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Сажетак: Водене макрофите су изузетни акумулатори тешких метала и веома су важни у фиторемедијацији од загађивача. Циљ истраживања био је да се покаже стање хемијске контаминације ових локалитета према садржају тешких метала у воденим макрофита канал ДТД комплекса на локалитетима под великим утицајем човјека и процијени могућност коришћења акватичних макрофита у фиторемедијацији тешких метала у воденим екосистемима. Анализиран је садржај тешких метала (Pb, Cd, Cu, Fe, Co и Ni) u ткиву биљака Potamogeton crispus L. Potamogeton perfoliatus L. и Potamogeton pectinatus L. на пет локалитета на подручју ДТД канал. Као најбољи биоакумулатор испитиваних тешких метала показала се врстаPotamogeton crispus L. што указује на то да се наведена врста може искористити за уклањање ових полутаната, из водене средине, тј. фиторемедијацију. У односу на локалитет, највеће концентрације тешких метала су забиљежене код Potamogeton crispus са локалитета Влајковац, слиједи Добричево па Јерменовци. Резултати показују да поменута врста може бити коришћена за уклањање тешких метала из воде, што значи да има способност фиторемедијације загађивача.
Кључне ријечи: фиторемедијација, зелена технологија, тешки метали.
Apstract: Aquatic macrophytes are exceptional accumulators of heavy metals and they are very important in phytoremediation of the pollutants. The aim of the survey was to show the situation of chemical contamination of these localities according to content of heavy metals in aquatic macrophytes DTD canal complex at localities under great human influence and assesment possibility and to assess the possibility of using aquatic macrophytes in phytoremediation of heavy metals in aquatic ecosystems We analyzed the content of heavy metals (Pb, Cd, Cu, Fe, Co, and Ni) in tissue plants Potamogeton crispus L. Potamogeton perfoliatus L. i Potamogeton pectinatus L. at five locations in the area DTD canal. As best bioakumulator of the examined heavy metals the species Potamogeton crispus L. which indicates that the listed species can be used to remove these pollutants, from aquatic environment, for phytoremediation. in relation to site, highest concentrations of heavy metals were present in Potamogeton crispus from site Vlajkovac, folow Dobričevo and Jermenovci. The results show that mentioned species can be used for removal of heavy metals from water, what means that it has the ability of phytoremediation of pollutants.
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INTRODUCTION
Phytoremediation (green technology, eco technology, green remediation) can be defined as the use of plants, including trees and grasses, to remove, destory or sequester hazardous contaminants from media such as air, water and soil [1]. Phytoremediation can be used to clean up metals, pesticides, solvents, explosives, crude oil, polyaromatic hydrocarbons, and landfill leachates. Plants that hyperaccumulate heavy metals, metalloids, organics and radio nulcides could potentially recontaminate the environment if not treated or processed appropriately [2, 3, 4, 5, 6, 7]. 
Submersive macrophytes are especially used for control and removal of heavy metals in aquatic ecosystems [8]. The most important are Lemna minor L., Eichornia crassipes (Mart.) Solns and Hydrocotyle umbellata L [2]. The content of heavy metals in tissue of macrophytes can be even several thousand times larger compared to their content in aquatic area. [9, 10]. 
Phytoremediation of heavy metals, Cd, Cu, Ni, Pb and Zn is especially intensive through the root of acquatic herbs with lower pH (acid area), so they are being treated by organic compounds that lower pH in order to get more intensive phytoextraction of the heavy metals mentioned [11]. 
Certain essential processes involved in phytoremediation:

· Phytostabilization: This involves the use of plants especially roots and/or plant exudates to stabilize, demobilize and bind the contaminants in the soil matrix, thereby reducing their bioavailability. This approach is suitable for both organic and metal contaminated soils. Several plant species including com​mon ​agricul​tural and horticultural crops have shown potential in phytostabilization. Certain plant species have been used to immobilize contaminants in the soil and ground water through absorption and accumulation by roots, adsorption onto roots, or precipitation within the root zone of plants (rhizosphere). This process reduces the mobility of the contaminant and prevents migration to the ground water or air, and it reduces bioavailability for entry into the food chain. This technique can be used to reestablish a vegetative cover at sites where natural vegetation is lacking due to high metals concentrations in surface soils or physical disturbances to surficial materials. Metal tolerant species can be used to restore vegetation to the sites, thereby decreasing the potential migration of contamination through wind erosion and transport of exposed surface soils and leaching of soil contamination to ground water.
· Phytoextraction: It involves specific plant species which can absorb and hyperaccumulate metal contaminants and/or excess nutrients in harvestable root and shoot tissue, from the growth substrate (soil). This approach is suitable for removing most metals (such as Pb, Cd, Ni, Cu, Cr, V) and excess nutrients (such as NH4NO3) from contaminated soils. Removing a extracted metals can be mowing parts of plant tissue in which the accumulated pollutant. The technique is suitable for the remediation of large areas of contaminated soil at shallow depths with low to moderate amounts of contaminants.
· Phytovolatilization: This uses the plants ability to absorb and subsequently volatilize the contaminant into the atmosphere. This approach is suitable for remediating metals such as Hg and Se from contaminated soils.
· Phytotransformation: It is the breakdown of contaminants taken up by plants through metabolic processes within the plant, or the breakdown of contaminants external to the plant through the effect of compounds (such as enzymes) produced by the plants. Pollutants (complex organic molecules) are degraded into simpler molecules and are incorporated into the plant tissues to help the plant grow faster. Plants contain enzymes, complex chemical substances (proteins) that cause rapid chemical reactions to occur. Some enzymes breakdown and convert ammunition wastes, others degrade chlorinated solvents such as trichloroethylene (TCE), and others degrade herbicides and potentially toxic cyanide.
· Rhizofiltration, this utilizes plant roots to take up and sequester metal contaminants and/or excess nutrients from aqueous growth substrates (waste water streams, nutrient-recycling systems) Rizofiltracija phytoremediation technique is designed to remove metals in the environment using aquatic macrophytes. This process involves the creation of artificial wetlands (Biofield), where the plants are planted in solid porous medium, the wastewater is passed through so formed system [2, 4, 6, 5]. Most of the research work has shown that plants for phytoremediation should accumulate metals only in the roots (especially flotante) [12, 13, 14, 15]. They explained that the translocation of metals in offspring of reduced efficiency rhizofiltration increasing the amount of contaminated plant residue that should be removed. 
Phytoremediation has a great potential in treating (improvement) of environment, and it is not used so far. Natural and artificial wetlands could be used as a relatively cheap model for water recovery [16]. It is usually used in artificial wetlands, but could also be used in natural ecosystems, with a great variability [17]. Possibility of using phytoremediation with the aim of purification is espacially actualized in the last ten years. [18, 19, 20, 21, 22, 23, 24, 25]. Since the plants are directly involved in the food webs and cycling of matter in the ecosystem, they directly affect the concentration and balance of these substances in the aquatic environment. Cut of the biomass from the water basins can remove a large amount of, at this time of undesirable substances from water basin. Data from this study suggest considerable variability in the elements among species on the study sites.
2 HEAVY METALS IN AQUATIC MACROPHYTES
Heavy metals are presented in plants in small quantities (as elements which are merely present), but they have very important functions for plants. The concentration of pollutants in an aquatic environment relies primarily upon both the chemical composition of sediment and upon kind and amount of absorbed pollutants. Aquatic macrophytes may accumulate great amounts of chemicals, contributing to a nutrient cycling, water quality control, and sediment stability [26]. Vascular aquatic may accumulate considerable amounts of heavy metals in their tissues (10-106 times those in nearby water environment) Such a role of macrophytes caused the large inter-specific differences in the concentration of elements in plant tissue [9, 27].
3 MATERIALS AND METHODS
Sampling of plants (Potamogeton crispus, P. perfoliatus and P. pectinatus) was performed using a randomised block system at 5 sites of the DTD canal (Banat region of Vojvodina) during the summer at maximum development stage and the peak season biomass (June-August) of 2004. For a more accurate comparability of results, the Potamogeton sp. were sampled from different sites wherever it was possible. Plant material in the laboratory is classified, parts of detritus and periphyton are removed and then washed out. After final rinsing in distilled water, the plant material was dried and prepared for analysis according to the standard methods for examination of water and wastewater of the American Public Health Association [28]. After dry ashing at 4500 C and treatment with HCl, concentrations heavy metals were determined by atomic absorption spectrophotometry (AAS) in the Faculty of technology, University of Novi Sad (Serbia). 
All analysis have been done in three independent repetitions for each sample, and the results concentration of heavy metals in tissue of Potamogeton crispus have been analyzed by ANOVA method. Treatment comparison (species, locality) has been performed by Duncan test (multiple test of intervals), for level of significance p<0,05. Values for each treatment that are marked with same letter in the tables do not differ significantly for the mentioned level of importance.
4 RESULTS AND DISCUSSION
Concentrations of lead (Pb) accumulated by species Potamogeton crispus in Vlajkovac locality was 24,2 μg/g. The values ​​obtained for this type were higher compared to the other species studied. 
In locality Jermenovci concentration registered in tissue of these species was 19,8 μg/g. These values are extremely high and represent the biggest concentration Pb in aquatic macrophytes tissue, registered in tissue during of several examination [29, 30, 31, 32]. The lowest concentration of cadmium is in locality of Dobričevo (4,7 μg/g) (Table 1).
This concentration of lead shows a significant degree of mud (substratum), because concentration of lead above 10 μg/g in plant tissue is considered to be an indicator of chemical contamination [33]. Banat is region which is presented with important concentration of this metal.
Table 1. Concentration of heavy metals in tissue of Potamogeton crispus 

	Locality
	Pb
	Cd
	Cu
	Fe
	Co
	Ni

	
	mg /g dry matter

	Dobričevo
	4,7 c
	0,6 b
	10,7 c
	4600,0 b
	3,4 c
	8,3 c

	Vlajkovac
	24,2 а
	0,7 b
	24,1 а
	10479,4 а
	8,1 а
	33,6 а

	Banatska Palanka
	5,1 c
	0,3 c
	7,5 d
	2916,1 c
	1,3 d
	7,5 c

	Jermenovci
	19,8 b
	1,1 а
	14,7 b
	4657,3 b
	4,9 b
	11,7 b

	Average
	13,4
	0,7
	14,2
	5663,2
	4,4
	15,3



The biggest concentration of cadmium (Cd) is in tissue of this species was Jermenovci locality (1,1 μg/g). Content of 1,1 μg/g is extremely high, when it is know that many of plants have concentration under detection level.

The higgest concentration of Cu is registered in tissue of this species was Vlajkovac locality (24,1 μg/g), that is the biggest concentration in the genus Potamogeton. This plant is important accumulator of this heavy metal, but the further research should be in the most localities. 
The lowest concentration of Cu is registered in locality of Banatska Palanka (7,5 μg/g).
Table 2. Concentration of heavy metals in tissue of Potamogeton sp.
	Aquatic macrophytes
	Locality
	Pb
	Cd
	Cu
	Fe
	Co
	Ni

	
	
	mg /g dry matter

	P. perfoliatus
	Dobričevo
	2,6
	0,7
	11,4
	3596,1
	6,2
	8,6

	P. pectinatus
	Vračev Gaj
	5,6
	0,4
	14,4
	11830,6
	5,2
	12,8

	Average
	4,1
	0,6
	12,9
	7713,4
	5,7
	10,7



The biggest concentration of Fe is in locality of Vlajkovac (10479,4 μg/g) compared to the other investigated sites.
Species Potamogeton pectinatus is also big accumulator Fe. In locality Vračev Gaj is registered concentration 11830,6 μg/g (Table 2).

On the basis of values, this is plants very important accumulator Fe. Concentration over 10000,0 μg/g in locality Vračev Gaj and Vlajkovac implicate in very big contamination this localities, but this implicate that species Potamogeton pectinatus good accumulator and phytoremediator this heavy metal. Further research should be direct in potentiality removal Fe from contaminated aquatic ecosystems of species from genus Potamogeton.

The lowest concentration of Fe is registered in locality of Banatska Palanka (2916,1 μg/g).

The higgest concentration of Co is registered in tissue of this species was Vlajkovac locality (8,1 μg/g), but the lowest of Co is registered in locality Banatska Palanka (1,3 μg/g).
Important accumulator of Ni is species Potamogeton crispus, whick is accumulate 33,6 μg/g in locality Vlajkovac, why is biggest concentration registered in tissue during of several examination [29, 30, 31, 32]. This aquatic macrophytes to be useful for elimination of Ni from contaminated ecosystem.
The lowest concentration of nickel is registered in locality Banatska Palanka (7,5 μg/g). Sites that could be singled out as the most burdened by heavy metals taking as a criterion their content in aquatic macrophytes in Vlajkovac and Dobričevo. The analysis of heavy metals in the investigated macrophyte species it can be concluded that the best accumulator of heavy metals Potamogeton crispus.
High concentrations of heavy metals in plant tissues indicates a chemical load of canal water of this region which is due to the industrial wastewaters and wastewaters from municipal and rural localities along the canal stream.

5 SUMMARY
Monitoring of the aquatic environment by chemical analyses of dominant aquatic macrophytes from DTD canal indicating possible chemical contamination of water and littoral zone was surveyed. Five sampling sites from the canal reach in the Banat region of Vojvodina province were selected to assess the effect of anthropogenic activities upon the quality of the canal water and therefore upon plant world. Concentrations of Mn, Ni, Cu, Pb and Cd in the plant tissue were determined by standard methods using AAS. Although, variations of metal concentrations as related to year of research were found, it can be concluded that very high accumulation of heavy metals were detected in plant tissue. Significant variation of heavy metals content in plant tissue depennding of the locality was also observed. Significance concentration of Fe in P. pectinatus in Vračev Gaj locality (11830,6 mg /g) were detected. The highest accumulation of Pb was detected in the Vlajkovac and Jermenovci localities (24,2 μg/g and 19,8 μg/g). The obtained results should also point out the role of macrophytic vegetation in pollutant (heavy metals and nutrients) phytoremediation. Our investigation may contribute to the protection of areas undergoing strong impact due to human activities. 
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