


Review Article
Mitigating Aquatic Toxicity Through the Use of Aquatic Plants


Highlights: 
Role of Aquatic Plants in Pollution Mitigation: The study focuses on aquatic plants like Lemna gibba and Eichhornia crassipes which play a significant role in reducing water pollution by detoxifying or metabolizing harmful chemicals, thus aiding in the restoration of water quality. 
Phytoremediation Techniques for Aquatic Environments: The review discusses techniques such as phytoremediation, phytoaccumulation, and hemofiltration that leverage plant roots to absorb, concentrate, and neutralize heavy metals, toxicants, and other pollutants in both terrestrial and aquatic settings. 
Algal Turf Scrubbers (ATS) and Organic Pollutant Removal: Filamentous algae in ATS systems effectively extract organic pollutants and nutrients from water, enhancing the purification process in contaminated aquatic systems. 
Constructed Wetlands as Natural Wastewater Treatment Systems: Constructed wetlands mimic natural wetland ecosystems by using plant species like Typha and Phragmites to treat wastewater and sustainably manage pollution. 
Potential for Natural, Sustainable Wastewater Management: The study emphasizes the potential of using aquatic plants and engineered ecosystems to naturally, cost-effectively, and sustainably manage wastewater, reducing reliance on chemical treatments.


Abstract
Aquatic ecosystems are increasingly threatened by pesticides, industrial chemicals, and urban runoff. These toxicants accumulate in water bodies, affecting biodiversity. Aquatic plants play a crucial role in mitigating this pollution. Species like Lemna gibba detoxify phenolic compounds, while Eichhornia crassipes metabolize PCP, making them effective in wastewater treatment. Techniques like phytoremediation (using aquatic plants to remediate the contaminated water bodies), phytoaccumulation (uptake the heavy metals and toxic elements by roots of plants), rhizofilteration (absorbs the contaminants by the roots in the highly toxic aqueous ecosystem) perform in both aquatic and terrestrial systems, algal turf scrubber (ATS) removal of organic pollutants and concentrated nutrients by using filamentous algae, constructed wetlands which are the copies of wetlands to treat the natural wetlands by using aquatic plant species like Typha spp., Phragmites spp., etc. There are so many aquatic plant species that have a natural ability to absorb or break down the toxic elements and metabolites in aquatic environments. The study focuses on how, using these plants may reduce the toxicity of aquatic ecosystems and allow wastewater management to be done naturally and effectively.
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Introduction
The aquatic ecosystem is an integral part of our environment, where important plant species and aquatic animals live. The aquatic ecosystem is a water-based environment where living and non–living things survive and interact with each other. The constituents of the aquatic ecosystem are categorized into two:
· Biotic components - Producers (Phytoplankton), Consumers (Zooplanktons, large fishes, Sharks, etc.) and Decomposers (Microbes and Detritus) 
· Abiotic components - Water, Lights, Nutrients, Substrates, Temperatures, rocks, etc.
Aquatic ecosystems are like freshwater ecosystems, marine ecosystems, wetlands, etc. Plants like Spirulina, duckweed, red algae, chlorella, water hyssop, etc. are important medicinal plants. Some smaller organisms are evidence and indicators of aquatic health and those are analyzed by Transmission Electron Microscopy (TEM) such as picoplankton, nanoplankton, cyanobacteria, cyanophyte, etc.[1] (Leppard and Munawar 1992).  Aquatic toxicity refers to increased nutrient concentration or toxic chemicals in an aquatic ecosystem. It affects the reproductive health, growth, and immunity of aquatic organisms and also affects the food chain, loss of biodiversity, degradation of water quality, disturbance of nutrient and mineral concentration in aquatic ecosystems, etc.[2] (Kooijman and Bedaux 1996). Various chemicals like pesticides, herbicides, fertilizers, and heavy metals like zinc, cadmium, iron, etc. mainly cause aquatic toxicity.
1.1 Main causes of aquatic toxicity
The main role of xenobiotics for cause aquatic toxicity like drugs, various industrial chemicals, pesticides, oils, etc. About 250 chemicals are found in pulp and paper mill effluents[3] (Ali and Sreekrishnan 2001). Industrial wastes and pesticides from crop fields cause damage to aquatic plants and animals and increase the oxygen demands in aquatic ecosystems. Trace elements like copper, cadmium, mercury, chromium, and arsenic can disrupt aquatic animals’ homeostasis. Heavy metals are causing damage to aquatic life by affecting signalling properties, nervous systems, and digestive functions[4] (Kolarova and Napiórkowski 2021). Some various substances and compounds cause aquatic toxicity and affect aquatic life (Fig. 1).
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Fig. 1: Major causes of aquatic toxicity
Herbicides and pesticides are shown to have harmful impacts on aquatic life. Impacts such as disturbance in the mineral concentration of the marine ecosystem, bioaccumulation, and biomagnification, affecting the algae that are the primary producers of the aquatic ecosystem, hampering the nutrient fixing and cycling microbes and small plants[5] (Kumar et al. 2021). The most affecting herbicides and pesticides in aquatic ecosystems are listed in (Table 1).
1.2 Biological indicators and testing methods for analysis of aquatic toxicity
Certain essential aquatic plants and microorganisms, including bacteria, protozoa, and fungi, serve as indicators of aquatic toxicity, either due to their sensitivity to chemicals or their presence in contaminated environments. Biological indicators describe the abiotic and biotic reactions in any ecosystem[6] (Zaghloul et al. 2020). Biological indicators detect and can scale the pollutants in an aquatic ecosystem. Amphibians, algae, fungi, and lower groups of aquatic plants are the best indicators of aquatic toxicity. A reduction in the growth of algae and a decrease in the growth rate of fish indicates the toxic substances in the water. Abnormal growth of larvae, reduction in egg rate, and changes in fish swimming patterns represent the aquatic toxic level[7] (Lenhardt et al. 2015). Biochemical markers like enzymatic activities, hormonal changes, and other biochemical parameters are exposed to toxicity. Inhibition of acetylcholinesterase enzymatic activity indicates carbamate pesticide compound toxicity[8] (Lionetto et al. 2013). Cytochrome P450s enzymes present in the liver of fishes change the metabolic activities due to the bioaccumulation of polychlorobiphenyl (PCB). Organic contamination in water affects the enzymatic actions of the liver in fishes and it’s an indicator of aquatic toxicity[9] (Koenig et al. 2012).
There are some testing tools and methods for analysis of the toxicity rate in aquatic ecosystems. Acute Toxicity Test determines the immediate effect of substances on aquatic organisms like fishes, toads, algae, etc. This test resulted in the death rate and survival rate of aquatic organisms. The Chronic Toxicity Test is also slightly similar to the Acute Toxicity Test where it is a long-term exposure, determining the toxicity rate by effect of substances over an extended period[10] (Bhardwaj and Gupta 2012). Using various types of living organisms to test the toxicity level. Tests like algal growth test, which measure and examine the growth of algal and Daphnia Immobilization Tests, where Daphnia magna is common water fleas plankton belonging to Phyllopoda, examine the responses and behavioural effects of this plankton indicate the toxicity[11] (Chevalier et al. 2015). Daphnia magna is highly sensitive to heavy metals. Various aquatic plant species act as an indicator of toxic substances through the response of the plants and they play a vital role in reducing the toxicity (Table 2).
Various physiological changes of aquatic plant species are the indicators or responses towards the toxic substances in aquatic ecosystems. Some basic physiological effects are chlorophyll content reductions, changes in biomass content, discoloration, folding of leaves, etc. These factors can analyze the toxicity levels in aquatic ecosystems[12] (Batista et al. 2017). Lipid membrane peroxidation is a mechanism of reduction of oxidative degradation of lipids in cell membranes due to toxicity. The generation of ROS (Reactive Oxygen Species) that reacts with the polyunsaturated fatty acids in the membrane forms a chain reaction of lipid peroxyl radicals. This chain reaction continues until antioxidants neutralize it. If the antioxidant defense system is excessive, lipid peroxidation occurs, leading to cell damage[13] (Girotti 1985).
2. Mechanism of reduction of aquatic toxicity
Aquatic plants play major roles in the reduction of toxic substances in the aquatic ecosystem. Plants absorb heavy metals or toxic substances and degrade or detoxify the toxic substances. Aquatic plants have the ability and potential to absorb the nutrient in excess amounts. The different types of mechanisms are:
2.1 Phytodegradation 
The phytodegradation mechanism also called phytoremediation or Phyto transformation, is plants uptake pollutants or contaminants and can modify them. Eichhornia crassipes Mart., Lemna minor L., Pistia stratiotes L., and Scirpus spp. are most commonly used in the phytoremediation process, this process has the potential to enhance natural microbial stimulations and natural additives[14] (Kristanti and Hadibarata 2023). Eichhornia crassipes Mart. grow rapidly and produce biomass in larger amounts. It is an absorbent for inorganic wastes and heavy metals. E. crassipes Mart. used as effective wastewater treatment technology for the treatment of contaminated water[15] (Lima and Asencios 2021). Phytodegradation is an important ecological service contribution to sustainability and a healthy aquatic ecosystem. Polycyclic Aromatic Hydrocarbons are toxic group that rapidly spreads pollutants in the environment and aquatic ecosystem. L. minor L. has the potential to absorb these contaminants and degrade them. This toxicity can damage the photosynthetic pigments[16] (Zazouli et al. 2023). P. stratiotes L., E. crassipes Mart. and L. minora L. are effectively detoxifying plants that can degrade and absorb the textile dyes like Cibacron Blue FR, DB 201, Moxilon Blue GRL, etc. are tolerated by these plants and decolorize the dyes. The enzymatic actions in roots of mainly E. crassipes Mart. and L. minor L. decolorizes the textile dyes. Enzymes like peroxidase, tyrosinase, and azo reductase can decolorize the toxic dyes[17] (Ekanayake et al. 2021).
2.2 Phytoextraction 
Phytoextraction, also known as phytoaccumulation, is a method that cleans polluted water while enhancing ecological value and the aesthetic appeal of the ecosystem. In this process, hyperaccumulator plant species absorb heavy metals and other pollutants, storing them in their leaves, stems, or roots. Hyperaccumulator species are like Salvinia molesta D. Mitch., Cabomba aquatica Aubl., Hydrilla verticillata (L.f.) Royle and L.minor L. accumulate high concentrations of heavy metals, organochlorine pesticides, PAHs, and other pollutants and store them in root areas and leaves[18] (Mânzatu et al. 2015). A floating aquatic plant Limnobium laevigatum (Humb. & Bonpl.) is a hyperaccumulator plant significantly effective in waste water treatment. L. laevigatum (Humb. & Bonpl.) absorbs heavy metals like Pb, Cr, Zn, and Ni, then accumulates on the roots and leaves region. This plant accumulates heavy metals at roots in high concentrations as compared to leaves, where Zn and Ni are mostly accumulated in leaves[19] (Arán et al. 2017).  Swollen duckweed Lemna gibba Linn. and Lemna aequinoctialia Welw. Have the potential to accumulate or extract heavy metals like Cd, Ni, Pd, etc. i.e. industrial wastes or municipal effluents. Lemna gibba L. produces high biomass, which reduces heavy metal concentration in which Ni concentration is high compared to other metals in these plants[20] (Bokhari et al. 2015).
2.3 Phyto stabilization
Phyto stabilization is another technique of phytoremediation, where plants stabilize the contaminants in water or soil and prevent it from spreading. Plants absorb, immobilize, and accumulate pollutants and improve aquatic health. Root growth and transpiration processes immobilize pollutants by creating an aerobic environment in the rhizosphere and controlling erosion. Aquatic plants can tolerate high levels of pollutants has monitor the concentration of metalloids[21] (Bolan et al. 2011). A floating macrophyte Ludwigia adscendens L. has the phytoremediation potential to remove heavy metals from contaminated aquatic ecosystems. The roots are attributed to accumulating high concentrations of metals like Ni, Cd, Zn, Cu, Fe, Mn, and Al seasonally. The chlorophyll b and carotenoid content in the leaf area significantly reduce the contaminants and toxicity in water bodies[22] (Galal et al. 2020). Canna indica L., Eichhornia crassipes Mart., Typha latifolia L., etc., hydroponics plant species roots accumulate high quantities of metals in their roots and other tissues. Canna indica L. and P. stratiotes L. show a high accumulation of metals. Mostly Zn and Cd are absorbed by the roots of aquatic plant species[23] (Sricoth et al. 2018). The commonly used plant species are Phragmites australis (Cav.) Trin., which produces large amounts of biomass, L. minor L. reduces soil erosion and also stabilizes the contaminated sediments, etc., and many more plant species which reduce the mobility of contaminants by root systems.
2.4 Phytovolatilization
The root systems of aquatic plants absorb the contaminants or toxic chemicals and release them into the atmosphere through their leaves as a volatile compound. Particularly dealing with selenium, mercury, and other organic toxins. Pollutants are translocated to leaves through the vascular systems and released into the atmosphere through the stomata of leaves[24] (Limmer and Burken 2016). Pteris vittate L. is a hyperaccumulator plant species used for phytoextraction and phytovolatilization. Recently discovered, P. vittate L. can accumulate volatile arsenic substances which can cause toxicity. A larger concentration of Arsenic contaminants can cause excessive toxicity[25] (Sakakibara et al. 2010). Phytovolatilization is also called Phyto sequestration. Four common accumulator plants such as Salvinia, Lemna minora L., P. stratiotes L. and Eichhornia crassipes Mart. having great potential in absorbing heavy metals by roots and translocating them to the aerial parts of the plants. The toxic elements are stored in the vacuoles of plant cells, later vacuole expel out from the plant cell with the toxic elements[26] (Pang et al. 2023). Oryza sativa L. has the potential for volatilization. Accumulation of metabolites and metal ions in leaves and leaf sheath, then volatile the toxics. Rice plants volatile bromophenols and bromoanisoles from the hydroponic solutions[27] (Zhang et al. 2020).
2.5 Rhizofiltration 
Rhizofiltration is a form of phytoremediation, where plants degrade, destroy, stabilize, and remove the contaminants mainly by roots. Hydroponically growing plant species have substantial root system uptake, the contaminants accumulate on the root surface or other plant tissues and then form insoluble compounds that are less harmful. Once the root system absorbs the contaminants then harvest the plant expels it out from the aquatic ecosystem[28] (Kristanti et al. 2021). Plant biomass for removing the contaminants that contain heavy metals, chemicals, and toxic elements. Carex pendula Huds. an accumulator plant species growing at hyper clay soil, river banks, wetlands, and beside streams. This plant is best for lead-containing wastewater treatment[29] (Yadav et al. 2011). Major pollutants like heavy metals such as Cu, Pb, Ni, arsenic, Zn and non–metallic xenobiotics concentration mostly affect the water quality. There commonly available plants Eichhornia crassipes Mart., Pistia stratiotes L. and Azolla filiculoides Lam. Reduces the contaminants from water bodies also interact with the microbes. The roots of these plants release organic acids malic acid and citric acid which degrade and react with the concentrated metals, then absorb or adsorb the pollutants. Pistia stratiotes L. is a hyperaccumulator of fluoride. These plants are good for removing and detoxifying xenobiotic pollutants[30] (Banerjee et al. 2022) (Fig. 2).
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Fig. 2: Microbes are interacting with the aquatic plants and degrade the toxic chemicals and heavy metals
2.6 Rhizodegradation
Rhizodegradation is also known as the Phyto stimulation and plant–assisted bioremediation. Plant roots release various organic compounds such as amino acids, sugars, and other enzymes in the rhizosphere and these organic compounds provide nutrition to the microbes. Bacteria and fungus like Pseudomonas putida, Bacillus subtilis, Rhizobium leguminosarum, Azospirillum brasilense, Sphingomonas paucimobilis effective for PAHs degradation. Fungi like Aspergillus niger, Penicillum chrysogenum, Phanerochaete cryososporium, Trichoderma harzianum, and many more microbes degrade the organic compounds, pesticides and herbicides toxicity[31, 32] (Kumar et al. 2020; Ramírez et al. 2023). Ibuprofen is exposed to xenobiotics and causes abiotic stress formed by excessive production of ROI (Reactive Oxygen Intermediates). ROI is the toxic by-products that play key roles during stress response and cell signaling. Ibuprofen can inhibit the growth of plants and algae, reduce the mobility of aquatic animals, and reduce the growth rate of fish. Typha spp. can absorb the toxic metals and elements in aquatic environments breaking down into simpler forms by enzymatic digestion and evaporating through leaves through a transpiration mechanism. There are so many aquatic plant species that absorb the toxic compound and break into simpler forms. In 24 hours about 60 – 70% of IB got removed[33] (Dordio et al. 2011) (Fig. 3). Various agrochemicals such as organophosphate, carbamate, organochlorine and many more cause environmental pollution which later mixes with water bodies resulting in aquatic toxicity. Plant-based green technologies remove the agrochemicals. Aquatic plant species like Spirodela oligorrhiza (Kurz.), L. minora L., etc can degrade and break the toxic chemicals[34] (Dhir 2020) (Fig. 3). 
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Fig. 3: Typha spp. reducing the ibuprofen toxicity
There are so many processes of Phyto remediation that can remove, absorb, volatile, degrade, and filtrate the toxic chemicals in aquatic ecosystems. The aquatic plants are used as a green technology for wastewater treatments.
3. Challenges faced by green– technology-based wastewater treatment and reduction of aquatic toxicity
There are several challenges faced during the treatment of pollutants and contaminants by aquatic plant species or by green technologies. Some processes like degasification, filtration, reverse osmosis, flocculation, adsorption, absorption, sedimentation, coagulation, etc., methodologies are carried out by aquatic plants that reduce toxicity[35] (Saravanan et al. 2021). Many green technologies are still in research and development may not be efficient for application for reduction in toxicity. Some most effective chemicals from pesticides and pharmaceutical products can cause severe damage to the aquatic ecosystem like organochlorine, antibiotics, PCBs, PFCs, carbamate pesticides etc., that may or may not be removed by green technologies. Where microfluidics (MFs) and advanced green technologies can reduce aquatic toxicity[36, 37] (Weaver et al. 2022; Johnson 2012). Choosing the right aquatic plant species for green – technologies is also an important challenge for the treatment of toxic aquatic ecosystems. Maintain and properly take care of the plants to improve the health of the aquatic ecosystem. Managing the biomass production by aquatic plants during the wastewater is also an important challenge. Pyrolysis and torrefaction technologies modify and convert biomass into valuable products like oils, biochar, and syngas[38] (Qambrani et al. 2017).
Climate change and seasonal variation affect the aquatic plant’s growth which reduces the effectiveness of plant species. Difunctional green – technologies can cause more damage to the aquatic ecosystem and affect other aquatic species[39] (Ali et al. 2022). Selecting cost-effective green technologies for removing toxicity at low cost produces high biomass and purifies the water bodies in larger quantities. Implication and securing funding for green technologies projects can be challenging for green technologies for the production of valuable products[40] (Fig. 4) (Wicker et al. 2021). Acceptance and social challenges also matter most for using green – technologies-based wastewater treatment. Society or governments are sometimes unable to accept these kinds of technologies because of the cost and risk of defaulting on technologies. Approval for these technologies is also a big deal involving long-term testing, sustainability testing, monitoring, enforcement, and ensuring the green – technologies are operated effectively and maintained properly[41] (Söderholm 2020). Finding the loops and gaps is operated and implication green technologies. Study the long-term impacts and utilization of green technologies. Collaboration challenges with engineers, scientists, investors, policymakers and stakeholders for effective implementation of technologies[41] (Söderholm 2020). There are various challenges for addressing, financial incentives, research and advancement technologies for successful use of green – technology-based wastewater treatment (Fig. 4).
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Fig. 4: How aquatic ecosystems interact with climate, atmosphere, nutrient cycling, oxygen production, and water purification
4. Recent research findings on reduction of aquatic toxicity and green – technologies-based wastewater treatment
Nowadays environmental pollution is an important issue that needs to be solved. There are various technologies, innovations, and research have been conducted to overcome or reduce the pollution rate. Aquatic pollution and toxicity cause several diseases in all types of organisms. So, it’s necessary to research and innovate in the field of aquatic toxicity. Macrophytes and aquatic plant species are effective to reduction in toxicity level of aquatic ecosystems. Info disruption is caused by natural contaminants and a wide range of anthropogenic. It is the disturbance in info chemicals from pharmaceutical products, pesticides, metals, industrial products, etc., biotic interact with the other organisms in the aquatic ecosystem. Duckweed, cattails, and water hyacinth can degrade and absorb the metals and all types info chemicals and detoxify the ecosystem[42] (Gross 2022).
Emerging contaminants affect the aquatic environments, where microplastics are the major emerging contaminants that can also carry other pollutants. Macrophytes can interact with the microplastics and degrade them by growing biofilms or trapping them within the biomass. The interaction reduces the availability of toxicity for aquatic organisms[43] (Zhang et al. 2023). Microplastic in aquatic ecosystems is a major problem all over the world, that causes serious damage to aquatic animals, plants, humans, and the whole aquatic ecosystem. Under UV, microplastics break down into simpler molecules and mix with water bodies. Plant species are like Lemna minor L., various algae, Phragmites australis (Cav.) Trin., Eichhornia crassipes Mart., Typha spp., etc. many species are absorbing the microplastic and degenerate or volatile the toxic molecules[44] (Bhan et al. 2024). These plants also interact with beneficial microbes that degrade the microplastic.
China’s urban water infrastructure aims to framework Green House Gas emissions associated with wastewater treatments and water purification. These approaches can reduce emissions and sustainable wastewater treatments. Wastewater treatment prevents the emission of methane and nitric oxide[45] (Zhang et al. 2021). The wastewater treatment occurs in three essential stages Primary stage (Physical – Chemical), Secondary (Biological stage), and Tertiary (Advanced physical – Chemical Stage). The motive is the discharge of wastewater from the water bodies. Membrane Bioreactors (MBRs)that perform the membrane filtration and remove the contaminants with high efficiency. The chemical energy present in wastewater can be recovered by anaerobic digestion in the form of biogas[46] (Ugrina and Milojković 2024). 
Recent research using advanced materials like cellulose nanomaterials and graphene oxide nanosheets for treatment and advancement of wastewater treatment. These materials and processes increase the efficiency of the filtration system and the degradation of contaminants. Graphene oxide nanosheets immobilize the laccase, which is a colour dye that affects the aquatic ecosystem. Cellulose nanomaterials are sustainable technologies for wastewater treatment[47] (Kumar et al. 2022).
Conclusion
Aquatic toxicity is mainly caused by pesticides, pharmaceutical products, industrial chemicals, and microplastics. After mixing these contaminants the water gets wasted or unable to use and affects the aquatic ecosystems. It is necessary to treat wastewater to make it useable and conserve of aquatic ecosystem. There are various techniques including phytoremediation, construction of wetlands to treat the wastewater, green – technologies-based wastewater treatment, and microbial toxicity reduction technologies by using bioreactors to reduce the toxicity level. There are several processes of phytoremediation, where aquatic plant species perform the reduction of aquatic toxicity such as phytodegradation, phytostabilization, phytoextraction, phytovolatilization, rhizodegradation, etc., various types of processes carried out by aquatic plants to improve the health of the aquatic ecosystem. The most commonly used aquatic plants are Phragmites australis (Cav.) Trin., Eichhornia crassipes Mart., Salvinia, Lemna minora L., Pistia stratiotes L., Hydrilla verticillata (Lf) Royle, etc. This sustainable eco-friendly solution of wastewater or aquatic toxicity treatment helps to mitigate pollution and also improve the health and resilience of biodiversity and the ecosystem.
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Table 1: Most agrochemicals that have affected the aquatic ecosystems and cause aquatic toxicity and damage the aquatic life
	Sl.no
	Herbicides & pesticides
	Cause damages
	Structures
	References

	1
	Glyphosate
	Affects fishes’ health like haematological, biochemical change and histopathological changes
	[image: ]
	(Tresnakova et al., 2021)

	2
	DDT
	Eutrophication, reduce reproductive rate and damage egg cell and fish cell
	[image: ]
	(Anderson et al., 2021)

	3
	Atrazine
	Cause hypoxia, destroy endocrine system of fish, hormonal disruption of fishes and block ETC of PS II in plants.
	[image: ]
	(Solomon et al., 2008)

	4
	2,4 – D
	DNA damage, induced mutation in aquatic organisms, 
	[image: ]
	(Lajmanovich et al., 2015)

	5
	Chlorpyrifos
	Oxidative DNA damage, plasma damage in toads, immunological depression, and neurotoxicity.
	[image: ]
	(Lajmanovich et al., 2015)

	6
	Carbaryl
	Epithelial tissue and gills damage, hypoplasia, pycnotic changes in nuclei
	[image: ]
	(Khudhur et al., 2019)

	7
	Imidacloprid
	Algal DNA damage, genomic toxicity, ROS production
	[image: ]
	(Nugnes et al., 2023)




Table 2 – Aquatic plants as biomarkers for aquatic toxicity 
	Sl. No
	Aquatic plants
	Family
	Indicator responses
	References

	1
	Lemna minor L.
	Araceae
	Growth inhibition, peroxidase activity, lipid peroxidation level, DNA modification
	(Radić et al., 2010)

	2
	Nelumbo nucifera Gaertn.
	Nelumbonaceae
	Plant height, reduction in leaves number, changes in chlorophyll content
	(Deng et al., 2022) (Xu et al., 2019)

	3
	Phragmites australis (Cav.) Trin.
	Poaceae
	Changes in chlorophyll content, pH changes in reed water area, ammonia content increase in reed area.
	(Xu et al., 2019)

	4
	Eichhornia crassipes Mart.
	Pontederiaceae
	Bioaccumulation, changes in community, excessive growth
	(Laet et al., 2019)

	5
	Typha latifolia L.
	Typhaceae
	Bioaccumulation, leaves colour change
	(Klink et al., 2016)

	6
	Hydrilla verticillata (L.f.) Royle
	Hydrocharitaceae
	Change in leaf structure, change in growth patterns, leaves colour changes
	(Zhong et al., 2018)

	7
	Salvinia molesta D. Mitch.
	Salviniaceae
	Abnormal growth, leaves are quickly fold, trichome damage
	(Li et al., 2018)

	8
	Lemna gibba L.
	Araceae
	Decreases in carotenoids, decrease in peroxidation level, higher dry weight, root enlarge
	(Sarin et al., 2023)

	9
	Schoenoplectus californicus (C. A. Mey)
	Cyperaceae
	Roots and shoot elongated more, formation of lipid membrane peroxidation
	(Harguinteguy et al., 2023)

	10
	Pontederia cordata L.
	Pontederiaceae
	Inhibition of growth, reduce the Chla content, stunted plant
	(Li et al., 2023)

	11
	Azolla filiculoides Lam.
	Salviniaceae
	Population got decreased, discolouration, stunted growth, changes in morphological structure.
	(Hassanzadeh et al., 2021)
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