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ABSTRACT: The aim of this study was to compare the selected aquatic plants ability to
remove nitrate from wastewater. Excess of these nutrients in water can directly affect
human health (methemoglobinaemia) or indirectly through the products of secondary
pollution include eutrophication. Negative impact of nutrients excess in surface water
often causes the destruction of water ecosystems, and therefore, common substances of
these elements must be monitored and managed. Spectrophotometric technique was
commonly used for quick and simple analyses of nutrients in waste water. There are
calibration curves for each nutrient and for the determination of their concentration.
Phytotechnology is one of the biological wastewater treatment methods or processes to
eliminate nitrate contaminant from aquatic system. So as to avoid the eutrophic formation
of fresh water and to determine the efficiency of nitrate utilization by specific aquatic
plants which include Utricularia aurea and Salvinia molesta were collected from a
eutrophic lake at Theerthamkara, Kerala. The samples were allowed to grow in nitrate
solution for about one month at different concentrations. The optical density (OD) of
nitrate solution at 410 nm was measured on alternative days of the experiment by using
UV spectrophotometer. After 33 days of treatment periods, the maximum amount of
nitrate removed in terms of percentage was found to be 95% by Utricularia aurea and
92% by Salvinia molesta at 100 ppm nitrate concentration. The results revealed that the
aquatic plant (carnivorous) based system of phytotechnology was productively removed
the nitrate load from the synthetic wastewater containing nitrate.
Keywords: Aqueous Nitrate; Phytoremediation; Aquatic free floating plants.

INTRODUCTION
Pollution of water resources by excessive
presence of nitrogen compounds such as
nitrate, nitrite and ammonium, is a real health
and environmental problem. Nitrate excess
in drinking water may cause blue disease in
babies called methemoglobinemia in new
born infants as well as other illnesses (Ozturk
and Bektas, 2004). The most important

environmental problems caused by nitrogen
and
phosphorus
compounds
are
eutrophication of water supplies and
infectious disease (Barber and Stuckey,
2000). These components which are
involved in the eutrophication of surface
waters and the presence of high levels of
nitrate and nitrite ions in drinking water has
an adverse risk to human health (Jorgensen,
2001; Viessman et al., 2005; Chiban et al.,
2012; World Health Organization, 1984). In
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addition, excessive levels of nitrate ions in
drinking water may cause health problems,
especially for infants under six months of age
and pregnant women (Seidel et al., 2011).
The Maximum Acceptable Concentration
(MAC) for nitrate-nitrogen in Canadian
drinking water has been established as 10 mg
N-NO3-/L (Health Canada, 2003 and WHO,
2007). Moreover, in 1990, environmental
protection agency (EPA) indicated that
250,000 water supply sources had maximum
contaminant levels (MCL) for nitrate. In the
body system, when nitrate is converted to
nitrite, it reduces the oxygen-carrying
capacity of the blood, resulting in a condition
called "methaemoglobinaemia", also known
as "blue baby syndrome"(World Health
Organization, 1984). Nitrite has been shown
to cause methaemoglobinaemia in animals.
Anyway, nitrite when present at high
concentration in blood can react with Fe (II)
of
the
haemoglobin,
forming
methaemoglobin [NO2- + oxyHb (Fe2+) →
metHb (Fe3+) + NO3-] which has no oxygencarrying ability. This condition is called
methaemoglobinaemia (Dejam et al., 2005,
Rawat et al., 2012). Moreover, the reaction
between nitrite and secondary or tertiary
amine in acidic media such as in the human
stomach could result in the formation of
Nitroso compounds (NOC), which are
known to be carcinogenic, teratogenic, and
mutagenic (Mikuska et al., 2003).
Nitrate pollutant leads to increase in the
growth of algal bloom those results in
eutrophication of fresh water. It has
become the most serious environmental
problem in our area since it causes algae
blooms. Growth of algae decreases the
dissolved oxygen concentration of water
that final result is the death of fish and
other aquatic organisms. The major source
of nitrogen pollution are the nitrate (NO3-)
that mainly originated from the emission of
industrial wastewater and the use of excess
fertilizers in agricultural fields. Nitrate
removal and emission of N2O in wetlands
can vary spatially, depending on factors

such as vegetation, hydrology and soil
structure (Mwagona et al., 2019).
Phytotechnology involves growing plants
in a contaminated matrix, for a required
growth period, to remove contaminants from
the matrix, or facilitate immobilization or
degradation (detoxification) of the pollutant.
Aquatic
plant
based
bioremediation
(Phytotechnology) is one of the biological
wastewater treatment methods or processes to
eliminate nitrate contaminant from aquatic
system. So as to avoid the eutrophic
formation of fresh water and to determine the
efficiency of nitrate utilization by specific
aquatic plants (Utricularia auria, Salvinia
molesta) are used for the study and determine
its efficiency to denitrify high nitrate load in
wastewater. Bladderworts are usually found
in wet soils in open areas, ponds and lakes,
streams, and on rocks or tree trunks (Taylor,
1989). The Utricularia plant was screened of
bioactive compounds for formulation of new
drugs and the paper suggests that the
conservation of such rare insectivorous plants
was essential. Utricularia reniformis can be
terrestrial, epiphytic or even lithophytic, and
Utricularia gibba, which is commonly
aquatic and has also be found on emergent
and submerged leaves of Salvinia, a common
fern found in ponds, and thus can be
considered as an epiphyte (Saura et al., 2018).
From the literature survey, so far no
reports have been found or scientific papers
published on nitrate removal efficiency from
nitrate rich wastewater using aquatic free
floating plant Utricularia aurea. The main
purposes of using this system have focused
on waste stabilization and nutrient removal.
This study was aimed to examine the
removal potential of nitrate by selective
aquatic plants Utricularia aurea and Salvinia
molesta isolated from eutrophic lake water
sample according to the variance of
residence times and concentrations of nitrate.
MATERIAL AND METHODS
The aquatic plants used for the nitrate
removal study from nitrate containing
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synthetic wastewater are Utricularia auria
and Salvinia molesta. These aquatic plants
were collected from a eutrophic lake from
Theerthamkara. The plants were washed
thoroughly with distilled water to remove
the particles adhering to the plants, and
transferred to a container (Fig.1 and Fig.2).
The collected Utricularia aurea where
washed and cut the tip portion up to 6 cm
length (noted the nodes and internodes to
determine the growth of the plant).

Inoculate the cut portion in to each conical
flask containing different concentration of
nitrate (from 100 to 1000 ppm) and
allowed to grow for months (Fig.1 and
Fig.2). The collected Salvinia molesta
where washed and cut the plant in a way
that each portion containing five leaves.
Inoculated the cut portion in to the nitrate
solution containing different concentration
(from 100 to 1000 ppm) and allowed to
grow for months (Fig.1 and Fig.2).

Fig. 1. Utricularia aurea (a) with bladder, (b) enlarged bladder and (c) Salvinia molesta

Fig. 2. (a) Utricularia aurea , (b) Salvinia molesta inoculated in different concentration of nitrate
solution and (c) Utricularia aurea plant with 6cm length and (d) Salvinia molesta having 5 leaves
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Stock solution was prepared using
potassium nitrate; one gram of potassium
nitrate was weighed and transferred in to a
standard flask and make up the volume to
1000ml in a standard flask using deionised
water. From that stock solution of nitrate
solutions working solution were prepared
with different concentrations (from 100 to
1000 ppm). Calibration Graphs consists of a
plot of absorbance versus concentration for
a series of standard solutions whose
concentrations are accurately known.
Aquatic
freefloating
young
plants,
Utricularia aurea with an average length of
six centimetres and Salvinia molesta with
five leaves were selected and used for the
nitrate removal experiments. The fresh
weights of the plants were determined using
a physical balance (gravimetric method),
after removing water by blotting using filter
paper. The total leaves, roots, nodes, side
branches etc., of the plant were determined.
The cleaned plants were introduced into
each different concentration of nitrate
solution in each different 250ml conical
flask, with the roots submerged in the
solutions and kept under sun light (Fig.2).
The nitrate level in the synthetic solution
was estimated at different time intervals by
Salicylic acid method (APHA, 1998) using
spectrophotometer
UV-2600
series
SHIMADZU). Control experiments were
also performed with the same nitrate
solution concentrations, but without aquatic
plant. All experiments were performed in
triplicates.
For the analysis of nitrate solution,
about 0.25 ml sample solution is pipette
out into a 50 ml beaker. To that add 0.8 ml
of 5% (w/v) salicylic acid in conc. H2SO4.
After 20 minutes add 19 ml NaOH, this is
to raise the pH above 12. Then the samples
were allowed to cool and measured the
absorbance in terms of optical density
(OD) at 410nm using a UV-Visible
spectrophotometer. The initial and residual
concentration of nitrate in terms of optical
density (OD) value was measured using

UV-Visible spectrophotometer (UV-2600
series SHIMADZU). From this value, the
percentage nitrate reduction or removal
was calculated. Nitrate uptake efficiency
(E) was calculated using the formula, E =
[(I-F)/I] × 100/ growth of plants (biomass).
Where, I and F are the Initial and Final
concentrations of nitrate respectively.
Growth of the plant (biomass) was
measured in terms of measuring the length
(cm) and counting the number of leaves.
An efficiency value of 100% was obtained
when no nitrate appeared in the treated
water sample (i.e., F = 0) (Usharani et al.,
2011, 2017).
The pH change in treated wastewater at
different concentrations with different time
intervals by the free floating aquatic plants
were estimated using digital pH meter
(Scientific Tech, Advanced pH meter,
mode ST -2002).
RESULTS AND DISCUSSION
The aquatic carnivorous plant Utricularia has
one of the smallest known genomes among
flowering plants, and therefore, it is an
excellent model organism for physiological
and
developmental
studies
(Joanna Augustynowicz et al., 2015).
Collected plant samples of Utricularia aurea
and Salvinia molesta are allowed to grow in
nitrate solution for a month and used for our
study. The capacity of the plant to remove
nitrate at concentrations from 100 to1000
ppm were shown in the figure.3. Both the
plants showed the nitrate removal property.
In this study both aquatic plants showed
similar activity that means they are similar in
rate of nitrate removal. The maximum
removal was observed after 33st day and the
percentage nitrate removal and its growth in
terms of optical density (OD) was given in
figure 4. It showed that the maximum
removal (95%) was occurred at 100ppm
(Fig.4) and the minimum percentage removal
(15%) was occurred at 1000ppm (Fig.3) by
Utricularia aurea. In the case of Salvinia
molesta maximum removal (95%) was
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occurred at 100ppm (Fig.3) and the minimum
percentage removal (14%) was occurred at
1000ppm (Fig.3) (Usharani and Keerthi,
2018). At higher nitrate concentrations, the
plant (Utricularia aurea) was unable to
remove nitrate due to the high concentration
of nitrate affecting the uptake of nitrate in the
root system due to the osmotic pressure. The
growth of the plant and the removal
efficiency are depending not only on the type
of nutrients available but also on the
interactions between environmental factors
such as pH (Abdel-Raouf et al., 2012).
During this study the pH value decreased
from 7.35 to 6.52 in the presence of
Utricularia aurea (Figure.5). Utricularia
aurea was a potentially aquatic plant to
stabilize the pH, may reduce the chemical
oxygen demand (COD) and also reduce the
nitrate concentration. However, Utricularia
aurea is insufficient in trapping more
particles after several days (Nor Baizura
Hamid et al, 2015). In the case of Salvinia
molesta pH reduces from 7.35 to 7.3 that they
showed less variation in pH (Figure.5).
Figure 4A, showed the percentage nitrate
removal by Utricularia aurea was calculated
from its residual nitrate concentration present

in 100 ppm of nitrate solution at different
treatment time intervals. This showed the
OD value of Nitrate solution decreases from
the initial day to the final day. From the
figure 4B, the Salvinia molesta with residual
nitrate concentration at different treatment
time was represented interms of OD value.
From this figure 4A and 4B, the nitrate
solution was found to be decreased its
concentration from the initial day to the final
day (after 33 days). In 100 ppm of nitrate
wastewater, Utricularia aurea showed higher
nitrate reduction after 33 day of treatment
time then the Salvinia molesta treatment.
At the initial stage of treatment days
Utricularia
aurea
showed
higher
absorbance of nitrate solution. From the
initial stage of treatment onwards, the
Utricularia aurea showed lesser residual
concentration of nitrate in terms of OD
value than Salvinia molesta and it showed
the higher efficiency of nitrate removal
while comparing Salvinia molesta. In this
data Utricularia aurea was found to be
higher ability to remove nitrate from nitrate
rich wastewater. Salvinia molesta showed
less capability to remove nitrate when
compared to Utricularia aurea.

Fig. 3. UV spectral analysis of nitrate removal by Utricularia and Salvinia at different nitrate
concentration (from 100 to 1000 ppm) after 33 days
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Fig. 4. UV spectral analysis of nitrate removal in terms of optical density (OD410nm) and percentage removal
(%) by (a) Utricularia aurea and (b) Salvinia molesta at 100 ppm nitrate concentration after 33 days

Similar trends were observed in various
treatments at different nitrate concentrations.
From the initial days of treatment to final day
after 33 days of treatment period, Utricularia
aurea was observed to be higher uptake of
nitrate nutrient from the nitrate rich
wastewater. Which indicate that the free
floating aquating plant, Utricularia aurea
treated wastewater contains the lesser
residual nitrate concentration (OD value)
after every treatment time than the Salvinia
molesta, that showed Utricularia aurea
removed more nitrate (95%) after 33days of
treatment period.
Amount of nitrate
removed maximum 95% at100ppm and
minimum 24% at 1000ppm by Utricularia
aurea. Contact time is one of the important
parameters for successful use of the
biosorbents for practical application and
rapid sorption is among desirable parameters
(Amalina et al., 2016; Usharani and Keerthi,
2018).
Figure 5, showed the pH change at
different treatment period in days.
Utricularia aurea showed the reduction in

pH that the basic solution turned in to
normal pH of water. Utricularia aurea has
the potential to change pH to neutral.
Salvinia molesta showed the pH change in
slight but it remains as such and maintain a
pH range between 7.35.to 7.3 (Usharani
and Keerthi, 2018). Utricularia aurea was
considered as a potential aquatic plant to
stabilize the pH, reduce the chemical
oxygen demand and also reduce the nitrate
concentration (Nor Baizura Bt Hamid et
al.2015). Water temperature, pH and
nutrients like nitrate-nitrogen, soluble
reactive phosphorus and dissolved-silicon
were found to be the regulating factors for
epiphytic algal diversity on the macrophyte
in the freshwater marsh (Keisham et al.,
2018). Utricularia aurea acts as a filter by
trapping the small particles within its root
and the particles were attached to the
aquatic plants temporarily. It not only acts
as a filter but also operates a potentially
aquatic plant to stabilize the pH, reduce the
chemical oxygen demand (COD) and also
reduce the nitrate concentration.
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Fig. 5. Change in pH of (a) Salvinia molesta and (b) Utricularia aurea after 33 days at 100ppm nitrate
concentration

Fig. 6. Spectral analysis of (a) Utricularia aurea and (b) Salvinia molesta in terms of OD410nm at 100 ppm
nitrate concentration after 33 days

From the above figure 6, it was observed
that the spectral analysis of nitrate indicated
the nitrate reduction by aquatic free floating
plant (Utricularia aurea and Salvinia
molesta ) at 100 ppm nitrate concentration
(nitrate rich wastewater). The entire graph
was plotted the percentage nitrate removal by
means of the residual nitrate concentration
present after different treatment time
intervals in terms of optical density (OD
value at 410nm). The OD values of different
treatments by these aquatic plants at different
concentration were compared with the OD
value of their corresponding standard nitrate

solution. This showed that the peak value of
the spectrum after treatment by Utricularia
aurea and Salvinia molesta was reduced
from the initial value (Control). While
comparing with standard solution as control,
the treated water showed decrease in the
concentration of nitrate after treatment
period. The nitrate reduction was higher in
Utricularia aurea treated nitrate rich water
while compared to Salvinia molesta and it
was confirmed that the reduction of nitrate
was carried out efficiently by Utricularia
aurea (Usharani and Keerthi, 2018).
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CONCLUSION
The study showed that the plant
Utricularia and Salvinia both are potential
to remove nitrate. While comparing, both
plants showed similar activity against
nitrate. In brief, the amount of the biomass
for Utricularia and Salvinia are increased
considerably in wastewater containing high
nitrate concentration. Through this
experiment, it could be concluded that the
nutrient load in wastewater can be reduced
through Utricularia aurea and Salvinia
molesta, and thus eutrophication could be
avoided. In the other hand, the amount of
nitrate decline significantly with respect to
increased in time and plant biomass.
Utricularia aurea was a potentially aquatic
plant to stabilize the pH and reduce the
nitrate concentration in the wastewater.
However, Utricularia aurea was
insufficient in trapping more particles after
several days particularly in closed batch
system of wastewater treatment. Utricularia
aurea was an aquatic plant that has the
ability
to
supply
oxygen
during
photosynthesis process and eliminate
pollutant material such includes organic
material, nitrate and suspended solid.
Utricularia aurea can decrease the
concentration of nitrate and utilize nitrate to
build protein and aquatic animals that eat this
plant also use organic nitrogen to build
protein. The results revealed that the aquatic
plant Utricularia aurea (carnivorous) based
system of phytotechnology was productively
removed the nitrate load from the synthetic
wastewater containing nitrate. Therefore
Utricularia aurea can be measured as a
substitute bioremediation that is low cost and
has significant reduction ability at low
concentration therefore may be used for the
treatment of wastewater containing nitrate in
the imminent. There by it was also possible
to improve the quality of different
wastewaters. The treated wastewater can be
used for agriculture, floriculture and
aquaculture activities.
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