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Abstract

Heavy metal contamination is a by-product of rapid urbanization and industrialization. Water contaminated with heavy
metals can have serious health consequences for humans and is also a major threat to aquatic biodiversity. Phytoremedia-
tion technologies were developed by academicians, researchers, and industrialists due to the disadvantages and economic
impacts of conventional treatment methods to treat heavy metal contamination. Nowadays, the major focus of the scientific
community is to develop innovative approaches for treating wastewater containing heavy metals to reduce their toxicity levels
in order to meet technology-based treatment requirements. In this connection, this study was carried out to assess the ability
of three types of wetland macrophytes to remove heavy metals from simulated feed water that contains a mixture of metals
using lab-scale vertical flow-constructed wetland (CW) microcosms planted with Canna (C), Typha (T), and Eichhornia (E)
in both single and mixed cultures. All three species showed high rhizofiltration capability in the CWs with mixed cultures.
The mixed culture (E+ C+T) removed 98-99% of Cu, Cd, Ni, Pb, Fe, and 90% of Cr from the feed water in 4 days. Heavy
metal uptake and mobility in the plants were also examined during this study. Higher values of bio concentration factor
(BCF) indicated that these species can store higher amounts of heavy metals, and higher values of translocation factor (TF)
showed that most heavy metals stay below the ground, except Fe, which moves more easily to shoots. This study highlighted
the efficacy of Canna (C), Typha (T), and Eichhornia (E) plants in removing heavy metals from the contaminated water and
observed that their efficacy has been enhanced in the mixed cultures.
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1 Introduction

Heavy metal contamination of water caused by several
industries through the discharge of toxic metals into waste-
water has become one of the most serious potential health
hazards [1-3]. Major industry based operations such as min-
ing operations, smelting of metalloferrous ores, surface fin-
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leather, and tanning industries, are responsible for the dis-
charge of large quantities of metal-containing wastewater
[4-7]. Some of the metals like Cu, Zn, Fe, and Ni are essen-
tial for living organisms in trace quantities, but when they
exceed the threshold value, they pose serious health threats,
causing damage to the liver, nerves, and bones, and can even
be lethal [8—10]. Metals like Pb, Hg, Cd, and Ag do not have
any essential cellular roles. Due to their toxic effects and
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non-biodegradable nature, which lead to bioaccumulation
in the food chain, it becomes imperative to remove these
heavy metals from the wastewater before discharging into
freshwater bodies [11-13].

Conventional treatment methods like ion exchange,
electro-dialysis, electrochemical precipitation, evaporation,
solvent extraction, reverse osmosis, chemical reduction, or
oxidation show varying efficiency and involve the use of
large quantities of chemicals, resulting in the generation of
toxic sludge. These methods have high operating costs and
are less efficient at removing heavy metal ions from waste
water [14-16]. Nowadays, a variety of nanomaterials and
nanocomposites have also been used for the same purpose,
but their preparation and characterization take a longer time,
and operation costs are also high [17-25]. Hence, there is
a need to look for new, efficient, low-cost processes for the
removal of heavy metals from water streams that are envi-
ronmentally friendly and sustainable [26-28].

Constructed wetlands (CW) have been emerging as a
promising technology in recent years due to their lower
construction and operational costs and greater resilience.
Constructed wetlands are engineered systems that are spe-
cially designed and constructed to utilize the natural pro-
cesses involving wetland vegetation, soils, and their asso-
ciated microbial assemblages to assist in treating different
types of wastewater [29, 30]. Besides treating wastewater,
constructed wetland can also be an attractive natural land-
scape with wildlife habitats. While field-scale application
of constructed wetlands has been well established for the
treatment of storm water, municipal sewage, and industrial
waste waters of the mining, textile, paper, and pulp indus-
tries [31], the efficacy of this technology for the removal
of heavy metals from wastewaters needs to be studied
adequately. There are a few reports suggesting CWs are
capable of metal removal depending upon plant type and
metal mobility [32]. Rhizofiltration by the plants in CWs
seems to be a promising technique for utilizing plant roots
to absorb, concentrate, or precipitate toxic metals from
polluted effluents [33]. Removal of heavy metals in such
CWs may be mediated through processes like adsorption
or precipitation of sulphides and carbonates by the sub-
strate, removal by the plants, or retention in the soil profile
or the sediments [34, 35]. The cycling and distribution of
metals in constructed wetlands receiving different types
of wastewater are found to be influenced by the vegetation
and substrate [36].The type of macrophyte used in the CW
is considered crucial because of the different mechanisms
used by the plants for tolerating or remediating the met-
als [37, 38]. The capability of accumulating the metals
belowground or translocating them into shoots is likely to
be the decisive factor in the performance of the CWs, on
which very few studies have, however, been carried out
[39]. Moreover, the metal removal efficacy of CW using
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plant combinations is likely to be better as ecosystem com-
plexity leads to better stability and performance. In this
regard, the present study was designed and conducted to
investigate the removal of six heavy metals by exploiting
the rhizofiltration potential of three macrophytes in single
and mixed culture in a CW microcosm.

2 Materials & methods

2.1 Cannaindica, typha and eichhorniacrassipes
species

Canna indica (Kelly or Canna lily) belongs to the Cannaceae
family, mostly found in tropical countries. It is a perennial
facultative wetland herb with a well-developed underground
rhizome. The plant attains a height of 3 feet. The main
advantage of the canna plant is its rapid development rate
and high biomass production. Rapidly growing plants with
extensive roots enhance nitrification because they are a good
fit for nitrifying bacteria, which increases the surface area
of the biofilm due to their high biomass and rapid growth
rate. Compared to other wetland plants, the canna plant uses
three to five times as much water. Moreover, the blooming
and attractiveness offer more advantages for its use [40—42].

Typha species is a perennial aquatic herb with thick,
ribbon-like, structured leaves belonging to the family of
Typhaceae. Well-developed aerenchyma provides buoyancy
to the plant, and even the dead stalks are capable of trans-
mitting oxygen to the root zone. Typha is a prevalent plant
found in wetlands that is used to purify wastewater. This
species thrives in the nutrient-rich, saturated soil found in
nature, where ammonium is typically a key source of nitro-
gen. Additionally, it is tolerant of alkaline or saline envi-
ronments. This species has been utilised to treat a variety
of wastewater types due to its rapid growth and excellent
adaptation to eutrophic environments [43-49].

Eichhorniacrassipes (EC) is an aquatic weed commonly
found in tropical and subtropical regions. It is a fast-growing
plant with a well-developed fibrous root system. EC were
utilized in a man-made wetland composed of gravel, sand,
and humus layer for wastewater treatment [50-55]. The
effectiveness of EC was assessed for raw sewage, synthetic
medium and groundwater, oily river water, dye wastewa-
ter, domestic wastewater, dairy wastewater, and river water,
as well as raw wastewater collected from stabilised ponds
[56-63].The main mechanisms for reducing contaminant
toxicity is found in the root system, which is also where
most pollutants are absorbed by plants. The vast surface area
of the root system allows it to collect and retain various non-
essential pollutants together with the water and nutrients
needed for growth. (Fig. 1).
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Fig. 1 The macrophytes planted in the CW microcosms (a) Canna (b)
Typha (c) Eichhornia showing shoots and belowground parts

2.2 Preparation of metal containing feedstock

Feed water containing different heavy metals (Cu, Cd, Cr,
Ni, Pb and Fe) was prepared by dissolvingcopper nitrate
[Cu(NOs),.3H,0], cadmium chloride (CdCl,), potassium
dichromate (K,Cr,05), nickel sulphate [NiSO,.7H,0], lead
nitrate [Pb(NO;),]and ferric nitrate [Fe(NO;),.9H,0]in
fresh tap water with composition as shown in Table 1. These
heavy metal concentrations were selected considering their
presence in different industrial waste waters.

2.3 Analytical methods

The concentration of heavy metals in the plants and micro-
cosm effluents before and after the batch treatment in CWs
was analyzed by Atomic Absorption Spectrophotometer
(AAS) [AA6300 model (Shimadzu make)]after digestion
with nitric acid and perchloric acid (9:1) mixture.

In the laboratory, the plants were carefully washed with
distilled water, divided into shoots and roots, and dried for
12 h at 120 °C in a hot air oven. The samples were then
ground to a fine powder using a silica pestle and mortar.
Plant samples were then digested and analyzed on an atomic

Table 1 Composition of metal-

.. Concentra-
containing feed water

tion (mg/L)

Heavy metal

Chromium (Cr) 10.2
Cadmium (Cd) 6.1

Cupper (Cu) 10.5
Nickel (Ni) 7.7
Lead (Pb) 27.6
Iron (Fe) 44

absorption spectrophotometer [64]. The efficiency of each
plant in accumulating heavy metals in their shoots and roots
was determined to calculate the bioconcentration and trans-
location factor.

2.4 Bio-concentration factor and translocation
factor

Bio concentration factor (BCF) of the metal was calculated
as follows [65]:

BCF=Ratio of Concentration of the heavy metal in plant
tissue at harvest (mg/kg) and Initial concentration of the
heavy metal in effluent (mg/L)

Translocation factor (TF) was calculated by dividing the
metal concentration in above ground tissues by that accumu-
lated in root tissues [66].

TF =Ratio of Heavy metal accumulated in above ground
tissues of plant (mg/kg) and Heavy metal accumulatedin
below ground tissuesof plant (mg/kg)

3 Results and discussion

3.1 Heavy metal removalin the CW microcosms
as influenced by planted macrophytes

Removal of different heavy metals in the CW microcosm
was found to vary significantly, depending upon the type of
macrophyte planted and also on their heterogeneity. Changes
in concentration of different metals at the outflow of differ-
ent batch treatments are depicted in Figs. 2, 3, 4, 5, 6 and
7. Removal efficiency under different batch treatments is
shown in Table 2.

Concentration of Cu (Fig. 2) gradually decreased
from initial value of 10.5 mg/L to 0.12, 0.13, 0.033 and
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Fig.2 Changes in concentration of Cu in effluent from CW micro-
cosms planted with single/mixed macrophytes
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Fig.3 Changes in concentration of Cd in effluent from CW micro-
cosms planted with single/mixed macrophytes
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Fig.4 Changes in concentration of Ni in effluent from CW micro-
cosms planted with single/mixed macrophytes
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Fig.5 Changes in concentration of Cr in effluent from CW micro-
cosms planted with single/mixed macrophytes

0.027 mg/L in CW reactors planted with (C), (T), (E) and
(E+C+T), respectively in just 4 days of treatment. CWs
planted with (E) and (E+C+T) showed substantial decrease
of 99% of the metal by the end of 96 h (Table 2).

Cd concentration in the microcosm effluent gradually
decreased from 6.15 mg/L to 0.56, 0.45, 0.10 and 0.08 mg/L
in CWs planted with (C), (T), (E) and (E+ C+T), respec-
tively (Fig. 3) showing maximum removal of 98%-99% again
with (E) & (E+ C+T) plant species (Table 2).
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Fig.6 Changes in concentration of Pb in effluent from CW micro-
cosms planted with single/mixed macrophytes
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Fig.7 Changes in concentration of Fe in effluent from CW micro-
cosms planted with single/mixed macrophytes

Table 2 Heavy metal removal efficiency (%) of macrophyte species
after 4 days of treatment with feed water having metal concentration
as per Table 1

Heavy metal Canna (C) % Removal- Echhornia (E) E+C+T
Typha (T)

Cr 72 70 87 90

Cd 91 93 98 99

Cu 98 98 99 99

Fe 99 99 99 99

Pb 96 95 97 98

Ni 97 96 100 100

Concentration of Ni metal (Fig. 4) after 96 h of treatment
gradually reduced from initial concentration of7.76 mg/L to
0.19, 0.26 for (C) and (T) whereas no Ni was detected in the
outlet water in case of (E) and (E+C+T) CW microcosms
showing 100% removal efficiency (Table 2).

In case of Cr (Fig. 5) the metal concentration gradu-
ally decreased from 10.24 mg/L to 2.85, 2.99, 1.33 and
0.99 mg/L for (C), (T), (E) and (E+ C+T) respectively,
with per cent removal efficiencies of 72%, 70%, 87% & 90%,
respectively (Table 2).
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Figure 6 depicts the gradual decline in Pb concentra-
tion from 27.61 mg/L to 0.17, 0.19, 0.15 and 0.28 mg/L
in the outlet of (C), (T), (E) and (E+ C+ T) microcosm,
respectively, with 96%, 95%, 97% &99% removal efficiency
(Table 2).

For Fe (Fig. 7) the initial concentrationin feed water
was 4.40 mg/L which gradually reduced to0.16, 0.19,
0.10and 0.075 mg/L for CWs planted with (C), (T), (E) and
(E+ C+T) with maximum removal efficiency (99%) for all
theplanted CW microcosms (Table 2).

The results showed that all the planted CW microcosms
have high removal efficiency for all the metals, which
increased with an increase in the retention period of the
feedwater up to 96 h in the CW. Removal of the metals
increased, and there was almost complete removal by the
end of 96 h of treatment in most CW microcosms. The CW
microcosms planted with each of the three species individ-
ually exhibited very good metal removal capacity, exceed-
ing 70%. However, CWs planted with Eichhornia alone or
in mixed culture showed outstanding metal-removing effi-
ciency, i.e., complete removal of Ni and 98-99% removal
of other studied metals. While most of the metals could
be removed by CW microcosms with single species in the
range of 88-99%, the removal of Cr was relatively less
(70-87%). The removal increased to 90% when mixed
cultures were used. CWs planted with canna and typha
showed relatively less removal of various metals, particu-
larly Cr and Cd (Table 2). A significant decrease in the
concentration of cadmium and lead in municipal sludge by
using Canna species has been observed by Shugeng et al.

[67]. The accumulation of heavy metals by Typhalatifo-
lia, Limnocharisflava, and Thaliageniculata plants was
also demonstrated by Anning et al. [68] using constructed
wetland.

The removal efficiency of the metals by the planted
CWs was maximum for Ni and minimum for Cr. This
indicates that the overall micro-ecosystem structure and
function that develop in the CW microcosms vary with soil
type and substrate. Waste water composition also plays
a role in influencing the removal of pollutants in CWs,
besides that of the plant species growing in the CW. When
all three macrophytes were grown together (E+C+T),
99% to 100% removal of the metals was achieved. Mixed
species in the CW microcosm showed a synergistic effect
rather than an additive, indicating possibly modified and
improved interactions in the mixed rhizosphere, resulting
in better metal removal efficiency.

In order to test the significance of differences in heavy
metal removal, a two-way ANOVA was applied, as shown
in Table 3.

The ANOVA results showed that each of the two fac-
tors (CW type and treatment time) and their interactions
played a very important role in determining heavy metal
removal efficiency. The P value was found to be higher
(0.08, 0.42, and 0.82) for Cu, Cd, and Ni heavy metals
due to the factor interaction, which was greater than 0.05,
i.e., non-significant, while for Cr and Pb, differences due
to factor interactions were found to be highly significant
(P <0.0001) and for Fe significant (P < 0.005).

Table 3 Summary of 2 way

S ) Sr. No Heavy metal Source of Variation DF F- value P level
analysis of variance for different
hgavy metals (Factors: CW 1 Copper CW type 3 478 0.07%
ey type: Treatment Treatment Time 3 17.92 0.0001%+
CW Type x Treatment Time 9 1.89 0.08N8
2 Cadmium CW type 3 3.74 0.02%*
Treatment Time 3 15.98 0.0001**
CW Type x Treatment Time 9 1.05 0.4288
3 Nickel CW type 3 2.56 0.07*
Treatment Time 3 19.24 0.0001**
CW Type x Treatment Time 9 0.56 0.82N8
4 Chromium CW type 3 7.83 0.0005*
Treatment Time 3 46.50 0.0001%*
CW Type X Treatment Time 9 2.70 0.02%*
5 Lead CW type 3 9.44 0.0001**
Treatment Time 3 17.40 0.0001%*
CW Type X Treatment Time 9 4.77 0.0005%*
6 Iron CW type 3 13.54 0.0001%*
Treatment Time 3 23.17 0.0001%*
CW Type x Treatment Time 9 3.56 0.004™

““Highly Significant (P <.0.001); *Significant (P <0.005); Non significant (P >0.05)
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Table 4 Heavy metal accumulation, translocation factor (TF) and bio
concentration (BCF) in Canna indica after 4 days of treatment with
feed water having metal concentration as shown in Table 1

Heavy Metal Shoot (mg/kg) Root (mg/kg) TF BCF
Cr 43 72.4 0.1 7.5
Cd 0.4 22.0 0.01 3.6
Cu 0.3 22.4 0.01 22
Fe 199.2 232 8.6 50.5
Pb 22 12.6 0.2 0.5
Ni 2.4 124 0.2 1.9

Table 5 Heavy metal accumulation, translocation factor (TF) and bio
concentration (BCF) in Typha species after 4 days of treatment with
feed water having metal concentration as shown in Table 1

Heavy Metal Shoot (mg/kg) Root (mg/kg) TF BCF
Cr 8.2 42.0 0.2 49
Cd 3.0 539 0.1 9.3
Cu 2.3 20.4 0.1 2.1
Fe 286.2 13.0 21.9 68.0
Pb 11.9 43.6 0.3 2.0
Ni 22 38.3 0.1 52

Table 6 Heavy metal accumulation, translocation factor (TF) and bio
concentration (BCF) in Eichhornia species after 4 days of treatment
with feed water having metal concentration as shown in Table 1

Heavy Metal Shoot (mg/kg) Root (mg/kg) TF BCF
Cr 52.3 98.2 0.5 14.7
Cd 44.5 104.5 04 24.2
Cu 61.5 111.7 0.6 16.4
Fe 82.9 16.6 5.0 22.6
Pb 57.5 104.9 0.5 59
Ni 255 527 0.5 10.1

3.2 Metal accumulation by plants

The accumulation of heavy metals in the belowground (rhi-
zome/roots) and aboveground (stem, leaf) biomass is shown
in Table 4, 5, 6 and 7. Most of the heavy metals in the pre-
sent study tended to accumulate more in the belowground
than in the aboveground biomass, which may be due to
direct contact of the former with the metal-containing feed
water in the CW. Metal accumulation in the aboveground
parts of the plants would occur by translocation. The trans-
location ability of each heavy metal is found to be different,
as revealed by varying TF values. Similar results of higher
metal content in the roots than the top organs of plants were
also reported by Lesage et al. [69] using CW technology.
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Table 7 Heavy metal accumulation, translocation factor (TF) and bio
concentration (BCF) in mixed culture (Canna + Typha+ Eichhornia
species) after 4 days of treatment with feed water having metal con-
centration as shown in Table 1

Heavy Metal Shoot (mg/kg) Root (mg/kg) TF BCF
Cr 348 43.2 0.8 7.6
Cd 11.0 40.8 0.3 8.4
Cu 17.3 242 0.7 39
Fe 270.9 229 11.8 66.8
Pb 338 60.0 0.6 34
Ni 9.7 27.4 0.4 4.8

3.2.1 Accumulation and mobility of heavy metals by canna
indica

Table 4 shows the accumulation of different heavy met-
als in Canna Indica. Belowground biomass shows greater
heavy metal accumulation for the heavy metals except Fe.
Aboveground plant parts accumulated 4.3, 0.4, 0.3, 2.2, and
2.4 mg/kg of Cr, Cd, Cu, Pb, and Ni, respectively. Below-
ground plant parts accumulated much greater concentrations
(72.4,22.0,22.4, 12.6, and 12.4 mg/kg) of the above metals,
respectively. Translocation factors (TF) of the metals in the
plant species indicate metal mobility. As shown in Table 4,
TF was found to be less than 1 (0.01-0.2) for all these met-
als, which confirmed that the belowground plant biomass
of the wetland macrophytes is the major metal accumulator.

The trend of accumulation of Fe was, however, very dif-
ferent, showing a large accumulation of 199.2 mg/kg in the
shoots as opposed to just 23.2 mg/kg in the belowground
parts with a high TF of 8.6. Thus, the mobility of Fe was
quite high in this plant species.

The bioconcentration factor (BCF), indicating the capa-
bility of metal uptake by the plants from the medium,
showed wide variations for various metals (Table 4). The
BCEF of Fe was exceptionally high (50.5), indicating the spe-
cific Fe-accumulating nature of this species. The BCF was
greater than 1.0 (except for Pb), which indicates the distinct
metal-accumulating nature of Canna Indica.

3.2.2 Accumulation and mobility of heavy metals
in typhalatifolia

In the case of CWs planted with Typha (Table 5), again, the
metals accumulated in the aboveground parts were much
less, i.e., 8.2, 3.0, 2.8, 286.2, 11.9, and 2.2 mg/kg, than those
in the belowground plant parts, i.e., 42.0, 53.9, 20.4, 13.0,
43.6, and 38.3 mg/kg for Cr, Cd, Cu, Fe, Pb, and Ni, respec-
tively. More than 1 BCF value was obtained for all the heavy
metals studied. This indicates the high capability of Typha
plants for heavy metal accumulation. The BCF for various
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metals in Typha was higher than that in Canna, ranging from
2 to0 9.3, indicating better accumulation.

The accumulation trend of Fe was different from that of
other metals, like that in Canna. It showed even higher accu-
mulation (286.2 mg/kg) in aboveground parts with a high
BCEF of 68. While the mobility of all other studied heavy
metals in Typha plant species was low (TF < 1), Fe showed
high mobility. This may be because of the formation of “iron
plaque” in the rhizosphere by the release of oxygen from
roots [70, 71]. Iron oxyhydrides cause metal accumulation
in the iron plaque, and thus the metal is directly sorbed from
the solution by the roots of the macrophytes.

3.2.3 Accumulation and mobility of heavy metals
in eichhorniaCrassipes

As compared to Canna and Typha, the accumulation of vari-
ous metals in the shoots of Eichhornia was much higher,
i.e.,52.3,44.5,61.5,82.9, 57.5, and 25.5 mg/kg for Cr, Cd,
Cu, Fe, Pb, and Ni, respectively. Like the other two macro-
phytes, Eichhorniaroots also accumulated higher amounts of
heavy metals, i.e., 98.2, 104.5, 11.7, 104.9, and 52.7 Cr, Cd,
Pb, and Ni, respectively, than their shoots. The mobility of
these metals was low, as indicated by TF < 1 in Eichhornia,
just like the other two species. Fe, however, showed greater
mobility. However, in this case, accumulation in shoots
(16.6 mg/kg) and TF (5.0) was lower than that in the other
two species (Table 6). The values of BCF for the heavy met-
als in Eichhornia showed the highest metal accumulation
capability for Cd and Fe, i.e., 24.2 and 22.6, respectively,
followed by Cu (16.4), Cr (14.7), and Ni (10.1), whereas
minimum BCF (5.9) was observed for Pb. Eichhornia
showed maximum TF and BCF for all the metals (except Fe)
amongst the three macrophytes used in the CW microcosms.

The tendency to have a higher concentration of metals
in the belowground parts as compared to the aboveground
parts has also been observed by some other workers [39,
72]. Though Eichhornia has been reported as an obnoxious
aquatic weed, its remarkable metal removal capability in
constructed wetlands cannot be undermined.

3.2.4 Accumulation and mobility of heavy metals in mixed
culture macrophytes (Canna + Typha + Eichhornia)

In the case of CWs planted with mixed culture
(Canna+ Typha + Eichhornia), the metals accumulated in
the aboveground parts were 34.8, 11.0, 17.3, 270.9, 33.8, and
9.7 mg/kg, as compared to those in the belowground plant parts
(43.2,40.8, 24.2, 22.9, 60.0, and 26.7 mg/kg for Cr, Cd, Cu,
Fe, Pb, and Ni, respectively). Greater than 1 BCF value was
obtained for all the heavy metals, which shows the high capa-
bility of plants in mixed culture for heavy metal accumulation

(Table 7). A similar trend for Fe as in Typha was also found
in mixed culture macrophytes, with a higher accumulation of
270.9 mg/kg in the aboveground parts with a high BCF of 66.8
and TF of 11.8. TF was found to be less than 1 for other heavy
metals, which depicts the ability of the belowground part to be
a major accumulator of heavy metals.

3.3 Tolerance of the plants to different metals

While the metal removal efficacy of different wetland spe-
cies planted in the CWs in single and mixed cultures has
direct applied value, it is also important to assess the toler-
ance of the plant species to the metals in terms of biomass
and chlorophyll content of the leaves. The biomass and total
leaf chlorophyll content of the macrophytes before and after
the batch treatment with feed water are depicted in Fig. 8.
After 4 days of treatment, singly cultured Canna and Eich-
hornia plants showed a slight increase in biomass and total
leaf chlorophyll content, whereas Typha showed a decline.

The mixed culture showed an increase in chlorophyll as
well as biomass, indicating their tolerance to the metals.
Moreover, in mixed cultures, even Typha showed better tol-
erance, indicating the positive effects of the mixed culture.
The tolerance of the plants to metals in the feed water is very
important for the long-term operation of CWs planted with
such species. The plants used in this study show quite good
tolerance, particularly when grown in mixed cultures. The
present study shows that plant species used in the CW have
a major role in the removal of heavy metals from the feed-
stock, with varying capabilities of metal uptake and trans-
location. Though none of the three species used in the CW
microcosm are documented metal hyper accumulators, they
show distinct metal accumulating tendencies as indicated
by high BCF.

4 Conclusion

Nowadays, constructed treatment wetlands have developed
into a dependable wastewater treatment system that may be
used for storm water runoff, sewage, industrial, and agri-
cultural wastewaters, as well as landfill leachate. The same
processes that remove pollution from natural wetlands also
remove it from manmade wetlands, although under more
regulated circumstances. Phytoremediation is an effective
way to treat wastewater and it has been shown that aquatic
plants with the right traits reduce waste-related contami-
nants. In this connection, the study has been conducted
in microcosms suggests that Canna, Typha, and Eichhor-
nia can be used as CW macrophytes for the treatment of
wastewater containing heavy metals, particularly when
grown in mixed culture. All these species are found to be
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Fig.8 Variation in Biomass (a) and Chlorophyll (b) content of plants species before and after 4 days of batch treatment with feed water having

metal concentration as shown in Table 1

good metal accumulators, with major sequestration in the
belowground parts. Amongst various metals, Fe tended
to show better mobility in shoots. The rhizofiltration of
metals is improved remarkably in the mixed culture of the
three macrophytic species, when almost complete removal
of these metals is achieved in a period of just four days.
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