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This work aims at evaluating the potential of two ornamental plant species, i.e., money plant
(Epiprennum aureum) and arrowhead plant (Syngonium podophyllum), to treat nitrate containing
wastewater. Statistically designed experiments were performed to ascertain the effect of initial
nitrate concentration (40–120 mg/L), growth period (1–12 days) and plant density (20–80 g/L) on
nitrate removal. Based on the results of analysis of variance (ANOVA), it was observed that the
individual effects (F ¼ 78.04 and P ¼ 0.013) of process parameters inﬂuenced the nitrate removal
efﬁciency by money plant stronger than the 2-way (F ¼ 0.2 and P ¼ 0.89) and 3-way interaction
effects (F ¼ 0.46 and P ¼ 0.569). In the case of the arrowhead plant, the individual effects signiﬁcantly
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affected the nitrate removal efﬁciency than the 2-way and 3-way interaction effects. Low nitrate
concentrations (40 mg/L) and high plant density (80 g/L), showed ∼88% nitrate removal by arrowhead
plant, during a growth period of 6 d. On the contrary, under similar conditions, the money plant
showed a nitrate removal efﬁciency of ∼93% during a growth period of 12 d. Concerning the removal
kinetics, an increase in the growth period increased the nitrate removal rate for both the plants.
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INTRODUCTION
As a consequence of rapid urbanization, industrialization

(Weldeslassie et al. ). The presence of high nitrate con-

and the excessive use of fertilizers, the levels of nitrate in

centrations in drinking water results in health issues such

ground and surface water has increased several-fold in

as blue baby syndrome (methemoglobinemia), stomach

both

cancer,

developing

and

rapidly

developing
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malfunction and several other defects in newborn babies

(Sinha et al. ). The inherent capacity of certain

(Sharma et al. ; Soomro et al. ; Nieder et al. ).

(native) plant species in sequestering nitrate from water for

According to the World Health Organization (WHO), the

their growth is used in this technique for the removal of

maximum level of nitrate in drinking water has been ﬁxed

nitrate from contaminated water environments (Li et al.

at ∼11.0 mg N/L. The maximum nitrate level stipulated

). More speciﬁcally, macrophytes are extensively

by US Environmental Protection Agency (USEPA) and

employed in the ﬁeld of phytoremediation because of their

China Environmental Agency is 10 mg N/L in drinking

ability to sequester high amounts of pollutant, in a shorter

water (Liu et al. ; Pennino et al. ). According to

span of time, thereby demonstrating high pollutant removal

the prevailing Indian situation, Rai () reported that

rates (Bartucca et al. ). Besides, these plants promote the

∼118 million people are drinking water with nitrate levels

growth of microbial communities around their root systems,

in the range of 45–100 mg N/L and more than 108 million

thus having a cumulative (synergistic) effect in removing the

people with levels >100 mg N/L (e.g., the Bureau of

pollutants from water (Lingua et al. ; Xu et al. ).

Indian Standards desirable limit is <45 mg N/L).

According to the literature, a variety of macrophytes has

The main anthropogenic source for the release of nitrate

been employed for the removal of pollutants present in

into groundwater and surface water includes a number of

water (Liu et al. ; Sinha et al. ). These include N,

issues such as improper agricultural practices, excessive

P and K, heavy metals, organic and inorganic forms of nitro-

use of synthetic fertilizers, fossil fuel combustion, among

gen present in water bodies, micropollutants, ﬂuoride and

others (Chen et al. ; Wollheim et al. ). Quintessen-

other trace metallic species (Pavlineri et al. ). For

tially, in the developing nations, groundwater is the

example, Pistia stratiotes and Spirodela polyrhiza were

real source of drinking water as the risk of microbial

used to remove ﬂuoride and heavy metal ions from water

contamination is much less compared to other drinking

(Volf et al. ; Karmakar et al. ). Vallisneria natans

water sources (Fout et al. ; Li et al. ). Therefore,

showed good potential for the treatment of wastewater con-

the removal of nitrate from both groundwater and

taminated with excessive levels of arsenic (Chen et al. ).

surface water is essential before it is used for human

In another recent study, the Italian ryegrass grown in a vege-

consumption.

tated ﬂoating system was tested for its potential to treat

Reverse osmosis, adsorption, ion exchange, chemical

nitrate-contaminated water (Bartucca et al. ). Rye-grass

denitriﬁcation, photocatalytic reduction and electro-dialysis

(Lolium perenne) has proven to be effective in removing

are conventional physico-chemical processes for the reme-

inorganic nitrogen from water, in both hydroponic systems

diation of water containing excessive levels of nitrate

and in sand ﬁlters (Liu et al. ; Escobar-Alvarado et al.

(Bulgariu et al. ; Arun et al. ; Challagulla et al.

; Radziemska et al. ). However, due to their aes-

; Tyagi et al. ). Some of these physico-chemical pro-

thetic looks, commercial value and easy adaptability to

cesses are rather expensive, energy intensive, and they also

diverse environments, ornamental plants seem to be a prom-

generate secondary pollutants during their operation

ising alternative to fast-growing plants/weeds for treating

(Sinha et al. ; Wang et al. ). Nevertheless, for the

nitrogen-contaminated surface/groundwater in households.

treatment of low nitrate concentrations in ground and sur-

In this study, as a proof-of-concept, and to demonstrate the

face waters, biological processes are often considered as

application of ornamental plants for the treatment of

the best suitable technological option from a techno-

nitrate-containing water, laboratory-scale experiments were

economic viewpoint.

performed with the following objectives: (i) to test the

In this line of continuous research that targets biotechni-

nitrate removal efﬁciency by two ornamental plants, i.e.,

ques for water treatment, phytoremediation is considered to

money plant and arrowhead plant; (ii) to elucidate the

be a versatile and sustainable natural treatment technique.

main and interaction effects of process factors such as initial

Phytoremediation is an inexpensive, non-invasive and versa-

nitrate concentration, growth period and plant density on

tile treatment technology for removing nutrients and trace

the nitrate removal efﬁciency; and (iii) to perform a kinetic

contaminants from wastewater and surface water sources

analysis on the nitrate uptake capacity by the two plants.
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The plants were grown under ambient environmental
conditions, with a temperature range of 25–30  C. All the

Growth conditions of plants

chemicals used in the study were obtained from Desai
Chemical Company (Visakhapatnam, India) and Lotus

Money plants (Epiprennum aureum) and arrowhead plants

Granges India Limited (Visakhapatnam, India), respect-

(Syngonium podophyllum) were collected from a local nur-

ively. All the chemicals used in this study were of

sery, at the GMRIT campus, India. These two plants were

analytical grade.

selected based on their wide occurrence as well as their ability
to grow under harsh conditions, with minimal nutrient

Statistical design of experiments

requirements. Prior to the regular experiments, all the
selected plants were allowed to grow only with tap water

The factorial design of experiments is a statistically signiﬁ-

for a total period of 2 weeks. As per the experimental

cant technique used widely to infer maximum information

requirement, in order to study the effect of plant density,

by performing fewer actual experiments (Sinha et al.

varying sizes of well-grown and healthy plants were chosen.

). In this design, the effects of various processes or oper-

Prior to use, these plants were rinsed thoroughly in tap

ational factors on a speciﬁc response variable, at different

water in order to eliminate sediments and other dirt elements

levels, can be measured simultaneously. Both the individual

attached to them. Finally, the washed plants were placed in

and interaction effects induced by each factor can be ascer-

clean, transparent cylindrical plastic containers for regular

tained in a statistically signiﬁcant manner (Hazarika et al.

experiments (Figure 1). Different experimental setups were

). A 23 full-factorial experimental design, comprising

used for money plants and arrowhead plants, respectively.

ten runs, i.e., eight actual runs and two additional runs,

To each of these containers was added 2 L of 50% (v/v)

was used in this study. The initial nitrate concentration

Hoagland’s solution (HS) of composition (in mM): KNO3

(X1), growth period or time (X2) and plant density (X3)

(3.0), Ca(NO3)2 (2.4), MgSO4 (1.0), KH2PO4 (1.0) and NaCl

were chosen as the three important factors that affect the

(0.5), and Fe-EDTA (44.8), H3BO3 (23.1), MnCl2 (4.6),

nitrate removal efﬁciency in plants. Table 1 presents the

ZnSO4 (0.38), CuSO4 (0.16) and H2MoO4 (0.052) complex

three different factors, along with the three different levels

prepared using tap water (Sinha et al. ).

chosen in the present study. The low (1), medium (0)

Figure 1

|

Photograph of the experimental setup used in the study: (a) money plant and (b) arrowhead plant.
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The statistical signiﬁcance of any factors in the

Experimental factors and levels investigated in this work

regression model equation was determined based on its

Factors
Initial nitrate

Journal of Water Supply: Research and Technology—AQUA

probability (P) value (Sinha et al. ). The coefﬁcient
Growth period (d)

values of the individual and interaction effects of each

concentration (mg/L)
Money plant and

Money

Arrowhead

Plant density (g/L)
Money plant and

Levels

arrowhead plant

plant

plant

arrowhead plant

on a particular experimental condition. The individual

Low

40

factor observed for a speciﬁc response showed its effect

3

1

20

and interaction effects of the factors which cross the refer-

Centre 80

7.5

3.5

50

ence line (vertical line at 4.30) in a Pareto plot (Figure 2(a)

High

12

6

80

and 2(b)) are considered to be potentially important at the

120

95% signiﬁcance level (Roy et al. ). In the present
study, MinitabTM Release 16, 2006 software was used to
analyse the experimental results and the same software
and high (þ1) levels of each factor were chosen based on
previous literature reports (Khajuria & Kanae ; Sinha
et al. ) and based on preliminary experiments conducted

was also used to determine the statistical indices, namely,
the regression coefﬁcient, the probability value (P) and
Fischer’s value (F).

prior to this study. The responses of nitrate removal by
money plant and arrowhead plant were expressed in terms
of the nitrate removal efﬁciency (%). Thereafter, a linear

Experimental methodology

polynomial model was proposed to correlate the individual
and interaction effects of these factors with the response

1.631 g of potassium nitrate was dissolved in 1 L of double

variable. The equation takes the form as shown in

distilled water to prepare a nitrate stock solution of

Equation (1):

1,000 mg/L (Sinha et al. ). Thereafter, the stock solution
was stored under refrigerated conditions. The desired concentration of nitrate for each experimental run (Table 2)

Y ¼ β 0 þ β 1 X1 þ β 2 X2 þ β 3 X3 þ β 12 X1  X2 þ β 13 X1
 X3 þ β 23 X2  X3 þ β 123 X1  X2  X3

(1)

where Y is the nitrate removal efﬁciency as observed in two
different plants, β0 is a constant term, β1, β2 and β3 are the

was obtained by diluting the stock solution with 50% (v/v)
Hoagland’s solution. Control experiments in the present
study refer to the experiments that were performed in the
absence of plants.

coefﬁcients that describe the individual effects of initial
nitrate concentration (X1), growth period (X2) and plant

Analytical method and kinetics

density (X3), respectively. β12, β13 and β23 are the coefﬁcients
that reveal information on the interaction effects between

In order to determine the nitrate removal efﬁciency by the

initial nitrate concentration × growth period, initial nitrate

plants, samples were collected at different time intervals as

concentration × plant density and growth period × plant

shown in Table 2. For this analysis, 2 mL of working

density, respectively. The coefﬁcient β123 indicates the

solution was collected in a beaker and 0.1 mL of concen-

interaction effect of initial nitrate concentration × growth

trated HCl was added. The samples were agitated

period × plant density, while X1, X2 and X3 are the indepen-

thoroughly for 5 min and allowed to remain in suspension

dent variables. The difference observed in the response of

for 10 min. Thereafter, the samples were examined using a

any factor amid its variation from low to high levels is

UV-Vis spectrophotometer at a wavelength (λmax) of

deﬁned as the effect and the value of the effect is divided

220 nm. The nitrate removal efﬁciency was calculated as

by two to obtain the regression model coefﬁcients. There-

follows:

after, the regression model coefﬁcients are divided by the
standard error coefﬁcient to get the value of standardized
effects (T) (Villa-Gomez et al. ).
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Pareto chart showing the standardized effects of various factors on nitrate removal efﬁciency (%) by (a) money plant and (b) arrowhead plant.

where C0 is the initial nitrate concentration (mg/L) and Ce is

where Ce and Ct, both expressed in mg/g, are the uptake

the equilibrium nitrate concentration (mg/L).

capacities at equilibrium and at time t (min), respectively,

The kinetics of nitrate uptake by money plant and

and k (min1) is the pseudo ﬁrst-order rate constant. The

arrowhead plant was ascertained by ﬁtting the nitrate

values of k for both the ornamental plants were calculated

removal results obtained in each experimental run at differ-

from the slope of a linear plot of ln (Ce  Ct) versus t.

ent intervals of time to different kinetic models reported in
the literature. However, only the Lagergren pseudo ﬁrstorder gave an accurate ﬁt. The pseudo ﬁrst-order rate

RESULTS AND DISCUSSION

expression can be deﬁned as shown in Equation (3) (Sinha
Model ﬁtting and statistical analysis

et al. ):

Table 2 presents the nitrate removal efﬁciency observed at
ln (Ce  Ct ) ¼ kt þ ln Ce
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Full factorial design for determining the nitrate removal by money plant and arrowhead plant

Factors

Nitrate removal efﬁciency (%)
Money plant

Arrowhead plant

Run

Initial nitrate concentration (mg/L),

Growth period (d) (d),

Growth period (d) (d),

Plant density (g/L),

Money

Arrowhead

no.

X1

X2

X2

X3

plant

plant

1

40

1

3

20

9

15

2

120

1

3

20

5

7

3

40

6

12

20

79

77

4

120

6

12

20

76

71

5

40

1

3

80

13

24

6

120

1

3

80

12

18

7

40

6

12

80

93

88

8

120

6

12

80

80

82

9

80

3.5

7.5

50

37

32

10

80

3.5

7.5

50

40

34

arrowhead plant, respectively. The highest nitrate removal

of process parameters. The polynomial equations are as

efﬁciency for both the plants occurred when experiments

follows:

were performed under the conditions described for run no.
7 where a lower nitrate concentration, a higher growth
period and a higher plant density were used. Under this condition, the maximum nitrate removal efﬁciency was found to

Nitrate removal efficiency in money plant
¼ 12:7376  0:083 X1 þ 7:12 X2  0:045 X3
þ 0:0073 X1 X2 þ 0:0015 X1 X3 þ 0:031 X2 X3

(4)

Nitrate removal efficiency in arrowhead plant
¼ 1:26  0:114 X1 þ 12 X2  0:132 X3
þ 0:01 X1 X2 þ 0:0004 X1 X3 þ 0:009 X2 X3

(5)

be 93% and 88% for money and arrowhead plants,
respectively.
The lowest value of nitrate removal efﬁciency, i.e., 5%
and 7% was obtained in run no. 2 for both money and
arrowhead plants, respectively. The increase of the plant
growth period and plant density showed a steady increase

Based on the results shown in Figure 2(a) and 2(b), it

in nitrate removal efﬁciency for all the experimental runs.

can be ascertained that the plant growth period posed

These observations were similar to those reported pre-

the maximum effect on nitrate removal efﬁciency, for

viously by Bartucca et al. () and Lingua et al. ().

both the ornamental plants. Figure 3 depicts the degree

On the contrary, increasing the initial nitrate concentration

of ﬁtness of the proposed model with the experimental

from low to high levels decreased the nitrate removal efﬁ-

results. The proposed model for estimating the nitrate

ciency (Iamchaturapatr et al. ; Ayyasamy et al. ).
The individual (main) and interaction effects of all the

removal efﬁciency by both the ornamental plants had R2
values >0.95.

factors and the coefﬁcients of regression, total sum of
squares (TSS), probability value (P) and Fischer’s value (F )

Student’s t-test and analysis of variance

for each response (i.e., the nitrate removal by money plant
and arrowhead plant) are shown in Table 3. The coefﬁcients

The Student’s t-test and analysis of variance (ANOVA) was

(β) shown in Table 4 can be substituted in the regression

carried out to get a better insight into the experimental

model Equations (4) and (5), and the polynomial equations

results. In general, regression models are said to be statisti-

developed in the present study can be used further for eval-

cally signiﬁcant if the Fischer’s ‘F’ value is high and the

uating the nitrate removal efﬁciency under different values

probability ‘P’ value is low. Furthermore, the Student’s

Downloaded from http://iwaponline.com/aqua/article-pdf/68/8/731/639878/jws0680731.pdf
by guest

737

Table 3

S. Shyamala et al.

|

|

Phytoremediation of nitrate contaminated water using ornamental plants

Journal of Water Supply: Research and Technology—AQUA

|

68.8

|

2019

ANOVA for nitrate removal by (a) money plant and (b) arrowhead plant

DF

Seq SS

Adj MS

F

P

Main effects

3

10,596.2

3,532.1

78.04

0.013

X1

1

55.5

55.5

1.23

0.383

X2

1

10,434.5

10,434.5

230.53

0.004

X3

1

106.3

106.3

2.35

0.265

2-way interactions

3

26.9

9

0.2

0.89

X1 × X2

1

14.7

14.7

0.32

0.626

X1 × X3

1

6.3

6.3

0.14

0.746

X2 × X3

1

6

6

0.13

0.751

3-way interactions

1

20.6

20.6

0.46

0.569

X1 × X2 × X3

1

20.6

20.6

0.46

0.569

Error

1

4.2

4.2

4.2

Total

9

10,734.3

Main effects

3

8,316.27

2,772.09

13.11

0.072

X1

1

6.93

6.93

0.03

0.873

X2

1

8,083.56

8,083.56

38.22

0.025

X3

1

225.78

225.78

1.07

0.41

2-way interactions

3

1.86

0.62

1

1

X1 × X2

1

1.05

1.05

0

1.95

X1 × X3

1

0.45

0.45

0

0.967

X2 × X3

1

0.36

0.36

0

0.971

3-way interactions

1

0.36

0.36

0

0.971

X1 × X2 × X3

1

0.36

0.36

0

0.971

Error

1

2.51

2.51

Total

9

8,741.45

(a) Source

|

|

Linear plot showing the distribution of experimental and predicted values of
nitrate removal efﬁciency by money plant and arrowhead plant.

t-test was conducted to identify the ‘course of the effect
(positive or negative)’, posed by each individual factor and

(b) Source

Table 4

Figure 3

its signiﬁcance on the nitrate removal efﬁciency. The
Student’s t-test results were additionally interpreted for
their interaction effects and their statistical index (t, F
and P) values are shown in Table 4 for money plant and
arrowhead plant, respectively.
The corresponding coefﬁcient terms can be considered
to be highly signiﬁcant when the magnitude of ‘t’ is larger
and smaller for ‘P’. Generally, the Student’s t-test and
ANOVA conducted in the present study show that the
plant growth period had a positive effect on the nitrate
removal efﬁciency, while there were no

signiﬁcant

effects by other factors in both the plants. The growth
period showed the highest positive effect (t ¼ 15.18 and

Student’s t-test of the model coefﬁcients for nitrate removal by money plant and arrowhead plants

Nitrate removal efﬁciency (%)
Money plant
Term

Effect

Constant

Arrowhead plant
Coefﬁcient

t-value

P-value

12.74

20.88

0.002

Effect

Coefﬁcient

t-value

P-value

1.26

9.62

0.011

X1

0.166

0.083

1.11

0.383

0.228

0.114

0.18

0.873

X2

14.24

7.12

15.18

0.004

24

12

6.18

0.025

X3

0.09

0.045

1.53

0.265

0.264

0.132

1.03

0.41

X1 × X2

0.0146

0.0073

0.57

0.626

0.02

0.01

0.07

0.95

X1 × X3

0.003

0.0015

0.37

0.746

0.0008

0.0004

0.05

0.967

X2 × X3

0.062

0.031

0.36

0.751

0.018

0.009

0.04

0.971
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Individual (main) effects plot

has shown the highest positive effect (t ¼ 6.18 and P ¼
0.025) for arrowhead plant. Thus, it was observed that

The individual effects or the main effects plot for money

the individual effects had greater inﬂuence on the nitrate

plant and arrowhead plant are shown in Figure 4(a) and

removal efﬁciency when compared to the interaction

4(b), respectively. The individual effects demonstrate the

effects (Table 3).

relative quality of the effects of different factors in an

Figure 4

|

Individual (main) effects plot for nitrate removal efﬁciency (%) by (a) money plant and (b) arrowhead plant.
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experimental design. A factor is said to affect the process

observation was also supported by the negative Student’s

individually without the interaction of other factors when

t-test values (t ¼ 0.18) for arrowhead plant. An increase

the mean responses of the individual factor exceed the

in the plant density from low to high levels, both in money

other levels of the same factor (Singh et al. ). Further,

plant as well as the arrowhead plant, resulted in an increase

the sign associated with the individual effects of the factors

in the nitrate removal efﬁciency from 44% to 50% and 43%

clearly depicts its course of action in removing nitrate from

and 55%, respectively. In the case of arrowhead plant, plant

the water.

density was found to play a signiﬁcant role in nitrate

The increase in the nitrate removal proﬁles with an

removal. It is because of the plant’s wider leaves, with a

increase in the growth period and plant density at different

well-developed root system and high growth rate (Sinha

levels reveals that both these factors positively affected the

et al. ). Thus, an increase in the growth period in both

nitrate removal efﬁciency in money plant (Figure 4(a)). For

the cases resulted in an increase in nitrate removal efﬁ-

money plant, an increase in the growth period from low to

ciency. However, in both the plants, nitrate removal

high level resulted in an increase in nitrate removal efﬁ-

efﬁciency was found to decrease with an increase in initial

ciency from 10% to 92%. Similarly, in the case of

nitrate concentration, at some growth period and plant den-

arrowhead plant, the nitrate removal efﬁciency increased

sity conditions.

from 18% to 80%. Enhancement in nitrate removal efﬁciency along with an increase in the growth period may be

Interaction effects plot

correlated with the fact that longer retention of the pollutants in the system will result in longer contact time

The mean responses of any two factors, in all possible com-

between the plant surface and the pollutants (Xu & Shen

binations, are usually plotted in the form of interaction

; Shu et al. ).

effects plot. Non-parallel lines in the interaction effect plot

However, it was observed that the nitrate removal efﬁ-

indicate there is an interaction between the two tested

ciency always decreased with an increase in the initial

factors. Nevertheless, the appearance of parallel lines in

nitrate concentration, irrespective of the growth period

the plot shows that there is no interaction between the

and plant density factors being at any level. For instance,

two factors (Singh et al. ). Figure 5(a) and 5(b) show

in the case of money plant, an increase in the initial nitrate

the interaction effect plots for money plant and arrowhead

concentration from low level to high level resulted in a

plant, respectively. In the case of money plant (Figure 5(a)),

decrease in the nitrate removal efﬁciency from 49% to

positive interaction between the growth period × plant den-

44%. Similarly, for the arrowhead plant, the nitrate removal

sity was observed. On the contrary, a negative interaction

efﬁciency decreased from 52% to 45%. This was also sup-

effect was observed between the growth period × initial

ported by the negative Student’s t-test value (t ¼  1.11)

nitrate concentration and the plant density × initial nitrate

observed in the present experiment. In conventional phyto-

concentration. An increase in the growth period from 3 to

remediation systems, the uptake capacity of plants reduces

12 d increased the nitrate removal efﬁciency by 72% (from

with an increase in initial nitrate concentration due to

11 to 83%), at a plant density value of 80 g/L. Increasing

changes in the osmotic pressure (Ayyasamy et al. ; Ng

the initial nitrate concentration from 40 to 120 g/L caused

& Chan ). Moreover, high nitrate concentration reduces

the nitrate removal efﬁciency to reduce by 5% (from 82 to

the regeneration rate of active sites in the plant tissues which

77%), at a growth period value of 12 d. Likewise, an increase

would eventually end up in slow metabolic nitrate uptake

in the initial nitrate concentration from low to high level

(Saber et al. ). On the other hand, at low nitrate concen-

decreased the nitrate removal efﬁciency value by 3% (from

trations, the plant accumulation capacity is usually high.

45 to 42%), at a plant density value of 80 g/L.

Similar results were also observed in the case of arrowhead

A similar trend as observed in money plant was also

plant, i.e., the growth period and plant density showed a

observed in the case of arrowhead plant. From Figure 5(b),

positive effect on the nitrate removal efﬁciency, while the

it is evident that an increase in the growth period from 1

initial nitrate concentration had a negative effect. This

to 6 d increased the nitrate removal efﬁciency by 63%
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Interaction effect plot for nitrate removal efﬁciency (%) by: (a) money plant and (b) arrowhead plant.

(from 20 to 83%), at an initial nitrate concentration of 40 g/L.

efﬁciency can be visualized in the form of 3D surface plots

Increasing the initial nitrate concentration from 40 to 120 g/L

(Supplementary Material, Figures S1 and S2), for both

decreased the nitrate removal efﬁciency by 3% (from 82 to

money plant and arrowhead plant, respectively.

79%), at a growth period of 6 d. Likewise, an increase in
the initial nitrate concentration from low to a high level

Kinetic modelling of nitrate removal by two plants

slightly reduced the nitrate removal efﬁciency by 2% (from
45 to 43%) at a plant density value of 80 g/L. The cumulat-

The values of the estimated kinetic model parameters,

ive effects of different factors on the nitrate removal

obtained using actively growing money and arrowhead

Downloaded from http://iwaponline.com/aqua/article-pdf/68/8/731/639878/jws0680731.pdf
by guest

741

Table 5

S. Shyamala et al.

|

|

Phytoremediation of nitrate contaminated water using ornamental plants

|

68.8

|

2019

Estimated pseudo ﬁrst-order kinetic parameters of nitrate uptake by (a) money

active sites in the plants to draw nitrate from the system

plant and (b) arrowhead plant

(Saber et al. ). Further, low concentration of nitrate in
this run would have kept the regeneration rate of these

Factors
Response

active sites intact, thereby leading to an unhindered nitrate
uptake. The results obtained from this study clearly

Plant
Run
no.

Journal of Water Supply: Research and Technology—AQUA

Initial nitrate
concentration (mg/L)

density
(g/L)

Growth
period (d)

Kinetic

constant (d 1)

(a) Money plant

show that both these ornamental plants may be used in
constructed wetland systems as a cheap, natural, environ-

1

40

20

3

0.031

mentally and technically viable treatment technique for

2

120

20

3

0.017

nitrate removal from water.

3

40

80

3

0.046

4

120

80

3

0.042

5

40

20

12

0.13

6

120

20

12

0.118

7

40

80

12

0.221

greater nitrate removal efﬁciency and the arrowhead plant

8

120

80

12

0.134

presented a maximum nitrate uptake rate, further investi-

(b) Arrowhead plant

Future perspectives
Since the money plant used in the present study offered a

gation by combining both these plants in a single system

1

40

20

1

0.162

may result in the development of a faster and efﬁcient nitrate

2

120

20

1

0.072

removal system. Moreover, it would be fascinating to carry

3

40

80

1

0.278

out optimization studies by involving various other process

4

120

80

1

0.199

parameters like pH, dissolved oxygen and wastewater

5

40

20

6

0.244

volume, etc. However, in order to realize the full potential

6

120

20

6

0.208

of the ornamental plants used in this study (money plant

7

40

80

6

0.353

and arrowhead plant) for treatment of nitrate-containing

8

120

80

6

0.289

wastewater, a detailed investigation by adopting the pilotscale wetland system is needed instead of the lab-scale
hydroponic system. As well, investigation on the effect of

plants, are presented in Table 5. The results reveal that

co-ions on nitrate removal and mimicking the current

nitrate removal by both the ornamental plants followed

system with that of the real-world scenario by subjecting it

the pseudo ﬁrst-order kinetics well with an R2 value close

to shock loads of different volumes of wastewater is war-

to 1, which is in agreement with the literature report on pol-

ranted. A cost–beneﬁt analysis on such a system would

lutant removal in various other plant species (Li et al. ;

unleash the use of ornamental plants in phytoremediation.

Lv et al. ). For both the plants, the maximum estimated

Thus, the results of this study would be valuable to establish

nitrate removal rate (Table 5(a) and 5(b)) obtained in run 7

the use of these ornamental plants for nitrate removal from

using this model also matched well with the maximum

water in ﬁeld-scale systems.

nitrate removal efﬁciency (84.3%) obtained in run no. 7
(Table 1). From Table 5, it can be observed that at similar
initial nitrate concentration and plant density, the nitrate

CONCLUSIONS

removal rate constant (k ¼ 0.353 d1) for arrowhead plant
was superior to money plant (k ¼ 0.221 d1), irrespective

The individual (main) effect of the process variables, i.e., the

of the different growth period values (Shyamala et al.

initial nitrate concentration, growth period, plant density,

). The maximum nitrate removal rate observed in run

was found to play a major role in affecting the nitrate

no. 7 may be attributed to the higher metabolic rate of

removal process. Among the individual effects, growth

these plants, which in turn, can be attributed to the higher

period appeared to have a signiﬁcant inﬂuence on nitrate

plant density, i.e., the presence of a greater number of

removal for both money plant (t ¼ 15.18, P ¼ 0.004) and
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arrowhead plant (t ¼ 6.18, P ¼ 0.025), respectively. At their
highest growth period, the arrowhead plant demonstrated
better nitrate removal kinetics when compared to money
plant. For example, at an initial nitrate concentration of
40 mg/L and a plant density of 20 g/L, the rate constant
for nitrate removal was found to be 0.13 d1 and
0.244 d1, respectively, at the growth periods of 12 and 6 d
for money plant and arrowhead plant.
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