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DEAR READERS AND AUTHORS,

As Editor-in-Chief of the journal Quality of Life, I look forward to the challenge of creating a 
journal that will enhance the quality of research in the various disciplines encompassing the Science 
and technology of food, Public health engineering, Sanitary inspection and control, Environmental 
and public health in our country, the region as well as at the international level. The journal Quality 
of Life was registered in the Register of Public Media in 2010 by the Decision of the RS Ministry of 
Education and Culture. Over the past years, this journal has published a large number of original sci-
enti ic research papers, communications and review papers. Quality of Life is published twice a year 
by Pan-European University “Apeiron” Banja Luka. All the papers published so far have undergone a 
thorough review by the editorial board and the reviewers, made up of experts from both RS/B&H, the 
surrounding and other countries, from proven and recognized university and research institutions. 
As a result of a professional approach to selecting and reviewing papers, and raising the quality of 
the journal, Quality of Life was classi ied in the irst category of journals in 2019 by the Ministry of 
Education and Culture. 

We are proud to say that Quality of Life has been well received by the scienti ic and the gen-
eral public in a relatively short period, which gives the editorial board a strong motivation for further 
work. The editorial team would like to thank our many reviewers who helped to maintain the journal 
standard; our many authors who submitted their best work to the journal; and, most importantly, 
our readers for your continuing support. I shall assure all our readers that our consistent efforts will 
be aimed toward increasing the visibility, impact, editorial cycle time, citations and overall quality of 
our journals. We very much look forward to strengthening the reputation of our publications, and we 
want to attract more higher-quality submissions. 

In the spirit of continuous improvement, any constructive input on streamlining our process-
es is very welcome. Please help us grow by citing articles that you read in Quality of Life. We look 
forward to receiving your contributions in the near future.

Editors 
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ABSTRACT: The purpose of this study was to assess life satisfaction among retired Kwara state civil servants amidst 
covid-19 pandemic Lockdown. Descriptive research design of ex-post-facto type was used in the study. The study 
tested the retired civil servants in Kwara state, Nigeria. One hundred respondents were selected using purposive 
and convenient method. The respondents were measured with validated scale with 0.81 and the data obtained was 
analyzed, using percentage and t-test statistical tools for two research questions raised. The result showed low level of 
life satisfaction of retired civil servants and there was no signifi cant diff erence in life satisfaction of male and female 
retired Kwara state civil servants (t= .07; p>0.05). In view of these fi ndings, the study recommended that government 
should put retirees interest in mind and severed their basic retirement need as at when due such as gratuity and pen-
sion.

Keywords: Covid-19 Pandemic, Retirement, Life Satisfaction, and Gender.

INTRODUCTION
The world has been shocked by the outbreak of the Covid-19 pandemic. The World Health Or-

ganization (WHO) announced the outbreak of a new coronavirus (SARS-CoV-2) at the beginning of the 
year 2020. According to WHO, the disease was fi rst reported in the city of Wuhan, China, in December 
and has since then, covid-19 spread like a wildfi re to more than 190 countries. In other words, the disease 
has become a global pandemic. The pandemic has caused massive economic disruptions across the globe. 
Economic experts have predicted that the pandemic could plunge the world into a global recession (Ozili 
& Arun, 2020). Also, the pandemic has claimed a signifi cant number of lives across the globe, coronavirus 
disease 2019 is an infectious disease that is popularly known as Covid-19.

 Moore (2020) stated that coronavirus disease is caused by severe acute respiratory syndrome, 
its symptoms include fever, cough, shortness of breath, sore throat, runny nose, sneezing, among others. 
Munkarah (2020) Covid-19 is a highly communicable disease the mode of covid-19 transmission is from 
person-to-person transmission occurs among close contacts mostly through respiratory droplets released 
when the infected person sneezes or coughs while measures such as lockdown, social distancing, self-
isolation or self-quarantine and observation of simple hygiene habits such as regular washing of hands, 
wearing of facemasks and covering the mouth with a handkerchief when coughing or sneezing have been 
recommended to contain the spread of the disease among people. It is important to note that there was no 
any known cure or vaccine for the Covid-19 pandemic before 2020 after which eff ort has been made in 
introducing Vaccine. Nevertheless, diff erent countries and international organizations like WHO have de-
veloped vaccines or drugs for the Covid-19 disease.

Retirement is seen by Willaims (2017) as the complete or partial disengagement from work or a 
given occupation or social life. While, Athley (2018) defi nes retirement as a process that separates a worker 
from his or her job role, Nwajagu (2017) sees retirement as withdrawal or giving up offi  ce or work through 
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voluntary, compulsory and mandatory format. Whatever means it occurs; it is a transition from phase of 
work life to another phase of leisure activities which may not be paid for. Retirees are faced with several 
issues before and during pandemic lockdown in their retirement life. Several scholars have identifi ed some 
eminent issues confronting retirees daily in life events, which some considered life threatening. 

Oniye (2001) indicated that retirement is a complex life events that demand careful planning. He 
identifi ed some areas of challenges. They are lack of understanding, fi nancial problems, social stigma and 
health constraints. Similarly, Kolawole and Mallum (2004) opined that retirees often experienced chal-
lenges in the following life events insuffi  cient fi nancial resources, problem of securing residential accom-
modation, the challenge of a new and low social status and challenges of declining health.

Also, Okechukwu and Ugwu (2019) concluded that in Nigeria, the delay in payment of pension and 
gratuities often lead to hardship and death in some circumstances, making retirement dreaded venture. In 
addition, Anieto (2021) vividly indicated that pensioners are owed several months of pension arrears with 
little or no hope for immediate payment. However, Nigeria retirees according to Fapohunda (2021) have 
to struggle and suff er signifi cantly before they could collect their meagre benefi ts. In view of this suff ering 
larger number of retired workers could not make any tangible things from their benefi ts. Inadvertently, this 
has made retirement stress real and inescapable in the context of Nigeria public service and a nightmare for 
active public servants who are on the verge of retirement.

Shittu (2020) Stated that total sum of N11billion is currently being owed as gratuities to the Kwara 
State pensioners from previous years, just as the concerned pensioners in the state have said about 500 peo-
ple have lost their lives due to non-payment of gratuity in the state. Arogundade (2020) opinion that retirees 
in Nigeria are generally faced with poor wellbeing, this contributes to reasons almost every workers has a 
personal concern about retirement. 

Life satisfaction is an assessment of life as a whole based on how well personal goals match with 
personal achievements (Glass, 2019). It is a subjective and general estimation of physical, social and psy-
chological aspects of an individual’s current life situation (Budh and Osteraker, 2017). Satisfaction with 
one’s life implies contentment with or acceptance of one’s life circumstances or the fulfi llment of one’s 
wants and needs for one’s life as a whole. Heybroek (2021) investigated the variation in life satisfaction 
after retirement in Australia and the associated individual characteristics. In their study, they established de-
clines in levels of life satisfaction among retirees and noted that those who experienced signifi cant decline 
often suff er poor health.

 In Nigeria, Ejechi and Ogege (2020) estimated that about 51.1 percent of the Nigerian retirees 
sampled were experiencing unsatisfactory quality of life and that socio-demographic variables such as 
education, living with spouse, age, year of retirement, socio-economic status are possible correlates of life 
satisfaction among retirees. However, much emphasis has not been made on gender variable particularly in 
the period of covid-19 pandemic lockdown. It is pertinent to understand life satisfaction and its infl uencing 
factors among retirees in Nigeria. This is because fi ndings from such studies would give ideas to organiza-
tions, government and policymakers on how retirees could live and enjoy their lives in retirement through 
recommended intervention programs. For the purpose of this study gender waslooked as correlate with life 
satisfaction of retirees.

Gender refers to the socially constructed characteristics of women and men, such as norms, roles 
and relationships of and between groups of women and men. It varies from society to society and can 
be changed, gender was considered and employed as a possible infl uencing demographic variable to life 
satisfaction among retirees. Some studies have noted that men have more tendencies than women to save 
or engage in several fi nancial investments as preparation toward retirement (Glass and Kilpatrick, 2018). 
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These diff erences may be attributed to many factors and more importantly, the disparity between the ten-
dencies for both sexes to engage in fi nancial investments after retiring from work is vice versa. There have 
been mixed reports on issues of diff erences in life satisfaction of male and female retirees across the globe. 

However, most of the previous studies indicated no signifi cant gender diff erence in life satisfaction 
of retirees (Saeed and Bokharey 2020). The trend of argument of these previous studies was that certain 
factors such as life events and experience, style of life and self-esteem among others, could moderate the 
infl uence of gender on life satisfaction in population of retirees among Kwara state retired civil servants 
amidst covid-19 pandemic lockdown.

P    S
The main purpose of this study is to assess life satisfaction among retired Kwara State civil servants 

amidst covid-19 pandemic lockdown:
1. To assess the level of life satisfaction of retired Kwara state civil servants amidst covid-19 pan-

demic Lockdown.
2. To examine gender diff erence in life satisfaction among retirees in Kwara state.

R  Q
1. What is the level of life satisfaction among retired Kwara state civil servants amidst covid-19 

pandemic lockdown?
2. What is the diff erence in life satisfaction of male and female retirees in Kwara state amidst 

covid-19 pandemic lockdown?

METHODOLOGY 
The research design for this study was a descriptive survey research design of ex-post- facto type. 

This approach does not involve manipulation of variables in the study. It is therefore, after the fact study. 
It neither add to nor deduct from the existing fact. The population of this study covered the entire retirees 
in Kwara state, Nigeria. Purposive and convenient method were used, purposive in the sense that only 
one-hundred retired teachers were used and convenient because only those who are ready to fi ll the instru-
ment were selected. The instrument developed by Amaike & Olurode (2014) was adapted for the study to 
measure the life satisfaction of retired civil servants. The instrument was however checked by the expert in 
Counselling Psychology and Educational Evaluation, Al-Hikmah University Ilorin, Nigeria for validity and 
administered to the group of retired civil servants in Oyo State to determine the reliability of the instrument 
for cultural compliance. The split half method was used in the pilot tested copy of the instrument and 0.81 
correlation coeffi  cient was obtained.

The instrument was administered to the respondents, on their meeting day. The researcher was as-
sisted by two trained research assistants in the administration and collection of instruments were done on 
the same day. The 100 instrument administered was retrieved completely. The data collected from the study 
was analyzed using percentage and t-test statistical method at 0.05 level of signifi cance. The response for-
mat was placed on strongly agree, agree, disagree and strongly disagree. The positive items were graded as 
4 for strongly agree, 3 for agree, 2 for disagree and 1 for strongly disagree while the negative items were 
reversed and graded as positive items were graded as 1 for strongly agree, 2 for agree, 3 for disagree and 
4 for strongly disagree. The overall mean for each item is calculated as sum of the points as 4+3+2+1=10 
divided by the number of points which 4. Hence, 10/4 which gives the limit point of 2.5. Then, the score 
below the limit point showed low level of life satisfaction while the score above the limit point revealed 
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high level of life satisfaction. Also, the sum of the mean of over all items revealed the grand mean and di-
vided by the number of items which 10. Then, the Average Grand mean was obtained by dividing the sum 
of mean by the number of items.

Also, the t-test is used to establish the diff erence in the male and female life satisfaction. The direc-
tion of the diff erences is further revealed from the mean scores of each group. This is obtained from the sum 
of all the points in each of the items where positive items were graded as 4 for strongly agree, 3 for agree, 2 
for disagree and 1 for strongly disagree while the negative items were reversed and graded as positive items 
were graded as 1 for strongly agree, 2 for agree, 3 for disagree and 4 for strongly disagree. The sum of each 
respondent is sum up to get the identity of male and female scores on the life satisfaction. The higher mean 
revealed the group with high life satisfaction while the group with the lower mean revealed the group with 
low life satisfaction.

RESULTS
Research Question One: What is the level of life satisfaction among retired Kwara state civil serv-

ants amidst covid-19 pandemic lockdown? 
Data presented in Table 1 shows that all items on life satisfaction identifi ed had mean rating be-

tween 2.75 and 1.15 which are below the cut-off  point average of 2.50 with a grand mean of 1.98 which fall 
at very low required response option. This result showed that all ten life satisfaction level are identifi ed as 
low required by retired Kwara state civil servants amidst covid-19 pandemic lockdown. The value of stand-
ard deviation which ranges from 1.63 – 0.74 showed that respondents were homogeneous in their opinion 
on life satisfaction among retired Kwara state civil servants amidst covid-19 pandemic lockdown. It could 
inferred that the level of life satisfaction among retired civil servants amidst covid-19 pandemic lockdown 
was low.

Table 1: Mean ra  ngs and standard devia  ons on life sa  sfac  on among re  red Kwara state civil servants amidst covid-19 
pandemic lockdown

S/N ITEMS Mean SD Remarks

1 I have peace of mind in my family most especially during the Covid-19 pandemic 
lockdown 1.85 1.48 Low

2 I experience more satisfaction with my wife in the period of pandemic lockdown 1.80 1.51 Low

3 My family responsibility is smoothly neither stop no aff ected
even with Covid-19 pandemic lockdown. 2.15 1.50 Low

4 I am fulfi lled in marriage, even with the situation of Covid-19 pandemic lock-
down. 1.15 0.74 Low

5 I became more active in term of religion during the time of Covid-19 pandemic 
lockdown 2.40 1.74 Low

6 When I am feeling miserable, thinking about God helps to cheer me up 2.10 1.30 Low

7 Prayer lifts my spirits even with the adventure of Covid-19
pandemic lockdown 1.69 1.46 Low

8 When I feel lonely, there are several people I can talk to 2.40 1.49 Low

9 There is no one that I feel comfortable with to talking about
Intimate personal problem 1.50 1.50 Low

10 I feel like I am not always included by my circle of friends 2.75 1.63 Moderate

Grand Average Mean 1.98 1.44 LOW
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Research Question Two: What is the diff erence in life satisfaction of male and female retired Kwara 
state civil servants amidst covid-19 pandemic lockdown?

The data in Table 2 revealed that there are 36 male and 64 female retired Kwara state civil servants 
respectively. Male participants had slightly higher mean ( X  = 28.71; SD = 14.61) than female participants 
( X  = 27.96; SD = 14.57) but the diff erence was not statistically signifi cant. The Table revealed that there 
was no signifi cant diff erence between the mean responses of male and female retired Kwara state civil serv-
ants amidst covid-19 pandemic lockdown (t98 = 0.07, P>0.05). Therefore, the hypothesis that stated that 
there is no signifi cant diff erence in the mean responses of male and female retired Kwara state civil servants 
amidst covid-19 pandemic lockdown was accepted. This indicated that male and female retirees in Kwara 
state did not diff er statistically signifi cantly in their responses regarding the life satisfaction. This further 
meant that gender has no signifi cant diff erence in terms of life satisfaction among retired Kwara state civil 
servants amidst covid-19 pandemic lockdown.

Table 2: Summary of t-test on the diff erence between the mean ra  ngs of male and female re  red Kwara state civil servants

Group N Mean SD t-cal Df p-value Decision

Male 36 28.71 14.61
0.07 98 0.61 NS

Female 64 27.96 14.57

Signifi cant at p<0.05

D   F
The result of the fi rst research question showed that the level of life satisfaction of retirees in Kwara 

state was low. This is in line with fi nding of Fapohunda (2021) who found that retirees have to struggle and 
suff er signifi cantly before they could collect their meagre benefi ts. In view of this suff ering larger number 
of retired workers could not make any tangible things from their benefi ts. Inadvertently, this has made re-
tirement suff ering real and inescapable in the context of Nigeria public service and a nightmare for active 
public servants who are on the verge of retirement.

Heybroek (2021) investigated the variation in life satisfaction after retirement in Australia and the 
associated individual characteristics. The study established declines in levels of life satisfaction among re-
tirees and noted that those who experienced signifi cant decline often suff er poor health. Also, Okechukwu 
and Ugwu (2019) concluded that in Nigeria, the delay in payment of pension and gratuities often lead to 
hardship and death in some circumstances, making retirement dreaded venture. Finding on life satisfaction 
have shown that retirees in Kwara state were not basically satisfy.

The result of the second research question showed that there is no signifi cant diff erence in life sat-
isfaction of male and female retirees in Kwara state amidst covid-19 pandemic lockdown. This is in line 
with the fi ndings of Saeed and Bokharey (2020) who stated that disparity of gender could not determine 
satisfaction with once life. However, certain factors such as life events and experience, style of life and self-
esteem among others, could moderate the infl uence of gender on life satisfaction in population of retirees.

CONCLUSION
The covid-19 pandemic lockdown has limited how civil servants engaged with daily activities, 

given the need to reduce the outbreak by working at home, physical distancing and sheltering in place. 
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These limitations have a direct impact on the ability to enact purposeful activities, and without this life 
engagement, to feel a sense of direction to our lives. This work paid attention on how Covid-19 pandemic 
lockdown is impacting life satisfaction of retired Kwara state civil servant and the level of life satisfac-
tion of male and female retirees. From the fi ndings of this study, it was evident that retirees in Kwara state 
were not enjoying their retirement life, on the fact that retirement presented fi nancial and social challenges. 
In this wise, lack of access to gratuity and pension became source of worry and particularly during the 
covid-19 pandemic lockdown.

R
Having gone through the study the following recommendation were therefore highlighted for con-

sideration by state government pension management board, retirees and counsellor as follows:
1. Government and educational stakeholders should set up retirees assistance counselling and wel-

fare programmes in other to improve on the life satisfaction of retired civil servants in the coun-
try.

2. In irrespective of gender diff erences government should always assist retirees in payment of their 
gratuity and pension regularly.
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Appendix
Section A: Demographic Data
Age: Below 50 years ( ) 50 and above (  )
Religion: Christianity ( ) Islam (  ) Traditional (  )
Gender: Male ( )  Female  ( )

Section B: Life Satisfaction Scale
S/N ITEMS SA A D SD

1 I have peace of mind in my family most especially during the Covid-19 pandemic 
lockdown

2 I experience more satisfaction with my wife in the period of pandemic lockdown

3 My family responsibility is smoothly neither stop no aff ected
even with Covid-19 pandemic lockdown.

4 I am fulfi lled in marriage, even with the situation of Covid-19 pandemic lockdown.

5 I became more active in term of religion during the time of Covid-19 pandemic 
lockdown

6 When I am feeling miserable, thinking about God helps to cheer me up

7 Prayer lifts my spirits even with the adventure of Covid-19
pandemic lockdown

8 When I feel lonely, there are several people I can talk to

9 There is no one that I feel comfortable with to talking about
Intimate personal problem

10 I feel like I am not always included by my circle of friends

Recived: November 1, 2021
Accepted: November 25, 2021
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ABSTRACT: Cross sectional research design was adopted to examine the relationship between three independent 
factors (resilience, internal locus of control, perceived social supports) and qaulity of life. A sample size of four hun-
dred (400) youths between ages 18-30 years (Male=240; Female=160) were selected using a combination of simple 
random sampling and purposive technique from a population of out-of school youths in Anambra State, Nigeria. Four 
standardized scales were used for data collection. Pearson Product Moment Correlation (PPMC)  and Multiple Regres-
sion were used for data analysis. Findings revealed that resililence (r= 0. 146**p<.05), internal locus of control (r= 0. 
165** p<.05) and social support (r= 0. 658** p<.05) positively correlated with quality of life respectively. There was 
signifi cant joint contribution of the independent variables to the prediction of quality of life among the respondents 
F (5,395) = 102.299, P<0.001). The independent variables (resilience, internal locus of control and perceived social 
supports) when combined accounted for 50.2% (Adj.R2= .502) of the variance in quality of life among out-of school 
youths in Anambra State. Resilience was the most potent predictor of quality of life among the variables considered 
in this study (β =.591, t =10.153, P<0.001). Counselling psychologists should institute resilience-focused therapy 
to build the practical skills of youths to become capable of handling their everyday challenges in order to have an 
improved quality of life. 

Keywords: Locus of control, social-support, quality- of -life, resilience, youths.

INTRODUCTION
Nigeria in recent times has witnessed an unprecedented level of insecurity manifested in bombing, 

kidnapping, hostage taking, destruction of properties and other societal problems that has the potential to 
disrupt an individuals quality of life. Quality of life in this study is conceptualised as anyone ’s perception 
of his or her position in life in the context of the culture in which they live and in relation to their goals, 
expectations, standards and concerns (World Health Organisation, 2012). Good quality of life is important 
at every stage of one’s life, from childhood and adolescence through adulthood. Little wonder that United 
Nations Children’s Fund (UNICEF) declare that children and youths should have at least mimimum good 
quality of life which includes the rights and freedoms of all human beings, including adequate nutrition, 
health care, and education, as well as freedom from abuse, violence, and exploitation (United Nations In-
ternational Children’s Emergency Fund., 2019). 

 Regrettably, a group that may not enjoy the minimum quality of life is out-of- school youths in An-
ambra State. The reason is not far fetched. The well reported crisis in that state in recent time involving Indig-
enous People of Biafra (IPOB) comprising majorly out-of- school youths between 18-30 years old is capable 
of causing upheaval to their quality of life. These youths for the past six years have actively been involved 
in the agitation for a Biafra Nation along with other youths in South-East, South-South and some parts of the 
Middle Belt States of Nigeria (Ibeanu, Iwuamadi & Nkwachukwu, 2016). In view of the foregoing, there has 
been regular protesters and police clashes which has been ongoing since 2014 (Ibeanu, et al., 2016). 
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Researchers from various fi elds of study—developmental psychology, sociology, economics, pub-
lic policy, demography, and family studies—have independently shown that insecurity, crisis, violence and 
turbulent situation are associated with poor quality of life (Baptista, Rodrigues, Gregório, de Sousa, Cruz, 
& Canhão, 2018: Mester, Bugnar, & Andreea, 2011). More worrisome is that Anambra State has is reported 
to have 118,314 (15 per cent) out of the estimated 10.2 children and youths who are of schools in Nigeria.
( National Bureau of Statistics, 2020), The relationship between being educated and quality of life cannot 
be over emphasized. It is documented that education leads to better lifestyle choices, improves skills and 
enable an individual to have an eff ective habits (Vayachuta1a, et al., 2016). Being out –of school could lead 
to other bigger issues, such as crime and labour skills problems. A study for example, reveal that ‘out-of-
school’ youths are 7 times more likely to put themselves at risk than youths in school and even live a shorter 
life span than youths in school (Vayachuta1a et al, 2016).

A plethora of studies have been conducted to investigate the construct of quality of life. However, 
a concern is that majority of these studies targeted adults, children and youths with chronic illneses (Bap-
tista, et al., 2018: Gil-Lacruz., Gil-Lacruz, & Gracia-Pérez, 2020). For stakeholders to tailor intervention 
to suit target there is need to obtain empirical data on factors that are associated with quality of life among 
population without any chronic conditions or disabilities. It therefore becomes imperative to examine the 
relationship between three independent factors (resilience, internal locus of control, perceived social sup-
ports) and qaulity of life.

LITRATURE REVIEW
Literature suggest that resilience has the potential to be used as a defensive measure towards any 

condition that disrupts an individuals homeostasis (Stainton, et. al, 2019). Pardeller, Kemmler, Hoertnagl 
and Hofer (2020) defi ne resilience as the process of adapting well in the face of adversity, trauma, tragedy, 
threats, or signifi cant sources of stress. Resilient people are said to make use of individual and social re-
sources to overcome adversity, while non resileint individuals are often overwhelmed by diffi  cult or stress-
ful situations, dwells on problems or use unhealthy mechanisms to cope with challenges of life (Laird, 
Lavretsky, Paholpak, Vlasova & Roman, 2019). A concern is that the relationship between resilience and 
quality of life is yet to be fully explored.

Locus of control is an area of individual diff erences suggested by Attribution theory to have the 
potency to be associated with quality of life (Weiner,1986). Attribution is a term used in psychology to 
describe how individuals perceive the causes of their everyday experiences, as being either external or in-
ternal. Locus of control is one of the four well researched dimensions of core self-evaluations, along with 
neurotiscim, self-effi  cacy and self esteem (McAnena, Craissati, & Southgate, 2016). Rotter (1954) defi ne 
locus of control as the degree to which people believe that they, as opposed to external forces (beyond their 
infl uence), have control over the outcome of events in their lives. A person’s is conceptualized as internal (a 
belief that one can control one’s own life) or external (a belief that life is controlled by outside factors which 
the person cannot infl uence, or that chance or fate controls their lives). Individuals with external locus of 
conrol has ben reported to be more vulnerable to stress and poor health. This is unlike their counterpart 
with internal locus of control who has better help-seeking and low level of stress (Reknes, Visockaite., 
Liefooghe, Lovakov & Einarsen, 2019; Hussain, Baqir, Islam & Asif, 2020). There is ongoing debate con-
cerning the relationship between internal locus of control and quality of life. 

Another variable that could be associated with quaility of life is perceived social supports. Perceived 
social support refers to how individuals perceive friends, family members and others as sources available to 
provide material, psychological and overall support during times of need. It is documented that more social 
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support is associated with higher levels of subjectively perceived quality of life. There is preliminary evi-
dence to suggest that perceived social support is related to an individuals quality of life (Kassianos, Symeou 
& Ioannou, 2019; Zdun-Ryżewska, et al., 2018). They argue that when individual feels that they have a 
levels of support, love, and care it will enable them to have positive life experiences.

P    
The broad purpose of this study is to investigate if the quality of life of youths is associated with 

resilience, locus of control and perceived social supports. Specifi cally, the study proff ered answers to the 
underlisted hypotheses.

H
The following research questions were formulated to guide this study.
H1.  There is no signifi cant relationship between the independent variables (resilience, internal 

locus of control, perceived social supports) and quality of life among youths in Anambra State, Nigeria.
H2.  There was no signifi cant joint and relative contribution of the independent variables (resil-

ience, internal locus of control and perceived social supports) to prediction of quality of life among out-of-
school youths in Anambra State, Nigeria.

MATERIALS AND METHODS
Cross sectional design was adopted for this study. A sample size of four hundred out-of -school 

youths were randomly sampled from three towns in Anambra State. These three towns (Onitsha, Nnewi and 
Awka) are noted for violence during the IPOB crisis in Anambra State, Nigeria. The respondents comprised 
out-of school youths drawn from traders, barbers, catherers, tailors, drivers and road transport workers.

M
Four instruments were serialized into one document. It has sections A, B, C, D. and E 
Section A was used to collect information about the demographic profi le of the respondents (age, 

gender, sources of livelhood, educational status). The details of sections B, C, D and E are provided thus;

S  B: Y  Q   L  
Youth Quality of Life - Short Form (YQOL-SF) by Patrick, Edwards and Topolski (2002) was used 

to asees the ouths quality of life. This questionnaire measures generic quality of life without any chronic 
conditions or disabilities. The instrument has 15 self-report items measuring the 4 domains each, namely: 
sense of self, social relationships, environment, and general quality of life. Typical items on the instrument 
includes: “I keep trying, even if at fi rst I do not succeed”, “I feel good about myself”. The response pat-
tern ranges from 0 = not at all to 10 = a great deal or completely. However, for the purpose of this study, 
the Likert version was modfi ed to 5-1 (strongly agree to strongly disagree). The instrument was admistered 
in approximately 10 minutes. Thereafter, the scores were summed and transformed to a 0 to 100 scale, 
a higher score represents a higher quality of life. The authors reported satisfactory internal consistency 
(Cronbach’s alpha) of 0.80 for all the four domains (Patrick et. al., 2002). While the intraclass correlation 
coeffi  cients for each domain were as follows; self (0.85), social (0.85), environment (0.76), general QOL 
(0.74), and total score (0.78) (Patrick et. al., 2002). This instrument was revalidated on 30 youths randomly 
drawn from Imo State- a neigbouring state with similar IPOB issue. Test- retest-relaibility coeffi  cient of 
r=0.82was obtained which was considered good for this study (Weir, 2005). 
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S  C: B  R  S  (BRS) 
Brief Resilience Scale (BRS) by Smith,Dalen, Wiggins, Tooley, Christopher and Bernard (2008) 

was used to assess the youths resilience. It is a six item self-rating questionnaire aimed at measuring an 
individuals’ ability to “bounce back from adversity.” This instrument was originally developed to provide 
some key insights for individuals exposed to health-related stress ( Smith, et al., 2008). Of the six items, 
three were positively worded while the other three were negatively worded . It was designed in Liket for-
mat of strongly Agree to strongly disagree on a scale of 5 4 3 2 1. Typical items include: “I tend to bounce 
back quickly after hard times”, “I have a hard time making it through stressful events”. It took approxi-
mately fi ve minutes to administer the questionniare. The Scoring is easy, it was done by simply adding the 
responses varying from 1-5 for all six items giving a range from 6-30 and divide the total sum by the total 
number of questions answered. Windle et al. (2011) reported that BRS is a highly valid and reliable meas-
ure of resilience in its most basic and core form unlike the other resilience scales that measure personal 
characteristics. He added that BRS has Cronbach’s alpha of .8 or over in all the studies testing its psycho-
metric validity. Test- retest-reliability coeffi  cient of r=0.84 was obtained during pilot study. This made the 
researcher to conclude that the instrument was stable to measuer the construct.

S  D: L    M
Twenty-three items self-report scale deveolped and validated by Suárez – Álvarez, et al. (2016) 

was used to assess the youths locus of control. The instrumen has two subscales, namely external locus of 
control (13 items) and internal locus of control (10). For the purpose of this study, only the items on internal 
locus of control was used because it suit the purpose of the study. Sample items on the internal locus of con-
rol includes: “Success depends on my eff ort” “What I have, depends on the eff ort that I make to get it” “My 
future depends on what I do”. This section on internal locus of control has internal relaibilty index of α=.85. 

S  E: S  S  S  
 The respondents perceived social support w as measured on a four-point Likert scale developed by 

Zimet et al. (1988). The scale projected the measurement of how one received various means of supports 
from friends, well wishers and relatives in respective of their situations in life. The higher scores on this 
measure indicate greater social support that the individual enjoys.  Typical items one the scale include: Most 
of my friends are more successful at making changes in their lives than I am”, “There is someone I can turn 
to for advice about handling problems with my  family”Prior studies have reported Cronbach’s alpha coeffi  -
cients for the PSSS from 0.86 to 0.93. The scale however, was pilot-tested to align with the cultural context 
in Nigeria and it yielded a correlation coeff cient of r = 0.84.

P
This study was carried out between May-July,2021 which coincide with the period of heightened 

violence in Anambra state due to the court case of a proclaimed IPOB leader as well as preparation for 
the 2021 gubernatorial elction. Youths were randomly sampled from three major cities in Anambra State 
(Onitsha, Awka and Nnewi). The youths were approached in their various locations(shops, centres, shade 
etc). The researcher informed the partcipants that the study was needed as an evidence to direct the govern-
ment’s attention to cater for their qaulity of life. They were encouraged to seek clarifi cations if there is any 
item or items they do not understand. The researcher used their local language (igbo langauge) to give the 
instruction. Two Research Assistants who had partcipated in data collection in a previous study conducted 
by Ofole (2016) supported in the administration of the questionnaires. The respondents were given the op-
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tion to opt out if they were not willing to respond or got tired of responding to the items provided. Of the 
fi ve hundred and twenty (520) questionnaire distributed, only four hundred(400) were correctily fi iled. As 
a result, the qustionnaire return rate was 77%.

M   D  A
Descriptive staitistcis (frequency count and percentages) was used to analyse the demographic in-

formation of the respondents. While the inferential statistics were Pearson Product Moment Correlation 
(PPMC). The PPMC was used to test the relationship between the independent variables and the dependent 
variables. Multiple regression analysis was used to analyse the joint and relative contribution of the inde-
pendent variables to the prediction of quality of life. level of signifi cance adopetd was 0.05 apha level. The 
results are displayed on Tables 1-3. 

RESULTS AND DISCUSSION

D  P    
The results obtained from Section A of the questionnaire was summarized in Table 1. 

Table 1: showing the Demographic Characteris  cs of Respondents 

S/N Variable N=400 Percentage (%)
1 Gender

Female 160 40.0
Male 240 60.0

2 Age Range 
18-20yrs 115 29.0
21-23yrs 180 45.0
24-26yrs 65 16.0
27-30yrs 40 10.0

3 Educational Status
Primaryschool leaving certifi cate (FLSC) 63 15.8
Secondary school certifi cate (O’ level) 109 27.2
Primary school drop out 58 14.5
Secondary school drop out 170 42.5

4 Source of Livelihood
Barbing 26 6.5
Driving (motorcycle, buses, cars, Tricycle) 122 30.5
Trading 87 21.8
Road Transport Worker (NURTW) 89 22.3
Tailoring 27 6.7
Hair dressing 21 5.2
catering 28 7.0
Others (Contractor, Musician, Artist etc)

5 Relationship Status
Married 45 11.2
Single 289 72.3
Engaged 66 16.5
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Table 1 reveals that out of 400 respondents, 240 representing 60% were males, while 160 (40%) 
were females. This implies that majority of the respondents were males. Further, the catergorization of the 
respondents based on their age shows that those between ages 18-20 years were 115 (29%), 21-23 years 
(180) representing 45%. Finally, 24-26 and 27 -30 years were 16 % and 10 % respectively. Based on this, 
one can conclude that majority of the youths in this study were in ages 21-23 years (180). With respect to 
educational status, those who dropped out of secondary school were majority ( 42.5%), followed by those 
who completed secondary schools (27.2%) and primary school leaving certifi cate holders (15.8%). The 
later were slightly higher than those who dropped out of primary schools (14.5%). The possible reason for 
this low educational status could be due to sampled population. Table 1 reveals their sources of livelihood 
which has been ranked are as follows: driving (30.5%), road transport workers (22.3%), trading (21.8%), 
catering (7%), tailoring, (6.7), barbing (6.5%) and hair dressing (5.2%). Moreover, the Table also shows 
that 289 representing 72.3 % of the study population were single, while sixty-six (16.5%) were engaged. 
However, only 45 (11.2%) were married as at the time of conducting this study. 

Hypothesis One: Hypothesis one predicted no signifi cant relationship between the indepednt vari-
ables (resilience, internal locus of control and perceived social supports) and quality of life among out of 
school youths in Anambra State, Nigeria. This hypothesis was anaylsed with PPMC and the result is pre-
sented on Table 2.

Table 2: Correla  on matrix showing the rela  onship between independent variables and Quality of life

Variables Mean Std.Dev 1 2 3 4 5

Quality of life 32.29 7.52110 1.000

Resilience 2.33 .64210 .146** 1.000

Internal locus of control 28.23 7.06772 .165** .043 1.000

Perceived Social Supports 25.19 9.51741 .658** .104 .080 1.000

*Correla  on is signifi cant at 0.05 (2-tailed)

The result obtained from this study revealed that there was a positive signifi cant relationship be-
tween the independent variables (resilience, internal locus of control and perceived social supports) and 
quality of life. The null hypothesis was therefore, rejected. Findings further revealed that; resilience (r= 0. 
146**p<.05), internal locus of contol (r= 0. 165** p<.05) and social support (r= 0. 658** p<.05) positively 
correlated with quality of life respectively. The Pearson Correlation Coeffi  cient value of + . 146**. 165** 
and. 658**means that there was positive correlation among resilience, locus of control, perceived local 
supports and quality of life at varing degrees. This fi nding suggests that the three factors considered in this 
study (resilience, internal locus of control and perceived social supports) can explain the quality of life 
among the respondents but at moderate level. If youths have resilience, internal locus of control and social 
supports their quality of life will be satisfactory.

Question Two: The second hypothesis stated that the independent variables (resilience, internal 
locus of control, perceived social supports) either singly or in combination will not signifi cantly predict 
the quality of life among youths in Anambra State, Nigeria. The result obtained for this hypothsis was pre-
sented on Table 3.
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Table 3: Associa  on of resilience, internal locus of control and perceived social support on quality of life

Predictors  β  t  P  R  R2 F P 

Resilience .591 10.153 <0.05

Internal Locus of control .051 1.659 <0.05

Perceived Social Support .224 4.363 <0.05 .713 .509 102.29 <0.05

The regression analysis shows that there was a signifi cant combined eff ect of the independent vari-
ables (resilience, internal locus of control and perceived social supports) to the prediction of quality of life 
among out-of-school youths in Anambra State, F (5,395) = 102.299, P<0.001). Since the calculated value was 
higher than the t-value, the Ho was therefore rejected. The outcome also yielded a coeffi  cient of multiple re-
gressions R= 0.713, multiple R2 = 0.509 and Adjusted R2 =.502. This result suggest that the three predictor 
variables when combined accounted for 50.2% (Adj.R2= .502) variance in the prediction of quality of life 
among youths in Anambra State while other factors not examined in this study accounted for the 49.8 %. 

Furthermore, Table 3 reveals the result obtained for hypothesis three. suggest that each of the three 
variables (resilience, internal locus of control, and perceived social support) has signifi cant relative contri-
butions to the predictors of quality of life among youths in Anambra State. In terms of magnitude the most 
potent factor was resilience (β = .591, t = 10.153, P<0.001), followed by social support (β = -224, t = 4.363, 
P<0.000). Internal locus of control (β = .051; t = 4.659; P<0.05) made the least contribution to the predic-
tion of quality of life among the youths in Anambra State, Nigeria. The implication of this fi nding is that the 
fi rst two variables (resilience and locus of control) should be prioritized when instituting an intervention to 
improve youths’ quality of life in Anambra State, Nigeria.

DISCUSSION 
This study investigated the relationship between three predictor variables (resilience, internal locus 

of control, perceived social support) and quality of life among out-of school youths in Anambra State, Ni-
geria. The results displayed on Tables 2-3 show that there was positive relationship between resilience and 
quality of life. The implication of this fi nding is that the more the youth is resilent, the greater the likelihood 
that he/she can cope successfully with adversities in his or her environment. This fi nding corroborates with 
large body of evidence who reported that being resilience led to successful adaptation and unfolding of tol-
erance within a context of debilitating adversity or stressful events (Laird, et al., 2019; Temprado Albalat, 
García Martínez, Ballester Arnal, & Collado-Boira, 2020: Pardeller etal., 2020). This outcome gives cre-
dence to the theroretical framework of Greene, Galambos and Lee (2004) who argue that it is not the nature 
of the adversity that is most important in coping but rather how one deals with it and other misfortunes or 
frustrations of life.

The fi nding from this study also suggest that perceived social support was associated with quality of 
life among the youths. This concurs with previous studies (Zdun-Ryżewska, et al. 2018; Moghadam et al. 
2020) who reported that those who received social supports from friends, relations and well wishers during 
hospitalization recovered faster than those who did not receive. Similarly, scholars (Deniz Şahin, Özlem & 
Özer: Melek Zubaroğlu & Yanardağ, 2019) reported positive relationship between perceived social support 
in people aged 65 years and their quality of life . Though the age diff erence could also have moderated the 
outcome of their study.

Internal locus of control was also found to be related to quality of life among out-of school youths 
in Anambra State as shown on Table 2. The implication of this fi nding was that the youths sense of what 
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controls their life was an important factor in regulating their every-day functioning and appraisal of their 
quality of life. This outcome was not surprisngl because it was documetented that internal locus of control 
can infl uence how people respond to stressful events in their environment and the motivation to take pre-
ventive action. For example, if the youths believe that they were responsible for their quality of life, they 
will take action to change stressful and unwanted situations around them. This outcome was coroorborated 
by Pahlevan (2017) who found among 118 Malaysian respondents breast cancer patients. They documented 
that patients with internal locus of control had the capacity of controling their experiences, lower their 
anxiety and depression. They concluded that internal locus of control mediated the relationship between 
an individuals’ quality of life. This outcome also supported Rizza, Gison, Bonassi, Dall’Armi, Tonto and 
Giaquinto (2017) who reported that external locus of control signifi cantly lowers health conditions and 
quality of life .

This outcome of the third hypothesis shows that the three factors (resilience, internal locus of con-
trol and perceived social supports) considered in this study contributed signifi cantily to the prediction of 
quality of life of out of school youts in Anambra State. This outcome supports the Attribution theory of 
Weiner (1986) who argue that human behaviour is determined by a combination of internal forces (abilities 
or eff orts) and external forces(task diffi  culty or luck). Similarly, Lewin (1936) and Tolman(1932), using 
the cognitive opined that it is how the individual perceive the adversity rather than the adversity itself that 
will determine whether or not the individual will have a good quality of life. The second hypothesis reveal 
that the three factors (resilience, internal locus of control, and perceived social supports) when combined 
accounted for 50.2% of the variance in predicting quality of life of among youths in Anambra State. The 
implication of the fi nding is that the three independent variables alone cannot explain the quality of life of 
out –of school youths in Anambra State since it accounted for only 50.2 %. There was likelihood therefore, 
that some variables that were not considered in this study could account for youths quality of life. This 
outcome supports previous studies who reported that other factors such as wealth (Lodhi, Rabbani & Khan, 
2021), sense of community, (Stevens, Guerrero. Green, & Jason, 2018) and religious beliefs (Counted, Pos-
samai & Meade, 2018) were positively associated with quality of life. It also gave credence to Lodhi, et al., 
(2021) Integrated theory which suggest that quality of life composed of eight dimensions, namley; educa-
tion, environment, economic and physical safety, material living condition governance and political voice, 
social interaction and personal activities. 

Further, the results show that out of the three factors considered in this study resilience was most 
potent in predicting quality of life among out -of -school youths in Anambra State, Nigeria. This fi nding 
corroborates the studies of (Stainton, et. al, 2019; Laird, et al.,2019). However, this outcome was very sur-
prising. One would expect that perceived social support would have stronger contribution to quality of life 
due to documented evidence that social support is a key component which assist people to build up , have 
strength to carry on and thrive during times of stress (Lodhi, et al., 2021). There is need to generalize the 
outcome of this study with caution. This is because of some methodological issues that need mentioning. 
One such limitation was the small sample size randomly sampled from Anambra State out of 36 States in 
Nigeria. It is recommended that similair rsearchers should target other States in Nigeria using larger sample 
size possibly drawn from the six geographical zones in Nigeria. Further, cross-sectional design used for 
this study did not enable the Researcher to have insights into other issues which may have impacted on the 
partcipants quality of life. It is recommended that future studies should use traangulation method (combi-
nation of quantitative and qualitative methods). These issues did not however, invalidate outcomes of the 
study because the Researcher adhered strictly to methods of conducting a survey study.
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CONCLUSION
The fi nding of study suggests that resilience, internal locus of control and perecived social supports 

were positively related to quality of life among out of school youths in Anambra State, Nigeria. This fi nding 
has practical implication for health workers, counselling pscyhologists, and social workers when design-
ing intervention to enahnce quality of life among this cohort. In addition, it shows that though the three 
independent variables considered in this study when combined can contribute to the prediction of quality 
of life among youths, however, there is possibility that other factors not considered in this study could also 
account for quality of life among out-of school youths in Anambra State. The implication of this fi nding is 
that stakeholders should look beyond the three variables considered in this study when designing interven-
tion to improve youths quality of life.

RECOMMENDATIONS

The following recommendations are suggested on the basis of the study outcomes:

Counselling Psychologists should institute resilience-focused therapy to build the practical skills of out of school youths to 
become capable of handling their everyday challenges. 

Since in this study social supports was shown to be a protective factor for youths quality of life, it is suggested that counselling 
psychologists, social workers and other workers in helping profession should synergize to mobilise social supports for the out-
of-school youths in Anambra State.

Counselling Psychologists should use cognitive therapies to restructure and replace the youth’s negative thoughts to enable them 
to stop blaming external factors for whatever happens in their lives including successes and failures.
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ABSTRACT: Best known by-products of chlorination of drinking water are trihalomethanes (THMs) which can 
have negative eff ects on human health. The research goals in this paper were to emphasise the importance of THMs 
as by-products of disinfecting drinking water, to show the practice of controlling the THMs in drinking water on the 
example of three water supply systems in the Republic of Srpska and to propose measures for reducing formation of 
THMs in drinking water. The results have shown that values of THMs in drinking water in these three water supply 
systems were within the reference values, but the level of the proscribed control is signifi cantly below the minimal 
requirements. 

Keywords: disinfection of drinking water, trihalometanes.

INTRODUCTION
Disinfection is defi nitely the most important step in preparing water for public supply, but besides 

being strong biocides, disinfectants are also reacting with other components in water thus creating new 
compounds with potentially harmful long-term health side-eff ects. Therefore, a general assessment of the 
impact of disinfection on public health must take into account not only the microbiological quality of the 
treated water, but also the toxicity of disinfectants and their reaction products, or as they are commonly 
called, water disinfection by-products (Dalmacija at al., 2006.).

The type of disinfection by-products depends primarily on the applied disinfectant, and then on 
water quality parameters (type and concentration of natural organic matter, presence or absence of bromide 
and iodide ions, pH, temperature, organic nitrogen concentration, etc.), as well as on operating conditions 
(disinfectant doses and contact times) applied in order to simultaneously achieve eff ective disinfection and 
provide requirements for achieving residual disinfectant concentrations (Tričković at al., 2005.). 

In our country, but also worldwide, the most commonly used disinfectant for drinking water are 
chlorine and chlorine preparations. The advantage of using chlorine for water disinfection is that it has rapid 
eff ect on microorganisms, it has residual eff ect which ensures safety of subsequent water pollution, and is 
an aff ordable method. 

The best-known by-products of water chlorination are certainly trihalomethanes (THMs), out of 
which the following are important as water contaminants: bromoform, dibromochloromethane, bromodi-
chloromethane and chloroform. Reducing the concentration of these four most commonly reported THMs 
should decrease the concentration of other uncharacterized chlorination by-products (Ivančev-Tumbas, 
1998.). Chloroform is usually the most abundant in drinking water. Its eff ects on health are also most re-
searched.

As early as the 1970s, research began on the possible eff ects of by-products resulting from the dis-
infection of drinking water on human health (Bellar at al., 1974; Hrudey, 2009; Rook, 1974.). In 1976, the 
National Cancer Institute published the carcinogenic eff ect of chloroform using rodent research (Boorman 
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at al., 1999; Singer, 1993.). Following these results, in 1991 the International Agency for Research on Can-
cer of the World Health Organization classifi ed chloroform and other widespread by-products of disinfect-
ing drinking water as possible carcinogens (ARC, 1999). Looking at THMs as a whole, numerous studies 
examining the eff ect of THMs on human health have found that eating and drinking, transdermally or by 
inhalation can lead to a number of health issues, so THMs were classifi ed as carcinogenic and mutagenic 
compounds (WHO; Lee at al., 2004; Min at al., 2016; Hang at al., 2016.). 

Various meta-analyses and pooled studies in Europe and North America have provided consistent 
evidence that long-term exposure to t THMs is associated with an increased risk of bladder cancer and 
colorectal cancer (Kargalioglu at al., 2002; Gruau, 2004; Monarca at al., 2004; Costet at al., 2011; King at 
al 2006); Villanueva at al., 2003.). One recent multicentre study found no clear evidence of an association 
between total lifetime THMs exposure and colon cancer (Villanueva at al., 2017). If the activity of indi-
vidual fractions was observed, then this study revealed a protective eff ect of chloroform, while a positive 
association with brominated trihalomethanes was observed in men at the tail end of the exposure distribu-
tion, with the key conclusion being that these results require confi rmation. Other studies have also reported 
an association between these compounds and adverse reproductive eff ects such as congenital anomalies, 
cancer, and fetal development during pregnancy (Nieuwenhuijsen at al., 2009 A; Nieuwenhuijsen Nieu-
wenhuijsen at al., 2009 B.). 

In studies of the human population using chlorinated drinking water in which chloroform is pre-
dominantly THMs, small increases in the incidence of rectal, colon, and bladder cancers have been consist-
ently observed, and the strongest evidence was given for bladder cancer (Kargalioglu at al., 2002; Gruau, 
2004; Monarca at al., 2004.). However, since other possible carcinogens have been found in this water, it 
is impossible to identify chloroform as the only carcinogen. Therefore, the U.S. Environmental Protection 
Agency classifi ed chloroform as group B2 or “probable carcinogen for humans,” based on suffi  cient animal 
evidence and inadequate human evidence of carcinogenicity. Evidence from animal studies now strongly 
suggests that exposure to chloroform causes cancer only after it produces permanent cellular toxicity. Be-
cause a certain threshold level of exposure is required to induce cell toxicity, the occurrence of cancer due 
to exposure to chloroform is only possible if this threshold is exceeded.

In many countries, including the Republic of Srpska, the obligation to control trihalomethanes in 
drinking water is legally proscribed.

This study aimed to indicate the importance of determining THMs as a by-product of disinfecting 
drinking, to show the practice of controlling the THMs in drinking water on the example of three water supply 
systems in the Republic of Srpska and to propose measures for reducing formation of THMs in drinking water.

MATERIALS AND METHODS
The research was conducted as a retrospective study that included the results of analysis of drink-

ing water samples from the central water supply systems of Doboj, Derventa and Teslić on total THMs and 
its main fractions, in the period 2017 - 2019. The Central Protocol of the Laboratory of the Public Health 
Institute of the Republic of Srpska - Banja Luka was used as data source. 

Water sampling was performed by experts from the Institute of Public Health of the Republic of 
Srpska in accordance with Water quality – Sampling – Part 3 : Preservationand handling of water samples( 
BAS EN ISO 5667-3.2018) and Water quality – Sampling – Part 5: Guidance on sampling of drinking water 
from tretment works and piped distribution systems ( ISO 5667 -5). The analyzes were performed in the 
Laboratory of Sanitary Chemistry of the Institute of Public Health of the Republic of Srpska, by the method 
of gas chromatography with the use of ECD detectors.
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Determination of the correctness of water samples was performed according to the Rulebook on the 
health safety of water intended for human consumption 23. The results of the analyses are presented in the 
form of tables. Descriptive statistics methods were used in data processing. 

RESULTS
In the observed period 2017-2019 it has been found that in the city water supply system in Doboj, 

the analysis for the presence of total THMs was performed within the regular basic water inspections, per-
forming sampling once per month (Table 1)

Table 1. Analyses results of water samples from the central water supply system in Doboj for total trihalomethanes in the 
period 2017 – 2019 (μց/L)

Month 2017 2018 2019 Reference value (μց/L)

January 5,3 <0,5 <0,5 ≤100

February 2,4 <0,5 4,5 ≤100

March 2,3 <0,5 11,2 ≤100

April 3,5 1,8 23,0 ≤100

May 2,2 7,6 ≤100

June 3,0 0,8 4,4 ≤100

July 5,3 <0,5 18,9 ≤100

August 3,0 6,0 4,1 ≤100

September <0,5 0,5 8,6 ≤100

October 2,6 1,0 14,4 ≤100

November 2,9 3,6 13,2 ≤100

December 1,7 12,6 4,8 ≤100

All values of total THMs were within legally permitted concentrations (≤100 μց/L) (Službenik 
glasnik Republike Srpske 88/17). The highest concentration of total THMs was recorded in April 2019 be-
ing up to 23.0 μ ց / L, which is four times less than the maximum allowed concentration.

Although these are acceptable concentrations, there is a noticeable increase in the concentrations of 
total THMs in 2019 compared to the previous two years.

From June 2017, the analysis of drinking water for certain fractions of THMs was started: chlo-
roform, bromodichloromethane, dibromochloromethane, bromoform. Since chloroform is of the greatest 
importance, these are the results shown in Table 2. As in the case of total THMs, all chloroform concentra-
tions were within the permitted values. The highest concentrations of chloroform were recorded in April 
and July 2019, and in December 2018.

Table 2. Analyses results of water samples from the central water supply system in Doboj for the presence of chloroform in the 
period 2017 – 2019 (μց/L)

Month 2017 2018 2019 Reference value (μց/L)

January - <0,5 <0,5 ≤100

February - <0,5 1,2 ≤100

March - <0,5 9,2 ≤100
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April - 0,5 19,8 ≤100

May - - 4,0 ≤100

June - <0,5 2,2 ≤100

July 1,2 <0,5 13,0 ≤100

August <0,5 <0,5 1,8 ≤100

September <0,5 0,5 3,6 ≤100

October <0,5 <0,5 9,5 ≤100

November <0,5 0,8 9,5 ≤100

December - 11,7 1,2 ≤100

The water analysis of the water supply system in Teslić was performed as part of the periodic water 
inspection in September 2017 and November 2018, and the obtained results are shown in Table 3.

Table 3. Analyses results of water samples from the central water supply system in Teslić for the presence of total 
trihalomethanes in 2017 and 2018 (μց/L)

Parameter 2017 2018 Reference value (μց/L)

Trihalomethanes - total 22,4 15,0 ≤100

Chloroform 21,4 14,0 ≤100

Bromodichloromethane 1,0 1 ≤100

Dibromochloromethane <0,5 <0,5 ≤100

Bromoform <0,5 <0,5 ≤100

Concentrations of total THMs and individual fractions were within the prescribed limits.

Table 4. Analyses results of water samples from the central water supply system in Derventa for the presence of total 
trihalomethanes in 2017(μց/L)

Parameter 2017 Reference value (μց/L)

Trihalomethanes - total 0,9 ≤100

Chloroform <0,5 ≤100

Bromodichloromethane <0,5 ≤100

Dibromochloromethane 0,9 ≤100

Bromoform <0,5 ≤100

The control of the presence of THMs in the water from the Central Water Supply of the Municipal-
ity of Derventa was performed once a year, as part of the periodic inspection, only in 2017. The obtained 
results of total and individual THMs in 2017 are shown in Table 4.

DISCUSSION
In the Republic of Srpska, according to the Rulebook on the health safety of water intended for hu-

man consumption, total THMs should be determined as an integral part of the basic inspection of drinking 
water (Službenik glasnik Republike Srpske 88/17).
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In Teslić and Derventa, the control was performed only in 2017 and 2018, i.e. 2017, namely the 
analysis of one sample within the periodic inspection of water. So it can be said that the minimal control 
that has just been started, has been stopped. 

Determination of THMs in drinking water from the central water supply system in Doboj was per-
formed in the observed period of three years doing one analysis per month. However, if we take into ac-
count that the basic water inspection in Doboj is performed three times a month, when each time sampling 
and analysis of water is performed with seven or eight control points, then the stated number of analyzes 
for THMs is far below the prescribed norms.

The maximum permissible concentration of total THMs in drinking water in the Republic of Srpska is 
100 μg / l, 23 which is in accordance with the recommendations of the World Health Organization, i.e. the Euro-
pean Union regulations on maximum permissible pollution of drinking water with total THMs which is the sum 
of chloroform, bromodichloromethane, dibromochloromethane and bromoform (European Commission, 1998.). 

The results of analyses of drinking water from the central water supply system in Doboj for THMs 
showed that all values of THMs in the observed period were within the allowed limits. The highest values 
of total THMs s were recorded in April (23.0 μg / l) and July (18.9 μg / l) 2019, which was again four to fi ve 
times lower than the maximum permitted concentrations for total THMs. The highest measured concentra-
tions of THMs in water samples were recorded mostly in the summer months, while the lowest values were 
in the fi rst months of the observed years. Such variation in THMs concentrations can be related, in particu-
lar, to a change in the amount of organic matter present in the water. The upward trend during the summer 
months compared to the downward trend in the colder period of the year is characteristic of temperate cli-
mates (Gray, 2008; Brown at al., 2011.). Temperature and seasonal variation of natural organic matter also 
aff ect the formation of THMs, while during summer months, due to rinsing of organic matter, an increase 
in the formation of THMs was observed compared to the winter period. If we analyse the values of total 
THMs by years, then it is clear that the highest concentrations were recorded in 2019.

As already presented in the results, from June 2017 the concentration values for individual THMs 
(chloroform, bromodichloromethane, dibromochloromethane and bromoform) were also examined. Chlo-
roform concentrations have shown that the values of total THMs largely “depend” on the values of chloro-
form. This means that the values of chloroform, as with total THMs, are highest in the summer months and 
lowest during low temperature periods.

Bromodichloromethane, dibromochloromethane and bromoform are three compounds with bro-
mine that are also formed as by-products of water disinfection, due to the presence of organic matter, but are 
primarily formed with increased bromide content, which is not present in large quantities in fresh natural 
waters (Dogančić, at al.) Thus, in the presence of bromide, brominated trihalomethanes are formed, while 
the concentration of chloroform decreases proportionally.

Given the extremely low, extremely negligible number of analyses of drinking water from the water 
supply system in Derventa and Teslić for trihalomethanes, we cannot give any comments on those results.

The problem of THMs has so far been insuffi  ciently dealt with by the profession and science in the 
Republic of Srpska. Suffi  cient proof for this claim is the fact that even in the annual reports of drinking 
water analyses of the Public Health Institute of the Republic of Srpska (authorized by law for public control 
of trihalomethanes in drinking water) the analysis of trihalomethane has not been given a single word.

At the same time, from the Report on the health safety of water for human consumption in the Re-
public of Croatia for 2018 (Hrvatski zavod za javno zdravstvo), published by the Croatian Institute of Pub-
lic Health, we fi nd out that 584 analyses for THMs were performed in the observed year, and that only in the 
case of one analysis (0.2%) the value of THMs exceeded the legally allowed maximum value of 100 μg / l.
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Epidemiological studies have long been conducted in various European countries indicating great 
variability in levels within (Villanueva at al., 2017.) and between (Jeong at al., 2012.) the countries. European research 
project Health impacts of long-term exposure to disinfection by-products in drinking water (HIWATE), 
reported that in 2010 levels of THMs in drinking water in seven cities in fi ve European countries ranged 
from below the detection limit (Modena, Italy) to above the currently regulated maximum limit (Barcelona, 
Spain) (Jeong at al., 2012.). 

The situation in the countries of the European Union, and the importance of determining trihalo-
methanes and interpretation of the obtained fi ndings, and if necessary taking certain measures, were best 
shown by the results of the European project EXPOsOMICS whose goal was to calculate the estimate of 
THMs levels in drinking water all over the Europe and assess the associated burden of bladder cancer using 
diff erent exposure scenarios. This study included 28 countries of the European Union. The fi ndings showed 
that current average levels of THMs in drinking water in all EU countries were below European regulatory 
limits, although maximum levels showed exceedances in nine countries. The key conclusion of this study 
was that assuming a cause-and-eff ect relationship, current exposure to THMs in the European Union could 
lead to a signifi cant number of bladder cancer cases that could be avoided by optimizing water treatment, 
disinfection and distribution, among other measures, without compromising microbiological quality of 
drinking water (Evlampidou at al). 30

The amount of THMs that will be formed depends on the amount of precursors, the amount of 
chlorine used for disinfection and the length of contact between water and chlorine (longer contact means 
higher production of THMs) (Matošić at al., 2007.). There are several options for controlling disinfection 
and disinfection by-products: moving the disinfection point, removing by-products when they have already 
been created, removing precursors or natural organic matter before reacting with disinfectants, or using 
disinfectants that minimize by-product formation.

The cheapest approach to control is to move the disinfection point or use an alternative disinfectant. 
The least desirable approach is to remove disinfectant by-products when they have already been created.

The best approach to control is to remove precursors before they react with the disinfectant. Cur-
rently, a large number of diff erent techniques are used to reduce the content of by-products precursors in 
water, of which the most commonly used are conventional physicochemical methods, such as coagulation 
processes with iron and aluminium salts, fi ltration on single-medium and dual-media fi lters, and GAU fi l-
tration (Yan at al., 2007). 

CONCLUSION
Trihalomethanes (chloroform, bromodichloromethane, dibromochloromethane, bromoform) are 

the most important by-products of water disinfection by chlorine and chlorine compounds.
Previous studies have shown that THMs are probable or possible carcinogens, that they can have a 

mutagenic eff ect, and that they aff ect the occurrence of respiratory diseases.
Due to risk to human health, determination of THMs in drinking water, which is still predominantly 

being chlorine disinfected, is done. 
In the period 2017-2019, the analysis of drinking water for total THMs, as well as for certain com-

pounds (chloroform, bromodichloromethane, dibromochloromethane, bromoform) in drinking water from 
Doboj water supply system was performed once a month.

In the period 2017-2019, in Teslić and Derventa, the control was performed once a year, as part of 
the periodic inspection of drinking water, but not on a regular basis (analyzes in Teslić were done in 2017 
and 2018, in Derventa only in 2017).
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Water control level in Doboj water supply system, and especially in the water supply systems in 
Derventa and Teslić, is below the proscribed level.

The results of the analysis for THMs (chloroform, bromodichloromethane, dibromochloromethane, 
bromoform) in water samples from Doboj water supply system showed that the obtained concentrations 
THMs (individually or in total) were not above the permitted value (MDK 100 μg / L).

The highest measured concentrations of trihalomethane were recorded mostly during summer 
months, while the lowest values were in the fi rst months of the observed years, which is most likely related 
to the change in the amount of organic matter present in the water, which is characteristic of temperate 
regions.

Although still signifi cantly below the maximum allowable concentrations for total THMs and com-
pounds, there is an evident increase in their concentrations in 2019 compared to the previous two years.

Measures to reduce the formation of THMs in drinking water are the removal of precursors or natu-
ral organic matter before they react with disinfectants, the use of alternative disinfectants that minimize the 
formation of by-products, and the least desirable approach is the removal of disinfectant by-products when 
already created.
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ABSTRACT: A sedentary lifestyle is characterized by the development of automation and lack of movement that 
causes various ailments and diseases and thus negatively aff ects the health of people. This study aimed to determine 
the eff ects of recreational swimming on the psychosomatic status of middle-aged women. The subjective assessment 
of psychosomatic status (SPPSS) scale was used in the study to assess ailments (disorders) of certain body parts and 
organic systems before and after the experimental treatment. The results of the research show that there were statisti-
cally signifi cant changes in all tested variables, and the largest changes were in the variables: back pain (Z = -5,169, p 
< 0.001) and leg pain (Z = -4,941, p < 0.001), while the smallest changes were in variables indigestion (Z = -3,983, p 
< 0.001).

Key words: recreational swimming, subjective assessment of psychosomatic status middle-aged women.

INTRODUCTION
Swimming is an excellent natural recreational activity that has multiple benefi cial eff ects on the 

female body, which is not limited only to physical characteristics but also extends to the mental ones (Lam-
padari et al., 2016). Swimming is a way of exercising that is very suitable for health promotion and disease 
prevention and is one of the most popular, most applied, and most recommended forms of physical activity 
(Tanaka, 2009). A sedentary lifestyle, and with-it sedentary work, are the cause of many ailments and dis-
eases if a person in his spare time does not compensate for the causes by other/opposite activities. Many dis-
eases due to a sedentary lifestyle (obesity, cardiovascular disease, diabetes, stress-causing neuropsychiatric 
disorders, Penedo, 2005) have been proven and investigated, while, on the other hand, the research of Dug-
gal et al. (2018) confi rmed the positive impact of regular physical exercise in the symptoms and diseases of 
a sedentary lifestyle. From a public health perspective, exercise is one of the most cost-eff ective means by 
which health goals can be achieved (Albright et al., 2000). Nowadays, everyone understands that exercise 
is necessary for physical and mental health. It is diffi  cult to say which model of exercise can be singled out 
as better because they all have their advantages. However, aerobic exercise is the basis in most models of 
recreational exercise and as such has a preventive/curative eff ect on general health. Aerobic exercise can 
aff ect weight control and improve cardiovascular function with a low risk of sports injuries (Albright et 
al., 2000). Middle-aged women who do sedentary offi  ce jobs are exposed to risk factors due to insuffi  cient 
movement. In addition to insuffi  cient movement, the coming period of menopause is also problematic for 
many women. Hence, by the age of 40, when women’s abilities are at their maximum, they have been de-
clining since the age of 40, and this process is accelerated if one does not nurture physical and mental health 
on a daily basis. That is why the 40s are the turning point when it is not too late that we can help ourselves 
with a natural way of maintaining psychosomatic health, in which systematic exercise and a balanced diet 
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predominate. In order to be able to assess their current health in an easier way, subjective assessment by sur-
veys can be used (Andrijašević and Bonacin, 1997). Self-assessment of health is an individual perception 
and estimation of own health (Lim, E.-J., 2021), and physical activity can infl uence subjective assessment 
of health status (Sun et al., 2016) and better quality of life (Brown et al., 2003). Authors Brown et al. (2003) 
have established that better quality of life, concerning health, had physically active individuals who exer-
cised with higher intensity compare to other tested groups. Subjective health includes absence of disturbing 
(painful) symptoms, but it has a positive side that is manifested in energetic feeling, vitality and physical 
health in general (Selgman, 2008). In the present study, we are testing the eff ects of recreational swimming 
on subjective assessment of psychosomatic status where ailments/disorders represent indicators of subjec-
tive health (Kinnunen et al., 2005). Considering objective picture of sedentary middle-aged women who 
do offi  ce work, a recreational swimming program have been designed that can infl uence health status and 
therefore “warn” participants of the experiment about the need to change bad sedentary habits. 

MATERIALS AND METHODS 

 S     
The experimental study was conducted on a sample of 38 participants (age 35 to 45) who were ran-

domly selected and do sedentary offi  ce work. Beforehand, the participants underwent a medical check and 
only healthy individuals could be included in the research and systematic exercise under the “Recreational 
Swimming” program. Other criteria for access to the treatment were: that they were female workers and 
that they were doing offi  ce work in a sitting position; that they have no somatic defects or diseases; absence 
from other organized forms of physical activities other than participating in the “Recreational Swimming” 
program; regular participation in the exercise program (three times a week) and voluntary acceptance of the 
exercise program.

 E   /  
The recreational swimming program lasted 12 weeks. There were three trainings per week, and each 

one lasted 60 minutes. The training sessions were led by a licensed swimming instructor. The 
warm-up and cooling exercises lasted 10 minutes each, and the main exercises lasted 40 minutes. 

The detailed swimming program is shown in Table 1.
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Table 1. Swimming Program

Exercises Week Load Frequency
Warm up
(10 min) Stretching RPE 75

Main exercises 
(40 min)

1. Crawl – leg stroke 1- 4 week 55-65% HRR 
(RPE 8-10)

2. Breathing while moving

3. Floating horizontally

4. Movements with swimming board

5. Crawl hands 5-8 week 65-75% HRR 
(RPE 10-12)

6. Free style combination

7. Leg movements in backstroke 3 / times/week

8. Crawl swimming

9. Arm backstroke 9-12 week 75–85% HRR 
(RPE 12-14)

11. Backstroke swimming

12. Breaststroke swimming - legs

13. Breaststroke swimming -arms

14. Breaststroke swimming

15. Breaststroke combination
Cool down
(10 min) Stretching RPE 75

I
A subjective assessment of psychosomatic status was determined by questionnaire SPPSS (Blaga-

jac, 1992; Vučković, 2003). The SPPSS questionnaire defi nes ailments/disorders where examinee evaluates 
existence and severity of certain ailments on a scale from 1 to 9 (1 – do not feel it to 9 – unbearable). Defi ned 
pains were divided by body parts into: shoulder and arm pain, back pain, leg pain, fatigue and sensorial 
discomfort, indigestion, cardiovascular disorders, neuropsychiatric disorders, symptoms of general fatigue.

S   
The data collected during the study were analyzed and processed by analytical and statistical pro-

gram for personal computers IBM SPSS 20.0. For the analysis of data measured by continuous scale at the 
initial and fi nal measurement, the basic descriptive parameters were calculated, and normality of distribu-
tion was checked by Kolmogorov-Smirnov test. The Wilcoxon Signed Rank test was used to test the diff er-
ence between the initial and fi nal state of the subjective assessment of psychosomatic status. The statistical 
signifi cance was determined at the level of p <0.05.

RESULTS AND DISCUSSION 
The experimental procedure was conducted in order to determine the existence and nature of the 

eff ects of recreational swimming in middle-aged women’s subjective assessment of psychosomatic status. 
The results of the experiment revealed that recreational swimming had infl uence on psychosomatic sta-
tus of middle-aged women who do offi  ce work. Aerobic recreational swimming in deep swimming pool, 
that lasted three months with three trainings per week, one hour each training, had statistically signifi cant 
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changes in all tested variables (p = 0.001). Considering the results of the Kolmogorov-Smirnov test, a non-
parametric Wilcoxon Signed Rank test was applied with the presented results in further text. In this study, 
we hypothesized that recreational swimming would be a good way of exercise for positive infl uence on 
subjective assessment of psychosomatic health of participants.

 Figure 1. Analysis of diff erences between ini  al and fi nal subjec  ve assessment of the psychosoma  c status

Observing the obtained results from Figure 1, it can be said that the participants had a visibly posi-
tive ranking orientation according to all set estimates after the application of experimental swimming treat-
ment, which led to a statistically signifi cant diff erence in all applied variables (Table 2).

Table 2. Distribu  on of variables and the analysis of diff erences of the subjec  ve assessment of the psychosoma  c status of the 
par  cipants at the ini  al and fi nal measurement
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Initial AS 5.84 5.39 6.44 6.26 3.71 6.65 7.97 7.78

Initial p .010 .041 .196 .072 .000 .304 .076 .305

Final AS 10.84 10.68 11.57 10.50 6.00 12.47 14.76 14.10

Final p .529 .875 .480 .273 .142 .473 .523 .605

Z -4.712 -5.169 -4.941 -4.453 -3.983 -4.646 -4,463 -4.659

p .000 .000 .000 .000 .000 .000 .000 .000

The analysis of the subjective assessment of the psychosomatic status between the initial and fi nal 
measurement indicates that there were statistically signifi cant changes in all tested variables (Table 2.). The 
largest diff erences appeared in the variables: back pain (Z = -5.169, p <.001) and leg pain (Z = -4.712, p 
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<.001), and slightly smaller diff erences were noted in the variables shoulder and arm pain ( Z = - 4.985, p 
<.001); symptoms of general fatigue (Z = - 4.659, p <.001); symptoms of neuropsychiatric disorder; (Z = 
-4463, p <.001); cardiovascular disorders (Z = - 4.646, p <.001); fatigue and sensorial discomfort (Z = - 
4.453, p <.001). The smallest diff erences were in the variable indigestion (Z = - 3.983, p <.001). Based on 
the obtained results, it is notable that there is a statistically signifi cant diff erence between the initial and the 
fi nal measurement in all variables and that the diff erences between the groups of variables are small. It can 
be concluded that exercising according to the model of recreational swimming can eliminate the problems 
of psychosomatic status in middle-aged women who perform offi  ce sedentary work.

Recreational swimming is a good method for improving/alleviating the diffi  culties of psychosomatic 
status and that was confi rmed by the fi nal measurement wherein all groups of variables positively oriented 
ranks prevail. Why was that? Middle-aged women who perform sedentary jobs for several years are chroni-
cally burdened with the demands of work and other circumstances. The lack of compensation for chronic 
fatigue has produced various ailments, which, if left untreated, can progress to another extreme/illness. Water 
is an environment in which the body feels good, and swimming activity, especially if programmed, can have 
a positive eff ect on alleviating the problems and signifi cantly improve functional health compared to a sed-
entary lifestyle. The result of a signifi cant improvement in health status is certainly organized and systematic 
exercising in accordance with the recreational swimming program. Besides, the participants included in the 
experiment had health problems due to the sedentary jobs, therefore it could have been assumed that well-
organized training would have a positive impact on improving health status. In this study, the best results 
were achieved in the group of variables back pain (neck, chest, and low back, Z = -5.169, p <.001). The spine 
in sedentary jobs is a part of the body that moves very little or almost not at all it is rather static when one is 
working in a sitting position. This means that the joints of the spine are heavily loaded, and the muscles that 
hold the spine are passive, which altogether leads to deformation/poor position of the spine that can cause 
pain in diff erent segments of the spine. How swimming can help in such cases? Firstly, the body in the water 
is in a horizontal position where all the joints are relaxed, especially in the spine. By swimming movements 
in the water, we activate almost all the muscles, including the muscles of the spine whose work infl uences the 
functionality of the spine. The second-best result in the improvement/elimination of the health problems was 
the group of variables shoulder and arm pain (shoulders, arms, hands, and fi ngers, Z = - 4.985, p <.001). The 
arms are almost under the most load in sedentary jobs with repetitive movements. Certainly, after a long time, 
chronic fatigue and discomfort start to appear. In this case, the water has a relaxing eff ect on tired muscles, 
and with additional/other movements in the water, the arm muscles recover, and their function and motor skills 
improve. It is no coincidence that the third in a line of the improvement/recovery variables are the symptoms 
of general fatigue (monotony, drowsiness, insomnia, feeling of weakness, and sluggishness of movement, Z 
= - 4.659, p <.001). When the locomotor system is in a defi cit of movement, it negatively aff ects the work-
ing abilities and the capability of creating the energy required for better health. Swimming can help statically 
inactive legs and statically loaded arms with various movements in the water. All in order to engage passive 
muscles and relax overloaded muscles of sedentary jobs, as well as to “awaken” the functions of other organ 
systems that have a positive eff ect on the symptoms of general fatigue. Next in the sequential order of recov-
ery/prevention problems are the symptoms of neuropsychiatric disorders (headache, bad mood, indiff erence-
apathy, general discomfort, and irritability Z = - 4.463, p <.001). Prolonged sedentary jobs are in most cases 
stressful and negatively aff ect mental mood/stability. Warmer water in the pools and continuous swimming 
with moderate intensity will enable deeper breathing, better/accelerated circulation with a better oxygen sup-
ply needed for the functioning of all organ systems, and the use of muscles that enable all functions to improve 
neuropsychiatric disorders. Cardiovascular disorders (shortness of breath, quick fatigue, increased sweating, 
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heart disorders, Z = - 4.646, p <.001) are a direct consequence of the lack of more intense movement. Aerobic 
training, such as swimming, can infl uence the improvement of cardiovascular status with swimming-technical 
elements and methodical procedures. Fatigue and sensorial discomfort (sensitivity to noise, sensitivity to si-
lence and monotonous work, eye fatigue and eye pain, Z = - 4.453, p <.001) are, besides the slower negative 
impact of a sedentary lifestyle, had statistically signifi cant positive changes at the end of recreational swim-
ming treatment. We believe that it is due to the infl uence of another/swimming working environment that has 
a benefi cial eff ect on the overall psychosomatic status. Our results are congruent with some similar studies 
and examined variables on the impact of recreational swimming and subjective assessment of health status in 
sedentary women. We deliberate on these works below.

 Omar et al. (2021) investigated the impact of regular swimming on the improvement of risk factors 
for metabolic syndrome. Their hypothesis was that swimming activity has become an important physical 
activity in the health system that is considered as a practical nonpharmacological approach of assessing the 
long-term eff ects of swimming on glycemic and lipidemic parameters, hemodynamic responses, body fat 
percentage, and index in the treatment of type 2 diabetes (T2DM), hypertension (HTN) and obesity. Forty 
participants of both genders with T2DM and HTN (age 52.4 ± 5.5 years) participated in the study and were 
divided into two groups, the swimming group, and the control group. The swimming group exercised for 2 
hours, 3 times per week at a pool temperature of 29–33° C for 16 weeks. At the same time, the control group 
did not participate in the exercises, and they were advised to continue with their everyday lifestyle. The 
results showed that there were statistically signifi cant diff erences (p <0.05) in the variables total cholesterol 
(TC), high-density lipoprotein (HDL), low-density lipoprotein (LDL), triglycerides (TG), blood glucose 
(BG), systolic blood pressure (SBP), diastolic blood pressure (DBP), body mass index (BMI), and percent-
age of body fat by groups, time, and interaction for the experimental group. The authors suggest that regular 
swimming for 16 weeks may be a non-pharmacological approach in the treatment of T2DM and HTN. 

The eff ect of regular swimming on body composition, strength, and blood lipids in middle-aged wom-
en was investigated by Bo-Ae Lee and Deuk-Ja Oh (2015). A sample of 24 middle-aged women, 12 women 
in the swimming group and 12 women in the control group were examined. The swimming group performed 
swimming exercises for 60 minutes three times a week, for a total of 12 weeks, and the control group was not 
under swimming treatment. The results of the study confi rmed the changes in body composition by reduction 
of body fat percentage in the swimming group. Examination of the diff erences between the groups revealed 
statistical signifi cance. The results of strength tests showed that the swimming group had a statistically sig-
nifi cant diff erence in fl exibility and cardiovascular endurance. The results of blood lipids showed a decrease 
in TC and TG and a signifi cant increase in HDL-C, and diff erence tests confi rmed a statistically signifi cant 
diff erence in the TC and TG variables. Considering these fi ndings, the authors believe that regular swimming 
is eff ective in improving body composition, physical strength, and blood lipids in middle-aged women.  

Kurko (2011) investigated the infl uence of recreational-health swimming on the indicators of sub-
jective and objective health of men aged 20-30. Objective health was estimated based on the pulse and 
subjective health was checked by questionnaire. The study lasted a year, included 31 participants with train-
ing sessions three times a week, and the duration of one training session of 1 hour. The author concluded 
that recreational-health swimming has a positive eff ect on the indicators of the objective health of the par-
ticipants, which manifested in the normalization of the cardiovascular system functioning. Furthermore, 
swimming had a positive impact on subjective health by reducing the number of complaints of autonomic 
disorders and psych emotional maladaptation, while self-esteem became more adequate. 

Neiva et al. (2018) examined the eff ects of a 12-week water aerobics program on health indicators and 
physical fi tness in adults and the elderly. Fifteen volunteers (58.80 ± 14.32 years) were part of the experimen-
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tal group, and eight volunteers (59.00 ± 12.26 years) were part of the control group. The training sessions of 
water aerobics lasted 45 minutes twice a week for 12 weeks; exercising was not allowed for the control group 
in the same period. Evaluations were conducted one week before commencing the program and upon the com-
pletion of the training program. Primary outcomes were changes in strength and cardiorespiratory capacity 
and secondary outcomes included body anthropometry, lipid profi le and blood pressure. The adjusted analysis 
for age and baseline values   showed no diff erences between the exercising group and the control group before 
and after training. However, there was a moderate tendency to increase the explosive power of the upper limbs 
(ēp2 = 0.17), decrease body fat (ēp2 = 0.17), decrease systolic blood pressure (ēp2 = 0.14) and triglycerides 
(ēp2 = 0.19) in exercising group. Changes within the groups indicated that the training program caused an 
increase in explosive power in the upper limbs (0.26 m, 95% CI, 0.03, 0.49; ES = 0.63). In addition, there was 
a signifi cant reduction in adipose tissue, 95% CI, -1.74, -0.03; ES = 0.61) and systolic blood pressure (-0.83 
mmHg, -1.46, -0.19; ES = 0.71). These results suggest that 12 weeks of water aerobics performed twice a 
week is benefi cial for the explosive power, physical shape, and blood pressure of adults and the elderly, but is 
insuffi  cient to alter cardiorespiratory capacity and lipid profi les. 

Adnan et al. (2019) investigated the assessment of mental health in healthy adult men after a swim-
ming intervention. They tested 28 adults aged 19–33 years that were randomly divided into two groups, a 
swimming group (n = 14) and a control group (n = 14). They used two sets of questionnaires, the Depres-
sion, Anxiety and Stress Scale (DASS) and Mood Profi le (POMS), which examined six domains: tension, 
depression, anger, fatigue, confusion, and strength before and after the intervention. The swimming group 
underwent an exercise program three times a week for eight weeks, while the control group led an ordinary 
lifestyle. Initially, signifi cant diff erences were identifi ed for all parameters measured in DASS and POMS, 
excluding complete mood disorder and energy domain between the two groups. During the intervention, 
there were signifi cant diff erences between the groups in anxiety and stress in DASS, as well as in the energy 
domain in POMS (p<0.05). After eight weeks of exercise, the swimming group showed a signifi cant reduc-
tion in all measured outcomes compared to the control group (p<0.05). This study shows that eight weeks of 
swimming can have positive eff ects on the mental health of adult men during the course. Marinović Glavić 
et al. (2020) investigated the self-assessment of health and functional abilities of the population older than 
75 years regarding gender, marital status, and level of education of the participants. The study included 189 
participants, of which 118 were women and 71 were men. For the study, a survey questionnaire composed 
of selected particles of validated questionnaires was used. Results: Participants were asked questions about 
their quality of life, whether their health condition limits them in daily activities and how often they are 
physically active. Based on the results, the connection between gender, marital status, and level of educa-
tion with the subjective assessment of the health of the elderly population and their functional abilities 
was confi rmed. Conclusion: Functional abilities decrease with age, daily activity restrictions are lower in 
participants with a higher level of education and gender-wise, women subjectively assess their health worse 
than men and report greater diffi  culties in physical functioning.

CONCLUSION
On the basis of conducted study and its aim, it can be concluded that experimental treatment of 

recreational swimming that lasted three months, three times per week, an hour each session, had positive 
infl uence on the psychosomatic status of middle-aged women. The effi  cacy of the experimental treatment 
proved to be statistically signifi cant for all tested variables. Among the eight groups of variables, we em-
phasize variable groups back pain and leg pain as groups with larger impact of recreational swimming, and 
somewhat weaker results were confi rmed in group indigestion. Furthermore, it is noticed that “swimming 
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pool water” with an experienced/licensed instructor good motive for activ e style and an escape from the 
sedentary life among middle-aged women who do offi  ce work. Authors conclude that exercising in accord-
ance to the recreational swimming model in deep water can eliminate problems of psychosomatic status of 
middle-aged women who do offi  ce work. 
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ABSTRACT: Leading behavioural risk factors for non communicable diseases (NCD) are smoking, harmful use of 
alcohol, physical inactivity and unhealthy diet. More than half of population between age 30 and 70 years die annu-
ally from NCDs which could be prevented by promotive and preventive measures. 

Goal of the paper is to determine lifesyle factors related to non communicable diseases and utilization of preventive 
services in primary health care center Zvezdara in Belgrade. Survey is cross sectional study with sample size of 210 
adults randomly selected. The analysis of the survey data was performed using the statistical data processing program 
SPSS 19.0 for Windows. Lifestyles factors related to NCDs among adult population in Belgrade are smoking (38,1%), 
alcohol consumption (32,9%), poor eating habits with high salt intake, more than 5g (29%) and inadequate frequency 
of meals (61%), sedentary lifestyles during working time (27,1%) and during leisure time (20,4%). Only 16,7% of 
population have moderate physical activity according to WHO recommentations. Preventive services utilized each 
third men and each fi fth women, people with high level of education (p=0.001), professionals (p=0.007) who are liv-
ing in good social conditions (p=0.000). Preventive services need to be organized more fl exible in relation to public 
opinion using modern methods of health education via electronic services, media and mobile communications.

Key words: lifestyle factors, non communicable diseases, utilization of preventive health services.

INTRODUCTION
Non communicable diseases (NCD) are the main leading causes of death globaly, in the world, and 

are responsible for more than 41 milion of the world’s deaths (71%). Burden of NCD is greatest in low 
and middle income countries, as well as in our country (Risk Factors Collaborators, 2016). Four leading 
behavioural risk factors which are caused NCD are smoking, harmful use of alcohol, physical inactivity and 
unhealthy diet (WHO, 2013). These risk factors lead to metabolic changes which increase risk of NCDs: 
raised blood pressure, overweight/obesity, raised blood glucose and raised blood lipids. Environmental risk 
factors are also leading causes of NCDs. Tobacco accounts for over 7,2 million deaths yearly, excess salt 
intake attributed to 4,1 million annual deaths, and more than 1,5 milion of deaths annualy are attributed to 
alcohol use and physical inactivity (Risk Factors Collaborators, 2015). 

More than 36 milion of people die annually as a result of NCDs, including 15 million people who 
die too young between ages 30 and 70 years. The majority of premature NCD deaths in this age group be-
long to the four main noncommunicable diseases: cardiovascular diseases, cancer, diabetes and chronic res-
piratory diseases. All those diseases are preventable and through the preventive measures could be reduced 
risk for occurrence of diseases. The global target of WHO Global Action Plan is related to 25% of relative 
reduction of NCD diseases through reduction of risk factors infl uenting NCD diseases. 

Prevalence of physical inactivity is more than double times higher in high income countries com-
paring to low income countries. Women are less active than men (WHO, 2018). WHO data from 2010 
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show that most people consume twice the daily recommended salt intake. Smoking rate was decreased and 
women smoked less than men, while one in three men currently smoke (WHO, 2018). According to WHO 
estimation more than 20% of population have raised blood pressure and 10% have raised blood glucose 
with a risk for developing diabetes.

In area of health promotive measures to reduce NCDs risks are provided general measures which 
include measures at the level of country and local community and specifi c measures related to popula-
tion with risk factors. General measures are smoke-free indoor workplaces and public places, bans on 
tobacco advertising, restricted access to alcohol consumption, reduced salt intake in food and replacement 
of trans fat with polyunsaturated fat. Specifi c measures are related to counseling and preventive check ups. 
Counseling reduce high risk of developing heart attacks and stroke. For early prevention of cardiovascular 
diseases are recommended changes in behaviour in area of positive healthy lifestyle and anti aggrega-
tion drugs. Screening and treatment of pre-cancerous lesions could reduce the risks of developing leading 
cancers in burden of diseases (breast cancer, respiratory tract cancers and cancers of abdominal organs). 
Through implementing „Best buys“ initiatives by WHO could reduce 9,6 milion of premature deaths due to 
NCDs by 2025 (WHO, 2017). 

Preventive measures in health care system are provided to reduction of risk factors for non commu-
nicable disesases. Preventive measures are universal oriented to whole population and selective which are 
oriented to vulnerable population groups (Strategy for public health in Republic of Serbia, 2018). Activites 
in Strategy are focused to quitting smoking and reduced alcohol consumption, counseling for healthy eating 
habits, promoting physical activity and preventive check ups for early identifi cation of malignant diseases 
(Strategy for prevention and control of non communicable diseases in Republic of Serbia, 2009). Accord-
ing to Rule book on preventive services which are provided in health care system for adults aged 18 and 
older in primary health care are realized health promotive nad preventive measures and activities to reduce 
risk factors. Preventive activites providing by family medicine teams are preventive check ups of blood 
presure, antrhopometric measures and identifi cation of smoking and substance abuse status (Ordinance on 
the content and scope of the right to health care from compulsory health insurance and participation for 
2019). For obesity people and people with hypertension there are provided measurements of blood glucose 
and holesterol. 

Prevalence of adult’s smoking according to estimation of WHO in 2016 is 36% in Serbia which 
is similar to regional country, Bosnia and Herzegovina (38%). Prevalence of alcohol consumption among 
adults in Republic of Serbia is 49,3% (Ministry of Health of Serbia, 2019) but in Republic of Srpska 44,3% 
from which 16,8% of adults are daily consumers (Ministry of Health and Social Welfare of the Republic of 
Srpska, 2011). 

Prevalence of physical inactivity according to WHO estimation among adults in Serbia is 41% 
which is for 15% more than in BiH (26%). People which are insuffi  cient physical active have 20-30% more 
risks from premature death (WHO, 2010). According to national data, mean population salt intake among 
adults in Serbia is 9g/day, as well as in BiH and prevalence of obesity among adults is 24%. 

Goal of the paper is to determine lifestyles factors related to non communicable diseases and utiliza-
tion of preventive services in primary health care centre. 

MATERIALS AND METHODS
Survey is cross sectional study of randomly selected people aged older than 18 who visited primary 

health care center in Zvezdara, one of Municipality in Belgrade, Serbia, during summer 2020 year. Sample 
size consisted of 210 of respondents who visited general practitioners in primary health care centers be-
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tween 8AM-3PM (eight hours) without diagnosis of infectious diseases and noncommunicable diseases. 
Because of pandemic COVID 19 working conditions all patients had to wear mask and were in waiting 
room before formal invitiation to entry in ambulance. 

One nurse was at the triage point giving the instructions abouts survey methodology and receiving 
formal consent from patients aggred to participate in survey. Each patient could break the survey in every 
moment according to ethical considerations. Mean time for completing questionarre was approximatelly 15 
minutes. Special designed questionairre was constructed according to accesibility of proff esional and scien-
tifi c studies and guidelines of World Health Organizations and European Health Interview Survey (EHIS). 
Independent variables used in survey are sociodemographic caracteristics: age (distributed with 10 years 
age groups), sex (female/male), level of education (primary, secondary, high and faculty), employment 
(unemployed, senior citizen, professionals, administrative staff  and technical staff ) and social status (poor, 
average and good). Dependent variables are divided according to possession of risk factors (smoking, al-
cohol abuse, physical inactivity and eating habits). Among questions about smoking we selected only daily 
smoking and daily alcohol consumption without number of consuming products. National study on popula-
tion health in Serbia in 2019 selected those indicators according to European Core Health Indicators-ECHI 
indicators, to make it possible to compare the health of the population both this year and over the period of 
time. Frequency of food intake and salting food are selected between questions about eating habits and are 
direct risks for obesity and hypertension. Physical activity during working and leisure time are indicators 
recommended from WHO Global recommendations on physical activity for Health (2010) for examina-
tions of main risks for NCD. 

Utilization of primary health care services in area of health promotion (counseling and education 
in last 6 months) and preventive services consisted of check ups for early identifi cation of risk factors for 
NCDs belong to domain of dependent variables. Health education methods are general public tools which 
patients can use according to physicians recommendations. Questions about usage of health education tools 
consisted of diff erent types of health education methods and persons (health workers) who mostly recom-
mendat that. 

Statistical analysis consisted of statistical parametric and non parametric tests. Among the methods 
for assessing the signifi cance of the diff erences between socio-demographic caracteristics and utilization 
of preventive services we used statistical chi-square test χ2, for nonparametric features. The analysis of the 
survey data was performed using the statistical data processing program SPSS 19.0 for Windows. 

RESULTS
In survey are participated 210 of respondents, divided by sex, most of them in age group 30-39 years 

(24,76%), in average social conditions (48,10%) and with secondary level of education (44,76%) (Table 1). 
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Table 1. Distribu  on of respondents according to sex, age and social status

Sociodemographic characteristics Variable Number Percent

Sex
Male 105 50

Female 105 50

Age groups

18-29 35 16,66

30-39 52 24,76

40-49 37 17,62

50-59 38 18,10

60+ 48 22,86

Social status Poor 39 18,57

Average 101 48,10

Good 70 33,33

Level of education

Primary 5 2,38

Secondary 94 44,76

High 47 22,38

Faculty 55 26,19

Mr/PhD 9 4,29

TOTAL 210 100

Leading risk factors for NCDs among adults are smoking (38,1%) and alcohol consumption (32,9%) 
(Table 2). Eating habits are assesed according to regularity of meals and salt intake more than 5 gr. Ac-
cording to WHO for healthy eating habits are recommended 3 meals and 2 snacks and less than 5 grams 
salt intake daily. According to WHO recommendations for prevention of risk factors leading to NCDs and 
continuing promotion of healthy lifestyles, each person need a minimun 30-60 minutes of moderate physi-
cal activity during day. Moderate activities are riding a bike, fast walking, aerobic, running, swimming and 
other activities spending time to sweat and breathe (WHO, 2017). 

More than half of respondents (61%) have irregular daily eating habits with daily intake less than 
3 main meals and 2 snacks. Each fourth respondent takes three and more hours providing activities which 
are sedentary during daily working time and each fi fth respondent takes sedentary lifestyle during leisure 
time (Table 2). 

Table 2. Lifestyle and risk factors for NCD

Lifestile factors Variable type Yes Number Percent No Number Percent

Smoking Daily 80 38,1 130 61,9

Alcohol consumption Daily 69 32,9 141 67,1

Regularity of meals Daily 82 39 128 61

Salt intake more than 5 gr Daily 61 29 149 71
Sedentary activites in working time 3 hours and more 

daily
57 27,1 153 72,9

Sedentary activities in leisure time 43 20,4 167 79,6
Daily moderate physicial activity 30-60 minutes 35 16,7 175 83,3
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At the level of primary health care, for adults older then 18, health care professionals provided 
preventive check ups in order to early identifi cate and reduce risk factors for NCDs. Preventive check ups 
are routine and basically associated with counseling for establishment and improvement of healthy lifestyle 
habits.

According to survey results, preventive services are utilized in primary health care by each third 
men and each fi fth women (Table 3). Preventive services are provided mainly in age group of 30-39 years 
(30,4%) and among population older than 60 years (25%). According to the educational level, preventive 
services are mainly provided among population with faculty (41,1%) and high schools (35,7%). People liv-
ing in good social conditions are mainly benefi ciaries of preventive services (48,2%) and professionals who 
worked in diff erent area of public business (42,9%) (Table 3). 

Table 3. U  liza  on of preven  ve services according to sex, age, level of educa  on and social status

Utilization of preventive 
services Variable type Yes Number Percent No Number Percent Χ2

p

Sex Male
Female

33
23

31,4
21,9

72
82

68,6
78,1

χ2 =2.435
p=0.119

Age groups

18-29
30-39
40-49
50-59
60+

10
17
5
10
14

17,8
30,4
8,9
17,9 
25,0

25
35
32
25
34

16,5
23,2
21,2
16,6
22,5

χ2 =13.384
p=0.146

Level of education

Primary
Secondary

High
Faculty

1
12
20
23

1,8
21,4
35,7
41,1

4
82
27
41

2,6
53,3
17,5
26,6

χ2 =18.688
p=0.001

Poor
Social status

Average
Good

9
20
27

16,1
35,7
48,2

30
81
43

19,5
52,6
27,9

χ2 =25.43
p=0.000

Employment

Unemployed
Senior citizen
Professionals

Administrative staff 
Technical staff 

9
6
24
6
11

16,1
10,7
42,9
10,7
19,6

38
23
38
32
23

24,7
14,9
24,7
20,8
14,9

χ2 =25.874
p=0.007

During realization of preventive services family physicians used diff erent educational methods 
for counseling, giving instructions and demonstrate skills for early identifi cation of risks factors for non-
communicable diseases, developing controll mechanisms of diseases and giving instructions for adequate 
treatment of diseases. Most used health educational methods are media presentations (58,1% of men and 
65,7% of women) but each eight male and female receive preventive messages through communication 
and printed materials (Table 4). People who are living in poor social conditions used printed materials more 
often then people living in average and good social environment. People with secondary level of education 
receive more than half of information about prevention, through communication with health professionals, 
but only one third people with high educational level degrees and each ten person with faculty. Transfer of 
preventive messages through media are the most popular method among population with diff erent levels 
of educations, mainly high educated people, but printed material is also known as most popular method of 
giving healthy messages through brochures, leafl ets and fl yers (Table 4). 
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Table 4. U  liza  on of health educa  onal methods in preven  ve services according to sex,
social status and level of educa  on (%)

Utilization of health 
educational methods

Variable 
type

Communica-
tion material Media Video presentation Printed 

material
Χ2
p

Sex Male
Female

12,4
12,4

58,1
65,7

15,2
9,5

14,3
12,4

χ2 =2.020
p=0.568

Social status
Poor

Average
Good

2,6
15.3
11,4

71,8
57,6
54.3

2,6
8,1
22,8

23,1
9,9
11,4

χ2 =21.733
p=0.041

Level of education

Primary
Secondary

High
Faculty

0
53

29,8
10,9

80
75,5
40,4
56,3

0
8,5
8,5
21,9

20
10,6
21,3
10,9

χ2 =36.271
p=0.000

DISCUSSION
Smoking is associated with increased number of non communicable diseases, especially high blood 

presure and cardiovascular chronic diseases (Department of Health and Human Services, 2006). In eastern 
part of Europe and East Asia estimated that more than 60% of men and 40% of women smoked daily (Thun, 
2012). 

Prevalence of smoking among adult population in Republic of Serbia in 2019. is 39,3% (Ministry 
of health of Serbia, 2019) and in our study is 38,1%. Smoking rate among adults in Republic of Srpska is 
28,7% (Ministry of Health and Social Welfare of the Republic of Srpska, 2011) but in Republic of Croatia 
is 27,4% of daily smokers among adults (Regional pattern of smoking in Croatia, 2009). The prevalence of 
cigarette smoking was higher in men (33.8%) than in women (21.7%). 

Moderate alcohol consumption has been inversely associated with the risk of cardiovascular dis-
eases and diabetes, although the benefi ts may be greater for persons with existing cardiovascular risk fac-
tors than for those without such risk factors (Roerecke, 2012).

The burden of diseases associated with alcohol consumption increased mainly from cancers, unin-
tentional injuries, alcohol-related violence, neuropsychiatric and cardiovascular diseases especially in east-
ern part of Europe with a high prevalence of harmful drinking (Zaridze D, 2009). One third of population 
in our study consumed alcohol daily which is similar to WHO estimation of regional country data (WHO, 
2016). 

Overweight is responsible for about 3,4 million annual deaths and 3.8% of the global burden of 
diseases, and global prevalence of obesity (defi ned as a BMI ≥30) doubled in latest 30 years with increased 
prevalence of diseases such as diabetes and cardiovascular diseases (Ezzati, 2013; Stvenes, 2012). Accord-
ing to results presented in our study, adults are at risk for developing previously described non communi-
cable diseases, specialy because of poor eating habits with irregularity of meals and high salt intake. More 
than half of adults in Serbia (56,6%) and 42,4% in Republic of Srpska have 3 main meals every day, data 
are from national studies. Every tenth person according to national study in Serbia and Republic of Srpska 
eat more than 5g salt daily but in our study approximately one third of respondents consumed salt daily. 

Low dietary intakes of fruits, vegetables and high dietary intake of salt are individually risk factors 
responsible for more than 4% of the global disease burden (Lim, 2012). Many observational studies shown 
the benefi ts of lower fats and salt intake and healthy dietary patterns (He, 2013, Estruch, 2013). A high 
intake of salt is a risk factor for cardiovascular diseases. The most worrisome aspects of the Serbian diet 
were high intakes of saturated fat, sugar and sodium (Djurić, 2020). Study in BiH presented that people are 
living in high social conditions and youngers eat more sugar and sweets but people live in poor conditions 
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eat high fat dairy (Gičević, 2019). Accoridng to Croatian study the unhealthy dietary habits were practiced 
by approximately one quarter of the adult population. Prevalence of unhealthy dietary habits was higher in 
men in all regions (Jelinić Doko, 2009).

Preventive measures which are public oriented declined rates of hemorrhagic stroke and abdominal 
cancer. Finland is European country in which eff ective preventive measures are asocciated with lower salt 
intake declined rates of stomach cancer and hemorrhagic stroke (Toumilehto, 1984). Rate of sedentary 
lifestyle during usualy day in population of Republic of Serbia is 23% which is similar in our study where 
are 27% of adults sedentary during working time (only seating and working with PC and papers) and every 
fi fth person is sedentary during leisure time. In Croatia, 35.8% of the population are physically inactive. 
Physical inactivity is higher in men than in women (43.7% vs 30%). During leisure time, 56,5% of men and 
47,6% of women are inadequately physically active (Duraković-Misigoj, 2007). Moderate physical activ-
ity during period of 30-60 minutes have 16,7% of adults which is more for 5,6% than among population in 
national study. More than two third of population in Republic of Srpska are usualy sedentary with 10% of 
people use moderate physical activity daily, data are from national study. 

According to survey results, male use preventive services (33%) more than female (23%). In BiH 
preventive services used female more than male (Kurspahić-Mujčić, 2019). Higher level of education and 
better social conditions are related to often utilization of preventive health services, data are from European 
study (Jusot, 2012) as well as in our study, preventive services are mainly provided among population with 
faculty (41,1%) and better social condtitions (48,2%). Utilization of media in providing health promotive 
and preventive services are most important health educational method in our study. Despite the low uptake 
of preventive interventions, more than two third of benefi ciaries of preventive services are interested in 
remote access to preventive services using telemedicine platforms and e-consultations, data are from Po-
land ( Agrawal, 2021). Social trend in communication using mobile applications and other media will have 
positive impact on communication in health services in area of health promotion and diseases prevention. 

CONCLUSION
Lifestyles factors among adult population in Belgrade are smoking (38,1%), alcohol consumption 

(32,9%), irregularity of meals (61%) and more salt intake (29%). Physical activity is inadeqate by 16,7% 
of population who had daily moderate activity during 30-60 minutes had 16,7% of population. Sedentary 
activities during working time had 27,1% and during leisure time 20,4%. Preventive services utilized each 
third men and each fi fth women, mainly in age groups 30-39 years (30,4%) and among population with 
faculty (41,1%). People living in good social conditions are mainly benefi ciaries of preventive services 
(48,2%). Preventive services need to be organized more fl exible in relation to public opinion. Consultation 
and health education could be organized via modern communication technologies, mobile applications and 
electronic communications. On that way obstacles in access to preventive services would be overcome and 
it would increase coverage of preventive health services. 
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ABSTRACT: Abstract: The paper presents results of the measurements of the sulfur dioxide (SO2) and nitrogen diox-
ide (NO2) concentration and meteorological parameters: temperature, air pressure, relative humidity and wind speed. 
The data were collected from January 2019 to December 2020 at two stations, namely Center and Heating plant, in 
the City of Bijeljina, Republic of Srpska, Bosnia and Herzegovina. SO2 and NO2 are one of the major air pollutants 
that could negatively aff ect the human health. Levels of SO2 and NO2 in air samples and meteorological variables 
from urban zone of Bijeljina were determined at both localities, which represent a highly-populated area with inten-
sive traffi  c. This topic has not been studied up to now in Bijeljina, although the recent research data indicates that 
there is a correlation between meteorological parameters and air pollutants. Statistical analysis confi rms direct corela-
tion between SO2 and NO2 and meteorological parameters, specially temperature in locality Center (r = -0.639), the 
wind speed in locality Heating plant (r = 0.399) and relative humidity (r = 0.162). Correlation of NO2 with tempera-
ture is not confi rmed in both localities. The wind speed increase is followed by rises of the NO2 concentration values 
and vice versa. Correlation of NO2 with pressure is confi rmed in locality Center (r = 0.128) but it is not confi rmed 
in locality Heating plant. Correlation between NO2 and relative humidity found to be negative in locality Center (r 
= -0.062). These parameters are the most important meteorological factors infl uencing the variation in SO2 and NO2 
concentration in the air during the research. Depending on the obtained correlation, meteorological parameters had a 
positive or negative impact on air pollution.

Keywords: air quality, sulfur dioxide (SO2), nitrogen oxides (NOx), nitrogen dioxid (NO2).

INTRODUCTION
Air pollution can be defi ned as the emission of various gases, particulate matters, biological materi-

als, and other pollutants into the atmosphere. The sources of emissions could be natural and anthropogenic 
(Stanek & Brown, 2019). Natural sources include physical disasters, such as forest fi res, volcanic erup-
tions, dusty storms and various agricultural activities (Barbosa et al., 2008; Von Glasow et al., 2009; Prato 
& Huertas, 2019). Anthropogenic sources produce most of the environmental pollutants and, they could 
be stationary and mobile sources (Fino, 2019). Stationary sources include all activities related to the com-
bustion of fossil fuels in the production of electricity or heat, the combustion of fossil fuels in production 
processes, emissions from households and waste incinerators, furnaces, and other heating devices, tradi-
tional biomass combustion, various industrial plants, mining and agricultural activities (Cardu & Baica, 
2005; Ge et al., 2004; Yadav & Devi, 2019; Pandey et al., 2014). Since these activities are performed on a 
large scale, they contribute the most to air pollution. Mobile sources include all types of transport vehicles: 
motor vehicles, trains, ships, and planes (Hesterberg et al., 2006; Abbasi et al., 2013; Mueller et al., 2011). 
Among the anthropogenic sources of air pollution, the most important are thermal power plants, industrial 
and domestic furnaces that use fossil fuels to obtain electricity or heat and means of transport. Industrial 
and domestic heating stoves have a seasonal character, while thermal power plants pollute the atmosphere 
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throughout the year. The greatest infl uence of individual fi replaces on the air quality in our region is from 
October to May. Regardless of the source, pollutants have a considerable impact on the living world and the 
environment. Some of them cause diseases and even death, lead to reduced visibility, block sunlight, cause 
acid rain, ozone holes, damage materials and infrastructure, damage ecosystems, cause climate promenades 
that aff ect the entire planet (Ramanathan & Feng, 2009; Maduna & Tomašić, 2018).

According to World Health Organization (WHO) estimates, about seven million people die each 
year from air pollution. WHO data show that 9 out of 10 people breathe air in which the WHO guidelines 
for air pollutants are exceeded, and low-and middle-income countries suff er from the major exposure. Air 
pollution poses a serious threat to health and the climate. The combined eff ect of ambient and indoor air 
pollution causes about seven million premature deaths each year. That is an outcome of increased mortality 
from stroke, heart disease, chronic obstructive pulmonary disease, lung cancer, and acute respiratory infec-
tions. Estimations say that about 4.2 million deaths per year are the result of exposure to polluted ambient 
air, and 3.8 million deaths per year are the result of polluted indoor air (www.who.int/health-topics/air-
pollution#tab=tab_1; www.who.int/phe/eNews_63.pdf).

The law defi nes the control of emitters of pollutants at the point of discharge, and it is necessary 
to carry out a series of complex technological procedures to achieve the prescribed permitted emission 
levels. National legislation defi nes allowable concentrations of pollutants emitted from stationary sources 
and allowable emissions of pollutants in ambient air (Regulation 124/12; Directive 2008/50/EC; Rulebook 
3/15, 51/15, 47/16 and 16/19). Diff erent compounds (gases, liquids, and solid particles) can appear in the 
air as pollutants. The most common pollutants that appear in the air of urban areas are sulfur oxide (SOx), 
nitrogen oxides (NOx), carbon monoxide (CO), particulate matter (PM10 and PM2.5), ground-level ozone 
(O3), volatile organic compounds (VOCs), photochemical oxidants, lead, dust or aerosediment, soot, etc 
(Manisalidis et al., 2020). The WHO off ers global guidelines on thresholds and limits for key air pollutants 
that pose a health risk. The guidelines are applied worldwide, and they are based on expert assessment of 
current scientifi c evidence for PM10, PM2.5, O3, nitrogen dioxide (NO2) and sulfur dioxide (SO2) (www.who.
int/news-room/fact-sheets/detail/ambient-(outdoor)-air-quality-and-health).

During the combustion of fossil fuels, a mixture of diff erent pollutants is emitted. Oxides of sulfur 
and nitrogen are emitted to a signifi cant extent. SOx originate from the sulfur present in fossil fuels or ores, 
while NOx are formed at high temperatures due to the reaction between nitrogen and oxygen from the air. 
The most common SOx are SO2 and SO3. NOx primarily produce nitrogen monoxide (NO), which oxidizes 
to NO2. After discharge from coal-fi red power plants and motor vehicles, SO2 and NOx may have suffi  cient 
time to transform into sulfuric and nitric acid under favorable atmospheric conditions, especially in the 
presence of water vapor. Monitoring the concentration of SO2 is important because of its potential to be 
converted into sulfuric acid (H2SO4), and because of the harmful eff ects on metals, building and construc-
tion materials, urban ecosystems, vegetation and human health. (Đuković & Bojanić, 2000; Ilić, 2015). 
Monitoring of NO2 concentration is important due to its constant emission during the combustion process 
at high temperatures, negative impact on wildlife, vegetation and human health, and the occurrence of acid 
rain due to conversion to nitric acid. In the presence of hydrocarbons increases the impact of NO2 on pho-
tochemical ozone occurence (Warmiński & Bęś, 2018). 

Although other pollutants have the detrimental eff ect on air quality, in this paper attention is focused 
on SO2 and NO2, because these are gases emitted in large quantities from diff erent stationary and mobile 
sources, and they have a proven harmful eff ect on materials, wildlife and human health, aff ect the formation 
of acid rain (Grennfelt et al., 2020), and NOx participate in the formation of ozone (Warmiński & Bęś, 2018). 
In this paper, SO2 and NO2 emissions are monitored continuously, to obtain information on the concentration 
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of selected gases during the year at selected measuring points, depending on local weather conditions.
Allowable concentrations of SO2 and NO2 in European countries were given by Directive 2008/50/

EC (Directive 2008/50/EC), which was also accepted by the Republic of Srpska government (Regulation, 
124/12). Allowable concentrations of SO2 and NO2 in ambient air on an hourly, daily, and annual basis in 
Republic of Srpska are 350 μg/m3 and 150 μg/m3 (1-hour mean), 125 μg/m3 and 85 μg/m3 (24-hour mean) 
and 50 μg/m3 and 40 μg/m3 (annual mean), respectively. Concentrations of SO2 and NO2 dangerous to hu-
man health are 500 μg/m3 and 400 μg/m3, respectively (Regulation, 124/12). The latest WHO guideline 
value for SO2 is 40 μg/m3 24-hour mean. WHO guideline values for NO2 are 25 μg/m3 24-hour mean and 
10 μg/m3 (annual mean) (for protecting the public from the health eff ects of gaseous NO2) (www.who.int/
news-room/fact-sheets/detail/ambient-(outdoor)-air-quality-and-health).

This paper aims to assess the air quality in Bijeljina based on monitoring the content of SO2 and 
NO2 in the air, identifying sources and causes of increasing pollutant concentrations during the year, and 
determining the correlation between pollutants and meteorological parameters.

MATERIALS AND METHODS 

L
Air quality testing was performed at locations marked „Center” and „Heating Plant” in Bijelji-

na. The test was performed according to the principle of 24-hour sampling, from January 2019 to the 
end of 2020 at the planned measuring points. The location marked „Center” is located in the city center 
(Karađorđeva street, 44° 45´ 24,43´´ N, 19° 13´ 6,53´´ E). The nearby area includes busy streets, service 
facilities (city administration, banks, shopping malls, and restaurants), cultural and educational facilities 
(Semberija Museum, schools), religious buildings, residential buildings, and a bus station. Traffi  c is the 
predominant source of emissions. The location marked as „Heating plant” is located in the industrial zone, 
in Sremska street 44° 45´ 41,88´´ N, 19° 12´ 21,28´´ E. The close vicinity of this location includes busy 
streets, shopping malls, a gas station, service, and residential buildings so that the predominant sources of 
emissions can be identifi ed as heating plants and traffi  c.

Figure 1. Loca  on “Center” (source: Google Earth) Figure 2. Loca  on “Hea  ng plant” (source: Google Earth)
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The heating plant has a heat source of 2 boilers with a capacity of 3.8 MW, which gives 7.6 MW 
(Work plan, 2017). By calculation, it can be obtained that for the heating season from October to March, for 
boilers with a total capacity of 7.6 MW, 4000 t of coal are needed. According to 2019 data, slightly more 
than 4,000 tons of coal were procured, as follows: separated cube 500 t, separated walnut 500 t, coal cubes 
3,000 t, lignite coal 150 t, and brown coal cube 250 t (Procurement plan, 2019). 

A  
Teledyne Advanced Pollution Instrumentation, Inc. (TAPI) Sad Diego, California, United States, 

model Т100 (UV Fluorescence SO2 Analyzer) of the range 0-200 ppb, has been used for measuring SO2 
concentrations and Model T200 (Chemiluminescence NO/NO2/NOx Analyzer) for NO2, of the range 0-50 
ppb. Monitoring of SO2 was performed following standard BAS EN 14212, as the reference method and 
BAS EN 14211 for NO2 (BAS EN 14212). Presented data were recorded under the ambient temperature, 
where simultaneously have been measured meteorological parameters: air pressure, wind speed and rela-
tive humidity. At the meteorological monitoring site along the border of the city every day during the 
research period meteorological parameters have been recorded. The measured concentration of pollutants 
was compared with actual values, defi ned by regulations regarding air quality, issues on pollution and air 
quality control. Based on both data along with Regulation on air quality values (Regulation, 124/12), Direc-
tive 2008/50/EC on ambient air quality and cleaner air for Europe (2008/50/EC) as well as standards rec-
ommended by WHO and EU countries, an assessment of the current state will be given. The present study 
gives a review of the existing conditions via representing relevant parameters and discusses the position of 
their amount in the range of recommended as well as limit values specifi ed by the mentioned legislation. 

S  
For the determination of the interdependence and relationship between SO2 and NO2 of air quality, 

the Excel 2016, JASP Computer software (JASP, 2021), and Wessa Statistics Software 1.2.1 were used 
(Wessa, 2021) for statistical data processing. Descriptive statistical operations like mean, median, mode, 
standard deviation (SD), variance, minimal (min) and maximal (max). Skewness, Kurtosis and Shapiro-
Wilk test value have been applied to analyse the measured data. Also, correlation analysis was performed 
and the bagplots are shown.

RESULTS AND DISCUSSION 
The mean annual value of SO2 concentration in order to preserv human health amounts 50 μg/m3 

(2008/50/EC; Regulation, 124/12) (Table 1). Measured average values of SO2 are shown in Table 1, together 
with maximal and minimal values, median, mode, standard deviation and variance. In a research fi eld, it did 
not exceed and amounts 19.39 μg/m3 (locality Center) and 25.06 μg/m3 (locality Heating plant) (Table 1). The 
usual values of SO2 in urban areas usually range from 20 to 100 μg/m3 (Ilić et al., 2008; Ilić & Janjuš, 2008; 
Ilić, 2009; Ilić et al., 2010), while in areas far from any human activity the natural level of SO2 is below 5 μg/
m3 (Jablanović et al., 2003). Daily and hourly concentrations in urban areas, as in the case of Bijeljina, are 
higher than the usual average of 20-50 μg/m3. Considering that there are no published publications from the 
previous period, a comparison was made with the values from Banja Luka City. Measurements in Banja Luka 
are performed at similar locations as in Bijeljina, in the center next to the busy road, near the City Heating 
Plant, so the sources of pollution in both cities are similar. Research conducted in the area of Banja Luka, in 
terms of SO2 content in the air, showed that Banja Luka is a zone with slightly polluted and unpolluted air. 
There is no signifi cant impact on people, fl ora, fauna, and natural and material goods (Ilić et al., 2009), with an 
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average annual SO2 value of 10.14 μg/m3. This indicates that the investigated area in Banja Luka is not over-
burdened with this pollutant, and the values are below the limits that most often occur in the urban area (Ilić et 
al., 2008; Ilić & Janjuš, 2008; Ilić, 2009; Ilić et al., 2010). Higher values were measured during later research 
and the annual value is 21.81 μg/m3 (Ilić, et al., 2018), whereas the prime cause is the increase in the number 
of vehicles in the city. As in the case of Bijeljina, in the case of Banja Luka, the highest concentrations were 
recorded during the winter period, due to intensive combustion of sulfur-containing fuels and traffi  c (Ilić et al., 
2008), while during the summer period an extremely low average monthly value was recorded. Daily varia-
tions are directly connected to the regime and intensity of traffi  c and using fossil fuels. During a day, popula-
tion activities such as traffi  c frequency increase, and this causes the concentration of polluting substance SO2 
to grow, but probably and sulfur trioxide and sulfuric acid. Thus, under the right conditions, SO3 can lead to 
the formation of sulfuric acid, a strong irritant and corrosive agent. Ultimately, sulfuric acid is formed in water 
droplets from the interaction of SO2 and hydroxyl radicals (OH•) (Ilić et al., 2018).

The mean annual value of NO2 concentration in order to preserve human health amounts 40 μg/
m3 (2008/50/EC; Regulation, 124/12). Measured average values of NO2 at measuring points in Bijeljina are 
shown in Table 1, together with maximal and minimal values, median, mode, standard deviation and vari-
ance. In a research fi eld, average values are 45.04 μg/m3 (locality Center) and 55.62 μg/m3 (locality Heating 
plant). Measured NO2 concentrations, with annual mean concentrations above 18.82 μg/m3, which is the case 
in Bijeljina, indicate the dominance of traffi  c and urban sources in air pollution (RoTAP, 2012). During the re-
search in the area of Banja Luka, the average annual value for NO2 was 46.08 μg/m3 (Ilić, 2009, Preradović et 
al., 2010), indicating polluted air, similar to Bijeljina. The value of NO2 concentration in the air was exceeded 
in 2007, when the average annual value was 63.09 μg/m3 (Erić et al., 2008). A lower average annual value was 
recorded during 2015-2017, which amounted to 28.23 μg/m3 (Ilić  et al., 2019). Comparing the results of mea-
sured values of SO2 and NO2 in Bijeljina, with the results obtained for measurements conducted in Banja Luka 
(Ilić et al., 2009), it is clear that the air quality in Bijeljina is worse. This indicates that in the measuring areas 
in Bijeljina there are signifi cant sources of pollution, such as heating plants, individual combustion plants that 
use coal of poorer quality as fuel and the proximity of busy roads. Multiple increases in the concentration of 
SO2 and NO2 in Bijeljina during the winter months can be attributed to the direct impact of increased combus-
tion of fossil fuels during the heating season, as is the case in Banja Luka.

Table 1. Sta  s  cal summary of SO2 and NO2 and meteorological variables in locali  es Center and Hea  ng plant in Bijeljina City 
(2019-2020)

 Center 
SO2 

Heating 
plant 
SO2 

Center 
NO2 

Heating 
plant 
NO2 

Center 
VW m/s 

Heating 
plant VW 

m/s 

Center P 
bar 

Heating 
plant P bar 

Center T 
(0C) 

Heating 
plant T 

(0C)

Center 
RH%

Heating 
plant 
RH%

Valid 730 732 730 732 731 731 731 731 731 731 731 731 

Mean 28.431 23.770 47.256 46.656 1.567 1.597 975.881 993.570 10.009 13.773 86.484 87.624 

Median 19.395 25.061 45.038 55.624 1.200 1.210 973.736 994.123 9.907 11.690 89.989 90.516 

Mode 8.839 26.421 17.237 14.130 1.220 0.600 24.245 990.160 -10.38 99.900 99.900 99.900 

Std. Deviation 22.033 7.053 21.866 23.057 1.244 1.242 38.210 10.076 9.654 17.325 35.987 12.887 

Variance 485.444 49.739 478.112 531.639 1.547 1.543 1459.968 101.532 93.201 300.173 1295.060 166.083 

Skewness 2.318 -0.031 0.075 -0.168 2.058 2.062 -21.147 -0.102 0.186 3.052 19.827 -1.182 

Kurtosis 7.040 0.422 -1.809 -0.572 5.137 5.147 528.497 0.730 -0.017 11.403 485.374 1.400 

Shapiro-Wilk 0.751 0.959 0.812 0.884 0.791 0.790 0.230 0.990 0.956 0.674 0.260 0.864 

Minimum 8.839 8.062 17.237 7.780 0.230 0.250 24.245 960.517 -10.38 -8.568 25.649 29.790 

Maximum 180.039 55.014 80.922 146.803 8.400 8.420 1026.347 1028.928 63.781 99.900 99.987 99.900 
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Although extremely high levels of SO2 and NO2 have not been recorded during the investigated pe-
riod, humidity during the analyzed period of 86.49% (locality Center) and 87.62% (locality Heating plant). 
Due to several chemical reactions in which SO2 and NO2 are converted into sulfur and nitrogen acid, it can 
aff ect the increase in harmful eff ects caused by the action of SO2 and NO2.

Figures 3 and 4 show the trend of the presence of SO2 pollutants by months for both years of re-
search. The level of SO2 concentration is signifi cantly higher in the winter compared to the summer months, 
which confi rms that the use of fossil fuels is a signifi cant source of this pollutant. The concentration of SO2

in the area of the heating plant during the heating season is signifi cantly higher compared to the measured 
concentration at the measuring point Center. That can be attributed to the direct impact of the heating plant 
on air quality. During the rest of the year, the concentrations of SO2 at both measuring points are equal, as 
the seasonal sources of pollution (heating plants and individual furnaces) are not operative. The levels of 
SO2 at both measuring points during the summer season (April-September) are even, which indicates that 
the predominant sources of air pollution in that interval are the exhaust gases of motor vehicles.

Figure 3. Graphic representa  on of measured ЅO2 
concentra  ons (μg/m3) in 2019 

Figure 4. Graphic representa  on of measured ЅO2 
concentra  ons (μg/m3) in 2020 

Figures 5 and 6 show the trend of NO2 presence by months for both years of the study. The level 
of NO2 concentration is uniform during winter and summer periods, which indicates that the source of this 
pollutant is related to human activities, primarily related to traffi  c. NOx concentrations are in a wide concen-
tration range, depending on geographical areas. Nitric oxide content in urban areas is high compared to non-
urban areas. These concentrations, which vary depending on the region, regarding the emission intensity, 
also vary during the day. Variations in NO2 levels predominantly depend on human activity during the day, 
month, and meteorological conditions. Thus, for example, nitric oxide concentrations in the early morn-
ing hours without solar insolation are generally constant. As the activity of the population changes during 
the day, the frequency of traffi  c increases, and the concentration of NO, as the primary pollutant, increases 
(Thomas & St. John, 1958; Ilić & Preradović, 2009; Ilić & Maksimović, 2021). The concentration of NO2

at both measuring points is uniform throughout the year, with the measured concentrations at the measuring 
station of the Heating plant being higher concerning the location of the Center, which supports the claim 
that that location is an additional source of pollution of Heating plant.
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Figure 5. Graphic representa  on of measured NO2 
concentra  ons (μg/m3) in 2019 

Figure 6. Graphic representa  on of measured NO2 
concentra  ons (μg/m3) in 2020 

Each meteorological factor plays a unique role in explaining variations of pollutants through its 
particular response or eff ect (Vasiliauskienė et al., 2016). The infl uence of meteorological parameters on 
ambient air quality is signifi cant (Gong et al., 2015). The relationship between SO2 and NO2 concentrations 
and meteorological factors for two included locations in the City of Bijeljina was analyzed using the cor-
relation technique. The results of the correlation analysis between the SO2 and NO2 concentration and mete-
orological parameters are shown for the level of signifi cance p < 0.001 and p < 0.01 (Table 2). Temperature, 
air pressure and relative humidity are meteorological factors with the strongest impact on the SO2 and NO2

concentration level (Zhang, et al., 2015; Jayamurugan et al., 2013; Liu et al., 2020). 

Table 2. Correla  on coeffi  cients between SO2 and NO2 concentra  ons and meteorological variables

Pearson Spearman Kendall 
   r p rho p tau B p 

Centar SO2 - Centar NO2 0.110 ** 0.003 -0.275 *** 0.001 -0.171 *** 0.001 
Centar SO2 - Centar VW m/s -0.014 0.713 -0.038 0.306 -0.019 0.453 
Centar SO2 - Centar P bar 0.131 *** 0.001 0.192 *** 0.001 0.130 *** 0.001 
Center SO2 - Center T (0C) -0.639 *** 0.001 -0.737 *** 0.001 -0.505 *** 0.001 
Centaer SO2 - Center RH% 0.162 *** 0.001 0.520 *** 0.001 0.357 *** 0.001 
Center SO2 - Toplana SO2 0.164 *** 0.001 0.109 ** 0.003 0.078 ** 0.002 
Center NO2 - Center VW m/s 0.565 *** 0.001 0.650 *** 0.001 0.442 *** 0.001 
Center NO2 - Center P bar 0.128 *** 0.001 0.249 *** 0.001 0.151 *** 0.001 
Center NO2 - Center T (0C) -0.031 0.400 0.107 ** 0.004 0.093 *** 0.001 
Center NO2 - Center RH% -0.062 0.093 -0.127 *** 0.001 -0.083 ** 0.001 
Center NO2 - Heating plant SO2 0.398 *** 0.001 0.327 *** 0.001 0.240 *** 0.001 
Center NO2 - Heating plant NO2 0.662 *** 0.001 0.544 *** 0.001 0.372 *** 0.001 
Heating plant SO2 - Heating plant NO2 0.801 *** 0.001 0.737 *** 0.001 0.547 *** 0.001 
Heating plant SO2 - Heating plant VW m/s 0.399 *** 0.001 0.534 *** 0.001 0.387 *** 0.001 
Heating plant SO2 - Heating plant P bar -0.014 0.708 -0.019 0.603 -0.013 0.595 
Heating plant SO2 - Heating plant  T (0C) -0.067 0.071 -0.230 *** 0.001 -0.154 *** 0.001 
Heating plant SO2 - Heating plant RH% 0.051 0.168 0.037 0.314 0.029 0.246 
Heating plant NO2 - Heating plant VW m/s 0.455 *** 0.001 0.614 *** 0.001 0.437 *** 0.001 
Heating plant NO2 - Heating plant P bar -0.055 0.137 -0.101 ** 0.006 -0.064 ** 0.010 
Heating plant NO2 - Heating plant T (0C) -0.034 0.358 -0.160 *** 0.001 -0.105 *** 0.001 
Heating plant NO2 Heating plant RH% -0.039 0.295 -0.060 0.107 -0.033 0.195

* p < 0.05, ** p < 0.01, *** p < 0.001
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We found a negative correlation between SO2 in locality Center and temperature (r = -0.639), which 
implies the signifi cant use of fossil fuels at low temperatures in individual furnaces. At the location of the 
Center, the correlation was not confi rmed, which indicates the dominant infl uence of traffi  c and constant 
pollution, regardless of the meteorological parameters. The statistical analysis confi rms that when the tem-
perature drops, there is an increase in pollution, as there is increased consumption of fossil fuels, which 
is the cause of enlargement in the concentration of SO2. Temperature decrease is followed by rises of the 
SO2 concentration values, i.e. and vice versa. Correlation between temperature and SO2 concentration in 
location Center is confi rmed by the Pearson’s, Spearman’s and Kendall’s Rank Correlation Coeffi  cient and 
presented in Table 2; Fig. 7. Positive correlation of SO2 concentrations with the wind speed is signifi cant in 
locality Heating plant (r = 0.399, Table 2, Fig. 8). The wind speed increase is followed by rises of the SO2 
concentration valuesand vice versa. This indicates that the source of pollution is probably from other areas, 
more precisely from urban settlements with individual fi reboxes. 

Figure 7. Correla  on between SO2 concentra  ons and 
temperature in loca  on Center

Figure 8. Correla  on between SO2 concentra  ons and 
temperature in loca  on Hea  ng plant 

Correlation between SO2 and relative humidity was found to be positive (r = 0.162, Table 2), which 
implies that increasing of the SO2 concentration is followed by increasing of relative humidity, and vice versa. 
From the data collected during the study period, SO2 concentration dependence on the relative humidity is 
obtained and shown in Fig. 9 and 10. The correlation was also confi rmed by the Pearson’s, Spearman’s and 
Kendall’s Rank Correlation Coeffi  cient and given in Table 2. The humidity level is highest in the winter. At 
the same time, there is the highest consumption of fossil fuels, as well as the highest emissions of pollutants.

Figure 9. Correla  on between SO2 concentra  ons 
and rela  ve humidity in loca  on Center

Figure 10. Correla  on between SO2 concentra  ons 
and rela  ve humidity in loca  on Hea  ng plant
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Relative humidity was found as animportant parameter with a strong impact on the reactivity of the 
system, by aff ecting the production of wet aerosols, which in turn aff ect the ultraviolet actinic fl ux. It can 
be a restrictive factor in the disposition of NO2 because high percentages of humidity favor the reaction of 
NO2 with particles of Sodium chloride (Dueñas et al., 2002). Correlation between NO2 and relative humid-
ity was found to be negative in locality Center (r = - 0.062, Table 7), which implies that lowering of the 
NO2 concentration is followed by the increase of relative humidity and vice versa. From the data collected 
during the study period, NO2 concentration dependence on the relative humidity is obtained and shown in 
Fig. 11. Negative correlation was also confi rmed by the Pearson’s, Spearman’s and Kendall’s Rank Cor-
relation Coeffi  cient and given in Table 2. In locality Heating plant correlation was not confi rmed (Fig. 12).

Figure 11. Correla  on between NO2 concentra  ons 
and rela  ve humidity in loca  on Center

Figure 12. Correla  on between NO2 concentra  ons and 
rela  ve humidity in loca  on Hea  ng plant

Correlation NO2 with temperature was not confi rmed in both localities (Fig. 13 and 14). 

Figure 13. Correla  on between NO2 concentra  ons 
and temperature in loca  on Center

Figure 14. Correla  on between NO2 concentra  ons and 
temperature in loca  on Hea  ng plant

The positive correlation of NO2 concentrations with the wind speed is signifi cant in both localities 
Center (r = 0.565) Heating plant (r = 0.455) (Table 2). The wind speed increase is followed by rises of the 
NO2 concentration values and vice versa.

There are very signifi cant deviations regarding the correlation analysis at the location of the Heat-
ing plant concerning the location Center. The reason may be the existence of diff erent dominant sources 
of pollution at the sites in question. At the Center location, traffi  c is the predominant source of pollution, 
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while at the Heating plant location, the most important source of pollution is coal combustion in the 
Heating plant.

CONCLUSION
This paper presents results of simultaneous measurement of SO2, NO2 and meteorological param-

eters at locality “Center” and “Heating plant” in the City of Bijeljina. 
The mean annual value for two-year sampling periods for SO2 in a research fi eld is 19.39 μg/m3 (lo-

cality Center) and 25.06 μg/m3 (locality Heating plant). The results obtained for SO2 were below regulatory 
limits. Measured average values of NO2 at measuring points in Bijeljina are average values are 45.04 μg/m3 
(locality Center) and 55.62 μg/m3 (locality Heating plant).

Dominant sources of pollution are traffi  c and coal combustion in the heating plant, which is espe-
cially noticeable in the winter when there is a signifi cant increase in the concentrations of SO2. Statistical 
analysis confi rms directional connection between SO2 and NO2 and meteorological parameters, specially 
temperature in locality Center (r = - 0.639), wind speed in locality Heating plant (r = 0.399) and relative 
humidity (r = 0.162). The correlation of NO2 with temperature was not confi rmed in both localities. Speed 
of wind increase is followed by rises of the NO2 concentration values and vice versa. Correlation NO2 with 
pressure is confi rmed in locality Center (r = 0.128) and not confi rmed in the locality Heating plant. Cor-
relation between NO2 and relative humidity was found to be negative in locality Center (r = - 0.062). These 
parameters are the most important meteorological factors infl uencing the variation in SO2 and NO2 levels 
during the research. Depending on the obtained correlation, meteorological parameters had a positive or 
negative impact on air pollution.
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ABSTRACT: If we look around, we can easily notice that the world would not function without communication. 
How could we express our thoughts and what we want unless we say it, show it and touch it? Therefore, the business 
world could not function without interpersonal communication either, especially in the health institutions. 

The beginning of the research was based on the hypothesis that communication had to be open for the system to func-
tion, and employees satisfi ed with the working atmosphere and the relationship with the facility management. It was 
assumed that verbal communication was the most common form of communication, which often resulted in confl icts 
among health professionals. The research showed that the respondents were aware of the importance of creating 
eff ective communication, both within the same health care facility and outside it, especially conversation, assuming 
that they can convey the most important information in the shortest possible time. The data on formal communication 
at workplace indicated that employees believe that communication with their colleagues did not have to be formal, 
because in that way collective work would be more productive and the working atmosphere more pleasant. It is very 
important for every health care institution to invest enough funds in the activities, such as the health service promo-
tion. Teamwork, health managers and employees contributed to the development of the health institution. 

Key words: health management, health manager, communication, promotion.

INTRODUCTION
Communication represents an essential and very important human need and it refers to the process 

of conveying a message, processing its content and receiving it. Dress code or uniform is also a form of 
commu nication and indicates the seriousness of the work such as a health profession (Dobrijevic, 2011). 

Managers can play a formal and informal role in health management. The formal role is played by 
the chief medical technician in an organization or a hospital. An informal role refers to the case when nurses 
/ technicians gather and participate in seminars or professional meetings. They deal with planning, organi-
zation, coordination and work control, they stimulate and motivate subordinates and try to use the available 
resources as eff ectively as possible (Rakić, S., Antonić, D, 2015).

Health promotion and disease prevention programs focus on keeping people healthy and every 
health facility aims to engage and empower individuals and communities to choose healthy habits, and 
make changes that reduce the risk of developing chronic diseases and other morbidities. Promotional strat-
egy is closely related to the communication process. It is important that the message is customized in terms 
of content, because otherwise it will not reach the desired eff ect. The reputation or image of a healthcare 
facility refers to its overall picture, or the opinion, prejudices, attitudes, experience of individuals or the 
public with the healthcare facility (Williams, 2010). The main strategy in promoting a market presence and 
gaining public and target groups trust is to create a healthy corporate image. The success of the facility will 
further depend on the image itself ((Lamb, C. W., Hair, JR, J.F., McDaniel C., 2017).

The research aimed to determine: the method and type of communication in the health care facility, 
employees’ satisfaction with horizontal and vertical communication, acquirement of new knowledge in the fi eld 
of health management and the importance of open communication, regardless the possible confl icts of interest. 
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MATERIALS AND METHODS
The research was conducted through a survey in paper form, with twenty-one questions and at least 

two or more off ered answers. Theoretical framework which was used to form questions was about commu-
nication methods, health managers and management and promotional activities in health care. The research 
was anonymous because it was conducted for the purpose of a master thesis. It was implemented at the Pri-
mary Health Care Center in Bijeljina. Participation was voluntary and a large number of employees agreed 
to participate in the survey, even 98 of them, from various clinics and services, which was enough for this 
research. The research that was conducted among the employees of this health care facility was very im-
portant, because it was an indicator of their mutual functioning in their working environment. Respondents, 
who were included, were health professionals, diff erent profi les of doctors and medical technicians, and no 
one was excluded. In order to get a realistic picture, related to this topic, all participants in the survey were 
equal, regardless of age, level of education and work experience (table 1, 2, 3). The response rate was satis-
fying; all of them answered all of the questions. It was conduced in August, 2021. The results of the survey 
were processed in MS Offi  ce, presented in charts and tables, and textually explained.

RESEARCH RESULTS
The largest number of respondents was exactly the target group that should be infl uenced. 46.9% of 

respondents were under 30 years old, 34.7% between 30 and 40 years old. 16.3% were 40 to 50 years old, 
2.1% were over 50 years old.

Table 1. Data indica  ng the number of women and men in the survey

 Respondents’ gender N %

Male 15 15,3%

Female 83 84,7%

Total 98 100%

In the chosen healthcare facility, the majority of employees had secondary education suitable for the 
profession they performed. As the questionnaire was conducted on staff  regardless the part of the institution 
they were employed in, out of the total number of respondents, 76 fi nished high school for medical profes-
sions (77.5%), 16 were holding university degree (16.3%), while 6 respondents were with postsecondary 
education degree (6.1%).

Table 2. Data indica  ng a work experience in a health care ins  tu  on

Length of service N %

Up to 10 51 52,1%

10-20 28 28,6%

20-30 17 17,3%

Over 30 2 2,0 %

Total 98 100%
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Table 3.  The respondents’ opinion on an importance of communica  on in a health care ins  tu  on

Do you think that good communication between employees is one of the 
most important segments of work in health care? N %

Yes 79 80,6%

No 3 3,1%

Other elements 16 16,3%

Total 98 100%

Table 4. The review of respondents’ knowledge of health managers du  es and responsibili  es

Do you know the levels of health care management and what are the du-
ties and responsibilities of health managers? N %

No 5 5,0%

Yes 81 82,6%

Partially 12 12,4%

Total 98 100%

Table 5. The review of respondents’ experience as healthcare managers or leaders

Have you ever been a health care manager or a leader? N %

Yes 16 16,33%

No, nor do I want to 25 25,5%

No, but I would like to 57 58,17%

Total 98 100%

The largest percentage of respondents expressed belief that health care managers of their health care 
facility invested eff ort and showed a desire for institution success, and this was indicated by the results that 
80 (81.6%) answered negatively, 2 (2.1%) answered positively, and 16 of them (16.3%) did not express 
their opinion on this issue.

Table 6. The review of the respondents’ promo  onal ac  vi  es on work or outside

Do you promote the health care facility and its services through health 
and educational work or in other ways outside your workplace? N %

Yes, often 77 78,6%

Rarely 14 14,3%

No 7 7,1%

Total 98 100%
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Table 7. The review of the respondents’ opinion on communica  on with their superiors

Do you have open communication with your superiors or a certain fear to 
point out a problem? N %

Completely open communication 49 50,0%

Partially open communication 37 37,75%

Fear of expressing opinion 2 2,1%

Communication based on issuing work orders 10 10,2%

Total 98 100%

Table 8. The review of the respondents’ opinion on a facility image

Does the health care facility image depend more on the management or 
employees? N %

Management 18 18,4%

Both 63 64,3%

Employees 17 17,3%

Total 98 100%

Table 9. The review of the respondents’ opinion on a health care service promo  on

If is a health service often promoted in the media or in similar ways, do 
you consider it to be of good quality? N %

Yes 54 55,1%

No 24 24,5%

I don’t know 20 20,4%

Total 98 100%

The obtained results indicated positive changes in the attitudes of health workers, raising the level 
of professional competence and awareness.

Table 10.  The review of the respondents’ opinion on communica  on with colleagues

Are you open to communicate with colleagues in other sectors / clinics or 
other health care facilities? N %

Yes 98 100%

No 0 0 %

Total 98 100%

71,4% of respondents answered that if there was a problem, the solution should certainly be sought 
through conversation or communication. 20.4% of respondents answered that if there was a problem, they 
would immediately contact their superiors. There was also a smaller, but no less important percentage, 
8.2% of respondents who did not want to come into confl ict, even though they thought they were right.
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Table 11. The review of the most represented types of communica  on within this health care facility

What type of communication is the most represented in your healthcare 
facility? N %

Verbal-conversation 68 69,4%

Medical documentation 7 7,14%

Nonverbal-body language 4 4,1%

Use of technology, exp. Telephone call, e-mail 17 17,34%

Other ways 2 2,04%

Total 98 100%

Table 12. The review of the respondents’ strictly professional communica  on with colleagues

Is communication with colleagues strictly professional? N %

No 93 94,9%

Yes 5 5,1%

Total 98 100%

DISCUSSION
Communication is a fundamental clinical skill that, if performed competently and effi  ciently, pro-

vides trust between the medical staff  and the patient or client, which makes them a real therapeutic alliance. 
The hypothesis that verbal communication was the most common type of communication with health man-
agers was confi rmed, but the other methods were also stated (table 11).

The respondents considered open communication as an obligation, because that was the only way to 
function, improve their work and create high-quality interpersonal relationships, which confi rmed the main 
hypothesis of a survey. The employees wanted to feel comfortable at work, without feeling of discomfort, 
inconvenience and anxiety, and that was the reason why the work atmosphere was so important to them. 
This might have been concluded considering the fact that they talked to each other, helped each other and 
suggested a problem (table 12).

Previous research showed that employees considered the best managers to be those who actively 
listen and allow employees to participate. Confl icts were usual thing because it was normal that diff erent 
people could have diff erent opinion for the same thing, but more important thing was the fact that staff  
overcame them by conversation, with the help of managers or in other ways. Understanding how confl icts 
aroused was important in their prevention. From an employee’s perspective, triggers included lack of com-
munication, unfair criticism, silly rules, preferential treatment, sexism or racial inequality, humiliation, 
unreasonable expectations, and verbal abuse. From the management perspective, problems aroused from 
poor communication, inappropriate responses, poor prioritizing, personal work interfering with profes-
sional work, and clock-watching. However, teamwork was a priority in medicine and compromises were 
needed  (Ramsay, 2001).

The study in the medical services domain noted that interactions between patients and health care 
professionals aff ected both patients’ satisfaction and perceived quality of the medical services that they 
received, and that it could contribute to a better performance of the medical unit (table 9) (Interpersonal 
communication in healthcare, 2018).
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It was proven, in the previous researches, that a healthcare management was an extensive job, 
which required the involvement of the entire health system, staff , fi nances and other factors. It was still 
important to invest in the health promotion and the development of healthy habits, disease prevention and 
early treatments and diagnoses, which was the main mission of every health institution (table 4 and 5).

When it came to taking credit for success, opinions were divided. Most of the respondents believed 
that for success and better image of the health care facility, the management and employees were equally 
important. Above mentioned data showed that the hypothesis that only health managers were responsible 
for the success and image of the health facility was refuted (table 8).

Health care managers could develop plans for a health care organization growth or formulate strate-
gies to adjust to changes in the health care market. They should learn, train and practice more if they wanted 
to progress in terms of leadership or managerial functions. The interest in continuing education and high 
quality health care services promotion gave us information that our health care system was moving in a 
good direction. For example, the vaccination promotion (covid 19) was for the purpose of collective health 
protection, and not to make a profi t. The absolute willingness to cooperate with colleagues from the other 
sectors and health care institutions could provide the progress of the whole health care system in our coun-
try (table 10) (Dragic M. , 2017).

Some products or health care services, despite their good quality, could be neglected, because there 
was a lack of promotion and that should be changed. The main reason for this was probably an insuffi  cient 
service improvement activity or an inadequate approach to marketing. That could aff ect health managers 
who should invole health care professionals in the whole business process and progress in health care, 
because of their qualifi cations, skills, organizational and other abilities and their contribution to the team 
and the institution. It was for sure that there work some creative people who were ready to take a risk and 
express useful ideas (table 11). 

The common occurance in every health care institution regardless the region was high percentage 
of cooperation with colleagues, which required the use of medical and nursing documentation as a source 
of a large amount of useful information and tendency to create comfortable working conditions without 
unnecessary stress. A lot of pressure, little time and a lot of work could aff ect healthcare workers to reduce 
communication with patients or colleagues. Empathy was also very important, because the target popula-
tion was very sensitive due to the specifi c condition (illness, hospitalization, etc) (Segic, 2011). 

CONCLUSION
The main hypothesis was confi rmed that a pleasant working atmosphere with eff ective organiza-

tional communication is the key in achieving the common goals of the organization. There was a need 
to emphasize more promotional activities online and in other ways. Based on the survey, we also gained 
insight into the staff  education on health management, their experience as leaders in health care (if they 
had it), the employee relations and their relation with healthcare managers. It was important that healthcare 
professionals make eff ort to overcome confl icts and therefore give importance to eff ective communication. 
It was also possible to organize online discussion groups so that managers and workers could work together 
to solve problems. It was important to encourage the use of horizontal communication, because more ex-
perienced colleague could help a younger colleague at work. Fast-growing companies, for example, sought 
to inform employees about what happened in the company, but they designed and determined the image for 
the outside world. Today, the health care centeres strove to inform employees about what happened there 
and motivated them to take part in the progress of the institution.
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ABSTRACT: Mosquitoes occupy the fi rst place among the most dangerous insects in the world, because they kill 
more than fi ve lakhs people every year around the world by transmitting lethal pathogens. People use many methods 
and devices to combat the mosquito problem. Chemical pesticides are commonly used to control mosquitoes and their 
bites around the world. Since the last two decades public has started to avoid the use of synthetic chemicals for mos-
quito management due to their harmful eff ects on environment and human health. Pesticide resistance in mosquitoes 
is a major side eff ect of synthetic chemical applications. Volatile oils or essential oils obtained from green plants are 
considered as reliable alternatives for mosquito management. Several hundred volatile oils and volatile compounds 
have been tested against eggs, larva, pupa and adults of various vector mosquito species. Oils, extracts and powders 
of leaf, fl owers and bark of many aromatic plants are being used as mosquito repellents in many countries for many 
centuries. Scientifi c validation of biological activities of several botanicals has been intensifi ed in the last three de-
cades and several herbal mosquito control products have been commercialized. The aim of the present review article 
is to provide up-to-date information on biological activities of plant volatile oils and volatile compounds against 
vector mosquitoes and to highlight the promising volatile compounds for the development of new herbal mosquito 
control products.

Keywords: volatile oils, 1,8- cineole, thymol, larvicides, repellents, mosquitoes.

INTRODUCTION
Mosquitoes are major public health pests throughout the world. They are distributed all over the 

world, except Antarctica. World mosquito fauna comprises 3541 species grouped under 112 genera (Tyagi 
et al., 2015); more than a hundred species of mosquitoes are capable of transmitting various diseases to 
humans and other vertebrates. Female mosquitoes transmit many pathogenic organisms and cause diseases 
such as malaria, West Nile virus (WN), dengue, fi lariasis, yellow fever, Japanese encephalitis and Chi-
kungunya among humans. Mosquito bites also cause considerable pain and loss of sleep; weight loss and 
decreased milk production in farm animals have been reported due to mosquito bites (Nour et al., 2009). 

At present several synthetic insecticides and growth regulators namely methoprene, pyriproxyfen 
and difl ubenzuron and microbial products from Bacillus thuringiensis israelensis and B. sphaericus are used 
in mosquito control programmes (Shaalan et al., 2005; Ben-Dov, 2014; Lacey et al., 2015). Pyrethroids and 
malathion are recommended as adulticides and temephos (an organophosphate insecticide better known 
as Abate®), petroleum oils, S-methoprene (Insect growth regulator), Bacillus thuringiensis israelensis and 
B. sphaericus are recommended as mosquito larvicides (Brattsten et al., 2009). Vector mosquitoes have 
developed resistance against many synthetic pesticides due to injudicious use of pesticides and in fact this 
is the major reason for the resurgence of many mosquito-borne diseases (Becker et al., 2003). Since 1947 
more than 100 mosquito species have been reported as resistant to one or more insecticides (Hemingway 
and Ranson, 2000; Hemingway et al., 2002).
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Prevention of mosquito bite is the most common approach among the public. Personal protection by 
means of avoidance techniques such as using physical and chemical barriers, treatment of fabric with toxi-
cants and the use of topical (skin) repellents is the commonly advocated approach for preventing mosquito 
bite (Barnard and Xue, 2004). 

Plant products are considered as ecofriendly insecticides and are potential alternatives to synthetic 
insecticides. Pyrethrum, derris, quassia, nicotine, hellebore, anabasine, azadirachtin, d-limonene camphor 
and turpentine were widely used as alternate insecticides in developed countries before the introduction of 
synthetic organic insecticides (Wood, 2003). Plant essential oils are ecofriendly ‘green pesticides’ and safe 
to mammals and environment (Mossa, 2016). Essential oils are complex mixtures of compounds mainly 
of monoterpenes and sesquiterpenes. Several scientifi c studies have disclosed the effi  cacy of plant volatile 
oils and volatile compounds in pest and vector management (Mondal and Khalequzzaman, 2006; Paulraj 
and Ignacimuthu, 2007; Pavunraj et al., 2007; Sivanandhan et al., 2021). Many volatile oils have larvicidal, 
pupicidal and oviposition deterrent eff ects against vector mosquitoes (Chantawee and Soonwera, 2018) 

The present review article highlights the promising volatile oils and plant volatile compounds which 
show signifi cant larvicidal and repellent activities against common vector mosquitoes.

LARVICIDAL ACTIVITY OF VOLATILE OILS AND VOLATILE 
PLANT COMPOUNDS
Mosquito control programmes are largely targeting the larval stage in their breeding sites with larvi-

cides (El Hag et al., 1999 & 2001). Larviciding is a successful method of reducing mosquito population in 
their breeding places before they emerge into adults (Tiwary et al., 2007). Application of synthetic larvicides 
in aquatic ecosystems may cause harmful eff ects on human beings and many other non-target organisms. 
In search of alternative pesticides many investigators have explored the benefi cial role of plant extracts, 
plant compounds, actinomycetes sea weeds and mushroom extracts against mosquito larvae (Campbell 
and Sullivan, 1993; Thangam and Kathiresan, 1994; Pandey et al., 2007; Nazar et al., 2009; Ganesan et al., 
2018; Darvin et al., 2019; Sivanandhan et al., 2019; Monisha et al. 2020). Many essential oils showed good 
larvicidal activities against mosquito species and are reported as environmentally safe insecticides (Corbet 
et al., 1995; Pitasawat et al., 2007). Some eff ective essential oils as larvicides against diff erent mosquito 
species are given in Table 1.

Table 1. Some eff ec  ve vola  le oils and their major components reported for mosquito larvicidal ac  vity

Essential oil source Target species Eff ective concentration 
or LC50

Major components in 
the oil Reference

Boswellia serrata
Culex pipiens

83.36 ppm
NS Khater and Shalaby (2007)

Brassica compestris 71.37 ppm
Calocedrus formosana 
Florin Bark Aedes aegypti

51.8 mg/ml NS Cheng et al. (2003)

C. formosana Florin leaf 56.3 mg/ml NS
Carum ptroselinum Cx. pipiens 152.94 ppm NS Khater and Shalaby (2007)

Chenopodium ambrosioides 
(aerial parts)

Anopheles arabiensis 17.5 ppm
Massebo et al. (2009)

A. aegypti 9.1 ppm

Cinnamomum camphora 
leaves Anopheles stephensi LC50 = 0.026%

LC95 = 0.128% at 24 h

Eucalyptol (53.49%)
Β-terpinene (17.44%)
α-terpineol (9.45%)

Xu et al. (2020)
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Citrus aurantium subsp. 
Bergamia fruit rind (cold 
pressed)

Cx. pipiens

58.73 mg/L (48 h) Linalyl acetate

Eleni et al. (2009)C. aurantium subsp. Berga-
mia fruit rind (hydrodistil-
lation)

106.6 mg/L (48 h) Linalool and Limonene

C. aurantium subsp. Berga-
mia Leaves 68.53 mg/L (48 h) Linalyl acetate and Li-

monene

Corymbia citrodora leaves
An. arabiensis 40.3 ppm

Massebo et al. (2009)
Ae. aegypti 38.7 ppm

Cryptomeria japonica
Ae. aegypti

48.1 mg/ml NS
Cheng et al. (2003)

C. japonica leaf 37.6 mg/ml NS
Curcuma aromatica Ae. aegypti 36.3 ppm Choochote et al. (2005)

Cymbopogon citrates Stapf. Ae. aegypti 69 ppm (24 h) geranial (60.3%) and neral 
(39.7%). Cavalcanti et al. (2004)

C. nardus (L.) Rendle (2nd 
Fraction) Cx. quinquefasciatus

1.7 mg/l
(1.4 mg/l after 3 months 

of storage at 29oC)
Myrcene Ranaweera and Dayananda 

(1996)

Cymbopogon winterianus
(Citronella oil) Ae. aegypti LC50= 111.84 μg mL-1 NS Cansian et al. (2021)

Cyperus esculentus Cx. pipiens 47.17 ppm NS Khater and Shalaby (2007)

Dendropanax morbifera 
fl owers Ae. aegypti 62.32 ppm

γ-elemene (18.59%), tetra-
methyltricyclohydrocar-
bon (10.82%), β-selinene 
(10.41%), α-zingibirene 
(10.52%), 2-isopropyl-
5-methylbicylodecen 
(4.2%), β-cubebene 

(4.19), and 2,6-bis(1,1-
Dimethylethyl)-4-phenol 

(4.01%).

Chung et al. (2009)

Eruca sativa Cx. pipiens 86.06 ppm NS Khater and Shalaby (2007)

Eucalyptus montana leaves
An. arabiensis 68.3 ppm

Massebo et al. (2009)
Ae. aegypti 52.9 ppm

Ipomoea cairica Linn.

Cx. tritaeniorhynchus 14.8 ppm

- Thomas et al. (2004)
Ae. aegypti 22.3 ppm

An. stephensi 14.9 ppm

Cx. quinquefasciatus 58.9 ppm

Lavandula angustifolia
Cx. pipiens

LC50 = 140μg/ml
LC=90=450μg/ml

Linalool (32.23%)
Linalyl acetate (14.23%)

El-Akhal et al. (2021)
Lavandula dentata LC50=2670 μg/ml

LC90=7400 μg/ml
1,8-Cineole (49.82%)

Camphor (6.31%)

Lippia adoensis leaves
An. arabiensis 56.4 ppm

Massebo et al. (2009)
A. aegypti 47.1 ppm

L. sidoides Ae. aegypti Thymol Carvalho et al. (2003)

L. sidoides Ae. aegypti 63 ppm (24 h)
Thymol (80.8%); p-

Cymene (8.6%); Trans-
Caryophyllene (5.1%)

Cavalcanti et al. (2004)

Mentha spicata leaves
An. arabiensis 85.9 ppm

NS

Massebo et al. (2009)
Ae. aegypti 67.8 ppm

Nigella sativa leaves
An. arabiensis 23.4 ppm

NS
Ae. aegypti 32.1 ppm
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Ocimum americanum L. Ae. aegypti 67 ppm (24 h)

E-Methyl-Cinnamate 
(70.9%); Z-Methyl-Cin-
namate (8.8); Trans-Ber-

gamoptene (6.8%); Trans-
Caryophyllene (4.6%)

Cavalcanti et al. (2004)

O. basilicum L (four acces-
sions) Anopheles sp. 190 μL/L to 300 μL/L eugenol, geraniol and 

linalool Nour et al. (2009)

O. gratissimum L. Ae. aegypti 60 ppm (24 h)

Eugenol (43.7%); 1,8-cin-
eole (32.7%); Z-Ocimene 
(6.2%); Trans-Caryophyl-

lene (4.1%)

Cavalcanti et al. (2004)

O. lamiifolium leaves
An. arabiensis 20.9 ppm

Massebo et al. (2009)
Ae. aegypti 8.6 ppm

O. suave leaves
An. arabiensis 53.5 ppm

Massebo et al. (2009)
Ae. aegypti 29.8 ppm

Pinus longifolia (pine oil)

An. stephensi 112.6 ppm K–terpineole (12.89%); 
Isoeugenol (4.93%); 

Eugenol (3.14%); Caryo-
phyllene (2.94%)

Ansari et al. (2005)Ae. aegypti 82.1 ppm

Cx. quinquefasciatus 85.7 ppm

P. gaudichaudianum

Ae. aegypti

121 μg/ml

Viridifl orol (27.5%), 
Aromadendrene (15.55 
%), β-Selinene (10.5%), 

Ishwarane (10%)

Morais et al. (2007)
P. hostmanianum 54 μg/ml

Asaricin (27.37%), Myr-
isticin (20.26%), Dillapiol 

(7.66%), Germacrene 
D (6.82%), Piperitone 

(5.58%)

P. humaytanum 156 μg/ml

Caryophyllene oxide 
(16.63%), β-Selinene 
(15.77%), Spathulenol 
(6.33%), b-Oplopenone 
(6.02%), Sesquicineole 

(5.03%)

Piper marginatum Jacq. 
(leaves)

Ae. aegypti

23.8 ppm

(Z)-Asarone (30.4%), 
Patchouli alcohol (16%), 
Elemol (9.7%), Bicyclo-
germacrene (9.4%), (E)-
Caryophyllene (7.5%), 

(E)-Asarone (6.4%) Autran et al. (2009)

P. marginatum (stem) 19.9 ppm

(E)-Asarone (32.6%), 
Patchouli alcohol (25.7%), 

(Z)-Asarone (8.5%), 
Elemicin (6.9%), (E)-
Caryophyllene (6.8%), 

Seychellene (5.8%), (E)-
Methyl isoeugenol (3.6%)

P. marginatum (infl ores-
cence) 19.9 ppm

Patchouli alcohol (23.4%), 
(E)-Asarone (22.1%), (E)-
Caryophyllene (13.1%), 
α-Acoradiene (9.7%), 

α-Copaene (9.4%), 
(Z)-Asarone (4.5%), 
δ-Elemene (3.1%)

P. nigrum seeds
An. arabiensis 33.5 ppm

NS Massebo et al. (2009)
Ae. aegypti 9.1 ppm

P. permucronatum Ae. aegypti 36 μg/ml
Dillapiol (54.7%), Myris-
ticin (25.61%), Elemicin 

(9.92%), Asaricin (8.55%)
Morais et al. (2007)
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Satureja montana (stems, 
leaves and fl owers)

Cx. pipiens biotype 
molestus

37.7 mg/L
Carvacrol (55.42%), 

γ-terpinene (13.24%), p-
cymene (9.45%)

Michaelakis et al. (2007)

S. thymbra (stems and 
leaves) 44.5 mg/L

Thymol (42.15%), 
γ-terpinene (20.12%), p-

cymene (10.39%)

S. thymbra (stems, leaves 
and fl owers) 64.4 mg/L

Carvacrol (30.39%), Thy-
mol (24.32%), γ-terpinene 

(14.64%), p-cymene 
(9.19%)

S. spinosa (stems and 
leaves) 56.1 mg/L

Carvacrol (47.12%), Thy-
mol (12.39%), γ-terpinene 

(6.49%), p-cymene 
(5.48%), β-caryophyllene 
(4.98%), thymol, methyl 

ether (4.05%)

S. parnassica ssp. parnas-
sica (stems and leaves) 52.1 mg/L

Thymol (44.39%), 
γ-terpinene (12.32%), 

p-cymene (8.35%), 
Carvacrol (6.36%), 

β-caryophyllene (4.42%)

Schinus molle leaves
An. arabiensis 21.0 ppm

NS

Massebo et al. (2009)

Ae. aegypti 9.6 ppm

S. molle seeds
An. arabiensis 26.5 ppm

NS
Ae. aegypti 14.5 ppm

Thymus vulgaris leaves
An. arabiensis 33.7 ppm

NS
Ae. aegypti 17.3 ppm

Thymus vulgaris Aedes aegypti --- Thymol Maia et al. (2019)

Trigonella foenumgrecum Cx. pipiens 32.42 ppm NS Khater and Shalaby (2007)

Zanthoxylum armatum DC 
seeds

Cx. quinquefasciatus 49 ppm
Linalool, Limonene, E-

methyl cinnamate Tiwary et al. (2007)Ae. aegypti 54 ppm

An. stephensi 58 ppm

Zingiber cassumunar Ae. albopictus LC50=44.9 μg/L in 24 h
(-) terpinen-4-ol (1)

(isolated by bioassay-
guided isolation)

Li et al. (2021)

Ziziphora clinopodioides 
Lam.

An. stephensi 14.9 (μg/ml) Pulegone, Piperitone, 
Menth-2-en-1-ol and 

carvacrol
Mohammadreza (2008)

Cx. pipiens 16.5 (μg/ml)

NS- Not Studied

Larvicidal activity of essential oils of nine Brazilian plants was studied against Aedes aegypti. Oci-
mum americanum and O. gratissimum oils recorded 100 per cent mortality at 100 ppm concentration and 
their eff ect was comparable to Lippia sidoides and Cymbopogon citrates (Cavalcanti et al., 2004). Plant 
volatile oils contain a range of bioactive compounds. Identifi cation and confi rmation of larvicidal compo-
nents present in the active essential oils by separation techniques such as TLC and GC-MS is an essential 
part of work in the bioassay experiments. Nour et al. (2009) have documented the larvicidal activity of es-
sential oils obtained from four Sudanese accessions of Basil (Ocimum basilicum) against Anopheles larvae. 
They found that accession no. 16 (introduced from UA Emirates) and 17 (introduced from Germany) were 
more eff ective with LC50 of 190 and 200 μL L-1 respectively. They reported that eugenol, geraniol and lin-
alool were the major volatile components in the basil essential oils and these compounds caused 100 per 
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cent larval mortality within half an hour of exposure. Essential oil of Tridax procumbens leaves showed 
larvicidal activity against Aedes aegypti at LC50 concentration of 79.0 μg mL−1 and 69.15 μg mL−1 in 24 and 
48 h, respectively. Thymol (48.22%), γ-Terpinene (15.93%), o-Cymene (10.27%) and Carvacrol methyl 
ether (7.7%) were detected as major compounds in T. procumbens essential oil by GC-MS analysis method 
(Brandão et al., 2021). Essential oils of 28 plant species were tested individually against Cx. quinquefas-
ciatus larvae and adults and binary combinations of eff ective oils were again tested. Combination of Allium 
sativum (bulbs) and Citrus paradisi (leaves) oils at 1:1 volume ratio recorded the highest larvicidal activity 
and GC-MS analysis revealed the presence of diallyl disulfi de, linalool, citronellal and caryophyllene oxide 
as major constituents (Mahanta and Khanikor, 2021).

It is generally concluded that the major component present in the volatile oil may be the actual 
cause of larval death. To confi rm this, the individual compound of interest should be tested for its activity. 
Some studies have indicated that the volatile compounds thymol and carvacrol were responsible for lar-
vicidal activity against mosquito larvae. Carvalho et al. (2003) studied the larvicidal activity of essential 
oil of Lippia sidoides and its major components thymol and carvacrol against Ae. aegypti. They reported 
that the pure essential oil and dilution of oil at 1: 2 ratio recorded 100 per cent larval mortality within 5 
minutes and thymol recorded 100 per cent larval mortality at 0.04% within 30 min. Dilutions of oil at 1: 5 
and 1: 10 ratios caused 100 per cent larval mortality within 20 minutes and after 24 h respectively. Carva-
crol did not cause any larval mortality at 0.04% concentration. Cavalcanti et al. (2004) have also reported 
the larvicidal activity of L. sidoides oil against Ae. aegypti. Their study clearly indicated that 63 ppm of L. 
sidoides oil killed 50 per cent larvae in 24 h and they reported that the oil contained thymol (80.8%) as the 
major component. Besides L. sidoides oil Cavalcanti et al. (2004) screened eight more essential oils from 
Brazilian plants against Ae. Aegypti larvae. They found that the essential oils of Ocimum americanum, O. 
gratissimun and C. citratus were as potent as L. sidoides and caused 100 per cent mortality at a concentra-
tion of 100 ppm. Michaelakis et al. (2007) analysed the essential oils of Satureja montana and S. thymbra, 
which showed high toxicity against the larvae of Culex pipiens biotype molestus and found that carvacrol or 
thymol were the major components. According to them the larvicidal activity was a result of the synergistic 
eff ect of the phenolic compounds with other components that were present in the oils tested. In a study es-
sential oils were extracted from leaves of 10 Piper spp. and larvicidal activity was studied against strains of 
Pyrethroid resistant and susceptible Ae. Aegypti. Among the ten species, fi ve species viz., Piper aduncum, 
P. marginatum, P. gaudichaudianum, P. crassinervium, and P. arboretum were found to be active since they 
recorded larvicidal activity between 90–100% at 100 ppm concentration. The active compounds in the oils 
namely (E)-Anethole, β-Asarone, γ-Terpinene, p-Cymene, Limonene, α-Pinene, β-Pinene and Dillapiole 
showed larvicidal activity between 90-100% at 100 ppm (Filho et al., 2021). Knio et al. (2008) studied the 
larvicidal activity of essential oils extracted from commonly used medical and culinary herbs in Lebanon 
against the fourth instar larvae of seaside mosquito Ochlerotatus caspius. They found that thyme infl ores-
cence extract was the most potent larvicide followed by parsley seed oil, aniseed oil and coriander fruit oil. 
Based on GC-MS analysis they reported that thymol, sabinene, carvacrol, anethole and linalool were the 
major components of parsley seeds and leaves, alpine thyme infl orescences, anis seeds and coriander fruits 
respectively. These studies support the fact that thymol in volatile oils is a toxicant against mosquito larvae. 
(Cavalcanti et al., 2004; Cheng et al., 2004; Choochote et al., 2005; Knio et al., 2008; Maia et al., 2019)

Tiwary et al. (2007) studied the larvicidal activity of volatile oils obtained from the seeds of Zan-
thoxylum armatum against Cx. quinquefasciatus, Ae. aegypti and An. stephensi. They analysed the volatile 
oils by GC-MS and found that linalool (57%) and limonene (19.8%) were the major components. Linalool 
was reported as mosquito repellent by Omolo et al. (2004) and Traboulsi et al. (2005). At the same time 
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Traboulsi et al. (2002) and Cheng et al. (2004) discovered that linalool at higher doses caused larval mortal-
ity. The study by Chantraine et al. (1998) indicated that linalool did not cause larval mortality in Ae. aegypti 
at doses ranging between 10 and 100 ppm. 

Kelm and Nair (1998) isolated two compounds from hexane extract of Ocimum sanctum leaves 
and stem and screened them against Ae. aegyptii larvae. They claimed that eugenol and (E)-6-hydroxy-4,6-
dimethyl-3-heptene-2-one exerted larvicidal activity at 200 and 6.25 μg mL-1 concentrations respectively 
in 24 h.

Several investigators have reported that 1,8-cineole is mainly responsible for pesticidal properties 
against many insects (Duke, 2004). Lucia et al. (2007) studied the larvicidal activity of Eucalyptus grandis 
and pine resin essential oils (turpentine) and their major components namely α- and β-pinene and 1,8-cin-
eole against third and fourth instar Ae. aegypti larvae. They recorded that turpentine oil was more active 
(LC50 of 14.7 ppm) than the essential oil of E. grandis (LC50: 32.4 ppm), which contained 1,8-cineole. 
Klocke et al. (1987) found that 1,8-cineole, present in the volatile oil of H. fi tchii, did not exhibit any sig-
nifi cant mosquito larvicidal activity. But the oil acted as a moderate feeding repellent and highly eff ective 
ovipositional repellent against adult Aedes aegypti.

Chung et al. (2009) have reported that the essential oil obtained from Dendropanax morbifera 
fl owers had a signifi cant toxic eff ect against early fourth instar larvae of Ae. aegypti with an LC50 and 
LC90 of 62.32 and 131.21 ppm respectively and the oil contained 27 compounds; the major components 
were γ-elemene (18.59%), tetramethyl tricyclohydrocarbon (10.82%), β-selinene (10.41%), α-zingibirene 
(10.52%), 2-isopropyl-5-methylbicyclodecen (4.2%), β-cubebene (4.19%) and 2,6-bis (1,1-Dimethylethyl)-
4-phenol (4.01%). The pure compound that was isolated from the essential oils gave higher larvicidal activ-
ity than crude essential oils. Tripathi et al. (2004) have reported that the compound piperitenone oxide that 
was isolated from oil of Mentha spicata variety viridis recorded higher larvicidal activity (LD50=61.64 μg/
ml) than the crude essential oil (LD50=82.95 μg/ml) against An. stephensi. 

Cheng et al. (2009) evaluated the larvicidal activity of leaf essential oils of six chemotypes of cin-
namon (Cinnamomum osmophloeum) against Ae. albopictus, Armigeres subalbatus and Cx. quinquefas-
ciatus. In their study the leaf essential oils of cinnamaldehyde type (LC50 =40.8 μg/ml; LC90 = 81.7 μg/ml) 
and cinnamaldehyde/cinnamyl acetate type (LC50=46.5 μg/ml; LC90 = 83.3 μg/ml) recorded the maximum 
inhibitory eff ect against Ae. albopictus larvae. They also reported that the eff ective constituents in leaf es-
sential oils were trans-cinnamaldehyde and benzaldehyde and the LC50 values of these constituents against 
A. albopictus larvae were below 50 μg/ml. 

The larvicidal activity of essential oils varies between diff erent mosquito species. Pitasawat et al. 
(2007) have reported that among the aromatic oils obtained from fi ve diff erent plant species, Carum carvi, 
Apium graveolens, Foeniculum vulgare, Zanthoxylum limonella and Curcuma zedoaria, Z. limonella oil 
was the most eff ective against A. aegypti with LC50 and LC95 values of 24.61 and 55.81 ppm, respectively 
and C. zedoaria oil was the most eff ective against A. dirus larvae (LC50 and LC95 values: 29.69 and 40.23 
ppm, respectively). Eleven essential oils out of 12 obtained from plants namely Chenopodium ambrosioides 
(aerial parts), Ocimum lamiifolium (leaves), O. suave (leaves), Schinus molle (leaves and seeds), Piper ni-
grum (seeds), Corymbia citriodora (leaves), Eucalyptus globules (leaves), Lippia adoensis (leaves), Men-
tha spicata (leaves) and Thymus vulgaris (leaves) were evaluated. They showed higher larval toxicity in 
Ae. Aegypti than An. arabiensis after 24 h exposure and oil obtained from Nigella sativa (leaves) recorded 
higher toxicity against An. arabiensis (Massebo et al., 2009). In a review Shaalan et al. (2005) had stated 
that mosquito larvae of diff erent species displayed diff erent susceptibilities to the same phytochemical and 
Aedes larvae, in general, were robust and less susceptible to insecticides and botanicals than Culex larvae. 
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IMPROVING THE LARVICIDAL ACTIVITY OF VOLATILE OILS
Studies on the improvement of the larvicidal activity of volatile oils have been done by some in-

vestigators. Corbet et al. (1995) have studied the usefulness of some surfactants to increase the larvicidal 
activity of essential oils. In their study they used 1% insoluble surfactant (Arosurf MSF) and 1% detergent 
with eucalyptus and turpentine oils separately. They reported that refi ned turpentine at a dose of 2 μl per 
tub (=0.13 μl cm−2) acted faster due to the addition of surfactants (turpentine: Arosurf: detergent 100:1:1 by 
volume) causing higher mortality in fourth instar Cx. pipiens form molestus at 24 and 48 h after treatment, 
than familiar surface-active larvicide Arosurf alone. 

REPELLENT PROPERTY OF VOLATILE OILS
The relationship between man and blood sucking insects is very old and man has learnt adequate 

techniques to avoid the mosquito biting. Keeping away the adult mosquitoes from human habitats and 
preventing mosquito bites are vital tactics in personal protection from mosquito borne diseases. Repellents 
are the prime products used for the protection from mosquito bites. Due to the enormous developments in 
science and technology new insect repellents are being discovered. Synthetic repellents are the most com-
monly used materials against mosquitoes. DEET (N, N-diethyl-3-methylbenzamide) is the most commonly 
used synthetic mosquito repellent. Insect repellent property of DEET was fi rst discovered in 1953 and the 
fi rst DEET product was introduced in 1956 (Peterson and Coats, 2001). It is an eff ective insect repellent 
against a broad spectrum of insects including mosquitoes. 

Injudicious use of synthetic skin repellents which contain DEET may aff ect human health (Qui et 
al., 1998; Eden et al., 2020). Some investigators have pointed out the allergic reactions and human toxicity 
of DEET (Robbins and Cherniack, 1986; Edwards and Johnson, 1987; Qui et al., 1998). Peterson and Coats 
(2001) have noted that encephalopathy in children, urticaria syndrome, anaphylaxis, hypotension and de-
creased heart rate are some toxic eff ects associated with DEET. Trigg (1996), Walker et al. (1996), Debboun 
et al. (2000), Peterson and Coats (2001), Fradin and Day (2002) and Badolo et al.(2004) have pointed out 
that DEET has the ability to act as a good solvent for plastics and other synthetic materials and search for 
alternative repellents including natural products are essential. Since DEET is a chemical, a concentration of 
less than 10 per cent is recommended for children. 

The novel repellents are mainly based on human safety. Electronic mosquito repellent is said to be 
environmentally friendly. But these electronic devices have been shown to have no eff ect as a mosquito 
repellent (Andrade and Bueno, 2001). In many countries aromatic plants are playing important role in mos-
quito management since ancient times. Very early report on mosquito repellent properties of essential oils 
was made by Penfold and Morrison (1952). They have reported the repellent and insecticidal activities of 
forty Australian essential oils against vector insects including mosquitoes. They reported that the essential 
oils obtained from Dacrydium franklini, Backhousia myrtifolia, Mela-leuca bracteata and Zieria smithii 
were the most eff ective.

In African countries Hyptis suaveolens, Ocimum spp. and Daniellia oliveri are used as traditional 
repellents against mosquitoes (Curtis et al., 1991). Aromatic plants contain volatile oils and volatile com-
pounds which are responsible for their mosquito repellent property. In table 2 the mean protection time or 
repellency time of some essential oils against diff erent mosquito species is given. The essential oil of Oci-
mum suave contained eugenol and six terpenoid substances and was an eff ective mosquito repellent (Chogo 
and Crank, 1981). Literature on the repellent activity of volatile oils against diff erent mosquito species is 
plenty (Yang and Ma, 2005; Gillij et al., 2008). Repellency of volatile oils extracted from six plant species 
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namely Croton pseudopulchellus, Mkilua fragrans. Endostemon tereticaulis, Ocimum forskolei, O. fi scheri 
and Plectranthus longipes was evaluated against An. gambiae sensu strict (Odalo et al., 2005). Citronella 
and pennyroyal essential oils have been used as repellents against insects since ancient times (Jantan and 
Zaki, 1999). 

Table 2. Repellent ac  vity of some essen  al oils against vector mosquitoes

Volatile oil source Target mosquito Repellency/ Protection 
time Eff ective concentration Reference

Acantholippia seriphioides
Aedes aegypti

70 min 50 %
Gillij et al. (2008)Aloysia citriodora 90 min 12.5 %

Baccharis spartioides 90 min 12.5%
Cinnamomum mollisimum Ae. aegypti 100% 0.0379 mg cm2 Jantan and Zaki (1999)

Citronella + vanillin Ae. aegypti, Anopheles di-
rus, Culex quinquefasciatus 100% (6 h), 

0.1 ml of 25% oil in 5% 
vanillin per 3x10 cm skin 

in the arm
Tawatsin et al. (2001)

Citrus limon Burm An. stephensi 1% Oshaghi et al. (2003)

C. citronella (lemon grass 
oil)

An. culicifacies 100 %
Pure oil (1 ml) Ansari et al. (2005)

Cx. quinquefasciatus 98.5%

Cymbopogan martinii mar-
tinii Stapf var sofi a An. sundaicus

8 hrs (98.7%) (in indoor) 
and 6 hrs (96.52%) (in 

outdoor)
Pure oil (1ml) Das and Ansari (2003)

Cymbopogan nardus Ae. aegypti 72.2% 0.0047 mg cm2 Jantan and Zaki (1999)

Eucalyptus saligna Ae. aegypti 90 min 50 % Gillij et al. (2008)

Litsea elliptica Ae. aegypti 100% 0.0379 mg cm2 Jantan and Zaki (1999)

Melissa offi  cinalis L. An. stephensi 1% Oshaghi et al.(2003)

Minthostachys mollis Ae. aegypti 60 min 50 % Gillij et al. (2008)
Nepeta parnassica (vegeta-
tive stage) Cx.pipiens 88.5 % 10 mg Gkinis et al. (2003)

Pinus longifolia
An. culicifacies 100 %

Pure oil (1 ml) Ansari et al. (2005)
Cx. quinquefasciatus 97.4 %

Piper aduncum Ae. aegypti Misni et al. (2008)

Pogostemon cablin Ae. aegypti 71.4% 0.0047 mg cm2 Jantan and Zaki (1999)
Rosmarinus offi  cinalis

Ae. aegypti
90 min 50%

Gillij et al. (2008)
Tagetes minuta 90 min 25 %

Zanthoxylum piperitum + 
5% vanillin

Ae. aegypti (In laboratory 
study) 2.5 h*

0.1 ml of oil in 3x10 cm 
skin area  Kamsuk et al. (2006)

Ae. gardnerii, An. barbiro-
stris, Armigeres subalbatus, 
Cx. tritaeniorhynchus, Cx. 
gelidus, Cx. vishnui and 
Mansonia uniformis

100% (for 120 min) (in 
fi eld condition)

*Median complete protec  on  me

The mosquito repellent property of volatile oils is measured in terms of total protection time. Pip-
er aduncum essential oil gave 95.2% protection against Ae. albopictus bites under laboratory conditions 
(Misni et al., 2009); the protection was reduced to 83.3% after 4 h, 64.5% after 6 h, and 51.6% after 8 h 
postapplication. Deet is used as standard reference in the repellent bioassay studies which involves plant 
volatile oils or volatile compounds. Oshaghi et al. (2003) compared the eff ectiveness of lemon and melissa 
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oils with Deet and reported that lemon (92.70%) and melissa (92.67%) oils gave less protection than Deet 
(97%) against An. stephansi in guinea-pigs; however these diff erences were not signifi cant. Tawatsin et al. 
(2001) extracted volatile oils from four plant species namely turmeric (Curcuma longa), kaffi  r lime (Cit-
rus hystrix), citronella grass (Cymbopogon winterianus) and hairy basil (Ocimum americanum) by steam 
distillation method and evaluated the repellent activity against three mosquito vectors Ae. aegypti, A. dirus 
and Cx. quinquefasciatus. They found that the volatile oils from turmeric, citronella grass and hairy basil 
signifi cantly gave maximum protection from three mosquito species and the repellency was increased for 
up to eight hours when 5% vanillin was added with the oils. They also reported that the standard repel-
lent DEET gave protection for at least eight hours against only two mosquito species Ae. aegypti and Cx. 
quinquefasciatus but DEET with 5% vanillin gave protection against all the three mosquito species for at 
least eight hours. 

Das and Ansari (2003) have reported that 1 ml of the essential oil of Cymbopogan martinii martinii 
var sofi a oil when applied on the body parts gave 8 (98.7%) and 6 h (96.52%) of protection in indoor and 
outdoor respectively against An. sundaicus when tested for a period of 12 h. They reported that palmarosa 
oil contained geraniol (76.15%) as the major component.

Maguranyi et al. (2009) evaluated the repellency of essential oils from 11 Australian native plants 
against Ae. aegypti, Cx. quinquefasciatus, and Cx. annulirostris under laboratory conditions. Based on the 
preliminary results they selected the three most eff ective oils, mixed them and tested the repellency. Pros-
tanthera melissifolia essential oil gave the longest protection time (110 min.) against Cx. quinquefasciatus 
and the repellency against Ae. aegypti was increased when the blend of Leptospermum petersonii, Prostan-
thera melissifolia, and Melaleuca alternifolia was tested at 5% v/v. They recommended the use of the blend 
of the above three oils as a short term repellent or under conditions of low mosquito abundance. 

The eff ectiveness of mosquito repellents depends on many environmental factors. According to 
Barnard et al. (1998) the eff ect of repellents can vary greatly among mosquito species. A repellent will not 
protect all users equally and several factors such as species of the mosquito, density of organisms in the 
immediate surroundings, user’s age, sex and biochemical attractiveness to the biting insect, ambient tem-
perature, humidity and wind speed determine the eff ectiveness of a repellent (Golenda et al., 1999; Maibach 
et al., 1966; Muirhead-Thomson, 1951; Fradin, 2001; Fradin and Day, 2002). The essential oils obtained 
from diff erent parts or during diff erent stages of the same plant may have variations in their components, 
which is considered as a major cause for their diff erential activities. Gkins et al. (2003) isolated essential 
oils from the aerial parts of Nepeta parnassica at both vegetative and fl owering stages and evaluated them 
against Cx. pipiens molestus. They recorded a signifi cant repellent activity at 10 mg of oil obtained from the 
vegetative stage of N. parnassica when compared with the fl owering stage, which was due to the qauantita-
tive variation in the components of both oils. The main metabolites of vegetative-stage oil were recorded 
as 4aα,7α,7aβ-nepetalactone (22.0%), 1,8-cineole (21.1%), α-pinene (9.5%) and 4aα,7β,7aβ-nepetalactone 
(7.9%). 

ENHANCING THE REPELLENT ACTIVITY OF VOLATILE OILS
Most of the essential oils have a short protective duration against mosquitoes due to their high vola-

tility (Kamsuk et al., 2006). This limitation can be overcome by making a formulation with some fi xatives 
like liquid paraffi  n (Oyedele et al. 2002) vanillin (Tawatsin et al. 2001), salicyluric acid (Blackwell et al., 
2003), and mustard and coconut oils (Das et al. 2003). In a fi eld study it was observed that the essential 
oil of Zanthoxylum piperitum fruits with 5% vanillin provided better protection against a wide range of 
mosquito populations than oil without vanillin; vanillin-oil combination was also found to be more eff ec-
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tive than 25% DEET (Kamsuk et al., 2006). Choochote et al. (2007) have reported the repellent property of 
essential oils of fruits, rhizomes and seeds of ten plants namely Amomum xanthioides, Curcuma zedoaria, 
Kaempferia galanga, Anethum graveolens, Apium graveolens, Carum carvi, Foeniculum vulgare, Piper 
longum, Zanthoxylum limonella and Zanthoxylum piperitum against Ae. aegypti. The complete protection 
time of individual oils and mixtures of two eff ective oils with and without 10 per cent vanillin was studied. 
Z. piperitum, A. graveolens and K. galangal provided repellency against A. aegypti with median complete-
protection times of 1, 0.5 and 0.25 h, respectively and the protection time of Z. piperitum, Z. limonella, K. 
galangal and C. zedoaria increased signifi cantly when 10% vanillin was incorporated. The highest median 
complete protection time (2.5 h) was recorded by Z. piperitum oil +10% vanillin. The mixtures of oils were 
not found to be so eff ective. Volatile compounds citronellal, citronellol, and geranio were isolated from es-
sential oil of Cymbopogon winterianus (Java citronella) and made into a air freshener gel for slow release 
of volatile compound. Geraniol and citronellol recorded 78 and 77% repellent activity, respectively and the 
activity was maintained up to 16.82 and 12.77 days for geraniol and citronellol, respectively in gel form 
(Eden et al., 2020). 

CONCLUSIONS
Plant volatile oils and volatile compounds are promising mosquito control products. They are gen-

erally safe to human beings and other mammals. The mosquito control property of volatile oils is due to the 
presence of volatile compounds. From this review it is clear that some compounds like 1,8-cineole, linalool, 
limonene, eugenol and thymol have been frequently reported as eff ective larvicides and repellents against 
mosquitoes. Research on improving the effi  cacy of volatile oils is currently getting more importance. More 
research is needed for developing novel volatile oil formulations with controlled release technology and 
broad range activity against all vector mosquito species. 
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