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ABSTRACT

Pollution of water and soil is a major environmental problem and day by day, this problem is
increasing with the rapid growth of industrialization and urbanization in all parts of the world.
Most conventional remediation approaches do not provide acceptable solution to pollution problem.
The use of special plants for environmental clean-up i1s an emerging technology called
Phytoremediation. This paper is an attempt to study the Phytoremediation efficiency of Water
Hyacinth (Kichhornia crassipes). It has been concluded that this plant emerged is a potent tool for
treatment of the municipal waste.
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INTRODUCTION

Water pollution now a day is considered not only in terms of public health but also in terms of
conservation, aesthetic and preservation of natural beauty and resources. Major lakes, rivers,
reservoirs of the world are now getting polluted by various ways and there by posing threat to the
survivability of the life system on these diverse water bodies. The depletion of Fresh water resources
could very well create the resource crisis of the 21st Century bringing up agriculture industrial,
domestic as well as international conflicts (Kumar, 2003). Regular monitoring of these
contaminating routes and their effective protective action plan has to be evolved for better control
of water pollution.

Water consists of an exceptional quality of dissolving a number of substances without
changing their chemical and therefore, plays an important role in transporting materials in the
body. In the higher plants, the nutrients are carried from roots to other parts in water through
xylem (Goel, 2006),

Water scarcity 1s likely to become more problematic in the near future due to rapid population
growth, increasing per capita water consumption and geographical disparities between centers of
population growth and availability of water (Postel, 1998). Therefore, technologies of wastewater
management, which are simple, practical, economical, environmental friendly and capable of
recycling or generating resources would be most desirable (Polprasert, 1996).

Synthetic dyes and heavy metals are widely used in the industries like textiles, leather, paper,
plastics, electroplating, cement, metal processing, wood preservatives, paints, pigments and steel
fabricating industries (Ponnusami ef al., 2008). These industries discharge large quantities of toxic
wastes and the untreated effluents from these industries cause soil and water pollution, which
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results in the accumulation of heavy metals and colour to the water. Heavy metals are toxic even
at very low concentrations and pose serious problems due to their possible entry into the food chain
{(Vasanthy et al., 2004). Colour is a visible pollutant and presence of very minute concentration of
colouring substances in water makes it unsuitable for domestic purposes like drinking and
recreational purposes due to its anesthetic appearance (Vasanth Kumar et al., 2003).

Though phytoremediation has a long history of over 300 years, its industrial and environmental
applications are quite recent. Besides Micro organisms plants are also being studied for their
potential of environmental cleanup. Green plants are not only the lungs of nature with an ability
of purifying impure air by photosynthesis but some species have alse the unique ability to uptake,
tolerate and even hyperaccumulate heavy metals and other toxic substances from soil and water
through their roots and concentrate them in roots, stems and leaves. These include some aquatic
weeds, such as Salvinia, Lemna, Azolla and Eichhornia sedges like Typha latifolia and some
herbaceous as well as woody plant. The present study was undertaken to study the treatment
performance of water hyacinth in domestic wastewater collected from Mahananda Nagar Ujjain

(MP).

MATERIALS AND METHODS
Preliminary studies: A review of literature was done about the role of aquatic weeds in
wastewater treatment. After that local survey was conducted from January to June 2010 and one
aquatic weed was selected for our study, i.e., Eichhornia crassipes. . crassipes is a free floating
hydrophyte. In the present study, the test plants (Eichhornia erassipes) were collected from river
Kshipra near Mangalnath Temple which is considered as a holy river in India.

The Wastewater (Municipal) poses a great problem to environmentalists. Day by day water
consumption increases due to inerease in population and increase in life standard of people. For our
study, we collect waste water from Mahananda Nagar Ujjain.

Experimental set up: The test plants (Weight taken after keeping them on a filter paper to
remove excess water) were transferred to plastic troughs having capacity of five liters containing
waste water in different concentrations. Before transferring plants into troughs, an initial analysis
of main physical, chemical and biclogical parameters was done. The experiment was divided into
five sets with three triplicates of each:

Set 1: 25% Wastewater + 75% Tapwater
Set 2: 50% Wastewater + 50% Tapwater
Set 3: 75% Wastewater + 25% Tapwater
Set 4: 100% Wastewater

Set 5: Control (Tap water without Dilution)

The experiment was performed in the Department of Environment Management, Vikram
University Ujjain (MP),

After 15 days, the analysis of treated water was taken for different physical, chemical and
biological parameters. In addition to analysis, the effect of plants was also noticed. This experiment,
was repeated several times and finally data has been interpreted on average basis.

Preservation of samples: Suggested chemical preservatives and recommended maximum storage
times for samples for various analyses are summarized in the following Table 1.
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Table 1: Different. preservation methods for various physico chemical parameters

Parameters Preservation method Maximum holding period
BOD Refrigerate at 4°C 26 h

DO Analyze immediately or fix on site 6h

NH;:-N Analyze as soon as possible, add 2 mL 40%, H.SO, to pH<2, refrigerate 24 h

Nitrate Analyze as soon as possible

N-Kjeldahl Refrigerate, add H;S50, to pH=2 7 days

Table 2: Physico-chemical and Biological Analysis of wastewater

Parameters Analytical method References

pH Glass electrode method (Potentiometer) Jackson and Andrew (1996)
Conductivity. Conductivity meter (Conductometric) Jackson and Andrew (1996)
TDS Filtration, evaporation (103°C) method. APHA (1992)

DO Modified winkler's method. APHA (1976)

TKEN Kjeldhal digestion and distillation method. APHA (1976)

NH,*N, NOsN Steam distillation method using MgO and Deverda’s Alloy. Bremner and Keeney (1965)
BOD Modified winkler’s method. APHA (1976)

COD Open reflux method. APHA (1992)

Selection of determinants: To assess an understanding of the nature of wastewater and treated
water by water hyacinth, following determinants were presented in the following sections.

Chemical properties: The discussion on chemical characteristics of domestic wastewater and
treated water is presented as measurement of organic contents like pH and gas (dissolved oxygen).
The main stress was given at monitoring of nitrogen species like - Total Kjeldhal Nitrogen (TKN),
ammonium nitrogen, nitrate nitrogen and COD,

Biological properties: For the treatment of domestic waste water, the knowledge of biclogical
characteristics 1s essential. The main thrust was on BOD.

Procedures: Standard analytical methods were followed in recording the data, field measurement
and laboratory analytical techniques (Table 2).

RESULTS AND DISCUSSION

Phytoremediation is a new area of biotechnology that takes advantage of fact that certain
species of plants and fungi flourish by accumulating waste materials present in the water. It may
be applied wherever the static water or soil environment has become polluted or 1s suffering
ongoing chronic pollution. Phytoremediation refers to the natural ability of certain plants called
hyperaccumulators to bicaccumulate, degrade or render harmless contaminants in water, air or soil.
Phytotechnologies involving use of plants for pollutant removal gained importance during the last
two decades. Contaminants such as metals, pesticides, solvents, crude oil and its derivatives have
been mitigated in phytoremediation projects worldwide. It is considered a clean, cost-effective and
non- environmentally disruptive technology as opposed to mechanical cleanup methods, such as
pumping polluted ground water or soil excavation. . A new technology, sewage purification by
water hyacinth (Kichhornia crassipes) is a possible solution (Alade and Qjoawo, 2009).

The present work utilizes the response of a free floating aquatic weed (Eichhornia Crassipes)
to evaluate the remediation of various waste water pollutants. This weed 1s well known for its
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reproduction potential (DeCasabianca and Laugier, 1995) and as a plant that can double its
population in twelve days. It has an ability to grow in severe polluted waters and thus it can
improve the effluent quality from oxidation ponds and as a main component. of one integrated
advanced system for treatment of municipal, Agricultural and industrial wastewaters.

The results indicate that, the test plant (Kichhornia crassipes) reduced all the physic-chemical
and biological parameters to a significant level in all dilutions (i.e., 25, 50, 756 and 100% waste
waters) as shown in Fig. 1 and 2. However, the dissolved oxygen (IDO) showed an inereasing trend
to a significant level.

The pH level reduced to 7.2 from 7.8 after treatment which clearly indicates Kichhornia
crassipes can be used in areas where the acidity of soil is very high (Fig. 1). The total dissolved solid
reduction by test plant (Eichhornia crassipes) was good in almost all concentrations (Fig. 2). There
occurred a 61% decrease in 25% wastewater concentration, while as highest ocecurs 1in 100%
wastewater. It reduced 66% of Total Dissolved Solids. The root of water hyacinth acts like living
substrate for attached microorganisms which then provide a significant degree of treatment thanks
to their metabolism (USKPA, 1988). Besides enabling growth of microbial colonies root system is
also good medium for filtration and adsorption of suspended materials, nutrients and heavy metals
{(Center et al., 2002).

As far as Conductivity is concerned, water hyacinth decreased the conductivity of all the
coneentrations. But, it was maximum in 75% wastewater where it decreased from 24.90 m mhos
to 13.6 uw mhos (Fig. 3).

Hardness is defined as the concentration of multivalent metallic cations (Ca®, Mg¥, Sr¥", Fe®)
in solution. The hardness of water varies from place to place. Water hvacinth is unable to lower
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Fig. 1: The values of pH before and after treatment
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Fig. 2: Treatment performance in TDS by water hyacinth
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Fig. 4: Removal of hardness by the test plant (E. crassipes)

hardness in 25% concentration too much. While it shows maximum reduction in 75% wastewater.
It showed performance efficiency of 24% in 75% wastewater (Fig. 4).

The level of DO in any water shows condition of pollution level. In our study, water hyacinth
increased the DO level in all wastewater samples . It showed an increase from 0 to 100% in 75 and
100% wastewaters around 2.5 mg L in both. Thus it shows that DO level is inereased by the water
hyacinth (Fig. 5).

The BOD removal by water hyacinth in different concentrations shows that it cannot perform
well in 100% wastewater having high BOD value. In cur study (Fig. 6) we found that, it reduced
maximum BOD level in 75% wastewater and almost same in 25 and 50% wastewaters. It
indicates that too much dilution in wastewater hampered the performance of the test plant, ie,,
Kichhornia crassipes.

The test plant (Eichhornia crassipes) shows maximum reduction of COD in 75% wastewater,
while minimum in 25% wastewater and in 100% wastewater it shows the treatment performance
of 46% (Fig. 7).

Nitrogen present in wastewater may be in many forms NO,N, NH,N, NO,N and Organic
Nitrogen. Plants grown in wastewater containing nitrogen in many forms as pollutants may be
utilized by plants in many ways. Rogers and Dawvis (1972) concluded plant uptake as the dominant,
removal mechanism for N, Nitrification-Denitrification complex has been established as the major
removal mechanism for nitrogen.
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Fig. 5: Increasing level of DO by water hyacinth
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Fig. 6: BOD removal efficiency (%0) of water hyacinth
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Fig. 7. COD removal efficiency (%) of water hyacinth

In the present study, the test plants (Eichhornia Crassipes) removed Nitrogen
considerably in all concentrations as shown in Fig 8. Maximum removal was found in 50%
wastewater. Efficiency of nitrogen removal by Eichhornia Crassipes ranges from 10 to 90%
(USKPA, 1988).

As far as Nitrate Nitrogen is concerned, water hyacinth reduced maximum in 25% wastewater
and minimum in 100% wastewater Fig. 9. While as ammonium nitrogen removal is shown

382



Fes. J. Environ. Set., 5 (4): 377-385, 2011

701
~ 60
£
é s
40-
=]
T
,g 304
E 20
u
c T T T
25 50 75 100

‘Waste water (%)

Fig. 8: Treatment potential (%) of water hyacinth in total nitrogen hyacinth

60-
g 507 [ ]
ém- _
E 301
B 40
E 101
s T s T s 100
Waste water (%)

Fig. 9: Removal efficiency (%) of nitrate nitrogen by water hyacinth
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Fig. 10: Removal efficiency (%) of ammonium nitrogen by water

maximum by 75 and 100% wastewaters (Fig. 10). This may be due to high pH, while as minimum
by 50% wastewater.

CONCLUSION
Water environment has been polluted and is suffering from ongoing chronic pollution. This has
become one of the most pervasive environmental problems throughout the world. Although, control
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technologies have been applied at many industrial and municipal establishments. The problem will
remain still intact with ever increasing population, human urge for better living and developmental
activities. High cost technologies though effective cannot be employed by most developing countries
including India. So, we have to find alternative cost effective methods; one such system could be
the phytoremediation. Phytoremediation is a potential remediation strategy that can be used to
treat water contaminated with pollutants.

In the present study, an attempt was made to find the potential of water Hyacinth in the
treatment of domestic wastewater. Various physical, chemical and biolegical parameters were
studied and it was ohserved, that water hyacinth 1s a potential tool for treating municipal
wastewater. The plant performed well in 100% wastewater. It may be used for at least primary and
secondary treatment, if artificial aquatic systems are developed in a proper way. This plant might
be utilized as an efficient, economical and ecological alternative to accelerate the removal and
degradation of agro-industrial wastewater pollutants.

The present study still need further research to investigate the role of water hyacinth in detail
with special reference to any effect on other living forms and its potential to remove toxic chemicals
present in our environment.
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