
42 
 

ACTA ENVIRONMENTALICA UNIVERSITATIS COMENIANAE (BRATISLAVA) 
Vol. 22, 2(2014): 42-49 

ISSN 1335-0285 

 
 
 

ACCUMULATION AND BIOAVAILABILITY OF ARSENIC AND 
ZINC IN NATIVE PLANTS AT TAILINGS IMPOUNDMENT 

 
 

Peter Matejkovič1, Ľubomír Jurkovič1, Michal Jankulár3, 
Edgar Hiller1 & Peter Šottník2 

 
1
Department of Geochemistry, 

2
Department of Geology of Mineral Deposits, Comenius University 

 in Bratislava, Faculty of Natural Sciences, Mlynská dolina G, 842 15 Bratislava 4,  
Slovak Republic, e-mail: jurkovic@fns.uniba.sk 

3
State Geological Institute of Dionýz Štúr, Mlynská dolina 1, 817 04 Bratislava, 

Slovak Republic 

 

 

Abstract: Accumulation and bioavailability of arsenic and zinc in native 
plants at tailings impoundment 

The focus of this study is impoundment with coal combustion products near the 
village Poša, the drainage water contaminating surface waters and sediments of 
the Kyjov Brook and Ondava River. Results of chemical analysis show significant 
contamination of arsenic and zinc. Maximum concentration values of As and Zn 
were observed in stream sediments bellow the impoundment and were extremely 
high and reach for the arsenic 3208 mg.kg

-1
 and zinc 3390 mg.kg

-1
. To determine 

accumulation plant capability and an estimate of bioavailable portion of As and Zn 
release from the sediments, the bioaccumulation coefficients and indices were 
calculated. It was found that up to 1814 mg.kg

-1
 Zn is able to leach into the 

solution in a bioavailable form. Some plants, such as hornwort (Ceratophyllum 
demersum) accumulated in their tissue up to 574 mg.kg

-1
 Zn. High concentrations 

of arsenic have been identified in plants broadleaf cattail (Typha latifolia) and 
common reed (Phragmites australis). 
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INTRODUCTION 

Transfer of trace metals between soil and plants is an important part of the 
cycle of chemical elements in nature. The metabolic fate and role of each 
element in plants can be characterized in relation to some basic processes such 
as: (1) uptake (absorption), (2) transport within plants, concentration, and 
speciation, (3) metabolic processes, (4) deficiency and toxicity, and (5) ionic 
competition and interaction (KABATA-PENDIAS 2000). The processes of 
weathering and dissolution of the impoundment sediments have a significant 
impact on mobility and availability of trace elements such as arsenic and zinc. 
They can become dangerous sources of contamination for native grown plants. 
There is also the possibility of transfer into other environmental media, most 
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especially shallow groundwater systems through infiltration-induced leaching. 
Trace element contaminations have become an important environmental issue 
in many parts of the world due to their non-biodegradable nature and long 
persistency within the different environmental media (GALLEGO ET AL. 2002). 
Consequently, predicting the mobility and bioavailability of trace elements in soil 
has been of increasing concern for many decades now, both in agricultural and 
environmental studies due to possible toxic effects of bioaccumulation in plants 
and vertical leaching/transport into shallow groundwater systems (CUI ET AL. 
2005). 

Interest research bioavailability of trace elements is the impoundment 
located near the village Poša, including the Kyjov Brook and sub-section the 
Ondava River. The area of fluvial sediments in the Ondava River is important in 
terms of water supply and an area with potential groundwater usable reserves 
in the region. Results of chemical analysis of samples from locality exploration 
show a high degree of anthropogenic contamination of sediments (maximum 
levels of As – 3208 mg.kg

-1 
and Zn – 3389 mg.kg

-1
) and surface waters 

(JURKOVIČ ET AL. 2006, HILLER ET AL. 2009), which creates the assumption for 
their accumulation in the biomass of vegetation. 

 

MATERIAL AND METHODS 

Impoundment sediment samples were taken directly from the deposited coal 
combustion products (CCPs) in the impoundment and from the Ondava River 
and Kyjov Brook. Samples were collected and stored in polyethylene bags in 
sufficient quantity for analytical determination and other experiments (2–3 kg for 
sample). In order to detail processing samples of stream sediments and 
impoundment materials were transported to the laboratory of the Department of 
geochemistry (Faculty of Natural Sciences, Comenius University in Bratislava) 
and subsequently treated. Sediments were dried at laboratory temperature, in 
the next step, the samples were homogenized, crushed to fine-grained and 
sieving to fraction ≤ 1 mm.  

The total concentration of contaminants was analyzed in the laboratories of 
ACME Analytical Laboratories Ltd. (Vancouver, Canada), in the fraction <0.125 
mm after extraction with a mixture HF/HClO4, using HG-AAS (atomic absorption 
spectrometry with hydride generation, device 3100 HIAS PE 100.  

For estimating the mobility and bioavailability of observed elements (As, Zn) 
were used extraction procedures simulating release of elements into the 
environment under the laboratory conditions. To determination of bioavailable 
portion of arsenic and zinc was used a sample of weight 1g. The sample 
content was homogenized thorough mixing for about one minute. To selectively 
remove arsenic and zinc from the solid phases of the sediment samples, a 

modified version of the original SM T sequential extraction procedure 
according to QUEVAUVILLER (1998) was used. Conditions for 1

st
 fraction were - 1 

g dried sample + 50 ml deionised and distilled water in polyethylene tube, for 
2

nd
 fraction – add 40 ml 0.11 M acetic acid, shake for 16 h, and centrifuge. All 

extracts were fixed by 1 ml HNO3 and stored in PP-tubes in refrigerator prior to 
the analysis. Extractions in each step was performed on the laboratory 
multirotator (Multi Bio RS-24) within 16 h, the thirty-minute fluctuations 
(deflection of the tube was 90° end to end), at laboratory temperature 20 ± 2 °C. 
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During mixing, the sample was modified in a suspended form. After extraction of 
the supernatant was solutions centrifuged at 3 000 rpm during 20 min. and then 
filtered to remove gross impurities. Obtained solutions were stored in 50 ml PP-
tubes at 4 °C and fixed. Extraction solutions were analysed in accredited 
laboratory EL, spol. s r.o, Spišská Nová Ves and they were determined by AAS 
method on extractable portions of As and Zn. 

The sampling was preceded by the initial study of maps and determination of 
sampling points. Stream sediments (3 kg wet weight) from the Ondava River 
(KY-01, 03) and Kyjov Brook (KY-05, KY-06, KY-08) were collected (JANKULÁR 

ET AL. 2009). Sediments and plants were collected around the impoundment; 
their availability is decisive (Fig. 1). Sampling of plants was carried out in 
identical sediment sampling points. Plants were cleaned from the substrate and 
leaf and root separated from the stems and both packed in PET bags. Then 
they were dried under laboratory conditions. 

The plant material was carefully washed in water and cleaned from soil 
particles. Absorbing (root) and nonabsorbing parts of plants (leaves, shoots) 
were separated. Plant material was dried at laboratory temperature 20 °C. 
Subsequently, the samples were analysed to the accredited laboratory EL, spol. 
s r.o. (Spišska Nová Ves). Dry samples were homogenized and 0.5 g dried 
material was spread in a solution of 5 ml HNO3 and 2 ml H2O2. Samples of the 
solution after extraction were stored in PP-tubes. The content of As and Zn was 
determined on the device Perkin-Elmer AAS, using HG-AAS. 

 

 
 

Fig. 1:  Schematic map of sediments and plants sampling in the study area (Source of 

map basis: Google Earth) 

 

RESULTS AND DISCUSSION 

Results of chemical analysis in this area indicate pollution with trace elements in 
stream and impoundment sediments that may pose a local environmental 
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hazard (HILLER ET AL. 2009). The total content ranged between 155 to 3208 
mg.kg

-1
 As and 33 to 3389 mg.kg

-1
 Zn. According to Law no. 188/2003 Z. z. 

Application of Sewage Sludge and Bottom Sediments in the soil, was observed 
significant excess of the limits for As (20 mg.kg

-1
) and in one sample for Zn 

(2500 mg.kg
-1

). The extraction experiments were used for samples of stream 
sediments from the Ondava river (KY-01, 03), Kyjov Brook (KY-05, KY-06, KY-
08) and samples directly from the impoundment (KY-S-1 to KY-S-8). 

 
Index of bioavailability (iBA) 

The focus of this study was the knowledge about the ability of contaminants 
from soils and sediments get into plants. The ability of sediments release 
bioavailable portion of As and Zn into the environment was calculated using the 
index of bioavailability, according to Rodriguez et al. (2003): 
 

100(%)
)(

)2()1(

totalAs

AsAs

As
C

CC
iBA  

CAs(1) and CAs(2) concentrations are the first and second fractions in the 
sequential extraction and CAs(total) represents the total concentration of arsenic in 
the examined medium. Both fractions representing water-soluble, ion 
exchangeable and carbonate fraction relevantly can help estimate the portion of 
acceptable arsenic to plants. This relationship was also applied to estimate the 
bioavailability of zinc.  

The most bioavailable arsenic was released in the sample KY-5, with the 
highest index of bioavailability 14.14% (Tab. 1). The portion of bioavailable zinc 
in the sample KY-S-2 amounted to 1814 mg.kg

-1
 with the index of bioavailability 

53.52%. This index shows that more than half of the total zinc content in 
sediment is probably able to release in a bioavailable form of the solution. The 
main part takes speciation next to bioavailable concentration. Moreover, the 
ability of plants to take these elements from soils and sediments may be 
significantly different (KABATA-PENDIAS 2000). 

 
Tab. 1:  Total content (in mg.kg

-1
), bioavailable portion (fraction 1 + fraction 2 from 

extraction in mg.kg
-1

) and iBA(%) of arsenic and zinc in selected samples from 
study area 

 
KY-01 KY-03 KY-05 KY-06 KY-08 KY-S-1 KY-S-2 KY-S-8 

Astotal 36.28 192.92 67.99 237.32 159.74 1762.75 611.38 3208.35 

As (fr.1+2) 1.24 11.43 9.62 17.54 10.78 115.57 37.12 86.99 

iBAAs (%) 3.43 5.93 14.14 7.39 6.75 6.56 6.70 2.71 

Zntotal 65.72 71.21 59.90 67.57 65.76 100.85 3389.67 992.48 

Zn (fr.1+2) 16.57 12.17 10.60 12.13 7.94 6.79 1814.41 113.91 

iBAZn (%) 25.21 17.8 17.70 17.96 12.80 6.73 53.52 11.48 

 

Bioaccumulation factor (BAF) 

The transfer characteristics of the element from the soil into plants can be used 
in practice bioaccumulation factor (bioaccumulation factor, BAF), which 
expresses the ratio between the concentration of the contaminant in the plant 
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and dried soil – BAF = cplant/cenvironment (concentration of the element in the plant 
dry mater (mg.kg

-1
), concentration in soil (mg.kg

-1
) or concentration in water 

(mg.l
-1

) (BROOKS & ROBINSON 1998). 

This relationship was applied to plant species that commonly occurs in the 
impoundment ecosystem, which mainly represent the species as cattail (Typha 
latifolia), reed (Phragmites australis) and hornwort (Ceratophyllum demersum). 
Chemical analysis of root organs Phragmites australis show a large degree of 
bioaccumulation  with maximum for arsenic 546.4 mg.kg

-1
 and zinc 519.1 

mg.kg
-1

 (listed in Tab. 2, 3). It is evident from the result of plant bioaccumulation 
factor of sample KY-R-6, that a plant significantly accumulate of zinc and stores 
it in the root system, where BAFZn reached to 13.7. BAF shows, how much 
concentration in the plant is higher than concentrations in the sediment, 
respectively represent the ratio between the trace element content into plant 
tissue and in the sediment sample. BAF greater than one indicates that the 
plant shows some ability to bioaccumulation of a trace element. In general, 
aboveground parts contain lower concentrations as the root system. In 
particular, arsenic in leaves occurred in relatively low concentrations. Similar 
results are recorded in the case of cattail. This could mean that the intake of 
arsenic is inactive and the plants show only tolerance to elevated levels of As in 
sediments. 

 
Tab. 2:  Bioaccumulation factor for As in selected plant species 

Plant species 
Plant 

sample 

As [mg.kg 
-1

] Sediment 
sample 

As BAFAs 

leaf root [mg.kg 
-1

] leaf root 

Phragmites 
australis 

KY-R-1 2.5 24.55 KY-S-1 1762.7 0.001 0.014 

KY-R-6 0.9 55.75 KY-S-6 766.0 0.001 0.073 

KY-R-7 3.8 546.36 KY-S-7 965.4 0.004 0.566 

Typha latifolia 

KY-R-2 0.97 62.63 KY-S-2 611.4 0.002 0.102 

KY-R-3 1.47 98.20 KY-S-3 1030.0 0.001 0.095 

KY-R-4 2.46 34.03 KY-S-4 155.4 0.016 0.219 

KY-R-6 3.61 198.14 KY-S-6 766.0 0.005 0.259 

KY-R-7 635.00 976.00 KY-S-7 965.4 0.658 1.011 

Ceratophyllum 
demersum 

KY-R-5 353.30 - KY-S-5 1553.0 0.227 - 

KY-R-8 2.2 - KY-S-8 3208.4 0.001 - 

 
Tab. 3: Bioaccumulation factor for Zn in selected plant species 

Plant species 
Plant 

sample 

Zn [mg.kg 
-1

] Sediment 
sample 

Zn BAFZn 

leaf root [mg.kg 
-1

] leaf root 

Phragmites 
australis 

KY-R-1 32.7 69.6 KY-S-1 101 0.324 0.690 

KY-R-6 21.5 519.1 KY-S-6 38 0.566 13.661 

KY-R-7 25.8 35.5 KY-S-7 53 0.487 0.670 

Typha latifolia 

KY-R-2 14.6 88.6 KY-S-2 3389 0.004 0.026 

KY-R-3 22.6 114.9 KY-S-3 138 0.164 0.833 

KY-R-4 24.4 122.1 KY-S-4 97 0.252 1.259 

KY-R-6 24.3 32.2 KY-S-6 38 0.639 0.847 

Ceratophyllum 
demersum 

KY-R- 5 573.8 - KY-S-5 33 17.388 - 

KY-R-8 14.4 - KY-S-8 992 0.015 - 
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The interesting result is the sample KY-R-7, where the reeds aboveground 
was extreme enriched on the 635 mg.kg

-1
 As. The highest amount of arsenic 

measured in the roots ranged up to 976 mg.kg
-1

. BAFAs calculated for arsenic 
equal to 1 is a maximum of all analyzed samples. Although the cattails shows 
high ability to accumulation, increased content of arsenic in its tissue is probably 
not the result of active accumulation process, but only due to the extreme 
concentration of this element in the sediment. This applies also to common 
reed. Some measured values of arsenic as compared to reference samples 
(Tab. 4) collected from uncontaminated sites (Chorvátske rameno, Veľký 
Draždiak, Bratislava) were up to 300-times higher than in cattail roots in the 
sample KY-R-7. The most substantial accumulation ability of zinc is shown in 
the hornwort (Ceratophyllum demersum). The aboveground parts accumulated 
to 574 mg.kg

-1
 Zn with BAFZn equal to 17.4. About this plant is known to be 

quite a significant hyperaccumulator (ROBINSON ET AL. 2006). 

 
Tab. 4:  As and Zn concentration in reference samples from uncontaminated sites 

Plant species 
As (mg.kg

-1
) Zn (mg.kg

-1
) 

leaf root leaf root 

Phragmites australis 0.28 11.48 12.9 46.1 

Typha latifolia 0.66 3.27 24.8 21.8 

 

The difference in the place of deposit of arsenic seems to suggest different 
mechanisms in a storage and transport of arsenic in plants. The results of 
ecotoxicological studies conducted on this site also indicate that some 
organisms are able of adaptation under extreme conditions and that have the 
increased bioaccumulation of some trace elements (MOLNÁROVÁ ET AL. 2006). In 
addition results from biosorption experiments indicate that biovolatilization and 
biosorption by microscopic filamentous fungi or bacteria have a potential for 
bioremediation of similar localities with high arsenic levels (ČERŇANSKÝ ET AL. 
2007, URÍK ET AL. 2007, VOJTKOVÁ ET AL. 2012). 

 

CONCLUSIONS 

Significant value of bioavailability of zinc was achieved in this site, with the 
resulting iBAZn equal to 54%, total content was more than 1814 mg.kg

-1
. Plants 

show in some cases extreme values of observed trace elements. Analysis of 
reeds (Phragmites australis) root organs showed high accumulation of Zn. 
BAFZn characterized as the ratio of cplant/csediment for Zn was reached to 13.7. It 
has been proven ability to hyperaccumulate hornwort (Ceratophyllum 
demersum), the plant showed the highest bioaccumulation factor of 17.4. Based 
on these results, it can be concluded that the impoundment in terms of impact 
on the environment is an important source of contamination and risk to the 
surrounding ecosystems. 
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SÚHRN 
 
Akumulácia a bioprístupnosť arzénu a zinku v prirodzene rastúcich 
rastlinách na odkalisku 

Štúdia je zameraná na kvantifikáciu bioakumulácie a bioprístupnosti vybraných 
kontaminantov (arzén, zinok) v prirodzene rastúcich rastlinách na popolovom 
odkalisku v blízkosti obce Poša a v alúviu potoka Kyjov a rieky Ondavy. 
Výsledky chemických analýz vzoriek pevných subtrátov (riečne sedimenty 
a odkaliskové materiály) poukazujú na ich zaťaženie arzénom a zinkom. 
Maximálne obsahy pre As a Zn boli pozorované v riečnych sedimentoch pod 
odkaliskom a obsahovali až 3208 mg.kg

-1
 As a 3390 mg.kg

-1
 Zn. Za účelom 

zistenia rastlinnej bioakumulácie a hodnotenia bioprístupnosti As a Zn, ktoré sú 
prístupné zo sedimentov, bol vypočítaný bioakumulačný koeficient a index 
bioprístupnosti. 

Index bioprístupnosti (iBA) a bioakumulačný faktor (BAF) predstavujú 
dôležité ukazovatele z hľadiska hodnotenia znečistenia územia a akumulačnej 
schopnosti rastlín. Na základe chemických analýz pevných vzoriek, výluhov 
extrakčných experimentov na odkaliskových sedimentoch a rastlín bol 
vypočítaný index bioprístupnosti (iBA) podľa metodiky RODRIGUEZ ET AL. (2003) 
a bioakumulačný faktor (BAF) podľa práce BROOKS & ROBINSON (1998). 
Najvyšší index bioprístupnosti bol vypočítaný pre zinok na odberovom mieste 
na odkalisku a dosahoval hodnotu až 54%, čo predstavovalo až 1814 mg.kg

-1 

jeho bioprístupnej formy z celkového obsahu 3389.67 mg.kg
-1

. Arzén dosahoval 
hodnotu s nižším iBAAs 14 %, avšak predstavuje významné riziko z dôvodu jeho 
potenciálne toxicity, ktorá prevyšuje toxicitu zinku. Štúdia potvrdila, že rastliny 
na tejto lokalite dokážu akumulovať značné množstvá sledovaných prvkov, čo 
reprezentujú zvýšené hodnoty iBA. Významná miera bioakumulácie As bola 
potvrdená pre rastlinný druh pálka širokolistá (Typha latifolia), pre ktorú hodnota 
BAFAs prestavovala 1,01. Analýzy koreňových orgánov trste obyčajnej 
(Phragmites australis) preukázali vysokú akumuláciu Zn, pričom BAFZn 
dosahoval až hodnotu 13,7. Preukázaná bola hyperakumulačná schopnosť 
rožkatca ponoreného (Ceratophyllum demersum), pričom rastlina dosiahla 
najvyšší BAFZn 17,38. Na základe uvedených výsledkov je možné 
predpokladať, že z hľadiska vplyvu na životné prostredie predstavuje odkalisko 
v Poši zdroj kontaminácie pre prirodzene rastúce rastliny v koryte Kyjovského 
potoka ako aj v samotnom priestore odkaliska. 
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