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Abstract: Aquaculture activities with high stocking densities produce liquid and solid 
waste rich in organic matter, turbidity, and suspended solids. This study aimed to 
evaluate the effectiveness of the aquatic plant water lettuce (Pistia stratiotes) as a 
phytoremediator and the blood cockle shell (Anadara granosa) as a biofilter in 
treating aquaculture wastewater to enhance water quality and reduce nutrient loads. 
The research employed a Completely Randomized Design (CRD) with two factors: 
water lettuce density and observation time. Three treatments and three replications 
were conducted for 30 days. Water quality parameters measured included 
temperature, pH, dissolved oxygen (DO), nitrate, ammonia, and phosphate. The 
results showed that the combination of water lettuce and blood cockle shell biofilters 
with ten clumps of water lettuce was more effective in reducing phosphate levels, 
while five clumps were more effective for nitrate reduction. Both treatments produced 
similar plant growth performance, indicating flexibility in system design. 
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1. INTRODUCTION 
Aquaculture activities with high stocking 

densities have the potential to produce liquid and 
solid waste containing high levels of organic 
matter, turbidity, and suspended solids. The 
increase in organic elements such as nitrate and 
phosphate (N and P) generally originates from 
fish metabolic waste and uneaten feed (Dewi et 
al., 2023). Lukman & Bidawati (2023) also stated 
that wastewater from catfish farming contains 
nitrogen (N) and ammonia (NH₃), which are 
formed from the decomposition of proteins and 
amino acids derived from feed residues and fish 
feces. Feed residues contribute the largest 
portion of N and P waste in aquatic environments. 
Continuous increases in N and P can lead to 
nutrient enrichment, hyper-nutrification, changes 
in community structure, and alterations in aquatic 
productivity. 

The waste generated from aquaculture 
activities must be carefully considered to avoid 
disturbing the surrounding environment. The 
direct and continuous discharge of liquid or solid 
waste into natural water bodies causes pollution 
(Harihastuti et al., 2015). Therefore, aquaculture 
waste treatment is necessary as a standard of 
production success and as a form of responsible 
aquaculture that supports environmental 
sustainability (Rahim, 2018). In efforts to maintain 
the sustainability of fish farming, water quality 
management becomes a crucial focus. 

Shells have been proven effective in filtering 
solid particles and organic compounds in water, 

as well as having the ability to neutralize acids. 
Shells can also function as a water filtration 
medium, providing dual benefits by reducing 
waste and being cost-effective, while positively 
contributing to environmental sustainability. The 
main component found in blood clam shells is 
calcium carbonate (CaCO₃). Blood clam shells 
are waste products derived from leftover food-
processing materials from blood clams. The use 
of blood clam shells as a filter has been proven to 
be superior in improving water quality by 99.5% 
(Renitasari et al., 2023). In addition to using blood 
clam shells as a biofilter, phytoremediation 
techniques can also be applied to prevent 
pollution or losses caused by the discharge of 
aquaculture wastewater in a cost-effective and 
environmentally friendly manner. The use of 
plants to treat aquaculture waste has begun to be 
widely implemented. The principle of this system 
is the bioremediation of inorganic waste in fish 
farming media using plants. Water from fish 
culture tanks, which is rich in N and P, is 
channeled into planting media so that it can be 
utilized by aquatic plants. 

The use of the aquatic plant Pistia stratiotes 
(water lettuce) for treating liquid waste is being 
developed in Indonesia. This is because water 
lettuce has strong capabilities in reducing the 
levels of organic and inorganic compounds in 
wastewater. This plant is effective in absorbing 
and reducing various heavy metals such as Hg, 
Cd, Mn, Ag, Pb, and Zn in aquatic environments, 
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making it a suitable phytoremediation agent for 
improving water quality in polluted ecosystems. 

The use of water lettuce and blood clam shell 
biofilters to reduce waste levels in aquaculture 
through phytoremediation and filtration 
techniques has not been previously conducted. 
Therefore, this study is needed to measure the 
effectiveness of water lettuce as a 
phytoremediator and blood clam shell biofilters in 
processing organic aquaculture waste to improve 
pond water quality and reduce pollutant levels. 

 
2. MATERIALS AND METHODS 
2.1. Experimental Design 

This study was conducted in the Laboratory 
of Aquatic Productivity and Environment, 
University of Lampung. A Completely 
Randomized Design (CRD) was used with two 
factors: plant density and observation time. The 
treatments were: P0 (no plants), P1 (5 clumps of 
water lettuce), and P2 (10 clumps of water 
lettuce), each with three replications. The 
experiment lasted for 30 days using 90 liters of 
aquaculture wastewater. Samples were taken 
from the outlet for water quality testing. 
 
2.2. Water and Plant Measurements 
Water samples were collected every 10 days. 
Parameters measured included nitrate, 
ammonia, phosphate, dissolved oxygen (DO), 
pH, and temperature. DO and temperature were 
measured using a DO meter, pH using a pH 
meter, and chemical parameters were analyzed 
using spectrophotometry (APHA, 2005). Plant 
growth was assessed by measuring leaf width 
and fresh weight. 
 
Table 1. Parameters for measuring water and plant 
quality 

Parameter Unit Method Location 

a. Physic    

1. Suhu 0C 
Thermistor pada 
DO meter In-situ 

b. Kimia    

1. pH mg/L pH meter In-situ 

2. DO mg/L DO meter In-situ 

3. Amonia mg/L Spektrofotometri Ex-situ 

 
2.3. Data Analysis 

Data were analyzed using ANOVA (Analysis 
of Variance). Significant differences among 
treatments were further analyzed using Duncan’s 
multiple range test at a 5% significance level. 
 
3. Results and Discussions 
3.1. Results 
3.1.1.  Dissolved Oxygen (DO) 
The results of observations of dissolved oxygen 
values during 30 days of observation can be seen 
in Figure 1.  
 

 
 
Figure 1. Changes in DO values. 
 

The results of the study showed that 
dissolved oxygen concentrations did not differ 
significantly between treatments (p > 0.05). 
Dissolved oxygen concentrations tended to 
decrease at the end of the observation period. 
DO values ranged from 6.5-6.7 mg/L at H0; 6.71-
7.41 mg/L at H10; 6.19-7.80 mg/L at H20; and 
6.03-7.0 mg/L at H30. 

 
3.1.2. pH 

The results of observations of water pH 
values during 30 days of observation can be seen 
in Figure 2. 

 
Figure 2. Changes in pH value. 
 
The research results showed that the water pH 
concentration did not differ significantly between 
treatments (p > 0.05). The pH values ranged from 
7.76-8.27 at H0; 7.76-8.03 at H10; 7.36-7.79 at 
H20; and 7.02-7.40 at H30. 
 
3.1.3. Temperature 

The results of water temperature 
observations over 30 days can be seen in Figure 
3. 
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Figure 3. Changes in temperature values. 
The results of the study showed that the water 
temperature concentration did not differ 
significantly between treatments (p > 0.05). 
Temperature values ranged from 28.7-29 0C at 
H0; 30-30.7 0C at H10; 30-31.5 0C at H20; and 
30-30.6 0C at H30. 
 
3.1.4. Ammonia (NH3) 

The results of the ammonia (NH3) 
observations over 30 days can be seen in Figure 
4. 

 
Figure 4. Changes in ammonia concentration 
(NH3) 
 

The research results showed that 
ammonia (NH3) parameters differed significantly 
on day 30 of treatment (p < 0.05). Ammonia 
values were 1.24 mg/L at H0; 0.81-1.28 mg/L at 
H10; 1.27-2.54 mg/L at H20; and 1.94-4.72 mg/L 
at H30. 
 
3.2. Discussions 

Dissolved oxygen (DO) values did not 
show significant differences between treatments 
(p > 0.05). This may be due to the aeration of the 
culture medium during the study to maintain 
dissolved oxygen concentration. Dissolved 
oxygen also functions in the process of breaking 
down organic matter into dissolved inorganic 
nutrients that can be utilized by plants. Dissolved 
oxygen values in the study decreased at the end 
of the observation but remained within the 
tolerance range for the life of farmed fish. The 
optimum dissolved oxygen concentration for fish 
growth is around 5-7.5 mg/L (DeLong et al. 2009). 
The decrease in dissolved oxygen concentration 
is thought to be due to the high input of organic 
matter, which causes the process of organic 
matter decomposition by bacteria using oxygen. 

Temperature did not show significant 
differences between treatments (p > 0.05). The 
temperature conditions in this study did not 
fluctuate significantly. Temperatures during the 
study ranged from 26.5 to 30.11 °C, a range still 
considered optimal for the growth of farmed fish 
(DeLong et al., 2009). The acidity (pH) values 
between treatments did not show significant 
differences (p > 0.05). The pH decreased at the 
end of the observation (Appendix 21c). The 

decrease in pH in the water is related to the high 
amount of organic matter entering the water. The 
process of breaking down organic matter in the 
water produces CO2 (Nugroho et al., 2012), 
which causes the water to become acidic. 
According to DeLong et al. (2009), the optimum 
pH for aquatic plant growth is below 7. A pH in 
the range of 6-7 will maintain the form of 
ammonia as NH4

+, thus lowering ammonia 
toxicity. 

Ammonia (NH3) is toxic to aquatic 
organisms, while ammonium (NH4

+) is harmless 
and is a form that can be utilized by plants as a 
nutrient source. The change in form between NH3 
and NH4

+ in water is influenced by pH and 
temperature (Goldman and Horne, 1983). The 
percentage of NH3 in water will decrease as the 
pH and temperature of the water decrease. 
During the study, the concentration of NH3 
increased from the 20th to the 30th day. A 
nutrient source for plants other than NH4

+ is NO3. 
For higher plants, NO3 must first be reduced to 
NH4

+ before being assimilated because the 
energy required to assimilate NH4+ is lower than 
NO3 (Wetzel, 2001).  

The process of managing fish farming 
waste using economically valuable plants such 
as water lettuce is expected to provide added 
value. Aquaponics is an effective and efficient 
method because it can be managed in a single 
recirculation cycle. 

 
4. CONCLUSIONS 

The conclusion of this study is that the 
water quality parameters in the form of 
temperature, dissolved oxygen, and pH are still 
within the standard quality range and are optimal 
for the growth of aquatic plants, and the ammonia 
parameter increased on the last day of 
observation because it came from the decay of 
dead apu-apu leaves. 

 
ACKNOWLEDGMENTS 

The author would like to thank the 
University of Lampung for providing research 
funding assistance for the 2025 DIPA BLU Unila 
with contract agreement number: 
627/UN26.21/PN/2025, as well as to students 
(Reza Raihandi Akbar and Ferdi Naziep Akbar 
Jaya) and all parties who have assisted in the 
implementation of this research so that it can run 
smoothly. 

 
REFERENCES 
[APHA] American Public Health Assosiation. 

(2005). Standard Methods for the 
Examination of Water and Wastewater. 
Waldorf, Maryland: American Public Health 
Association Publication Sales. 264p. 

 
Aridhani, A., Kurnyawat, N., Oko, S. 

Pemanfaatan Cangkang Kerang Hijau 
Sebagai Adsorben Untuk Menurunkan 

a
a

a

a

a
a

a

ab

a a

a

b

0.0

1.0

2.0

3.0

4.0

5.0

6.0

H0 H10 H20 H30

N
H

3
 (

m
g/

L)

Day to

Kontrol

P1

P2

https://conference.lppm.unila.ac.id/index.php/icsiger
https://doi.org/10.23960/icsiger


ICSIGER- International Conference on Science and Emerging Technology 
 

Available online at https://conference.lppm.unila.ac.id/index.php/icsiger  
DOI: https://doi.org/10.23960/icsiger  49 

Kadar Besi (Fe2+) Dalam Air. Prosiding 5th 
Seminar Nasional Penelitian & Pengabdian 
Kepada Masyarakat, 13-16. 

 
Dewi, P. P. K., Kharisma Putri Maharani, K. P., 

Yuliaa, L. P., Sari, A. K. (2023). Efektivitas 
Fitoremediasi Kayu Apu (Pistia Stratiotes L.) 
Dalam Memperbaiki Kualitas Air. Florea: 
Jurnal Biologi dan Pembelajarannya, 10(2), 
66-76. DOI : 10.25273/florea.v10i2.21163. 

 
Dewi, U. S., Santoso, S., Proklamasiningsih, E. 

(2021). Fitoremediasi Menggunakan Kayu 
Apu (Pistia stratiotes) untuk Menurunkan 
Kadar COD Limbah Cair Tekstil. 
BioEksakta: Jurnal Ilmiah Biologi Unsoed, 
3(2), 78-83. 

 
Jubaedah, D., Marsi, Wijayanti, M., Yulisman, 

Mukti, R. C., Yonarta, D., Fitriana, E. F. 
(2020). Aplikasi Sistem Resirkulasi 
Menggunakan Filter Dalam Pengelolaan 
Kualitas Air Budidaya Ikan Lele. Jurnal 
AKUAKULTURA, 4(1), 1-5. 

 
Lukman, N., Binawati, D. K. (2023). Fitoremediasi 

Kayu Apu (Pistisia stratiotes L.) Dan Arang 
Kayu Dalam Memperbaiki Kualitas Air Pada 
Limbah Cair Tahu (Skala Laboratorium), 
Prosiding Seminar Nasional Hasil Riset dan 
Pengabdian, 1705-1711. 

 
Maya, K. S., Purwandito, P., Mutia, E. (2021). 

Prototipe Penjernihan Air Menggunakan 
Cangkang Kerang Pada Desa Meurandeh 
Kecamatan Manyak Payed. Jurnal Ilmiah 
Teknik Sipil Agregat, 1(2), 113 – 118. 

 
Padmiswari, A. A. I. M., Wulansari, N. T., 

Indrawan, G. S. (2023). Pemanfaatan 
Cangkang Kerang Darah (Anadara granosa) 
Sebagai Adsorben Logam Pb Pada Perairan 
Serangan Bali.    BIO-EDU:    Jurnal    
Pendidikan    Biologi,    8(1),    80-87. 

https://doi.org/10.32938/jbe.v8i1.1090 
 
Pungut, Widyastuti, S., Wiyarno, Y., Ratnawati, 

R. (2022). Kombinasi Media Filter Cangkang 
Kerang (Anadara granosa) Zeolit, Kerikil dan 
Resin Anion Resin Kation untuk 
Menurunkan BOD, COD, pH, Kekeruhan, 
dan Salinitas Pada Air Laut. Prosiding 
Seminar Nasional Hasil Riset dan 
Pengabdian, 659-669. 

 
Putri, E. S. C., Lisminingsih, R. D., Latuconsina, 

H. (2022). Kemampuan Tumbuhan Kayu 
Apu (Pistia stratiotes) dan Eceng Gondok 
(Eichhornia crassipes) Dalam Menurunkan 
Kadar Amoniak pada Limbah Budidaya Ikan 
Lele Sangkuriang (Clarias gariepinus Var). 
Jurnal Riset Perikanan Dan Kelautan, 4(2), 
476 – 486. 

 
Renitasari, D.P., Ihwan, Syahrir, M. (2023). 

Minimaliser Limbah N dan P Tambak Udang 
Vaname Dengan Memanfaatkan Biofilter 
Kerang Darah (Anadara granosa). Jurnal 
Sains Akuakultur Tropis, 1(1), 139-145. 

  
Rokhmadhoni, R. A., dan Marsono, B. D. (2019). 

Kulit Kerang Sebagai Media Alternatif Filter 
Anaerobik untuk Mengolah Air Limbah 
Domestik. Jurnal Teknik ITS, 8(1), 46-50. 

 
Suprihadi, Thaibb, A., Nurhayati, dan Handayani, 

L. (2023). Potensi limbah perikanan sebagai 
alternatif sumber kalsium alami: sebuah 
kajian. Acta Aquatica: Aquatic Sciences 
Journal, 10(2), 163-171. 

 
Sari, I, & Thohari, I. (2021). Pengaruh 

fitoremediasi tanaman apu-apu 
(Echinodorus palaefolius) terhadap 
penurunan kadar fosfat pada limbah 
laundry. Jurnal Penelitian Kesehatan 
“SUARA FORIKES” (Journal of Health 
Research “Forikes Voice”), 12(1): 10– 13. 

 
Saribanon, N., R. Dhevan Cahyo Adi Putra 

Perdana, D. C. A. P., Oktavina, A., Andrias, 
A., Ilmi, F., Effendi, A. N. (2024). Inovasi 
Teknik Filtrasi dengan Limbah Kulit Kerang 
untuk Budidaya Ikan dalam Program 
Pemberdayaan Masyarakat Kelurahan 
Warakas Tanjung Priok Jakarta Utara. 
Jurnal Dinamika, 9(2), 204-207. DOI : 
10.25047/j- dinamika.v9i2.4385. 

 
Wulandari, Cokrowati, N., Astriana, B. H., 

Diniarti, N. (2019). Penurunan Nilai Padatan 
Tersuspensi Pada Limbah Tambak Udang 
Intensif Menggunakan Kerang Darah 
(Anadara granosa). Jurnal Kelautan, 12(2), 
123-130. 

 
Wulandari, L , Fatimah, I , Handayani, T , 

Yulintine , dan Maryani. (2023). 
Fitoremediasi limbah budidaya ikan lele 
dumbo (Clarias gariepinus) dengan 
menggunakan kiambang (Salvinia molesta) 
dan kayu apu (Pistia stratiotes). Jurnal 
Akuakultur Sebatin, 4(2): 1-9. 

https://conference.lppm.unila.ac.id/index.php/icsiger
https://doi.org/10.23960/icsiger

