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Summary: Air quality in rural areas remains a neglected issue so far. Significant share of the population in Western Balkan region live in the small and medium size settlements where air quality is heavily influenced by the residential heating systems, mainly using biomass as a fuels, as well as agricultural activities related to soil fertilization. Although biomass is a renewable source of energy with significant advantages from aspect of climate changes mitigation, biomass combustion is a significant air pollution source, which have regional and local impacts on the air quality and public health. The main harmful pollutants emitted during combustion of biomass in residential stoves are particulate matter (PM), with attached BC, PAHs, especially BaP, which is well-known human carcinogen. This paper shows the results of the measurements of mass concentration of particulate matter (PM10) and elemental analysis of PM10 in rural area during the winter and summer season as well as meteorological measurements. Source apportionment was done using PMF model in order to identify dominant sources of the pollution. The results of provided analysis shown that wood burning processes are the largest source of trace elements and PM10 with significant influence of meteorological conditions. Efficient measures for air quality improvement were analyzed.
The objective of this paper is to highlight the public health importance of the so far neglected issue of quality of air in rural areas and to attract the attention of the scientific community to the need for further research in this area.
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1. INTRODUCTION 
Air pollution is a very important environmental and social issue and, at the same time, it is complex problem posing multiple challenges in terms of management and mitigation of harmful pollutants [1]. Policy makers and governments have been focused their attention on air quality in urban areas only. The common belief is that air pollution in rural areas is negligible. On the contrary air quality in the rural areas all over the world and particularly in the developing countries may be more polluted than some of the urban areas [2]. Rural areas suffers from outdoor air pollution as well as indoor air pollution. Major sources of the pollution in rural areas are fuel combustion in residential heating stoves and agriculture activities related indiscriminate use of pesticides and fertilizers and burning outdoors of crop residues. Meteorological conditions have also a great effect on the air pollution, especially in the areas where natural air circulation is limited (in valleys) and during the periods of higher atmospheric stability and thus poor dispersion. The rural areas have also to bear the effects of air pollution generated in the urban area and trans-boundary pollution which is moving with the wind. Biomass, particularly wood is traditionally frequently used fuel in the household heating systems in Republic of Srpska. Many citizens perceive wood biomass as an environmentally friendly fuel option due to many advantages (almost sulfur free, zero GHG balance, etc), however it generates the emissions of air pollutants that can contribute considerably to adverse effects on human health (as PM, PAHs, dioxins, etc).. Epidemiological studies have shown that pollutants originating from wood combustion significantly increase the risk of respiratory disease, chronic obstructive pulmonary disease and cardiovascular disease [3]. In Europe, 61 000 premature deaths in 2010 were attributable to outdoor PM2.5 pollution originating from residential heating using wood and coal as a fuel [4]. The main reasons for relatively high emissions from residential wood combustion are the use of small-scale, low-efficient, non-regulated, old technology based stoves and furnaces, that incompletely combust the fuel, under non-optimal conditions. The inadequate maintenance of stoves, and the use of non-standardized biomass (including treated, painted or wet wood fuel) which generate conditions for persistent organic pollutants and metal emissions, as well as hindering efficient combustion [5-7]. At the same time biomass becomes a more and more popular fuel used in residential sector, due to its availability, price and the climate strategy to achieve reduction of CO2, but also installations burning biomass are often characterized by higher emissions of particulates and related pollutants.
2. MATERIALS AND METHODS 
2.1 Sampling site
This study assesses the mass concentrations of suspended particles, atmospheric aerosols PM10 and their chemical composition (Pb, Cu, Zn, Fe, Mn, Co, Ni, Al, As, Se, Sb, Hg, Ti, V, Ca2+, Mg2+, K+, Na+, NH4+, Cl-, SO42-, NO3-). The measurements were performed at Manjača, in the village Radulovići (φ=44 41 14 N, λ=17 04 09 E, Hs=459 m). Aerosol samples were collected during two campaigns: the “Summer Campaign” from August 28, 2010 to September 17, 2010, and the “Winter Campaign” from February 9, 2011 to March 1, 2011. Sampling site is situated 25 km south-west of Banja Luka, in the valley, surrounded by low mountains with frequent temperature inversion. This is a rural area with app 1500 inhabitants that are mostly engaged in agricultural and livestock activities. Major source of pollution are households that use wood as an energy source for heating. Near the location there is regional transport route Banja Luka - Mrkonjić Grad with daily traffic frequency about 1700 vehicles [8]. 
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Fig. 1 Location of sampling site, Manjača, Radulovići
2.2 Sampling preparation

Suspended PM10  particles were collected in preconditioned and pre-weighed Quartz filters (Whatman, 47 mm diameter, 2 µm pore size) using MVS (Sven Leckel) air sampler provided with PM10 cutoff inlet. Particulate matter mass concentration was determined by weighting of the filters using a semi-micro balance (OHAUS ADVENTURER AR 2140, max 210 g), with a minimum resolution of 0.01 mg. Loaded and unloaded filters (stored in Petri dishes) were weighed after 48 hours conditioning in a desiccator  in the clean room at a relative humidity of (45-55)% and a temperature of (20 ± 2) 0C. Quality assurance was provided by simultaneous measurements of a set of three ‘‘weigh blank’’ filters that were used to correct the sample filter mass changes. 
2.3 Analysis
After completion of gravimetric analysis of PM10 samples, elemental composition of Pb, Cu, Zn, Fe, Mn, Co, Ni, Al, As, Se, Sb, Hg, Ti, V, K, Na, Ca, Mg was determined by the atomic absorption spectroscopy method (AAS) with Varian Cary 50 Bio according to standard „Ambient Air Quality-Standard method for measurements of Pb, Cd, As, Ni in the PM10 fraction of suspended particulate matter“. Cl-, SO42-, NO3- ,NH4+ were determined according to standard SOP MLD 064, Standard operating procedure for the analysis anions and cations in PM2.5 speciation samples by ion chromatography.

2.4 Meteorological measurements
Meteorological conditions (precipitation, humidity, solar radiance, wind speed and planetary boundary layer height) are extremely important factors for chemical and physical processes responsible for elevated PM concentrations. Meteorological parameters are measured with automatic station Davis Wireless Vantage Pro 2. Statistical software SPSS (Statistical Package for Social Sciences) was used to calculate Pearsons correlation coefficient between PM10 and meteorological parameters and elemental composition also.
2.5 Receptor modeling

Aerosol chemical composition data were then analyzed using the positive matrix factorization (PMF) receptor model in order to identify the possible sources and estimate their contribution to particulate matter mass. The fundamental principle of receptor modeling is that the mass conversation can be assumed and a mass balance analysis can be used to identify and apportion sources of airborne particulate matter. If we assume that N samples are analyzed for n species which come from m sources a mass balance equation can be written as
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Where Cij  is the concentration of the j-th species in the i-th sample. The mass fraction of species j in source k is ajk (e.g. source composition) and Sik is the total mass of material from source k in the i sample (e.g. source contribution). Equation above represents the general mixture problem and includes errors eij which may be the result of analytical uncertainty and variations in the source composition [9]. Statistical package US EPA - PMF 3.0 was used in order to identify possible sources and estimate their contribution to PM10 mass. 
3. RESULTS AND DISCUSSION

3.1 Elevated PM10 and chemical species concentrations 
During the 40 days measurement period, average concentration vary between 2.53 – 85.13 µgm-3. There were 6 days when 24h average PM10 concentration was exceeded national and European legislation. The exceedances occurred mainly during the winter season, when average concentrations vary between 15.53 - 85.13 µgm-3 with 6 days of exceedances, while during the summer season average concentration vary between 2.53 – 26.20 µgm-3 without exceedances. 

Table 1 summarized some of the characteristics of PM10, e.g. number of days with concentration higher than 50 µgm-3, the highest concentration, average values.
Table 1 Statistical parameters of daily PM 10 mass concentrations (μg m-3) in Manjača
	Location
	Time
	N
	Mean
	SD
	Max
	Min
	Median
	98th
	>LV

	Manjaca
	Winter
	20
	44.93
	20.33
	85.13
	15.53
	42.43
	81.84
	6

	
	Summer
	20
	12.91
	6.50
	26.20
	2.53
	12.50
	24.40
	0

	
	All
	40
	28.92
	22.02
	85.13
	2.53
	21.45
	78.37
	6


In general, seasonal variations are obvious when PM10 concentrations were evidently higher during the winter season due to emissions mostly from residential heating. Due to a time period of just 40 days the results may have a limited representability; however, the differences between the various seasons are obvious.
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Fig. 2 Average daily mass concentration PM10 in summer and winter season
Besides the mass concentrations, elemental analysis of coarse particulate matter aerosol fraction revealed seasonal variations of anthropogenic trace elements. The concentration of Pb, Ni are higher in winter season while crustal elements Ca, Na, Fe are higher in summer season that refer to soil dust as the main source. Concentration of K is significantly higher in winter season (560 ngm-3) than in summer (170 ng m-3) indicating biomass burning as a dominant heating fuel. SO42- concentration is very high in both seasons with value 1180 ngm-3 in winter and 3170 ngm-3 in summer indicated high contents of S in traffic fuel and trans-boundary pollution. Chemical species mass concentrations were below limit values.

3.2 Relations between PM10 concentrations and meteorological parameters

Relationship between PM10 and chemical species and wind speed, temperature, relative humidity are displayed in Table 2. and Table 3.
Table 2. Pearsons correlations coefficient between PM10 ,chemical species and             meteorological parameters in summer season

	Location
	Elements
	K
	Pb
	SO42-
	NH4+
	ToC
	WS
	∆ToC

	Manjača

Summer
	PM10
	.83**
	.57**
	.69**
	.75**
	-
	-
	-

	
	Ca
	-
	-
	-
	-
	-
	-.51*
	-

	
	Mg
	-
	-
	-
	.44*
	-
	-
	-

	
	K
	1
	-
	.50*
	.53*
	.52*
	-
	-

	
	Pb
	-
	1
	.49*
	-
	-
	-
	-

	
	SO42-
	-
	-
	1
	.48*
	-
	-
	-

	
	RH
	-
	-
	-
	-
	-
	-
	-.61*


During the summer season negative correlation between Ca and wind speed were occurred due to dispersion, and significant correlation between K and mean daily temperature influenced by soil resuspension. PM10 is highly significant correlation with K, Pb and secondary aerosols SO42- and NH4+ which leads to the possibility of remote transport. This is confirmed by their mutual correlation SO42- and NH4 +.
Table 3. Pearsons correlations coefficient between PM10 ,chemical species and meteorological parameters in winter season
	Location
	Elements
	Mg
	K
	Pb
	Fe
	Ni
	SO42-
	ToC
	∆ToC
	RH
	mbar

	Manjača

Winter
	PM10
	-
	.48*
	.88**
	.61**
	.80**
	-
	-.56**
	-
	-
	-

	
	Ca
	.83**
	-
	.46*
	-
	.45*
	.48*
	.55*
	
	-
	-

	
	Mg
	1
	-
	.55*
	-
	.48*
	-
	.57**
	-
	-
	-

	
	K
	-
	1
	-
	-
	-
	-
	-
	
	.67**
	

	
	Pb
	-
	-
	1
	.57**
	.99**
	-
	-
	-
	-
	.67**

	
	Fe
	-
	-
	-
	1
	.55*
	-
	-
	-
	-
	.67**


During the winter season PM10 concentrations are in significant negative correlation with mean daily temperature that can be explained by increasing combustion and heat demand of households and significant correlation with K that is tracer for biomass burning emissions. It is highly significant correlation between Pb and Fe and Pb and Ni, which confirms the impact of traffic on air quality. There is highly significant correlations between Fe and Ni and Fe and the atmospheric pressure. K correlate with a relative air humidity of Pb is in correlation with atmospheric pressure.

3.3 Positive Matrix Factorization

In order to identify possible sources and estimate their contribution to PM10 mass concentration Positive matrix factorization was done using US EPA - PMF 3.0 software. It is recommended to apply this model for at least 100 samples and 50 species [10,11]. Due to a time period of just 40 days and samples the results may have a limited representability. However they confirmed Pearsons correlation analysis and mass concentration measurements. Figure 3 and Figure 4 present results of PMF model in rural site, Manjača in summer and winter season.

  Factor 1                              Factor 2                           Factor 3
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Fig. 3 Factor profile: The level of concentration and proportion of elements in total amount of PM10 in Manjača in summer season
In summer season Factor 1 is loaded with Na, Zn, Ni which could point to the dust particles that carry trace elements which are the remains of combustion from traffic. Factor 2 was loaded with Ca and Mg, indicating the dust and soil resuspension and the Factor 3 is loaded with SO42- and NH4 + which indicates a secondary aerosol.
 Factor 1                              Factor 2 

      Factor 3
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Fig. 4 Factor profile: The level of concentration and proportion of elements in total amount of PM10 in Manjača in winter season
During the winter period three factors were identified as the most important source of pollution. Factor 1 is loaded with secondary aerosols, which indicates the possibility of long-range transport and products of chemical transformations in the air. The Factor 2 is loaded with K as a typical tracer for the biomass combustion. Factor 3 is loaded with Pb, Ni indicating the exhaust gases from vehicles.

4. CONCLUSION 
Household wood combustion for households heating seems to be rising in many countries thanking to energy and climate change policy and government incentives and subsides, the reason for that is increase of the  costs of the other energy sources and the public perception that biomass is a “green”, environmentally friendly option. Bosnia and Herzegovina has a significant biomass potential (especially wooden biomass) and possibility for energy production. Application of wood fuel for production of heat, especially in the small scale devices has direct influence to air quality even in rural areas that are not directly influenced by industry, traffic, and other fossil fuel emissions. The main harmful pollutants emitted during combustion of wood in residential stoves are particulate matter (PM10,PM2..5), BC and, partly attached to particles, PAHs, especially BaP, heavy metals and dioxins and furans. 
This study assess the air quality measurements in rural area where seasonal variation of PM10 and chemical species are evident, much higher in heating season that can be explained by increasing combustion and heat demand of households.
Furthermore, due to the particularly low height of the stacks used in such installations the emissions from such residential heating appliances results in high concentration of pollutants at ground level and thus more dangerous for the human health. Incentive schemes that encourage the replacement of old equipment with newer, more efficient models should be launched by the authorities on different levels. From the aspect of biomass fuel incentives which will be, for example, the promotion of wood pellet certification as a step forward to ensure biomass sustainable production and use. Changes under the Ecodesign Directive, will play an important role in the development of more efficient and lower emitting domestic stoves and boilers.

Non-technical measures, such as providing consumers with clear guidance on proper maintenance and burning techniques and fuel can also be affordable actions.
Ensurance of the strong policy coherence between air and climate issues on the international, national and local scales is important in order to avoid a worsening air quality, as a result of climate policy implementation.
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