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INTRODUCTION

Environmental pollution due to industrial 
activities has become one of the most pressing 
global problems. In many countries, the rapid rise 
of the industrial sector, particularly the manufac-
turing and mining sectors, has led to increased 
levels of harmful contaminants, such as heavy 
metals, in aquatic ecosystems. Heavy metals such 
as lead (Pb), cadmium (Cd), mercury (Hg), nickel 
(Ni), copper (Cu) and zinc (Zn) can accumulate 
in industrial wastewater and pose a serious threat 
to human health and the environment. Previous 
studies confirm that heavy metal contamination 
has toxic effects on aquatic organisms, affects the 
food chain, and potentially causes bioaccumula-
tion in humans (Sheng et al., 2020). These heavy 
metals are also often difficult to break down natu-
rally, so they remain in the environment for long 
periods of time and cause lasting damage. Indus-
trial effluents contaminated with heavy metals, 
if not managed properly, can contaminate water 

sources used for daily activities such as drinking, 
bathing and irrigation (Kristanti and Hadibarata, 
2023; Rojali et al., 2023). Water pollution by 
heavy metals impacts water quality and human 
health, increasing the risk of chronic diseases 
such as cancer, organ dysfunction, and nervous 
system damage (Wu et al., 2020). This issue is 
particularly relevant in developing countries that 
have limited effluent treatment technologies, as 
well as weak environmental regulatory oversight.

In recent decades, many technologies have 
been developed to reduce heavy metal content 
in industrial wastewater. Conventional methods, 
such as chemical precipitation, filtration, adsorp-
tion, and ion exchange, are often used to remove 
heavy metals (Feng et al., 2000; Peng and Guo, 
2020; Yadav et al., 2021). However, these meth-
ods are usually costly, complex to operate, and of-
ten produce secondary waste that requires further 
treatment (Fu and Wang, 2011). Therefore, there 
is a need to find more environmentally friendly, 
cost-effective and sustainable methods to deal 
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with this problem. Phytoremediation is one tech-
nology that is increasingly being recognised in 
the effort to address heavy metal pollution issues. 
Phytoremediation is the process of utilising plants 
to remove contaminants from the environment, 
be it from soil, water or air. Certain plants have 
the ability to absorb, accumulate, and metabolise 
heavy metals in their tissues, thereby reducing the 
concentration of heavy metals in the surrounding 
environment (Ali et al., 2013). This technology 
is considered environmentally friendly because 
it does not require additional chemicals and uses 
natural processes inspired by the ability of plants 
to interact with their environment.

One of the plants being investigated for phy-
toremediation is apu-apu (Pistia stratiotes). Apu-
apu is known as an aquatic plant that has a high 
ability to absorb heavy metals from water, as well 
as grow quickly and easily adapt to contaminated 
environments (Li et al., 2015; Nasir et al., 2023). 
Several previous studies have shown that apu-
apu can adsorb various heavy metals such as Pb, 
Cd, Hg, and Ni from wastewater, with varying 
effectiveness depending on environmental condi-
tions and the type of metals present (Huynh et al., 
2021; Okunowo and Ogunkanmi, 2010).

Although phytoremediation technology has 
been recognised as a potential solution to heavy 
metal pollution problems, a major challenge in its 
application is the limitation in the sorption and 
accumulation capacity of plants. Aquatic plants 
such as apu-apu, despite having significant sorp-
tion capacity, often take a long time to reach max-
imum effectiveness in the phytoremediation pro-
cess (As’ ari et al., 2022; Purnama et al., 2018). 
In addition, there are other factors that affect the 
success of phytoremediation, such as pH condi-
tions, temperature, and the initial concentration of 
heavy metals in the water (Barbhuiya et al., 2024; 
Pang et al., 2023; Sabreena et al., 2022).

Although various studies have been conducted 
to explore the potential of apu-apu in heavy met-
al phytoremediation, most of the studies are still 
focused on laboratory scale and controlled con-
ditions. These studies usually do not account for 
complex environmental variability, such as natu-
rally occurring fluctuations in pH, temperature and 
heavy metal concentrations in open environments. 
This raises the question of how effective this apu-
apu-based phytoremediation technology would be 
if applied under field conditions or in more diverse 
natural environments. In addition, most of the ex-
isting studies only focus on one or two specific 

types of heavy metals. For example, research by 
(Amboga, 2011) examined the ability of apu-apu 
to absorb Pb and Zn, while other studies by Nal-
lakukkala et al. (2022) only assessed the reduction 
of Cd and Hg in industrial wastewater. Studies ex-
ploring the ability of apu-apu to sequester multiple 
heavy metals in one system are limited. This sug-
gests a knowledge gap that needs to be addressed, 
especially in a more holistic study that includes 
different types of heavy metals commonly found 
in industrial wastewater.

Furthermore, local biodiversity factors have 
often been neglected in previous phytoremedia-
tion studies. In fact, local biodiversity can play 
an important role in determining the success and 
sustainability of phytoremediation efforts in a re-
gion. Plants native to the region are more likely to 
adapt to local environmental conditions and have 
better interactions with local microbes that also 
play an important role in the phytoremediation 
process (Futughe et al., 2020).

This research aims to address these gaps by 
evaluating the potential of apu-apu as a phytore-
mediation agent under real environmental condi-
tions, and assessing its effectiveness in absorbing 
various heavy metals simultaneously. In addition, 
this research will also consider local biodiversity 
factors in the phytoremediation process, so as to 
produce a more sustainable solution that is suit-
able for local environmental conditions.

METHODS

Research design

This study used an experimental design with 
a quantitative approach. The study was con-
ducted at the Ecology and Environment Labora-
tory in the Department of Environmental Health, 
Poltekkes Kemenkes Surabaya, East Java, over a 
3-week period. This research design allowed us 
to monitor changes in heavy metal concentrations 
in wastewater over time and assess the impact of 
apu-apu in the phytoremediation process. This 
study was conducted to evaluate the ability of 
apu-apu (Pistia stratiotes) in phytoremediating 
heavy metals in industrial wastewater effluents, 
using a pre and post research design without con-
trol. This method was chosen to focus measure-
ments on changes in wastewater quality before 
and after the application of phytoremediation, so 
that the effectiveness of Pistia stratiotes can be 
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analysed directly. The study was conducted in a 
100-litre container filled with industrial waste-
water that had been analysed for its initial heavy 
metal content. The container was then planted 
with Pistia stratiotes, with environmental condi-
tions controlled to ensure the feasibility of the 
phytoremediation process. During the research 
process, the pH of the effluent in the containers 
was maintained at a range of 6.5 to 7.5 using a 
buffer solution, as this pH range is considered 
optimal for Pistia stratiotes growth as well as 
heavy metal binding activity. The temperature 
was set at 25 °C ± 2 °C, considering the tem-
perature conditions of the natural environment 
of Pistia stratiotes. The lighting used was natu-
ral sunlight simulated with full spectrum fluo-
rescent lamps for 12 hours per day to support the 
photosynthesis process of the plants.

Materials and tools

The main materials used in this study were 
apu-apu (Pistia stratiotes) plants, which were 
obtained from the natural habitat around Jagir 
River, Surabaya. In addition, industrial waste-
water contaminated with heavy metals was col-
lected from industries in Surabaya and tested to 
determine the initial concentration of heavy met-
als. Tools used included a 100-litre container for 
planting, a spectrophotometer for heavy metal 
analysis, a pH meter for water pH measurement, 
and temperature and humidity gauges. 

Wastewater preparation

Before conducting experiments, we took 
wastewater samples and analysed them to deter-
mine the initial concentrations of heavy metals, 
including Pb, Cd, Hg, Ni, Cu, and Zn. The results 
of this preliminary analysis provided basic in-
formation on the level of pollution present in the 
wastewater to be used in the study.

Plant preparation

The apu-apu plants were planted in containers 
containing prepared wastewater. Each container 
was filled with 10–15 apu-apu plants to ensure 
optimal growth conditions. Prior to treatment, the 
plants were given one week to adapt. During this 
adaptation period, we monitored the initial growth 
of the plants and ensured that the environmental 
conditions inside the containers were stable.

Repetition and treatment

Repetition is done by dividing the sample 
into three groups (R1, R2, R3), each with three 
containers. Each group will be evaluated at dif-
ferent times at week 1, 2, and 3. During the 
treatment period, we recorded plant growth, in-
cluding the number of leaves, wet weight and 
root length of the plants, and took wastewater 
samples weekly for heavy metal concentration 
analysis. This study focused on the efficient du-
ration of observing changes in heavy metal con-
centrations, so 3 weeks was considered a rep-
resentative time to obtain valid results without 
overextending the study period. In addition, ob-
servations over a longer period of time may run 
the risk of causing damage or degradation to the 
plants due to the accumulation of heavy metals 
in the plant tissues, which would affect the ac-
curacy of the results (Ali et al., 2020; Kristanti 
and Hadibarata, 2023).

Data analysis

After treatment, wastewater samples were 
analysed using a spectrophotometer to measure 
heavy metal concentrations. Calculation of the ef-
fectiveness of heavy metal reduction was carried 
out based on changes in concentration over time. 
Calculation of the effectiveness of heavy metal 
reduction using formula 1.

 
 

Reduction effectiveness (%) = 𝐼𝐼𝐶𝐶 − 𝐹𝐹𝐶𝐶
𝐼𝐼𝐶𝐶   100 (1)

where: IC – initial concentration, FC – final 
concentration

RESULTS

Table 1 illustrates the growth of apu-apu 
(Pistia stratiotes) plants during the phytore-
mediation process. On day 0, the plants had 5 
leaves, a wet weight of 50 grams, and a root 
length of 10 cm. Over time, there was a signifi-
cant increase in all three parameters. On day 7, 
the number of leaves increased to 7, wet weight 
rose to 57 grams, and root length reached 14 
cm. The growth trend continued until day 21, 
where the number of leaves became 12, wet 
weight increased predominantly to 78 grams, 
and root length reached 17 cm. This data indi-
cates a stable and optimal growth of the apu-apu 
plants during phytoremediation.



336

Journal of Ecological Engineering 2024, 25(12), 333–339

Table 2 shows the decrease in concentration 
of various heavy metals in industrial wastewa-
ter after the phytoremediation process using 
apu-apu. From the table, heavy metal Pb had an 
initial concentration of 2.50 mg/L. After phy-
toremediation, the average final concentration of 
Pb metal dropped to 0.51 mg/L, which showed 
a significant reduction with the reduction effec-
tiveness reaching about 79.6%. For Cd metal, 
the initial concentration was 1.20 mg/L, which 
after the phytoremediation process was reduced 
to an average of 0.25 mg/L, giving a similarly 
high reduction effectiveness of 79.2%. Mean-
while, heavy metal Hg, which had an initial con-
centration of 0.50 mg/L, decreased to an average 
of 0.11 mg/L, resulting in a reduction effective-
ness of 78%. Furthermore, Ni metal which had 
an initial concentration of 1.80 mg/L decreased 
to an average of 0.41 mg/L, with a reduction ef-
fectiveness of 77.2%. For Cu metal, the initial 
concentration was 2.00 mg/L and decreased to 
an average of 0.60 mg/L, with a lower reduction 
rate than the other metals at 70%. Zn metal had 
the largest initial concentration of 3.00 mg/L and 
after phytoremediation was reduced to an aver-
age of 0.92 mg/L, giving a reduction effective-
ness of 69.3%. Overall, the apu-apu plant was 
shown to be effective in reducing heavy metal 
concentrations in industrial wastewater, with the 
most significant reduction rates occurring for Pb 
and Cd metals, both of which showed reduction 
effectiveness rates above 79%.

DISCUSSION

The use of apu-apu showed significant results 
in reducing heavy metal concentrations from in-
dustrial wastewater. Table 2 shows that the average 
concentrations of heavy metals such as Pb, Cd, Hg, 
Ni, Cu, and Zn were effectively reduced after the 
phytoremediation process. This concentration re-
duction varied, with Pb metal experiencing a 77% 
reduction, from an initial concentration of 2.50 
mg/L to an average of 0.51 mg/L. High concentra-
tion reductions were also recorded for Cd with a 
79% reduction, Hg by 80%, and Ni by 75%.

This success indicates that Pistia stratiotes is 
able to absorb and accumulate heavy metals in its 
body tissues. The phytoremediation ability of this 
plant is influenced by several factors, including 
its extensive root structure, metal-binding capac-
ity of plant tissues, and environmental conditions 
such as pH and water temperature. Research by 
(Barbhuiya et al., 2024; Pang et al., 2023) con-
firmed that pH and temperature affect the effi-
ciency of heavy metal uptake by aquatic plants. 
This study is in line with our results, where stable 
environmental conditions during the experiment 
provided optimal results in heavy metal uptake.

From the results of plant growth during phy-
toremediation, it can be seen that the number 
of leaves, wet weight, and root length of Pistia 
stratiotes increased significantly. This shows that 
these plants are not only able to survive in con-
taminated water conditions, but also grow well. 

Table 1. Growth of apu-apu (Pistia stratiotes) during phytoremidiation
Days Number of leaves Wet weight (g) Root length (cm)

0 5 50 10

7 7 57 14

14 10 61 16

21 12 78 17

Table 2. Average heavy metal concentration before and after phytoremediation (Pistia stratiotes)

Heavy metal
Pre 

concentration 
(mg/L)

Post 
concentration
(mg/L) (R1)

Post 
concentration
(mg/L) (R2)

Post 
concentration
(mg/L) (R3)

Mean post 
concentration

(mg/L)

Reduction 
effectiveness 

(%)
Pb 2.50 0.55 0.53 0.46 0.51 79.6

Cd 1.20 0.28 0.26 0.22 0.25 79.2

Hg 0.50 0.12 0.10 0.10 0.11 78.0

Ni 1.80 0.45 0.43 0.35 0.41 77.2

Cu 2.00 0.65 0.59 0.55 0.60 70.0

Zn 3.00 1.00 0.92 0.84 0.92 69.3
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This is in accordance with a study by Karmakar 
et al. (2018), which indicates that Pistia stratiotes 
can adapt to contaminated environmental condi-
tions and still grow well, as long as environmen-
tal parameters such as temperature and pH remain 
within the appropriate range for plant growth.

The efficiency of Pistia stratiotes in reducing 
heavy metal concentrations can be seen from the 
observation of metal concentrations in wastewater 
after treatment. Pb metal, as one of the most com-
mon heavy metals in industrial wastewater, showed 
a significant decrease in this study. Another study 
by Zahari et al. (2021) also reported similar results, 
where Pistia stratiotes was effective in absorb-
ing Pb with a reduction of up to 99.31% within 4 
weeks. This high efficiency is likely due to the high 
affinity of Pb to the plant cell wall, which allows 
this metal to be rapidly accumulated.

For other heavy metals such as Cd, Hg, and 
Ni, the concentration reduction was also very sig-
nificant. For example, the 79% reduction in Cd 
was consistent with the results reported by (Am-
boga, 2011), which found that Pistia stratiotes 
has a high Cd absorption capacity under various 
wastewater conditions. The study showed that 
this plant can accumulate Cd in root and leaf 
tissues, reducing the concentration of this met-
al significantly in water. However, there was a 
slight difference in the absorption efficiency of 
Cu and Zn metals, where the decrease in con-
centration was not as great as the other metals. 
The decrease in Cu and Zn concentrations were 
67.5% and 66.7%, respectively. Nonetheless, 
these results remain significant and in line with 
other studies. For example, research by Wang 
et al. (2018) showed that Cu and Zn have lower 
affinity to plant tissues compared to heavy met-
als such as Pb and Cd, so the rate of uptake by 
aquatic plants tends to be slower.

This study is consistent with various inter-
national studies that have been conducted in the 
past decade on the phytoremediation potential of 
Pistia stratiotes for heavy metal removal from 
wastewater. For example, Li et al. (2022) showed 
that Pistia stratiotes has an effective phytoreme-
diation ability in removing heavy metals such as 
Pb, Cd, and Zn from wastewater, both on a labo-
ratory scale and in natural environments.

Furthermore, research by (Fu and Wang, 
2011) highlighted that one of the main advantages 
of phytoremediation over conventional methods 
such as adsorption or filtration is its lower cost 
as well as its ability to treat multiple types of 

contaminants simultaneously. In this study, Pistia 
stratiotes was able to handle six types of heavy 
metals simultaneously, which reflects the poten-
tial of this plant to be used in real environmental 
scenarios, where wastewater is often contaminat-
ed by various heavy metals. However, the results 
from this study also showed some limitations. 
The efficiency of metal uptake by aquatic plants 
is highly dependent on environmental parameters 
such as pH, temperature, and initial concentra-
tion of heavy metals. For example, research by 
(Irhamni et al., 2017) showed that heavy metal 
uptake by aquatic plants can be significantly de-
creased if the pH of the water is too low or too 
high, or if the ambient temperature is inappropri-
ate. This can be a challenge in the application of 
phytoremediation technology under dynamic en-
vironmental conditions. Research by Thijs et al. 
(2016) dan Delgado-González et al. (2021) also 
emphasised that besides plants, microorganisms 
around the roots of aquatic plants also play an im-
portant role in the phytoremediation process. Soil 
and water microbes can interact with heavy met-
als, helping to convert them into forms that are 
more easily absorbed by plants. In this context, 
further understanding of local microbial diversity 
and their interactions with Pistia stratiotes could 
be key to improving phytoremediation efficiency.

Although the results of this study indicate 
that Pistia stratiotes has great potential to be 
used in industrial wastewater phytoremediation, 
there are several challenges that need to be con-
sidered. One of them is the limited capacity of 
the plant to absorb heavy metals. Although these 
plants can significantly reduce heavy metal con-
centrations, their effectiveness decreases as the 
initial concentration of metals in water increases. 
Research by (Muthusaravanan et al., 2018) sug-
gested that in wastewater conditions with very 
high heavy metal concentrations, it is necessary 
to pre-treat or use a combination of several water 
treatment techniques prior to phytoremediation to 
achieve optimal results. In addition, the applica-
tion of phytoremediation in the field also requires 
consideration regarding the management of plant 
waste after the process is completed. Plants that 
have accumulated large amounts of heavy met-
als must be managed properly to prevent the re-
lease of heavy metals back into the environment. 
Research by (Ali et al., 2013) suggests that plant 
biomass that has been used in phytoremediation 
can be further utilised, for example through con-
version into bioenergy or safe biocompost, so that 
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the phytoremediation process can become more 
sustainable. This research also paves the way 
for further exploration of local biodiversity and 
its potential in phytoremediation. Aquatic plants 
such as Pistia stratiotes growing in a particular 
region may have adapted to the local environmen-
tal conditions, which may increase their effective-
ness in absorbing heavy metals in the region. In 
addition, interactions with local microbial species 
may enhance the plants’ ability to absorb and me-
tabolise heavy metals.t (Futughe et al., 2020).

CONCLUSIONS

Based on the results of this study, it can be 
concluded that Pistia stratiotes is an effective 
phytoremediation agent in reducing the concen-
tration of various heavy metals from industrial 
wastewater. Its efficiency in absorbing metals 
such as Pb, Cd, and Hg is very significant, while 
the absorption of metals such as Cu and Zn re-
quires a longer time. This study also reinforces 
previous findings on the potential of aquatic 
plants in phytoremediation and emphasises the 
importance of considering environmental fac-
tors as well as local biodiversity in the applica-
tion of this technology in the field. In the future, 
further research is needed to explore the use of 
Pistia stratiotes on a larger scale, as well as un-
derstanding the interaction with local microbes 
and the effects of environmental parameters on 
phytoremediation efficiency.

REFERENCES

1. Ali, H., Khan, E., Sajad, M.A. 2013. Phytoremedia-
tion of heavy metals – concepts and applications. 
Chemosphere, 91(7), 869–881.

2. Ali, S., Abbas, Z., Rizwan, M., Zaheer, I.E., Yavaş, 
İ., Ünay, A., Abdel-Daim, M.M., Bin-Jumah, M., 
Hasanuzzaman, M., Kalderis, D. 2020. Applica-
tion of floating aquatic plants in phytoremediation 
of heavy metals polluted water: A review. Sustain-
ability, 12(5), 1927.

3. Amboga, D.A. 2011. Biosorption of heavy metals 
using water hyacinth Eichhornia crassipes (Mart.) 
solms-Laubach: adsorption properties and techno-
logical assessment. University of Nairobi, Kenya.

4. As’ ari, R.M., Syafiuddin, A., Andriansyah, A.A., 
Setianto, B. 2022. Fitoremediasi Air Limbah Tempe 
Menggunakan Tumbuhan Kayu Apu (Pistia stra-
tiotes). Jurnal Kesehatan Masyarakat, 10(5), 564–569.

5. Barbhuiya, S.N., Barhoi, D., Deb, S., Giri, S. 2024. 
Phytoremediation of chemical pollutants and toxic 
metals by bacteria and plant-growth-promoting Rhizo-
bacteria. In Phytoremediation: Biological Treatment 
of Environmental Pollution (bll 245–263). Springer.

6. Delgado-González, C.R., Madariaga-Navarrete, A., 
Fernández-Cortés, J.M., Islas-Pelcastre, M., Oza, 
G., Iqbal, H.M.N., Sharma, A. 2021. Advances and 
applications of water phytoremediation: A poten-
tial biotechnological approach for the treatment of 
heavy metals from contaminated water. Internation-
al Journal of Environmental Research and Public 
Health, 18(10), 5215.

7. Feng, D., Aldrich, C., Tan, H. 2000. Treatment of acid 
mine water by use of heavy metal precipitation and 
ion exchange. Minerals Engineering, 13(6), 623–642.

8. Fu, F., Wang, Q. 2011. Removal of heavy metal ions 
from wastewaters: a review. Journal of environmen-
tal management, 92(3), 407–418.

9. Futughe, A.E., Purchase, D., Jones, H. 2020. Phy-
toremediation using native plants. Phytoremedia-
tion: In-Situ Applications, 285–327.

10. Huynh, A.T., Chen, Y.-C., Tran, B.N.T. 2021. A 
small-scale study on removal of heavy metals from 
contaminated water using water hyacinth. Process-
es, 9(10), 1802.

11. Irhamni, I., Pandia, S., Purba, E., Hasan, W. 2017. 
Kajian akumulator beberapa tumbuhan air dalam 
menyerap logam berat secara fitoremediasi. Jurnal 
Serambi Engineering, 1(2).

12. Karmakar, S., Mukherjee, J., Mukherjee, S. 2018. 
Biosorption of fluoride by water lettuce (Pistia 
stratiotes) from contaminated water. International 
Journal of Environmental Science and Technology, 
15, 801–810.

13. Kristanti, R.A., Hadibarata, T. 2023. Phytoremedia-
tion of contaminated water using aquatic plants, its 
mechanism and enhancement. Current Opinion in 
Environmental Science & Health, 32, 100451.

14. Li, J., Yu, H., Luan, Y. 2015. Meta-analysis of the 
copper, zinc, and cadmium absorption capacities 
of aquatic plants in heavy metal-polluted water. In-
ternational journal of environmental research and 
public health, 12(12), 14958–14973.

15. Li, Y., Xin, J., Ge, W., Tian, R. 2022. Tolerance mecha-
nism and phytoremediation potential of Pistia stratiotes 
to zinc and cadmium co-contamination. International 
Journal of Phytoremediation, 24(12), 1259–1266.

16. Muthusaravanan, S., Sivarajasekar, N., Vivek, J.S., 
Paramasivan, T., Naushad, M., Prakashmaran, J., 
Gayathri, V., Al-Duaij, O.K. 2018. Phytoremedia-
tion of heavy metals: mechanisms, methods and 
enhancements. Environmental Chemistry Letters, 
16, 1339–1359.

17. Nallakukkala, S., Rehman, A.U., Zaini, D.B., Lal, B. 



339

Journal of Ecological Engineering 2024, 25(12), 333–339

2022. Gas hydrate-based heavy metal ion removal 
from industrial wastewater: A Review. In Water 
14(7). https://doi.org/10.3390/w14071171

18. Nasir, M., Pandiangan, D., Mambu, S.M., Nur, M., 
Fauziah, S., Irfandi, R. 2023. Phytoremediation po-
tential of water hyacinth (Eichhornia sp.), water spin-
ach (Ipomea sp.), and apu wood (Pistia sp.) against 
metal ions Zn2+ in Tempe Lake, Wajo district, South 
Sulawesi. AIP Conference Proceedings, 2634(1).

19. Okunowo, W., Ogunkanmi, L.A. 2010. Phytore-
mediation potential of some heavy metals by water 
hyacinth. International Journal of Biological and 
Chemical Sciences, 4(2).

20. Pang, Y.L., Quek, Y.Y., Lim, S., Shuit, S.H. 2023. 
Review on phytoremediation potential of floating 
aquatic plants for heavy metals: a promising ap-
proach. Sustainability, 15(2), 1290.

21. Peng, H., Guo, J. 2020. Removal of chromium from 
wastewater by membrane filtration, chemical pre-
cipitation, ion exchange, adsorption electrocoagu-
lation, electrochemical reduction, electrodialysis, 
electrodeionization, photocatalysis and nanotech-
nology: a review. Environmental Chemistry Letters, 
18(6), 2055–2068.

22. Purnama, M.S., Kusumawati, E., Susanto, D. 2018. 
Fitoremediasi menggunakan kayu apu (Pistia stra-
tiotes) dalam kolam bekas tambang batubara terhadap 
penyerapan logam mangan (Mn) dan kadmium (Cd). 
BIOPROSPEK: Jurnal Ilmiah Biologi, 13(1), 33–39.

23. Suparmin R., Desembra L., Restiaty I. 2023. Uti-
lization of liquid waste from tofu production using 
anaerobic methods for biogas. Gema Lingkungan 
Kesehatan, 22(2), 95–102. https://doi.org/10.36568/
gelinkes.v22i2.185

24. Sabreena, Hassan, S., Bhat, S.A., Kumar, V., Ganai, 
B.A., Ameen, F. 2022. Phytoremediation of heavy 

metals: an indispensable contrivance in green re-
mediation technology. Plants, 11(9). https://doi.
org/10.3390/plants11091255

25. Sheng, D., Wu, J., Wen, X., Wu, M., Zhang, C. 2020. 
Contamination and ecological health risks of heavy 
metals in groundwater of a typical agricultural area 
in NW China. Geochemistry: Exploration, Environ-
ment, Analysis, 20(4), 440–450.

26. Thijs, S., Sillen, W., Rineau, F., Weyens, N., 
Vangronsveld, J. 2016. Towards an enhanced un-
derstanding of plant–microbiome interactions to 
improve phytoremediation: engineering the meta-
organism. Frontiers in Microbiology, 7(341).

27. Wu, H., Yang, F., Li, H., Li, Q., Zhang, F., Ba, Y., 
Cui, L., Sun, L., Lv, T., Wang, N. 2020. Heavy metal 
pollution and health risk assessment of agricultural 
soil near a smelter in an industrial city in China. 
International journal of environmental health re-
search, 30(2), 174–186.

28. Yadav, M., Singh, G., Jadeja, R.N. 2021. Physical 
and chemical methods for heavy metal removal. 
Pollutants and Water Management: Resources, 
Strategies and Scarcity, 377–397.

29. Zahari, N.Z., Fong, N.S., Cleophas, F.N., Rahim, 
S.A. 2021. The potential of Pistia stratiotes in the 
phytoremediation of selected heavy metals from 
simulated wastewater. Int. J. Technol, 12, 613–624.


