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Introduction

The burgeoning global population and the escalating diversity of human activities have
precipitated a multifaceted increase in societal needs. This surge has led to an exponential
increase in waste generation, encompassing liquid, solid, and gaseous forms!-3, This burgeoning
waste threatens environmental sustainability and poses significant risks to public health,
particularly in densely populated areas*®. The phenomenon of leachate, a liquid pollutant
resulting from water percolating through waste, exemplifies the urgent need for effective waste
management practices. The complexity of wastewater, which includes a wide range of organic
and inorganic pollutants, microorganisms, and soluble and insoluble contaminants, is a pressing
concern that demands rigorous regulatory oversight and innovative treatment solutions®’.

Technological advancements have shed light on various waste management strategies,
focusing on their effectiveness, efficiency, and environmental impact. Among these,
phytoremediation is a sustainable and cost-effective approach, utilizing plants and their
associated microbial communities to sequester and degrade pollutants®®. However, despite the
recognized potential of phytoremediation, there is a notable gap in research regarding the
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optimization of these biological systems and their application on a larger, more impactful
scale’®,

The water bamboo plant (Equisetum hyemale), known for its ornamental value and modest
size, has demonstrated a remarkable capacity for pollutant absorption. Its ability to bind
pollutants through its roots and collaborate with microorganisms in water positions it as a viable
candidate for phytoremediation. Yet, the literature reveals a scarcity of comprehensive studies
on the plant’s translocation mechanisms and the fate of pollutants within its system?**.

This article aims to provide a theoretical foundation supporting resolving these identified
gaps. By thoroughly reviewing the current state of knowledge and highlighting areas lacking
in-depth research, we seek to guide future studies toward a more complete understanding of
phytoremediation processes, particularly those involving hyperaccumulator plants like water
bamboo.

This work aspires to contribute to the scientific community by offering a detailed
theoretical backdrop for upcoming research endeavors. It is intended to serve as a stepping
stone for researchers, enabling them to approach the problem of waste management with a
scientifically sound framework and to build upon the collective knowledge base with novel
insights into the field of phytoremediation.

Method

The method used in this research is a literature study by analyzing several articles and then
reviewing documents evaluating previous research. Several stages of the literature review
method: (1) Selection of manuscripts, (2) Articles that have been obtained according to the
relevance of the subject matter of the literature review, articles originating from Google Scholar
related to phytoremediation of liquid waste using water bamboo (Equisetum hymale), (3)
Articles used in the last 14 years from 2011-2024, (4) Articles researched from Indonesian
language journals (5) This article focuses on the potential of water bamboo as a
phytoremediation agent in tofu, leachate, domestic and lead industrial wastewater with a total
of 10 articles (6) ) Monitoring of titles and abstracts, the articles that have been selected are
checked and researched whether they are by the objectives of the research being carried out (6)
Research analysis uses qualitative content with a correlation between content and context, as a
research method it can use knowledge related to the issue and topic being analyzed?. This
research is a qualitative type through literature study. One of the research stages is collecting
primary library sources in the form of scientific journal articles, Proceedings, or secondary
literature®3,

Results and Discussion

This study investigates the efficacy of water bamboo (Equisetum hymale) as a
phytoremediation agent in reducing various types of liquid waste. It synthesizes findings from
peer-reviewed scientific articles published over the past 14 years, ensuring that only validated
data is included. The research categorizes the collected data according to the specific type of
liquid waste treated by water bamboo (Equisetum hymale). This categorization is systematically
displayed in the following Table 1, facilitating a clear and comprehensive understanding of the
phytoremediation capabilities of this plant species.

Table 1. Phytoremediation water bamboo in variate liquid waste

Liquid waste Researcher Count research
Tofu industrial waste Al Kholif et al.%; Riyanto® 2
Leachate liquid waste ~ Anam MS et al.’®; Widyastuti et al.; Suharto et al.**; 4

Mumtahanah et al .6
Household waste Margowati & Abdullah'’; Wulandari & Hartini'® 2
Pb waste Triastianti et al.’®; Ajeng & Wesen? 2
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Tofu Industry Waste is one of the wastes that contributes to water pollution, many tofu
industry factories dump the waste products from the tofu making process directly into the
environment without prior waste management®. This tofu industry waste can be in the form of
solids and liquids. In the article we reviewed related to tofu industry waste, namely liquid waste.
This waste is very worrying because there is a lot of waste from the tofu home industry which
is close to residential areas®!4. The impact is in the form of a strong odor, which has the potential
for residents' health or water availability because this waste can pollute water, especially wells.

Regulation of the Minister of Environment of the Republic of Indonesia Number 5 of 2014
concerning Wastewater Standards explains that there are levels of wastewater quality standards
that must be met before being discharged into the environment. There is a solution related to
waste management using the phytoremediation method of aquatic bamboo plants®*4, this
aquatic bamboo plant is able to absorb high concentrations of waste pollutants, namely toxic
compounds and organic substances. There is a need for supervision in the use of plants in
wastewater treatment because of the rapid growth of plants due to excessive waste content®.

In the phytoremediation of water bamboo plants on tofu industry waste, the average BOD
was reduced by 813.33 mg/L with an initial treatment of 4860 mg/L so that the effectiveness of
this water bamboo plant was 16.73%?°. Apart from that, water bamboo can reduce COD and
TTS levels, with initial COD treatment of 3670.88 mg/L and TSS of 686.67 mg/L. The
effectiveness of aquatic bamboo plants in reducing COD is 90.59% and is able to eliminate
COD levels in tofu industry waste!4. Meanwhile, the effectiveness of reducing TTS is 40%?4,

Water Bamboo is easy to care for and resistant to external influences, making it suitable for
use as a phytoremediation plant, its stems have a high silicate content which is absorbed by the
roots. The photosynthesis process occurs with high oxygen release in the water which is used
by aquatic biota in decomposing waste water®. During treatment, water bamboo begins to
experience physical changes that decrease, this is caused by the acid in the waste. Apart from
that, the planting media also has an influence, due to the absence of planting media there is no
help to maximize waste decomposition®4. For maximum results, management is carried out
first before entering the management reactor.

This leachate waste contains levels of Nitrogen (N), Calcium (Ca), Magnesium (Mg), Iron
(Fe) and Potassium (K). Heavy metals in the initial leachate waste were 0.38932 ppm
Chromium (Cr) and 2.2923 ppm Lead (Pb)®'%1516 However, leachate exceeds the quality
standards stated in the Government Regulation of the Republic of Indonesia no. 82 of 2001,
namely that the content must not exceed 0.1 ppm for Pb and 0.05 ppm for Cr with an
effectiveness value of 82.2% in batch phytoremediation systems'>. There is Zn waste that is
still above the leachate quality standard threshold, so it is not safe to throw it directly into the
community. This water bamboo plant is a hyperaccumulator because it is easy and can grow in
water that has a high level of regression. Changes in water bamboo plants that are exposed to
heavy metals are roots so that root growth is hampered in length, but this also depends on the
roots themselves in the metabolism of root formation. The effectiveness of reducing leachate
levels was maximum on the 9 day with 80.9%, so the plant residence time also affects the
phytoremediation of water bamboo plants®.

Aguatic bamboo plants remove organic pollutants in three ways: (1) absorb pollutants, (2)
accumulate non-phytotoxic metabolism in plant cells (3) release exudates and enzymes that
stimulate microbial activity and absorb minerals in the rhizosphere region. Plants in general can
remove pollutants when they reach maturity. Water-based bamboo stems are high in silicate,
which helps bind metal particles absorbed by plant roots®11.1516, | eachate waste with an age of
2 years, with a dark color, strong odor and has little oil and very high TDS. Aquatic bamboo
plants will be able to remediate pollutants when the plants have reached maturity. Effectiveness
value of aquatic bamboo plants in reducing Cd and Pb 70-75%?".

This leachate water has a waste that is considered acidic with a value of 6. In the
bamboo phytoremediation process, the water has increased by around 0.6 to 6.6. This is
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because the decomposition process of organic material takes place more quickly in
neutral pH conditions and alkaline. The solubility of oxygen in water will decrease if
temperature and salinity increase, dissolved oxygen in water will also decrease due to
decay and respiration from animals and plants which is then followed by an increase in
free CO2 and a decrease in pH. The increase in DO increases, so it can be said that this
water bamboo plant is effectivel®.

Domestic liquid waste is usually disposed of in public waters and is included in the gray
water category for community use. This anionic cleaner has strong cleaning power, is cheap
and easy to obtain locally. Although the alkyl groups are rapidly degraded and the original
surfactant is lost, the polyethylene groups remain for a long time and these remaining groups
are toxic to aquatic life. Bamboo Air can manage and reduce both dissolved and insoluble
content in domestic liquid waste!’18,

The efficiency of phytoremediation of aquatic bamboo plants (Equisetum hymale) in
reducing BOD and COD levels can reduce BOD and COD with varying treatment weights and
residence times. The effectiveness of this water bamboo on BOD is around 85% and COD
75%?*’. Aquatic bamboo plants perform very well in domestic wastewater treatment using
underground constructed wetland systems (SSF-wetlands). When stored in the reactor for 6
days, the reduction rate reached 99.91%?*8. Phytoremediation plants, their stems have a high
silicate content which is absorbed by the roots.

Pollution caused by lead (Pb) can enter the human body through the air, through food
consumed every day, even from water bodies, and lead (Pb) can be absorbed into the air with
the help of rainwater. lead (Pb) (tin) enters the water either directly or through the corrosion
process of mineral rocks®2°, The nervous system effects caused by lead (Pb) were highlighted
in the Occupational Health Study, which found that workers exposed to high levels of lead
experienced anorexia, eating disorders, depression, fatigue, headaches, and people reported
symptoms such as forgetfulness, dizziness®.

Water bamboo after 3 days with high lead (Pb) concentrations showed signs of lead metal
stress at a holding time of 3 days/72 hours. Because the existing lead can be combined well by
plants, lead metal can be absorbed by aquatic bamboo plants, stored as food reserves, and then
released into the surrounding air in the form of crystals. Effectiveness of water bamboo in waste
phytoremediation 21.26%*°.

After phytoremediation was carried out for 10 hours, the ability of water bamboo stems to
process lead content worked effectively. Apart from that, it is also based on the type of solution
that is processed, namely lead (Pb) solution, water bamboo. Plants are included in the type of
plant extracts. That is, plants that absorb pollutants through their roots and transfer them to their
stems and leaves!®2°. Here it is processed into H»O in the stems and leaves, or also used in the
photosynthesis process, the food preparation process carried out by plants. Water bamboo
absorbs waste contents through its roots, and the roots use silicate fluid produced by
Sclerenchyma fibers to bind the waste contents in the stem and turn it into an artificial solution.
Combining lead content. Effectiveness of water bamboo plants aged 30 days; water bamboo
can remove 76% lead (Pb) content with a flow rate of 200 ml/minute?.

Phytoremediation, an environmentally friendly method, has shown promise in addressing
water pollution issues caused by industrial activities like the tofu industry. Discharging
untreated liquid waste from tofu production poses significant environmental and health risks
due to its high pollutant content?-22, In this context, the use of aquatic plants, such as water
bamboo (Equisetum hymale), has been explored as a solution to remediate the wastewater
effectively?22, Water bamboo has demonstrated the ability to reduce levels of pollutants like
BOD, COD, TTS, heavy metals, and organic compounds in tofu industry waste, making it a
suitable candidate for phytoremediation?%22,
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Studies have highlighted the effectiveness of water bamboo in reducing pollutant levels,
such as lead (Pb), chromium (Cr), and other heavy metals, exceeding regulatory standards®'-2%
25 Water bamboo's capacity to absorb pollutants through its roots, accumulate them in stems,
and release them into the air after transformation showcases its potential in waste treatment?326,
Additionally, the high silicate content in water bamboo stems aids in binding metal particles,
contributing to the plant's efficiency in pollutant removal?!.23-25,

Furthermore, the pH levels of the wastewater play a crucial role in the phytoremediation
process, with neutral to alkaline conditions favoring organic material decomposition and
oxygen solubility?>, Water bamboo's ability to thrive in varying pH conditions and release
oxygen during photosynthesis enhances its effectiveness in treating acidic waste?>. The
adaptability of water bamboo to external influences and its ease of care makes it a practical
choice for phytoremediation applications?.

Conclusion

The potential of Equisetum hymale (water bamboo) in phytoremediation, particularly in
treating tofu industry waste, is evident from its ability to reduce pollutant levels effectively. By
harnessing the natural capabilities of aquatic plants like water bamboo, industries can mitigate
the environmental impact of their activities and work towards sustainable waste management
practices.
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