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Abstract: Atmospheric pollutants have a negative effect on the plants; they can have direct toxic effects, or indirectly 
by changing soil pH followed by solubilization of toxic salts of metals. Large number of studies have investigated the pos-
sible effects of ambient air pollution on  vegetation and air pollution in stomata number and size and stomatal apparatus. 
The primary aim of this study was to impact air pollution from the aspect of presence SO2, NOX, CO2, O3 and PM10 on 
vegetation in the city of Banja Luka and stomatal response to air pollution, through a review of existing research. 
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INTRODUCTION
Air pollution can be defi ned as the presence of toxic chemicals or compounds (including those of biologi-
cal origin) in the air. Atmospheric pollutants particularly SO2, halides (HF, HCl), ozone, carbon monoxide 
and per-oxiacetyl nitrate (PAN) produced from automobiles, industrial fumes and strong radiations are 
dangerous to plants. Balkan countries suffer the highest rate of the air contamination and air pollution re-
lated deaths throughout Europe. The problem of air pollution is largely present in the Republic of Srpska, 
BiH (Ilić et al., 2018). Bosnia and Herzegovina (BiH) is listed as the worst European performer and had 
European highest average of 55.1 μg particular matter per m3. BiH in 2012 registered nearly 231 deaths 
per 100,000 people and had European highest death rate (WHO, 2017). The basis for plant damage by air 
pollution is very complicated. Persistent inversion layers, high temperatures and humidities, and the speed 
and direction of winds can infl uence the degree of damage (Caldwell, 1970). Atmospheric pollutants have a 
negative effect on the plants; they can have direct toxic effects, or indirectly by changing soil pH followed 
by solubilization of toxic salts of metals like aluminum. The particulate matters have a negative mechanical 
effect. They cover the leaf blade reducing light penetration and blocking the opening of stomata. These im-
pediments infl uence strongly the process of photosynthesis which rate declines sharply (Gheorghe, 2011). 
Urban vegetation, also has the potential to contribute to the reduction of pollutant concentrations in cities. 
Coniferous trees are better at trapping pollutant particles than deciduous trees, because they keep their 
foliage throughout the year and have very high surface areas (Kerckhoffs, 2014). The majority of sulphur 
and nitrogen oxides reach plant leaves through stomata, thereby causing damage to the photosynthetic ap-
paratus and photosynthesis inhibition (Miszalski and Mydlarz 1990; Jablanović et al. 2003). The relative 
amounts of the various pollutants can vary throughout the year, due to changes in traffi c and heating, and 
industrial production. The action of one pollutant may be enhanced by the presence of an additional pollut-
ant (synergism), thus lowering the concentration needed to damage vegetation (Caldwell, 1970). Hairy and 
rough leave surface seem to help with capturing particles. A planting scenario with planting trees on 25% 
of the available land in urban areas could result in bigger changes, ranging from an increase of 2-21% in 
deposition and a reduction of 7% of pollutant concentrations (Kerckhoffs, 2014). Numerous reports confi rm 
that stomata number and size changes depending on the degree of air pollution by different types of pollut-
ants, primarily sulphur and nitrogen oxides and ozone (Zelitch 1961; Mulgrew and Williams 2000; Shweta 
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2012). Stomatal response to air pollution is very complex and depends not only on air pollutant concentra-
tion and type, but is also very selective depending on plant species (Abeyratne & Ileperuma 2006).

Air pollution research in Banja Luka is signifi cant (Ilić & Janjuš, 2008; Ilić et al., 2009; Ilić & Preradović, 
2009; Lammel et al., 2010; Lammel et al., 2010; Gasic et al., 2010; Lammel et al., 2011; Preradović et al., 
2011; Ilić et al., 2012b; Ilić et al., 2013; Ilić et al., 2014; Ilić, 2015). A large number of surveys were conducted 
in the Banja Luka in terms of impact intensity of transpiration and air pollution in stomata number and 
stomatal apparatus (Maksimović et al., 2008; Janjić et al., 2016; Janjić et al., 2017; Janjić & Maksimović, 
2018).

OBJECTIVES
The primary aim of this study was to determine impact air pollution on vegetation and intensity of transpi-
ration in stomata number and size and stomatal apparatus in the city of Banja Luka (Republic of Srpska, 
Bosnia and Hercegovina (BiH)), through a review of existing research, from the aspect of presence SO2, 
NOX, CO2, O3 and PM10.

MATERIAL AND METHODS
Subject of the research is impact air pollution on vegetation in Banja Luka, which is located in the northwest-
ern part of BiH and in one of the two entities in BiH. We searched all available publications included in the 
electronic databases for city of Banja Luka. We searched for combinations of either of the key words “air pol-
lution” or “pollution” with any of the following: “Banja Luka”, “impact on vegetation”, “stomata” etc.

RESULTS AND DISCUSSION
Air pollution does not represent only ‘’privilege’’ of the present, but its history goes back to the period 
before Christ. Ancient Greeks and Romans had problems with air pollution in their cities, when they con-
sidered coal smoke to have ‘’harmful infl uence on human health’’ (Ilić et al., 2012a). The environmental 
situation is not at a high level in Republic of Srpska. The current situation in the area of air protection is 
caused by different factors, such as the social and economic circumstances, whose execution is a prereq-
uisite for solving environmental problems (Ilić et al., 2014). Monitoring of air quality in the area of Banja 
Luka has started the eighties, when analyzes of sulfur dioxide (SO2) and soot (black smoke) were made. 
First automatic equipment is installed on 29th August 2005, for monitoring of sulfur dioxide (SO2), nitro-
gen oxides (NO, NO2 and NOX), ozone (O3), particulate matters under 10 μm (PM10), carbon monoxide 
(CO) and meteorological parametres (Ilić et al., 2006).

Sulfur dioxide is considered one of the indicators of air quality. It is formed primarily from the 
combustion of sulfur-containing fuels and can affect the health of people and have a negative impact on 
the environment (Ilić et al., 2018). Sulfur dioxide is a major component in acid rain. One of the byproducts 
of sulfur dioxide is sulfuric acid, and both can be extremely damaging to plants that are exposed to these 
chemicals. Exposed leaves can begin to lose their color in irregular, blotchy white spots. Some leaves can 
develop red, brown or black spots. When the pigments in enough tissue are damaged or killed, plants can 
begin to lose their leaves. Crop output is greatly reduced and growth can be stunted. This is especially no-
ticeable in young plants (Gheorghe & Ion, 2011). Measured average values of sulfur dioxide are 12 μg/m3 
(Ilić et al., 2006), 39,35 μg/m3 (Ilić et al., 2010b), 10,41 μg/m3 (Ilić et al., 2012b), 10,23 μg/m3 (Ilić et al., 
2011), 26,51 μg/m3 (locality Center) (Ilić et al., 2014) and 21.81 μg/m3 (Ilić et al., 2018). In some cases, ex-
posure to pollutant gases, particularly SO2, causes stomatal closure, which protects the leaf against further 
entry of the pollutant but also curtails photosynthesis (Gheorghe & Ion, 2011). Therefore, the synergistic 
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effect of SO2 with increased concentration of CO2 is considered to be the most harmful, leading to inhibition 
of stomatal closing (Majernik & Mansfi eld, 1972).

Nitrogen dioxide mostly affects the leaves and seedlings. Its effects decrease with increasing age 
of the plant and tissue. Conifers are found to be more sensitive to this gas during spring and summer than 
in winters. Older needles are more sensitive to the gas than young ones. Injury symptoms: The gas causes 
formation of crystalloid structures in the stroma of chloroplasts and swelling of thylakoid membrane. As a 
result the photosynthetic activity of the plant is reduced. Most common visible injury symptoms are chlo-
rosis in angiospermic leaves and tip burn in conifer needles (Gheorghe & Ion, 2011). Measured average 
values of nitrogen dioxides are 39 μg/m3 (Ilić et al., 2006), 57,09 μg/m3 (Ilić et al., 2010b), 46,08 μg/m3 (Ilić 
et al., 2012b) and 24,82 μg/m3 (locality Center) (Ilić et al., 2014). For example, when plants are exposed to 
air containing NOX, lesions on leaves appear at a NOX concentration of 5 ml/l, but photosynthesis starts to 
be inhibited at a concentration of only 0.1 ml/l. These low, threshold concentrations refer to the effects of a 
single pollutant. However, two or more pollutants acting together can have a synergistic effect, producing 
damage at lower concentrations than if they were acting separately. In addition, vegetation weakened by air 
pollution can become more susceptible to invasion by pathogens and pests (Gheorghe & Ion, 2011). 

Polluting gases such as SO2 and NOX enter leaves through stomata, following the same diffusion 
pathway as CO2 (Gheorghe & Ion, 2011). 

CO produces epinasty, chlorosis and abscission. However, concentration of over 1000 times that of 
ethylene is needed to produce same degree of damage. No injury to plants occurs below exposure of 100 
ppm for 1 week (Gheorghe & Ion, 2011). Measured average values of carbon monoxide are 3,42 mg/m3 
(Ilić et al., 2006), 7,05 mg/m3 (Ilić et al., 2010b), 2,15 mg/m3 (Ilić et al., 2012b) and 1,40 mg/m3 (locality 
Center) (Ilić et al., 2014).

Ozone (O3) is released into the atmosphere from the burning of fossil fuels and is one of the most 
harmful pollutants to plants. It can be carried for long distances and is readily absorbed as a part of the 
photosynthetic process. Plants exposed to large amounts of ozone can develop spots on their leaves. These 
spots are irregular and often tan, brown or black. Some leaves can take on a bronze or red appearance, usu-
ally as a precursor to necrosis. Depending on the concentration of ozone in the environment, plants can 
show different amounts of discoloration before the leaves begin to die. Ozone is presently considered to 
be the most damaging phytotoxic air pollutant in North America. It has been estimated that wherever the 
mean daily O3 concentration reaches 40, 50, or 60 ppb (parts per billion or per 109), the combined yields 
of soybean, maize, winter wheat, and cotton would be decreased by 5, 10, and 16%, respectively. Ozone is 
highly reactive: It binds to plasma membranes and it alters metabolism (Gheorghe & Ion, 2011). Measured 
average values of ozone in Banja Luka are 29 μg/m3 (Ilić et al., 2006), 25,73 μg/m3 (Ilić et al., 2010b), 40,93 
μg/m3 (Ilić et al., 2012b) and 56,70 μg/m3 (locality Center) (Ilić et al., 2014). Tropospheric ozone is be-
lieved to be a very toxic pollutant for plants, also known as “photochemical smog“, generated from primary 
atmospheric pollutants, nitrogen oxides and volatile hydrocarbons, especially under intensive luminosity 
conditions (Janjić et al., 2017).

Particulate matter such as cement dust, magnesium-lime dust and carbon soot deposited on vegeta-
tion can inhibit the normal respiration and photosynthesis mechanisms within the leaf. Dust pollution is of 
localized importance near roads, quarries, cement works, and other industrial areas (Gheorghe & Ion, 2011). 
Measured average values of PM10 are 90 μg/m3 (Ilić et al., 2006), 81,71 μg/m3 (Ilić et al., 2010a), 202,26 μg/
m3 (Ilić et al., 2010b), 81,76 μg/m3 (Ilić et al., 2012b) and 32,42 μg/m3 (locality Center) (Ilić et al., 2014).

In the research (Maksimović et al., 2008), results are shown of examining number (density) and 
size of stoma, and intensity of transpiration in Spireae bumalda, Spiraea vanhouttei, Mahonia aquifolium, 
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Cornus alba and Pterostyrax hispidu in the area of the “Petar Kocic” park in Banja Luka. А narrow correla-
tion between the number of stoma and intensity of transpiration has been found, namely, the more number 
of stoma, the more intensifi ed transpiration, by which better regulation of water regime is provided.

In Banja Luka was carried out study, which objective was to determine the differences in stomata 
number and stomatal apparatus size between these selected plant species (Tilia cordata and Betula pendula) 
sampled in an urban area of Banja Luka and a suburban forest estate over two seasons. Based on analysis 
of stomata characteristics in the examined species, conclusion is that T. cordata and B. pendula possess dif-
ferent strategies for adaptation to urban conditions with increased concentrations of atmospheric pollutants. 
Betula pendula has shown to be a more sensitive species, since a signifi cant reduction in stomata number 
was observed in leaves taken from the urban area in comparison with control samples from the suburban 
area. Also, microanatomic changes in the size of stomatal apparatus were noticed in the examined species 
on samples taken from the urban zone. On the other hand, no signifi cant changes were noticed in T. cordata 
in the majority of analysed stomata characteristics, indicating that this species possesses higher degree of 
resistance to atmospheric pollutants common in urban areas (Janjić et al., 2017). Species of Tilia cordata 
Mill. and Tilia platyphyllos Scop. are reacted differently to aeropolutants. A larger number of smaller stoma 
was found in Tilia platyphyllos, while at Tilia cordata recorded reverse distribution (Janjić & Maksimović, 
2018). In the research (Janjić et al., 2016), the impact of certain pollutants (SO2, NOX, O3, soot) was investi-
gated in the number and size at Aesculus hippocastanum L. (Horse chestnut) stomatal cells at four locations 
in the Banja Luka city. Obtained results show us certain changes caused by pollutants in relation to the 
characteristics of stomatal apparatus in Aesculus hippocastanum L.

It is necessary to conduct regular monitoring of atmospheric pollutants in urban areas and addi-
tional studies of effects air pollution and natural stress factors on the condition on vegetation. Air quality 
biological monitoring methods have seen increasing use, possibly because they provide valuable data on 
the interaction of chemical pollutants with living systems (Janjić et al., 2017).

CONCLUSIONS
The results of the conducted measurements and analyses showed that the problem of air pollution in the 
City of Banja Luka is a very realistic for vegetation. Results suggest the importance of such research, and 
need for additional research regarding the relation between pollutants in air and impact on vegetation, es-
pecially impact in stomata number and size and stomatal apparatus. A special emphasis is on vegetation 
and research show that greens signifi cantly decreas infl uence of pollutants, which makes urban conditions 
possible for living.
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