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Abstract: The leachate that is generated by the municipal
waste landfills is known worldwide as a polluting factor.
Inexistent or poor leachate management leads to changes in
ecological balance in the surrounding areas of landfills. The
problem of surface water, groundwater or soil pollution
because of the leakage of leachate requires treatment
solutions and an efficient management of leachate. One of the
methods is the landfill leachate treatment using
phytoremediation. This study analzyes the applications of
phytoremediation in treating the leachate generated by
domestic municipal landfill.
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1. Introduction

One of the biggest challenges at global scale is
related to the management of municipal wastes.
The increase of population leads to a high level of
products, materials or goods consumption which
reach at their end of life as waste. In general,
products with a low life cycle are predominant in
the composition of municipal landfills. Although
most countries support the idea of a clean and
healthy environment for citizens, in many situations,
economy, industry and agriculture are a priority,
although all these activities depend on and are
influenced by the environmental quality [1].

The most important pollution problems
induced by landfill refer to the generation of
hazardous gas and liquid leachate. Special focus
on leachate generated from municipal landfills is
mainly due to the toxic impact on the environment
and human health in situations where it is not
properly managed. In 2012, at European Union

Rezumat: Levigatul generat din depozitele de deseuri menajere
municipale este un factor poluant recunoscut pe plan mondial.
Gestiunea precara sau inexistentd a levigatului conduce la
modificarea echilibrului ecologic din zonele limitrofe depozitelor
de deseuri. Problematica poludrii apelor de suprafata,
subterane sau a solurilor prin intermediul scurgerilor de levigat
presupune oferirea de solutii de tratare si gestionare eficienta a
levigatului. Una dintre metodele de tratare a levigatului este
fitoremediarea.  Prezentul studiu analizeaza aplicatiile
fitoremedierii In tratarea levigatului generat de depozitele de
deseuri menajere municipale.
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depozite de degeuri.

1. Introducere

Una dintre cele mai mari provocari pe plan mondial
este legatd de gestiunea deseurilor municipale.
Cresterea populatiei la nivel global conduce
incontestabil la un nivel ridicat al consumului de
produse, materiale sau bunuri, care la sféarsitul ciclului
de viata ajung deseuri. in general, produsele cu un
ciclu de viatd scazut predomind in compozitia
depozitelor de deseuri municipale. Cu toate ca
majoritatea tarilor sustin ideea unui mediu curat Si
sanatos pentru cetateni, economia, industria sau
agricultura devin prioritare, desi toate aceste activitati
depind si sunt influentate de calitatea mediului [1].
Cele mai importante probleme de poluare
induse prin intermediul depozitelor de deseuri fac
referire la generarea gazelor cu potential exploziv si a
levigatului lichid. Atentia deosebita asupra levigatului
generat din depozitele de deseuri municipale este
datorata in principal impactului toxic asupra factorilor
de mediu si a sanatati umane in situatii in care
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level (EU 28), there were generated 487 kg /
inhabitant / year of which 160 kg / inhabitant / year
is disposed to landfill [2]. According to these data,
a percentage of 32.8% of municipal waste produce
leachate and landfill gas for a long period of time,
even decades. Currently, there are various
technigues and methods of treating leachate
originating from municipal landfills, with different
levels of efficiency.

Phytoremediation is defined as a technology
that uses green plants to treat contaminants, to
make them less harmful to the environment or to
clean up contaminated sites. This method can be
applied to sites contaminated with organic
substances, nutrients, heavy metals.
Phytoremediation has gained popularity because
of its reduced costs, aesthetic advantages and
long-term applicability [3].

2. Leachate caracteristics

Leachate is defined by EEA (European
Environment Agency) as a "Liquid that has seeped
through solid waste in a landfill and has extracted
soluble dissolved or suspended materials in the
process” [4]. Ward et al (2002) defines leachate as
a complex mixture of organic and inorganic
substances [5].

Leachate composition depends on the site
on which was generated, the percentage of types
of deposited waste, climatic conditions from the
landfill site and many other external factors [6].
Heavy metals contained in the leachate posess the
same principle of varying concentrations from a
generation source to another. For example, Ward
et al. conducted a survey at six municipal landfills,
obtaining significantly different concentrations for
heavy metals [5].

3. Phytoremediation - leachate system

Phytoremediation uses plants to clean or control
different types of contaminants like heavy metals,
pesticides or oil (Figure 1). Plants are also very
useful in preventing the spread of pollutants in the
surroundings with the wind, rain and also in
groundwater. Phytoremediation is known to be a
passive, solar-driven and aesthetically pleasing
technology [7]. The advantages that make
phytoremediation a technology with great potential
are: it is simple, clean, cost-effective, green and
with perspectives of using the by-products further

[8]; [9].

acesta nu este gestionat corespunzator. in 2012, la
nivelului Uniunii Europene, (EU 28) se generau 487
kg/lloc/an, din care 160 kg/loc/an ajung sa fie
depozitate [2]. Conform acestor date, un procent de
32,8% din deseurile municipale produc levigat si gaz
de depozit o perioada de timp indelungata, incepand
de la zeci de ani. Exista diferite tehnici si metode de
tratare a levigatului provenit de la depozitele de
deseuri municipale, cu eficiente variate.

Fitoremedierea este definitda ca fiind
tehnologia ce utilizeaza plante verzi pentru a elimina
continutul de contaminanti, de a-i face inofensivi
pentru mediu sau pentru a curdta siturile
contaminate. Aceastd metoda poate fi aplicata la
siturile contaminate cu substante organice, nutrienti
sau metale grele. Fitoremedierea si-a castigat
popularitatea prin costurile reduse, avantajele
estetice si aplicabilitatea pe termen lung [3].

2. Caracteristicile levigatului

Levigatul este definit de catre EEA (Agentia
Europeana de Mediu), ca fiind un "lichid care s-a
infiltrat printre deseurilor solide din depozitele de
deseuri si a extras materialele solubile dizolvate sau
suspendate in timpul procesului" [4]. Ward et al.
(2002) defineste levigatul ca un amestec complex de
substante organice si anorganice [5].

Compozitia levigatului este dependenta de
situl din care a fost generat, procentul tipurilor de
deseuri depozitate, conditiile climatice din zona de
amplasament a depozitului si alti numerosi factori
externi [6]. Metalele grele din compozitia levigatului
respecta acelasi principiu al concentratiei variate de
la o sursa de generare la alta. De exemplu, Ward et
al. au realizat un studiu asupra a sase depozite de
deseuri municipale, obtinand concentratii
semnificativ diferite Tn cazul metalelor grele [5].

3. Sistemul fitoremediere — levigat

Fitoremedierea foloseste plantele pentru a trata
sau a stabiliza diferite tipuri de contaminanti, cum
ar fi metalele grele, pesticidele sau uleiurile (Figura
1). Plantele sunt, de asemenea, foarte utile Tn
prevenirea raspandirii poluantilor in Tmprejurimi
prin vant, ploaie si n apele subterane.
Fitoremedierea este cunoscuta ca find o
tehnologie pasiva, actionatd solar si placuta din
punct de vedere estetic [7]. Avantajele care fac
fitoremedierea o tehnologie cu mare potential sunt:
este simpla, curata, eficienta din punct de vedere
al costurilor, verde si cu perspective de utilizare
ulterioara a subproduselor [8]; [9].
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rhizosphere microorganisms can be associated to
the plants. Plants and microorganisms can remove,
transform or contain the contaminants that can be
found in soils, sediments, surface and groundwater,
atmosphere. The pollutants that can be treated
using phytoremediation are: heavy metals,
pesticides, landfill leachates, chlorinated solvents,
radionuclides, explosives, petroleum hydrocarbons
[11]; [12].

The enzymatic activity of the plants is
responsible for the accumulation or translocation of
organic and inorganic pollutants in the plant tissue.
They are transformed in less bioavailable products.
The main disadvantage of phytoremediation is that
it needs a long period of time for the treatment
because it depends on the biological cycles of
plants and their growth. Another disadvantage is
that it is only relevant in the root area and it is
influenced by the bioavailability of contaminants
and the soil properties [13].

plantelor. Plantele si microorganismele pot elimina,
transforma sau retine contaminantii care se gasesc
in soluri, sedimente, ape de suprafata si
subterane, atmosfera. Poluantii care pot fi tratati cu
ajutorul  fitoremedierii sunt: metalele grele,
pesticidele, levigatul din depozitele de deseuri,
solventii clorurati, radionuclizii, explozivii,
hidrocarburile petroliere [11]; [12].

Activitatea enzimatica a plantelor este
responsabila pentru acumularea sau transferul
poluantilor organici si anorganici in tesutul
plantelor. Acestia sunt transformati in produsi mai
putin  biodisponibili. Principalul dezavantaj al
fitoremedierii este ca are nevoie de o perioada
lunga de timp de tratare deoarece depinde de
ciclurile biologice ale plantelor si cresterea lor. Un
alt dezavantaj este faptul ca este relevantd numai
in zona radacinii si este influentatd de
biodisponibilitatea contaminantilor Si a
proprietatilor solului [13].
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The reason why phytoremediation can be an
alternative for the landfill remediation is that it
stabilizes the soil while it is involved in the
treatment of leachate. If it is needed also a
hydrological control of the rainfall that infiltrates,
then the landfill covers — phytocapping can be
included in the landfill phytoremediation system.
The harsh and sterile soil in the landfill area
represents a limitative factor for the vegetation
[14]. Physical and chemical remediation of soils is
not required and the improvement of soil
microbiology and reduction of erosion are signs
that the remediation is working [15].

To use the system of phytoremediation and
landfill leachate properly, it is of major importance
to know the responses of plants and their tolerant
mechanisms to leachate stress. Landfill leachate
affects the metabolism of plants at high
concentrations. A possibility to use it in the
process is to control its concentration until it
becomes tolerant by using spray and trickle
irrigation of partially treated or not treated
leachate. The success is to find the method and
the vegetation system that can work together to
tolerate the landfill leachate stress [16].

Phytoremediation uses the soil-plant
system to remove, deteriorate and inactivate toxic
elements that can be found in the leachate. The
remediation involves a mixture of aboveground
(foliar uptake of different compounds and
evaporation) and belowground activities (water
uptake, root uptake of compounds and nutrients,
rhizoremediation, sorption, fixation, degradation,
soil structuring) (Figure 2) [6].

Plants that can be used in the leachate
treatment need to have the following
characteristics: high transpiration rate, good
resistance, capacity to adapt to a wide spectrum
of contaminants that are present in leachate. One
of the plants that have these attributes is
Phragmites australis. It is also important for the
implementation in different projects because it is
very simple to breed, plant and cultivate it [17].

Species of the Populus family (Figure 3)
are used in many projects that deal with the use
of leachate as irrigation and fertilization source
[18].

Other projects use willows for the treatment
and they are also great as energy source. Some
of the studies showed that leachate can have a
phytotoxic effect on willows [19].

Motivul pentru care fitoremedierea poate fi o
alternativa pentru depoluarea depozitului de deseuri
este faptul ca stabilizeaza solul in timp ce aceasta
este implicatd in tratamentul levigatului. Daca este
necesar, se realizeaza un control hidrologic al
precipitatiilor care se infiltreaza, apoi se poate include
tehnologia phytocapping — copertarea depozitului de
deseuri cu vegetatie care sa faca parte din sistemul
depozit de deseuri - fitoremediere. Solul steril din
zona depozitului de deseuri reprezintd un factor
limitativ pentru vegetatie [14]. Remedierea fizica si
chimica a solurilor nu este necesard, iar
imbunatatirea microbiologiei solului si reducerea
eroziunii sunt semne c& remedierea este in
desfagurare [15].

Pentru a utiliza sistemul de fitoremediere si
levigat in mod corespunzator, este de o
importantd majora sa se cunoasca raspunsurile
plantelor si mecanismele de toleranta la stresul
provocat de levigat. Levigatul din depozitele de
deseuri afecteaza metabolismul plantelor Ia
concentratii ridicate. O posibilitate de a-I folosi in
procesul fitoremedierii este de a controla
concentratia pana cand aceasta devine toleranta
cu ajutorul irigarii prin spray si picurare cu levigat
tratat partial sau netratat. Succesul este de a gasi
metoda si sistemul de vegetatie care pot
functiona impreuna pentru a tolera stresul cauzat
de levigatul din depozitele de deseuri [16].

Fitoremedierea utilizeaza sistemul sol -
plantd pentru a elimina, deteriora si inactiva
elementele toxice care se gasesc in levigat.
Remedierea implicd un amestec de activitati ale
partilor aeriene (absorbtia foliara a diferitilor
compusi si evaporare) si subterane (absorbtie de
apa, absorbtie prin radacind a compusilor si
substantelor nutritive, rizoremediere, sorbtie, fixare,
degradare, structurare a solului) (Figura 2) [6].

Plantele care pot fi utilizate in tratamentul
levigatului trebuie sa aiba urmatoarele caracteristici:
o ratd mare a ftranspiratiei, rezistenta buna si
capacitate de a se adapta la un spectru larg al
contaminantilor care sunt prezenti in levigat. Una
dintre plantele care au aceste proprietdti este
Phragmites australis. De asemenea, este importanta
pentru punerea in aplicare in diferite proiecte, pentru
ca reproducerea este simpla, precum si cultivarea sa
si echipamentele necesare [17].

Speciile din familia Populus (Figura 3) sunt
utilizate in multe proiecte care se ocupa cu utilizarea
levigatului ca sursa de irigare si fertilizare [18]. Alte
proiecte folosesc salciile pentru tratarea levigatului Si
acestea sunt importante ca sursa de energie. Unele
studii au aratat ca levigatul poate avea un efect
fitotoxic asupra salciilor [19].
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Figure 2. Scheme of remediation processes in the soil — plant bioreactor of landfill leachate [6].

Because of its problems in salinity and
toxicity, not all the plants can be used in the
leachate treatment. Leachate might be a great
source of NHx-N, but it also contains toxic
organics and heavy metals. Even though, Acacia
confusa, Leucaena leuocephala and Eucalyptus
torelliana were irrigated with diluted leachate and
responded well in their development [20].

PRECIPITATION *

Din cauza problemelor sale de salinitate si
toxicitate, nu toate plantele pot fi utilizate in
tratamentul levigatului. Levigatul ar putea fi o mare
sursa de NHx-N, dar contine, de asemenea,
substante organice toxice si metale grele. Cu toate
acestea, Acacia confusa, Leucaena leuocephala si
Eucalyptus torelliana au fost irigate cu levigat diluat
si au raspuns bine Tn dezvoltarea lor [20].
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Figure 3. Phytoremediation as a technology of remediation of landfill leachate [21].

The effects that the chemical composition
of landfill leachate has on plants are: damage of
leaves, premature aging of leaves, low biomass
production. A lot of factors influence the growth of
plants in the field situations and the identification

Efectele pe care compozitia chimica a
levigatului din depozitele de deseuri le au asupra
plantelor sunt: deteriorarea frunzelor, imbatranirea
prematura a frunzelor, productia scazuta de biomasa.
O multime de factori influenteaza cresterea plantelor
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of the indicators of plant stress in the case a
leachate irrigation system is very useful for
choosing the proper plants [22].

Landfill leachate can be reused as a
fertilizer in the case of energy crops. Leachate
can be added in the growth of energy crops
because its composition that is characterized by
high concentrations of micro and macronutrients
like: Ca, Mg, K, N, B, Zn. In Europe, there are
studies that implemented the application of
leachate as irrigation to the energy crops. It
resulted that if it is managed properly, the
irrigation of plants with leachate contributes

directly to the increase of biomass production [23].

There are a number of factors that assure a
successful implementation of different projects
and can limit the realization of them. Some of
these factors are: plants species, soil texture,
method of irrigation, quantity and quality of water,
climate and interaction between factors [24].

There is a global concern on water
resources and it is known that agriculture is one
of the biggest consumers of water. If the demand
of water becomes higher, agriculture seems to be
part of a competition for water with other sectors.
This is why it is very interesting to analyze the
alternative water sources like wastewaters from
landfills and water coming from composting
process. The nutrients that can be found in the
leachate can increase the growth of plants and
reduce the water stress. The main problems are
that the impact on soil quality and to the health of
humans is not known totally [25].

The advantages of using phytoremediation
systems with the leachate treatment are: control
of  erosion, pollution reduction, carbon
sequestration, landscape improvement, public
acceptance. The motives of using plants in such
way are: fast growth, fast establishment, facile
rooting, water utilization and high rates of
photosynthesis [12].

4. Examples of applying phytoremediation to
treat leachate

A project in the location Biloxi, Mississippi, US,
applies phytoremediation as an innovative
technique that uses landfill leachate as a resource
instead of the traditional disposal and has a great
environmental impact (Figure 4). The plant that is
utilized is Chrysopogon zizanioides and the
implementation of the plants showed a lot of
advantages like: protects the groundwater from
contamination, reduces infiltration and soil erosion

in situatiile din camp si identificarea indicatorilor
de stres a plantelor Tn cazul unui sistem de irigare
cu levigat este foarte utila pentru alegerea
plantelor potrivite [22].

Levigatul poate fi reutilizat ca ingrasamant in
cazul culturilor energetice. Poate fi adaugat in
cresterea culturilor energetice din cauza compozitiei
sale care se caracterizeaza prin concentratii mari de
micro si macroelemente precum: Ca, Mg, K, N, B,
Zn. In Europa, existd studii care au implementat
aplicarea levigatului in irigarea culturile energetice.
A rezultat ca in cazul gestionarii corecte, irigarea
plantelor cu levigat contribuie direct la cresterea
productiei de biomasa [23].

Existd o serie de factori care asigura o
implementare de succes a diferitelor proiecte si
pot limita realizarea lor. Unii dintre acesti factori
sunt: speciile de plante, textura solului, metoda
de irigare, cantitatea si calitatea apei, clima si
interactiunea acestor factori [24].

Exista o preocupare la nivel mondial asupra
resurselor de apa si se stie ca agricultura este unul
dintre cei mai mari consumatori de apa. In cazul in
care cererea de apa devine mai mare, agricultura
pare sa fie parte a unei competitii pentru apa cu alte
sectoare. Acesta este motivul pentru care este foarte
interesant sa se analizeze surse alternative de apa,
cum ar fi apele reziduale de la depozitele de deseuri
si apele provenite din procesul de compostare.
Nutrientii care se gasesc in levigat pot spori cresterea
plantelor si pot reduce stresul provocat de apa.
Principalele probleme sunt ca impactul asupra
calitatii solului si efectul asupra sanatéatii oamenilor nu
este cunoscut in totalitate [25].

Avantajele folosirii tehnologiilor de
fitoremediere 1n tratamentul levigatului sunt:
controlul eroziunii, reducerea poluarii, sechestrarea
carbonului, Tmbunatatirea peisajului, acceptarea de
catre public a acestor tehnici. Motivatia utilizarii
plantelor in acest mod sunt: crestere rapida,
infiintare rapida a culturilor, inradacinare usoara,
utilizare de apa si rate ridicate de fotosinteza [12].

4. Exemple de aplicare a fitoremedierii pentru
tratarea levigatului

Un proiect amplasat in Biloxi, Mississippi, SUA,
aplica fitoremedierea ca tehnica inovatoare care
utilizeaza levigatul provenit din depozitele de
deseuri ca resursd, in loc de eliminarea traditionala,
avand un impact mare asupra mediului (Figura 4).
Planta care este utilizata este Chrysopogon
zizanioides, iar implementarea plantelor a
demonstrat o multime de avantaje precum:
protejeazéd apele subterane de contaminare, se
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(leachate act like nutrients), improves the air
quality, reduces the cost of leachate treatment with
> 60 %, in just two years the initial investment is
compensated (Figure 5), provides habitat for
wildlife, sustainable [27].

s

Figure 4. Landfill Leachate Dispo_sai ina previous (1) and new approach (2) [28].

In a study that took place in Wisconsin, US
20 types of hybrid poplars and willows were used to
treat groundwater that was mixed with landfill
leachate. The method was developed to identify
which species are more suitable for the local
conditions (Figure 6). The groundwater that was
taken from the landfill includes metals, salts, VOCs,
PAHSs and others [29].

A full-scale poplar system was developed for
the treatment of leachate that came from a facility of
paper mill sludge compost (Figure 7). The leachate
is applied to the trees using drip irrigation. The
system was functional and the cost of it reached to
$23,000, compared to the annual cost of leachate
treatment of $19,000. The payback period was
about one year [30].

$4,000,000

reduce infiltrarea si eroziunea solului (levigatul este
folosit ca subtanta nutritiva), imbunatateste calitatea
aerului, reduce costul de tratament al levigatului cu
> 60%, In doar doi ani investitia initiald este
compensata (Figura 5), asigura habitat pentru fauna
salbatica, este o metoda durabila [27].

intr-un studiu care a avut loc In Wisconsin,
SUA, 20 de tipuri de plopi hibrizi si salcii au fost
folosite pentru a trata apele subterane care au fost
amestecate cu levigat din depozit de deseuri. Metoda
a fost dezvoltata pentru a identifica care specii sunt
mai potrivite pentru conditiile locale (Figura 6). Apele
subterane care au fost luate in studiu contin metale,
saruri, compusi organici volatili, hidrocarburi
policiclice aromatice si altele [29].

Un sistem la scara largd de plopi a fost
dezvoltat pentru tratamentul levigatului care a
provenit de la o instalatie de fabrica de hartie (Figura
7). Levigatul este aplicat arborilor folosind irigarea
prin picurare. Sistemul a fost functional si costul a
ajuns la 23.000 dolari, in comparatie cu costul anual
de tratament al levigatului de 19.000 dolari. Perioada
de amortizare a fost de aproximativ un an [30].
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Figure 5. The graph shows that phytoremediation reduces costs and the payback period is of just 2 years [31].
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Figure 6. Poplars and willows used in a phytoremediation
leachate system [29].

5. Conclusions

Landfill leachate is a major environmental
problem and innovative solutions of treating it
must be applied. Using phytoremediation for the
leachate treatment is an important approach
because of using a green solution to the problems
generated by municipal waste. The
phytoremediation — leachate system was
successfully implemented in different projects and
further research on more species and particular
sites must be undertaken.
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