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Abstract

Various wastewater treatment technologies are being used depending on various factors ranging from their availability,
suitability and cost effectiveness to the local conditions. Many of the available technologies, although very effective are not
used very frequently as they are cost intensive. Aquatic Macrophytes growing in and around water bodies have shown
great potential in removal of pollutants. Many studies have been conducted in the past which reveal wastewater treatment
potential of aquatic macrophytes. However, the studies in past mostly focused on a single species and were merely
laboratory experiments that were conducted in stagnant waters of aquarium. The present study deals with assessment of
treatment potential of two aquatic macrophytes grown in combination. The study also deals with online treatment of river
Varuna water using combination of aquatic macrophytes. The results of the online study reveal that D. O. increased by
5.46%, B.O.D. decreased by 17.43%, C.O.D. decreased by 18.7%, Nitrate decreased byl6.2% and Phosphate decreased

by17.1%.
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Introduction

Most of the wastes generated, ultimately find their way into the
water bodies i.e., rivers, ponds and lakes. The presence of these
wastes in water bodies becomes undesirable, as it hinders the
sustenance of life in a proper way. In recent years, scientific
community all over the world has shown great concern over the
deteriorating state of water bodies. Several techniques, all
around the globe, have been developed to remove pollutants
from the water bodies. Most of these techniques, though
effective on one ground fell short on other grounds and
moreover, they are too costly to be adopted in a feasible
manner. Researchers are still in progress to search for
technologies which could be employed to treat the wastewaters
in feasible manner. Most of the modern technologies used to
treat the wastewaters have their own implications, as these
technologies are quite costly and energy intensive. So, most of
the developing countries may not be able to afford the huge
expenditure required to treat the wastewater by modern
technologies. From the given fact it can be easily inferred that
the developing world may either not be having access to modern
wastewater treatment technologies or if at all they have those
technologies then they may not be able to treat the entire
wastewater generated there. In fact none of the countries of the
world could claim to treat all the waste generated there through
modern technologies.

In recent past, utilization of aquatic macrophytes for the
wastewater treatment has been reported as an economical device
for the treatment of wastewater. Several aquatic macrophytes
growing naturally in polluted water have recently been used for
the removal of pollutants as they consume them as nutrients'™.
Many research workers have studied the nitrogen and
phosphorus removal capacity of different aquatic macrophytes'*
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'®. Nitrogen uptake is the most obvious nitrogen retention

mechanism involved. However, high removal efficiency through
assimilative uptake by vegetation can only be achieved by
frequent harvesting of fast growing plants'’. Few workers have
studied denitrification in epiphytic microbial communities'®'®.

In recent years much attention has been given on wastewater
treatment with the help of aquaculture (growth of aquatic plants
having economic values) and recycling of treated water. After
treatment these aquatic plants are also utilized for energy
regeneration'”, animal feed production’*°, biogas
productionzl’zz, as fibre23, compost production for soil
amendments>* and source of protein® .

Most of the studies regarding the nitrogen and phosphorus
removal capacity of aquatic macrophytes were restricted to one
or a few plants. There is still paucity of data, on the comparative
studies of removal of nitrogen and phosphorus of different
plants in tropical freshwater systems, and nutrient removal
capacity of plant combinations.

The aim of present investigation was to evaluate the pollutant
removal capacity of water hyacinth and lesser duckweed, singly
and in combinations and to evaluate the pollutant removal
capacity of these plants in field and laboratory conditions.

Material and Methods

From literature it was noted that following two freshwater
macrophytes reduce the pollutants from polluted water
effectively.

Water hyacinth: The water hyacinth (Eichhornia crassipes
(Mart.) Solms.), is a productive aquatic macrophyte which
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occurs as weed in most tropical and subtropical regions of the
world. This is an angiospermic, large leaved, floating
hydrophyte belonging to the family Ponterderaceae. This is a
perennial noxious aquatic weed floating on water surface and
partly rooted in shallow water with numerous fibrous roots,
short stem, broad glossy green leaves and light lavender
flowers. Vegetative reproduction is rapid and the water surface
is soon covered by a dense mat.

Lemna minor: Lemna minor is an angiospermic, small leaved,
free floating hydrophyte. It has a wider geographic range. It
vegetates at above (1°C-3°C) reached to the maximum growth in
December. Under laboratory condition at 27°C it was reported
to be double in area in four days only.

At Varanasi about 213 mld of sewage mixed with industrial
effluents is being generated. Out of which about 95.2 mld of
sewage is being discharged in the river Varuna. Under Ganga
Action Plan, the sewage treatment plants have been established
at Dinapur, Bhagwanpur and D.L.W. The sewage treatment
plant at Dinapur, has the highest capacity of 100 mld while the
capacities of plants at Bhagwanpur and D.L.W. are 12 and 10
mld respectively. The 95.2 mld of sewage discharged in river
Varuna assumes significance, since, it is not being treated by
any of the existing sewage treatment plants the only consolation
is that 47 mld of it is pretreated. As a result, municipal sewage
mixed with industrial effluents discharged in river Varuna
reduces it to an open sewer, which pollutes the river Ganga
when it drains into it.

River Varuna, the only tributary of Ganga at Varanasi (the other
being river Assi, which has been reduced to a municipal
drainage called Assi nala), has a significant role to play at
Varanasi because the river water is being used for different
purposes. Therefore, treatment of polluted Varuna water is
being sought. In order to suggest ecomanagement practices and
minimize water pollution level of river Varuna, some field as
well as laboratory experiments were conducted.

Microcosm Investigation in Field: In order to evaluate the
treatability of river Varuna water using aquatic macrophytes, an
online field experiment was conducted in the month of May and
June, 2000 because during the months of May and June the
volume and velocity of river water was found highly and
significantly reduced. During this study five gates of the
Sampurnanand bridge (an overbridge on river Varuna) were
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closed in such a way that most of the river water was retained
on upstream side of the bridge and only a part of the river water
was allowed to pass to the downstream side of the bridge. After
closing the gates, luxuriant growth of naturally growing aquatic
macrophytes i.e., Eichhornia crassipes and Lemna minor was
observed towards the upstream side of the bridge. These
macrophytes multiplied rapidly and within a very short
timespan, it was found that 1 km stretch of the river water was
covered with these macrophytes. During the experiment DO,
BOD, COD, NO;-N and PO,-P of the river water were analysed
before and after the macrophytic zone regularly at alternate day
for 20 days.

Laboratory experiments: The aquaculture laboratory
experiments were performed to evaluate the pollutant removal
efficiency of E. crassipes and Lemna minor from river water
when grown singly and in combinations under laboratory
conditions.

In order to compare the pollutant removal capacity of E.
crassipes and Lemna minor in the field as well as laboratory
conditions, the river water was collected from the region, where
water quality was analysed during microcosm field investigation
i.e. before the macrophytic zone. 100 litres of polluted river
water, collected from the field, was poured in each of the 20
glass aquaria of 150 litre. Five replicates of the following
experimental sets were used for the laboratory experiments.

Experimental set 1 - containing no aquatic plants (control),
Experimental set 2 - containing 100% coverage of E. crassipes,
Experimental set 3 - containing 100% coverage of Lemna
minor, Experimental set 4 - containing 50% coverage of E.
crassipes and 50% coverage of Lemna minor.

In order to compare the pollutant removal capacity of E.
crassipes and Lemna minor in the field as well as in laboratory
conditions, the water was collected from the zone where from
water quality was analysed before macrophytic zone. 100 litres
of river water collected from the field was poured in each of the
20 glass aquaria of 150 litre capacity which were used for
laboratory experiments. Five replicates of each experimental set
including control were kept in the laboratory. The plants used
for aquaculture experiments were collected from Botanical
Garden, Banaras Hindu University, Varanasi. The roots were
thoroughly washed with the tap water, before the plants were
introduced in the aquarium.

Table-1
Properties of River Varuna water during microcosm field investigation

Parameters Water quality before ) Water quality after ) Percentage increase
macrophytic zone (mg 1) macrophytic zone (mg 1) (+) decrease (-)
Dissolved oxygen 2.3 2.43 (+) 5.46
Biochemical oxygen demand 78 64.4 (-) 1743
Chemical oxygen demand 132 107.31 (-) 18.7
Nitrate 0.93 0.779 (-) 16.2
Phosphate 1.48 1.226 (-)17.1

* Average of 10 samples
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Prior to the introduction of plants into aquaria initial
concentrations of DO, BOD, COD, nitrate and phosphate of the
river water sample used in all the aquaria were analysed.
Aquaria water quality was also examined regularly at 7 days
interval. Loss of water due to evaporation was maintained by
the addition of distilled water. Since after 56 days, no significant
removal of pollutants was noted so the experiment was stopped
after 56 days. Some biochemical properties of plants such as
crude protein, phosphate and nitrate were analysed at initial
stage and after 56 days harvesting, using the standard
methodology.

Results and Discussion

Data obtained during present laboratory experiments are shown
in figures-1 to 5.

From the data obtained during the present investigation as
represented in figure-1, it was revealed that Dissolved oxygen
content decreased progressively in the experimental set
containing 100% Eichhornia crassipes. Highest decrease i.e.
76.85+£5.98% was noted in the experimental set containing 50%
Eichhornia crassipes and 50% Lemna minor. In control
experimental set the increase in DO was recorded to be
17.003+2.258%, while in experimental set with 100% Lemna
minor recorded 62.376+6.18% increase. An increasing trend of
DO along with time was noted in all the experimental sets
except the experimental set where 100% Eichhornia crassipes
was grown.

Percentage reduction in Biochemical oxygen demand is cited in
figure-2. From the data obtained during the present investigation
it was revealed that highest decrease in the Bio-chemical
oxygen demand i.e. 73.55+4.9% was recorded in experimental
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Biochemical oxygen demand was least i.e. 16.683+1.25% in
case of experimental set containing no macrophytes. A
decreasing trend of BOD along with time was noted in all the
experimental sets. A two way ANOVA showed a significant
variation in different experimental sets (p<0.005) and different
incubation period (p<0.001).

Similar trend was observed in case of COD reduction as
represented in figure-3. The least COD reduction i.e.
16.913+1.5% was observed in experimental set 1, while highest
COD reduction i.e. 73.6224+4.71% was recorded in experimental
set 4. A decreasing trend of COD along with time was noted in
all the experimental sets. ANOVA showed a significant
variation in different experimental sets (p<0.001) and different
incubation period (p<0.001).

In case of NOs-Nitrogen reduction as represented in figure-4, it
was revealed that the NO5;-N reduction was least in
experimental set 1 and maximum in experimental set 4. The
NO;-N reduction in experimental set 1 after 56 days incubation
was 9.903+0.629% while in experimental set 4 it was
65.243+3.01%. In experimental sets 2 and 3 the reduction in
NO;-N after 56 days incubation was 55.167+5.204% and
44.967+7.78% respectively.

In case of PO4-P reduction as represented in figure-5, it was
noted that least reduction was observed in case of experimental
set 1 and maximum reduction was observed in case of
experimental set 4. The PO,-P removal in case of set 1 was
4.023£1.233% while in case of experimental set 4, it was
86.25+5.25%. In experimental set 2 and 3 the reduction
percentages  were  82.51#491% and  76.423+4.804%
respectively. ANOVA revealed significant variation in different
experimental sets (p<0.001) and in different incubation period

set 4, after 56 days incubation. The decrease in (p<0.001).
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Percentage change in Dissolved Oxygen of polluted river water in different experimental sets
(Mean values of different incubation days; Vertical bars indicate + 1 SE)
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Analysis of plant tissue (stem and leaf) of Eichhornia crassipes
and Lemna minor indicated that large amount of crude protein
and mineral nutrients were present in these plants. The crude
protein content of plants before and after treatment is cited in
table-1. The results revealed that crude proteins and other
mineral nutrients increased in plant tissues after 56 days
incubation. The crude protein in Eichhornia crassipes increased
from 23.40 to 31.10 and in Lemna minor it increased from 25.60

Int. Res. J. Environment Sci.

to 32.90 after treatment. Based on the chemical composition
data, if compared with chemical composition of animal feed as
represented in table-2 and table-3 given by Sen and Ray*®. The
Eichhornia crassipes and Lemna minor appear to be potential,
non-toxic food sources for animals. These aquatic plants can be
easily harvested from the water bodies and may be powdered
and mixed with other animal fodder crop plants to use it as
animal feed.
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Percentage reduction in Phosphate content of polluted river water in different experimental sets
(Mean values of different incubation days; Vertical bars indicate + 1 SE)

Table-2
Chemical composition of water hyacinth (E. crassipes) and Duckweed (L. minor) plants grown in waste water>®

Water hyacinth composition (% dry weight) Duckweed composition (% dry weight)

Parameters . After 56 days grown in o After 56 days grown in
Initial Initial
waste water waste water
Crude protein 23.40 31.10 25.60 33.14
Ash 18.40 19.47 11.90 12.44
Phosphorus 0.56 0.830 0.97 12.46
Calcium 1.70 2.460 1.30 1.66
Potassium 3.80 4.170 2.89 3.74
Sodium 0.60 1.160 0.18 0.54
Magnesium 0.90 1.170 0.37 0.85
Table-3
Composition of selected crop plants used as animal feed in India®®

Crop plants Crude protein (%) Cr‘(‘%")fat a;rh":i‘;)) Ca(%) | P(%) |Mg(%)|Na(%)| K(%)
Barseem 14.34 17.03 57.26 7.75 0.18 0.12 - -
Paddy straw 342 36.73 41.14 17.87 0.07 - - -
Dry maize stock 11.10 1.90 80.66 1.94 0.41 - - -
Wheat bran 11.39 16.62 60.36 9.90 0.82 - - -
Mustard yellow 36.0 10.05 32.76 9.00 1.07 - - -
Linseed cake 30.57 9.98 43.24 10.10 0.96 0.54 0.35 0.76
International Science Congress Association 45
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Table-4
Composition of Animal feed
Content For Milch For Dry Stock
Ration Ration
(C,;o‘;de Protein | »¢ ) (minimum) 18.0 (minimum)
Crude fat (%) 2.5 (minimum) 2.5 (minimum)
Crude fibre (%) 1.2 (maximum) 12.0 (maximum)
Moisture (%) 11.1 (maximum) 11.0 (maximum)

Poshan Agro Vet, Kanpur, India 1982

Conclusion

From the present experiment it is clear that the use of large
leaved water hyacinth (E. crassipes) in combination with Lemna
minor is economical, convenient and a useful technology for the
wastewater treatment besides their use as animal feed.

References

1.

10.

11.

Culley D.C. Jr. and Epps A.E., Use of duckweed for
waste treatment and animal feed, J. Water Poll.
Control Fed., 45, 337-347 (1973)

Dinges R., Upgrading stabilization pond effluent by
water hyacinth culture, J. Water Poll, Cont. Fed., 50,
833-845 (1978)

McDonald R.C. and Wolverton B.C., Comparative study
of wastewater lagoon with and without water hyacinth,
Econ. Bot, 34, 101-110 (1980)

Reddy K.R. and Tucker J.C., Productivity and nutrient
uptake of water hyacinth, Eichhornia Crassipes 1, Effect
of nitrogen resource, Econ. Bot., 37,237-247 (1983)

Reddy K.R. and De Busk W.F., Nutrient removal
Potential of selected aquatic macrophytes, J. Environ.
Qual., 14, 459-462 (1985)

Gersberg R.M., Elkins B.V., Lyon S.R. and Goldman
C.R., Role of aquatic plants in waste water treatment by
artificial wetlands, Water Res., 20, 363-368 (1986)

Tripathi B.D. and Srivastava J. and Misha K., Nitrogen
and Phosphorus removal capacity of four chosen aquatic

macrophytes in tropical freshwater ponds, Environmental
Conservation, 18(2), 143-147 (1991)

Weisner S.E.B., Eriksson P.G. and Leonardson L.,
Influence of Macrophytes on nitrate removal in wetlands,
Ambio., 23, 363-366 (1994)

Wolverton B.C. and McDonald R.C., Water hyacinth
(Eichhornia Crassipes) (Mart.) Solms, Studies, Econ.
Bot., 33, 1-10 (1979)

Reddy K.R. and De Busk W.F., Nutrient removal
Potential of selected aquatic macrophytes, J. Environ.
Qual., 14, 459-462 (1985)

Ice J. and Couch R., Nutrient absorption by duckweed, J.

International Science Congress Association

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

Int. Res. J. Environment Sci.

Aquat. Plant Manag., 25, 30-31 (1987)

Ayoma I., Nishizaki H. and Yogi M, Uptake of Nitrogen
and phosphate and Water purification capacity by water
hyacinth (Eichhornica crassipes (Mart.) Solms.), J. Soils
and Fertilizers, 50(3), 345-349 (1987)

Tiedje J.M., Ecology of denitrification and dissimilatory
nitrate reduction to ammonium, In: A.J.B. Zehnder (ed.)
Biology of Anaerobic Microorganism John Wiley and
Sons, New York, (1988)

Sorensen J., Jorgensen T. and Brandt S., Denitrification
in stream eplition: Seasonal variation in Gelbaek and
Rabis beak, Denmark, FEMS, Microbiol. Ecol., 53, 345-
354 (1988)

De Busk T.A., Reddy K.R., Hages T.D. and Schwegler
Jr. B.R., Performance of a pilot-scale water hyacinth
based secondary system, J. Water Poll. Cont. fed., 61(7),
1217-1224 (1989)

Law C.S., Rees A.P. and Owens N.J.P., Nitrous oxide
production by estuarine epiphyton, Limnol. Oceanogr.,
38, 435-441 (1993)

Reddy K.R. and De Busk, State of the art utilization of
aquatic plants in water pollution control, Water Sci.
Technol., 19, 61-79 (1987)

Eriksson Peder G. and Weisner Stefan E.B., Nitrogen
Removal in a Waste Water Reservoir: The importance of
denitrification by Epiphytic Biofilms on Submersed
Vegetation, J. Environ. Qual., 26, 905-910 (1997)

Wolverton B.C. and McDonald R.C., Energy of vascular
plants used in wastewater treatment systems, Econ. Bot.,
35, 224-232 (1981)

Bagnall L.O., Boldwin J.A. and Hentges J.F., Processing

and storage of water hyacinth silage, Hyacinth Control J.,
12, 73-79 (1974)

Shialipour A. and Smith P.H., Conversion of biomass
into methane gas, Biomass, 6, 85-94 (1984)

Haque A. and Sharma S., Water hyacinth to fight water
pollution, Science Reporter. Dec., 757-62 (1986)

Nolan W.J. and Kirmse D.W., The paper making
properties of water hyacinth, Hyacinth Control J., 12, 90-
97 (1974)

Parra J.V. and Hortenstein C.C., Plant nutritional
component of some Florida water hyacinth in three soil
types, Hyacinth Control. J., 12, 85-90 (1974)

Boyd C.E., Evaluation of some common aquatic weeds
as possible feed stuffs, Hyacinth Control Jour., 7, 26- 27
(1968)

K.C. Sen and S.N. Ray Nutritive value of Indian cattle
feed., 6™ ed. Indian Council of Agricultural Research,
1971)



