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Abstract

The work solves scientific problem of decontamination of the soil using biomass. Our
investigation was subject to Cu, Pb, Hg and As with aim to examine whether plants
are able to accumulate heavy metals. The laboratory experiment was performed in
order to determine heavy metals content is the soil before plast sowing and after is
harvesting. Amaranth (amaranthus) was used as a bioaccumulator. As significant
amount of the heawy metals is accumulated in the root, there arise task to harvest
plant and its root. Roots leaving in the soil mean retrograde contamination after the
plant decomposition. But, there is lack of agricultural machinery able to harvest
amaranth together with the root. Next part of the study is focused on the amaranth
utilization as energy. Energy value is comparable with other biomass materials as
wooden sawdust, grain straw etc. The final phase of the research is dealing with
means suitable to trip the solid remainders after burning in the smoke.
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Streszczenie

Przedstawiono problem odkazania gleby za pomocg biomasy. Obiektem naszych
badan byly metale ciezkie (miedz, otdw, rtec i arszenik) oraz czy rosliny sg w stanie
przyjac te metale. Eksperyment zostat przeprowadzony w laboratorium w celu
okreslenia zawartosci metali ciezkich w glebie przed siewem roslin oraz po zbiorze
roslin. Jako bioakumulatora uzyto rosline amarantus. Poniewaz duza czes¢ metali
ciezkich jest gromadzona w korzeniach rosliny, dlatego tez istotnym jest, zeby zebra¢
rosline razem z korzeniami. Korzenie pozostajgce w glebie powodujg wtérne
zanieczyszczenie gleby. Nie ma odpowiedniej technologii kompleksowego zbioru
amarantusa z korzeniami. Nastepna czes¢ badania skupiona jest na energetycznym
wykorzystaniu amarantusa. Warto$¢ energetyczna jest porownywalna z innymi
materiatami biomasy (np. brykietami).

Stowa kluczowe: biomasa, energia, fitomasa, metale ciezkie, odkazanie, popiot
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Detailed abstract

Jednym z miejsc zanieczyszczonej gleby na terenie Stowacji jest zapora wodna
RuZzin na rzece Hornad. Metale ciezkie dostajg sie tam pod wptywem erozji wodnej,
jak réwniez z zaktaddéw produkcyjnych.

Mozna wyr6zni¢ kilka metod odkazania gleby:

1. Metoda cieplna. Do odkazenia gleby z metali ciezkich jest absolutnie
niekorzystna. Wysoka temperatura niszczy zycie biologiczne, ulega degradacji
humus, jak réwniez zniszczona jest catkowicie zyznosc¢ gleby (Groda 1997).

2. Metoda fizyczno-chemiczna. Wedtug charakterystyki ta metoda jest odpowiednia
do miejscowego odkazania gleby. Technologie flotacyjne zwigzane z tg
czynnoscig tylko potwierdzajg niewielkg przydatnosc¢ tej metody (Holobrady i llka
1997; Hronec 2000).

3. Metoda biologiczna. Wykorzystuje mozliwosci odkazania poprzez dziatania
bakterii, utlenianie substancji organicznych. W naszych badaniach metoda ta
nierozwigzuje odkazania substancji organicznych takich jak weglowodany, fenole
i inne, ale tylko odkazanie metali ciezkich. Wedtug Holobrady i llka (1997) obecnie
stosuje sie biologiczne odkazanie roslinami, tzw. hiperakumulatorami. Rosliny te
pochtaniajg metale ciezkie i p6zniej sg spalane na cele energetyczne, przy czym
metale ciezkie sg separowane w popiele. W tej metodzie jest mozliwe
przetworzenie nieograniczonej ilosci gleby.

Celem doswiadczenia byto odkazanie gleby poprzez uprawe rosliny amarantus, z

mozliwoscig wykorzystania wyprodukowanej fitomasy do produkcji energii.

Badania odkazania gleby majg swoje uzasadnienie dlatego, ze wraz z wydobyciem

sedymentowanej gleby, zwieksza sie pojemnos¢ zbiornika wodnego. Powtarzalng

uprawg amarantusa powinno obnizy¢ sie skazenie gleby do granicy dopuszczalnej.

Oddziatywaniem amarantusa na poszczegolne pierwiastki obnizyt sie ich poziom w

glebie:

- arszenik 0 48,20%,

- miedz 0 6,54%,

- rte¢ 0 4,84%,

- otdéw 0 54,39%.

Porownujgc wyniki badan stwierdzono, ze w roslinach uprawianych na skazonym

substracie jest wyzsza zawartos¢ metali ciezkich niz w roslinach z odkazonego

substratu, co dowodzi, ze amarantus ma zdolnos¢ akumulacji metali ciezkich. Na
podstawie analizy wynikow badan stwierdzono, ze jezeli rosliny sg zbierane do celéw

energetycznych nalezy je zbiera¢ razem z korzeniami (Uli¢ny i Koszel 2007). W

przeciwnym razie, jezeli by byta zbierana tylko czes¢ naziemna, korzenie w glebie

obumarly by, przez co nastgpitoby wtérne skazenie gleby.

Na podstawie przeprowadzonych badan stwierdzono, ze roslina amarantus ma

whasciwosci akumulacji metali ciezkich. Stwierdzono réwniez, iz znaczgca czesé

metali ciezkich gromadzita sie w korzeniach roslin. Z tego wynika, ze nalezy rosliny
zbiera¢ razem z korzeniami.

Skazona roslina moze byc¢ przerobiona na paliwo energetyczne. Potencjat

energetyczny jest porownywalny ze stomg zbéz lub z drewnem. Technologia obrébki

naziemnej czesci roslin jest porownywalna z technologig obrébki roslin

przeznaczonych na pasze (Duranik 2010).

Problemem jest zbi6r amarantusa z korzeniami, poniewaz na dzien dzisiejszy nie

opracowano technologii jego zbioru z korzeniami. Przy rozwigzywaniu technologii
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zbioru amarantusa z korzeniem nalezy bra¢ pod uwage jego agrofizyczne
wtasciwosci, organizacje zasiewu i wptyw pogody.

Introduction

One of the places characterized by soil pollution in Slovakia is Ruzin dam on the
River Hornad. Heavy metals get into the soil as a result of water erosion and also
from factories.

According to the data from 2002 (Brehuv, et al. 2002) the amount of deposited silt on

Rgiin dam was 7 000 000 m*. The annual deposit of silt is approximately 225 000

m°.

The examinations of pollutants content (Brehuv, et al. 2002; Uli¢ny and Koszel 2007)

showed that as a result of sedimentation the soil on the river bottom was

contaminated with heavy metals beyond the limits (Bou€ek 2005). Therefore, it is
advisable to search for the ways of soil disinfection in the interest of environment
protection.

There are several methods of soil disinfection:

1. Thermal method. It is absolutely disadvantageous to the disinfection of soil
contaminated with heavy metals. High temperature destroys biological life,
degrades humus and also totally destroys soil fertility (Groda 1997).

2. Physicochemical method. According to its characteristics this method is only
suitable for local disinfection of soil. Floatation technologies connected with this
method confirm only its small efficiency (Holobrady and llka 1997; Hronec 2000).

3. Biological method. It makes use of the possibility of disinfection through bacterial
action, oxidation of organic substances. In our study this method does not resolve
the problem of disinfecting soil polluted with organic substances such as
carbohydrates, phenols and others, but it is used for the remediation of soil
contaminated with heavy metals. According to Holobrady and llka (1997) at
present it is a common practice to use biological remediation by means of plants,
i.e. hyperaccumulators. Such plants accumulate heavy metals and then are burnt
for energetic purposes while heavy metals are separated in ash. This method
enables to process unlimited amount of soil.

Plant cultivation in contaminated soil can be divided into three periods based on the

pollution level:

1. The period of cultivation of plants — hyperaccumulators. This period lasts from 1 to
3 years, and amaranthus cruentus is mainly cultivated then. The key point in this
period is using the advantages of amaranthus, mainly related to harvesting plants
with roots. In the next two or three years Agrostis canina can be grown to disinfect
soil from copper (Holobrady and llka 1997).

2. Transitory period that lasts two or three years and could be a preparatory period
for reclamation. In this period winter rapeseed should be included in the
cultivation programme as an energetic plant used for oil production.

3. Inspection period. It is the period of monitoring of soil suitability for plant
cultivation.

The technological processes mentioned above were evaluated to be the main plants

used in soil remediation and arable land reclamation. Accomplishing of this project

requires several years of studies with the possibility of testing other plant species
which have soil remediation capabilities depending on the type of contamination.
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Explanatory notes

FVT PO - Faculty of Manufacturing Technologies in PreSov

VUPU BA — Research Institute of Soil Science and Fertility, Bratislava

UGT SAV KE I, Il — Institute of Geotechnics of Slovak Academy of Sciences, KoSice
FAAS — Flame Atomic Absorption Spectrometry

HGAAS — Hydride Generation Atomic Absorption Spectrometry

AES-ICP — Inductively Coupled Plasma Atomic Emission Spectroscopy

AAS-AMA — Atomic Absorption Spectroscopy

ETAAS — Electrothermal Atomic Absorption Spectrometry

Materials and Methods

The aim of the study was soil remediation by means of amaranthus cultivation with
the possibility of using thus produced phytomass for energy production.

The research on soil remediation is justified since the extraction of sedimentary soll
increases the capacity of a water reservoir. The repeated cultivation of amaranthus
should decrease the soil contamination to the permissible limit.

The first stage was the examination of the soil contamination level and possibilities of
its disinfection. A decision was taken to use the biological method for soil
remediation. The plant used in the examination was amaranthus.

The soil sample was collected on Ruzin dam on the River Hornad. At the place
where the River Hnilec flows in the River Hornad the water level rises and there
occurs sedimentation of inflowing particles on the river bottom (Fig. 1).

Due to the occurrence of particular heavy metals on the specified location, a decision
was made to monitor the chemical elements: mercury, lead, copper and arsenic.

The humus content on Ruzin dam was 4,80% (Groda 1997), which created
favourable conditions for seeds germination and plants growth.

Laboratory analyses were performed in the accredited laboratory EL Ltd. Ecological
laboratories, laboratory work centre, Radlinského 17 A, 052 01 SpiSska Novéa Ves.
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Figure 1. The map of the main streams of the River Hornad and the River Hnilec with
the marked place of collecting the sample

Rysunek 1. Orientacyjna mapka nurtu rzeki Hornéad i Hnilec z oznakowaniem miejsca
poboru probki

The range of laboratory measurements included the following:

1. The measurement of the contamination of soil collected from the place prior to the
sowing of amaranthus.

2. The measurement of soil contamination after the harvesting of amaranthus.

3. The post-harvest measurement of the contamination of plants which were grown
in contaminated soil and comparison of the measurement values with the plants
grown in non-contaminated soil.

4. The measurement of pollution content in the ash after burning of the biomass.

The experiment was conducted in three variants:

1. Variant I — only from contaminated soil, marked as K — 1.

2. Variant Il — contaminated soil + soil free from contamination, mixed in a ratio of
one to one, marked as K — 2.

3. Variant lll — contamination-free soil from a field, marked as K — 3.

Seeds were sown by hand, 1,5 + 3 cm from one another , in rows spaced 5cm apart.

During the sowing the soil surface was leveled and slightly compacted to obtain

uniform germination of plants. After the sowing the soil was watered according to the

agrotechnical requirements. The best germination (considering the number of
germinating plants) was observed in variant K — 1 where the soil was slightly lumpy,
which created favourable moistening conditions for germination and growth of the
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plants. In variant K — 1, after germination the plants were thinned since the planting
density was too high. The plants were uprooted to maintain the same density as in
variants K — 2 and K — 3. During the plants growth all the cultivation variants were

loosened, watered and air circulation was assured.

Results

The content of heavy metals in the soil before and after sowing

The analysis of heavy metals content in the soil before sowing and after harvesting of
amaranthus is presented in Table 1.

Table 1. The content of heavy metals in the soil before sowing and after harvesting of

amaranthus
Tabela 1. Zawarto$¢ metali ciezkich w glebie przed siewem i po zbiorze amarantusa

Heavy metals content [mg*kg™]
Examined Limit values of
element sc?v(\?ifrc\)reof After harvesting Difference [%] detrimental
9 of amaranthus elements

amaranthus

As 50,00 25,90 48,20 25,00

Cu 321,00 300,00 6,54 60,00

Hg 1,24 1,18 5,08 0,50

Pb 66,00 30,10 54,39 70,00

The examination results indicate the increased level of heavy metals in the soil
before sowing of amaranthus. The data shown in Table 1 imply a decrease in the soil
contamination after harvesting of amaranthus.

The content of the following elements in the soil was reduced as a result of their
interaction with the plants:

- arsen by 48,20%,

- copper by 6,54%,

- mercury by 4,84%,

- lead by 54,39%.

The content of heavy metals in the plant

The content of heavy metals in the amaranthus stems harvested from contaminated
soil is shown in Table 2.

Table 3 presents the content of heavy metals in the amaranthus stems harvested
from remediated soil, whereas the content of heavy metals in the amaranthus stems
harvested from contaminated soil is shown in Table 4.
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Table 2. The content of heavy metals in the amaranthus stems harvested from
contaminated soll
Tabela 2. Zawartos¢ metali ciezkich w todygach roslin amarantusa zebranych ze
skazonej gleby

Heavy .
) Relative o

Examined metals Examination

measurement Methodology
element content method
[mg*kg'l] error

As 0,06 19,00% HG-AAS IP 1.3, STN 46 5735
Cu 31,00 10,00% FAAS IP1.17, STN 46 5735
Hg 0,05 8,80% AAS-AMA IP 1.22, STN 46 5735
Pb 1,11 8,50% ETAAS IP 1.32, STN 46 5735

Table 3. The content of heavy metals in the amaranthus stems harvested from
remediated soil
Tabela 3. Zawartos¢ metali ciezkich w todygach roslin amarantusa zebranych z
odkazonej gleby

Heavy .
) Relative o
Examined metals measurement Examination Methodolo
element content method 9y
[mg*kg'l] error
As 0,03 19,00% HG-AAS IP 1.3, STN 46 5735
Cu 8,00 10,00% FAAS IP1.17, STN 46 5735
Hg 0,06 8,80% AAS-AMA IP 1.22, STN 46 5735
Pb <0,50 ETAAS IP 1.32, STN 46 5735

The comparison of the examination results showed that the content of heavy metals
in the plants grown in the contaminated substrate was higher than in the plants from
the disinfected substrate, which proves that amaranthus has the ability to accumulate
heavy metals. The analysis of the examination results implied that if the plants are
harvested for energetic purposes, they need to be harvested together with the roots

(Ulicny and Koszel 2007). Otherwise, if only the aerial parts of the plants were
harvested, the roots would die and recontaminate the soil.
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Table 4. The content of heavy metals in the amaranthus stems harvested from
contaminated soll
Tabela 4. Zawartos¢ metali ciezkich w korzeniach roslin amarantusa zebranych ze
skazonej gleby

Heavy .
Relative .
Measured metals Examination
measurement Methodology
element content method
[mg*kg'l] error
As 1,68 15,00% HG-AAS IP 1.3, STN 46 5735
Cu 25,00 10,00% FAAS IP1.17, STN 46 5735
Hg 0,13 8,80% AAS-AMA IP 1.22, STN 46 5735
Pb 3,59 8,50% ETAAS IP 1.32, STN 46 5735

The content of heavy metals in ash

The content of heavy metals in ash is the evidence of the transportation of pollutants
from the soil through a plant as a transitory material, and eventually the
contamination of ash — the product of biomass burning. The diagram of
contamination transition from the soil to ash is shown in Fig. 2.

Contaminated Burn =
biomass " lContamina
lash

Figure 2. The diagram of contamination transition from soil to ash
Rysunek 2. Schemat przeptywu skazenia z gleby do popiotu

: Growth
Contamination soil + )

Table 5 presents the content of heavy metals in the ash of a contaminated plant.
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Table 5. The content of heavy metals in the ash of a contaminated plant.
Tabela 5. Zawartos¢ metali ciezkich w popiele skazonej rosliny

Examined element coﬂ?gg[mgiigl] Exre:]rztiﬂggon Methodology

As 2,25 HG-AAS IP 1.3, STN 46 5735
Cu 304,00 FAAS IP1.17, STN 46 5735
Hg <0,002 AAS-AMA IP 1.22, STN 46 5735
Pb 8,00 ETAAS IP 1.32, STN 46 5735

Conclusions

The examinations proved that amaranthus is a plant which is capable of
accumulating heavy metals. It was also found that a considerable amount of heavy
metals was accumulated in the plants roots, which implies that the plants need to be
harvested together with the roots.

Contaminated plants can be processed into power engineering fuel. The energy
potential is comparable to the one of cereal straw or wood. The technology of
processing of the aerial parts of plants is comparable to the technology of processing
of fodder plants (Duranik 2010).

A problem is posed by harvesting of amaranthus with the roots since up to the
present no such technology has been developed. When developing the technology of
harvesting amaranthus with the roots, the following factors should be taken into
account: the agrophysical properties of amaranthus, a plantation organization and
the weather influence.

Carrying out of phytoremediation in practice would require extending the studies onto
the use of other plants with different root systems. That would ensure a better use of
pollutants from the rhizosphere in the cultivation of specific plant species.
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