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INTRODUCTION

Freshwater fish farming systems represent 
a form of resource management in aquaculture 
practices and have been widely implemented in 
the freshwater fisheries industry (Sadono et al., 
2021). This sector has seen significant develop-
ment in Indonesia due to its high economic value 
and stable market demand (Gajah et al., 2025). 
Among the various freshwater aquaculture com-
modities, common carp (Cyprinus carpio) stands 
out as a leading species cultivated across numer-
ous regions in Indonesia. Economically, common 
carp farming contributes substantially to local 
incomes, particularly in major production centers 
(Dharmawantho and Supriyanto, 2021).

A key factor influencing the productivity of 
common carp ponds is the quality of water with-
in the pond compartments, as water serves as 
the primary medium for fish growth. Therefore, 
improving water quality is essential to enhance 
the productivity of common carp farming (Sa-
dono et al., 2021). However, the intensification 
of common carp aquaculture often leads to en-
vironmental challenges, including pollution and 
the accumulation of organic waste in the ponds. 
This waste primarily consists of ammonia (NH₃), 
which originates from uneaten feed, fish feces, 
and decomposing fish (Fahruddin et al., 2025).

Ammonia is one of the nitrogenous com-
pounds commonly found in aquaculture systems, 
primarily as a byproduct of fish metabolism and 
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the decomposition of organic matter such as un-
eaten feed and feces. In aquatic environments, 
ammonia exists in two forms: ammonium ion 
(NH₄⁺), which is relatively non-toxic, and free 
ammonia (NH₃), which is highly toxic to fish (Is-
raeli-Weinstein and Kimmel, 1998). The break-
down of organic materials from feed generates 
toxic ammonia that can inhibit fish growth and, in 
severe cases, lead to mortality. Moreover, elevat-
ed ammonia concentrations increase the suscepti-
bility of common carp to disease (Hossam, 2006).

Ammonia is a pollutant parameter in com-
mon carp aquaculture systems due to its toxicity, 
which can induce stress and even death in fish 
when its concentration exceeds the threshold for 
total ammonia (NH₃ + NH₄⁺). High levels of am-
monia exacerbate infections caused by pathogen-
ic bacteria by weakening the immune system of 
common carp and creating favorable conditions 
for bacterial proliferation. In extreme cases, fish 
may die from respiratory failure and damage to 
vital organs (Abdella et al., 2024).

Overfeeding or providing feed that does not 
meet the nutritional requirements of fish is one 
of the primary causes of elevated ammonia con-
centrations in aquaculture water (Joshua et al., 
2017). Feeds with high protein content contrib-
ute to increased ammonia production, as proteins 
are metabolized into nitrogenous compounds that 
are subsequently excreted by fish into the water. 
Additionally, poor water quality – characterized 
by low dissolved oxygen, high pH, and elevated 
temperatures can accelerate the conversion of am-
monium (NH₄⁺) into free ammonia (NH₃), which 
is significantly more toxic to fish (Owaes et al., 
2024; Jahanbani and Orcid, 2023).

Accumulated ammonia in aquaculture water 
can disrupt fish physiological processes, thereby 
reducing productivity and survival rates. Conse-
quently, controlling ammonia levels is a critical 
aspect of water quality management in common 
carp ponds, encompassing parameters such as 
BOD, COD, TDS, and pH. Various methods have 
been employed to reduce ammonia concentra-
tions, ranging from water exchange and biologi-
cal filtration to the application of environmentally 
friendly technologies such as phytoremediation 
(Ali et al., 2020; Elya et al., 2023).

Phytoremediation is a water quality restoration 
method that utilizes the ability of aquatic plants to 
absorb, accumulate, and degrade organic pollut-
ants in fish pond water. water spinach and duck-
weed are two types of aquatic plants that grow 

abundantly in Indonesia’s tropical climate. These 
plants have the potential to absorb nitrogenous 
compounds, including ammonia, and improve wa-
ter quality parameters such as biochemical oxygen 
demand (BOD), chemical oxygen demand (COD), 
total dissolved solids (TDS), and pH (Tanjung et 
al., 2019). In addition to being easily cultivated and 
widely available, both species exhibit rapid growth 
rates and strong tolerance to polluted aquatic envi-
ronments (Mishra, 2023; Afiah et al., 2025).

Several relevant studies support this approach. 
Research by Obinna and Ebere (2019) demonstrat-
ed that water spinach and duckweed could reduce 
levels of COD, total suspended solids (TSS), and 
ammonia nitrogen (NH₃–N). Another study by 
Sarkheil et al. (2023) found that water spinach 
was more effective than duckweed in reducing 
TSS and improving the quality of wastewater in 
tilapia aquaculture systems.

Furthermore, a study conducted by Alkimin 
et al. (2019) demonstrated that duckweed pos-
sesses phytoremediation capabilities in treating 
wastewater contaminated with dyes. Similarly, 
research by Suherman et al. (2021) revealed that 
water spinach has the potential to accumulate 
heavy metals such as lead (Pb) and chromium 
(Cr) at high concentrations in hospital wastewater 
samples, indicating its suitability as a phytoreme-
diation agent for polluted substances.

Although numerous studies have investigated 
the effectiveness of water spinach and duckweed 
in phytoremediation, comparative research evalu-
ating the performance of these two aquatic plants 
– either individually or in combination – within 
the context of carp aquaculture ponds remains 
limited. Therefore, this study is essential to assess 
the phytoremediation potential of both species 
and to identify the most effective combination for 
reducing ammonia concentrations in relation to 
water quality in carp farming systems.

MATERIALS AND METHODS

Sample collection and preparation

Aquatic plants water spinach (Ipomoea aquat-
ica) and duckweed (Lemna minor) were collected 
from rice fields located in Bone Regency, South Su-
lawesi Province (Figure1) . The plants were rinsed 
thoroughly with running water and placed in plastic 
containers filled with water for acclimatization over 
a period of four days. Water samples were collected 
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from carp aquaculture ponds located in Boccoe Vil-
lage, Bone Regency, South Sulawesi Province.

Water characterization of carp ponds

Initial characterization of the pond water 
used for common carp cultivation was conduct-
ed through various analytical methods. Nitrate 
concentration was measured using the spectro-
photometric method, while nitrite levels were 
determined via colorimetric analysis. Ammonia 
and phosphate concentrations were both analyzed 
using spectrophotometry. The pH value was mea-
sured using a pH meter. Total nitrogen content 
was assessed using the Kjeldahl method, and po-
tassium levels were determined through Atomic 
Absorption Spectrophotometry (AAS).

Phytoremediation treatment

Water samples from common carp aqua-
culture ponds, previously characterized, were 
placed into plastic containers with a volume of 
15 liters each (Figure 2). Aquatic plants – wa-
ter spinach) and duckweed were acclimatized 
and weighed at 100 grams each before being 
introduced into the treatment containers. The 
treatments were as follows: P1 – addition of 
water spinach; P2 – addition of duckweed; P3 
– combination of water spinach and duckweed; 
K – no plant addition (control). The treatments 
were maintained for a duration of 21 days. Wa-
ter quality parameters – including ammonia con-
centration, nitrate, biochemical oxygen demand 
(BOD), chemical oxygen demand (COD), total 
dissolved solids (TDS), and pH were measured 
on day 0, day 7, day 14, and day 21.

Ammonia concentration measurement

Determination of ammonia concentration 
was conducted  by the phenate method based 
on the formation of the blue colored complex 
compound indophenol. A sample of 10 mL of 
groundwater was pipetted into a 25 mL cell 
sample, then added with 0.4 mL of phenol solu-
tion, 0.4 mL of sodium nitroprusside, and 1 mL 
of oxidizing solution. The mixture was then ho-
mogenized and let to stand for 1 hour. Measure-
ment was then conducted with a UV-Vis spectro-
photometer at a wavelength of 640 nm.

Nitrate concentration measurement

The concentration of nitrate in carp pond wa-
ter samples was determined using the cadmium 
reduction method. In this procedure, nitrate in the 
water sample is reduced to nitrite by passing it 
through a column containing cadmium metal. The 
resulting nitrite is then reacted with diazotizing 
reagents – sulfanilamide and NED (N-(1-naph-
thyl) ethylenediamine dihydrochloride) – to form 
a pink-colored azo compound. The intensity of 
the color is measured using a spectrophotometer 
at a wavelength of approximately 543 nm.

Measurement of BOD 

A 300 mL water sample of common carp 
pond water  was divided into two portions: one 
designated for the initial analysis and the other for 
post-incubation assessment. The latter was stored 
in a sealed container at 20°C for a duration of five 
days to inhibit the exchange of oxygen with the 
environment. The concentration of dissolved oxy-
gen in the initial sample was determined using the 

Figure 1. Two types of aquatic plants used in the phytoremediation of common carp pond water:
(a) water spinach (Ipomoea aquatica) and (b) duckweed (Lemna minor) 

(a) (b)
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titration-iodometric method with a 0.025 N sodi-
um thiosulfate solution, and the same procedure 
was applied to the incubated sample. By compar-
ing the dissolved oxygen levels before and after 
the incubation period, the resulting difference 
provides the BOD value for the water sample.

Measurement of COD 

A volume of 100 ml of the water sample in-
tended for treatment was collected. Potassium 
dichromate reagent (K₂Cr₂O₇) and concentrated 
sulfuric acid (H₂SO₄) were subsequently intro-
duced to facilitate the oxidation of organic mate-
rials present in the sample. To mitigate the poten-
tial interference from chloride ions, which could 
affect the reaction mercury sulfate (HgSO₄) was 
incorporated. The sample was then subjected to 
heating in a test tube at approximately 150°C 

for a duration of two hours. Following the cool-
ing phase, titration was performed using ferrous 
ammonium sulfate (FAS) until a color transition 
from green to reddish-brown was observed. The 
COD of the water sample is determined by cal-
culating the difference in the volume of potas-
sium dichromate utilized before and after the 
titration process.

Measurement of total dissolved solids

The gravimetric method was employed to 
measure total dissolved solids. A 10 mL sample 
of water from the carp pond was filtered using 
filter paper and then transferred into a petri dish. 
The sample was evaporated in a water bath until 
completely dry. Subsequently, the petri dish con-
taining the dried sample was placed in an oven at 
105 °C until it was thoroughly dried. After drying, 

Figure 2. Phytoremediation treatments applied to common carp pond water include:
P1 – addition of water spinach; P2 – addition of duckweed; P3 – combination of water spinach and duckweed; 

P4 – no plant addition (control)
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the petri dish was cooled in a desiccator for 15 
minutes and then weighed until a stable mass was 
achieved. TDS was calculated using the formula, 
as shown in Equation (1)

	                𝑇𝑇𝑇𝑇𝑇𝑇 = a – b
𝑉𝑉  

 

 

	 (1)

where:	V - volume of the sample (mL), 		
a - weight of the petri dish with the dried 
sample (mg), b - weight of the empty pe-
tri dish (mg)

Measurement of pH

The pH measurement was performed utilizing 
a pH meter that had been previously calibrated 
with buffer solutions at pH 4 and pH 7, followed 
by a stabilization period of 15 minutes. Subse-
quently, the electrode of the pH meter was placed 
into the water sample collected from the carp 
pond water, and after a brief interval, the pH val-
ue was recorded from the scale of the pH meter.

RESULTS AND DISCUSSION

Initial characterization of fish pond water

The results of the chemical characterization 
of water from a common carp (Cyprinus carpio) 
pond are presented in Table 1, including param-
eters such as ammonia, nitrate, nitrite, total nitro-
gen, phosphate, and potassium. This characteriza-
tion was conducted in accordance with specific 
requirements for freshwater aquaculture ponds as 
stipulated by the Government of Indonesia and 
the Food and Agriculture Organization (FAO). 
The analysis aimed to assess the initial condi-
tion of the pond water. Based on the chemical 
parameters, the pond water was classified as pol-
luted, as several values exceeded the established 

environmental quality standards. Notably, the 
ammonia concentration reached 2.57 mg/L, sur-
passing the permissible threshold of >0.5 mg/L, 
which poses a risk of fish mortality (Sadono et al., 
2021; Wang et al., 2021).

Observation of phytoremediation treatments

Phytoremediation using aquatic plants, spe-
cifically water spinach and duckweed, was em-
ployed to evaluate their potential in reducing 
ammonia concentrations and improving water 
quality parameters, including nitrate levels, BOD, 
COD, TDS, and pH. The observations are sum-
marized as follows:

Ammonia concentration 

Observations of ammonia concentration over 
a 21-day period revealed that all treatments ex-
hibited changes in ammonia concentration, each 
following a distinct pattern (Figure 3). In treat-
ment P1, which used only water spinach, am-
monia concentration consistently decreased from 
0.12 mg/L on day 0 to 0.04 mg/L on day 14, fol-
lowed by a slight increase to 0.05 mg/L on day 
21. In treatment P2, which used only duckweed, 
a sharp increase was observed on day 7, reach-
ing 6.4 mg/L, before decreasing to 3.33 mg/L on 
day 14 and 0.11 mg/L on day 21. In treatment P3, 
which combined both aquatic plants, ammonia 
levels rose to 4.39 mg/L on day 7, then dropped 
significantly to 0.06 mg/L and 0.04 mg/L on days 
14 and 21, respectively. In the control group (K), 
ammonia concentration remained constant at 
0.12 mg/L throughout the observation period.

These observations indicate that water spin-
ach was effective in reducing ammonia concentra-
tion due to its ability to absorb nutrients from the 
pond water (Hossam, 2006). According to Enduta 
et al. (2011), water spinach can reduce ammonia 
concentration by up to 87%, which is attributed 

Table 1. Initial characterization of common carp pond water samples
Parameter Test result (mg/L) Quality standard Pollution category

Nitrate 21.4 20 mg/L Polluted

Nitrite 0.35 0.06 mg/L Polluted

Phosphate 1.2 0,2 mg/L Polluted

Potassium 11.08 10 mg/L Polluted

Total nitrogen 3.6 2 mg/L Polluted

Ammonia 2.57 0.5 mg/L Polluted

pH 7.2 6 – 9 Normal
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to its long fibrous roots that efficiently absorb nu-
trients, thereby facilitating ammonia breakdown. 
In treatment P2, the initial increase in ammonia 
concentration with duckweed may have resulted 
from biological activity or plant excretion, fol-
lowed by a decrease possibly due to adaptation or 
other natural processes (Fahruddin and Tanjung, 
2019). Abdul et al. (2020) reported that duckweed 
has very low and unstable effectiveness in reduc-
ing ammonia concentration, likely due to stress 
conditions caused by salinity and environmental 
pressures. In contrast, treatment P3, which com-
bined both aquatic plants, showed enhanced ef-
fectiveness, potentially due to complementary 
growth forms and nutrient uptake mechanisms.

Nitrate concentration

The analysis of nitrate levels over a 21-day 
observation period showed that all treatments 
were effective in reducing nitrate concentration 
from the initial value of 2.64 mg/L, although with 
varying outcomes (Figure 4). In treatment P1, 
which utilized water spinach alone, nitrate con-
centration consistently decreased, reaching 0.79 
mg/L by day 21. In treatment P2, which used 
duckweed alone, nitrate levels initially increased 
to 3.40 mg/L on day 7, followed by a gradual 
decline to 0.96 mg/L by day 21. Treatment P3, 
which combined both aquatic plants, showed a 
gradual reduction in nitrate concentration, reach-
ing 1.13 mg/L on day 21. In the control group (K), 
nitrate concentration remained constant at 2.64 
mg/L throughout the observation period.

These findings indicate that water spinach 
is highly effective in absorbing nitrate from fish 

pond water through phytoremediation, demon-
strating high efficiency via leaf and root tissues 
(Prayogo, 2019). In treatment P2, the initial in-
crease in nitrate may be attributed to the metabol-
ic activity of duckweed, which produces nitrate, 
followed by a decrease likely due to nitrification 
and microbial uptake (Sahi and Smain, 2023). 
Similarly, treatment P3 showed enhanced overall 
effectiveness through root tissue interactions and 
microbial activity, suggesting that the combina-
tion of both aquatic plants is effective in reducing 
nitrate concentrations in fish pond water (Liu et 
al., 2017; Zulfahmi et al., 2021).

BOD values

Observations of BOD values over a 21-day 
period (Figure 5) revealed a significant reduc-
tion in treatment P1, which involved only water 
spinach, from 206 mg/L to 20.4 mg/L. Similar-
ly, treatment P2, which utilized only duckweed, 
showed a decrease to 26.6 mg/L. Treatment P3, 
which combined both aquatic plants, resulted in 
a reduction to 88.9 mg/L. In contrast, the con-
trol treatment (K) maintained a consistently high 
BOD level at 206 mg/L.

These observations indicate that water spin-
ach is highly effective in reducing BOD levels, 
demonstrating strong phytoremediation capabili-
ties in removing dissolved organic matter that de-
mands oxygen. Water spinach contributes to wa-
ter aeration through photosynthesis, facilitating 
the absorption of pollutants via sedimentation and 
adsorption processes. Additionally, its root struc-
ture provides a substrate for microbial activity 
that aids in the decomposition of organic matter. 

Figure 3. Ammonia concentration under phytoremediation treatments in common carp pond water,
with treatments including: P1 – addition of water spinach; P2 – addition of duckweed ;

P3 – combination of water spinach and duckweed; K – no plant addition (control)
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Duckweed also contributes to the absorption of 
dissolved organic substances through metabolic 
processes occurring in its roots (Ahmad and Rid-
hayani, 2019; Fahruddin et al., 2021).

However, the combination of both aquatic 
plants in treatment P3 showed a less effective re-
duction in BOD compared to water spinach alone. 
This may be attributed to interactions between 
by-products released by duckweed that interfere 
with the absorption of organic matter, particularly 
in fish pond water. Furthermore, competition for 
space and nutrients between the two species may 
reduce the rate of organic matter uptake, resulting 
in suboptimal efficiency in treatment P3 (Ahmadi 

and Sukru, 2024). The relatively high concentra-
tion of organic matter around the roots may also 
affect microbial activity in decomposing organic 
substances, leading to a less significant decrease 
in BOD compared to treatments where each plant 
was used individually (Fahruddin et al., 2019). 
Additionally, the accumulation of toxic by-prod-
ucts may inhibit microbial metabolism (Oth-
man et al., 2016), which can reduce the overall 
biodegradation process and consequently lower 
oxygen consumption, thereby decreasing BOD. 
Chemically, the presence of specific phytochemi-
cals in both aquatic plants may also influence mi-
crobial activity, contributing to the stabilization 

Figure 4. Nitrate concentration under phytoremediation treatments in common carp pond water,
with treatments including: P1 – addition of water spinach; P2 – addition of duckweed; 

P3 – combination of water spinach and duckweed; K – no plant addition (control)

Figure 5. BOD values under phytoremediation treatments in common carp pond water,
with treatments including: P1 – addition of water spinach; P2 – addition of duckweed ;

P3 – combination of water spinach and duckweed; K – no plant addition (control)



350

Ecological Engineering & Environmental Technology 2025, 26(10), 343–355

of oxygen demand (Tangahu and Putri, 2017; 
Abdullahi et al., 2021). 

COD values

A significant reduction in COD values was 
observed on day 21 (Figure 6). In treatment P1, 
which involved only water spinach, COD levels 
decreased markedly from an initial 505 mg/L to 
51.1 mg/L by day 21. Similarly, in treatment P2 
using duckweed, COD levels dropped to 65.8 
mg/L. However, in treatment P3, which com-
bined both aquatic plants, the reduction was 
slower, reaching 101.1 mg/L. In contrast, the 
control treatment (K) maintained a consistently 
high COD level of 505 mg/L.

Water spinach proved effective in reduc-
ing the organic load in aquaculture pond water, 
demonstrating strong phytoremediation poten-
tial, although it did not reach the water quality 
standard of 40 mg/L for carp aquaculture ponds 
(Hisama et al., 2022). In treatment P2, duckweed 
also contributed to COD reduction, although the 
values remained relatively high due to biological 
activity and the excretion of organic substances 
that added to the COD load (Usman et al., 2025). 
However, the combined treatment of both aquat-
ic plants was less effective than the single-plant 
treatment with water spinach. This may be due to 
interactions between duckweed by-products and 
the limited absorption capacity of water spinach 
(Nur et al., 2022).

These findings are consistent with research 
by Sa’at (2017), which reported that  Ipomoea 

aquatica Forsk. has the potential to reduce COD 
by up to 90%. Duckweed treatment is associated 
with its floating leaves, which support pollutant 
uptake through bioaccumulation and biosorption 
mechanisms (Srilestari and Anita, 2021; Krish-
naswamy and Gustavo, 2025).

In contrast, the combined treatment was rela-
tively less effective than single-plant treatments in 
reducing COD levels. Each plant species has dif-
ferent capabilities in degrading pollutants (Heb-
rianti et al., 2025). The organic matter content 
around the roots of both aquatic plants tends to be 
higher and requires chemical decomposition pro-
cesses involving oxygen. As a result, COD levels 
may increase with the accumulation of organic 
matter, indicating a greater oxygen demand for 
the oxidation of all organic substances present in 
the water (Prariska et al., 2017; Fahruddin, 2020).

TDS values

Based on TDS observations (Figure 7), treat-
ment P1, which involved only water spinach, 
showed a significant reduction in TDS from 794 
mg/L on day 7 to 477 mg/L on day 21. In treat-
ment P2 using duckweed, TDS levels increased 
sharply to 942 mg/L on day 7, followed by a 
gradual decrease to 651 mg/L. In treatment P3, 
which combined both aquatic plants, the highest 
TDS value was recorded on day 7 at 968 mg/L 
and remained relatively high at 701 mg/L on 
day 21. In the control treatment (K), TDS levels 
remained constant throughout the observation 
period at 731 mg/L.

Figure 6. COD values under phytoremediation treatments in common carp pond water,
with treatments including: P1 – addition of water spinach; P2 – addition of duckweed; 

P3 – combination of water spinach and duckweed; K – no plant addition (control)



351

Ecological Engineering & Environmental Technology 2025, 26(10), 343–355

These results indicate that treatment P1 had a 
distinct impact on TDS levels over the 21-day ob-
servation period. The reduction suggests that wa-
ter spinach possesses effective phytoremediation 
capabilities in absorbing or reducing dissolved 
substances in water (Nur et al., 2022). Treatments 
P2 and P3 exhibited different patterns. Although 
both showed a substantial increase in TDS on 
day 7, the subsequent reductions were not as ef-
ficient as in P1. This may indicate that the plant 
type or combination used in treatments P2 and 
P3 was less optimal in absorbing dissolved com-
pounds. The decomposition of organic matter 
from these aquatic plants may have contributed to 
an increased TDS load in the water (Hisama et al., 
2022; Basri et al., 2024).

According to Umar et al. (2023), the reduction 
in TDS observed in P1 is attributed to pollutant 
absorption through rhizofiltration mechanisms in 
the plant’s root system. In contrast, the less op-
timal reduction in P2 may be due to plant adap-
tation processes and the release of root exudates 
(Widiyanti et al., 2020; Shabrina et al., 2025). For 
the combined treatment, the minimal reduction is 
likely due to plant overcrowding, which may hin-
der nutrient uptake and slow growth (Paolacci et 
al., 2021; Aziz et al., 2022).

pH values

Observations of pH changes across treatments 
(Figure 8) revealed that in treatment P1, which in-
volved only water spinach, the pH gradually de-
creased from 8.0 to 7.30 by day 21. In treatment 

P2 using duckweed, the pH dropped sharply to 
6.57 on day 7, then increased to 7.50 by day 21. 
Similarly, in treatment P3, the pH decreased to 
6.74 but rose more significantly to 7.70 by day 21.

These observations suggest that water spinach 
influences the chemical balance of pond water 
through biological processes and the absorption 
of substances that affect acidity. Duckweed also 
contributes to pH reduction through its biologi-
cal activity (Hisama et al., 2022). However, the 
measured pH values across treatments generally 
ranged between 6 and 7, which is still considered 
neutral. This pH range is suitable for the growth 
and development of aquatic organisms, as it does 
not disrupt their metabolic processes (Rahmadi et 
al., 2025; Saleh et al., 2025).

In the combined treatment (P3), the increase 
in pH may be attributed to the interaction of both 
plant root systems, which likely reduced the con-
centration of dissolved carbon dioxide (CO₂) in 
the water, thereby increasing pH levels (Israeli-
Weinstein and Kimmel, 1998). Additionally, the 
decomposition of organic matter from aquatic 
plants can release hydroxyl (OH) and carboxyl 
(COOH) functional groups. The accumulation of 
these groups can bind free hydrogen ions (H⁺) in 
the water, ultimately raising the pH toward optimal 
conditions for aquatic life (Abdella et al., 2024).

According to Hasyim et al. (2025), pH 
changes are influenced by nutrient uptake from 
the plants. Therefore, plant-based phytoremedia-
tion systems do not pose critical risks to pH lev-
els and remain safe for application in freshwater 
aquaculture contexts.

Figure 7. TDS values under phytoremediation treatments in common carp pond water,
with treatments including: P1 – addition of water spinach; P2 – addition of duckweed; 

P3 – combination of water spinach and duckweed; K – no plant addition (control)
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CONCLUSION

This study demonstrates that  water spinach 
(Ipomoea aquatica) is highly effective in reduc-
ing ammonia levels and improving water qual-
ity in common carp (Cyprinus carpio) aquacul-
ture through phytoremediation. Among the four 
treatments tested, the use of water spinach (P1) 
showed the most significant reductions in ammo-
nia, BOD, COD, and TDS. The combination treat-
ment (P3) also showed good performance, though 
not as effective as P1. In contrast, the duckweed-
only treatment (P2) exhibited high fluctuations 
in ammonia levels, and the control group (K) 
showed no notable changes. These findings high-
light the strong potential of water spinach as an 
eco-friendly and sustainable phytoremediation 
agent to enhance water quality and environmental 
health in freshwater aquaculture systems.
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