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Role of Ceratophyllum demersum in recycling macro elements from wastewater
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ABSTRACT: Water is one of the most stable and abundant complexes on nature that can be polluted with
natural and human factors. Therefore, it is necessary to ensure a timely warning for possible accumulation of
polluting metal in natural waters in order to protect public health. One of the economic and rapid methods for
elements removal is displacement of metals by biosorption. The purpose of this study is to investigate how
much Ceratophyllum demersum (C. demersum) enables to remove elements from aquatic environments. Three
treatments in four replications for purifying wastewater by C. demersum were designed. The treatments
included raw municipal wastewater (RMW) and treated municipal wastewater (TMW) and diluted compost
latex (DCL). The experiment was performed at the open air of Khorasgan University area for 18 days without
aeration. After this examination, the accumulation of Magnesium in C. demersum indicated that the Magnesium
in TMW, RMW and DCL were increased 96.29%, 100% and 73.52% respectively. These results demonstrate
that in all of the treatments C. demersum could absorb high Magnesium concentration from the aquatic
environment. In addition, this investigation demonstrated that the amount of Calcium, Nitrogen, Phosphorous,
Sodium and Potassium accumulated in C. demersum absorbed efficiently from the aquatic environments
respectively. Therefore, it was concluded that C. demersum could be used to refine polluting metal from
wastewater and could be the best biosorption method for protecting the water pollution in the environment.
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An important dimension of water resources
that has not received due attention is its
quality aspects. The rapid industrialization
in developing countries, though contributed
to economic development, has resulted in
heavy losses to economic welfare in terms
of effects on agricultural activities, human
health and ecosystem at large through air
and water pollution.
Basically, water pollution poses a serious
challenge due to its impact on a large
number of economic activities. The problem
of water pollution acquires greater relevance
in the context of an agrarian economy.
While the magnitude of the problem is
limited and widely spread, the losses due to
its impact are quite substantial. This is
mainly due to its direct impact on human
health and livelihoods (Reddy, 2006).
Therefore, it is necessary to ensure a timely
warning for possible accumulation of
polluting metal in natural waters in order to
protect public health (fang, 1995; SanzMedel, 1999). The traditional methods for
the removal of heavy metals from water are
generally expensive or inadequate to treat
highly dilute solutions (Volesky, 2003).

The problems of aquatic pollution are likely
to exacerbate and pose significant
ecological/public health risk in the coming
years, especially in developing countries
(Islam and Tanka, 2004). Recently,
particular attention was paid to metal ions
binding by non-living (biosorption) and
living biomass (bioaccumulation). The
majority of studies usually focus on
bioremoval of metals from wastewater
(Pagnanelli et al., 2001; Naja and Volesky,
2006; Miretzky et al., 2006; Keskinkan et
al., 2004).
Submerged aquatic vascular plants are
known to absorb nutrients, such as nitrogen
(N) and phosphorus (P), far in excess of
their normal metabolic requirements
(Wilson, 1972). Thus, considerable amounts
of nutrients can be stored in plant dominated
littoral areas of aquatic ecosystems. Nutrient
uptake and storage by aquatic plants is an
integral part of the biogeochemical cycle of
both natural wetland ecosystems (Mitsch
and Gosselink, 2000) and treatment
wetlands (Kadlec and Knight, 1996; Reed et
al., 1995). Because some species of
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submerged aquatic vegetation (SAV)
assimilate nutrients directly from the water
column, this community may play an
important role in maximizing nutrient
removal in treatment wetlands (Gumbricht,
1993).
Ceratophyllum demersum grows in shallow,
muddy, quiescent water bodies at lowlight
intensities. It is a submerged, rootless, free
floating, perennial and it is cosmopolitan in
distribution. This submerged macrophyte
has a high capacity for vegetative
propagation and biomass production even
under low nutritional conditions, which
removes excess nutrients and cadmium from
stagnant waters (Best, 1977; Pomogyi et al.,
1984). It is useful as an oxygenate or for use
in the closed equilibrated biological aquatic
system (CEBAS) (Ornes and Sajwan, 1993;
Aravind and Prasad, 2005).
The purpose of our study was to evaluate the
role of Ceratophyllum demersum in
removing macro elements from wastewater
and to establish the role of this plant in
improving water quality.

MATERIALS AND METHODS
The
aquatic
plant
(Ceratophyllum
demersum) was collected from Zayanderood
river in spring season of 2009 (Isfahan,
Iran). Samples were thoroughly washed with
tap water to remove any soil/sediment
particles attached to the plant surfaces.
One hundred grams of ceratopyllum
demersum were then placed in urban
wastewater, Khorasgan University's sewage
water and diluted compost latex in each 12
bottles (volume 6 Lit). The weather of
Khorasgan University during this study was
between 28 and 32 degree centigrade.
However, the temperature of wastewater,
which plants were located in them, was
between 24 and 26 degree centigrade. The
experiment was performed at the open air of
Khorasgan University area under natural
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daylight for 18 days without aeration.
Ceratopyllum demersum had been harvested
from each treatment after 18 days. Then,
macro elements such as N, P, Ca, Mg, Na
and K was measured and compared with
original plant which was not linked with
treatments.
Harvested plants were thoroughly washed in
distilled water and oven dried at 80
Centigrade. Dried plant material was
powdered
and
wet
digested
in
HNO3:HClO4 (3:1, v/v) at 70 Centigrade.
Total Nitrogen (TN) was determined by the
Kjeldahl digestion, distillation, and titration
method (Nelson and Sommers, 1973),
Phosphorous (P) was determined according
to the estimation of available phosphorous
(Olsen et al., 1954). Sodium and potassium
was measured by flame photometer,
Calcium and magnesium in aquatic plant
were measured by titration method with
EDTA (Richards and Abate, 1995).
All of the data collected during this
experiment were analyzed with Statistical
Package for the Social Sciences (SPSS)
software (version 16.0) and were compared
with the Duncan’s multiple range tests.
RESULT AND DISCUSSION
Nitrogen concentration in plants: The
concentrations of Nitrogen in sample of
plant in TMW, RMW and DCL treatments
increased 44.77%, 22.72% and 34.09%
respectively after 18 days (figure 1).

Figur1. Concentration of nitrogen in plants
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Nitrate is not stable as it is readily absorbed
by plants and microorganisms and
immobilized as part of their protein
(Patterson, 2003). Unrooted submerged
vegetation such as C. demersum requires
nutrient uptake from the water (Mjelde and
Faafeng, 1997).
Phosphorous concentration in plants: The
concentration of Phosphorous (P) that
accumulated in Ceratophyllum demersum
was shown in figure 2. The concentration of
P in sample of TMW, RMW and DCL
treatments increased 63.67%, 16.77% and
5.4% respectively after 18 days, then result
showed that Ceratophyllum demersum could
adsorb high concentration of P from
wastewater. Submerged macrophytes could
be used in reducing the P levels of nutrient
enriched waters (Gao et al., 2009). Mjelde
and Faafeng (1997) showed C. demersum
development in shallow Lakes with high
phosphorous load. Submerged macrophytes
can reduce the concentration of different P
species in the overlying water, mainly by
uptaking the P from overlying water.
However, aquatic vegetation, particularly
submerged macrophytes, has declined and
even disappeared from many lakes as a
result of artificial eutrophication and
irrational fishery management (Tong et al.,
2004).

concentration of Ca in all plants of TMW,
RMW and DCL increased 87.61%, 60.03%
and 27.95% respectively after 18 days
(figure 3).

Figur3. Concentration of Calcium in plants

Mishra et al., (2008) showed that aquatic
plants
could
accumulate
higher
concentration of nutrient. When they
covered aquatic plants with coal mining,
concentration of Ca increased 38.8 ± 3.8
percent in tissue of plants. Aquatic plants
could be reduced 68.6% hardness of
wastewater (Tripathi et al., 1991).
Magnesium concentration in plants: Results
of Magnesium (Mg) in this study indicated
that the Mg concentration in Ceratophyllum
demersum increased 96.29%, 100% and
73.52% respectively in TMW, RMW and
DCL after 18 days (figure 4).

Figur4. Concentration of Magnesium in plants

Fig2. Concentration of Phosphorous in plants

Calcium concentration in plants: Analysis
of Calcium (Ca) in samples showed that
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Mishra et al. (2008) showed that
concentration of Magnesium in E. crassipes
increased 77.77% after put in mining
wastewater.
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Na concentration in plants: The amount of
Sodium (Na) that was removed by
C.demersum was 2.78% from DCL and
19.3% from TMW and RMW (figure 5).

calcium, magnesium, sodium and potassium
from wastewater. This study showed that C.
demersum could be as a major role in the
environmental conditions of stagnant and
flowing waters and this plant could adsorb
elements and decrease pollution of
wastewater.
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