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Abstract

Contaminated water can be purified using mechanical, chemical, or biological methods. Environmentally safe tech-
nology of phytoremediation involving plant metabolism is also an alternative solution. Phytofiltration, classified
as one of the most promising among phytoremediation, is a technique that relies on remediation of contaminated
water through absorption or precipitation and further concentration of pollutants. Currently, only very few plant
species are known to be fully suitable to be used for this technology. Such species can efficiently remove toxic
metal ions from a solution because of rapidly grown biomass. The selection of suitable plant material for phyto-
filtration is still considered the most difficult step, especially when purification of groundwater contaminated with
a mixture of compounds is concerned. The advantages of this technique are presented herein, especially in
relation to water reservoirs contaminated with trace metals.
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Introduction

Rapid growth both in the agricultural and industrial
sectors during the last several years has improved the
living standards of human beings; on the contrary, it has
also created serious environmental threats (Adriano,
2001; Adress et al., 2015; Rizwan et al., 2015). Soil and
water pollution with trace elements (TEs) are among
threats resulting mainly from anthropogenic activities.
Negative industrial activities include mining and pro-
cessing of metallic ores; and apart from these, the ex-
cessive use of industrial wastes, sewage sludge, ferti-
lizers, and pesticides, mostly in agricultural sector,
creates environmental problems. In contrast, major na-
tural contributors of TEs in the environment are volca-
nic activity or weathering of parent rock (Nagajyoti et al.,
2010). TEs, in general, include biologically essential
elements, such as zinc (Zn), cobalt (Co), copper (Cu),
and manganese (Mn), chromium (Cr), and non-essential,

harmful elements, such as cadmium (Cd), arsenic (As),
mercury (Hg), lead (Pb). The essential elements are re-
quired in trace amounts for the normal growth and deve-
lopment of plants and animals, and hence they are
usually known as micronutrients. However, these ele-
ments are toxic to living organisms when present at ele-
vated concentrations (Rahman and Hasegawa, 2011; Za-
heer et al., 2015). Since no biological functions of non-
essential elements have been identified, they are toxic to
plants, animals, and/or humans even at low concentrations
(Kabata-Pendias and Pendias, 2001; Wuana and Okieimen
2011; Rizwan et al. 2015). During the water purification
process, TEs are exploited either by chemical/physico-
chemical or biological (biochemical/biosorption) mecha-
nisms. Choosing the appropriate approach, verifying the
accuracy of the risk, checking efficiency and cost-effecti-
veness of methods are crucial for effective treatment of
contaminated wastewaters. In some instances, two or
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even more of the techniques are used synergistically to
achieve better results (Fu and Wang, 2011; Hashim
et al., 2011; Czemierska et al., 2015). Attempts are also
made either to optimize the existing technologies or to
invent a novel use of already known methodologies.

In the present study, we were focused on the domain
of phytofiltration, especially in relation to bodies of
water contaminated with trace metals. The paper pre-
sents a comprehensive review that has been mainly wor-
ked out upon the selected results obtained in the last
decades. In addition, we propose a consistent overview
regarding vascular plant species frequently used in the
described technology.

The technology for purification 
of contaminated water

The most commonly used methods of physicoche-
mical removal of the metallic elements include ion ex-
change and membrane filtration. Besides, processes of
precipitation, coagulation–flocculation and flotation are
also commonly used (Kurniawan et al., 2006; Fu and
Wang, 2011; Katsou et al., 2011). The process of bio-
sorption using adsorbents (biomaterials) with functional
groups (carboxyl, hydroxyl, sulfhydryl, amide) where
metal ions are easily bonded poses an interesting solu-
tion. Even though the mechanism of biosorption may
seem quite complicated because it requires several dif-
ferent processes, such as adsorption, surface precipita-
tion, ion exchange, or complexation, it is known for the
efficient and cost-effective approach. However, some
high-performing materials (e.g., straw or bran of wheat)
can be applied (Farooq et al., 2010; Wiszniewska et al.,
2016). Various types of vegetable waste can also be suc-
cessfully used as adsorbents of trace metals from water
reservoirs. Using such adsorbents can prove to be an ex-
cellent alternative for expensive, conventional methods
of removing metals from the polluted environment. Rice
hulls, sawdust, bagasse, waste from fruits or even weeds
can be used as the adsorbent material as well. Chemical
modification of these wastes using organic acids, inor-
ganic acids, or oxidizing agents greatly increases the ca-
pacity of adsorption of Cd, Pb, Hg, Cr, Ni, Cu, and Zn
(Wan Ngah and Hanafiah, 2008; Srinivas and Naidu,
2013). Furthermore, for the process of removal of trace
metals from aqueous system, the so-called technology of
nanosized metal oxides (NMOs), such as the use of

nano-ferric oxides, nano-manganese oxides, nano-alu-
minum oxides, nano-titanium oxides, nano-magnesium
oxides or nano-cerium oxides, can also be applicable.
NMOs provide a large surface area and a specific affinity
for trace metals. Currently, research in basic sciences
related to NMO technology (materials based on metal
oxides, granular composite materials) is focused on un-
derstanding the mechanisms responsible for the removal
of metal ions and is conducted based on modern analy-
tical techniques such as X-ray absorption spectroscopy
(XAS), Attenuated total reflectance Fourier transform in-
frared spectroscopy (ATR-FT-IR), nuclear magnetic re-
sonance (NMR), or mathematical models (Hua et al.,
2012; Fu et al., 2014; Zhao et al., 2016a).

The presence of elevated concentrations of arsenic
in natural waters around the world is another great prob-
lem, and arsenic is toxicologically dangerous due to its
nature. Removal of arsenic occurs by oxidation, precipi-
tation, coagulation, membrane filtration, and adsorption
(Mohan and Pittman, 2007; Allende et al., 2014). During
the process of trace metal removal from contaminated
water active carbon, chitosan or zeolite can also be used.
These materials are easily available and have a high ad-
sorption capacity (Babel and Kurniawan, 2002; Cardoso
et al. 2015; Qi et al., 2015). Recently, bioflocculants have
additionally been tested in that regard (Czemierska
et al., 2015; Zhao et al., 2016).

Biological methods for the environment treatment

There are high expectations in the use of effective
biological methods appropriate for wastewater treat-
ment. Generally, phytoremediation is the purification
technology that is used to purify ground, groundwater,
surface water, sludge, and even air, using the natural abi-
lity of certain plants to adsorb pollutants or rendering
them harmless. These plants are capable to grow in eco-
systems contaminated with organic and inorganic mate-
rials, adsorbing or biodegrading them. This technology
might be an interesting alternative to physicochemical
methods adversely affecting the environment in a way
that they may contribute to the secondary contamination
of the purified matrix. Phytoremediation is also econo-
mically justified as it requires less investment outlays
while it is an environmentally friendly solution (Cunnin-
gham et al., 1995; Raskin et al., 1997; Marques et al.,
2009; Hanus-Fajerska et al., 2011, Wiszniewska et al.,
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2016). Typically, a natural “phytoremediator” should
produce an extensive root system; it should be charac-
terized by a rapid vegetative growth and elevated tole-
rance to certain types of contaminants. In some cases,
such specimens ought to possess the ability to accumu-
late a few impurities at the same time. So far, in land
systems, more than 400 species of plants having the
ability to accumulate metal ions were identified. Some of
the aforementioned phytoremediators also play an im-
portant ecological role in protecting against herbivory
(Jhee et al., 2006) or, in contrast, forming mutualistic
interactions with some insect species (Ernst et al.,
1990). Furthermore, besides the interesting shapes of
leaves or enjoyable smells of flowers, the use of phytore-
mediators enables to aestheticize the landscape due to
the formation of a dense vegetation cover. Several dif-
ferent techniques (or modes of action) have been distin-
guished based on the way in which plants purify the con-
taminated ecosystems; these are as follows: phytoex-
traction, phytodegradation, phytostabilization, phyto-
evaporation, phytofiltration, and blastofiltration. The last
two of them are included in the phytoaccumulation
techniques in aquatic systems. It is important to men-
tion that the mechanisms of detoxification or removal of
impurities from the environment by plants are rather
complex and often a result of a combination of different
metabolic pathways (Salt et al. 1995; Ghosh and Singh,
2005; Ma rques et al., 2009; Augustynowicz et al., 2010;
Hanus-Fajerska et al., 2011).

Possibilities of water quality improvement using
phytofiltration

Among the known phytoremediation techniques,
phytofiltration is the most suitable method of removing
impurities including trace metal ions from the polluted
water. Among aquatic environments that are susceptible
to the use of this method are municipal wastewaters
(phytofiltration of metals, rhizofiltration of nutrients),
effusions of arable lands (ingredients from fertilizers,
metal ions, selenium, boron, arsenic, herbicides, and
organic pesticides), exudates from waste dumps (metal
ions), industrial wastes (trace metals, selenium), exu-
dates from landfills or contaminated ground waters (me-
tal ions, organic compounds). In contrast, rhizofiltration
is a separate technique that uses plant roots to absorb
and further precipitate accumulated toxic metal ions
from groundwaters and contaminated wastewaters. Ab-

sorbed impurities are collected in vacuoles of the root
cell cortex or are penetrated directly into the root tis-
sues. Finally, they are precipitated on the surface of
roots. Rhizofiltration can sometimes be regarded as
a variant of phytoextraction, as it can affect the absorp-
tion of macro- and micronutrients from water and waste-
water. The possibility of using plants to purify municipal
wastewaters has even been considered at the beginning
of 19th century in Germany (Dushenkow et al., 1995;
Krishna et al., 2012). Presently, this technique is mainly
used for the removal of trace metal ions and radioactive
elements, when present in an aqueous medium at rela-
tively low concentrations. The sorption plays the most
important role in the removal of trace metals from the en-
vironment when rhizofiltration is used; sorption occurs on
the surface of the plant root system. The sorption of pollu-
tants is a complex process due to the physicochemical
interactions between the plant and particular kind of re-
mediated substance, depending on chelating and ion ex-
change processes. Interestingly, these processes may
also occur on a dead root tissue (Raskin et al., 1997;
Krishna et al., 2012; Islam et al., 2013; Allende et al.,
2014). The biological processes linked to active accumu-
lation of xenobiotics in vacuoles or transportation to the
aerial plant organs does not affect the efficiency of rhizo-
filtration greatly (Karen et al., 2009). Although the
aquatic environment is a natural habitat for plants used
in the process of phytofiltration, more and more atten-
tion is paid to the possibility of using terrestrial plants
for this purpose. Plants grown in hydroponic and aero-
ponic cultures are sometimes said to be much more
effective in rhizofiltration of contaminants than the typi-
cal water plants (Raskin et al., 1997; Fine et al., 2013).
However, Agunbiade and coworkers (2009) observed
that the concentrations of the metal ions in the tissues
of Eichhornia crassipes were much higher than their
corresponding concentrations in the water sample with
the same unit (Table 1). This indicates that plants accu-
mulate metal ions from contaminated medium and that
appropriate plant species could be used as an indicator
of biological conditions, which can aid in the purification
of the coasts from metal contamination.

Augustynowicz and coworkers (2014) studied the
phytoremediation capacity of Callitriche cophocarpa  con-
cerning water contaminated with thallium (Tl), cadmium
(Cd), zinc (Zn), and lead (Pb) derived from natural en-
vironment. After a 10-day incubation period, it was ob-
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Table. 1. Some examples of hyper-accumulating plant species exploited in phytofiltration of trace metals

Accumulated element(s) Species Family References

As, Cd, Cu, Cr Fe, Mn, Ni,
Pb, U, Zn

Eichhornia crassipes Pontederiaceae Agunbiade et al. 2009

As Chlorodesmis sp. Udoteaceae Jasrotia et al. 2015

As Cladophora sp. Cladophoraceae Jasrotia et al. 2015

As, Cd, Cu, Pb, Zn Eleocharis acicularis Cyperaceae Sakakibara et al. 2011

Cd, Ta, Pb, Zn Callitriche cophocarpa Callitrichaceae Augustynowicz et al. 2014

Cd, Cu, Mn, Ni Pistia stratiotes Araceae Galal and Farahat 2015

Cr Juncus acutus Juncaceae Dimitroula et al. 2015 

Hg, Pb Azolla pinnata Azollaceae Mishra et al. 2009

Pb Plectranthus aboinicus Lamiaceae Ignatius et al. 2014

Pb Carex pendula Cyperaceae Yadaw et al. 2011

U Phaseolus vulgaris Fabaceae Yang et al. 2015

served that shoots of studied C. cophocarpa specimens
effectively biofiltrated the water so that it met (for Cd,
Zn, and Pb) the appropriate quality standards after the
treatment. The order of accumulation of the investigated
elements by shoots (mg/kg dry weight) is as follows: Zn
(1120) < Tl (251) < Cd (71) < Pb (35) (Table 1). In con-
trast, Dimitroula and coworkers (2015) investigated the
filtration efficiency of Juncus acutus in treating Cr(VI)-
contaminated groundwater. Measurements of Cr(VI) and
total Cr were performed to estimate the rate of removal
of these metal ions from the water and concentration in
plant tissues. The results support that J. acutus is able
to filtrate up to 140 g/l of Cr(VI) from the contaminated
water. The analysis of chromium content in plant tissues
revealed that the majority of Cr was accumulated by the
plants used in described experiment (Table 1), whereas
the results of Ignatius and coworkers (2014) showed
that Plectranthus amboinicus is tolerant to a wide range
of lead concentrations and nutrient deficiency. The plant
accumulated considerable amounts of lead, particularly
in the roots, and the translocation to the stem and leaf
was limited, indicating that the use of aboveground parts
of the plant for medicinal purposes was not hindered by
its ability to remove lead from the soil or water. The
results of their research also indicate that the P. amboi-
nicus can be considered for the cleanup of lead-conta-
minated wastewaters in combination with safe biomass
disposal alternatives (Table 1).

Jasrotia and coworkers (2015) determined the ef-
fectiveness of aquatic macrophyte and microphytes for
phytoremediation of water bodies contaminated with
high arsenic concentration. Water hyacinth (Eichhornia
crassipes) and two algae (Chlorodesmis sp. and Clado-
phora sp.) found near arsenic-enriched water bodies
were used to determine their tolerance toward arsenic
and their effectiveness to uptake this ion thereby reduc-
ing organic pollution in arsenic-enriched wastewater.
Cladophora was found to survive in an environment with
an arsenic concentration of up to 6 mg/l, whereas water
hyacinth and Chlorodesmis could survive in an environ-
ment with arsenic concentrations of up to 2 and 4 mg/l,
respectively. It was also found that during a 10-day reten-
tion period under ambient temperature conditions,
Cladophora could have brought down arsenic concen-
tration from 6 mg/l to < 0.1 mg/l (Table 1). In Mishra
and coworkers’ (2009) study, mercury (Hg) removal
capacities of two aquatic macrophytes, Pistia stratiotes
and Azolla pinnata, were investigated against the coal
mining effluent. These plants reduced mercury from the
effluent via phytofiltration and subsequently through
accumulation in their tissues. It was found out that the
removal rate of P. stratiotes and A. pinnata  was 80% and
68%, respectively, after 21-days exposure to the effluent
containing 10 μg/l of Hg. As Hg was accumulated from
the effluent into the tissues of both aquatic macrophytes,
they were proven to be accumulators with a transloca-
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tion factor to shoots of less than one during the entire
study. The decreasing Hg content in effluent (from 10 to
2.0 μg/l) was reflected by its accumulation in roots
(0.57 ± 0.02 mg/g in P. stratiotes ) and leaves of the
experimental plants (0.42 ± 0.01 mg/g, P. stratiotes )
(Table 1). Sakakibara and coworkers (2011) performed
field cultivation experiment to examine the applicability
of Eleocharis acicularis to the remediation of water con-
taminated by trace metals. The highest concentrations
of trace metals in the shoots of E. acicularis were
20 200 mg Cu/kg, 14 200 mg Zn/kg, 1740 mg As/kg,
894 mg Pb/kg, and 239 mg Cd/kg. The concentrations of
Cu, Zn, As, Cd, and Pb in the shoots correlated with
metal or metalloid concentration in the ground in a log-
linear fashion up to a certain level; whereas the bio-
concentration factor for these elements decreased with
their increasing concentrations in the ground as was
determined that E. acicularis  biomass was getting lower.
Nonetheless, the results indicated the ability of E. acicu-
laris to hyperaccumulate Cu, Zn, As, and Cd under na-
tural conditions, making it a good candidate species for
the phytoremediation of water contaminated by trace
metals (Table 1). Thayaparan and coworkers’ study
(2013) showed the potential of Azolla pinnata to remove
Pb(II) from aqueous environment through phytofiltra-
tion. Increasing concentrations of lead in the growth
medium increased the bioconcentration factor of A. pin-
nata up to an optimum value of 1220 while the relative
growth of the plants was significantly decreased. The
results of the time course study showed that the effi-
ciency of lead removal depended on the duration of the
exposure. The maximum uptake of lead was 1383 mg/kg
of A. pinnata dry weight after the four-day treatment,
where the lead concentration in the growth medium was
reduced by 83%. The authors concluded that A. pinnata
was a potential candidate for the removal of Pb from
polluted waterways (Table 1).

In recent years, various types of technical options of
phytofiltration ranging from mats floating on the water
surface and maintaining the plant roots in water for
plants such as Phragmites australis, Schoenoplectus la-
custris, Typha laifolia, Nymphaea alba, Eichhornia cras-
sipes, or Helianthus sp. have been developed (Lee and
Yang, 2010; Allende et al., 2014). Very popular systems
of existentially economic filtration of sewage are based
on cane and other plants of the coastal bodies of water.
Another example of using phytofiltration is the formation

of strips of trees and shrubs along watercourses, whose
job would be to protect these waters against pollution
dripping from the fields. Those strips usually consist of
several types of plants: species of wetlands, hygrophyte,
upland species, and some other optional species.

Phytofiltration is the most commonly used technique
for the creation of artificial wetlands, which are mainly
used for industrial wastewater treatment primarily bur-
dened by trace metals or additionally high salt content,
especially when considering land drainage from mines.
Because of the way of discharging sewage, three types of
artificial wetlands have been distinguished: the surface,
subsurface, and vertical flow systems. In these systems,
polluted water is directed through a series of engineered
ponds (or marshes), different in construction (and depth)
to remove contaminants. The plants grown on artificial
wetlands are aquatic or marsh plants belonging, among
others, to the following species: Alternathera sessilis,
Azolla caroliniana, Eichhornia crassipes, Hippurus vul-
garis, Juncus balticus, Lemma minor, Myosotis scrpio-
ides, Pistia stratiotes, and Scripus acutus (Mithembu,
2012; Krishna et al., 2012). Artificial wetlands are
among the broadly defined systems that are objects or
areas that simulate the work of ecosystems created by
man in order to optimize their usefulness in sewage puri-
fication in order to protect water resources. In the wet-
land systems, numerous physical, chemical, and biologi-
cal processes take place appropriate for this ecosystem;
they also include, among others, aerobic and anaerobic
decomposition of organic matter by microorganisms,
downloading of nutrients and trace metals by plants,
hoeing, oxygenation of ground by the roots and rhizomes
of plants, destruction of pathogenic organisms by antago-
nistic marsh microflora, and secretions of the root sys-
tems of some plants. The macrophytes have a well-deve-
loped system of rhizomes or roots that spread in the
ground; therefore, the seepage of wastewater occurs
evenly. That is why constructed wetlands do not produce
secondary sewage sludge; they can remove organic mat-
ter, nutrients, trace metals, and some organic micro-
pollutants. Decomposed dying roots/rhizomes of macro-
phytes are leaving space for newly grown plant subterra-
nean organs that stabilize the hydraulic conductivity of
the bed. Macrophytes should also fulfill the following
characteristics: biochemical, physiological, and structu-
ral features that allow them to operate in hypoxic condi-
tions, which is important for submerged plant organs
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flooded with water (Sakakibara et al., 2011; Mithembu,
2012).

Undeniable advantages of phytofiltration are: lower
cost in comparison with mechanical or physicochemical
purification methods of wastewater, smaller amount of
obtained waste biomass (relative to the volume of puri-
fied water stream), the simplicity of the method, the
cleaning performance, and the improvement in the qua-
lity of air through the increase in area covered by vege-
tation. In the temperate climatic conditions, the dis-
advantages of this method are relatively short growing
period of plants, the necessity to select plants species
growing well in temperate climate, plants species tole-
rant to the desired type of impurities to be removed. An
additional difficulty is the degree of practical use of the
described technology since some alternative methods
such as rhizofiltration in hydroponics are in the stage of
pilot research, especially those with regard to trace me-
tals (Mithembu, 2012; Krishna et al., 2012).

Conclusions

We should work hard to achieve a substantial reduc-
tion in current contamination level of water resources.
A concise overview of numerous applications of phyto-
filtration techniques reported in this paper demonstrates
that there is an effective alternative for the existing
physicochemical methods of purifying water reservoirs.
Despite some limitations, the advantages are so unde-
niable that the need of further improvement in the de-
scribed technology is highly justified.
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