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Abstract The present study is an attempt to have a comparative assessment of the efficiency of aquatic weeds like
Typha latifolia, Eichhornia crassipes, Pistia stratiotes to treat the effluents from latex factory, in constructed
wetlands. Ammonification of field latex, acid coagulation of skim latex and various chemical treatments during the
production process of various products were found to be responsible for the high concentration of pollutants in this
factory effluent. Phytoremediation for fifteen days by constructed wetland technology reduced the chemical oxygen
demand, biochemical oxygen demand, pH, total solids of the effluent considerably.
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1. Introduction

Phytoremediation is defined as the use of plants as well
as micro organisms of the rhizosphere to remove or render
harmless pollutants from contaminated sites [1,2]. Soils
frequently receive a wide range of contaminants from
industrial activities, sewage sludge disposal, metal
processing, and energy production, and in many cases
remediation is both expensive and intrusive to the
ecosystem. Phytoremediation makes use of plants and
plant processes to remove, degrade, or render harmless
hazardous materials present in the soil or groundwater.
This emerging technology may offer a cost-effective, non-
intrusive, and safe alternative to conventional soil cleanup
techniques by using the ability of certain tree, shrub, and
grass species to remove, degrade, or immobilize harmful
chemicals from the soil.

The most applicable technology using phytoremediation
strategy is constructed wetland technology (CWSs).
Besides water quality improvement and energy savings,
CWs have other features related to the environmental
protection such as promoting biodiversity, providing
habitat for wetland organisms and wildlife (e.g. birds and
reptiles in large systems), serving climatic (e.g. less CO,
production, [3]; hydrological functions, heavy metal
bioaccumulation and biomethylation [4].

Phytoremediation can also occur via the degradative
activity of rhizosphere micro organisms. The rhizosphere
is operationally defined as the "soil-root interfacial area"”
and relatively large numbers of diverse species of micro
organisms live in association with plant roots. The word

"rhizosphere"” first introduced by Hiltner [5], the region
immediately surrounding the root, describes the
interaction between bacteria and the roots of plants. Micro
organisms colonize and live within these areas and the
degree of intimacy at which a micro organism interacts
with a root varies in proportion to the distance from the
root surface. The closer a microbe is to the root surface,
the more its growth and behavior be influenced by plant-
released materials [6]. Root exudations are thought to
have a stimulatory effect on rhizosphere microbes, which
in turn, are purported to accelerate biodegradation in the
rhizosphere [7,8].

Alicia et al. [9] reported that the roots of some aquatic
plants could retain both coarse and fine particulate organic
materials present in water bodies supporting their growth.
Plants sustain large microbial population in the
rhizosphere by rhizo-deposition, root cap cells, which
protect the root from abrasion, may be lost to the soil at a
rate of 10000 cells per plant. In addition, root cells excrete
mucigel, a gelatinous substance that is a lubricant for root
penetration through the soil during growth and microbes
in the root zone can help to solublise insoluble nutrients
and recycle organically bound nutritive elements [10,11].

2. Methodology

2.1. Experimental Setup

The effluents from Hindustan Latex Ltd. (HLL), Kerala,
India were used for the phytoremediation research purpose.
Wastewater in this factory originates from washing of the
centrifuge at the end of each operation, from coagulation
milling sections and spill over from tanks and floor
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washings. Ammonification of field latex, acid coagulation
of skim latex and various chemical treatments during the
production process of various products were found to be
responsible for the high concentration of pollutants in this
factory effluent.

Approximately 10 liters of raw effluent from factory
was brought to the laboratory in plastic containers and the
experiments were set up in plastic craits. The plants used
for the study was an emergent wetland plant Typha sp. and
floating wetland macrophytes like Pistia sp. and
Eichhornia sp. The experimental plants were initially
subject to stabilization in tanks containing well water for
one month for acclimatization. The base of the tank was
filled with gravel and wetland soil up to three inches in
height. Ten liters of the respective dilutions of the effluent
were prepared and were transferred to plastic tubs. For
each experimental set, two controls were maintained with
ten liters of well water and 10 liters of effluent
respectively.

For treatments, the respective plants which were
maintained in the tanks were collected, cleaned and
blotted. Approximately 2509 each experimental plant used
for the study, each occupying half of craits, were carefully
introduced into the treatment containers. Duplicate of each
experimental setup was maintained. 500ml each of water
and effluent samples from the respective treatment sets
were collected periodically for analyzing the changes in its
physico-chemical characteristics. Water and plant samples
(25g) were taken initially and subsequently with an
interval of 5 days up to 15 days. Thus the analyses of
water samples were carried out at four stages of treatment.

2.2. Estimation of Physicochemical Parameters
of the Effluents

The effluent samples collected from the treatment sets
were subjected to physico-chemical analysis following
standard methods [12]. For testing statistical significance,
student’s t-test was used. Independent sample t-test was
used for finding the mean difference of each parameter
control with plants.

3. Results

3.1. Treatment of Latex Effluent with Pistia sp.

A decrease in pH was observed when HLL effluent was
treated with Pistia sp. in constructed wetlands. The pH
decreased steadily from 8.35 to 7.81 in the case of
undiluted effluent and from 8.06 to 7.57 in diluted effluent.
In well water control, a slight positive change was
observed but in HLL control, a slight negative change was
observed. Significant reduction was observed in turbidity
after 15 days of treatment in both diluted and undiluted
effluents (p<0.05). In case of TDS also, a significant
reduction (p<0.05) was noticed. But in the case of well
water sample, the TS, TDS were found to increase with
treatment.

BOD and COD showed drastic changes when the
effluent was treated by this system. In undiluted effluent,
the BOD reduced significantly (p<0.01) by 450 per cent
from initial level after 15 days. When the effluent was
diluted, BOD reduction was 800 per cent from the initial
level after 15 days retention time. COD of undiluted
effluent also showed significant reduction (p<0.01). The
diluted effluent showed 604.54 per cent reduction (Table
1).

Table 1. Variation in physicochemical characteristics of HLL effluent treated with Pistia sp.

Parameters analysed Retention time HLL control Well water control Diluted effluent Undiluted effluent
initial 8.35 7.57 8.06 8.35
5d 8.32 7.41 8.01 8.09
pH 10d 8.32 7.38 7.72 7.81
15d 8.27 7.62 7.57 7.71
%increase/decrease -0.36 +0.65 -6.47 -8.3
initial 280 4 220 280
- 5d 276 9 188 224
TF,{‘%';V 10d 277 6 162 174
15d 268 5 106 162
Y%increase/decrease -4.47 +20 -107.54 -72.84
initial 286 18 156 286
5d 284 23 142 192
Total solids (ppm) 10d 281 22 135 186
15d 275 21 112 182
%increase/decrease -4 +14.2 -39.28 -57.14 (*)
initial 283.55 17.06 154.59 283.55
DS 5d 281.57 16.88 140.14 189.44
(ppm) 10d 278.63 20.59 133.02 183.11
15d 272.68 19.14 109.79 178.54
Y%increase/decrease -3.98 +10.8 -40.80 -58.82
initial 660 2.1 540 660
5d 648 2.2 280 380
(%g’r% 10d 642 18 120 210
15d 635 1.2 60 120
%increase/decrease -3.93 -75 -800 (**) -450 (**)
initial 1120 2.8 620 1120
5d 1118 24 285 562
((;Sn?) 10d 1110 18 122 261
15d 1102 1.8 88 185
%increase/decrease -1.63 -55.5 -604.54 (**) -505.41 (**)

(*) indicates significance at 5% level
(**) indicates significance at 1% level
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3.2. Treatment of Latex Effluent with
Eichhornia sp.

When treated with Eichhornia sp. based CWs, pH of
HLL effluent was found to decrease i.e. from 8.35 to 7.78
and from 8.06 to 7.68 in undiluted and diluted effluent
respectively after 15 days of retention period. However, in
TTP control, the pH was found to decrease slightly. The
reduction in turbidity was high in diluted effluent (115.68

per cent). In well water the turbidity was found to increase
slightly (20 per cent). Total solids showed a pronounced
reduction in both diluted and undiluted effluent (p<0.05)
in the Eichhornia sp. based CWSs. The percentage
reduction for sodium was more with undiluted effluent.
BOD (500 per cent) and COD (515.3 per cent) of
undiluted effluent reduced drastically. The reduction in
BOD and COD of undiluted effluent was statistically
significant at 1 per cent level (Table 2).

Table 2. Variation in physicochemical characteristics of HLL effluent treated with Eichhornia sp.

Parameters analysed Retention time HLL control Well water control Diluted effluent Undiluted effluent
initial 8.35 7.57 8.06 8.35
5d 8.32 741 8.02 8.12
pH 10d 8.32 7.38 7.86 7.98
15d 8.27 7.62 7.68 7.78
%increase/decrease -0.36 +0.65 -4.94 -7.32
initial 280 4 220 280
5d 276 9 182 212
TE’,:It.’rifJi)ty 10d 277 6 152 186
15d 268 5 102 156
%increase/decrease -4.47 +20 -115.68 -79.4 (%)
initial 286 18 156 286
5d 284 23 143 188
Total solids (ppm) 10d 281 22 127 173
15d 275 21 102 162
%increase/decrease -4 +14.2 -52.9 -76.5 (%)
initial 283.55 17.06 154.59 283.55
5d 281.57 16.88 141.2 186.09
(;E;’) 10d 278.63 20.59 12534 170.35
15d 272.68 19.14 99.78 158.31
%increase/decrease -3.98 +10.8 -54.93 -79.11
initial 660 21 540 660
5d 648 2.2 270 360
(%r?n?) 10d 642 18 160 190
15d 635 1.2 90 110
%increase/decrease -3.93 -75 -500 (**) -500 (**)
initial 1120 2.8 620 1120
5d 1118 24 322 685
(Cp[?rrl:l)) 10d 1110 1.8 142 362
15d 1102 1.8 66 182
%increase/decrease -1.63 -55.5 -839.39 (**) -515.3 (**)

(*) indicates significance at 5% level
(**) indicates significance at 1% level

3.3. Treatment of Latex Effluent with Typha sp.

The initial pH of the undiluted effluent was 8.35. It
decreased at a regular interval to 7.58 after 15 days of
treatment. In the case of diluted effluent, the percentage
decrease was 11.43. However, the pH of well water
control increased (0.65 per cent). Turbidity showed a
decreasing trend both in undiluted (p<0.05) and diluted
effluent, after 15 days of treatment. The TS of undiluted
effluent was 286 ppm, which then decreased considerably
to 158 ppm after 15 days of treatment (p<0.05). In diluted
effluent the initial TS was 156 ppm and decreased to 122

ppm after 15 days of treatment and the reduction was
27.86 per cent. The TDS of the undiluted effluent was
283.55 ppm, which then decreased to 155.56 ppm after 15
days of treatment.

BOD of the undiluted effluent decreased after 15 days
of treatment from 660 ppm to 98 ppm. In diluted effluent
the percentage decrease was 900. In case of COD, the
undiluted effluent had an initial value of 1120 ppm and
then decreased considerably to 136 ppm (p<0.01). In
diluted effluent, the COD value decreased up to 545.83
per cent. The COD of both well water and effluent
controls also decreased slightly (Table 3).
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Table 3. Variation in physicochemical characteristics of HLL effluent treated with Typha sp.

Parameters analysed Retention time HLL control Well water control Diluted effluent Undiluted effluent
initial 8.35 7.57 8.06 8.35
5d 8.32 7.41 8.04 8.24
pH 10d 8.32 7.38 7.66 7.94
15d 8.27 7.62 7.52 7.58
%increase/decrease -0.36 +0.65 -11.43 -10.15
initial 280 4 220 280
Turbidity 5d 276 9 184 198
(NTU) 10 d 277 6 161 176
15d 268 5 121 146
%increase/decrease -4.47 +20 -81.81 -91.78 (*)
initial 286 18 156 286
5d 284 23 148 202
Total solids (ppm) 10d 281 22 130 182
15d 275 21 122 158
%increase/decrease -4 +14.2 -27.86 -81.01 (*)
initial 283.55 17.06 154.59 283.55
DS 5d 281.57 16.88 146.68 199.65
(ppm) 10d 278.63 20.59 128.71 179.69
15d 272.68 19.14 120.46 155.56
%increase/decrease -3.98 +10.8 -28.3 -82.27
initial 660 21 540 660
BOD 5d 648 2.2 240 320
(ppm) 10 d 642 1.8 130 198
15d 635 1.2 54 98
Y%increase/decrease -3.93 -75 -900 (**) -573.46 (**)
initial 1120 2.8 620 1120
coD 5d 1118 2.4 320 482
(ppm) 10d 1110 1.8 240 241
15d 1102 1.8 96 136
%increase/decrease -1.63 -55.5 -545.83 (**) -723.52 (**)

(*) indicates significance at 5% level
(**) indicates significance at 1% level

4. Discussion

pH seems to be the most important parameter in the
biosorptive process: it affects the solution chemistry of the
metals, the activity of the functional groups in the biomass
and the competition of metallic ions [13]. The pH of the
water samples from the control and treatment sets of
Eichhornia sp., Pistia sp., Typha sp. were brought to the
neutral range after treatment with the respective weeds.
The pH of raw effluents used for the present study was
found to be alkaline. The pH was reduced from alkaline to
nearly neutral in all cases studied by treatment with
aquatic macrophytes. Abioye [14] and Mahmood et al. [15]
earlier reported similar results. It could be interpreted that
the reduction in pH is due to absorption of pollutants by
plants [15].

An increase in conductivity was observed in the diluted
and undiluted effluents of HLL. This might be due to the
release of ions by the plants in the wetland [16]. In this
study also a very high reduction in turbidity was noticed
with all the experimental plants. In HLL effluent, the
turbidity of diluted effluent was highly reduced than that
of the undiluted effluent. Alicia et al. [9] reported that the
roots of some aquatic plants can retain both coarse and
fine particulate organic materials present in water bodies
supporting their growth. This was mainly achieved
through the electrical charges associated with the root
hairs, which reacts with the opposite charges on colloidal
particles. The reduction in total solids of effluent samples
treated by the aquatic macrophytes in the present study

could be attributed to this reason. Gudekar and Trivedi [17]
reported 59.54 per cent reduction of turbidity in treatment
of engineering industry waste with water hyacinth.

The total solids of all the effluents were significantly
reduced with all the plants after the treatment period. The
maximum reduction was with Typha sp. In the effluent
control also values of total solids showed a similar trend
of reduction but the reduction was very low. But in the
case of well water control, TS increased slightly. Ghaly et
al. [18] reported 54.7 per cent to 91.0 per cent reduction in
total solids in aquaculture waste treated with aquatic
macrophytes in 12 days. The reduction of TS was due to
the retaining of coarse and fine particulate organic
materials present in water bodies supporting their growth
by the root system [9].

Total dissolved solids measurements are often used to
express the degree of contamination or amount of
impurities in water and wastewater. A wide variety of
inorganic ions and organic compounds, many of which
may not be considered as contaminants, contribute to the
sum total of dissolved solids. HLL effluent, on treatment
with Typha sp. based CWs; there was a considerable
reduction (82.27 per cent) in undiluted effluent. Groudev
et al. [19] observed reduction of total dissolved solids
from 2620 ppm to 1230 ppm in treatment of acid mine
drainage from an uranium deposit by means of a natural
wetland. However a slight removal of TDS was observed
by Wirojanagud et al. [20] in pulp and paper industrial
wastewater.

Organic matter contains approximately 45 to 50 per
cent carbon, which is utilized by a wide array of micro
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organisms as a source of energy. A large number of these
micro organisms consume oxygen to break down organic
carbon to carbon dioxide, a process that provides energy
for growth. Therefore, the release of excessive amounts of
organic carbon to surface waters can result in a significant
depletion of O, and subsequent mortality of fish and other
O, dependent aquatic or marine organisms. Marked
reduction in BOD was noticed with water samples from
various treatment sets. Different effluent samples from
Eichhornia sp., Pistia sp., Typha sp. showed marked
reduction in BOD. Santos et al. [21] reported reduction of
90.7 per cent BOD in 5 days with a high organic load
stabilization pond using water hyacinth. An evaluation of
ten systems utilizing surface flow wetlands by Conley et
al. [22] showed BOD removal rates ranged from 64 per
cent to 96 per cent. Tegegne et al. [23] and Kirzhner et al.
[16] noticed significance decrease in the concentration of
BOD when the effluents from various industries were
treated with constructed wetlands.

HLL effluent had BOD of 660 ppm in the undiluted
sample. On treatment with Typha sp. based CWs, the
BOD value was reduced at a maximum level to 98 ppm.
Tripathi and Shukla [24] reported 96.9 per cent reduction
in BOD using water hyacinth and algae for sewage
wastewater. Recent studies by Adeola et al. [25] reported
significant reductions in the biochemical oxygen demand
throughout the system with levels decreasing by up to
76.7 per cent across the constructed wetland cells.
Gudekar and Trivedi [17] reported 63.41 per cent
reduction in BOD with 4 days treatment and 89.13 per
cent reduction in BOD with 2 days treatment using
effluent from engineering industry waste. Sharma and
Sharma [25] noticed a reduction of 70 per cent COD and
72 per cent BOD after 10 days of treatment with paper
mill effluent in phytoremediation. Kirzhner et al. [16]
working in phytoremediation reported that the BOD of
industrial effluents was removed by 65 per cent to 70 per
cent after four days of retention period by floating
macrophytes.

Different effluent samples after treatment from
Eichhornia sp., Pistia sp., Typha sp. showed marked
reduction in chemical oxygen demand. In case of
undiluted HLL effluent, COD (1120 ppm) was reduced
maximum by Typha sp. based CWSs. Regarding diluted
HLL effluent which had 620 ppm of COD, the maximum
reduction was with Eichhornia sp. based CWs. Zimmels
et al. [26] noticed 360 per cent reduction in COD in a pilot
study with Eichhornia crassipes and Pistia stratiotes for
treatment of urban sewage in Israel. Zhang et al. [27]
reported that the efficiency of COD removal varied a lot
for various species to different contaminants. Treatment of
textile dye using anaerobic baffled reactor by wetland
plants removed 70-90 per cent COD [28,29]. Tegegne et
al. [23] noticed significance difference (56.0 per cent to
91.5 per cent) in the concentration of COD when the
effluents from various industries were treated with
wetlands. The average overall treatment efficiency for
COD removal in these systems was strictly in agreement
with other literature results [30,31]).

The reduction in BOD and COD can be attributed to
many reasons. Aquatic plants have the unique feature of
transporting oxygen from the aerial plant portions to the
submerged parts of the plant and the oxygen transported
by aquatic plants significantly increase the sub canopy

oxygen content of the water [32]. Reddy and DeBusk [33]
reported that oxygen transfer by aquatic plants in to the
root zone plays a significant role in supporting the growth
of aerobic bacteria in the root zone and subsequent
degradation of waste water carbon [34]. Moreover, the
higher suspended solids in the effluent samples may help
in enhanced microbial activity as additional substrate on
the roots of aquatic plants. The reduction in pH favoured
microbial action to degrade BOD and COD in the
wastewater.

5. Conclusion

This sustainable and inexpensive process is fast
emerging as a Vviable alternative to conventional
remediation methods, and will be most suitable for a
developing countries Fast growing plants with high
biomass and good metal uptake ability are needed. In most
of the contaminated sites hardy, tolerant, weed species
exist and phytoremediation through these and other non-
edible species can restrict the contaminant from being
introduced into the food web. From this study, the
emergent plant Typha sp. based constructed wetland has
proved as a promising technology for removing pollutants
from latex industry effluents. Its rooted nature has favored
increased rhizosphere activity, thereby enhancing nutrient
and pollutant removal. Among the floating plants,
Eichhornia sp. was found to be more effective for
treatment of industrial effluent. The extensive root system
and flourished biomass growth might have favored this.
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