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ABSTRACT. Paper monitors seasonal dynamics of heavy metals bioaccumulation (Fe, 

Mn, Cu, Zn and Pb) of emerged plant Phragmites australis (Cav.) Trin. ex Steud. on two 

localities (Necik and Sinjak) in the area of Bardača fishpond (BiH-Republic of Srpska). 

Dynamics of heavy metals bioaccumulation varied depending on sampling period, 

locality and plant organ. Concentration, transfer (transport) and accumulation of metals 

from sediment to rhizome above ground plant part was evaluated based on biological 

concentration factor (BCF), translocation ability (TA) and bioaccumulation factor (BAC). 

The highest average BCF value in researched species was determined for Fe (0.87) and 

the lowest for Zn (0.18). Bioaccumulation coefficient was the highest for Mn (0.82) and 

the lowest for Fe (0.20) whereas TA was the highest for Zn (2.28) and Mn (2.70). For Fe, 

it was significantly lower (0.24). Based on values for BCF, TA and BAC, Phragmites 

australis (Cav.) Trin. ex Steud. could be identified as accumulator for Mn and indicator 

for metals Fe, Zn and Cu and it has good potential for application in phytoremediation 

techniques, especially in phytostabilization and phytoextraction of polluted land. 

Considering the fact that higher degree of bioaccumulation was recorded in the period at 

the end of season, we could take this period as a signal for their removal from water 

ecosystems. 

 

Keywords: water macrophytes, Phragmites australis (Cav.) Trin. ex Steud., sediment, 

heavy metal, accumulation  

 

 

INTRODUCTION 

 

Water macrophytes, being very important components of water ecosystems, have a 

key role in heavy metal bioaccumulation from water systems, hence are more often used for 

evaluation of pollution level and removal of heavy metals from environment (ZUBCOV et al., 
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2003; BALDANTONI et al., 2005; ŠTRBAC et al., 2014). Different water macrophytes adopt and 

accumulate metals with different intensity where degree of bioaccumulation varies depending 

on species, metal concentration in a species, sediment, physical-chemical characteristics of 

water and abiotic environmental factors (SAMECKA-CYMERMAN et al., 2001; MAZEJ and 

GERM, 2009; GRUDNIK, 2010; MILOŠKOVIĆ et al., 2013). Differences are especially evident in 

species growing on anthropogenic habitats or those naturally rich in heavy metals (SAMECKA-

CYMERMAN et al., 2001; RAVERA, 2001; MARCHAND et al., 2010). Contents of heavy metals 

in emerged plants varies in relation to researched organ and type of element (LARSEN and 

SCHIERUP, 1981; WEIS et al., 2003; WEIS and WEIS, 2004) which significantly depends on 

seasonal dynamics of plant growth as well as on decreased rate of transport from root towards 

organs for storage and detoxification (aboveground plant parts) (BALDANTANONI et al., 2005; 

BAI et al., 2014). Rooted macrophyte such as Ph. australis is more affected by heavy metals 

originating from sediment rather than those originating from water and hence, 

bioaccumulation degree increases especially if sediment is loaded by heavy metals 

(ZWOLSMAN et al., 1993). Some studies showed that heavy metals could be accumulated and 

kept in swamp land for longer period not differentiating significantly during season. 

Numerous studies (BONANO and GIUDICE, 2010; BONANO, 2011; BAI et al., 2014; ESMA-

EILZADEH et al., 2016) indicate to positive correlation among metals in sediment and their 

accumulation in reed organs as well as that metals remain longer in underground organs and 

hence protect aboveground parts from exceeded bioaccumulation (BALDANTONI et al., 2005). 

Numerous experimental studies showed that emerged plants with large biomass, Ph. 

australis, are able to accumulate heavy metals in high concentrations and releasing them 

during aging (WEIS et al., 2003; WEIS and WEIS, 2004; BRAGATO et al., 2009; GRUDNIK, 

2010; EID et al., 2012; BAI et al., 2014; BOROWIAK et al., 2016; KANCLERZ et al., 2016). 

Taking this fact into consideration, these plants are very often used in phytoremediation 

techniques in order to decrease heavy metal concentration in sediment and water of polluted 

water ecosystems (BRAGATO et al., 2009). Being a good bioaccumulator of heavy metals 

(DUMAN et al., 2007; BRAGATO et al., 2009; BOROWIAK et al., 2016) reed found a broad 

application in cleaning municipal and industrial waste waters loaded by heavy metals.  

In previous researches we pointed out changes in concentration and loading of heavy 

metals in water and sediment in the area of Bardača fishpond (MAKSIMOVIĆ et al., 2016a; 

MAKSIMOVIĆ et al., 2016b). In those studies, comparison in bioaccumulation of heavy metals 

between various water macrophytes, where we considered aboveground reed part was also 

made. In this research, we wanted to point out differences in bioaccumulation among reed 

organs, as emerged plant, in vegetation season. One of the aims also was to establish in which 

period heavy metal accumulation had been the best, in order to determine mutual relation and 

made evaluations of reed application in phytoremediation techniques.  

 

 

MATERIALS AND METHODS 

 

Analyzed area is Bardača fishpond. Geographic location of Bardača fishpond is in the 

middle of temperate climate (450 08' North latitude and 170 25' East longitude), at about 100 

m elevation, in the foothill of Motajica Mountain. Bardača covering 2810 ha (810 ha water 

and 2000 ha land ecosystems) existed under state ownership. In 1969, Bardača was accepted 

as special natural reserve and since then it had served for production of cyprinids. Since 2007, 

area of Bardača fishpond was included in the list of worlds protected swamp areas (Ramsar 

site), which designated it as Important Bird Area and confirmed its international importance. 

However, after acquiring this status, under strong anthropogenic influence, there was major 
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devastation and ruining this sensitive ecosystem. The following systems fall into composition 

of Bardača fishpond: Dugo polje I, Dugo polje II, Dugopoljski Lug, Ljetni basen, Sinjak, 

Necik, Rakitovac, Prevlaka, Veliki Dajkovac, Mali Dajkovac and Brzajski (ĐURIĆ et al., 

2004). Researches were performed on the localities Necik and Sinjak, which were active fish 

basins during research period.  

Sampling was performed in coastal area of fish basins each month (May-October) on 

the same profile points on selected localities. Plant material was washed with tap water and 

distilled water afterwards and was further prepared for chemical analysis applied for water 

and water plant described in APHA (1995). Concentrations of heavy metals were defined by 

atomic absorption spectrophotometer Aanalyst 700, produced by Perkin Elmer, USA, using 

flame technique, standard method EPA 7000B. All the analyses were performed in three 

independent repetitions, and analyzed parameters were processed by variance method 

(ANOVA) factorial experiment. 

Concentration, translocation and accumulation of metal from sediments to roots and 

aboveground part was estimated based on Bioconcentration factor (BCF) (YOON et al., 2006), 

translocation ability (TA) and bioaccumulation coefficient (BAC). Factors are used for 

evaluation of potential species in phytoremediation techniques (CUI et al., 2007; LI et al., 

2007). 

Compared to contents of metal in sediment, BCF was calculated based on following 

formula: 
 

 
 

Greater ratio of BCF indicates bigger bioaccumulation ability. 

Plants’ ability to relocate metals from root to aboveground part was estimated through 

translocation ability (TA). TA was calculated as ratio of metal concentrations in root and 

aboveground part of the plant: 
 

 
 

Bioaccumulation coefficient (BAC) was calculated as ration of heavy metals in aboveground 

part to the one in sediment as described in procedure LI et al. (2007). 
 

 
 

where [Metal] refers to measured concentration of given metal in root, aboveground part of 

the plant and sediment. 

 

 

RESULTS AND DISCUSSION 

 

In the area of Bardača fishpond, presence of heavy metals is a result of anthropogenic 

influence in the first place due to inflow of household and agricultural waste waters. Heavy 

metal accumulation in sediment is a result of its long-term deposition and containment, 

whereas concentrations of microelements in water are mostly indictors of recent pollution 

(BALDANTONI et al., 2005; MAZEJ and GERM, 2009; MAZEJ et al., 2010). Heavy metal 

concentration in sediment of researched localities presented in papers MAKSIMOVIĆ et al. 
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(2016a; 2016b) were as follows: Fe 617-620 mg/kg; Mn 189-628 mg/kg; Zn 51-71 mg/kg; Cu 

2.8-17.72 mg/kg and Pb in detection limits (<51 mg/kg), which had been significantly lower 

compared to other similar researches (MILOŠKOVIĆ et al., 2013; ŠTRBAC et al., 2014; KUCAJ 

and ABAZI, 2015).  

Results presented in paper MAKSIMOVIĆ et al. (2016b) point out that levels of Fe and 

Mn in sediment of researched area were higher than allowed concentrations in relation to the 

results presented in the paper KABATA-PENDIAS (2001). Compared to earlier researches of this 

area (MAKSIMOVIĆ et al., 2007, MAKISMOVIĆ and ILIĆ, 2008), concentration values of Mn in 

sediments increased 2-5 times in 7 years (MAKSIMOVIĆ et al., 2016b). Generally, seasonal 

variations were recorded in concentration of heavy metals in sediment for Mn, Zn and Cu, 

whereas Fe concentration remained quite constant during research period (MAKSIMOVIĆ et al., 

2016a; 2016b). Pollution of aquatic ecosystems with heavy metals is the most evident in high 

levels of metals in sediment and macrophytes rather than in increased concentrations of metal 

in water (RAI, 2009; BONANNO and GIUDICE, 2010; MAZEJ et al., 2010; EID et al., 2012; 

BOROWIAK et al., 2016). Total concentrations of heavy metals in water for both researched 

localities of Bardača fishpond (MAKSIMOVIĆ et al., 2016a; MAKSIMOVIĆ et al., 2016b) were 

significantly lower compared to sediment, which probably was consequence of bigger 

containment and deposition of heavy metals in sediment, which could have been connected to 

results of researches by DUMAN et al., 2007; EID et al., 2012; MILOŠKOVIĆ et al., 2013; 

ŠTRBAC et al., 2014. 

Contents of heavy metals in researched organs of Ph. australis significantly varied 

with metal, sampling period and locality. In paper of MAKSIMOVIĆ et al. (2016a; 2016b), 

heavy metals in reed aboveground part were presented. Authors showed that concentration of 

Fe during research period in reed aboveground part varied 76-347 mg/kg, and Mn 116-300 

mg/kg, zinc 11-50 mg/kg, whereas for Cu and Pb were in detection limits. 
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Figure 1. Heavy metals concentration (Fe, Mn and Zn) in rhizome of Ph. australis on 

researched localitis (A-Necik; B- Sinjak) 

- different small letters denote values in research period ( a-May, b-June, c-July, d-August, 

e-September; – statistically significantly different for importance level p<0.05) 
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According to KABATA-PENDIAS and PENDIAS (2001), Fe is an element of low mobility so it is 

not easy to translocate it to aboveground parts and is mostly accumulated in its underground 

parts (BALDATONI et al., 2005; BABOVIĆ et al., 2010; BONANNO and GIUDICE, 2010; EID et 

al., 2012; KLINK et al., 2013; ŠTRBAC et al., 2014; KUCAJ, 2015; ESMAEILZADEH et al., 2016; 

BOROWIAK et al., 2016) which was in accordance with results acquired in this paper. In this 

paper, rhizome showed as target organ of bioaccumulation, which also was in accordance 

with researches of other authors (BALDANTONI et al., 2009; ŠTRBAC et al., 2014; 

ESMAEILZADEH et al., 2016) (Figure 1). 

Researches on Ph. australis in Lake Averno, showed that heavy metal concentration 

(Cr, Cu, Ni, Pb, V, Zn except for Mn) in rhizome were lower than in root for almost two times 

(BALDANTONI et al., 2009). It is well-known that plants tolerant to heavy metals, such as reed, 

are able to move heavy metals to a root cortex part, as well as how to prevent or decrease 

translocation in other parts of the plants (VERKLEIJ and SCHAT, 1990). Immobilization of toxic 

elements in reed root is an important form of rhizome protection, which is the only permanent 

part of a plant. When it comes to locality, higher Fe values were defined for Sinjak. Reason 

for that probably lies in different inflow of waste waters and physical–chemical 

environmental conditions. 

Degree of heavy metal translocation of researched species at localities Sinjak and 

Necik was monitored and based on BCF, TA and BAC factors, which varied depending on 

season, plant organ, researched metal and researched locality (Table 1). 

 
Table 1. Factors BCF, BAC and TA for Fe, Mn and Zn for Ph. australis on locality Necik in the area 

of Bardača fishpond in the period May-October 2010 
 

Period 

(month) 

Fe Mn Zn Fe Mn Zn Fe Mn Zn 

BCF BAC TA 

May 0.36 0.15 0.31 0.17 0.93 0.41 0.47 5.97 1.29 

June 0.50 0.28 0.12 0.22 0.45 0.79 0.44 1.59 6.26 

July 1.05 0.73 0.15 0.32 1 0.26 0.30 1.37 1.71 

August 0.78 0.60 0.15 0.56 1.04 0.19 0.71 1.71 1.29 

September 0.96 0.40 0.15 0.44 1.04 0.23 0.46 2.57 1.46 

October 0.65 0.16 0.18 0.24 0.48 0.29 0.36 2.96 1.65 

 
Researched species mostly had BCF<1 or BCF~1. Generally, BCF values were higher for Fe 

and exceeded during July (1.05) on locality Necik and during October (1.17) on locality 

Sinjak. Concentration of iron in sediment is not correlated to its presence in plant organs, and 

mobility through tissue of Ph. australis is low (BONANNO, 2011), which was also confirmed 

in this study. Mobility of elements varied in a great deal, so that Fe was most mobile whereas 

Mn and Zn, based on BCF, were of very low mobility. Low translocation could be caused by 

sequestration of most metals in cell vacuoles of root, which could be natural answer for 

mitigation of possible toxic effects of heavy metals (MARCHAND et al., 2010), and the same 

case is with Fe. KUCAJ (2015), in the area of Tirana, for Ph. australis recorded BCF values 

(for Fe, Mn, Cr, Ni, Cu, Zn) significantly under 1 contrary to results we got in this paper.  

Researched species mostly had TA>1, except for Fe and Zn in June (Sinjak), whose values 

had been significantly lower, which pointed out to lower translocation from root to 

aboveground part. Values of TA varied 0.19-0.71 and were higher on locality Necik. BAC for 

Fe went from 0.12 to 0.44 and was lower compared to Mn and Zn. ZHAO et al. (2002) pointed 

out the fact that TA is lower than 1, this is about decreased ability for metal transport, 

probably due to weaker translocation, which is recorded in this paper of ZHAO et al. (2002). 
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GHOSH and SINGH (2005) emphasize that species with high BCF and low TF can be used for 

phytostabilization of polluted land, and that these species retain metals in the root hence 

limiting metal mobility from root to aboveground part (CUI et al., 2007), such is the case with 

reed in this paper. 

Different authors monitored seasonal distribution of heavy metals in aquatic plants (WEIS et 

al., 2003; WEIS and WEIS, 2004; BAI et al., 2014; BALDATONI et al., 2009; GRUDNIK, 2010; 

EID et al., 2012) and, recorded that heavy metals show significant seasonal variations 

depending on growth and development phase and results are their changes in concentration 

and bio-availability in immediate environment (LARSEN and SCHIERUP, 1981; ŠTRBAC et al., 

2014), which can be connected to results stated in this paper.  

Some publications by GRUDNIK (2010) and BAI et al. (2014) showed that heavy metal 

concentrations increase in growing season (summer) and then decrease with the plants aging. 

However, BALDATONI et al. (2009) stated increase of Cr, Cu, Fe, K, Mg, Mn, N, Ni, Pb, S, V 

and Zn for reed by the end of season. 

Concentration of Mn in Ph. australis rhizome went from 32 to 130 mg/kg (Figure 1), 

where no toxic concentration of Mn, according to KABATA-PENDIAS and PENDIAS (2001), 

were recorded. Researches by some authors MAKSIMOVIĆ et al., 2007; MAKSIMOVIĆ and ILIĆ, 

2008; KLINK et al., 2013; ŠTRBAC et al., 2014 showed that Mn accumulates more in 

aboveground part compared to rhizome, and this was showed by coefficient analysis in this 

paper. It was proven that mobility of Mn is slow, still higher than Fe and Cu, and it 

significantly went up with mononucleotide plants (KABATA-PENDIAS and PENDIAS, 2001) so 

higher concentration could be supported by this fact i.e. better translocation of Mn in 

underground part as well as by higher mobility of Mn from sediments (Table 1). Different 

results were showed by NIKOLIĆ et al., 2003; BONANNO and GIUDICE, 2010; KUCAJ, 2015; 

ESMAEILZADEH et al., 2016 were higher concentration of Mn were recorded in rhizome 

compared to aboveground part of Ph. australis. In the relation to locality, increased content of 

Mn was recorded in locality Necik (Table 1 and Table 2) which was consequence of influence 

of surrounding agricultural surfaces, influence of waste waters from channels supplying this 

basin. 

 
Table 2. Factors BCF, BAC and TA for Fe, Mn and Zn for Ph. australis  

on locality Sinjak in the area of Bardača fishpond in the period May-October 2010 
 

Period 

(month) 

Fe Mn Zn Fe Mn Zn Fe Mn Zn 

BCF BAC TA 

May 0.60 0.16 0.22 0.16 0.35 0.52 0.27 2.14 2.35 

June 0.58 0.29 0.42 0.12 0.55 0.35 0.21 1.84 0.84 

July 1.12 0.48 0.16 0.17 0.66 0.20 0.16 1.35 1.26 

August 1 0.63 0.23 0.19 1.07 0.36 0.19 1.67 1.53 

September 0.76 0.24 0.13 0.25 1.16 0.47 0.33 4.71 3.42 

October 1.17 0.34 0.21 0.33 1 0.33 0.28 2.94 1.56 

 
BCF values for Mn significantly varied during season (0.15-0.73) and were twice 

lower compared to Fe. Highest BCF was during maximum growth (July-August) on both 

researches’ localities. BCF values were significantly lower compared to researche acquired by 

KASTRATOVIĆ et al. (2013) for the same species in the area of Skadar Lake.  

BAC is used as indicator of high potential in accumulation of heavy metals for those 

plant species usually associated with well-developed cell mechanism for detoxification and 

tolerance in heavy metals (GHOSH and SINGH, 2005). Researched species mostly had BAC<1, 

and for Mn it went from 0.35 to 1.16 and was twice higher compared to Fe and Zn for both 
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researched localities. Based on acquired values, it could be stated that researched species did 

not have hyper accumulation characteristics. 

KUCAJ (2015), in the area of Tirana for Ph. australis, got BCF values that were 

significantly under 1 and TA a bit higher than 1 for Fe, Mn, Cr, Ni, Cu, Zn, which was 

opposite to results we have recorded in this paper. Compared to Fe and Zn, TA values for Mn 

in average were the highest (1.35-5.97), which pointed out to high mobility from underground 

to the aboveground part. High accumulation of metal can be associated with well-developed 

mechanism of detoxification based on ion sequestration of heavy metals in vacuoles, 

connecting them to appropriate ligands (CUI et al., 2007). 

During May, the value of TA was the highest, followed by the significantly decreased 

and by the end of research period re-increase was determined. YOON et al. (2006) stated that 

species with high TA values were appropriate for phytoextraction and relocation of heavy 

metals in aboveground parts, which can be connected to Ph. australis. TA values for Mn in 

this paper were higher to GRISEY et al. (2012) or similar to those SASMAZ et al. (2008) 

recorded for Typha latifolia and Ph. australis. 

According to earlier researches of MAKSIMOVIĆ et al. (2016a) contents of zinc in 

aboveground part and rhizome of was not correlated to concentrations of Zn in sediment, even 

when values were high in sediment, which led to weaker translocation. According to 

MAKSIMOVIĆ et al. (2016a), zinc concentrations in aboveground part of Ph. australis went 

from 11 to 50 mg/kg. Zn concentration in rhizome was twice lower (8-25 mg/kg), and higher 

concentration was recorded on locality Necik (Figure 1). Some studies showed that Zn is 

better in translocation to aboveground organs (AKSOY et al., 2005; BALDANTONI et al., 2009; 

KASTRATOVIĆ et al., 2013) while other indicated that rhizome and root were the same hyper-

accumulators of Zn (WEIS et al., 2003; BRAGATO et al., 2009; BALDATONI et al., 2009; KLINK 

et al., 2013; ŠTRBAC et al., 2014; KUCAJ, 2015; KANCLERZ et al., 2016; ESMAEILZADEH et al., 

2016). KANCLERZ et al. (2016) recorded that concentration of Zn increased at the beginning 

of season, and concentration of Cu increased at the end of season through monitoring of zinc 

and copper with Ph. australis. In earlier researches of MAKSIMOVIĆ et al. (2014) higher 

concentration of Zn in researched reed organs was determined compared to results obtained in 

this paper. Likewise, obtained values of researched reed organs were lower compared to 

researches performed by BRAGATO et al. (2009) and BONANNO and GIUDICE (2010). 

However, compared to research performed by KUCAJ (2015) in the area of Tirana, Zn values 

were increased in researched reed organs in the area of Bardača. As for locality, slightly 

higher concentration of Zn was recorded on locality Necik.  

BCF values for Zn went from 0.13-0.42 and were significantly lower compared to Fe 

and Mn. Highest BCF values were recorded at the beginning of season (May), whereas twice 

lower were acquired by the end of research period. KASTRATOVIĆ et al. (2013) recorded BCF 

value >1, which was contrary to results acquired in this paper. Based on defined TA values, 

Zn appeared to be element that was easily relocated from root to aboveground part. TA value 

for Zn was highest during June (6.26) on locality Necik, whereas in the rest of period, TA was 

up to three times lower. Reason for this probably lies in the fact of faster translocation of Zn 

to aboveground parts, which can also be connected with changes of physical-chemical 

environmental conditions. TA values for Zn in this paper were higher than those recorded in 

the researches of Typha latifolia and Ph. australis (SASMAZ et al., 2008; GRISEY, 2012; 

KANCLERZ, 2016; KUCAJ, 2015). High transport of Zn to aboveground parts of the plant was 

recorded by LESAGE et al. (2007) for Ph. australis in artificial swamps using for waste waters 

filter. According to WEIS et al. (2004), plants having TA values above 1, are considered to be 

accumulator species, which points out to high ability of transport and storage in aboveground 

plants, which is, again, important in selecting plants for removal of heavy metals. The highest 
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TA values in this paper were recorded for Zn and Mn, which pointed out the fact that 

researched species could serve as bioaccumulators in phytoremediation techniques.  

BAC for Zn significantly varied during season (0.19-0.79) and was higher on locality 

Necik. Highest BAC values were recorded in May and June on both researched localities. In 

researching seasonal distribution, LARSEN and SCHIERUP (1981) discovered that zinc in leaves 

and stems of Ph. australis from freshwater lake had been maximal in growing season, then it 

had fallen, whereas copper in leaves had remained relatively constant, which could be 

connected to results recorded in this paper. 

Obtained coefficient BCF, TA and BAC values for researched elements were 

significantly lower compared to values recorded by KASTRATOVIĆ et al. (2013). Research 

results highlight that Ph. australis is not hyper accumulator for any of researched metals since 

measured metal concentrations in reed organs had been lower than 1000 mg/kg. We could say 

that researched localities compared to previous researched performed in this area by 

MAKSIMOVIĆ and ILIĆ (2008); MAKSIMOVIĆ et al. (2014) were not loaded by these pollutants 

dangerous for ecosystem.  
 
 

CONCLUSION 

 

Based on evaluation of BCF, TA and BAC values (for Fe, Mn, Zn), reed has capacity 

for phytostabilization and phytoextraction of polluted land and can be considered a 

bioaccumulator of Zn and Mn. However, obtained results pointed out that Ph. australis, based 

on contents of heavy metals Fe, Mn, Zn, Cu and Pb is not hyper accumulator. Rhizom of Ph. 

australis is the preferred site of Fe accumulation, while Mn and Zn are translocated into the 

above-ground parts 

Generally, all analyzed metals did not show same seasonal trend i.e. the highest 

contents of Fe and Mn were determined at the end of vegetation season (August-September-

October); Zn follows – during spring (May-June). According to this paper, there were 

accumulations of Fe and Mn with aging as much as 20-50 % compared to spring period. 

Considering this, the best period for removing biomass of Ph. australis would be at the end of 

growing season. Results of this study emphasize an important role of macrophyte vegetation 

in water ecosystem, and that we can acquire data for realistic image of ecological situation of 

researched water ecosystem in the aim of revitalization of the same through monitoring of 

chemical composition. 
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