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Abstract. Soil contamination with heavy metals is a releamblem worldwide to which no universal solutioash
been found. Phytoremediation is a new and prosgetgchnology for cleaning soils of low contamipatrate using
plants. To clean heavy metals off soil, this wods lthosen the red cloveksimaiciai grown under laboratorgondi-
tions After Cu application on soil it was noticed thateafsix months the content of Cu in soil had beeaetold
lower than at the beginning of the experiment. A#eil application with Mn it was determined thhe#rimaiciai
had absorbed 30 % of it from soil after six montWhen Ni concentration in soil reached 75 mg/kgats noticed
that after six months th&rimaiciai had absorbed 32 % of Ni from soil. It was alscedmined that the red clovers
had adsorbed up to 31 % of Cr from soil during #w®e period. After permanent application of Zn oihthe plant
absorbed 17 % of zinc from soil during the six-nfioperiod. When Pb concentration in soil reached mgikg it
was noticed that after six months the plants haddded 23 % of Pb from soil.

Keywords: the red cloverérimaiciai, heavy metals, phytoremediation, soil contamimatio

1. Introduction nutritional chains of eco-systems, which predetaeman
increasing level of mutability in natural populat#o of

Soil is contaminated with heavy metals in any partanimals. 75 % of chemicals accessing the envirohinen
of the world (Jankadt2009). Heavy metals have a nega-large amounts have been undervalued (Idetkd 2008).
tive effect on different parts of the environmeatmos- A number of different pollutants from industry ac-
phere, underground water and soil (Jankausketital  cess the environment and at the same time soiirtdaas
2007). Soll, being the most important environmefiti@dr ~ wastes which are frequently handled inappropriately
and detoxicator, is the main accumulator of emissend hazardous chemicals which, upon accessing the air,
wastes from industrial enterprises, vehicles, afftice  sooner or later settle on the ground, or leak autnd
and utilities which are toxic for human health {8fs  various accidents, heavy metals (Cd, Pb, Cr, CuHin
and Rimselis 2000). Ar) which are emitted with atmospheric pollutanis,

Recently, the issue of contamination with heavyparticular from thermal power plants, incineratiplants
metals has been widely addressed as upon the sscoda of waste from metal and chemical industry entegsis
their concentration in soil, the facts of populatiotoxi-  Fertilisers and various plant protection producisefl to
cation and even death were determined. Many calses kill insects, weeds, rodents, etc.) contain a numidfe
intoxication caused by environment pollution with, 2Zd  different substances (heavy metals, nonylphenolremd
and Hg were established. Soil is mostly contamahée  ylphenoethoxylate, chlorpyriphos, tin organic com-
industrial and energy enterprises, vehicles antliers  pounds, trifluralin, endosulphaetc), which are highly
used in agriculture. Contaminants enter soil withcpi-  durable and do not degrade but accumulate in@jgn-
tation, dust from industrial enterprises, vehickhaust isms, plants and water bodies. In addition, plamotge-
emissions, etc. The most important of them arerdcga tion products not only protect crop and vegetablatsat
and mineral (sulphuric, hydrochloric and nitric)ids;  the same time have an effect on other plants ahd ki
heavy metals, organic pesticides, oil productspaadive  many useful organisms (ChernditarSa 2008). Transport
isotopes and detergents (Béaftaset al 2003). of heavy metals from soil to plants covers chemical

Technogenic pollution of the natural eco-systemgphysical and biological processes (such as diffysaml-
causes many problems and its effects are diffioultvalu-  sorption, absorption, plant growth, transpiratiqgreexd)
ate. One of such problems is the emergence of conaso ccurring in soil, rhizosphere and the plant itsg@fl-
with a toxic effect (heavy metals, pesticidet;) in the trénaitt and Butkus 2007).
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The currently available data produce sufficient- evi
dence to the negative effect of contaminated soplants,
animals and humans. This effect is transferrednvii-
tional chains. The majority of heavy metals, Hg, Gl
Cr, Cu, Co and others, have at least several dnaevof
negative effects on health: cancerogenic, mutagésra-
togenic or neurotoxic. A particularly harmful foedith is
the effect of their synergy (TaraSké&uiset al 1999).

When assessing the level of soil contaminatios it i
very important to identify the background amounfs o
micro elements which accumulated as a result afraht
geochemical processes, under the influence of flob
regional and integrated local transport of techmige
elements (Baltmaset al. 2009).

Cleaning of contaminated soil through the employtme
of plants (phytoremediation) is a quite new metkdich
was extensively investigated in the US. Certairetias of
plants are naturally adapted to survive in soilthviiigh
concentrations of heavy metals. Most plants caorbljsart
of metals with their roots, while in some plantashemetals
from roots can access leaves where metals aredclose
plant cells. During the transport of heavy metaaf soil to
roots and the plant metals are combined by proteits
organic acids and consequently metal in plant beltomes
non-toxic (Speitel and Closmann 1991).

n

pratenselL.) to sorb heavy metals (Cu, Cr, Zn, Pb, Mn
and Ni) from soil at different concentrations thare

2. Methods of the work

Red clover (rifolium pratensd..) is a conventional
perennial fodder grass which is the most widelyeagdr
one in arable land.

This variety of grass vegetation was selected due t
the fact that these plants do not require carefanolur-
able growth conditions. Red cloverErifolium pratense

aL.), both early and late maturing ones, have bezaasl

all over Lithuania.

Clean soil is used for growing control plants. Seed
are sown in both clean soil and soil which is pdigally
contaminated with heavy metals. The periodically-co
taminated soil means such soil which is continuatp-
taminated with a solution of heavy metals by usinig
maintain humidity.

The main indicator for assessing soil contamination
with heavy metals is the maximum permissible concen
tration (MPC) in soil. Table 1 shows the selectedaen-
trations of heavy metals which are close to theimam
permissible concentration in soil.

Successful phytoremediation can be guaranteeglapie 1. Heavy metal concentration in soil

when these naturally selected and adapted plagtecar-
nomically useful (Jankaitand Vasarevius 2007 a). Ef-
fectiveness depends on three factors: degree btmoi
tamination with heavy metals; degree of bio-sultgbof
metals (chemical and physical aspects); and capatit
plants to accumulate heavy metals in their sprouts.

Soils heavily contaminated with heavy metals can b
planted with plants resistant to heavy metals; h@awe
the possibilities of their decontamination are tediby a
low biomass production and therefore soil decontami
tion will not be achieved in due time, i.e. in 1@ays
(Jankait and Vasarevius 2007 b).

In Belgium scientists carried out a project by gppl
ing phytoremediation in order to clean heavy metdis
soil. Heavy metals will access rape, corn and wheae
intensely if the bio-acceptability of heavy met#sin-
creased by adding bio-degrading physical-chemiddl-a
tives and stimulating the capacity of micro biolkdi

Mn Zn Cr Ni Cu Pb
mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg
Medium

650 ‘ 150 | 60 ‘ 50 ‘ 45 | 70
High contamination with heavy metals
€ 1200 ‘ 300 | 100 ‘ 75 ‘ 90 | 100

For the plant to grow and all physiological proesss
necessary for its growth to take place the plartdeehu-
midity and therefore the red cloverErifolium pratense
L.) concerned are watered every three days. Theloed
vers are grown in soil which is continuously contam
nated with a 100 ml mixture of heavy metals. A tenap
ture of 22— 24°C is maintained, while lighting is natural
which changes according to the time of the day.abon
of the experiment is six months.

Plants in control soil and in soil of medium contam

communities to absorb heavy metals inside and aoumation are growing equally without any significaiffer-

the plant (Van Ginnekeet al. 2007).

ence noticed between them. In heavily contaminated

ing properties and phytoremediation, therefore, ban

looked upon as one of the best methods for cleaning

heavy metals from soil. The most appropriate metiood
soil cleaning and remediation is selected by taldog
count of locality’s characteristics, materials, centra-

tions and the amounts of pollutants which can be re

moved and by envisaging further possible applicatb
the contaminated medium (Jankaiand Vasarevius
2005). The shortcoming of phytoremediation lieshe
fact that plants absorb heavy metals only fromtdipsoil.

The aim of research is to evaluate, by carrying out

laboratory experiments, the growth and capacitgraks
vegetation, i.e. the red clover&rimaiciai (Trifolium

Fig 1. Growing the redclovers Arimaiciai in soil with
high (a) and medium (b) concentrations of heaviaiae
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After each of two-, four- and six-month period of
contamination with heavy metals the red clovéns
maiciai are pulled up and analysed. Prior to being ans
lysed the plants are washed. 0.5 g of the plantsnms
taken as a sample. Solution preparation: a fladklésl
with 10 ml of concentrated HNGand 2 ml of HO, 30 %
which are mineralised in a mineralisator for 30 uhés.

Mineralisation completed, the solution is pouret in
a measuring flask and diluted with up to 50 ml ef d
ionised water. A calibration curve is formed on Hasis g
of the solution with known concentrations and tla-c
centration of metals in a sample is measured (Mjika¢
and Jasulaityt2010). Fig 3. Ability of red cloversArimaiciai to sorb Cu from

Concentrations of heavy metals are measured with  soil and Cu concentration remaining in soil
an atomic absorption spectrometer.

mmm Concentration insoil aftercleaning, mg/kg
s Concentration inred clovers, mg/kg

== Concentration in contammated sol mg/kg

40 34

Concentration, mg/kg
w
(=)

AfterII month AfterIV month AfterVI month

As Figure 3 shows, Cu concentration in soil de@gas
quite insignificantly. Cu concentration in soil efttwo
months was 34 mg/kg, after four months — 23 mghd a

Soil can be contaminated with heavy metals due to &fter Six months decreased from 45 mg/kg to 15 gg/k

number of reasons. The main pollutants of soil eme . When soil was continuously cgnta_mmated with
ergy, transport and the chemical industry. Heavyaine higher concentratllon.f,v_of Cu the germination Capa‘“’?t
contaminated soil poses a threat to ground waters. the red cloversArimaiciai was very poor and, sorption
Grass vegetation is analysed every two months. Th&as not good. After two months the plants _con_tflli:ied
average of the obtained experimental results iadoand g/kg and after six months — 25. mg/kg. Thamaiciai
experiments are repeated three times. The obtai@ed sorbed up to 28 % of Cu from soil (Fig 4).
sults are presented within 5 % error limits.
Initially, the concentration of heavy metals (ZnhM === Concentration in soil after cleaning, mglkg
Cr, Ni, Cu and Pb) in control soil is determinedb(E). m== Concentration in red clovers, mg/kg

- Concentration in contaminated soil, mg/kg

3. Research results

[y
o
o

30 80

| % 5 60 49
37
40 4 31 25
T 18 1 15
After Il month After IV month After VI month
g 9
Fig 4. Ability of red cloversArimaiciai to sorb Cu from
soil and Cu concentration remaining in soil
0 |
Mn Zn Cr Ni

1
o - Cu concentration in soil decreased as the initial C
concentration in soil was 90 mg/kg. After two manu
concentration was 49 mg/kg, after four months — 37
mg/kg and after six months — 31 mg/kg (Fig 4). A&
The largest content of Mn, 25 mg/kg, and the lowesf?oNths theArimaiciai sorbed up to 25 mg/kg of CU;J Al-
amount of Cu, 1 mg/kg, was established in uncontamllj‘er two months the content 9f Cu in SQ'I was by .46
nated soil. ower compared to the initiation contaminationeaf$ix
onths the content of Cu in soil decreased by wpearl

To some extent Cu is useful for plants and animal ; L ! -
as a micro element, but high concentrations thedesf three times ComPare‘?' to the initial So'l, contamorat
Mn content in soil depends on soil pH, the amodint o

stroy cells. Cu is necessary for vital functionsoofan- . e s . .
y y organic matter, humidity and soil aeration. Thealsat Mn

isms. Plants absorb it from soil, while humans and . o .
mals receive it with food (Balzyet al 2005). found is soil is soluble and has a mobile form Hatefore

The determined concentration of Cu when soil waét_ 'S easily absor_bed by plant roots (Jarikaind Vasafe'
steadily contaminated with it is equal to 45 mg/kKbese viclus 2007). Mn is an |nd|spensable_: element for pia-
results are presented in Figure 3. tion. E\_/en though the amount of th|§ element necgdsr

As Figure 3 shows, after 2 months the red clover/ants is by hundred or thousand times lesser thamnof
sorbed 4 mg/kg of Cu, after four months — 12 mgikd nitrogen or other elements, unfortunately, no tirvall be
after six months — 23 mg/kg. Thimaiciai sorbed the V€' produced .W't.hOUt it. However, itis difficédr plan.ts N
largest amount of Cu after six months. assimilate Mn in light soils on which large amounitdime

are applied or those after liming (Petrauskas 2006)

(=]
w

(=]
=]

Concentration, mg/kg

o

—_
=]

Concentration of heavy metals,
mg/kg
—
wn n

Fig 2. Heavy metals concentrations in control soil
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When soil was continuously contaminated with Mn

its concentration in soil amounted to 650 mg/kgwéts
noticed that plants had shown good Mn sorbtionitghil
After two months thé\rimaiciai sorbed 191 mg/kg, after
four months — 226 mg/kg, after six months — 347kmg/
Mn concentration in soil decreased significantl{p-499

As Fig 7 shows, after two months the clovers sorbed
8 mg/kg at the initial Ni concentration of 50 mg/l&fter
four months théArimaiciai contained 13 mg/kg and after
six months — 18 mg/kg of Ni. Change over a six-rhont
period is insignificant compared to the initial dncen-
tration. After six months thérimaiciai sorbed up to 36

mg/kg after two months, 382 mg/kg after four months% of Ni compared to the initial contamination. Aftevo

and 268 mg/kg after six months (Fig 5).

mmm Concentration in soil after cleaning, mg/kg
mmm Concentration in red clovers, mg/kg
= Concentration in contaminated soil, mg/kg

700
600
500 -
400 -
300 -
200 -
100 -

499

Concentration, mg/kg

After Il month After IV month After VI month

Fig 5. Ability of red cloversArimaiciai to sorb Mn from
soil and Mn concentration remaining in soil

Mn concentration in soil fell by 1.9 times compared

to Mn concentration in soil after two months.
The Arimaiciai were also contaminated with high
concentration of Mn — 1 200 mg/kg (Fig 6). The obat

months soil contained 41 mg/kg, after four month38—
mg/kg, after six months — 31 mg/kg of Ni, when thie
tial Ni concentration was 50 mg/kg (Fig 7).

== Conentration in red clovers, mg/kg
mmm Concentration in soil after cleaning, mg/kg

== Concentration in contaminated soil, mg/kg

60
50
40
30
20
10

41

Concentration, mg/kg

After Il month After IV month

After VI month

Fig 7. Ability of red cloversArimaiciai to sorb Ni from
soil and Ni concentration remaining in soil

Ni concentration in soil changed insignificantly as
the Arimaiciai show poor Ni sorbtion capacity. After two

vers showed the best Mn sorbtion capacity after sixnonths the content of Ni in soil was by 18 % lowem-

months of growth, i.e. up to 30 % against the ahition-
centration.

=== Concentration in red clovers, mg/kg
mmm Concentration in soil after cleaning, mg/kg

Concentration in contaminated soil, mg/kg

1400
1200
1000
800
600
400
200

867

704

355

149

Concentration, mg/kg

o
i

After Il month After IV month After VI month

Fig 6. Ability of red cloversArimaiciai to sorb Mn from
soil and Mn concentration remaining in soil

As it was noticed, when soil is contaminated with a

conditionally high concentration of Mn, more Mn raim
in soil and the red clovers sorb Mn poorly. Aftevot
months the red clovers contained 149 mg/kg and-soil
867 mg/kg of Mn. After six months Mn concentration
cloves was 355 mg/kg, in soil — 704 mg/kg (Fig 6).

After two months Mn content in soil was by 28 %

lower and after six months decreased by up toitn&st
compared to the initial contamination, while thergl
sorbed up to 30 % of Mn from soil.

Ni is an important nutrient for a plant. Plant iitidgn
depends on Ni, like other heavy metals, gettinght®
plant, as well as on transport and distributiothie plant
(Mazvila 2001).

pared to the initial contamination. After six mositthe
content of Ni in soil was by 1.6 times lower comgzhto
the initial soil contamination and the plant sorhgilto
36 % of Ni from soil.

Figure 8 shows soil cleaning at Ni concentration in
soil of 75 mg/kg. After two months th&rimaiciai sorbed
around 15 %, after four months — 20 % and six m®rth
32 % of Ni from soil.

= Concentration in red clovers, mg/kg
mmm Concentration in soil after cleaning, mg/kg

== Concentration in contaminated soil, mg/kg

Concentration, mg/kg

After Il month After IV month

After VI month

Fig 8. Ability of red cloversArimaiciai to sorb Ni from
soil and Ni concentration remaining in soil

The Arimatiai poorly sorbed high concentrations of
Ni (75 mg/kg) and the major part of Ni remainedsail.
The plants poorly assimilate this heavy metal witen
concentrations in soil are high. After two monthe tlo-
vers contained 11 mg/kg while soil — 68 mg/kg of Ni
After four months Ni concentration in clovers was 1
mg/kg while in soil — 60 mg/kg; after six months ¢din-
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centration in thérimaiciai was 24 mg/kg, while in soil —
49 mg/kg (Fig 8).

View of theArimaiciai (Trifolium pratensel) which
were grown in continuously contaminated soil atcGn-
centration of 60 mg/kg is presented in Fig 9. lswm-
ticed with Cr concentration increasing more Cr rgvad
in soil while theArimaiciai sorbed less of it.

After two months theArimaiciai contained 23
mg/kg and soil — 57 mg/kg of Cr. After four mont@s
content in clovers was 26 mg/kg, in soil — 45 mg#kiter
six months Cr concentration in clovers was 43 mgikg
soil — 31 mg/kg (Fig 9). After two months Cr contan

tion decreased to 57 mg/kg when contaminating 6C

mg/kg. After four months Cr concentration decrealsgd
1.3 times, after six months — 1.9 times compareth¢o
initiation concentration of Cr in soil. After sixanths Cr

concentration in soil was by 52 % lower than thiéiah

soil contamination.

== Concentration in red clovers, mg/kg
mmm Concentration in soil after cleaning, mg/kg
- Concentration in contaminated soil, mg/kg

70
60
50
40
30
20 -
10 -

57

45

31
26

w

2
2

Concentration, mg/kg

After Il month After IV month After VI month

fruit being of low value, and thinner leaves ofafts (Mik-
roelement reikSne... 2008).

=== Concentration in red clovers, mg/kg
mmm Concentration in soil after cleaning, mg/kg

=== Concentration in contaminated soil, mg/kg
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Fig 10. Ability of red cloversArimaiciai to sorb Cr from
soil and Cr concentration remaining in soll

Figure 11 shows soil cleaning at Zn concentration i
soil of 150 mg/kg. The obtained data show thatrafte®
months the Arimaiai contain around 13 %, after four
months — 26 % and after six months — 31 % of Zn.

After two months theArimaiciai sorbed 19 mg/kg,
after four months — 39 mg/kg, after six months — 47
mg/kg of Zn. The red clover&rimaiciai poorly sorbed
Zn when Zn concentration in soil reached 150 mghig
11).

Fig 9. Ability of red cloversArimaiciai to sorb Cr from
soil and Cr concentration remaining in soil

It was noticed that upon increasing Cr concentratio
to 100 mg/kg, théArimaiciai had sorbed still less of Cr
(Fig 10). After two months thérimaiciai sorbed 14 %,
after four months — 20 % and after six months 9®21

After two months Cr concentration in soil was 86
mg/kg, after four months — 79 mg/kg and after sonths
— 70 mg/kg (Fig 10). After two months therimaiciai
contained 14 mg/kg, after four months — 20 mg/Ktgra
six months — 31 mg/kg of Cr. After six months Cineo
centration in soil decreased by 16 mg/kg compavetie
concentration in soil recorded after two monthsteAf
two months the content of Cr in soil was by 14 %do
compared to the initial contamination. After six mtius
there remained by 1.4 times less of Cr in soil carag to
the initial soil contamination, and the plant sathe to
31 % of Cr from soil.

Zn is important for photosynthesis as it partiasain
the formation of chlorophyll and helps protectdtrh degra-
dation. It actively participates in sugar formatigamotein
synthesis and ensures both fertility and rich retreéseeds.
Large amounts of phosphoric and nitric fertiliserdiance
the impact of Zn on plants. Zn deficiency resuitslowed
growth of stems, leaf paling, emergence of browniskel-
lowish spots, emergence of white longitudinal $sea
among veins on the leaves of gramineous plantsifisant
decrease in leaf size, non-developed internodesnimual
shoots, decrease in the number and size and déiomnad

mm= Concentration in red clovers, mg/kg
=== Concentration in soil after cleaning, mg/kg
==Concentration in contaminated soil, mg/kg

160

o
N B
S o

99

Concentration, mg/kg

After Il month After IV month After VI month

Fig 11. Ability of red cloversArimaiciai to sorb Zn from
soil and Zn concentration remaining in soil

After two months, Zn concentration in soil reached
99 mg/kg, after four months — 93 mg/kg, after siortins
— 83 mg/kg. After two months Zn concentration de-
creased to 51 mg/kg, showing a 1.5 times decrease
against the initial concentration of this metabail. After
four months Zn concentration decreased by 1.6 times
after six months — 1.8 times compared to the itidtie
concentration of Zn in soil (Fig 11).

It was noticed that when Zn concentration in soil
reached 300 mg/kg, after six months Zn concentnatio
the Arimaiciai had been 18 mg/kg, after four months — 38
mg/kg, and six months — 51 mg/kg. Theimaiciai
sorbed Zn poorly. As it was noticed, the bigger waes
content of Zn in soil, the lesser amount of it vgasbed
by the clovers (Fig 12).
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mmm Concentration in red clovers, mg/kg
mmm Concentration in soil after cleaning, mg/kg
==—=Concentration in contaminated soil, mg/kg

350
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250
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150
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Concentration, mg/kg

After Il month After IV month After VI month

Fig 12. Ability of red cloversArimaiciai to sorb Zn from
soil and Zn concentration remaining in soil

As shown in Fig 12, Zn concentration in soil afteo
months was 231 mg/kg, after four months — 204 mgatitgr
six months — 176 mg/kg. After two months the contérzn
in soil was by 23 % lower compared to the init@ht@amina-
tion. After six months the content of Zn in soilsvay 1.7
times lower compared to the initial soil contamimatwhile
the plant sorbed up to 17 % of Zn from soil. Theoton of
Zn by the red cloverBrimaiciai was weak.

Pb gets into organisms of humans and animals wit
food. Larger amounts of Pb are contained in vedesab
with large surface areas of leaves. Pb may haveanic
effect on the blood and nervous system. So farmitiro

intoxication with Pb has been noticed at workplaces

which manifests itself in anaemia, decrease of @égpe
and digestive and renal disorders. The group @falso
includes children when there is a threat that dimshn
vehicles containing Pb can get into their organisvhen
they play outsideGhemir tar§a2008).

The obtained concentration at continuous contami
nation of soil was 70 mg/kg. After two months thg-
maiciai sorbed 14 %, after four months — 23 % and afte
six months — 31% of Pb. The red clové&rmaiciai con-
ditionally badly sorbed Pb (Fig 13).

=== Concentration in red clovers, mg/kg
mmm Concentration in soil after cleaning, mg/kg
==—=Concentration in contaminated soil, mg/kg

54

N
N

Concentration, mg/kg

After Il month After IV month After VI month

Fig 13. Ability of red cloversArimaiciai to sorb Pb from
soil and Pb concentration remaining in soil

After two months the Ariméiai sorbed 10 mg/kg,

48 mg/kg of Pb when the initial contamination oil seas
70 mg/kg. After two months the content of Pb irl s@s
by 11 % lower compared to the initial contamination
After six months the content of Pb in soil decreabg
1.5 times compared to the initial contaminationsofl.
The highest sorption ability of th&rimaiciai was after
two and six months (Fig 13).

Soil was continuously contaminated with high con-
centrations of Pb, i.e. 100 mg/kg. After two months
Arimaiciai sorbed up to 12 %, after four months — 19 %
and after six months — 23 % of Pb compared torihili
contamination. The ability of the red clovers tals®b
was very weak (Fig 14).

== Concentration in red clovers, mg/kg
mmm Concentration in soil after cleaning, mg/kg

== Concentration in contaminated soil, mg/kg
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Fig 14. Ability of red cloversArimaiciai to sorb Pb from
soil and Pb concentration remaining in soil

After two months theArimaiciai sorbed 12 mg/kg,
after four months — 19 mg/kg, after six months — 23
mg/kg of Pb when soil was continuously contaminated
with Pb. After two months the content of Pb in sibdé-
creased by 9 % compared to the initial contaminatio
after six months the content of Pb in soil was pyai1.3
jimes lower than the initial soil contamination.€Tbon-
tent of Pb in soil after two months was 91 mg/kiera
four months — 86 mg/kg, after six months — 79 mg/kg
The higher is the concentration of Pb in soil trarse is
the ability of theArimaiciai to sorb Pb, which is among
the metals being the most difficult to sorb.

4. Conclusions

1. Upon contaminating soil with up to 90 mg/kg of €u
was noticed that Cu concentration in soil after six
months had decreased by up to three times compared
the initial contamination of soil.

2. After continuous soil application with Mn it wag-d
termined that theArimaiciai had absorbed 30 % of it
from soil after six months.

3. After six months thé\rimaiciai sorbed 32 % of Ni and
31 % of Cr from contaminated soil.

4. After continuous soil application with Zn it wa®-n
ticed that theArimaiciai had absorbed 17 % of it from
soil after six months.

after four months — 16 mg/kg, after six months — 22 ) 0
mg/kg of Pb when the initial contamination of sgds 70 > After six months the red clovers sorbed 23 % of Pb

mg/kg. After two months the Arimé&ai sorbed 62
mg/kg, after four months — 54 mg/kg, after six nient

from soil.
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6.The Arimatiai sorb heavy metals from soil better duringJankai¢, A.; Vasareuius, S. 2007 a. Use of Poaceae f. Species

the first months of growth, which can be relatethtfact to decontaminate soil from heavy metaskologija, 53
that plants need larger amounts of minerals, imotpd (4): 84-89. )

heavy metals, and the plants are growing and dewgjo Jankaié A Vasare_vz'fius S._v20_07 vb. _Zoliés augalijos
during the first months. Very high concentratiohb@avy gelxjimas kaupti manganis dirvozemio [Grassy vegeta-

tion ability to accumulate manganese from sdilpkslas
— Lietuvos ateitis122—-129.

Jankai¢, A.; Vasareuius, S. 2005. Remediation technologies
for soils contaminated with heavy metaldournal of
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