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Treatment of wastewater and decontamination of terrestrial environment is the growing
concern of scientists. Traditional treatment methods are not cost effective or suitable and in
some cases cause additional environmental hazardous impacts. Finding a sustainable, cost
effective green method for cleaning the environment is a merge case of researchers
worldwide. Phytoremediation as a plant base treatment is going to utilize as one of suitable
and recognized treatment methods for a wide range of anthropogenic pollutions. There are
many discussions on applicability, economically feasibility and efficiency of this method.
This review will discuss on advantages and disadvantages on phytoremediation to give a
clear picture to researchers of environmental science.
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1. Introduction
Traditional treatment method for cleaning environment
contain serious problem such as switching a problem to
another environmental crisis, non-sustainable, non-cost
effective, highly limited in applicability, unable to
conjunction with other treatments or in situ application and
several environmental foot print. On the other hand, metallic
elements (ME) are not subject to sustainable removal by the
current commercial treatment method. Furthermore, several
new types of wastewater such as health care, pharmacology
and hospital wastewater which contains numerous pollutants
with no available recognized traditional treatment method are
going to be a major part of civilization and overpopulation
impact on environment. In these types of wastewater two
aspects of health care and pollutant removal are concern of
researches. Additionally, many of pollutant could not be

treated in wastewater treatment plants (Ferreira et al. 2016).
Consequently, there is a critical requirement for a treatment
technique with low cost (Yasin et al. 2015), environmentally
friendly (Parise 2016), suitable for a wide range and
concentration (Olivares 2013) of multiple pollutants
(Tripathi et al. 2015), capable for combination treatment
methods (Mojiri et al. 2016), in situ treatment method
(Cheng et al. 2015) and easy large-scale applicability
(Willscher et al. 2013), generally applied in conjunction
with other cleanup approaches (Guo et al. 2014), or
augmentation such as adsorbents (Mojiri et al. 2016),
nutrients, organic amendments (Park et al. 2011) for
effectively gaining with current environmental pollution.
Phytoremediation as a new treatment method for
environmental pollution socially expected to gain all current
crises in higher efficiency and lower environmental impact
as well as economically feasible. This emerging green
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technology, have been gained many serious anthropogenic
pollution. Fair assessment required for disadvantages which
related to this method. Even specifying it for a specific waste
treatment such as municipal wastewater (McGee 2016) may
give the solution key for concentration on advantages vs. the
highlighting disadvantages. This review presents a fair
comparison
between
drawbacks
and
merits
of
phytoremediation to give a clear picture for future studies.

projects. This will reasonably be confirmed for a scientific
technique which applied in practical experiences so brilliant
lab scale results of researches, as well as high applicability of
the aforementioned results, will give a clear picture from a
sustainable environmental treatment method. The results of
these studies will open new visions in commercialization of
phytoremediation. Aquatic media have been presented high
quality and effective responses for phytoremediation
especially for organic contamination. Numbers of full-scale
studies carried out such as treatment of swine wastewater by
Eichhornia crassipes (Chien et al. 2015) and (Quinn et al.
2001) deep root hybrid Populus sp. for groundwater
treatment. The efficiency of full scale phytoremediation in
natural condition significantly lower than lab-scale
researches meanwhile, advantages of this treatment method
cause concerning high attention and requests for future
environmental cleaning strategies (Gomes et al. 2013).

2. Advantages
This technology is suitable for sites with shallow
contaminants (Schnoor et al. 1995).They indicate that fullscale and pilot studies are going to demonstrate the promise
and drawbacks of plant application for remediating hazardous
waste in terrestrial and sediments. List of 16 applied project
worldwide presented by (Schnoor et al. 1995). Table 1 shows
numerous of current pilot and full-scale phytoremediation

Table 1 Some implemented pilot scale phytoremediation project worldwide
Plant species

Pollutants

Location

Specification

Reference

Typha latifolia

Lignite and
pyrolysis
Arsenic

Germany

Kuschk et al. 2003

Nutrients and
Organic Pollution
Pesticide

UK

4 years subsurface flow Constructed
Wetland
1900 L day-1 and total 60,000 L
drinking water
4.8m3 daily on a piggery farm
constructed wetland
Ponded wetland contain plant and
open ponds in Cotton farm

Metallic elements

Italy

Doumett et al. 2008

Organic
pollutants
Nutrients
(N, P)
Metallic elements

Germany

Metallic elements

Italy

Organic
pollutants
Organic
pollutants

Germany

3months project
50 pots contain 6 kg soil
Remediation research in regionally
contaminated aquifers
270 days operation in 4 years+
harvesting algae
River water in 3 pilot CW with
180x50x50 cm diameters
30 days tartrate and glutamate
influence
24 month treatment +
Ferric oxide and charcoal augmenting
Remediation research in regionally
contaminated aquifers, One year
period

Organic pollutants

USA

Ranieri et al. 2013

Nutrients
Turbidity
Dye

India

Metallic elements

Italy

Tree pilot CW with 35m2
Daily flow rates 1m3
Tanning process effluent in 300 liter
Subsurface flow CW in 4 month try
96 h degradation for sulfonated textile
dye
Compost amendment
phytoremediation for dredged marine
sediment

Pteris vittata
Phragmites australis
Persicaria spp., Ludwigia
peploides, Myriophyllum
papillosum, Juncus usitatus
Bolboschoenus medianus
Typha domingensis
Paulownia tomentosa
Phragmites australis
Freshwater algae
Phragmites australis
Typha latifolia
Paulownia Tomentosa
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Phragmites australis
Phragmites australis

Phragmites australis
Typha latifolia
Cyperus alopecuroides
Alternathera philoxeroides
Paspalum vaginatum Sw.
P.Vaginatum + Spartium
junceum L., P.Vaginatum +
Tamarix gallica L.

USA

Australia

USA
Taiwan

Germany

India

70

Elless et al. 2005
Sun et al. 2006
Rose et al. 2006

Mareike Braeckevelt
et al. 2008
Mulbry and Kondrad,
2008
Yeh et al. 2009
Doumett et al. 2010
Seeger and Kuschk
2011
M Braeckevelt et al.
2011

Devi and Jayakumar
2014
Rane et al. 2015
Doni et al. 2015
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2. Cost effective

3. Disadvantages

The cost of phytoremediation is highly variable and there a
high correlation between cost of phyto-treatment and
contaminant concentration, types, properties of soil
and/water, site circumstances and importance of pollutant as a
hazardous effect in the food chain. Anyway,
phytoremediation is the most cost effective treatment methods
with high social acceptance worldwide. Table 2 shows the
cost of treatment for different applicable method with
concentrating on main expenses (Raskin and Ensley 2000).
Based on the report of (Mulbry and Kondrad 2008)
phytoremediation of nutrients in dairy wastewater ($11 per kg
N) are well below the traditional treatment method.
Phytoremediation of soil toxic metals could be recognized as
unique low cost treatment in compare with traditional
methods. The cost of decontamination will be increase about
7 times, when metallic elements combined with organic
pollutants (Lasat 2000). Ligand application such as glutamate
influence cause increasing phytoremediation (through the 30
days ) to more than 87500-180000 $ in 1 ha at 50 m mol kg -1
(Doumett et al. 2010). It indicates that augmentation or
amendment process through the phytoremediation technique
may contribute higher efficiency, but it should be investigated
as the cost of augmentation and related environmental
impacts (Römkens et al. 2002). Thus the market of
phytoremediation highly depends on the managing the
responses of cost effective methods in environmental
protection condition. The largest market of phytoremediation
belongs to organic contaminant removal from groundwater in
the USA. Through the future trading, estimating of (Glass
1999) about 005 in comparison with 2000 indicate that >
300% increasing in phytoremediation market. He predicts that
$235- 370 million for the market value of phytoremediation
in 2005. Meanwhile, review of (Pilon-Smits 2005) showed
that real market of this green technology was $100-150
million in the world. Increasing the price of metals and
materials among the production process in manufacturing
system and environmental protection regulars may contribute
as decreasing pollutants in case and volume. On the other
hand, phytoextraction and phytomining as two attractive soil
decontamination could not reach to commercial specification,
as an applied treatment method (Robinson et al. 2015)
subsequently of their very long requirement time and low
efficiencies. The most attractive aspect of phytoremediation
belongs to wastewater treatment and future of this application
may change the policy of municipal wastewater treatment in
the world (McGee 2016).

Any disability, failure unknown response may divert as
contribute a factor to plant species and it also may cause
increasing disadvantages of phytoremediation. Literature
indicates that contamination concentration, toxicity and
bioavailability and Plant choice and stress tolerance are the
main disadvantages of phytoremediation such as following
tips:
 Accumulation of pollutant in fruit and other edible parts
of crop and vegetables.
 So far growing of phytoremediator plants
(hyperaccumulators)
 Low biomass production in phytoremediators, so several
planting and harvesting required for decontamination
(Pilipović 2008)
 Generally, specific selective unique accumulation of one
metallic element in hyperaccumulator (Xi et al. 2008)
 Environmental pollution caused by chelate–enhanced
phytoremediation (Melo et al. 2008; Munn et al. 2008;
Nam et al. 2008; Römkens et al. 2002)
 Very slow and seasonally effective treatment method
(Chintakovid et al. 2008)
 Handling and disposing contaminated plants through the
phytoremediation is the major foot print of this green
technology (Ahalya et al. 2003; Ghosh and Singh 2005;
Lasat 2000)
 Mobilization of radionuclides through the translocation
in plants (Popa et al. 2008)
 Not applicable for all compounds (Trapp and Karlson,
2001)
 Dissolved contaminant in groundwater are not suitable
case for aquatic phytoremediation (Van Den Bos 2002)

4. Discussion on drawbacks of phytoremediation
Disadvantages of phytoremediation could be categorized in
1)physiological properties and limitation of plant species 2)
wrong application and planning the process of treatment 3)
low efficiency or wake of phytomanagment 4) low
concentration of necessary macro / micro nutrients in
polluted media 5) interaction of multi contaminations 6)
climate condition and adaptation of plant species in polluted
areas. Plant species contain genetically properties and
specification that characterized them in specific categories
such as indicators, low tolerance, highly tolerant and finally
hyperaccumulator species. In most cases hyperaccumulator
plant species act as extractor of unique metallic elements.
More than 400 plant species recognized as hyperaccumulator
in plant families which Brassicaseae contain the highest
numbers of hyperaccumulator plant species (Ghosh and
Singh 2005). The art of proper application of these capable
phytoremediators should be optimized by more investigation,
such as multicultural planting system (Zhao et al. 2002) or
combination microbes and plant species as omics tools (Bell
et al. 2014) method for gaining higher efficiency in multi
element polluted environment. Table 3 shows numbers of
super hyperaccumulator plant species with the highest
accumulation of metallic elements capacity (Lasat 2000).

Table 2 Soil treatment cost
Treatment types
Phytoremediation
Electrokinetics
Chemical
treatment
Landfilling

Vitrification

Estimated cost
($/ton)
5-40
20-200
100-500
100-500

75-425

Extra expenses
/Factor
Monitoring
Monitoring
Contaminant
recycling
Transport
excavation and
monitoring
Monitoring (longterm)
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Table 3 Shows numbers of hyperaccumulator plant species

Preparing a suitable growing environment such as natural
growing in nature may contribute to better results.

Plant species

Metal

Leaf content(ppm)

Thlaspi caerolenscens
Ipomea alpine
Haumaniastrum robertii
Astragalus racemosus
Sebertia acuminate

Zn:Cd
Cu
Co
Se
Ni

39,6000:1,800
12,300
10,200
14,900
25%by wt dried sap

Crop plant species compensate their low accumulation
of pollutants with high biomass production. Most of crop
plants which applied in contaminated areas are Brassica
junca, Helianthus annuus, Zea mays, Brassica napus
(Vamerali et al. 2010). The main objective after
decontamination issue with crop plants is managing high
volume loaded contaminants plant biomass. Planning energy
consuming (Pandey et al. 2016) or in precious contaminant
case agromining (van der Ent et al. 2015), risk assessment in
edible parts for human and livestock (Yang et al. 2009),
should be considered in treatment process planning.

The other aspect of disadvantages depends on plant
selection for phytoremediation by following recognized
methods:
 Screening nominated plant to find capable plant species
 Application of well-known hyperaccumulator species
 High biomass production, crop plant species
 Transgenic engineered plant species
 Seeking a polluted environment for naturally grown and
adapted plant species

Transgenic plant species may have not a perfect social
acceptance for edible crop production nevertheless, for
preparing capable plant for cleaning environment from toxic
metallic elements such as Mercury (Rugh et al. 1998),
Cadmium (Das et al. 2016) and Arsenic (Fig. 1) (Chen et al.
2013). Cost of engineering process and cloning transgenic
plants may contribute to the low attraction of this high-tech
system in environmental cleaning (Bennett et al. 2003).

Plant species screening is a common method to find new
accumulator or hyperaccumulator plant species (Kaimi et al.
2007). This method only will present capable plant species
for specific pollutants and more investigating are required to
characterizing toxic concentrating or dosages of pollutants for
selected plant and other junction ability among the different
pollutants (Chehregani et al. 2009).

Naturally grown plants in polluted environment which may
be hyperaccumulator, tolerant, semi-tolerant, low
accumulator or adapted common plant species, arethe best
candidate for phytoremediation in aquatic or terrestrial
environment. Visiting polluted sites highly recommended
(Farraji 2014) for finding capable plant species and
familiarity with natural growing condition of these plants.
Naturally grown hyperaccumulator plant species for Nickel
(Phyllanthus bolgooyi) reported at Malaysia (van der Ent et
al. 2013) and Manganese (Phytolacca acinosa Roxb) at
China (Xue et al. 2004) (Fig. 2).

Hyperaccumulators are professional accumulators of
metallic elements and their presence in a heavy metal
contaminated environment will give an effective opportunity
for sustainable decontamination of metallic elements as nondegradable anthropogenic pollutants. Professional technique
should be applied in proper method to gain designed goals.
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Fig. 1 Wild type (WT) and
transgenic (L9 & L11)
Arabidopsis thaliana applied
for arsenic hyperaccumulation

72

Merit and demerit of phytoremediation

Farraji et al.

Fig. 2 Nnaturally grown
hyperaccumulator plant
species for metal nickel
(Phyllanthus bolgooyi) at
Malaysia (left) and
Manganese (Phytolacca
acinosa Roxb) at China
(right)
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Phytoremediation as merging green technology is going to
convert as a developed treatment method for decontamination
or pollutant removal from the human environment.
Advantages and disadvantages of this technique partly depend
on limitation on plants as main leading organisms through the
treatment process, meanwhile most of disadvantages related
to proper application of this ecofriendly environment cleaning
method. In other word, both efficiency ad advantages of
phytoremediation highly related to suitable operation of
treatment process. Combination with other treatment method
as polishing or post treatment process, crop plant application
for faster pollutants removal, transgenic engineered plant
species with professional ability in pollutant removal as well
as suitable application of hyperaccumulator plants species
will lead future researches to presenting a clear picture for
advantages of this cost effective method. Furthermore,
eligibility of phytoremediation for municipal wastewater have
been highly confirmed for future vision in wastewater
treatment. Cost efficiency of phytoremediation, optimizing
process of treatment and best combination junction with other
treatment methods in phytoremediation hasn’t been fully
addressed and may consider as future studies objectives. To
sum it up, phytoremediation as specific technique is a tool for
scientific researches and the same as all technologies contain
the pros and cons, thus efficiency of this technique highly
depends on proper selection and suitable application with
comfortable augmentation and amendments.
Acknowledgements
This work is funded by Universiti Sains Malaysia under
Iconic grant scheme (Grant no. 1001/CKT/870023) for
research associated with the Solid Waste Management
Cluster, Engineering Campus, Universiti Sains Malaysia. I
appreciate from the Institute of standard and industrial
researches of Iran (ISIRI) for providing this precious
opportunity.
References
Ahalya N, Ramachandra T, Kanamadi R (2003) Biosorption
of heavy metals. Res J Chem Environ 7:71–79

73

Int J Env Tech Sci - www.journalijets.org

Merit and demerit of phytoremediation

Farraji et al.

Wetlands. in: Ramamohan K (ed) Hydrology and
watershed management: Ecosystem Resilience-Rural and
Urban Water Requirements 1:365
Doni S, Macci C, Peruzzi E (2015) Heavy metal distribution
in a sediment phytoremediation system at pilot scale. Ecol
Eng 81:146–157
Doumett S, Fibbi D, Azzarello E, Mancuso S, Mugnai S,
Petruzzelli G, Del Bubba M (2010) Influence of the
application renewal of glutamate and tartrate on Cd, Cu,
Pb and Zn distribution between contaminated soil and
Paulownia tomentosa in a pilot-scale assisted
phytoremediation study. Int J Phytoremediat 13:1–17
Doumett S, Lamperi L, Checchini L, Azzarello E, Mugnai S,
Mancuso S, Petruzzelli G, Del Bubba M (2008) Heavy
metal distribution between contaminated soil and
Paulownia tomentosa, in a pilot-scale assisted
phytoremediation study: influence of different complexing
agents. Chemosphere 72:1481–1490
Elless MP, Poynton CY, Willms CA, Doyle MP, Lopez AC,
Sokkary DA, Ferguson BW, Blaylock MJ (2005) Pilotscale demonstration of phytofiltration for treatment of
arsenic in New Mexico drinking water. Water Res
39:38633872
Farraji.H (2014) Wastewater Treatment by Phytoremediation
Methods. In:Aziz H (ed) Wastewater Engineering: Types,
Characteristics and Treatment Technologies(H.A.Aziz ,
M. A., ed), pp 205-218 Malaysia: IJSRPUB
Ferreira AR, Couto N, Guedes PR, Mateus EP, Ribeiro AB
(2016) Removal of Pharmaceutical and Personal Care
Products in Aquatic Plant-Based Systems. In: Ribeiro A
(ed) Electrokinetics Across Disciplines and Continents, pp
351–372: Springer
Ghosh M, Singh S (2005) A review on phytoremediation of
heavy metals and utilization of it’s by products. Asian J
Energy Environ 6:18
Glass DJ (1999) Current market trends in phytoremediation.
Int J Phytoremediat 1:1–8
Gomes HI, Dias-Ferreira C, Ribeiro AB (2013) Overview of
in situ and ex situ remediation technologies for PCBcontaminated soils and sediments and obstacles for fullscale application. Sci Total Environ 445:237–260
Guo Y-M, Liu Y-G, Zeng G-M, Hu X-J, Xu W-H, Liu Y-Q,
Liu S-M, Sun H-S, Ye J, Huang H-J (2014) An integrated
treatment of domestic wastewater using sequencing batch
biofilm reactor combined with vertical flow constructed
wetland and its artificial neural network simulation study.
Ecol Eng 64:18–26
Kaimi E, Mukaidani T, Tamaki M (2007) Screening of twelve
plant species for phytoremediation of petroleum
hydrocarbon-contaminated soil. Plant Prod Sci 10:211–
218
Kuschk P, Wiessner A, Kappelmeyer U, Weissbrodt E,
Kästner M, Stottmeister U (2003) Annual cycle of
nitrogen removal by a pilot-scale subsurface horizontal
flow in a constructed wetland under moderate climate.
Water Res 37:4236–4242
Lasat M (2000) Phytoextraction of metals from contaminated
soil: a review of plant/soil/metal interaction and
assessment of pertinent agronomic issues. Journal of
Hazardous Substance Research 2:1–25

McGee M (2016) Can Constructed Wetlands be the Future of
Wastewater Treatment? A Policy Analysis Determining
the Gaps Within Canadian Legislation.
Melo ÉECd, Nascimento CWAd, Accioly AMdA, Santos
ACQ (2008) Phytoextraction and fractionation of heavy
metals in soil after multiple applications of natural
chelants. Sci Agr 65:61–68
Mojiri A, Ziyang L, Tajuddin RM, Farraji H, Alifar N (2016)
Co-treatment of landfill leachate and municipal
wastewater using the ZELIAC/zeolite constructed
wetland system. J Environ Manage 166:124–130
Mulbry W, Kondrad (2008) Treatment of dairy manure
effluent using freshwater algae: algal productivity and
recovery of manure nutrients using pilot-scale algal turf
scrubbers. Bioresource Technol 99:8137–8142
Munn J, January M, Cutright TJ (2008) Greenhouse
evaluation of EDTA effectiveness at enhancing Cd, Cr,
and Ni uptake in Helianthus annuus and Thlaspi
caerulescens. J Soil Sediment 8:116–122
Nam Y-S, Park Y-J, Lee I-S, Bae B-H (2008) A
Comparative Study on Enhanced Phytoremediation of Pb
Contaminated Soil with Phosphate Solubilizing
Microorganism (PSM) and EDTA in Column Reactor.
Journal of Korean Society of Environmental Engineers
30:500–506
Olivares AR-G, RogelioGonzález-Chávez, Ma del Carmen
AHernández, Ramón Marcos Soto (2013) Potential of
castor bean (Ricinus communis L.) for phytoremediation
of mine tailings and oil production. J Environ
Manage114:316–323
Pandey VC, Bajpai O, Singh N (2016) Energy crops in
sustainable
phytoremediation.
Renewable
and
Sustainable Energy Reviews 54:58–73
Parise S (2016) The Effect Of Brassica Juncea
Phytoremediation Using Soil Doped With Concentrations
Of Copper (II) Sulfate Solution On Soil Nitrate Content.
South Carolina Junior Academy of Science. Paper 246
Park JH, Lamb D, Paneerselvam P, Choppala G, Bolan N,
Chung J-W (2011) Role of organic amendments on
enhanced bioremediation of heavy metal (loid)
contaminated soils. J Hazard Mater 185:549–574
Pilipović A, Orlović, Saša,Galović, Vladislava,PoljakovićPajnik, LeopoldGalić, Zoran,Vasić, Verica (2008)
Environmental application of forest tree species in
phytoremediation and reclamation. Needs and priorities
for research and education in biotechnology applied to
emerging environmental challenges in SEE countries 39
Pilon-Smits E (2005) Phytoremediation. Annu Rev Plant
Biol 56:15–39
Popa K, Tykva R, Podracká E, Humelnicu D (2008) 226Ra
translocation from soil to selected vegetation in the
Crucea (Romania) uranium mining area. J Radioanal
Nucl Ch 278:211–213
Quinn J, Negri M, Hinchman R, Moos L, Wozniak J, Gatliff
E (2001) Predicting the effect of deep-rooted hybrid
poplars on the groundwater flow system at a large-scale
phytoremediation site. Int J Phytoremediat 3:41–60
Rane NR, Chandanshive VV, Watharkar AD, Khandare RV,
Patil TS, Pawar PK, Govindwar SP (2015)
Phytoremediation of sulfonated Remazol Red dye and
textile effluents by Alternanthera philoxeroides: An

74

Merit and demerit of phytoremediation

Farraji et al.

anatomical, enzymatic and pilot scale study. Water Res
83:271–281
Ranieri E, Gikas P, Tchobanoglous G (2013) BTEX removal
in pilot-scale horizontal subsurface flow constructed
wetlands. Desalination and Water Treatment 51:3032–
3039
Raskin I, Ensley BD (2000) Phytoremediation of toxic
metals: John Wiley and Sons
Robinson B, Anderson C, Dickinson N (2015)
Phytoextraction: Where’s the action? Journal of
Geochemical Exploration 151:34–40
Römkens P, Bouwman L, Japenga J, Draaisma C (2002)
Potentials
and
drawbacks
of
chelate-enhanced
phytoremediation of soils. Environ Pollut 116:109–121
Rose MT, Sanchez-Bayo F, Crossan AN, Kennedy IR (2006)
Pesticide removal from cotton farm tailwater by a pilotscale ponded wetland. Chemosphere 63:1849–1858
Rugh CL, Senecoff JF, Meagher RB, Merkle SA (1998)
Development of transgenic yellow poplar for mercury
phytoremediation. Nat Biotechnol 16:925–928
Schnoor JL, Light LA, McCutcheon SC, Wolfe NL, Carreia
LH (1995) Phytoremediation of organic and nutrient
contaminants. Environ sci technol 29:318A–323A
Seeger EM, Kuschk P (2011) Bioremediation of benzene-,
MTBE-and ammonia-contaminated groundwater with
pilot-scale constructed wetlands. Environ Pollut
159:3769–3776
Sun G, Zhao Y, Allen S, Cooper D (2006) Generating “tide”
in pilot-scale constructed wetland to enhance agricultural
wastewater treatment. Engineering in Life Science, 6(6),
560–565
Trapp S, Karlson U (2001) Aspects of phytoremediation of
organic pollutants. J Soil Sediment 1:37–43
Tripathi V, Fraceto LF, Abhilash P (2015) Sustainable cleanup technologies for soils contaminated with multiple
pollutants: plant-microbe-pollutant and climate nexus.
Ecolo Eng 82:330–335
Vamerali T, Bandiera M, Mosca G (2010) Field crops for
phytoremediation of metal-contaminated land. A review.
Environ Chem Lett 8:1–17
Van Den Bos A (2002) Phytoremediation of volatile organic
compounds in groundwater: Case studies in plume
control. Draft report prepared for the US EPA Technology

Innovation Office under a National Network for
Environmental Management Studies Fellowship.
van der Ent A, Baker A, Van Balgooy M, Tjoa A (2013)
Ultramafic nickel laterites in Indonesia (Sulawesi,
Halmahera): mining, nickel hyperaccumulators and
opportunities for phytomining. J Geochem Explor
128:72–79
van der Ent A, Baker AJ, Reeves RD, Chaney RL, Anderson
CW, Meech JA, Erskine PD, Simonnot M-O, Vaughan J,
Morel JL (2015) Agromining: farming for metals in the
future? Environ Sci Technol 49:4773–4780
Willscher S, Mirgorodsky D, Jablonski L, Ollivier D, Merten
D, Büchel G, Wittig J, Werner P (2013) Field scale
phytoremediation experiments on a heavy metal and
uranium contaminated site, and further utilization of the
plant residues. Hydrometallurgy 131:46–53
XI M-z, BAI Z-k, ZHAO Z-q (2008) Advances on the study
of chelate-enhanced phytoremediation for heavy metal
contaminated soils [J]. Soil and Fertilizer Sciences in
China 5:003
Xue S, Chen Y, Reeves RD, Baker AJ, Lin Q, Fernando DR
(2004) Manganese uptake and accumulation by the
hyperaccumulator
plant
Phytolacca
acinosa
Roxb.(Phytolaccaceae). Environ Pollut 131:393–399
Yang Y, Zhang F-S, Li H-F, Jiang R-F (2009) Accumulation
of cadmium in the edible parts of six vegetable species
grown in Cd-contaminated soils. J Environ manage
90:1117–1122
Yasin M, Faisal M, El Mehdawi A, Pilon-Smits E (2015)
Microbe-assisted selenium phytoremediation and
phytomanagement of natural seleniferous areas. In:
Global Advances in Selenium Research from Theory to
Application: Proceedings of the 4th International
Conference on Selenium in the Environment and Human
Health 2015, p 199: CRC Press
Yeh T, Chou C, Pan C (2009) Heavy metal removal within
pilot-scale constructed wetlands receiving river water
contaminated by confined swine operations. Desalination
249:368–373
Zhao F, Dunham S, McGrath S (2002) Arsenic
hyperaccumulation by different fern species. New
Phytologist 156:27–31

75

