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The aquatic bamboo plant (Equisetum hyemale) can be used as a 

phytoremediation agent because it has hyperaccumulator 

properties and is hyper-tolerant of pollutants. With the increasing 

number of industrial and household activities, managing waste 

before it is disposed of directly into the environment. This research 

aims to determine the application of phytoremediation in reducing 

pollutant content in water pollution waste. The research method 

was carried out using a literature research design review of the 

Google Scholar and SINTA databases starting from publication 

year 2014 to 2023 by reviewing a total of ten national journal 

articles. The research results show that phytoremediation can 

reduce wastewater pollution content, especially BOD and COD 

levels accumulated by the roots of aquatic bamboo plants. The 

effective time for the phytoremediation method is 3 days, 5 days, 

and 12 days which can reduce the number of contaminants in 

sample water according to wastewater quality standards. The 

novelty of this research is in the variables studied, namely BOD 

and COD levels using aquatic bamboo plants. 
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Introduction 

Water bamboo (Equisetum hyemale) is one of the aquatic plants that can be used as a 

phytoremediation agent. The high silicate concentration in water bamboo plant stems is useful 

for binding particles absorbed by plant roots. Water bamboo has strong and winding roots so it 

does not rot even if submerged in water 1,2. The stems are green, segmented, contain silica, are 

hollow in the middle and branched, and function as substitutes for leaves as photosynthetic 

organs. Water bamboo leaves are not reproductive, they only resemble scales that cover the 

segments. The average height is 70 cm, and the stem diameter ranges from 0.4 to 0.6 cm. 

Aquatic bamboo plants work well in wastewater treatment because they can absorb 

contaminants at different concentrations, including organic substances and dangerous 

compounds1. Water bamboo plants are hyperaccumulators and hypertolerant to contaminants 

so this plant can be used as a phytoremediation agent. These plants can concentrate heavy 

metals at very high biomass levels. According to research conducted by Widyastuti et al.3 water 

bamboo is a hyperaccumulator plant that reduces levels of the heavy metal Zn in leachate. Water 
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bamboo is also a hyper-tolerant plant that can adapt to its environment and survive because of 

its high tolerance for contaminated environments. 

The introduction of organisms, liquids, solids, energy, or other elements into water that 

degrade the water quality to the point that the water becomes unusable is known as water 

pollution. Water pollution can be caused by human activities, natural disasters, or both, which 

reduce water quality4,5. Water pollution can come from waste spread throughout homes, farms 

and plantations, as well as waste concentrated in places such as hotels, hospitals and industry 

which can pollute water supplies. Pollution limits for various types of water vary according to 

the needs of each living creature, so that if pollution occurs the water is unfit for use6,7. Aquatic 

life and human health can be negatively impacted by water pollution. 

Based on this, appropriate countermeasures are needed to overcome the problem of water 

pollution to meet the quality standards set out in the 2014 and 2016 Minister of Environment 

and Forestry Regulations concerning wastewater quality standards. Phytoremediation is one 

method that can be attempted. Phytoremediation is a system where certain plants can change 

contaminants (pollutants) by working together with microorganisms in the media (soil, coral 

and water) so that they become less dangerous and even turn into materials with commercial 

value8,9. Certain plants are grown in liquid waste for processing, and these plants could absorb, 

collect, and break down certain contaminants present in the waste. Plant selection is an 

important step in phytoremediation research. To grow and survive in a contaminated 

environment, plants must have the capacity to absorb and accumulate pollutants efficiently10,11. 

This research aims to determine the application of phytoremediation by aquatic bamboo plants 

in reducing pollutant content in water pollution waste. 

Method 
This research method is literature review, namely a research method by specifically 

reviewing or summarizing empirical or theoretical literature. Results from the literature the 

review provides a more comprehensive understanding of the application of phytoremediation 

in reducing pollutant content in water pollution waste12. 

This research method aims to analyze and summarize available knowledge regarding the 

research subject. Automatic article search using Google Scholar and SINTA databases. To 

analyze a total of ten articles published in national journals, literature review starting from the 

publication year 2014 to 2023. To search for publications in Indonesian, the following 

keywords are used: water bamboo, phytoremediation, wastewater, and water pollution.  

Results and Discussion 
Literature findings review, a total of 10 articles were obtained. The results of the empirical 

study related to the article are presented in Table 1. 

Table 1. Waste sample analysis results and research parameters 

Author Sample Parameter 
Widyastuti et al.3 Leachate Heavy metal content (Zn) 

Triastianti et al.13 Artificial waste Lead (Pb) 

Siswandari et al.14 Laundry liquid waste Phosphate content and pH 

Kencana & Radityaningrum15 Batik industry liquid waste COD, BOD, Pb 

Riyanto1 Tofu factory waste BOD 

Margowati & Abdullah16 Household waste BOD, COD, pH, temperature 

Pratiwi et al.17 Palm oil mill liquid waste COD, pH, TSS, turbidity, N, K 

Wulandari & Hartini10 Household liquid waste Detergent level 

Al Kholif et al.18 Household waste BOD5 and COD 

Nugraha19 Tofu industry liquid waste BOD5 
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Based on Table 1, it can be seen that the waste water samples used in several journals are 

said to come from leachate3, artificial waste13, industrial waste1,14,15,17,19, and household 

waste10,16,18. The aim of all journal article studies is to determine how well aquatic bamboo 

plants can remove contaminants in water pollution waste through phytoremediation. 

Industrial waste comes from laundry14,19, batik industry15, tofu factory1, and palm oil 

mills17. Industrial waste includes residue or waste resulting from industrial activities in the form 

of liquid, solid, gas, or other dangerous and toxic compounds which can harm aquatic biota if 

not treated first. Good industrial waste management is needed to reduce these bad impacts. Part 

of this waste treatment involves the use of phytoremediation methods, a process in which 

pollutants are broken down by plants into harmless substances before being disposed of. 

Water bamboo is one of the aquatic plants that can be used as a phytoremediation agent. 

The high silicate content in water bamboo plant stems is useful for binding particles received 

by plant roots. Aquatic bamboo plants work well in wastewater treatment because they can 

absorb contaminants at different concentrations, including organic and dangerous compounds1. 

Water bamboo plants are hyperaccumulators and hypertolerant of contaminants, so this plant 

can be used as a phytoremediation agent. This plant can concentrate heavy metals at very high 

levels in its biomass. Widyastuti et al.'s research3 used water bamboo as a hyperaccumulator 

plant to reduce levels of the heavy metal Zn in leachate water. Water bamboo is also a hyper-

tolerant plant that is able to adapt to its environment and survive because of its high tolerance 

for contaminated environments. Water bamboo plants are able to absorb levels of Zn, Pb, P, N, 

COD (Chemical Oxygen Demand), BOD (Biological Oxygen Demand), and TSS (Total 

Suspended Solid) in waste water with the highest average uptake of contaminants being in the 

roots3,10,16. 

Based on these 7 journals, it is known that the batch system is used in the plant preparation 

method. Plants are planted using a batch system in wastewater media then sample testing is 

carried out at the end of treatment20,21. This method was carried out for 12 days by inserting 

water bamboo into a reactor that holds liquid waste with observations made every three 

days3,10,19. The water bamboo plants used were young plants that were two months old and fresh 

green in color1,15. However, other studies used water bamboo that was 3-4 months old16. Water 

bamboo plants are assembled into one clump consisting of 60 stems with close spacing between 

the stems10. 

 

 
Fig 1. COD level reduction analysis 
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Fig 1 shows three journals which state that the use of water bamboo in phytoremediation 

has succeeded in reducing COD levels to the quality standards stipulated in the 2014 and 2016 

Minister of Environment and Forestry Regulations concerning wastewater quality 

standards15,16,18. However, because the reduction results have not yet reached quality standards, 

the reduction results are less effective even though one study stated that phytoremediation was 

successful in reducing COD levels in wastewater samples17. 

The effectiveness of using aquatic bamboo plants to reduce COD levels in wastewater can 

be evaluated by comparing the COD content after phytoremediation treatment with quality 

standards. If there is only a decrease in COD levels but does not reach the quality standards, 

then the results of reducing COD levels are considered less effective. The results of research by 

Kencana and Radityaningrum15 stated that the highest COD removal efficiency for 12 days was 

86%. Margowati and Abdullah16 in their research stated that COD levels decreased for 3 days 

based on variations in plant weight of 0 kg; 0.5kg; 0.75 kg sequentially at 76.35%; 76.14%; 

73.69%. According to research by Al Kholif et al.18 89.67% of COD levels can be reduced after 

5 days. According to the analysis results, phytoremediation is considered effective if the 

processing results meet the COD levels set by the 2014 and 2016 Minister of Environment and 

Forestry Regulations concerning waste water quality standards. Research published states that 

the use of phytoremediation methods is effective in reducing COD levels in wastewater15,16,18. 

 

 
Fig 2. Results of analysis of reduction in BOD levels 
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BOD levels decreased over 3 days when plant weight varied from 0 kg; 0.5kg; 0.75 kg the 

results are 26.88; 80.55; 86.19. Based on this analysis15,16, phytoremediation is effective 

because the processing results meet the BOD quality standards set by the 2014 and 2016 

Minister of Environment and Forestry Regulations concerning wastewater quality standards. 

Three mechanisms are used by plants to break down pollutants, namely absorbing 

pollutants directly, accumulating non-phytotoxic metabolism in plant cells, releasing exudates 

and enzymes that can activate microbiological activity, and absorbing minerals in the root area. 

The amount of oxygen dissolved in wastewater increases because of plant photosynthesis. The 

process of phytodegradation and organic pollutants that enter the plant through the roots and 

decompose through metabolic processes in the plant can cause a decrease in COD and BOD 

levels23,24. A process known as phytovolatization can lead to a reduction in pollutants, where 

pollutants are absorbed by plants and then released into the atmosphere as water vapor. Solid 

materials have settled so that there is a decrease in the amount of waste material in wastewater 

which causes a reduction in BOD and COD concentrations15,17,25,26. Additionally, in order for 

plant roots to break down pollutants, some of the waste material has been oxidized and some 

has also been absorbed27,28. This decrease is also due to the sufficient supply of dissolved 

oxygen, especially from plant photosynthesis, causing the decomposition of organic matter to 

be more effective. 

The availability of dissolved oxygen, especially from plant photosynthesis, which 

accelerates the decomposition of organic matter, is another factor that contributes to reducing 

pollutants. Based on the results of the analysis of ten journal articles, it shows that the 

accumulation of contaminants in aquatic bamboo plants causes a decrease in BOD and COD 

levels in wastewater. As a result, periods of 3 days, 5 days and 12 days can reduce BOD and 

COD levels in sample water. If phytoremediation can reduce BOD and COD levels according 

to the quality standards shown in Table 2, then phytoremediation is considered effective. 

Table 2. Wastewater Quality Standards 

Waste Samples COD (mg/L) BOD (mg/L) 

Leachate 300 150 

Laundry industry waste 180 75 

Palm oil industry waste 350 100 

Batik industry waste 150 60 

Tofu industrial waste 300 150 

Household waste 100 30 
Source: Minister of Environment and Forestry Regulations 2014 and 2016 

 

Phytoremediation method has several conveniences, one of which is using aquatic plants 

that are easy to cultivate. Therefore, for aquatic bamboo plants to reduce BOD and COD in 

wastewater as effectively as possible, monitoring their growth is necessary for successful use 

of the method phytoremediation. 

Conclusion 

The results of literature studies show that phytoremediation can reduce wastewater 

pollution content, especially BOD and COD levels accumulated by the roots of aquatic bamboo 

plants. The effective time for the phytoremediation method is 3 days, 5 days and 12 days which 

can reduce the amount of contaminants in sample water according to waste water quality 

standards. Based on the advantages and disadvantages of journal articles in this literature study, 

it is recommended that future researchers include complete research information, such as 

descriptions of research variables and discussion of the effectiveness of reducing pollutant 

content in the wastewater samples tested.  
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