J. Chem. & Cheml. Sci. Vol.2 (1), 77-92 (2012)

Phytoremediation of Municipal Solid Waste Landfill Site:
A Review

A.K. PATHAK ! M.M. SINGH?, V. KUMAR !t and A. K. TRIVEDI 3

®Institute of Environment and Development Studies,
Bundelkhand University, Jhansi, U.P., India
“Department of Geology, Bundelkhand University, 3gd.P.), India
*Environment Cell, Heidelberg Cement India Ltd., én(M.P.) India

ABSTRACT

Phytoremediation, collectively referring to all spes-based
technologies using green plants to remediate armdbiktate
municipal solid waste landfill sites, has emergadaapotential
candidate. Phytoextraction using hyper accumulatents is
seen as a promising technique; a lack of understgrud the basic
physiological, biochemical, and molecular mechasisnvolved
in the removal of heavy metal from environment. @rseovery of
hyper accumulator plants, which contain high levefsheavy
metals that would be highly toxic to other plarsompted the
idea of using certain plant species to extract ladtam the soil
and, in the process, clean up soil for other le$srant plants.
Among the techniques used to cleanup affected ,sites
Phytoremediation has recently emerged as a neweffestive,
environment-friendly alternative. After a shortroduction to the
types of plant-based cleanup techniques, this we¥gecuses on
metal hyperaccumulator plants and their potentigle un
phytoextraction technology. Research and developraetivities
relating to different aspects of phytoremediatioa keeping the
interest of scientists and engineers alive and ckimy the
literature. Being a subject of multi-disciplinamtérest, findings
of phytoremediation research has resulted in gépearaof
enormous data. Collating data from such diversecgsuwould
help understand the dynamics and dimensions of dilenp
rehabilitation.

Keywords: Phytoremediation, Biochemical, Phytoextraction.

INTRODUCTION control and removal of contaminants,

besides imparting aesthetic value. Moreover,

Natural or planted vegetation on at may also be used in leachate treatment
landfill has an important role in erosionMauricé”. Landfill vegetation often shows
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signs of damage commonly caused by théone,summarizing many important aspects
presence of landfill gas (LFG) in the rootof this novel plant basedtechnology
zone. The goal for the reconstruction of Mea 96?4. Navari-lzig) and Q‘gartgé&i
suitable medium for landfill revegetation isLasat, McGrathet al.™, Mcintyre™, Singh
to provide a capping that is deep and o& &.* Prasad and FreitdsAlkorta et al. .
favorable to root growth as is necessary tghosh and Singf _Pilon  Smits’

achieve desired plant performance, V3gel Padmavathiamma and Li Present work
Nagendran Ret al °* shall give a general guidance, recommend

for using phytoremediation technique

AIthqugh _ Teviews on highlighting the process associated with
phytoremediation of sites contaminated W'ﬂ\]clpplicants and  identifying biological

a variety of contaminants are readily ;
available (Siciliano and Germitfa Lasaf®, mechanisms.
Schwitzguebekt al.”. The present review, PHYTOREMEDIATION
an off-shoot of studies on rehabilitation of

municipal solid waste dumpsites, attempts tf)echnology in which the plants are employed

fill th's. gap by leaning on research fanIIngSto absorb and bio-magnify elements from a
especially those reported in the last twg luted . d boli h
decades, Nagendran &al . polluted environment and metabolize them

into various biomolecules in their tissues,

At many hazardous waste sitef®ant Pandeyet al.®’. Phytoremediation,
requiring cleanup, the contaminated soilgcollectively referring to all plant based
groundwater, and/or wastewater contain technologies, uses green plants to remediate
mixture of contaminant types, often atcontaminated sites, SadowS§ky This
widely varying concentrations. These mayechnology draws its inspiration from the
include salts, organics, heavy metals, traaeyriad of physical, chemical and biological
elements, and radioactive compounds. Theateractions occurring between plants and
simultaneous cleanup of multiple, mixedthe environmental media. Phytoremediation
contaminants using conventional chemicgk evolving into a cost-effective means of
and thermal methods are both technically,anaging wastes, especially excess petrol-
difficult and expensive; these methods e_xlsgum hydrocarbons, polycyclic aromatic
destroy the biotic component of SoilSyyqrocarbons, explosives, organic matter,

Phytoremediation, an emerging cleanu%nd nutrients. Applications are being tested

technology for  contaminated  soils, - - -
groundwater, and wastewater that is botLo.r cleaning up contaminated soll, water, and

low-tech and low-cost is defined as thé&l- Several features make phytoremediation
engineered use of green plants (includingn attractive alternative to many of the

grasses, forbs, and woody species) urrently practiced in situ and ex situ

remove, contain, or render harmless sudgchnologies. These include: low capital and

metals, traceelements, organic compoundstart-up, high public acceptance and the
and radioactive compounds insoil or watepleasant landscape that emerges as a final
Hinchman and Nedt, Hussainet al.?. product, Boyajian and CarreifaNagendran

Several comprehensive studies have bedhetal.”.

“Phytoremediation”, is an emerging
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In the last several decadesSchnooret al.®® and radio nuclides, Entrt
phytoremediation strategies have beeal.”®. These soluble organic and inorganic
examined as a means to clean up a numbawntaminants, which move into plant roots
of organic and inorganic pollutants,or rhizosphere by the mass flow process of
including heavy metals, Kumat al.*, Salt diffusion, appear to be most amenable to the
et al.*, Chaneyet al.', chlorinated solvents remediation process Schnooet al.?®,
Walton et al.”®, Haby and Crowley, Cunninghamet al.'”. In several instances,
agrochemicals Andersoet al.®, Hoagland plants and/or their attendant rhizosphere
et al.*, Krugeret al.*’, polycyclic aromatic microbes have been shown to transform
hydrocarbons, Aprill and Sims Reilly some chemical compounds to some degree
et at.®® polychlorinated biphenyls Brazil Walton et al.”®, Crowley et al.’, Siciliano
et al.”, Donnelly and Fletch&; munitions and Germid¥, Nagendran Ret al.>".

Phytoextraction
n 3

Phytostabilisation

"""F'. Metals stabililize in substrate by plants by:
‘Ff-\ ¥ - root accumulation
% decreased resuspension
ﬁ release oxygen
7
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= T u,‘
e . : "
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Figure 1. Principles of phytoextraction, phytostalization and phytofiltration (Source: Jitendra et al., 2011)

METHODS OF PHYTOREMEDIATION them harmless is defined as

é)hytoremediation, Cunningham and Berti
The use of green plants to remov

pollutants from the environment or rendef’nytoextraction,  phytostabilization  and
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phytofiltration are three processes involvedespective environment. The general process
in phytoremediation Sakt al.”®, processes of phytoremediation is depicted in Figure-1
which can help reduce metal content ofJitendraet al.>.

Table: 1. Types and processes involved in Phytoremii@ation (Nagendran R.et al. 2006)

S.No. Type Contaminant Process
1. Phytoextraction Heavy metals: arsenic, High biomass, metal hyperaccumulators
cadmium, chromium, extract metals from soil and accumulate
copper, mercury, lead, zinc | them in shoots
2. Rhizofiltration Plant roots growing in pollutedvater
precipitate and concentrate metals
3 Phytostabilization Heavy-metal tolerant plantabgize the
metal in soil and render them harmless
4 Phytovolatilization Plants extract volatile nmistike Hg and Se
from the soil and volatilize them from the
Foliage
5 Phytodegradation Plants absorb the contamirsarisdegrade
them within the plant system
6 Rhizosphere Plants release exudates and enzymes which
biodegradation directly degrade the pollutant and/or induce
the microbes which are involved in
degradation
7 Hydraulic pumping Plant roots grow to the watdle, take up
water and prevents the migration of
polluted water
8 Phytovolatilization Plants take up the pollusarslong with
water, pollutants pass through xylem and
are released from foliage
9 Phytosorption Adsorption of pollutants by plaobts and
leaves and prevention of the pollutant
Movement
10 Phytocapping Plants consume water from thefalhiand
reduce leaching and pollutant movementR

Phytoextraction that accumulate lower metal concentrations

but are high biomass producers may also be
This technique reduces soil metaliseful, Joan Barcelg al.*.

concentrations by cultivating plants with a\? e

high capacity for metal accumulation inRMizofiltration

shoots. Plants used for this purpose should This technique is used for cleaning

ideally combine high metal accumulation incontaminated surface waters or wastewaters

shoots and high biomass production. Manyy adsorption or precipitation of metals onto

hyperaccumulator species fulfill the first, butroots or absorption by roots or other

not the second condition. Therefore, SpeCieﬁjbmerged organs of metal-tolerant aquatic
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plants. For this purpose, plants must not onlgpecies of the genus Astragalus accumulate
be metal-resistant but also have a highnd volatilize Se. Uptake and evaporation of
adsorption surface and must tolerate hypoxidg is achieved by some bacteria. The
Dushenkovet al.??, Horne et al.* Joan bacterial genes responsible have already

Barcel6et al. *°. been transferred to Nicotiana or Brassica
species, and these transgenic plants may
Phytostabilization become useful in cleaning Hg-contaminated

soils (Bafiuelost al., 1998, Meageet al.,
Plants are used for immobilizing 2000, Joan Barcelé al., 2003).

contaminant metals in soils or sediments by

root uptake, adsorption onto roots omMHydraulic control

precipitation in the rhizosphere. By

decreasing metal mobility, these processes This technique uses plants that
prevent leaching and groundwater pollutionabsorb large amounts of water and thus
Bioavailability is reduced and fewer metalgprevent the spread of contaminated
enter the trophic web (Joan Barcedbal., wastewater into adjacent uncontaminated

2003). areas. Phreatophytes can be wused for
cleaning saturated soils and contaminated

Phytodegradation aquifers (Quinnet al., 2001, Joan Barcelo
et al., 2003).

Elimination of organic pollutants by
decomposition through plant enzymes oPhytorestauration

products (Joan Barcetbal., 2003).
Revegetation of barren areas by fast-

Rhizodegradation growing resistant species that efficiently
Decomposition of organic poIIutantscover the soil, thus preventing the migration

by means of rhizosphere microorganism§f contaminated soil particles and soil
(Wenzel et al., 1999, Joan Barcelét al., €rosion by wind and surface water run-off.

2003). This technique reduces the spread of
contaminants and also visual impact.
Phytovolatilization However, previous soil conditioning is

ired (e.g. limi b it d-
Organic pollutants _absorbed byrequwe (e.g. liming or berengeriteamen

plants are released into the atmosphere tEK}entS) to enable plants to colonize the

transpiration, either in their original form orPOlluted substrate (Menctet al., 2000,

after metabolic modification. In addition, Vangronsveldet al., 1998, Vangronsveld

certain metals can be absorbed ane al., 2000, Joan Barceki al., 2003).

volatilized by certain organisms. Several

Table: 2 Advantage and Disadvantage/ Limitations oPhytoremediation (Source: Jitendraet al .,
2011, Schwitzguébel (2000); Ghosh and Singh, 2005).
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Advantages

Disadvantage/Limitations

inorganic contaminants including many met
with limited alternative options.

Amendable to a broad range of organic arRlestricted to sites with shallow contaminati

alwithin rooting zone of remediative plant
ground surface at the site may have to
modified to prevent flooding or erosion.

In Situ / Ex Situ application possible wi
effluent/soil substrate respectively; soil can
left at site after contaminants are removed, ra
than having to be disposed or isolated.

hA long time is often required for remediatio
bmay take up to several years to remediat
heontaminated site.

In Situ applications decrease the amount of
disturbance compared to conventional methg
it can be performed with minimal environmen
disturbance; topsoil is left in a usable conditi
and may be reclaimed for agricultural u
organic pollutants may be degraded to,Gmd
H,0, removing environmental toxicity.

sélestricted to sites with low contaminal
dspncentrations; the treatment is genera
alimited to soils at a meter from the surface g
ogroundwater within a few meters of the surfa
se50il amendments may be required.

Reduces the amount of waste to be landfilled
to 95%), can be further utilized as bio-ore
heavy metals.

(tarvested plant biomass from phytoextract
ofmay be classified as a hazardous waste hé
disposal should be proper.

In Situ applications decrease spread
contaminant via air and water; possibly lg
secondary air and/or water wastes are

generated than with traditional methods.

sglimatic or hydrologic conditions may restri
the rate of growth of plants that can be utilizej

Does not require expensive equipment or hig
specialized personnel; it is cost-effective
large Schwitzguébel (2000); Ghosh and Sin
(2005). volumes of water having lo
concentrations of contaminants; it is co
effective for large areas having low
moderately contaminated surface soils.

higtroduction of non-native species may affe
obiodiversity.
gh

st-
(0}

In large scale applications the potential ene
stored can be utilized to generate thermal ene|
plant uptake of contaminated groundwater
prevent off-site migration.

rgyonsumption/utilization of contaminated pla

canay still enter the food chain
animals/insects that eat plant material

throug

containing contaminants.

Metal hyperaccumulator plants

Hyperaccumulators are metallophy
tes and belong to the natural vegetation
metal-enriched soils (Ernsét al. 2000,
Pollard et al., 2000). These species havi
evolved internal mechanisms that allowf
them to take up and tolerate large metd

C

to other organisms (Clemeres al., 2001,

Lasatet al., 2002). These plants are perfectl))év

& |
efense against

cumulation may contribute to
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@limatic conditions are a limiting factor;

ally

nd

ce;

ence

pCt

nt

rdyipmass is a cause of concern; contaminants

h

adapted to the particular environmental
conditions of their habitat and high metal
their
herbivores and fungal
énfections (Boydket al., 1998, Martenst al.,
002, Tolraet al., 2001). However, usually,
pe metabolic and energetic costs of their
@daptation mechanisms do not allow them to
compete efficiently on uncontaminated soil
ith non metallophytes (Joan Barceidal .,
003).
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Figure 2. Overview of some phytoremediation procegSource: Ghosh and Singh (2005),
Jitendra et al., 2011).

Mechanisms of metal tolerance and concentrate, in a specific way, certain trace
hyperaccumulation in plants metals or metalloids that may be essential
(Cu, Mn, Zn, or Ni) or not (e.g. Cd, Pb, Hg,

Metal hyperaccumulators are highlySe, Al, As) at amounts that would be

specialized models of plant mineralextremely toxic to other plants (Assungao

nutrition. Seventeen elements are consideret! al., 2001, Bakeret al., 1989, Brooks

essential for all higher plants (C, H, O, N, Set al., 1998, Hallet al., 2002, Jansedt al.,

P, K, Ca, Mg, Fe, Mn, Cu, Zn, B, Mo, ClI, 2002, Marschneet al., 1995, McNeillet al.,

and Ni). Macronutrients are those necessafy992, Tolréet al., 1996).

in high concentrations (mM level) while

micronutrients are required only imM  \/eqgetation at Landfill site
tissue concentrations. Hyperaccumulators
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refuse is degraded or transformed. As water
Plants are known to increasdl€rcolates through the landfill, contaminants

nutrient availability by secreting cationica’® léached ~from the = solid waste.
chelators, organic acids, or specific enzyme¥€chanisms of contaminant removal include
such as phosphatase into the soil systen{§aching of inherently soluble materials,
Competition for these nutrients by degradingfaching of soluble biodegradation products
and non-degrading species will influence th@f complex organic materials, leaching of
amount of contaminant degraded (Steffensetpluble products of chemical reactions and
and Alexander, 1995). Increases in nutriet¢ash out of fines and colloids (Reinhart and
availability brought about by plant growthGrosh, 1998). The quality of the leachate
may be one mechanism by which plantgroduced is highly variable and depends on
stimulate biodegradation. Supporting thisth€ composition of the solid waste, depth of
Cheng and Coleman (1990) found that livingvaste, site hydrology, compaction, waste
roots and fertilizers had equivalent?d€, interaction of leachate with the
stimulatory effects on straw decompositionenvironment, landfill design and operation,
Furthermore, atrazine degradation by a@vailable oxygen and temperature. Moisture
inoculated consortium was similar incontent is an important limiting factor of
treatments receiving fertilizer and those iPlant growth and development in landfils,
which corn plants were grown (Alvay andeSPecially in tropical climates. In tropical
Crowley, 1996, Nagendran Bt.al. 2006). climates, rainfall is the primary source of
moisture and hence supports the drought
Mauriceet al. (1995) have reported tolergnt yege.tatipn anql determines the
that plants belonging to four families viz.,SPecies dlvgrsny in Iandfllls._ In_ such_ cases,
Poaceae, Asteraceae, Polygonaceae am@no species Phytoremediation aided by
Chenopodiaceae dominate, while Othel,eapha'ge circulation may be carried out to
species occur only sporadically inmamtaln. the grovvth,” accelerate the
Stockholm, Malmo and Helsingborg landfillsdeégradation and  stabilize the wastes.
of Sweden. Their observations furthefMoreover, leachate circulation prevents the
indicate that the species diversity decreas@@llutants from entering the groundwater.
with the age of the landfill. Dwyeet al. Toxic components in leachates such as
(2000) have quantified the plant specie§€avy metals may reduce the growth and
occurring in  Albuquerque, USA, with development of plants (Nagendran éRal.
reference to different landfill covers.2006).
According to them, the perennia! grass anﬁeavy Metals Concentration
annual weeds were abundant in different
landfill covers (Nagendran Rt al. 2006). The amount of metal available for
Leachates on vegetation phytoremediation is estimated on the basis
f the distribution of metal between the
fractions of a sequential extraction. The
results are interpreted with  the
understanding that the extracted fractions are

A complex of sequences mediate
by physical, chemical and biological event
occurs within a landfill. As a consequence
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operationally defined and not necessarilyp metal contaminated sites. Several plant
specific soil components. For example, thepecies, including Thlapsi sp., have been
carbonate fraction consists of solubleshown to accumulate very high levels of Ni,
compounds at pH 5 and is not limited solelZn and Cd from soils (Baker and Brooks,
to carbonate compounds. Chelating agenfi©989; Krameret al., 2000). Brassica juncea
have been wused to estimate metdlas been found to be an excellent
bioavailability and are the basis for theaccumulator plant for metals such as Cd, Cr,
DTPA (diethyl trinitrile penta acetic acid) Ni, Zn and Cu in soils (Kumaat al., 1995;
soil test for micronutrient and heavy-metalSaltet al., 1995), and several plant species
availability (Lindsay and Norvell, 1978; have been shown to accumulate Pb
Amacher, 1996, Nagendran & .al. 2006). (Dushenkowt al., 1995; Cunningharet al.,

Metals targeted by this processl997). The enormous literature available on
include Cd, Pb, Zn, Cu, Cr, Ni, Se and Hgplant—-metal interaction needs to be oriented
Phytoextraction using hyper accumulatingowards the application in landfill
plants is proving to be one of the mostemediation (Nagendran Bt.al. 2006).
effective Phytoremediation methods to clean

vegetation —ms-

ot T i il L] -— topsoil
o ~ "—— —/— "| B0cm

protection layer —me

-— rjranular or geotexile filter
30 cm

drainage layer —m— i
ge fay geamembrane wioverhing

geomembrane/soil _,, Fo====r—"-="1H protective geotexile
harrier layer E— - - ——— —— =]

- geotexile gas collection layer

v e

4

Fig. 2. Typical landfill cap system.
Source: Platinum International, Inc. 2002, Nagendan R. et al. 2006.

Landfill capping remediation because it is generally less
expensive than other technologies and
Landfills are usually required to effectively manages the human and
have clay caps and impermeable synthetecological risks associated with a
membranes to minimize the infiltration ofremediation site (Nagendran &.al. 2006).
rainfall and generation of leachate. Landfill
capping is the most common form of
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According to Platinum International, Inc.

(2002), landfill caps can be used to Root contact is a primary limitation
Phytoremediation applicability.
iation with plants requires that the
contaminants be in contact with the root
zone of the plants. Either the plants must be
able to extend their roots to the contaminants

* Minimize exposure on the surface of th%]
waste facility; emed

e Prevent vertical infiltration of water into
wastes that would create contaminate

leachate; : .
. Contain waste while treatment is beinc the gontammated media must be moved to
o Yhe rhizosphere of plants (Nagendran R.
applied; et al. 2006),
» Control gas emissions from underlying
waste; CONCLUSION
» Create a land surface that can support
vegetation and/or be used for other Phytoremediation is a new,
purposes (Nagendran &.al. 2006). attractive technique that has emerged over
recent years. This technique offers excellent
Evapotranspiration landfill covers perspectives for the development of plants

: ith the potential for cleaning metal-
\{egetatlve caps are also calle ontaminated soils, at least under certain,
“alternative  covers” and “evapotran- fayorable conditions and for using adequate
spiration landfill covers”. Their purpose iscrop management systems. Phytoreme-
to increase evapotranspiration from theliation have to be changed to adopt to
surface of the landfil and enhancdandfill conditions. Thus, tremendous scope

bioremediation. A further advantage of th&Xists for investigating different facets of

alternative vegetative cap is more rapiéhls technol'o'gy and its apphcatp_n to regl-
world conditions such as municipal solid

“stabilization” of the wastes, decreased ga§,aste  |andfills and dumpsites. The
production after 5-20 years, and earliemechanisms of metal uptake, accumulation,
access to the site for alternative usesxclusion, translocation, osmoregulation and
(parkland, municipal building construction).copartmentation vary with each plant species
Disadvantages include the possibility ofnd determine its specific role in

phytotoxicity, pests, or weather destroyindahytoreme.d'at'on' In ordgr to deve!qp new
the trees and decreasing the efficiency of tha -r species/plants having capabilities of
i g y etal extraction from the polluted
alternative cap. Other disadvantages are thakironment traditional breeding
it is a less proven system, and statgechniques, hybrid generation through
regulations sometimes do not allowprotoplast fusions, and production of
alternative caps (Schnoor, 2002, Nagendrdfiutagens through radiation and chemicals
R. et al. 2006). are all in progress. To date the available
methods for the recovery of heavy metals
from plant biomass of hyper accumulators
are still limited. Traditional disposal

Limitation of phytoremediation of
Landfill site
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approaches such as burning and ashing are D.N., O'Gara, F. Construction of a
not applicable to volatile metals; therefore,

investigations are needed to develop new

methods for effective recovery of metals
from the hyper accumulator plant biomass.
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