9

NITRATE NITROGEN AND WATERS IN REPUBLIC OF SRPSKA

Suzana Gotovac-Atlagić1,2, Vesna Rudić Grujić,1,3, Bojana Bjeljac1 and Borislav Malinović2
1 Public Health Institute, Banja Luka 

2University of Banja Luka Faculty of Technology, Banja Luka

3University of Banja Luka Faculty o Medicine, Banja Luka

Abstract:

The countries in surrounding region have already completed or started intensive adjustments of their regulations according to the European Union's Declaration on protection of waters against pollution caused by nitrates from agricultural sources. Bosnia and Herzegovina has only partially adjusted its regulations. Likewise the data about the monitoring of the surface and waste waters should be comprehensively archived. Although the nitrate nitrogen in the surface waters mostly originates from agricultural sources, in the present study, the overall representation of the nitrate levels from other industries will be shown as well, based on the Pollutant data base of the Institute of Public Health, Banja Luka. It is also emphasized that, very often, the surface waters in Republic of Srpska are more polluted than the waste waters discharged directly, even without treatments.

Key words: Waste waters, surface waters, pollution, nitrate directive, monitoring
INTRODUCTION

Bosnia and Herzegovina ratified the Stabilization and Association Agreement with European Union in 2008. One of the most important obligations is to transpose and implement the acquis communautaire regarding the environment protection. According to the Agreement, one of the directives which have to be imbedded into the legislative is the Nitrate directive [1]. Bosnia and Herzegovina has harmonized about 60% of its legislative with this directive until 2012, through different regulations. Nitrate directive is a binding document which manages before all, the control and the reduction of the water pollution by nitrates from the agricultural sources. Basically, activities in its implementation should be: disposition of the manure in the appropriate tanks for 6 months minimum, limitation in fertilization of the agricultural surfaces depending on the season, precipitations, proximity of the surface waters, the grade of the terrain, structure of the land etc. Fertilization specific to the culture, following the quantity and the form of the nitrogen compounds used, is also necessary.
Not only that Bosnia and Herzegovina accepted the obligation to implement this Directive, but its application is all the more important because of the predictions that the agriculture will take more and more important role as the leading branch of economy on which the economical and social recovery of this country could be founded. According to the World Bank study, favorable climatic conditions and relatively low prices of the raw materials give Bosnia and Herzegovina (B&H) clear advantage in competition with other countries. Agricultural season starts earlier than in most European countries, transportation fees are relatively low, prices of the land and the labor are much cheaper than in other south-European countries [2]. As a result, agricultural sector in the country should be well-positioned in export competition with other countries. Average prices of the domestic products are indicative of the highly efficient use of the recourses in production of various cultures, as compared to the potential price for those recourses. Although the yield is significantly lower than the EU-27 average, the B&H agricultural sector is showing potential for growth.

In order to understand the importance of the monitoring of the nitrate nitrogen in the agricultural processes, it is important to bring to mind the nitrogen cycling: 
Nitrification is the process of the biological oxidation of the ammonia ions, in two stages; first, its oxidation to the nitrites and then to the nitrates. The process requests the presence of the chemoautotrophic bacteria which use the inorganic carbon as the source of the cell carbon and enhance the reactions. Nitrates synthesized in this way, are accessible to the plant, bust its growth or, they can be denitrified inside the soil.

Denitrification is the process of the nitrate reduction to the gaseous forms (N2О and N2). Reduction involves a few stages. The process is enhanced by the heterotrophic bacteria which need the organic carbon as the source of energy. Denitrification usually takes place in environments lacking oxygen, and thus bacteria uses the oxygen from other sources. Due to the high oxygen levels in the atmosphere, denitrification usually takes place in the anaerobic conditions, where the oxygen consumption surpasses the supply and where sufficient nitrates are present. Such conditions are in soil, underground water, bogs, or in the river and sea sediments [3]
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 \* MERGEFORMAT [4]

 REF _Ref371420714 \r \h 
 \* MERGEFORMAT [5].

Volatilization is present in the case of all nitrogen fertilizers based on ammonia, such as urea or fertilizer NPK (Nitrogen, Phosphorous and Potassium). The loss due to volatilization can considerably vary depending on the environmental factors. Urea is especially important because of its widespread use and availability in terms of price. It is fertilizer with high nitrogen content; therefore it should be taken in consideration that it is a compound soluble in water and highly degradable [6].
Nitrate washout happens because nitrate is the anion which does not adsorb on the soil and due to the precipitation, it is often washed-out down to the deeper soil levels and to the underground waters [7]
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 \* MERGEFORMAT [8]. Even up to the 97–98% of the nitrogen washed-out this way is in the form of nitrate [9]. The grade of underground water pollution by this mechanism depends on the season: whether it is during or after the planting period, or after extremely dry periods or periods with precipitation [10]. Apart from those, important factors are: the overall activities at the agriculture surfaces, the distribution and the intensity of the precipitations, nutrients in the surface waters, the plants cultivated etc. All these factors vary during the year. [11] [12]. Complex interactions between the leakage and the shallow underground water are a characteristic of the depressions and the humid regions [13] [14] [15]. 
Except at the agricultural locations where fertilizers are used, higher environmental nitrate concentrations are expected at the places of rotting animal and plant remains, in the leakage waters from the landfills of the industrial garbage and the sludge [16]. In most of the countries, the nitrates (NO3-) measured in the drinking water do not surpass 10 mg/L, while in the wells, the concentrations often rise up to the 50 mg/L. At the same time, nitrite concentrations are usually much lower, around few milligrams per liter. Maximum allowed nitrate concentration in drinking water in Republic of Srpska is 50.0 mg/L according to the [17]. Partial reduction of the nitrates into nitrites happens inside the saliva and the intestines, under the influence of bacteria. Toxicity of the nitrates is showing through the vasodilatory and cardiovascular effects at higher doses, and the methemoglobinemia, the so-called “blue-baby syndrome” at lower doses [16]. Nitrites and nitrates in the blood induce the oxidation of the hemoglobin to methemoglobin, which cannot carry the oxygen to the tissue. This is manifested through the cyanosis and in higher doses with asphyxia (breathing troubles). High concentrations of the nitrites in the water have the potential to form the carcinogen nitrosamines. Few epidemiologic studies were carried out by the United States Environmental protection Agency (USEPA), in order to determine the possible connection between nitrates in water and the cancer occurrence. However, the results were not sufficient to prove the cancer risk increase due to the increased nitrate concentrations in drinking water [16]. To label the cancer risk, USEPA classified the nitrates/nitrites in the “D” group (insufficient data for classification). Similar research data was published by European Food Safety Authority (EFSA), namely, intake by water and food of the nitrates and nitrites could not be related to the cancer occurrence in people [18]. 
Although the possible damage is more widely discussed, today, there are proves that nitrates have an important role in lowering of the blood pressure which explains the effects of the DASH (Dietary approach to Stop Hypertension) diet, rich in vegetables, on lowering of the blood pressure [19]
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 \* MERGEFORMAT [20]. On the other hand, there is a possibility that methemoglobinemia could be induced by activity of the bacteria present in the fecal contamination, developing the nitrite oxides, not the nitrate as it was believed until now [21].

One more reaction in which the nitrate is involved and which also supports the idea that nitrate could be a useful ingredient of the surface waters, is photolysis into the hydroxyl radical (‧OH). The studies show that this way generated hydroxyl radical is able to significantly increase the degradation rate of the contaminants such as pesticides. These degradations also depend on factors like alkalinity and dissolved organic carbon [21].

In order to follow the nitrate as a nutrient as realistically as possible, it is necessary to carry out the studies on overall retention in ecosystems. The studies should take into consideration the parameters of the hydrological, biological and the chemical retention, like that in the study of Vallet et al. [23]. This kind of approach, if systematically carried out, could help take into account the intensity of the interactions between the surface waters, their currents, and the underground waters. The relevance of such approach is even bigger when we know that, very often, the underground waters are used as drinking water without further treatment. The accumulation of the nitrates and other contaminants results not only from interactions with the soil, but mostly from crossing of water sources with contaminated surface waters and, in extreme cases, even with the waste waters. 
METHODOLOGY

In this study, the levels of the nitrate nitrogen in waste waters are shown only for Republic of Srpska, and exclusively from the data base of the Public Health Institute, Banja Luka. The pollutants data base in this institute comprises of more than hundred files of the industrial and other pollutants over the course of last few years.

Also, Public health institute has its own data base on certain number of the surface waters but the sampling is not performed over the whole region uniformly. Therefore, for the surface water data, official monitoring data done by the other institution will be cited. The monitoring on the entity level was carried out by the Water institute in Bijeljina, as ordered by the Ministry of agriculture, forestry and water management of Republic of Srpska [24].
Sampling methodology complied with the standard BAS ISO 5667-10, while storage and preservation were carried out as defined in BAS ISO 5667-3.

The nitrate concentration measurement method was 4500-NO3-B [25]. In case of turbidity and color interference, recommended dissolution was performed, followed by addition of 1mL conc.HCl/50mL of the sample. Calibrations were also performed separately for samples with and without addition of acid. Nitrate nitrogen is the parameter which is measured in the first 48 hours, from the properly stored waste water sample.

AIM OF THE STUDY
To consider as much available data as possible on nitrate nitrogen in waste waters of Republic of Srpska for the whole 2012. To analyze the values comparing them with values from current legislative.

Other goal was to emphasize the need for unification of data bases on pollution of surface and waste waters by nitrates and other contaminants and report it as such to the European data bases.

One of the goals was to show concern for the data on waste waters discharged to the public sewage since the collecting systems do not exist and these waters are also discharged mostly untreated into the rivers.

RESULTS AND DISCUSSION
The Ministry of agriculture, forestry and water management of Republic of Srpska ordered the overall monitoring of the surface waters over the 4 seasons, on 15 profiles (12 rivers in total), with a 3-4 times a year frequency. The nitrate levels were measured between other parameters. The nitrate values ranged from 0.07 g/m3 (or nitrate nitrogen 0.015 g/m3) at the river Lim in June, up to 3.43 g/m3 (or nitrate nitrogen: 0.774 g/m3) at the river Bosna near Modriča city in April [24]. Our data are in agreement with these data, since the Public health institute also measured the highest nitrate levels in the river Bosna near Doboj city in July 2012. These nitrates, considering that the significant values occurred in the plain regions of the river Bosna, probably originate mostly from the soil, since it is also a high flooding-risk region. Combined influences of artificial fertilizers, inappropriate storage of the manure with leakage, or direct discharge of domestic and communal waste waters into the rivers are also possible. Interestingly, 50m above the discharge point, the nitrate nitrogen in the river water was 4.7 g/m3, while, 50m downstream the river had 1.5 g/m3. At the same time, the nitrate nitrogen in the pollutants water was 3 g/m3. During the sampling process, we noticed significantly lowered water level in the river and visible products of the biological accumulation upstream from the discharge point. The lowered water levels and processes of the mechanization for the lime production generated the waste water with the traces of lime and by paradox have diluted the contaminants already existent in the river. There is a possibility too that the phytoplankton activity was reduced, since the biological products were much less visible downstream. This is a hypothesis which requires further investigation by hydrobiology and chemical/technology engineers.

Table 1. Limiting values for nitrate nitrogen according to the current legislative In the Republic of Srpska
	Water type
	Legislative
	Limiting values for nitrate nitrogen (g/m3)

	· Wastewater discharged into the surface waters
	Regulation on discharge of the wastewaters into the surface waters (Official journal of Republic of Srpska 44/01)
	<10

	· Wastewater discharged into the public sewage
	Regulation on conditions for discharge of wastewaters into the public sewage (Official journal of Republic of Srpska 44/01).
	No limiting values

	· Surface

· Underground
· Lakes and accumulation
	Directive on classification of waters and categorization of the watercourses (Official journal of Republic of Srpska 42/01).
	< 1.0

1-5

5-10

10-25

> 25
	(class 1) (class 2) (class 3) (class 4) (class 5) 


Analogue situation was noticed near Kozarska Dubica during the sampling of the wastewater at the site of pollutant that produces the construction materials (diabase, asphalt). Namely, we measured the nitrate nitrogen of 0.7-1.1 g/m3 in the wastewater, while, at the river Una, downstream and upstream the values were 3.6 g/m3. Since the sampling took place in November, there is a possibility that the pollution was influenced by nitrate washout from the nearby agricultural sites. However, it is necessary to consider deposition of vegetable and fruit processing garbage at small farms, especially from domestic production of alcoholic drinks. More serious problem could cause the deposition of organic remains after the slaughtering which is quite intensive in this period. Although the values of the nitrate nitrogen are within the limits defined by regulations (Table 1), they should be considered and adequately controlled. These results show that the lower watercourse of the Una river is probably more polluted than the other parts of this, mostly well-preserved river, with tourism potential. This is not an unexpected result, since there are three cities in the raw laying at the sides of this river and many small industries and farms in this particular region. 
The data base analyzed does not include the Neretva basin, since the Public health institute did not perform sampling in this region except if particularly demanded. In the Table 2 and the corresponding map (Picture 1), we selected the points where wastewaters had the highest nitrate nitrogen values. Although the total daily discharges significantly varied from day to day, here we gave the typical values. The months of the sampling and the analyses are marked too. 

It is notable that in most of the wastewaters analyzed, the nitrate nitrogen did not surpass the limiting value according to the Regulation on discharge of the wastewater into surface waters. However, the attention must be paid to the possibility of cumulative effect on the places where water currents are slower. At such places, accumulated nitrate nitrogen together with other contaminants could have an undesirable effect of eutrophication and to some level pose a threat for local ecosystems. 

From most of the data, it is evident that the nitrate nitrogen is higher in winter months. This could mean, according to our experience, that there is some longer retention of wastewaters inside the precipitators in which the mixed (composite) samples are formed, due to decreased production or activity in this period of the year. 

It is observed that the larger food industries, which posses the biological treatment plants, have the nitrate levels under control most of the time. An example is the fish meat processing factory, with capacity of 5 tons/day, which had a nitrate nitrogen levels between 0.1-2.3 g/m3, but in most of their results it was less that 1 g/m3. In the poultry slaughterhouse, which typically works with 20000 broilers/day, the nitrate nitrogen was between < 0.01 and 2.2 g/m3 , also most of the time during the year being under 1 g/m3. Minimum of the water used in process and washing by use of the water jets, as well as the careful maintenance of the wastewater treatment plants, significantly improved the nitrate and other contaminants values by lowering them. This is especially important in the case of these industries which usually generate lots of organic waste.
Table 2. Highest values of the nitrate nitrogen in wastewaters in Republic of Srpska (point numbers related to the Picture 1) according to the data base in Public Health Institute Banja Luka
	Point (at Picture 1)
	River-city
	Pollutant‘s activity 
	Typical flow (m3/day)
	Nitrate nitrogen (g/m3)
	Month

	1. 
	Sava-Bijeljina
	Gasoline station
	< 5
	14.6
	December

	2. 
	Sana-Prijedor
	Gasoline station
	< 5
	6.2
	December 

	3. 
	Vrbas-Banja Luka
	Gasoline station
	< 5
	5.5
	October

	4. 
	Vrbas-Banja Luka
	Sports center-pool
	5-20
	5.4
	Jun

	5. 
	Drina-Bijeljina
	Mill products
	5-20
	4.9
	July

	6. 
	Puharska (Sana)-Prijedor
	Larger restaurant
	5-20
	4.0
	July

	7. 
	Bosna-Doboj
	Landfill
	Not measurable
	4.0
	July

	8. 
	Vrbas-Banja Luka
	Gasoline station
	< 5
	3.8
	December

	9. 
	Vrbas-Banja Luka
	Sports center-pool
	5-20
	3.7
	December 

	10. 
	Bosna-Doboj
	Lime Industry
	5-20
	3.7
	December 

	11. 
	Bosna-Doboj
	Lime Industry
	5-20
	3.5
	October 

	12. 
	Crna Rijeka-Mrkonjić Grad
	Construction engineering
	5-20
	3.5
	August

	13. 
	Bosna-Doboj
	Lime Industry
	5-20
	3.0
	July

	14. 
	Vrbas-Srbac
	Poultry slaughterhouse
	150-200
	2.8
	December

	15. 
	Sava-Šamac
	Gasoline station
	< 5
	2.8
	December

	16. 
	Vrbas-Trn
	Small scale mixing industry for hygiene products
	<5
	2.7
	October
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Picture 1. Geographic distribution of the points described in Table 2
Remarks with data in Table 2 and Picture 1-the data for the wastewaters which are discharged directly into the surface waters are not separated from those for the wastewaters which are discharged into the public sewage. All the locations analyzed with discharge into the sewage, are only up to 100m or less far from the direct discharge of the sewage into the surface water. Generally, there are no collectors or systems for treatment of the municipal wastewaters in Bosnia and Herzegovina, which represents a huge problem).
CONCLUSION
From the data shown here, one gets an impression that there are some smaller industrial sites or other pollutants which can sometimes cause more pollution even with smaller total discharge. This is especially evident in situations where wastewaters are not properly treated and are held longer inside the precipitators and than discharged without treatment. At the same time, some larger firms, who have more funding, invest in the treatment systems and consequently achieve higher degree of water purification.
It is very important to carefully monitor the values of nitrates and other contaminants in waters discharged into the public sewage systems, until adequate collectors and treatment plants are built in the cities and municipalities in B&H. According to the in situ observations of the Institute of Public Health, the current situation is such that most of the sewage represents only a kind of “bypass” for the discharge of the wastewaters into the surface waters. This applies to the municipal waste water, as well as to the main industrial wastewaters. 
Some rivers from the Sava basin rise in other entity (Federation B&H) and are exposed to the pollution there, then pass for the most of their flow through Republic of Srpska. This is especially true for the Bosna and Sana rivers. Therefore, it is desirable to unify the data base for nitrates and other contaminants in wastewaters for the whole B&H. It is not only important for wastewaters at the entire territory, but the data should be published and analyzed together for waste and surface waters. The monitorings are ongoing and there is plenty of data every year, but only comprehensive and thorough analyses will help fulfill the obligations of the Nitrate directive. Simultaneously with these activities, a good agricultural practice should be promoted, for existing producers as well for emerging ones. It is very convenient that the agriculture, forestry and water policies are under the competence of the same Ministry. Implementation of this policy would be one of the important steps toward the Euro-integrations.
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