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Abstract 

The scarcity of the most limited natural resource, ―clean water‖ for daily use is decreasing 

day by day in current changing scenario where nearly all activities involve the use of clean 

water, while waste water is discharged in a huge amount, which not only pollutes the 

environment but cause many diseases in human as well as in animal also. So, the present 

study was done to assess various harmful effects of wastewater and techniques to overcome 

these effects through different plant-based wastewater treatment methods. There are few 

researches conducted to overcome the problem of wastewater biologically, the researchers 

used different plans to treat wastewater which absorb toxic substances up to a greater extent 

and clean the water efficiently. Some eco-friendly technologies, such as- Seaweed-based 

Flocculent, Mangrove Plants, Phyto-accumulation, etc., being utilized for treatment of 

wastewater are discussed in present study to understand their mechanism and applicability 

together with their promotion for wider adoption in the wastewater treatment. Thus, the 

present study may help in evolving an eco-friendly wastewater treatment process to treat the 

polluted water discharged from various sources to minimize the devastating effects on natural 

resources, so, some appropriate solution to rectify waste water problem by using eco-friendly 

solutions, those are plant based, very easily available, low-cost and could be found in 

different locations of the world in order to minimize the water pollution in naturally occurring 

water resource areas. 

Keywords: Phyto-accumulation, Eco-friendly, wastewater treatment, scarcity, water 

pollution. 

Introduction 

Water is one of the most important natural resource for the survival of all kind of life on the 

earth. However, this limited natural resource is decreasing rapidly due to uncontrolled and 

unbounded utilization of fresh water by various activities performed by human, such as in 

food processing industries, leather factories, drug manufacturing units, domestic use, etc. 

These industries involve water in huge quantities and wastages from there, having harmful 
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and sometimes toxic substances, are discharged with water in canals, rivers and other water 

bodies which pollute the natural water resources in large amounts and destroy the natural 

balance. Wastewater treatment and the proper disposal of the produced sludge are essential 

from the perspective of environmental safety due to the hazardous effects of municipal, 

industrial, and hospital wastewater on water, soil, air, and agricultural products [Qu, X. et al., 

2016;Choudri B.S. et al., 2018]. According to Zhang Q.H. et al., 2016, efficient wastewater 

treatment has significant economic effects on water conservation and reducing wasteful water 

losses. Water consumption has increased in dry and semiarid nations like Iran, and yearly 

rainfall is also low in parts of North Africa, Southern Europe, and big nations like Australia 

and the United States. Hence, recycling sewage is the most long-term and environmentally 

friendly way to address the issue of water scarcity [Nzila A. et al., 2016; Norton-Brandao D. 

et al., 2013]. The population of the planet will get more than double in the ensuing 30 years. 

In 1960, there were 3300 cubic metres of water available; in 1995, there were 1250 cubic 

metres due to population expansion. According to predictions made by Abdel-Raouf N. et al. 

2012, this tendency will decline to 650 cubic metres globally by 2025. Water from 

wastewater treatment will need to be reused more and more in the near future as a result of 

the current water shortage situation [Abdel-Raouf N. et al., 2012]. According to Jaffar Abdul 

Khaliq S. et al. 2017, wastewater reuse necessitates treatment and installation of suitable 

wastewater treatment technologies. The employment of straightforward, affordable, and user-

friendly wastewater treatment techniques in developing nations has been the subject of more 

research in recent years [Kelessidis A., and Stasinakis A.S., 2012, Masciandaro, G., 2015]. 

For the treatment of wastewater and removal of physical, chemical, and biological 

contaminants, systems and processes like activated sludge, aerated lagoons, stabilisation 

ponds, natural and artificial wetlands, trickling filters, and rotating biological contactors 

(RBCs) have been used [Chen H.J. et al., 2013, Zhang B. et al., 2018]. Microbial agents are 

among the various wastewater contaminants that are growing more significant, and the 

effectiveness of their removal in various wastewater treatment systems should be documented 

[Wang M. et al., 2017; Park J.H. et al., 2018]. Several types of bacteria, including faecal 

coliforms and Escherichia coli, Salmonella, Shigella, and Vibrio cholerae, as well as parasitic 

cysts and eggs, viruses, and fungus, are biological pollutants in wastewater. Depending on the 

kind and quantity, they are all potentially harmful to the environment and to human health 

[Grandclément C. et al., 2017; Osuolale O. et al., 2017]. For instance, viruses can cause 

hepatitis and protozoa can cause diarrhoea [Ajonina, C. et al., 2015; Jaromin-Gle, K., et al., 

2017]. Bacteria in wastewater also cause cholera, typhoid fever, and tuberculosis. If 
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wastewater is not properly treated and released into the environment, such as river water, 

green space, and crops, many microbiological agents linked to suspended particles pose a risk 

to humans and aquatic organisms [Naidoo, S. and Olanira, A.O. 2013; Okeyo, A.N. et al., 

2018]. 

Problem Analysis 

The implementation of suitable wastewater treatment technologies that optimize water quality 

standards for safe release has eliminated or significantly reduced the potential adverse impacts 

of wastewater reuse on human health and the environment in few developed 

economies/nations. For instance, reclaimed water is used to irrigate city parks in Madrid, 

Spain. UV devices are used to treat wastewater in reducing the health risk of the population. 

In developing nations, where access to even basic treatment is minimal, such highly technical 

wastewater treatment methods are available in theories and debates only. It probably leads to 

the use of raw (untreated) wastewater. Therefore, farmers are forced to use polluted water as 

their only source of input, ignoring the potential harm to human health due to the high risk of 

disease infection (such as hookworm, ascaris, diarrheal disease, giardia intestinalis 

infection) and food contamination (such as cholera, typhoid, ascaris infection) (Carret al., 

2004). In India, it is quite widespread practice to use both treated and untreated wastewater in 

urban and peri-urban agricultural activities. Unfortunately, harmful and infectious chemicals 

are frequently found in foods those are produced through wastewater irrigation. However, 

Indian law does not control the use of recycled/treated water for irrigation (New Indigo, 

2011). Hence, to assist the farmers, it becomes necessary to develop feasible wastewater 

management procedures and practices on the basis of strong and relevant scientific 

information (New Indigo, 2011). In Indian cities, the municipal sewer system does not cover 

the most part of the urban areas. Furthermore, the infrastructure is unsuitable, deficient and in 

poor condition, aggravates the problem. As a consequence, a large proportion of the domestic 

wastewater is either discharge directly in natural drains or in some cases is directed to 

decentralized treatment systems. Infact, it is estimated that about 29% of the India’s 

population uses septic tanks (Anon, 2011). But it's important to emphasis what Water Aid 

India has previously said. In India, significant investments in sewage and waste disposal 

infrastructure are required to accomplish the Millennium Development Goals (MDG). 

Furthermore, they noted that residents of slums and rural poor people would not be affected 

by these policies in the event that the MDG was achieved. Urban regions in India are 

therefore a complex framework to work with. Implementing infrastructure is important, but 
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it's also important to address the inequality that leads to the poorest citizens settling in slums. 

Despite the fact that freshwater supplies are rapidly running out and demand is rising, 

wastewater reclamation or reuse is one of the most crucial requirements of the present 

situation. 92% of the world's total water consumption is used for agriculture [Clemmenset al., 

2008; Hoekstra &Mekonnen, 2012; Tanji&Kielen, 2002]. Of which 70% of freshwater, which 

is derived from subterranean water sources and rivers, is used for irrigation [WRI, 2020; 

Pedreroet al., 2010]. The data indicate grave concern for the nations experiencing a water 

shortage. According to Shen et al., 2014, 40% of the world's population lives in basins with 

high water stress, which highlights the water issue for agriculture.Thus, using wastewater for 

agriculture instead of freshwater is a great resource (Contreras et al., 2017). The majority of 

the time, treated wastewater is used for non-potable activities like construction, firefighting, 

groundwater replenishment, irrigation, vehicle washing, and golf course irrigation. It can also 

be utilised in thermal power plants for cooling purposes (Katsoyianniset al., 2017; Mohsen, 

2004; Smith, 1995; Yang et al., 2017). Treated wastewater irrigation helps millions of 

smallholder farmers throughout the world support their livelihoods and increase agricultural 

output (Sato et al., 2013). Reusing treated wastewater for agriculture around the world varies 

greatly, from 1.5 to 6.6%. (Sato et al., 2013; Ungureanuet al., 2018).More than 10% of 

people worldwide consume agricultural goods that are grown using wastewater irrigation 

(WHO, 2006). In China, the USA, and Europe, volumes of reused treated wastewater have 

climbed by 10 to 29% annually, and by up to 41% in Australia (Aziz &Farissi, 2014). China 

stands out as the top Asian nation for wastewater reuse, with an estimated 1.3 million 

hectares (ha) of land, ahead of Vietnam, India, and Pakistan (Zhang & Shen, 2017). Currently, 

it is estimated that just 37.6% of India's urban wastewater is treated (Singh et al., 2019). 

Israel is the biggest user of treated wastewater for agriculture land irrigation, using 90% of 

reclaimed water (Angelakis& Snyder, 2015). Most often in developing nations, irrigation 

uses partially treated or untreated wastewater (Scott et al., 2009). of to and to thes. I can tell 

you the difference. I've got as the same as the snooze. I've got a snafu. I've got a snafu. I have 

the same snooze. I have the same snooze. The direct use of wastewater for irrigation has 

serious health consequences, according to the World Health Organization (WHO) (WHO, 

2006). Communities (farmers, agricultural workers, their families, and product consumers) 

are at risk for health problems as a result of these toxins.residing near sewage streams and 

locations where untreated sewage is used to grow crops (Qadiret al., 2010). Wastewater also 

contains a large diversity of organic compounds. Several of them harm an embryo because 
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they are carcinogenic or poisonous (Jarup, 2003; Shakiret al., 2016). Figure 1 depicts the 

flow of untreated wastewater utilized for irrigation and the resulting health implications. 

 

 

Fig. 1 Exposure pathway representing serious health concerns from wastewater-irrigated 

crops (Kesari, K. K. et al., 2021) 

Water Scarcity 

The limited and constrained access to sufficient water supplies for human and environmental 

needs is referred to as "water scarcity" (White, 2012). As a result, there are two ways to 

approach the idea of water scarcity: socioeconomically and physically. The expanding 

population and conflicting demands for water could be seen as the cause of socioeconomic 

scarcity (Metha, 2007). The limited water is shared among several stakeholders because of 

the high pressure demands. The world population is expected to grow by 40–50% over the 

next four to five decades, and these numbers are considerably more pronounced in India. The 



 

 

continuously increasing water requirement is caused by the population's growth and 

concentration in particular places. In addition, socioeconomic development and rising living 

standards lead to greater water use in cities, which puts agriculture in competition with it. 

Since, agricultural yields must ensure food security, it should have less competition with the 

other sectors. A constant rise in water consumption is anticipated over the coming years, as 

seen in Table 1. Until 2050, agriculture's projected growth ranges from 16% (Standing Sub-

Committee for Assessment of Availability and Requirement of Water, MOWR) to 55% 

(National Commission on Integrated Water Resources Development, NCIWRD). However, 

the projected growth of all other types of uses is significantly higher, such as: increase in 

drinking water from 82% (MOWR) to 164% (NCIWRD). 

Table 1: Water demands in per square kilometre area 

Sector 

Water Demand in km
2 

or Cubic Meter 

Standing Sub-Committee 

of availability and 

requirement of water 

(MOWR) 

National Commission on Integrated Water 

Resources Development (NCIWRD) 

2010 2025 2050 

2010 2025 2050 

Low High Low High Low High 

Drinking 

water 
56 73 102 42 43 55 62 90 111 

Irrigation 688 910 1072 543 557 561 611 628 807 

Energy 5 15 130 18 19 31 33 63 70 

Industry  12 23 63 37 37 67 67 81 81 

Other 52 72 80 54 54 70 70 111 111 

Total 813 1093 1447 693 710 784 843 973 1180 

Solution of Problem 
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Mangrove Plants 

A group headed by Professor Tong Yen Wah of Department of Chemical and Biomolecular 

Engineering, National University of Singapore, Singapore is working continuously 

to create aquaporin-based biomimetic membranes that are inspired by the natural water 

purification mechanisms of human kidney and mangrove plants (Milos, R., 2014). According 

to Tong Yen Wah, aquaporins are "extremely selective" in terms that they exclusively permit 

the transfer of water molecules while rejecting all other molecules (Milos, R., 2014). 

Professor Tong Yen Wah further explained that they are trying to imitate the cell by 

incorporating the aquaporin water channel molecules into an impermeable barrier, just like a 

cell membrane. Thus, seawater or wastewater can be purified by using these channels, since 

water and only water can pass through this membrane swiftly (Milos, R., 2014). 

The technique incorporates additional barrier components from roots of mangrove 

plants to reinforce the membrane, making it even more strong and resilient. To extend the 

membrane's lifespan even further, the team embeds the aquaporin proteins in vesicles 

structuring like a cell, which protect the proteins from deterioration. The given figures 2, 3, 

and 4 show waste water treatment methods that employ various aquatic plants. 

 

Figure 2: Arrangement of Small Treatment Pond with Water and Wetland Vegetation 
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Figure 3: Small Natural Wastewater Treatment Plant without Outflow (Final Treating Tank 

with Floating Islands with Yellow Hyacinth) Forms an Aesthetic Element in the Garden 

 

Figure 4: Fast-growing floating aquatic plant Pistiastratiotes in the final treating tank Iris 

and Water (Bodík I. et al., 2012) 

Seaweed-based Flocculent 

Another fascinating project is being developed by the Norwegian company Sorbwater 

Technology, which has evolved a flocculent process technology based on seaweed to aid in 

the recovery of water having oil waste. The technique involves adding the company's 

patented Sorbflocflocculent, an alginate made from seaweed, to water that has been 

contaminated by oil droplets or other contaminants. 

Phyto-accumulation 

Potato (Solanumtuberosum): The widespread potatoes are herbaceous perennial plants that 

produce white, pink, blue, or purple flowers depending on the variety. According to research 

done in Europe, potatoes are exceptional accumulators of aluminium (Al). However, entire 
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plant should be harvested because it has accumulated this heavy metal in the roots, leaves, 

and tubers.  

Indian Mustard (Brassica juncea): This plant has been extensively studied for its hyper 

accumulation capacities due to its widespread habitat and capacity to thrive in unfavourable 

soil conditions. Lead, cadmium, selenium, nickel, zinc, and chromium are among metals that 

Indian mustard hyper-accumulates. These metals were concentrated in the roots of B. juncea. 

Kenaf (Hibiscus cannabius): Originating from Africa, kenaf is an annual herbaceous plant. 

Kenaf leaves are edible and the woody stalks are frequently used as fuel, despite the fact that 

they are traditionally produced for rope making in Africa and Asia. Researches in the 

production and potential applications of the plants have been heavily influenced by the 

economic and cultural significance of kenaf to emerging nations. There is research being 

conducted in Nigeria to find the most effective way for plant-based extraction of cadmium 

using kenaf.  

Water Hyacinth (Eichhorniacrassipes): The only major aquatic plant that can float on water 

without being linked to the bottom is water hyacinth. They float on inflated hollow leaf stalks 

filled with air, with roots trailing behind them in a thick mat. Arsenic, cadmium, chromium, 

copper, nickel, and selenium are six trace elements that the water hyacinth can absorb and 

move around. Shoots and roots had the highest concentrations of cadmium (371 and 6,103 

mg/kg dry weight), while chromium concentrations were 119 and 3,951 mg/kg dry wt. Apart 

from these,  selenium accumulated more in the shoots, whereas cadmium, chromium, copper, 

nickel, and arsenic were accumulated in significant amounts in the roots.  

Duckweed (Lemna minor): One of the most common of the duckweeds, Lemna minor, often 

known as lesser duckweed, is found all over the world. According to studies, duckweed is a 

powerful mercury absorber and after 3 days had 2,000 ppm of mercury in it. The metal 

concentration factor (i.e., the ratio of metals in the plant to the growth media) for duckweed 

kept in a solution containing copper at 8 ppm was 51 after 14 days. The value of this factor 

was recorded 27 when there was an equal concentration of iron present, suggesting that iron 

had an impact on the rate at which copper was absorbed. 

Conclusion 

Hence, it is clear from the above facts that waste water is becoming a serious problem of the 

world which can be effectively tackled by using biological waste water treatment methods at 

lower costs. Plants like, mangrove, water hyacinth, duckweed, Indian mustard, potato, kenaf, 
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and sea-weed, etc. should be utilized for the removal of toxic substances from water bodies 

and protect water, soil and environment by hazards caused due to plastic and chemicals 

released from factories with waste water. 
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