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INTRODUCTION

Domestic wastewater is one of the sources 
contributing to surface water pollution because 
of its contents which include ammonia nitrogen, 
organic matter, bacteria, biochemical oxygen de-
mand (BOD) and other substances (Cheng et al., 
2019; Othman et al., 2023). Due to the lack of 
sufficient treatment, the wastewater has resulted 
in the existence of increased concentrations of or-
ganic matter, nutrients, and detrimental microor-
ganisms. The quality of the effluent water remains 
higher than the established criteria, namely in 
terms of nutrient levels such as ammonia, nitrite, 
nitrate, and phosphate. Hence, additional treat-
ment is required to decrease the levels of pollut-
ants. In recent years, phytoremediation has made 

tremendous advancements as a novel method for 
purifying polluted soil and water resources (Im-
ron et al., 2023; Mirzaee et al., 2021; Said et al., 
2020). According to Werkneh (2024), phytore-
mediation through constructed wetlands (CWs) 
are a decentralised sanitation solution that can be 
economically viable and well-suited for the envi-
ronmental circumstances of developing nations. 
It is widely recognised as efficient, ecologically 
diversified, environmentally friendly, and natu-
rally productive ecosystems that integrate physi-
cal, chemical, and biological treatment methods. 
Constructed wetlands have numerous benefits 
compared to traditional treatment systems. These 
advantages encompass reduced operating and 
maintenance expenses, much lower investment 
expenses in specific countries, the capability to 
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treat low concentration wastewaters, and the lack 
of necessity for continuous feeding and operation 
(Vymazal, 2019). A floating wetland is a basic phy-
totechnology that may be effectively used to treat 
wastewater. It involves the use of aquatic plants 
as phytoremediators. Floating aquatic plants are 
frequently utilized due to their low maintenance 
requirements and cost-effectiveness (Zainuddin 
et al. 2022, Imron et al., 2023). In addition, when 
compared to native plants, invasive plants have 
significantly greater effectiveness in removing nu-
trients due to their high capacity for nutrient up-
take. As a result, they contribute to the process of 
water purification (Prabakaran et al., 2019). 

Aquatic macrophytes, like E. crassipes and 
P. stratiotes, are invasive and float freely. They 
can be utilised to remediate various pollutants 
from wastewater (Buhari et al., 2023). The robust 
and extensive root system of this plant is well-
suited for the aerobic bacteria to effectively treat 
the pollutant. These plants exhibit exceptional 
growth rates, high efficiency in absorbing pollut-
ants, cost-effectiveness, and they are also source 
of renewables (Selvaraj and Velvizhi, 2021). Both 
species occur inevitably in various regions world-
wide and are known for their fast growth, high 
biomass production, and extensive root system, 
which enhances their ability to come into con-
tact with organic pollutants (Correa dos Santos 
et al., 2022). According to Qin et al., (2020), E. 
crassipes shown significant capabilities in re-
moving nitrogen (N) and phosphorus (P), even 
in challenging circumstances characterised by 
low levels of dissolved oxygen (DO < 1 mg/L) 
and high amounts of ammonium (NH4

+-N > 7 
mg/L). Previous study utilized P. stratiotes and 
E. crassipes, which effectively decreased the 
concentration of heavy metals, specifically Fe 
by 89% and Mn by 74%. Both plants effectively 
decrease other pollutants, including BOD, COD, 
phosphate, ammonia, nitrite, and nitrate within 
five weeks of time period (Wibowo et al., 2023). 

Though the phytoremediation shows a series 
of advantages over other treatment methods they 
have their own constraints. Out of all the barriers 
of phytoremediation technology, the longer time 
taken for the treatment process and the possibility 
of phyto plants being affected by the intolerable 
concentrations of pollutants are to be focused 
more (Khandare and Govindwar, 2015). There-
fore, with the intension of corelating the possible 
damages of different strengths of wastewater in 
growth of phyto plants and to find out a shorter 

HRT using diluted wastewater, an experiment 
was conducted. The prime objective of this study 
was to determine the response of E. crassipes and 
P. stratiotes to different loading strengths of do-
mestic wastewater at different HRT by examin-
ing the removal performances and their growth 
parameters. The removal performances were 
measured by water quality parameter studies and 
plant growth performances were represented by 
fresh weight gain and RGR. The scope of the 
study is limited to the treatment of different load-
ing strengths of domestic wastewater using E. 
crassipes and P. stratiotes for twenty-two days. 
The concentration of ammonia was focused as the 
deciding parameter of HRT.

MATERIALS AND METHODOLOGY

Collection and acclimatization of 
E. crassipes and P. stratiotes

Pistia stratiotes of uniform size were ac-
quired from a plant nursery in Bangi, Malaysia, 
while E. crassipes plants were gathered from the 
pond located in the Universiti Kebangsaan Ma-
laysia (UKM). The plants had a thorough rinsing 
with a gentle stream of water to effectively elimi-
nate any presence of insect pests, weeds, soil and 
dirt. Subsequently, the plants were placed in siz-
able containers and exposed to tap water within 
a greenhouse for a duration of seven days to get 
accustomed to the new environment.

Establishment of experimental setup

The wastewater was initially obtained from 
the sewage treatment plant of Kolej Keris Mas, 
which is one of the hostels of UKM. The sam-
pling was done after the primary sedimentation. 
The temperature inside the greenhouse fluctuated 
between 26 °C and 38 °C. Following the collec-
tion, the wastewater was evenly diluted with tap 
water to maintain its strengths at 25%, 50%, 75%, 
and 100%. The water quality parameters of dif-
ferent strengths of diluted wastewater is shown in 
the Table 1. The reactors utilised were cylindri-
cal containers with a capacity of 3 litres, and they 
were filled with diluted and raw wastewater up to 
the designated mark at the top according to the re-
quirement. Each wastewater sample was subject-
ed to testing using P. stratiotes and E. crassipes. 
Additionally, a plant control experiment was 
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conducted in each concentration of wastewater, 
which held only the wastewater without any mac-
rophytes. Each experiment was conducted with 
triplicates as shown in Figure 1. The experiment 
was conducted under greenhouse conditions and 
it was presumed that all other variables remained 
constant other than macrophytes, wastewater 
strength and HRT.

Sampling of treated wastewater 

The treated wastewater from each reactor was 
collected in a centrifugal tube using a micropi-
pette. The pipette facilitated precise positioning 
of the sample at the required depth without caus-
ing any disruption to the reactor. The sampling 
was conducted across a span of 22 days during 

Table 1. Initial water quality parameters of different strengths of wastewater

Water quality parameters
Strength of wastewater

25 50 75 100

Ammonia (mg/L) 2.71 6.67 11.24 15.72

Nitrate (mg/L) 0.7 1.1 1.6 2.3

Nitrite (mg/L) 0.006 0.011 0.027 0.04

Phosphate (mg/L) 1.87 2.23 3.92 5.77

COD (mg/L) 17 37 70 116

pH 7.6 7.5 7.6 7.81

Figure 1. Established triplicates of experimental and control units
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the experimental period, at certain time intervals 
on the 0th, 1st, 2nd, 3rd, 5th, 10th, 14th, 18th, and 21st 
days. Before collection, the water level in the 
storage tank was ensured to remain at the starting 
level that was marked. If the process of evapora-
tion resulted in a decrease in the water level in 
the storage tank below the predetermined level, 
tap water was introduced to maintain the balance.

Water quality analysis

 The samples collected from triplicates were 
measured to enhance the precision of the experi-
ment. Following the collecting process, all sam-
ples underwent vacuum filtration using 0.45 – mi-
cron Whatman filter paper to prevent the presence 
of particles in the samples from affecting the test-
ing procedure. Subsequently, the samples under-
went analysis for ammonia, nitrate, nitrite, phos-
phate, COD, and pH.

The Nessler method (HACH method 8038) 
was employed to measure ammonia levels. The 
COD analysis was conducted using the reactor 
digestion method, namely the HACH method 
8000. Low-range (3–150 mg/L) COD vials were 
utilised due to the initial low COD levels. Dilu-
tion was performed as necessary.

Nitrate, nitrite, and phosphate were measured 
by HACH DR 6000 spectrophotometry using 
corresponding powder pillows and the dilution 
was carried out when ever needed. Nitrate mea-
surement was conducted in Cadmium reduction 
method (HACH method 8039) with the usage of 
NitraVer® 5 reagent powder pillow. USEPA Di-
azotization Method1 was utilized to measure the 
nitrite level with the help of NitriVer® 3 reagent 
powder pillow. Reactive phosphorous was mea-
sured using ascorbic acid method (HACH method 
8048) and PhosVer 3® powder pillow as reagent. 
All the water quality parameters were measured 
by HACH DR6000 spectrophotometer.

Determination of plant fresh weight 
and pollutant removal efficiency

Even though the dry basis measurements are 
reliable for aquatic plants to get accurate biomass, 
the wet basis measurement also can be effective 
whenever the destructive method is not applica-
ble. The method of fresh weigh measurement in 
this study was influenced by a study carried out 
by Li et al. (2015). According to the surface cov-
ering area of plant leaves, number of plants per 

reactor was defined. All the utilized plants were 
washed thoroughly and left in a blotting paper 
for five minutes and confirmed the removal of 
water droplets from the surface of the plants and 
weighed using laboratory scale before the water 
loss from the plant tissue. On the basis of final 
and initial plant/plants weight of a reactor the 
weight gained percentage was calculated. Further 
to study the relative growth rate (RGR) of the 
plant/plants in reactors the following Equation 1 
was used according to the guideline of (Mustafa 
and Hayder, 2021).

 

1 
 

𝑅𝑅𝑅𝑅𝑅𝑅 =  ln 𝑊𝑊2−𝑊𝑊1
𝑡𝑡2−𝑡𝑡1

           (1) 
 
 

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑜𝑜𝑜𝑜 𝑃𝑃𝑃𝑃𝑟𝑟𝑜𝑜𝑟𝑟𝑃𝑃𝑟𝑟 𝑃𝑃𝑜𝑜𝑜𝑜𝑒𝑒𝑃𝑃𝑒𝑒𝑃𝑃𝑃𝑃𝑃𝑃𝑒𝑒 = 
= 𝐶𝐶𝑖𝑖−𝐶𝐶𝑓𝑓

𝐶𝐶𝑖𝑖
× 100 

(2) 
 

 (1)

where: W1 and W2 are plant dry weights at time t1 
and t2, respectively. To calculate the pol-
lutant removal efficiency of macrophytes, 
the following Equation 2 was applied (Se-
roja et al., 2018).
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           (1) 
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= 𝐶𝐶𝑖𝑖−𝐶𝐶𝑓𝑓

𝐶𝐶𝑖𝑖
× 100 

(2) 
 

 (2)

where: Ci – the initial measurement of water 
quality parameter, Cf – the last measure-
ment of water quality parameter.

Statistical analysis

The experiment was intentionally plan-
ned as a two-factor factorial. The triplicates of 
the water quality parameters and plant growth 
characteristics were analysed statistically using 
two-way ANNOVA. Prior to the study, the data 
underwent examination to ensure normality and 
homogeneity of variance. The paired comparison 
was conducted with the Tukey post hoc test. The 
statistical analysis was conducted with the IBM 
SPSS Statistics version 21 software programme.

RESULT AND DISCUSSION 

Visual observations of plants growth

At first, the wastewater appeared gloomy, but 
it quickly began to clarify once the reactors were 
installed. From the very beginning, the sediment 
settled in the bottom of the reactors and around 
the root hairs of plants. The experimental units 
in all four wastewater strengths had a conspicu-
ous green coloration starting from day two. The 
plant growth became evident on day 5 in all of the 
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experiment units, which consist E. crassipes and 
P. stratiotes. Additionally, on day 5, the wilting 
and the natural shedding of plant leaves also ob-
served. As shown in Table 2, by the 18th day, the 
surface of the reactors containing aquatic plants 
were nearly completely enveloped by their re-
spective plant species. During 21st day the leaves 
of the plants were densely arranged and increased 
in size and yellowing of some leaves were able 
observed predominantly. 

Nutrient reduction 

In order to assess the effectiveness of and E. 
crassipes and P. stratiotes in removing nutrients 
from domestic wastewater, samples of treated 
wastewater were collected at various time inter-
vals (0th, 1st, 2nd, 3rd, 5th, 10th, 14th, 18th, and 21st 
day). These samples were then analysed for levels 
of ammonia, nitrate, nitrite, phosphate, COD, and 
pH. Figure 2 displays the levels of ammonia and 
the related rates of removal by E. crassipes, P. 
stratiotes, and the control units containing plants, 
under different amounts of domestic wastewater 
with strength of 100%, 75%, 50%, and 25%.

The experimental units consisting of E. 
crassipes (100 WH), P. stratiotes (100 PI), and 

a plant control group (100 PC), effectively de-
creased the concentration of ammonia in waste-
water with a strength of 100%. The concentration 
decreased by 99.2%, 98.7%, and 95.1% within a 
period of 21 days. Within the experimental units 
with 75% wastewater strength, E. crassipes (75 
WH), P. stratiotes (75 PI), and the plant control 
(75 PC) achieved reductions in ammonia levels 
of 98.5%, 98.3%, and 93.4%, respectively, over 
the trial period. The experimental units, including 
E. crassipes (50 WH), P. stratiotes (50 PI), and 
the plant control (50 PC), achieved average am-
monia removal rates of 96.4%, 97.4%, and 90.4%, 
respectively, within the wastewater samples con-
taining 50% strength. The experimental units con-
sisted of E. crassipes (25 WH), P. stratiotes (25 
PI), and a plant control (25 PC), resulted a reduc-
tion in ammonium levels by 96.2%, 96.4%, and 
96.7%, respectively, over the course of the study.

The ammonia concentration and decrease 
rate within the experimental units of various 
wastewater strengths exhibited a distinct pat-
tern, which may be attributed to variations in 
the decomposition rates of organic matter and 
nitrogen fixation (Le and Boyd, 2012). The am-
monia concentration in each reactor was affected 
by many processes, including nitrogen fixation, 

Table 2. Observations of experimental and control units throughout the study period
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Figure 2. Temporal variation of ammonia concentration and removal percentage of 
all three experimental units of (a) 25% strength of wastewater (b) 50% strength of 

wastewater (c) 75% strength of wastewater (d) 100% strength of wastewater
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nitrification, plant absorption, and mineralization. 
The former and latter raise the ammonium con-
centration in an ecosystem, while the remaining 
two decrease it (Le and Boyd, 2012). The study 
conducted by Mukherjee et al. (2015) demon-
strated the successful application of P. stratiotes 
in reducing the ammonia concentration by 97% 
in a 50% diluted oil mill effluent, utilising tap 
water. The study cited above closely resembles 
the range of ammonia removal achieved in this 
research. Moreover, the current findings can be 
supported by another empirical study that utilises 
E. crassipes and P. stratiotes to remove ammo-
nia from aquaculture wastewater. They removed 
96.1% and 91.8% of ammonia, respectively. This 
scenario exhibits the superiority of E. crassipes 
over P. stratiotes in ammonia removal (Akinbile 
and Yusoff, 2012). Based on the study conducted 
by Qin et al. (2020) in an open pond, with the 
initial ammonia concentration of 6.55 mg/L and 
with the water hyacinth stocking density of 4 kg/
m2, the ammonia removal after 24 hrs of HRT was 
70.2%. This study performed superior to the cur-
rent study in ammonia removal within 24 hrs of 
HRT. Such lacking in performance may attributed 
to the maintained low stock density (maintained 
stock density in the current study was 0.45 kg/m2) 
and the differed climatic conditions. 

The removal rate of experimental units con-
taining E. crassipes and P. stratiotes in wastewater 
with strengths of 100% and 75% (100 WH, 100 
PI, 75 WH, and 75 PI) reached its highest point on 
the second day, except for 75 WH, which reached 
its peak on the first day. The decrease rate of am-
monia concentration remained significant until 
day five for the stated reactors and exceeded the 
Malaysian criterion for Class Ⅲ on day five. Ex-
ceptionally 100 WH, achieved this level on the 
third day due to superior removal performance. 
Following a significant decrease until the fifth day, 
the ammonia content exhibited fluctuations within 
a small numerical range. Both the plant control 
units for the 100% and 75% strengths of waste-
water exhibited a significant decrease in percent-
age till day 18, meeting the Malaysian standard 
requirement for Class Ⅲ of Water Quality Index.

Regarding the ammonia removal rate in 
wastewater with strengths of 50% and 25%, all 
three experimental units (50 WH, 50 PI, 50 PC, 
25 WH, 25 PI, and 25 PC) exhibited the highest 
ammonia removal on day one other than 50 WH 
and 25 PI, which were able to showed a peak re-
moval at the 2nd day. From day zero, the reduction 

was significant until the fifth day for 50 WH and 
50 PI, the eighteenth day for 50 PC, the tenth day 
for 25 WH and 25 PI, and the twenty-first day for 
25 PC. The duration needed to achieve the Ma-
laysian Class Ⅲ criteria also differed among the 
reactors. On the 3rd, 5th, and 18th days, 50 WH, 
50 PI, and 50 PC reactors achieved a concentra-
tion below 0.9 mg/L. At a concentration of 25% 
in wastewater, both 25 WH and 25 PI achieved 
the recommended level on the third day, however 
the 25 PC reactors took ten days to reach it. The 
ammonia removal rates seemed to be peaked in 
different days for different reactors within a short 
range of period. The ammonia removal in a float-
ing constructed wetland can be influenced by the 
concentrations of ammonia, the decomposition, 
microbial conversion, plant uptake, volatilization, 
sedimentation, and adsorption-fixation reactions 
(Kartohardjono et al., 2015, Ezaz et al., 2020). 
Based on this study the significant removal rates 
were observed until the previous ammonia con-
centrations were at least at the level of 0.6 mg/L. 
Therefore, it can be said that until the ammonia 
concentrations of 0.6 mg/L the microbial activity 
and plant uptake were prominent.

The rise in ammonia concentration can be 
predominantly attributed to the breakdown of 
organic materials present in wastewater or plant 
debris (Ng and Chan, 2017). The decomposition 
process yields ammonia in the reactors, which is 
subsequently transformed into nitrate and assimi-
lated by plants and microorganisms, particularly 
the filamentous algae in both forms (nitrate and 
ammonia) (Ariffin et al., 2019). If the rate of ni-
trification, absorption by plants and microorgan-
isms, and volatilization is slower than the rate 
of decomposition, an increase in ammonia con-
centration can be detected (Ng and Chan, 2017), 
which occurred in all reactors at some point. 

With the intension of selecting the best reactor 
with appropriate HRT, the level of ammonia con-
centration was taken as the deciding factor. The 
initial ammonia concentration significantly varied 
(p < 0.05) among all the experimental units. 100 
WH, 50 WH, 50 PI, and 25 WH showed a signifi-
cant difference (p < 0.05) between the consecu-
tive days until day three. The 100 PI, 75 WH, 75 
PI, 75 PC, 50 PC, and 25 PI reactors significantly 
lowered (p < 0.05) the ammonia concentration in 
consecutive days until day five. The 100 PC and 
25 PC showed a significant variation (p < 0.05) in 
ammonia concentration until day 10.



244

Journal of Ecological Engineering 2024, 25(8), 237–252

The water quality index for Malaysia (Class 
Ⅲ) was taken as the benchmark for acceptable 
release of treated wastewater. Accordingly, 100 
WH, 50 WH, 25 PI, and 25 WH reached the rec-
ommended level in day three; 100 PI, 75 WH, 
75 PI, and 50 PI reached the recommended level 
in day five; 25 PC attained the recommended 
level in day ten; and 100 PC, 75 PC, and 50 PC 
reached the recommended level in day 18. The 
day three was taken as the treatment ceasing 
point as it was the least HRT period registered 
to release the wastewater with the recommend-
ed ammonia level.

Experimental units with E. crassipes, and 
plant control showed a significant difference (p 
< 0.05) between each on day three. Therefore, it 
can be concluded that reactors with E. crassipes 
are the best out of the three mentioned. Among 
the reactors occupied by E. crassipes, 100 WH, 
50 WH, and 25 WH reached the recommended 
level on day three. On the basis of the statisti-
cal analysis between 100 WH, 50 WH, and 25 
WH on day three, all three were statistically 
significant (p < 0.05) between them and 50 WH 
experienced the least mean of 0.170, and at the 
same time, 50 WH showed the highest reduction 
percentage of ammonia in day three at the level 
of 97.4%, whereas 100 WH and 25 WH reduced 
the ammonia by 95.3% and 84.9%, respectively. 
In addition, the COD and phosphate concentra-
tions were also supportive for 50 WH on day 
three according to Malaysian Water Quality 
Standards of Class Ⅲ, which are 17 mg/L and 
0.8 mg/L respectively. Therefore, it was identi-
fied that among all established reactors, 50 WH 
reactors effectively treated the domestic waste-
water in three days of HRT.

The nitrate measurements of all four distinct 
intensities of wastewater in all three experimen-
tal units exhibited a non-rhythmic fluctuation 
pattern as showed in Figure 3. The nitrate mea-
surements reached their highest levels on day 
five in reactors with capacities of 100 PI, 100 
WH, 75 PI, 75 WH, 50 PI, 50 WH, 25 PI, and 25 
WH. During this period, the corresponding am-
monium levels were lower, confirming the occur-
rence of nitrification. The subsequent substantial 
reduction in nitrate levels can be attributed to the 
denitrification and absorption of nitrate by the 
biomass present in the reactors (Wang and Chu, 
2016, Hachiya and Sakakibara, 2017). The plant 
control units in all experimental units reached 

their highest eruption on day 10, while maintain-
ing consistently low ammonium levels. 

Phosphate 

According to Figure 4, the phosphate con-
centration in all experimental units exhibited an 
immediate increase on the first day. This sce-
nario suggests that phosphate solubilization has 
occurred in all units other than the process of 
phosphate absorption. Among all the tests done, 
the reduction efficiency over the study period 
was highest for 100WH, achieving a level of 
96.34%. The reduction levels for the other tri-
als were as follows: 100 PI – 94.0%, 75 WH 
– 91.5%, 75 PI – 90.9%, 50 WH – 87.8%, 50 PI 
– 88.9%, 25 WH – 90.4%, and 25 PI – 83.6%. 
Victor et al., (2016) also examined the suprema-
cy of E. crassipes over P. stratiotes in phosphate 
reduction at a concentration of 30.1 mg/L. The 
abundant fibrous roots of E. crassipes enable a 
larger surface area, which promotes the growth 
of a diverse microbial population and enhances 
the effectiveness of physical and chemical pro-
cesses in removing pollutants (Nizam et al., 
2020). The findings of investigations conducted 
by many researchers were consistent with the 
current study. The consistent pattern observed 
in the results demonstrates the capacity and de-
pendability of utilising E. crassipes and P. stra-
tiotes for wastewater treatment (Akinbile and 
Yusoff, 2012; Nizam et al., 2020).

The plant control experimental units exhibit-
ed a lack of efficiency in comparison to the other 
two studies across all four wastewater intensities. 
The plant control units achieved a maximum ef-
ficiency of 33.3%, which was observed in 25 PC 
reactors. Other reactors, such as those operating 
at 100 PC, 75 PC, and 50 PC, were able to reduce 
phosphate levels by 0%, 10.7%, and 11.4% re-
spectively. The trend indicates that as the waste-
water strength increases, the phosphate reduction 
efficiency decreases in plant control units. Con-
versely, in reactors containing E. crassipes and 
P. stratiotes, the phosphate reduction efficiency 
reaches its highest point at the highest waste-
water strength. The above-mentioned situation 
strongly indicates that the uptake of phosphate 
from domestic wastewater was greater in cases 
where the macrophytes and their rhizosphere in-
teracted with the wastewater, compared to situ-
ations where only microorganisms were present 
in the control units. Phosphorous is an essential 
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Figure 3. Temporal variation of nitrate concentration in all three experimental units of (a) 25% strength of 
wastewater (b) 50% strength of wastewater (c) 75% strength of wastewater (d) 100% strength of wastewater
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Figure 4. Temporal variations of phosphate concentration and removal percentage of 
experimental units and control units of (a) 25% strength of wastewater (b) 50% strength 

of wastewater (c) 75% strength of wastewater (d) 100% strength of wastewater
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macronutrient for plants, playing a crucial role in 
their growth and development. Specifically, it is a 
vital part of adenosine triphosphate (ATP) and ad-
enosine diphosphate (ADP), which are essential 
for the respiratory and photosynthetic processes 
in plants (Pandey 2018). Hence, the plant will as-
similate the phosphate, specifically in the form of 
unbound orthophosphate.

COD

The highest efficiency of COD removal was 
achieved in the experimental units with 100 PI, 
with a removal rate of 89.91%. This was followed 
by units with 100 WH, 25 PI, 75 WH, 25 WH, 75 
PI, 25PC, 50 WH, 50 PI, 100 PC, 75 PC, and 50 
PC, with removal rates of 89.1%, 88.1%, 88.4%, 
88.2%, 84.7%, 78.4%, 76.2%, 72.5%, 68.1%, and 
64.3% respectively. As shown in Figure 5, The 
experimental units, composed of E. crassipes and 
P. stratiotes, exhibited a consistent decrease on 
most consecutive days, with the exception of 100 
WH on the 18th day, 100 PI on the 10th day, 50 
WH on the 14th day, 50 PI on the 21st day, and 25 
PI on the 18th and 21st days. All experimental units 
designed with plant control exhibited fluctuation 
after three consecutive reductions. Nevertheless, 
all the studies effectively decreased the COD val-
ue to a level below the Malaysian Water Quality 
Standard of Class Ⅲ.

The primary cause for the decrease in COD dur-
ing phytoremediation is the complete breakdown 
of organic substances. Simultaneously, incomplete 
degradation results in the formation of certain inter-
mediates, including amino acids and sugars. These 
intermediates can maintain an elevated COD value 
in plant control units. But in units containing E. 
crassipes and P. stratiotes, there is a potential for di-
rect absorption of specific sugars and amino acids by 
the macrophyte plants. Root mats exhibit significant 
development during the growth period of plants and 
possess a remarkable ability to efficiently filter sus-
pended solids at a high rate (Cao et al., 2015; Grant 
and Beevers, 1964). Thus, the plant units can con-
sistently achieve ongoing decrease in comparison to 
the plant control units, which solely rely on the com-
plete breakdown of organic matter for COD remov-
al. Several studies, including Rezania et al., (2015) 
and Wickramasinghe and Jayawardana, (2018) have 
found evidence that supports the effectiveness of 
specific macrophytes in reducing COD levels. These 
findings further enhance the credibility and accep-
tance of the current work.

Plant growth analysis 

 At first, the leaf area was planned to be equal 
for both macrophytes, resulting in varying begin-
ning weights for each macrophyte. Simultaneous-
ly, the fresh weight of the macrophytes between 
the reactors carrying the same macrophytes was 
more or less the same. During the latter phase of 
the investigation, a substantial boost in wet weight 
between the initial and final measurements was 
seen, regardless of the type of macrophyte. Fig-
ure 6, demonstrates that P. stratiotes exhibited a 
significantly greater growth rate than E. crassipes 
at various levels of wastewater strength. Notably, 
the plants in 75 PI reactors displayed the high-
est percentage of weight gain, reaching 218.8%. 
Among the reactors containing E. crassipes, the 
reactor with 100 WH exhibited a greater percent-
age of weight gain (155.4%), while the reactor 
with E. crassipes with 50% strength wastewater 
showed the lowest weight gain. However, the 
majority of the reactors with E. crassipes exhib-
ited superior performance in removing ammonia, 
phosphate, and COD compared to those with P. 
stratiotes, even though the latter one showed a 
higher wet weight gain percentage. Malcolm J. 
Hawkesford and Kok, (2014) and Adhikari et al., 
(2022) assert that nutrition use efficiency (NUE) 
and subsequent yield are complex processes that 
encompass not only the absorption of nutrients 
but also their transportation, storage, mobiliza-
tion, and utilization within the plant. Thus, it is 
justifiable that the percentage of increment in 
biomass production of P. stratiotes is higher than 
that of E. crassipes, despite the fact that nutrient 
absorption is high.

According to Lowry and Smith, (2018), the 
RGR of a plant is its competitiveness of accu-
mulating additional biomass. Hence, RGR is 
another measure of plant growth. As shown in 
Figure 7, the RGR was higher for P. stratiotes 
compare to E. crassipes cultivated in the same 
strength of wastewater. Further the highest RGR 
of P. stratiotes and E. crassipes was obtained in 
the maximum strength of wastewater. Such con-
dition was explained by Heard and Winterton, 
(2000) as “growth rates increase with in water 
nitrogen amount”. While 50 WH performed very 
low among all the experimental units in terms of 
RGR and among the reactors of P. stratiotes, 25 
PI performed lower.

The statistical analysis of the initial wet 
weight of the plant resulted in a significant 



248

Journal of Ecological Engineering 2024, 25(8), 237–252

Figure 5. Temporal variation of COD concentration and removal percentage 
experimental and control units of (a) 25% strength of wastewater (b) 50% strength of 

wastewater (c) 75% strength of wastewater (d) 100% strength of wastewater
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Figure 6. The average Initial and final weights and weight gained 
percentage of plants in different experimental units

variation (p < 0.05) between P. stratiotes and E. 
crassipes, where the mean wet weight was lower 
for P. stratiotes. The growth of the plants in dif-
ferent strengths of wastewater showed statistical 
significance (p < 0.05) between two sets, where 
100% and 75% in one set and 50% and 25% in the 
other set, had a lower mean growth rate. Based 
on the statistical analysis of RGR, 100 PI showed 
the highest mean of RGR, and an insignificant (p 
> 0.05) RGR was observed with 100 WH, 75 PI, 
and 50 PI, while other experimental units showed 
a significant variation (p < 0.05) with 100 PI. 
Based on the RGR study and nutrient removal 
study, the result showed an inverse corelation. 
According to Bashan and de-Bashan (2005) plant 

growth can be affected by several factors such 
as genetic factor, phonotypic characters and en-
vironmental factors. Here, this inversed trend of 
plant weight gain and pollutant removal cannot 
be attributed to certain factors as it can be an out-
come of combined effect. If the current study is 
peculiarized it can be said that the microbes asso-
ciated with the rhizosphere of water hyacinth may 
diverse in microbial strains and high in count. 
The corresponding removal of nutrients will be 
attributed to microbes than that of water hyacinth 
uptake or the nutrient use efficiency of water hya-
cinth may be lower than that of P. stratiotes even 
they absorbed more nutrients (Ezaz et al., 2020, 
Hawkesford et al., 2016).

Figure 7. The average relative growth rates of plants in different experimental units
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The disparity between the outcomes achieved in 
the greenhouse and those observed in the real field 
study is significant. Under controlled conditions, 
plant growth is effectively aided. However, in natu-
ral environments, plant growth can be influenced by 
abiotic factors such as climate, fluctuating nutrient 
levels, and biotic ones such as pests and diseases. 
Additionally, in contrast to the greenhouse experi-
ment, the actual field experiment might encounter 
shifting water quality metrics; hence, expected pol-
lutant reductions may not occur. The variation in 
dissolved oxygen content in the pond, influenced 
by environmental circumstances and pond structure, 
can affect microbial populations and lead to altered 
pollutant removal capabilities. Hence, it is crucial to 
determine the precise efficacy of pollutant removal 
in real-life circumstances in order to endorse and 
advance the laboratory-scale procedure towards the 
establishment of a wastewater treatment facility.

CONCLUSIONS

Phytoremediation using floating aquatic mac-
rophytes namely E. crassipes and P. stratiotes 
showed a great performance in removing ammonia, 
phosphate and COD. Both macrophytes thrived and 
survived in 25%, 50%, 75% and 100% of domes-
tic wastewater. At the end of 21 days of treatment 
the final water quality parameters varied insignifi-
cantly between the experimental and control units. 
The third day was the shortest HRT to pass the Ma-
laysian Water Quality Index (Class Ⅲ) in terms of 
ammonia concentration. According to the statistical 
analysis 50 WH experimental units showed the bet-
ter performance in removing ammonia than other 
reactors on day three. Further the concentrations of 
COD also maintained below the recommended lev-
el by the third day. When considering the RGR, 50 
WH performed as the experimental unit possessed 
lowest RGR, where 100 WH showed an insignifi-
cance with the experimental unit holding highest 
RGR (100 PI). Therefore, it can be concluded that 
the 50WH units still have the capacity to absorb 
more nutrients and convert them in to plant bio-
mass. Hence it is recommended to conduct future 
studies with different dilution of wastewater above 
50% up to highly concentrated wastewater more 
than 100% strength of used wastewater with more 
options. This is to find out the accurate point of 
wastewater dilutions of different sources of domes-
tic wastewater with maximum removal at minimal 
HRT and optimum plant growth. 
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