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Experiments for the comparative assessment of phytoremediation feasibility of water
caltrop (Trapa natans L.) and water hyacinth (Eichhornia crassipes Solms.) using paper mill efflu-
ent were carried out for 60 days. The results revealed that the pulp and paper mill effluent was var-
ied in characteristics and highly loaded with TDS, EC, BODs, COD, TKN, PO,*, Na*, K*, Ca®!,

Keywords Mg**, Cd, Cr, Cu, Fe, Mn, Ni, Pb, Zn, SPC and MPN. It was observed that and both the plant spe-
Accumulation cies 7. natans and E. crassipes significantly (P<0.05/P<0.01/P<0.001) reduced the contents of
Heavy metals TDS, EC, BOD, COD, TKN, PO,*, Na', K*, Ca®", Mg*", Cd, Cr, Cu, Fe, Mn, Ni, Pb, Zn, SPC and

MPN of pulp and paper mill effluent after phytoremediation experiments. Albeit, the maximum
removal of these parameters were obtained at 60 days of the phytoremediation experiments but the
removal rate of these parameters were gradually increased from 15 days to 45 days and it was de-
creased at 60 days. The most contents of Cd, Cu, Fe, Mn and Zn was translocated in the leaves of T.
natans and E. crassipes during the phytoremediation experiments whereas, the least contents of Cr,
Ni and Pb was translocated in the leaves of 7. natans and E. crassipes. Among both the macrophyt-
ic species (i.e. 7. natans and E. crassipes) used for the phytoremediation, E. crassipes was found to
be more effective for the removal of different parameters of pulp and paper mill effluent in compar-
ison to 7. natans. Therefore, T. natans and E. crassipes can be used effectively to reduce the pollu-
tion load of pulp and paper mill effluent.
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INTRODUCTION

wastewater which 1is varied in characteristics with

Application of aquatic macrophytes in phytoremediation of
industrial effluent has become popular due to the high cost
and energy intense treatment technologies (Sooknah and
Wilkie, 2004; Padmapriya and Murugesan, 2012;
Kumar and Chopra, 2016). Ever increasing human
population, extensive industrialization and urbanization is
continuously creating pressure on the water resources
(Kumar and Chopra, 2013a, b; Rohit et al, 2015).
Industries like pulp and paper mills consume a large
amount of fresh water and generate huge quantity of

higher inorganic, organic and biological pollution load
(Kumar and Chopra, 2014, 2015). The treatments of indus-
trial effluents are quietly expensive and time
consuming (Kumar and Chopra, 2011, 2012). The
industrial effluents contains various nutrients like
nitrogen (N), phosphorus (P), sodium (Na), potassium (K),
calcium (Ca), magnesium (Mg), sulphate (SO,) and
chlorides. Besides this the effluent also have heavy metals
such as cadmium (Cd), chromium (Cr), copper (Cu), iron
(Fe), nickel (Ni), lead (Pb) and zinc (Zn) (Dar et al., 2011,
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Lugman et al., 2013). Besides this, an extensive range of
inorganic and organic compounds including heavy metals,
hazardous wastes and chlorinated hydrocarbons present in
the paper mill effluent cause contamination of potable
water (Kumar et al., 2010; Singh et al., 2012; Kumar and
Chopra, 2016).Discharge of untreated or partially treated
pulp and paper mill effluent is major cause of aquatic
pollution in India (Kulkarni er al, 2008; Kumar and
Chopra, 2012). A large number of treatment technologies
are using to prevent the pollution of aquatic resources
caused due to the discharge of industrial effluent
(El-Gendy et al., 2004; Alade and Ojoawo, 2009; Singh et
al., 2012). Among different methods phytoremediation is
one of the most feasible methods for the treatment of
industrial effluent and municipal wastewater (Alves et al.,
2003; Shah et al., 2010; Ajibade et al., 2013).

Phytoremediation is the wuse of aquatic plants to

remediate the organic and inorganic contaminants
present in the industrial effluent (Jayaweera and
Kasturiarachchi, 2004; Kumar and Chopra, 2016).

Phytoremediation uses plants to clean up contaminated
environments. Plants can help clean up many types of
contaminants including metals, pesticides, explosives, and
oil. However, they work best where contaminant levels are
low because high concentrations may limit plant growth
and take too long to clean up (Kumar and Chopra, 2016).
During phytoremediation plants eliminate, detoxify or
immobilize the contaminants of wastewater (Sooknah and
Wilkie, 2004). Therefore, phytoremediation technology
has been receiving attention recently as an innovative, cost
-effective alternative for the treatment of hazardous waste
(Mahmood et al., 2005; Letachowicz et al., 2006; Kumar
and Chopra, 2016). Likewise, phytoremediation utilizes a
variety of plant biological processes and the physical
characteristics of plants to remediate the various contami-
nants (Shah et al., 2010; Kumar and Chopra, 2016).
Additionally, phytoremediation may be applicable for the
remediation of metals, pesticides, solvents, explosives,
crude oil, PAHs, and landfill leachates. Some plant species
have the ability to store metals in their roots (Mahmood et
al., 2005; Shah et al, 2010). They can be transplanted to
sites to filter metals from wastewater. As the roots become
saturated with metal contaminants, they can be harvested.
Hyperaccumulator plants may be able to remove and store
significant amount of metallic contaminant (Letachowicz
et al, 2006; Kumar and Chopra, 2016). Therefore,
phytoremediation is a low cost, solar energy driven
cleanup technique and most useful at sites with shallow,
low levels of contamination (Liao and Chang, 2004; Singh
etal, 2012).

Aquatic macrophytes are accomplished to ecliminate a
broad range of nutrients as well as heavy metals from
industrial effluent (Sooknah and Wilkie 2004; Fox et al.,
2008). The achievement of phytoremediation depends on
the availability of plant species ideally those native to the
region of interestable to tolerate and accumulate high
concentrations of heavy metals (Alves et al, 2003;
Jayaweera and Kasturiarachchi, 2004). Moreover,
certain plants are competent to eradicate or break down

harmful chemicals from the ground when their roots take
in water and nutrients from the contaminated soil,
sediment, or groundwater. Plants can help clean up
contaminants as deep as their roots can reach using natural
processes to store the contaminants in the roots, stems, or
leaves and also convert them to less harmful
chemicals within the plant or, more commonly, the root
zone (Fox et al., 2008; Singh et al., 2012).

Furthermore, plants used for phytoremediation must be
capable to tolerate the types and concentrations of
contaminants present. They also must be able to grow and
survive in the local climate. A number of plants species
can accumulate remarkable contents of different heavy
metals such as arsenic (As), cobalt (Co), Cu, Zn, Mn, Pb,
selenium (Se), Ni, and Cd, in their tissues (Alves et al.,
2003; Singh et al., 2012) and are considered as hyper accu-
mulating species. These species are characterized by their
tolerance to toxic contents of heavy metals are often
endemic to metal-rich substrates and are rare in their
distribution (El-Gendy et al, 2004; Jayaweera and
Kasturiarachchi, 2004; Rohit ef al., 2015).

Water caltrop and water hyacinth are the floating aquatic
macrophytes, have been of particular interest for effluent
remediation (Raskin and Ensley 2000; Alves et al. 2003;
Fox et al, 2008). Although water hyacinth is considered
one of the world’s most noxious weeds, the characteristics
that make it weedy also make it a good plant for remedia-
tion (Fox ef al., 2008). These plants are easily adaptable to
a wide range of environmental factors including pH,
electrical conductivity, and temperature (El-Gendy et al.
2004; Kutty et al., 2009). The dense fibrous root system of
these plant species provides an extensive surface area for
absorption, adsorption of pollutants (Pollard et al., 2002;
Pilon-Smits and Pilon, 2002; Fox et al, 2008). Both the
macrophyte species expend the majority of their lifecycle
in a vegetative state and rapidly reproduce by vegetative
propagation. Increased biomass leads to increased filtering
capacity (Alves et al., 2003). These plants absorb exces-
sive contents of N, P, and K along with heavy metals that
requires for their luxurious growth (Zhu et al., 1999; Alves
et al., 2003; Fox et al., 2008). Although, numerous studies
have evaluated the efficacy of water hyacinth; yet, results
differ widely on their phytoremediation potential whereas
there is no sufficient scientific reports are available on the
phytoremediation efficiency of water caltrop (Mojiri,
2011; Singh et al., 2012; Rohit ef al., 2015; Kumar and
Chopra, 2016). Keeping above in view the present study
was undertaken to assess the comparative phytoremedia-
tion feasibility of water caltrop (Trapa natans L.) and wa-
ter hyacinth (Eichhornia crassipes Solms.) using pulp and
paper mill effluent.

MATERIALS AND METHODS

Study sites and experimental design: The phytoremedia-
tion experiments were carried out in the Multipurpose
Experimental Area (MEA) at Department of Zoology and
Environmental Science, Gurukula Kangri University,
Haridwar (Uttarakhand), India (29°55'13"N 78°723"E).
Sagar Pulp and Paper Mills Ltd. Manglaur, Haridwar
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(29°45'47"N 77°50'15"E) was selected for the collection of
pulp and paper mill effluent samples. The plants species of
water caltrop (7Trapa natans) and water hyacinth
(Eichhornia crassipes Solms.) were collected from the
local pond situated at Sarai, Haridwar (Uttarakhand). For
the phytoremediation experiments twelve tanks were
constructed inside the MEA and arranged in two blocks,
each with two parallel rows of six tanks. Each tank had
dimensions of 1.5x1.5x1.0 m. Tanks were constructed
with concrete and cement block. Each tank was filled with
100 liter of pulp and paper mill effluent and the water level
was marked on the side wall of each tank. Ten healthy
plants (known biomass) of water caltrop (Trapa natans L.)
and water hyacinth (Eichhornia crassipes Solms.) were
transferred in each tank having the pulp and paper mill
effluent and the experiments were conducted for 60 days.
The study was a randomized complete block (RCB) with
six replicates of each experiment was maintained through-
out the study period.

Analysis of pulp and paper mill effluent: The pulp and
paper mill effluent samples were analyzed before and after
phytoremediation using 7. natans and E. crassipes at 0
(before phytoremediation experiments), 15, 30, 45 and 60
days, respectively. The pH, total dissolved solids (TDS)
and conductivity (EC) of the effluent were determined
using pH meter (pH System 362 Systronics, India), TDS
meter (TDS meter 661E Systronics, India) and conductivi-
ty meter (Conductivity meter 306 Systronics, India),
respectively. Biochemical oxygen demand (BODs) of
paper mill effluent was analyzed by 5 days incubation
method, while the chemical oxygen demand (COD) was
determined by Open Reflux Method using potassium
dichromate as oxidative agent. The total Kjeldahl nitrogen
(TKN) was determined by Kjeldahl method, phosphate
(PO,>) by Olsen method. Sodium (Na) and potassium
(K") were measured by Stanford and English method using
the flame photometry (Flame photometer 128, Systronics,
India). Calcium (Ca’") and magnesium (Mg>") were ana-
lyzed using versenate titration method. Total bacteria in
pulp and paper mill effluent were counted as standard plate
count (SPC) using Petri plate culture method on sterile
nutrient agar media (ingredients: Beef extract 1.0g, yeast
extract 2.0g, peptone 5.0g, NaCl 5.0g, agar 15.0g, distilled
water 1000ml; final pH 7.40), while the coliforms bacteria
as most probable number (MPN were recorded by culture
tube method using McConkey’s broth (ingredients: Pep-
tone 20.0g, lactose 10.0g, bile salt 5.0g, NaCl 5.0g, neutral
red 0.075g, distilled water 1000ml; final pH 7.4) following
methods cited by (APHA, 2012; Chaturvedi and Sankar,
2006).

Determination of plants parameters: The plants viz., T.
natans and E. crassipes used for the phytoremediation of
pulp and paper mill effluent was analyzed for fresh weigh,
dry weight, chlorophyll content and leaf area index (LAI)
before and after phytoremediation experiments at 0, 15, 30,
45 and 60 days. Fresh weight of 7. natans and E. crassipes
was determined by weighing of plants using digital
balance. Dry weigh was estimated by drying of plants at
105 °C in the oven. Chlorophyll content was analysed

using acetone extraction method using spectrophotometer
(Porra, 2002) whereas; LAl was determined by canopy
analyzer. Biochemical parameters like crude protein was
determined by acid digestion and distillation method, crude
fiber of T. natans and E. crassipes was estimated by acid
and alkali treatment method, total carbohydrate and total
sugar were determined by anthrone reagent method while
total fat was analysed by ether extraction method cited in
Anonymous (1980) and Chaturvedi and Sankar (2006).
Extraction of heavy metal analysis: The contents of
heavy metals Cd, Cr, Cu, Fe, Mn, Ni, Pb and Zn in the
pulp and paper mill effluent and plant materials (root,
leaves and fruit of 7. natans and root and leaves of E. cras-
sipes) were determined using acid digestion method. For
digestion of samples, 10 ml samples of pulp and paper mill
effluent, 1g each of T. natans and E. crassipes were taken
in the digestion tubes separately. In each tube 3 ml of con-
centrate HNO; was added and it was digested in an
electrically heated block for 1 hour at 145°C. In this mix-
ture 4 ml of HC1O, was added and heated to 240°C for 1
hour. The mixture was cooled and filtered through What-
man # 42 filter paper and the volume was made to 50 ml
with double distilled water and used for metals analysis.
The contents of Cd, Cr, Cu, Fe, Mn, Ni, Pb and Zn in the
pulp and paper mill effluents, 7. natans and E. crassipes
was analyzed for heavy metals using AAS (Model ECIL-
4129) following methods of APHA (2012) and Chaturvedi
and Sankar (2006).

Quality assurance and statistical analysis: Necessary
quality assurance procedures and precautions were carried
out during the study. The coefficient of variation of repli-
cate analysis was determined for the measurements to cal-
culate analytical precision. All the reagents and standards
were of analytical grade. One-way analysis of variance
(ANOVA) was performed determine the significant differ-
ence of values at different days of phytoremediation exper-
iments. Means were calculated with the help of MS Excel
MS Excel (ver. 2013, Microsoft Redmond Campus, Red-
mond, WA). Graphs were plotted with the help of Sigma
plot, 2000 (ver. 12.3, Systat Software, Inc., Chicago, IL).

RESULTS AND DISCUSSION

Characteristics of pulp and paper mill effluent: During
the present investigation, the pulp and paper mill effluent
was found wvaried in characteristics and considerably
loaded with higher values of TDS, EC, BODs, COD, TKN,
PO, Na*, K, Ca*’, Mg*", Cd, Cr, Cu, Fe, Mn, Ni, Pb,
Zn, SPC and MPN (Tables 1, 2). Here, it is interesting to
note that TKN, PO,>, Na', K*, Ca*, Mg®" of the pulp and
paper mill effluent are considered as plant nutrients and
significantly contributed for eutrophication of aquatic
resources if present in higher concentration. The heavy
metals Cd, Cr, Cu, Fe, Mn, Ni, Pb and Zn are considered
as micronutrients and associated with synthesis of different
biochemical components and catalyze various biochemical
processes of aquatic plants in lower contents but they
produce toxicity when present in higher concentration. In
the present study, TDS, BODs, COD, Ca*", Cd, Cu, Fe,
Mn, SPC and MPN of the pulp and paper mill effluent
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Table 1. Changes in characteristics of pulp and paper mill effluent after phytoremediation using 7. natans at different days.

Before After phytoremediation BIS® for inland

Parameter . e .

phytoremediation 15 days 30 days 45 days 60 days disposal
TDS (mg L) 1840 1685.54ns 1420.00% 1225.80%* 1150.45%%% 1500
EC (dSm™) 2.64 2.56ns 2.28ns 1.93* 1.84% -b
pH 7.82 7.76ns 7.68ns 7.48ns 7.32ns 5.5-9.0
BOD; (mg L™) 475.10 425.66ns 389.20% 328.10%* 290.35%#* 100
COD (mgL™) 880.50 838.75ns 745.87* 634.12%* 598.56%** 250
TKN (mg L) 192.65 165.40% 132.25%%* 110.85%* 96.55%** 100
PO, (mg L™ 145.60 120.39ns 108.65* 85.70%* 76.97*%* -
Na“(mg L) 285.44 265.82ns 225.15% 185.78%* 165.30%%* -
K" (mgL™") 175.50 153.40% 132.70%* 110.45%* 103.65%* -
Ca®* (mg L") 435.80 410.65ns 386.94* 334.82%% 315.85%* 200
Mg® (mg L™) 148.35 134.70ns 118.90%* 88.50%* 74.60%** -
Cd (mg L") 245 2.26% 2.09%* 1.75%% 1.45%* 2.0
Cr(mgL™) 1.38 1.24ns 1.13* 0.89%* 0.78%* 2.00
Cu (mgL™) 5.64 5.48% 4.88%* 3.96%* 3.75%% 3.00
Fe (mgL™) 8.95 8.56% 7.68%* 6.35%* 5.80%* 1.0
Mn (mg L) 3.66 3.38ns 2.68% 1.88%+* 1.62%* 1.00
Pb (mg L) 1.74 1.62% 1.45%* 1.16%* 0.85%* -
Ni (mg L") 1.02 0.95*% 0.76%* 0.53%* 0.47%* -
Zn (mg L) 6.90 6.58* 5.58%% 4.24%* 3.75%% 15
SPC (CFU ml ) 6.66x10° 5.67x10°°  2.84x10%" 4.84x10%"" 1.23x10%™ 10000
MPN (MPN 100 ml ™" 3.85x10° 433x10"  6.92x10°" 5.24x10°"" 3.74x10%"" 5000

The values are mean of six replicates; “BIS- Bureau of Indian standard; °- Not defined in standard; ns, * ** non-significant or
significantly different at P<0.05 or P<0.01 or P<0.001 level of ANOVA, respectively.

Table 2. Changes in characteristics of pulp and paper mill effluent after phytoremediation using E. crassipes at different days.

After phytoremediation

Parameter Before. . BIS* .for inland
phytoremediation 15 days 30 days 45 days 60 days disposal
TDS (mg L) 1840 1640.80ns 1385.60%  1175.50%*  1060.30%** 1500
EC (dSm™) 2.64 2.53ns 2.22ns 1.80% 1.76* b
pH 7.82 7.72ns 7.64ns 7.44ns 7.29ns 5.5-9.0
BODs (mg L™ 475.10 412.65ns 372.58%* 308.94* 275.68%%* 100
COD (mg L™ 880.50 827.50ns 735.64% 612.40%* 570.40%%* 250
TKN (mg L™ 192.65 156.84* 124.36%* 104.84%* 82.50%%* 100
PO, (mgL™) 145.60 116.30ns 96.38* 72.75%% 64.57%%* -
Na"(mg L") 285.44 258.64ns 216.60* 170.49%* 150.33%%% -
K" (mg L™ 175.50 148.95% 127.45%* 102.37#* 96.37%* -
Ca* (mg L™ 435.80 405.64ns 369.80* 314.50%* 305.80%* 200
Mg®* (mg L) 148.35 127.66ns 109.64* 73.60%* 66.40%** -
Cd (mg L) 2.45 2.18* 1.92%* 168%* 1.34%* 2.0
Cr(mgL™) 1.38 1.21ns 1.08* 0.74%* 0.69%* 2.00
Cu (mgL™) 5.64 5.32% 4.42%% 3.55%* 2.94%% 3.00
Fe (mgL™) 8.95 8.22% 6.85%* 5.75%* 4.86%* 1.0
Mn (mg L) 3.66 3.32ns 2.54% 1.74%% 1.42%% 1.00
Ni (mgL™) 1.74 1.57* 1.36%* 1.07%* 0.73%* -
Pb (mg L") 1.02 0.92* 0.70%* 0.42%* 0.36%*
Zn (mgL™") 6.90 6.22% 5.14%* 4.05%%* 3.10%* 15
SPC (CFU ml ) 6.66x10° 436x10> 3.95x10°"  2.85x10%"™"  4.65x10°™ 10000
MPN (MPN 100 ml ") 3.85x10° 3.77x10™ 2.74x10°  4.69x10""  4.12x10°™ 5000

The values are mean of six replicates; “BIS- Bureau of Indian standard; °. Not defined in standard; ns, *, ** non-significant or
significantly different at P<0.05 or P<0.01 or P<0.001 level of ANOVA, respectively.
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were recorded beyond the permissible limit of inland
disposal for wastewater prescribed by BIS (2010). The
higher EC of the pulp and paper mill effluent are associat-
ed with the presence of more ionic species in the pulp and
paper mill effluent. Higher values of TDS, BODs and COD
indicates higher organic and inorganic pollution load of the
pulp and paper mill effluent. The more values of total
bacteria as SPC and MPN are concerned with higher
biological activities in the pulp and paper mill effluent.
The higher contents of Cd, Cr, Cu, Fe, Mn, Ni, Pb and Zn
of the pulp and paper mill effluent are likely due the use of
various dyes to manufacture coloured papers in the pulp
and paper mill. The findings of the present study are in the
conformity of Kumar and Chopra (2016) who reported the
higher values of various plant macro and micro nutrients in
the agro-residue based paper mill effluent. The findings of
the present study are according to Kumar and Chopra
(2012) who reported the higher values of TDS, BODs and
COD in the paper mill effluent. Therefore, the characteris-
tics of pulp and paper mill effluent clearly indicated the
presence of various macro and micro plant nutrients
required for the luxurious growth of aquatic macrophytes.
Changes in characteristics of pulp and paper mill
effluent after phytoremediation using 7. natans and E.
crassipes: The changes in characteristics of pulp and
paper mill effluent after phytoremediation using 7. natans
and E. crassipes are presented in Tables 1 and 2. The
ANOVA analysis on data indicated that 7. natans and E.
crassipes significantly (P<0.05/P<0.01/P<0.001) decreased
the contents of TDS, EC, BODs, COD, TKN, PO,”, Na’,
K, Ca*’, Mg*, Cd, Cr, Cu, Fe, Mn, Ni, Pb, Zn, SPC and
MPN of the pulp and paper mill effluent. Here it is inter-
esting to note that the removal rate of different
parameters of the pulp and paper mill effluent was progres-
sively increased from 15 days to 45 days of phytoremedia-
tion experiments, and there was a slight
decline in the removal rate at 60 days of the phytoremedia-
tion experiments using 7. natans and E. crassipes. The
most reduction of the pulp and paper mill effluent parame-
ters was noted at 60 days of phytoremediation experiments
using 7. natans and E. crassipes. The reduction of TKN,
PO,>, Na', K*, Ca*" and Mg** Cd, Cr, Cu, Fe, Mn, Ni, Pb,
Zn, SPC and MPN of the pulp and paper mill effluent is
might be due to the uptake of these nutrients by 7. natans
and E. crassipes required for their growth during phytore-
mediation experiments. The findings of the present study
were in accordance with Alade and Ojoawo (2009) who
also reported that E. crassipes significantly reduced the
BOD, COD, TKN and PO,* of sewage effluent. Dar et al.
(2011) reported that water hyacinth (Eichhornia crassipes)
have the potential for the treatment of sewage wastewater
and it can used for the removal of nitrogen, phosphorus,
calcium, magnesium, cadmium, chromium, iron and zinc
of the sewage wastewater. Kumar and Chopra (2016) also
reported that 7. natans significantly reduced the contents
of Cd, Cr, Cu, Fe, Mn and Zn of the paper mill effluent.
Ajibade et al. (2013) also reported that water hyacinth was
found to be effective for the removal of heavy metals in
domestic sewage in the University of Ilorin, Nigeria.

Changes in biometric parameters of 7. natans and E.
crassipes after phytoremediation: The values of different
growth parameters of 7. natans and E. crassipes during
phytoremediation experiment of the pulp and paper mill
effluent at different days are presented in Tables 3 and 4.
The fresh weigh, dry weight, chlorophyll content and leaf
area index (LAI) of T. natans and E. crassipes was
increased from 15 days to 60 days of phytoremediation
experiments (Tables 3, 4). The most values of fresh weigh
(296.37g and 312.65g), dry weight (74.68g and 78.94g),
chlorophyll content (4.78 mg/g fwt and 4.86 mg/g fwt) and
LAI (3.52 and 3.57) of T. natans and E. crassipes was
recorded at 60 days of phytoremediation experiments using
pulp and paper mill effluent, respectively (Tables 3 and 4).
The fresh weight, dry weight, chlorophyll content and LAI
of T. natans and E. crassipes was recorded to be signifi-
cantly (P<0.05/P<0.01) different after phytoremediation
experiments at different days (Tables 3, 4). Among both
the macrophyte species used for the phytoremediation, E.
crassipes greatly achieved their vegetative growth luxuri-
ously in comparison to 7. natans and it might be due to the
presence of plenty of nutrients in the pulp and paper mill
effluent. The increase in fresh weigh, dry weight, chloro-
phyll content and LAI of 7. natans and E. crassipes are in
the conformity of the presence of various plant nutrients
like TKN, PO,>, Na*, K*, Ca*", Mg*’, Cd, Cr, Cu, Fe, Mn,
Ni, Pb, Zn in the pulp and paper mill effluent needed to
achieve the maximum vegetative growth as also earlier
reported by Sooknah and Wilkie (2004). These findings
are in the agreement of a phytoremediation experiments
carried out by Kumar and Chopra (2016) who reported that
fresh weigh, dry weight, chlorophyll content and LAI of T.
natans was increased due to the uptake of different nutri-
ents present in the paper mill effluent.

Changes in biochemical parameters of 7. natans and E.
crassipes after phytoremediation: The values of bio-
chemical parameters viz., crude protein, crude fiber, total
carbohydrates, total ash and total fat of 7. natans and E.
crassipes during the phytoremediation experiments are
shown in Figures 1, 2. The results revealed that the con-
tents of crude protein, crude fiber, total carbohydrates,
total ash and total fat of 7. natans and E. crassipes was
increased significantly (P<0.05/P<0.01) at different days
of phytoremediation experiments using pulp and paper mill
effluent (Figures 1, 2). The contents of crude protein, crude
fiber, total carbohydrates, total ash and total fat of 7. na-
tans and E. crassipes were observed in the order of total
carbohydrates > crude protein > crude fiber > total ash >
total fat after phytoremediation experiments using pulp and
paper mill effluent. The increase in crude protein, crude
fiber, total carbohydrates, total ash and total fat of 7. na-
tans and E. crassipes during the phytoremediation experi-
ments of the pulp and paper mill effluent are in the con-
formity of the presence of various macro and micro nutri-
ents like TKN, PO,>, Na*, K*, Ca*, Mg*", Cd, Cr, Cu,
Fe, Mn, Ni, Pb, Zn in the pulp and paper mill effluent
required for the synthesis of these biochemical components
as earlier reported by Sooknah and Wilkie (2004). In a
phytoremediation study, Alves et al. (2003) also reported
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that water hyacinth (Eichhornia crassipes) was found to be
effective for the removal of different nutrients from
wastewater and increased their biomass, crude fiber, crude
protein, total fat and total ash, and it can be cultivated for
thereduction of pollution load of excessively nutrients rich
wastewater. Moreover, Kumar and Chopra (2016) also
reported the synthesis of various biochemical parameters
like crude protein, crude fiber, total sugar and total carbo-
hydrates of T. natans during the phytoremediation of paper
mill effluent.

Translocation of heavy metals in various parts of 7.
natans and E. crassipes after phytoremediation:
During the study, the translocation of Cd, Cr, Cu, Fe, Mn,
Ni, Pb and Zn in different parts of 7. natans (root, leaves
and fruit) and E. crassipes (root and leaves) was recorded
after phytoremediation experiments (Figures 3-10). It was
observed that the most contents of Cd, Cu, Fe, Mn and Zn
was translocated in the leaves of T. natans and E. crassipes
during the phytoremediation experiments and it is likely
due to that these metals are associated with synthesis of
chloroplast and photosynthesis processes (Porra, 2002;
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B Total fat

Content (mg/100g fresh wt.)

0 Days 15 Days 30 Days 45 Days 60 Days
After phytoremediation at different days
Figure 1. Contents of biochemical components of E.

crassipes after phytoremediation of pulp and paper mill effluent
at different days. Error bars are the standard error of the mean.

B Root of E. crassipes B Root of T.natans
1.4 - Leaves of E. crassipes B Leaves of T.natans
@ Fruits of T.natans

-
N
1

=)

© =
L L
r—
SR

A"A.-
G
TR

S

T
22

b

‘,‘
s
s

n

R T T e e

T
S

]
=

i
i

—
o
S

0.6

T
S
2

o
L
—
2
L £

o
5
3

o
Xk
Y
2o
2

R ns
S

S
e

‘,‘
o
o

oy

T
252

T
2
St

&

5
—
£
L

Ty
otet

Content of Cd (mg Kg-1)

',
i
—
2

o
i

i
ek
o
et

[
G
=

i

2

o

o
Lol
i

=
i

B
s

0 15 30 45 60
After phytoremediation at different days

|
E
[
\

Figure 3. Translocation of Cd in different parts of E.
crassipes and T. natans after phytoremediation of pulp and paper
mill  effluent at different days. Error bars are the
standard error of the mean.

Sooknah and Wilkie, 2004). Least contents of Cr, Ni and
Pb was translocated in the leaves of 7. natans and E.
crassipes and this might be due to that these metals
produce toxicity in plants and reduced the growth
attributes (Figures 3-10). Thus, root act as a barrier for the
translocation of Cr and Pb in aerial plant parts. However,
the observed differences in the metals accumulation in the
different parts of the plant suggest different cellular
mechanisms of metal bioaccumulation, which may control
their translocation and partitioning in the plant. The Cd,
Cu, Fe, Mn and Zn are essential for the survival and
proliferation of all plants. There is more demand for Cu,
Fe, Mn and Zn in the photosynthetic apparatus as a result
plants accumulates and translocates these metals in their
photosynthetic parts (Porra 2002; Sooknah and Wilkie,
2004; Kumar and Chopra, 2014).

It should be renowned that Cr, Ni and Pb are toxic and non
-essential element to plants and hence the plants may not
possess any specific mechanism to transport the Cr and Pb
(Rohit et al., 2015). Poor translocation of Cr, Ni and Pb to
the leaves might be due to the sequesterization of most of
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Figure 2. Contents of biochemical components of T. natans after
phytoremediation of pulp and paper mill effluent at
different days. Error bars are the standard error of the mean.
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Figure 4. Translocation of Cr in different parts of E.
crassipes and T. natans after phytoremediation of pulp and paper
mill  effluent at different days. Error bars are the
standard error of the mean.
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the Cr, Ni and Pb in the vacuoles of the root cells to render it
non-toxic, which may be a natural protective response of this
plant (Shah et al., 2010; Kumar and Chopra, 2014). There-
fore, the tolerant mechanism of plants appears to be compart-
mentalization of metals ions, i.e. sequestration in the vacuolar
compartment, which excludes them from celular sites where
processes such as cell division and respiration occur, thus
proving to be as effective protective mechanism (Singh et al.,
2012; Kumar and Chopra, 2014). The findings are in
accordance with Kumar and Chopra (2014) who reported the
translocation of Cd, Cr, Cu, Fe, Mn, Pb and Zn in the root,
shoot, leaves and fruits of French bean (Phaseolus vulgaris
L.) cultivated in sewage sludge amended soil. Zhu et al
(1999) also reported that water hyacinth showed significant
accumulation of various trace metals Cd, Cr, Cu, Fe, Mn and
Zn from a wetland of China.

Conclusions

The present study concluded that pulp and paper mill
effluent collected from ASP based STP was
considerably loaded with TDS, EC, BOD, COD, TKN, PO,
Na', K, Ca®", Mg*", Cd, Cr, Cu, Fe, Mn, Ni, Pb, Zn, SPC and
MPN. Phytoremediation treatments of the pulp and paper mill
effluent using 7. natans and E. crassipes significantly
(P<0.05/P<0.01/P<0.001) removed the contents of TDS, EC,
BOD, COD, TKN, PO, Na*, K*, Ca*", Mg*", Cd, Cr, Cu,
Fe, Mn, Ni, Pb, Zn, SPC and MPN of the pulp and paper mill
effluent. The fresh weight, dry weight, chlorophyll content
and LAI of T. natans and E. crassipes was recorded to be
significantly (P<0.05/P<0.01) different after phytoremediation
experiments at different days. The most contents of Cd, Cu,
Fe, Mn and Zn was translocated in the leaves of 7. natans and
E. crassipes during the phytoremediation experiments where-
as, the least contents of Cr, Ni and Pb was translocated in the
leaves of T. natans and E. crassipes. The contents of crude
protein, crude fiber, total carbohydrates, total ash and total fat
of T. natans and E. crassipes were observed in the order of
total carbohydrates > crude protein > crude fiber > total ash >
total fat after phytoremediation experiments using pulp and
paper mill effluent which is in the conformity of the presence
of various macro and micro nutrients in the pulp and paper
mill effluent. Therefore 7. natans and E. crassipes can be
used for the effective treatment of the paper mill effluent.
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