of residence is very bad, and 3% of respondents 
do not have an opinion on this subject. In the control group, 
7% of respondents assess the condition of the environment in 
the place of residence as very good. A comparable percentage 
of respondents believe that the quality of the environment is 
good, and sufficient (39% and 38%, respectively), while the 
answers: bad and very bad condition of the environment were 
indicated by 13% and 3% of the respondents, respectively.

Statistical analysis of questionnaire data. Statistical analyzes 
of the data obtained through the questionnaire study showed 
a statistically significant correlation between the type of 
diagnosed leukemia in a child and: the child’s age at the 
diagnosis of the disease (p<.047), consumption of vegetables 
from their own cultivation by the respondents and their 
children (p<.048), and the use of plant protection products 
and artificial fertilizers in arable fields, allotments and home 
gardens owned by the respondents (p<.003) (Tab. 2).

In the case of relationship between the type of leukemia 
and the age of the child at diagnosis, the strength of the 
correlation is r=.24, which indicates a weak correlation. The 
study also confirmed that the youngest children (in the 0–4 
and 5–9 age groups) are much more likely to suffer from 
leukemia (Tab. 3), which is consistent with the results of 
many studies [5–8].

The obtained results show that in children who eat 
vegetables from home crops or allotment gardens in their 

Figure 2. Structure of the answer to the question: ‘Do you have a farm, allotment garden, home garden in which vegetables are grown?’

Table 2. Relationship between the influence of selected environmental 
factors present in the environment of the studied population and the 
type of diagnosed blood cancer in children

Variables p-value
Correlation 

coefficient (r)

Type of 
diagnosed 
blood 
cancer 
in a child 
(C91-C95)

age of the child’s onset p<.047 r=.24

child’s gender NSS

parental contact with harmful 
substances in the workplace

NSS

parents’ education NSS

cigarette smoking by parents NSS

cigarette smoking by mother 
during pregnancy

NSS

home heating source NSS

self-cultivated vegetables as part 
of daily diet

p<.048 r=.31

use of plant protection products in 
the household

p<.003 r=.46

water supply network as a source 
of water in the house

NSS

incineration of plastic waste NSS

NSS – no statistical significance
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daily diet, lymphoblastic leukemia was much more often 
diagnosed (90% of the sick children consumed vegetables 
from own cultivation) and myeloid leukemia (100% of 
children). The relationship between the type of leukemia 
and the consumption of vegetables from own crops in the 
daily diet indicates an average correlation (r=.31) (Tab. 4). 
In addition, all parents who declared the consumption of 
vegetables from their own crops also confirmed application 
of plant protection products in their households.

Statistical analysis was also performed to check whether 
smoking by the parents or smoking by the mother during 
pregnancy could influence the occurrence of blood cancer 
in children (Tab. 5).

Analysis of the obtained results also showed a statistically 
significant correlation between smoking by the mother 
during pregnancy and the occurrence of leukemia in the 
study group, compared to the control group (p<.018). The 
value of the correlation coefficient indicates a moderate 
correlation (r=.36). In both groups, of all smoking mothers, 

those of children with leukemia reported smoking during 
pregnancy more often (15.75%), compared to mothers of 
healthy children (5.25%) (Tab. 6).

There was no statistically significant correlation between 
the occurrence of leukemia in children and parents’ education.

DISCUSSION

Neoplastic diseases in the population of children and 
adolescents up to 18 years of age constitute a challenge for 
modern pediatric oncology and haematology, as well as for 
public health specialists. The most common neoplastic disease 
of the haematopoietic system is leukemia, which is also the 
first cause of cancer death in the population of children under 
15 years of age. Analysis of data collected by the National 
Cancer Registry confirms the trends in developed countries 
regarding the number of cases and deaths caused by leukemia 
in the population of children and adolescents up to 18 years of 
age [5, 6, 7]. In Poland, during 1999–2016, leukemia accounted 
for 33% of all cancer cases, which were responsible for 29% of 
deaths in this age group. Thanks to the establishment of the 
Polish Paediatric Group for the Treatment of Leukemia and 
Lymphomas and the development of new treatment regimens, 
the number of deaths caused by blood cancer in Poland has 
been reduced. In the 1970s and 1980s, approx. 70% of children 
suffering from leukemia failed to be cured; now, leukemia 
deaths represent approx. 20% [6, 32, 33].

The literature data show that the most common leukemia 
in children is lymphoblastic leukemia, with the peak 
incidence of this type of cancer between the ages of 2–5 
[5, 7, 8]. Statistical analyses showed that 63% of children in 
the study group suffered from lymphoblastic leukemia. In 
addition, children in the 0–4 and 5–9 age groups became 
ill much more often than children in the other age groups, 
and the largest group at the time of falling ill were children 
in the third year of life.

It is now known that not only genetic mutations but 
also environmental hazards are the factors responsible for 
developing leukemia. The time that usually elapses from 
exposure to environmental risk factors to the diagnosis of 
the disease is usually from a few to several years. Therefore, 
the incidence of leukemia in children at such an early stage of 
life indicates that the exposure of parents to environmental 
carcinogens in the preconception and prenatal periods could 
play a significant role [13, 15].

Along with the technological progress, urbanization and 
chemicalisation of agriculture, the number and levels of 
xenobiotic concentrations in the human living environment 
increase. Lack of public awareness of harmful substances 
present in the immediate environment may have a negative 
impact on the health of future generations [10].

Table 3. Prevalence of leukemias in the population of children by type 
of leukemia and by age groups.

Type of leukemia

Child’s age at the time of diagnosis 
[years]*

0-4 5-9 10-14 15-19 0-19

lymphoblastic leukemia 32 22 5 4 63

myeloid leukemia 9 3 5 2 19

leukemia of unspecified cell type 7 6 2 3 18

in all 48 31 12 9 100

*age groups according to the National Cancer Registry

Table 4. Consumption of self-cultivated vegetables in a child’s daily diet 
in the various type of diagnosed leukemia

Type of leukemia

Consumption of self-cultivated  
vegetables in daily diet [N]

yes no Total

lymphoblastic leukemia 35 4 39

myeloid leukemia 9 0 9

leukemia of unspecified cell type 8 4 12

Total 52 8 60

Table 5. Relationship between selected environmental factors present 
in the environment of the studied population, and  the diagnosed blood 
cancer in children

Variables p-value
Correlation 

coefficient (r)

Diagnosed 
blood cancer 
in a child 
(yes/no)

parental contact with harmful 
substances in the workplace

NSS

cigarette smoking by parents NSS

cigarette smoking by mother during 
pregnancy

p<.018 r=.36

home heating source NSS

water supply network as a source of 
water in the house

NSS

incineration of plastic waste NSS

NSS – no statistical significance

Table 6. Cigarette smoking by mothers during pregnancy in the study 
and control group

Group
Smoking during pregnancy [N]

yes no in all

control 5 95 100

study 15 85 100

in all 20 180 200
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Among the carcinogens influencing the occurrence 
of leukemia in children is tobacco smoke. Despite the 
widespread knowledge about its harmfulness to the health 
of smokers and passively exposed people, the study showed 
that out of a100 surveyed mothers of sick children, as many 
as 15% admitted that they had smoked cigarettes during 
pregnancy, and 25% still smoke, which means that children 
were exposed in prenatal period and / or are in early 
childhood (passive smoking). Also, 41% of the surveyed 
fathers of children suffering from leukemia admitted that 
they smoke. According to research conducted in Poland 
and abroad, substances contained in nicotine and cigarette 
smoke have proven carcinogenic effects. The components of 
tobacco smoke have a negative effect on the bone marrow and 
morphology elements, and as a result may be a significant 
cause of cancer of the haematopoietic system, in particular 
leukemia [23, 27, 29].

Although the statistical analyses carried out in this study 
did not show any correlation between the occurrence of 
a child’s disease and the exposure of the parents / legal 
guardians to the above-mentioned factors at the workplace, 
it should be noted that occupational exposure may overlap 
with home exposure, and all the factors mentioned by the 
respondents have proven carcinogenic effects, and many 
of them are among the leading place on the list of agents 
and chemicals recognized by the International Agency 
for Research on Cancer as confirmed carcinogenic and 
haematotoxic in humans [34].

Since the second half of the 20th century, synthetic plant 
protection products have been widely used in industrial 
agriculture all over the world. The studies carried out so far 
have confirmed the relationship between exposure to plant 
protection products and the increased risk of certain types 
of cancer [17, 35]. Plant protection products are widely used 
not only by farmers in commercial crops, but also by people 
with allotments and home gardens, as evidenced by the 
study. Moreover, among the owners of farms, allotments 
or home gardens, almost all (91% of respondents) consume 
self-cultivated vegetables as part of their daily diet. The 
use of plant protection products and artificial fertilizers by 
parents / legal guardians and the occurrence of leukemia 
in children indicates the existence of a relationship. The 
conducted analyses also showed a statistically significant 
relationship between the occurrence of leukemia in children 
and the consumption of vegetables from own crops.

In the conducted questionnaire survey, 97% of respondents 
live in the Silesian Province, which is important in the etiology 
of leukemia in children due to the fact that particulate matter 
is the factor having a proven carcinogenic effect, which can 
significantly increase the incidence of the disease. The latest 
report of the World Health Organization (WHO), assessing 
air quality in cities around the world, according to the average 
annual concentrations of particulate matter (PM2.5), indicates 
that as many as 36 out of 50 of the most polluted cities in 
Europe are located in Poland, of which 12 are in the Silesian 
Province [25]. According to WHO and IARC, air pollution by 
particulate matter has been classified as a human carcinogen 
[36]. Due to the fact that the study population lives in the 
most polluted province in Poland, the respondents and their 
children are more exposed to carcinogens from the air, than 
residents of other provinces. According to the National 
Cancer Registry statistical data, the Silesian Province is in 
the top three provinces of the 16 provinces in Poland with 

the highest number of leukemia cases in children [6]. It 
is surprising that almost 60% of respondents assessed the 
condition of the environment in their place of residence as 
good or very good, which may indicate a lack of awareness 
among the respondents of environmental hazards occurring 
in their immediate surroundings.

In order to reduce the health risk influencing the 
formation of blood cancers in the population of children 
resulting from the environmental exposure of the general 
population to carcinogenic factors, actions should be taken 
to increase awareness about the presence of these factors 
in the human living environment, and also about ways to 
reduce exposure. Awareness-raising campaigns should be 
directed, in particular, to future parents who plan to have 
conscious and safe parenting. Environmental exposures in 
the prenatal period and in early childhood may be a more 
important risk factor for cancer incidence than exposure in 
adulthood. Identifying environmental risk factors that may 
increase the incidence of cancer in the paediatric population 
is an important step in reducing the overall burden of these 
diseases, both in childhood and in later life.

The study has several limitations. The questionnaire did not 
include questions about the duration of the child’s treatment 
at the time of completing the questionnaire, drinking alcohol 
during pregnancy, parents’ diet in the preconception period 
and during pregnancy, types of chemicals to which parents 
are exposed in the workplace. The study also does not specify 
the cumulative impact of all analyzed risk factors. The 
study should be classified as preliminary, requiring further 
extended analyses and supplements.

CONCLUSIONS

1. A statistical relationship has been demonstrated between 
the type of leukemia and age of the child at the diagnosis 
of the disease; Leukemia most often affects children aged 
0–5 years, which is also confirmed by the results of other 
researchers.

2. A statistical relationship has been demonstrated between 
the incidence of leukemia in children and the use of plant 
protection products in households.

3. In the study group, in contrast to the control group, a sta-
tistically significant correlation was found between smo-
king by mothers during pregnancy and the occurrence of 
leukemia in their child (p<.018; r=.36).

4. In order to reduce the health risk associated with the 
occurrence of neoplastic diseases of the blood in the po-
pulation of children, actions should be taken to increase 
the general population awareness about the presence of 
carcinogenic and haematotoxic factors in the human living 
environment.
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