
Introduction

Drawa National Park (DNP), founded in 1990, is one of

23 national parks in Poland. It is situated in the southwest-

ern Poland in the Pomorze Lake District. The area of the

DNP is 11,019 ha, with forests covering 83% of it. The

DNP task protects endangered plants and animals, for exam-

ple the Turk's Cap Lily (Lilium martagon), Sandews

(Drosera), Wild Service Tree (Sorbus torminalis), White-

Tailed Eagle (Haliaeetus albicilla), European Beaver

(Castor fiber), and Lesser Spotted Eagle (Aquila pomarina). 

The DNP is situated in a catchment of the Drawa River.

With its side stream, Płociczna, the watercourse takes the

main part of the park. The spring of the Drawa River is in

Połczyn Zdrój Munticipality, which is situated within the

DNP. The whole length of the Drawa River is 186 km, and

in the end the river flows into the Noteć River. At 99 km of

the river length the closed section begins. Here is located

Drawa Military Training Ground (DMTG) for ground and

air forces. At 36,111 ha it is one of the largest and most

modern military traning facilities in Europe. Part of the

facility is situated inside DNP. DMTG runs alongside about

8 km of the river. 

The authors decided to measure the influence of DMTG

on the local environment through estimation of the content

of chosen heavy metals. The military zone is entirely closed

for civilians and unavaliable for environmental research,

which is why the authors used water plants, which have the

ability to accumulate these metals. Based on special plant

species that grow in the region, the climate (for example air

and soil temperature, light balance) or chemical (acidity or

calcium content) conditions can be estimated. The function

of the ability to accumulate heavy metals is more and more

commonly used to check the changes that result from envi-

ronmental pollution [1-3]. Albers et al. [4] found that the

concentrations of metals in aquatic plants can be more than
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100,000 times greater than in the associated water. Plants

that have a specific tolerant range to determinated ecologi-

cal factors best show effects that can be hard to detect by

people or equipment.

Materials and Methods

To achieve the purpose of the research, 2 water plant

species were used: Floating pondweed (Potamogeton
natans) and Common reed (Phragmites australis). Common

around the world, they were chosen because they were easy

to find and collect. Common reed is a widespread, dominant

plant species in many aquatic ecosystems. It forms dense

stands that are among the most productive ecosystems in

temperate areas [5]. It also has a wide ecological tolerance

range (it occures in reservoirs and on shores, peatbogs and

water-meadows). The root and rootstock are resistent to

water waving and regular inundation (even to 2 meters). The

main part of the plan is above the water surface. Floating

pondweed lives in stagnant and floating water as well.

Usually it occures at about 1-2 meters depth. 

Samples were collected in 2007 in 19 different places

situated along the Drawa River (11 places were located

before DMTG: 2 next to it and 6 below). 

After picking up by scoop, plants were washed, crum-

bled and packed in foil bags. As fast as possible plants were

spread on cuvets and dried at a normal temperature. After

this, dried plants were additionally crumbled and homoge-

nized. Finally, prepared materials were ready for mineral-

ization in a MARS-5 microwave. 

1,500 mg of material (with exactitude to 0.1 mg) was

put in special teflon containers. All samples flooded by 5

cm3 of concentrated nitrogenous acid 1:1 (Suprapur by

SIGMA). After mineralization, liquids were transferred to

clean the PP test-tubes (Falcon type). 

Metals concentrations in investigative solutions were

measured in the SpectrAA 220 FS apparatus by the Varian

Company.

The results were determined (calculation of average

values, standard deviations, significance of differences)

using Statgraphic 5.0 and GraphPad Prism 5.1.

Outcomes

Heavy metals are a group of 38 different metals. Their

specific weight ranges from 4.5 g/cm3 for Ti to 22.59 g/cm3

for Os. The proper growth and development of organisms

depends on consistent metals in the natural environment.

However, some of them are very toxic and can be accumu-

lated in plant tissues.

Contents of Cu, Ni, Cd, Pb and Zn were estimated.

Results are in Table 1.

Heavy metals content in plants is even 2-3 times higher

in samples collected next to and below the military area

than in ones collected before this zone. We saw essential

differences in Cu, Zn, Cd, and Pb content in samples col-

lected before and after DMTG. Only Ni content did not

affirm essential differences between these two areas.

Differences in heavy metals content between two types

of plants are visible on each part of the river. Floating

pondweed (submereged plant) acumlulated essentialy

fewer heavy metals than common reed (the main part of

this plant is above the water surface). For a region located

before DMTG the diffrences in amounth of Cu, Ni, Cd, Pb

and Zn between common reed and floating pondweed look

as follows 57.5; 45.7; 57.4; 61.3 and 28.0%. For the region

located close to the DMTG the differences in amount of Cu,

Ni, Cd, Pb and Zn come to 11.9, 31.7, 59.3, 35.2 and

35.6%, and for the region located below the DMTG 60.3,

57.3, 87.8, 62.1 and 50.08% (as in the previous order).

Discussion

Mazej et al. [6] maintain that the bioavailability of trace

elements for plants is dependent on many environmnetal

factors such as concentration of the elements in the envi-

ronment, exposure time or sampling period. As Duman et

al. [7] affirm, the mean amount of the elements on plants,

including heavy metals and their concentrations in water, is

sesonal. During our work in summer, the concentration of

these factors was precisely determined (Table 1).

The content of metals in samples collected next to and

below DMTG is significantly (p≤0.05) higher than those in

plants growing before it. Concentrations of heavy metals in

aquatic plants depend both on metal speciation and on the

species of plants absorbing the metals [8]. Aguatic macro-

phytes may accumulate considerable amounts of heavy met-

als in their tissues [7]. The results of Fritioff et al. [9, 10]

showed that the highest accumulation of heavy metals is

found in the roots. That is why authors decided to examine

these factors in leaves to balance the results. 

The results of other researchers [7] proved that in sum-

mer season the concentration of heavy metals in plant water

amounts to (in ppb) 26.72 ± 9.31 (Pb), 45.58 ± 6.8 (Cu),

59.41 ± 3.94 (Ni), 24.21 ± 21.32 (Zn) and 2.44 ± 0.44 for Cd.

Fritioff et al. [10] also remarked in their research that

time is a significant agent when plants were taken in August

from the eutrophic lake. This type of water is able to accu-

mulate the high quantity of Zn, Cu, Cd and Pb factors,

which authors admitted in water plants.

Polish scientists [11, 12] have announced lower values for

water plants – 3.0-5.0 (Cu), 0.1-1.2 (Ni), 0.05-0.2 (Cd) 2.0-

4.5 (Pb), 15.0-50.0 (Zn) and 0.9-5.1 (Cu), 1.2-6.2 (Ni), 1.0-

2.1 (Pb), and 19.8-24.7 (Zn). Similarly, the lower values of

heavy metals were noticed by Czarnowska et al., Kozanecka

et al., Wislocka et al. [13-15], except the content of Zn, for

which the results obtained by authors were slightly higher.

However, our results were much lower then values for

water plants given by Russian and Italian authors –

Gladyshev at al. [16, 17]: 4.5-7.9 ppm (Cu), 4.7-13.0 (Ni),

2.5-3.7 (Pb), 20.0-24.6 (Zn); Mikryakova et al. [18] – 3.4-

3.8 (Cu), 7.4-9.7 (Ni), 0.5-0.7 (Cd), 4.6-5.7 (Pb), 21.7-22.0

(Zn); Brekhovikikh et al. [19] – 2.2-3.4 (Cu), 2.6-4.3 (Ni),

0.1-0.2 (Cd), 2.2-4.5 (Pb), 11.5-30.4 (Zn), and Valitutto et

al. [20] 0.4-1.5 (Cu), 1.8-5.8 (Ni), 0.1-0.4 (Cd), 1.3-2.5

(Pb), 35.3-57.5 (Zn). 
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The analysis of water plants collected from places locat-

ed before, next to and below the DMTG show essential dif-

ferences of the heavy metals content between them.

Therefore, this area has a big influence on Drawa River

contamination by heavy metals. It affirmed overcrossing of

their content value only by Polish standards [11, 12].

Summary

Results confirm that aquatic plants can play an impor-

tant role as a transportation link for metals from the sed-

iments up into shoots [21]. Contamination of soils and

plants with heavy metals is a serious worldwide problem

both for human health and agriculture [22]. Aquatic plant

species are known to have great importance, forming a

substantial component of the primary production in many

aquatic ecosystems, especially in lakes [23].

Contamination of the environment cannot always esti-

mated by direct methods, so more and more often indirect

methods are used. A useful method of environmental pol-

lution estimation is using plants as bioindicators. It is

especially helpful for areas where there is no direct

access. That is why authors decided to use this method to

estimate environmental pollution by heavy metals in the

neighbourhood of the DTMG that is closed to civilians.

The outcomes showed that this military area has a sigini-

cant influence on heavy metal concentration in plants that

grow in that region.

Acknowledgements

The authors would like to thank to Prof. Z. Dobrzański

Ph.D., D.Sc. for helping in the field.

References

1. ISLAM EJAZ, YANG XIAO, HE ZHEN-LI, MAHMOOD

QAISAR. Assessing potential dietary toxicity of heavy met-

als in selected vegetables and food crops. Journal of

Zhejiang University Science B 8, (1), 1, 2007.

2. ALKA R. UPADHYAY B. D. TRIPATHI. Principle and

Process of Biofiltration of Cd, Cr, Co, Ni & Pb from

Tropical Opencast Coalmine Effluent. Water, Air and Soil

Pollution 180, 213, 2007.

3. BAKO S.P., FUNTUA I. I., IJACHI M. Heavy metal con-

tent of some savanna plant species in relation to air pollu-

tion. Water, Air, and Soil Pollution 161, 125, 2005.

4. ALBERS P.H., CAMARDESE M.B. Effects of acidification

on metal accumulation by aquatic plants and invertebrates.

1. Constructed wetlands. Environmental Toxicology and

Chemistry 12, 959, 1993.

5. LAING G.D., TACK F.M.G., VERLOO M.G. Performance

of selected destruction methods for the determination of

heavy metals in reed plants (Phragmites australis).

Analytica Chmica Acta 497, 191, 2003.

6. MAZEJ Z., MATEJA G. Trace element accumulation and

distribution in four aquatic macrophytes. Chemosphere 74,

642, 2009.

7. DUMAN F., OBALI O., DEMIREZEN D. Seasonal

changes of metal accumulation and distribution in shining

pondweed (Potamogeton lucens). Chemosphere 65, 2145,

2006.

8. SAMECKA-CYMERMAN A., KEMPERS A.J.

Bioaccumulation of heavy metals by aquatic macrophytes

around Wrocaw, Poland. Ecotoxicol. Environ. Saf. 35, 242,

1996.

9. FRITIOFF A., GREGER M. Aquatic and terrestrial plant

species with potential to remove heavy metals from

stormwater. International Journal of Phytoremediation 5,

211, 2003.

10. FRITIOFF A., GREGER M. Uptake and distribution of ZN,

Cu, Cd and Pb in an aquatic plant Potamogeon natans.
Chemosphere 63, 220, 2006.

The Content of Heavy Metals... 245

Common reed

(Phragmites australis)
Floating pondweed

(Potamogeton natans)

Cu Ni Cd Pb Zn Cu Ni Cd Pb Zn

military

training

ground

Before

Min 1.01 0.42 0.16 0.95 10.85 2.20 1.38 0.45 2.15 7.70

Max 3.30 1.04 0.31 1.49 38.77 5.63 1.90 0.62 3.32 63.19

Average 1.85 0.88 0.23 1.03 21.70 4.35 1.62 0.54 2.66 30.15

Next to

Min 5.08 1.33 0.50 2.48 76.65 5.75 1.90 0.85 3.50 63.96

Max 6.47 1.42 0.50 2.57 127.66 7.22 2.10 1.42 4.14 88.58

Average 5.77a 1.38 0.50a 2.52a 102.15a 6.55a 2.02 1.23a 3.89a 75.33a

Below

Min 3.60 1.19 0.44 2.12 45.24 7.43 2.39 1.85 4.43 93.65

Max 4.53 1.28 0.46 2.43 71.67 14.75 3.66 4.58 7.59 134.26

Average 4.05a 1.22 0.45a 2.30a 54.25a 10.20a 2.86 2.97a 6.07a 108.69a

Table 1. Content of heavy metals in water plants collected from places located before, next to and below the military training ground

(ppm).

a – p≤0.05



11. KABATA-PENDIAS A., PENDIAS H. Biogeochemistry of

trace elements. PWN, 1999.

12. CZUPRY-HORZELA H. Heavy metals in selected aquatic

plants of Wojnowskie Lake, Study of the Department of

Animal Hygiene and Ichtiology, Wrocław University of

Environmental and Life Sciences, 1999.

13. CZARNOWSKA K., MILEWSKA A. The content of Heavy

Metals in an Indicator Plant (Taraxacum Officinale) in

Warsaw. Polish J. Environmental Studies, 9, (2), 125, 2000.

14. KOZANECKA T., CHOJNICKI J., KWASOWSKI W.

Content of Heavy Metals in Plant from Pollution-Free

Regions. Polish J. Environmental Studies, 11, (4), 395,

2002.

15. WISLOCKA M., KRAWCZYK J., KLINK A., MORRI-

SON L. Bioaccumulation of Heavy Metals by Selected Plant

Species from Uranium Mining Dumps in the Sudety Mts.,

Poland. Polish J. Environmental Studies, 15, (5), 811, 2006. 

16. GLADYSHEV M. I., GRIBOVSKAYA I. V.,

MOSKVICHEVA A. V., MUCHKINA E. Y., CHUPROV S.

M. , IVANOVA E. A. Content of Metals in Compartments of

Ecosystem of a Siberian Pond. Arch. Environ. Contam.

Toxicol. 41, 157, 2001.

17. GLADYSHEV M. I., GRIBOVSKAYA I. V., IVANOVA E.

A.,MOSKVICHOVA A. V., MUCHKINA E. Y.,

CHUPROV. S. M. Metal Concentrations in the Ecosystem

and Around Recreational and Fish-Breeding Pond Bugach.

Water Resources, 28, (3), 288, 2001. Translated from

Vodnye Resursy, 28, (3), 320, 2001.

18. MIKRYAKOVA T. F. Accumulation of Heavy Metals by

Macrophytes at Different Levels of Pollution of Aquatic

Medium. Water Resources, 29, (2), 230, 2002. Translated

from Vodnye Resursy, 29, (2), 253, 2002.

19. BREKHOVSKIKH V. F., VOLKOVA Z. V., KIRPICH-

NIKOVA N. V., KOCHARYAN A. G., FEDOROVA L. P.

Peculiarities of Heavy Metals Accumulation in the Bottom

Sediments and Higher Aquatic Plants of the Ivan’kovo

Reservoir. Water Resources, 28, (4), 399, 2001. Translated

from Vodnye Resursy, 28, (4), 441, 2001.

20. VALITUTTO R.S., SELLA S. M., SILVA-FILHO E. V.,

PEREIRA R. G., MIEKELEY N. Accumulation of metals in

macrophytes from water reservoirs of a power supply plant,

Rio de Janeiro State, Brazil. Water, Air  and Soil Pollution

178, 89, 2006.

21. VARDANYAN L.G., INGOLE B.S. Studies on heavy metal

accumulation in aquatic macrophytes from Sevan (Armenia)

and Carambolim (India) lake systems. Marine Pollution and

Ecotoxicology 32, 208, 2006.

22. KOCHIAN L. V., PENCE N. S., LETHAM D. L. D.,

PINEROS M. A., MAGALHAES J. V., HOEKENGA O.

A., GARVIN D. F. Mechanisms of metal resistance in

plants: aluminum and heavy metals. Plant and Soil 247,

109, 2002.

23. EBRAHIMPOUR M., MUSHRIFAH I. Heavy metal con-

centrations (Cd, Cu and Pb) in five aquatic plant species in

Tasik Chini, Malaysia. Environmental Geology, 141, (1-3),

297, 2008.

246 Jastrzębska M., et al. 




