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Abstract. Accumulation of heavy metals by high plants of artificial canals of Desnyanskiy district in Kyiv was
considered. Cleansing ability of different types of submerged and air-water vegetation was compared. Types of plants
improving sanitary conditions of reservoirs in urban sites were determined.
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1. Introduction

Protection of water from pollution is one of the most
important and urgent problems nowadays.

Numerous scientific researchers showed the
existence of close relationship between vegetation of
higher aquatic plants, self-purification processes in
water bodies and formation of water quality [1, 2, 5].
Higher aquatic plants due to their morphological,
physiological and ecological characteristics are
observed to serve as a biological filter during
admission of various pollutants in reservoirs.

Water bodies located in urban areas are
experiencing significant anthropogenic impact due
to the operation of cities infrastructure.

The main factors that determine the degree of
urbanization of the reservoir is anthropogenic
changes of their morphometric characteristics, loss
of natural vegetation of catchment areas and its
pollution, changes in the hydrological regime,
anthropogenic transformation of coast (concreting,
dam construction), anthropogenic eutrophication,
recreational activity, pollution with rainwater.

During construction of residential area
Troeshchyna (Desniansky district, Kyiv) a system of
interconnected flowing drainage canals was set up
along Zakrevskogo street.

The upper canal is located on the edge of the
residential area, it has steep sandy banks up to 5 m,
filled up during construction.

Banks are surrounded by floodplain forest, the
top is waterlogged.

The lower reservoir of the system is in 3 km from
the upper canal and is the penultimate in this system
of reservoirs.

In its planning among alluvial sandy massif the
bed was dug and banks are handled with concrete
slabs (see Figure).

Researched reservoirs are contaminated by
surface-slope runoff coming from the wurban
catchment area.

Wastewater from industrial and construction
sites, as well as surface - slope runoff from urban
area and roads bring significant number of pollutants
and suspended particles.

2. Analysis of publications

Because of water bodies’ pollution condition of
higher aquatic vegetation has been researched by
several authors [1, 3, 5].

Content of Heavy Metals (HM) and features of
their accumulation by macrophytes of the most
common species in the coastal zone of reservoirs
have been established.
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Canals of residential area Troeshchyna (Desniansky district, Kyiv):
I —Top Cannel,
2 — Bottom Canal

Also the cleaning ability of tbeen dhese plants
has etermined.

Kyiv reservoirs are not investigated enough,
while at the same time the pollution situation on
urban areas tends to change rapidly.

The purpose of work was to investigate the
dynamics of accumulation of HM — Cu, Pb, Cd, Zn
in higher aquatic plants and determine their role in
purification processes of artificial water bodies from
heavy metals in urban areas.

3. Materials and Methods

Atomic absorption spectrometry method was used
for determination of heavy metals in higher aquatic
plants. Sampling took place in two stages: first — in
May 2012, second — in August 2012.

The following types of higher aquatic vegetation
were selected from the Upper and Lower Canals:

— Phragmites australis (Cav.) Trin. Ex Steud.;

— Glyceria maxima (C.Hartm.) Holmb.;

— Tpha latif Tia L.;

— Potamogeton crispus L.;

— Hydrocharis morsus-ranae L.;

— Myriophyllum spicatum (L.);

— Lemna minor L.;

— Ceratophyllum demersum L.;

— filamentous algae.

Samples of air-aquatic vegetation were taken in
different parts (root, stem, leaves, buds), while
completely submerged vegetation used totally.

For the heavy metals analysis the plants were
dried to constant weight, and then 2 g of each
sample were incinerated in an oven (automated
sample preparation "Temos — Express" TE — 1)
according to the methodology [4].

Extraction of mobile forms of heavy metals was
carried by nitric acid.

The mixture was filtered through a filter, “The
White Ribbon”.

Determination of heavy metals was performed on
atomic absorption spectrophotometer C-115-M1.

Statistical analysis of the results was conducted
by conventional methods.

4. Results and Discussion

The data showed that in all organs of Reed
(Phragmites australis (Cav.) Trin. Ex Steud.) there is
the biggest amount of zinc among other studied
metals (Table 1).

In the lower part of this plant, in comparison with
other organs, in larger quantities are accumulated
copper and lead, in the leaves and inflorescence — zinc.

Cadmium is not found in any part.
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Table 1. Content of heavy metals in different parts of Phragmites australis on Lower Canal, mg / Kg 4 mass

Cu Pb Cd Zn
Part of plant - - - -
Sping | Summer | Sping Summer Sping | Summer | Sping | Summer
. 0.32 1.08 0.75 1.93 8.82

Middle part of the stem | 0.00 40,01 1002 | 2001 0.00 0.00 4002 | x0.02
0.46 2.52 1.66 3.59 2.96 11.23

Lowerpartofithestem | o1 | So00 | 2002 | 20.02 0.0 10.00 +0.02 | £0.10
0.14 0.04 1.12 0.89 7.06 18.48

Leaves £001 |001+ |[£0.02 |=2001 0.00 1 0.00 £0.02 | %0.10
0.72 1.56 17.96

Inflorescence - +0.01 - 10.02 - 0.00 - 40.10

Heavy metals accumulation in Reed is more intense
in summer than in spring,.

So Reed is able to accumulate HM in significant
quantities, excluding them from the substrate, thereby
delaying their entry into groundwater.

The data showed that submerged aquatic vegetation
mostly accumulates heavy metals in summer (Table 2).

In particular, copper and lead are mainly
accumulated by small duckweed, zinc and cadmium
— by Potamogeton curly.

The results of heavy metals content in higher
water plants on the Upper Canal are presented in
Tables 3-6.

The data showed that Glyceria maxima on the
Upper Canal mainly accumulates zinc in the roots
and lower part, the smallest amount of it is in the
leaves (Table 3).

The content of copper, lead and cadmium is
negligible compared to zinc.

In roots of the reeds and in its bottom part the
content of lead is dominating (Table 4).

There is more zinc in upper part of the plant.

Copper content is found in small amounts in the
roots and lower part.

There is a very small quantity of cadmium.

It should be noted that in T[pha latifllia zinc,
copper, lead and cadmium are accumulated mainly
by the roots (Table 5).

According to the research (Table 6) was

determined, that Lemna minor L. accumulates
mostly zinc, Potamogeton crispus L. — copper,
filamentous algae — lead and cadmium.

Ceratophyllum demersum L. accumulates small
amounts of copper, zinc and lead.

Analysis of references concerning the content of
heavy metals in higher water plants of fresh water
reservoirs showed that the investigated water bodies
are average contaminated medium, in comparison
with Zaporizhskyi reservoir that is more polluted
and Danube Delta, which is less affected (Table 7)
[3,5].

Table 2. Comparative characteristics of heavy metals in different types of submerged hydrophytes
on the Lower Canal, mg / Kg gry mass

Type of plant Cu Pb Cd Zn
Sping Summer | Sping Summer | Sping Summer | Sping Summer
. 3,13 5,12 1,00 1,20 18,85 19,50
Filamentous algae 002|002 |+002 |00 | %00 0,00 +020 | +0,20
Pot. fon cri 2,85 10,33 5,00 8,15 0.00 1,37 31,26 64,15
otamogeton crspus | 4002 | 40,10 | +0,04 | +0,08 : +0,02 | 0,10 | 0,10
Hydrocharis morsus- 9,08 12,17 5,35 10,02 0.00 0,71 1,72 43,07
ranae +0,09 +0,10 +0,05 +0,01 ’ +0,01 +0,02 +0,10
Myriophyllum 1,74 3 4,36 3 19,63 3
spicatum +0,02 +0,03 0,00 0,00 +0,10
. 16,92 11,53 0,18 21,69
Lemna minor £0.10 - £0.10 - £0,01 0,00 £0.20 -
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Table 3. Content of heavy metals in Glyceria maxima in spring on the Upper Canal, mg / kg4, mass

Parts of plant Cu Pb Cd Zn
Upper part of the stem 1,19+£0,02 0,92+0,01 0,20+0,01 11,10+0,10
Roots 2,80+0,02 3,50+0,02 0,22+0,02 14,52+0,10
Lower part of the stem 0,49+0,01 0,95+0,01 0,00 12,40+0,10
Leaves 0,32+0,01 0,24+0,01 0,09+0,01 3,89+0,02

Table 4. Content of heavy metals in different parts of Phragmites australis on Lower Canal, mg / Kg4, yass

Cu Pb Cd Zn
Part of plant - - - -
Sping Summer Sping Summer Sping Summer Sping Summer

Leaves 0,43 0,37 1,99 1,26 0,09 0.00 9,76 3,72
+0,01 +0,01 +0,02 +0,01 +0,01 ’ +0,09 +0,03
Upper part of the stem 2,74 1,02 5,88 7,04 0,19 0,01 18,95 19,12
pperp +0,02 +0,01 +0,05 +0,07 +0,01 £0,001 | +0,10 +0,10
1,24 3,02 32,76 21,03 12,32 12,89
Lower part of the stem +0.01 10,03 10,30 £020 0,00 0,00 £0.10 £0.10
2,32 5,38 34,12 23,09 14,93 17,09
Roots 002 | +005 [+030 [x020 [®00 [%00 f.gh0 |00

Table 5. Content of heavy metals in different parts of 7Cpha latifllia on the Upper Canal, mg / kg4, mass

Cu Pb Cd Zn
Part of plant - - ; -
Sping summer Sping summer Sping summer Sping summer

. 0,69 0,21 0,50 1,31 0,16 8,61 0,29
Middle part of the stem 0,01 0,01 0,01 £0,01 +0,01 0,00 +0.08 +0,01

0,35 2,38 0,31 0,74 0,17 6,52 7,43
Lowerpartofthestem | 64, | 000 [s001 [2001 [2001 | ®% +0,06 | £0,07

0,39 0,33 0,42 2,78 3,07
Upper part of the stem 0,00 +0,01 +0,01 +0,01 0,00 0,00 £0,02 10,03

L 0,26 0,56 0,93 0,56 0,11 0.00 2,89 3,58
caves +0,02 +0,01 £0,01 +0,01 +0,01 ? +0,02 +0,03
Roots 2391 31,06 1,82 2,85 0,37 0.00 25,20 32,00
+0,20 +0,30 +0,01 +0,02 +0,01 ’ +0,20 +0,30

Table 6. Comparison of HM content in different types of submerged hydrophytes on the Upper Canal, mg / kg4, mass

Cu Pb Cd Zn
Type of plant - - - ;
Sping Summer Sping Summer Sping Summer Sping Summer

Pot y . 0,94 0,28 3,34 0,62 0.00 0,49 11,06 5,62
otamogeton crispus £0,01 +0,01 +0,03 +0,01 > +0,01 +0,10 +0,05

Ceratophyllum 0,61 0,12 2,33 0,91 0,17 0.00 18,42 5,31
demersum +0,01 +0,01 +0,02 0,01+ +0,01 ’ +0,10 +0,05
Lemna trisulca 1,72 0,23 0,78 3,69 0,20 0,39 16,63 20,36
' +0,01 +0,01 +0,01 +0,03 +0,01 +0,01 +0,10 +0,20
Filamentous algae 0,00 — i’()ZE(g)S — ?_506?)1 — i?)’??) —
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Table 7. Heavy metals content in higher aquatic plants of fresh water bodies according
to different authors, mg / kg, mass

Type of plant Cu Zn Pb Cd Authors
Zaporizhskyi reservoir
Phragmites australis 6,10 40,00 1,30 0.08 O. Fedonenko
Potamogeton crispus 11,00 114,00 3,00 1.00 [5],
Jp—, 7,00 51,00 1,80 0.12 E. Filippova[5],
TTpha latifUia T. Sharamok [ 5]
Danube Delta
Phragmites australis 0,36 0,67 0,54 - N. Smirnova [3]
T pha latif lia 0,83 0,86 0,87 —
Potamogeton crispus 13,60 69,8 16,00 —
Glyceria maxima 0,34 0,44 0,50 -
5. Conclusions References

Our results indicate that higher aquatic vegetation of
investigated water bodies accumulates HM.

Less contaminated vegetation of Upper Canal
than the lower. Submerged plants in comparison
with air-water accumulate HM better, due to the
wide ramified surface contact with water, which
contains minerals that are absorbed by plants.

There are the following types of higher aquatic
plants that have the greatest accumulating ability:
Lemna trisulca L., Potamogeton crispus L. and
Hydrocharis morsus-ranae L.

They are characterized by high concentration
capacity in relation to zinc, copper and lead,
resistance to pollutants and prevalence in different
parts of the canal.

This allows to recommend application of
mentioned species for water purification and
improving sanitation and environmental conditions
of water bodies.
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POCJMHHICTIO MITYYHHAX BOJ0ITM
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JlocmiKEHO aKyMYJDINIF0 BAXKKHX METAB BUIIOK BOISHOK POCIHMHHICTIO INTYYHHX KaHamB Kuepa. [Tokazano, mo
34HYPCHA POCIHMHHICTh MOPIBHSAHO 3 MOBITPSHO-BOAIHOIO OLIBIIOI0 MIPOI0 HAKOIHYY € BAYKKI METAJTH, IO 0OYMOBIICHO
OIAPOKOKD PO3TANY’KCHOK TOBEPXHCKD ii KOHTAKTY 3 BOJOK), KA MICTHTh MIKPOCICMCHTH, INO NOTJIMHAKOTHCA
pocimHaMu. PO3risiHyTO BHIM BHINOI BOAAHOI POCIMHHOCTI, AKI MArOTh HAHOLIBINY aKyMYJIOIOUY 3AaTHICTH (Lemna
trisulca L., Potamogeton crispus L., Hydrocharis morsus-ranae L.) Ta XapaKkTCPH3YIOTHCS BHCOKOK) KOHICHTPAITIHHOKO
3JATHICTIO BIAHOCHO 0 IUHKY, MiJl Ta CBUHIWO, CTIHKICTIO IO MOMIOTAHTIB, 4 TAKOK MOIIUPEHICTIO HA PI3HUX JULTHKAX
KaHAJIIB. 3anmpONOHOBAHO BUKOPHCTAHHS 3a3HAYCHUX BUIIB POCIHMH JUI1 OUMIICHHS BOAM TA TOJIIINCHHS CAHITAPHO-
€KOJIOTIYHOTO CTaHY BOJOHM.

Kumro4oBi ci1oBa: BAXKKI MCTATH; BHUINI BOASHA POCIHHHICTD; KAAMIH; MiTb; CBHHCIb; IIHHK; ITYYHI BOIOWMH.
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T. A. buwik', O.B. Inno?, T.A. Kapnopa®, E.B. Uymanosa'. Hakonjenne TskeJbIX METALIOB BhICHIEH

BOJHOH PACTUTEILHOCTHIO HCKYCCTBEHHBIX BOJI0EMOB

1:2.4 HaroHaTsHEIHM ABHAIOHHEIM YHUBEpCHTeT, mpoc. KocMonasta KoMaposa, 1, Kues, Yxparma, 03680

3 IHCTHTYT rHApOGHoNIory HalmoHanbHOM akaleMAN HayK Y KpauHEL, poctl. 1 epoeB CtammHrpaja, 12, Kues, Ykpauna, 04210

E-mails: 'larus_2010@ukr.net;” olyashilo@meta.ua;® galakarpova@yahoo.com;* lena_chumanova@mail.ru
HccnenoBana akkyMyJBILHS TAKEIBIX METAIIOB BBICIICH BOJHOW PAaCTUTEIBLHOCTHIO MCKYCCTBEHHBIX KaHAIoB Kuesa.
[MoxazaHo, YTO MOTPY’KCHHAS PACTHTCIFHOCTh B CPABHCHHH C BO3AYIOTHO-BOZHOH B OOJNBIICH MEpPE HAKAILTHBACT
TSDKETIBIC METAJUIBI, YTO OOYCJIOBICHO MIMPOKOH PAa3BETBICHHOW ITOBEPXHOCTHIO €€ KOHTAKTA C BOJOH, COACp KameH
MHKPOJJIEMEHTBI, KOTOPBIC MOTJIOLIAKOTCS PACTCHUAMH. PacCMOTpEHbI BHIABI BBICIICH BOJHOW PACTUTEIBHOCTH,
KOTOPBIC HMCIOT HAHOOJBINYF) AKKYMYJIMHOHHYIO CHOCOOHOCTH (Lemna trisulca L., Potamogeton crispus L.,
Hydrocharis morsus-ranae L.) u XapaKTCpU3YIOTCA BHICOKOW KOHICHTPAIHOHHOH CIIOCOOHOCTHIO MO OTHOIICHHIO K
LIUHKY, MEIH M CBUHIY, CTOHKOCTBIO K MOJIOTAHTAM, 4 TAK:KE PAaCHPOCTPAHCHHOCTBHEO HA Pa3HBIX YYACTKax KAHAJA.
IlpeanoskeHO HCMONB30BAHUE TMEPEUUCICHHBIX BHIOB PACTCHHUHM A1 OUMILCHHUS BOAbI M YJIYYIICHUS CAHUTAPHO-
IKOJIOTHYECKOTO COCTOAHUA BOOOEMOB.
KmoueBnie ¢10Ba: BBICIIAS BOJHAS PACTHTCIBHOCTH; MCKYCCTBCHHBIC BOAOEMBI, KAOMIil, MCOb; CBHHCI, TSDKCIIBIC
METAJLIBL; UHK.
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