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Abstract: Groundwater serves as the water recharge of surface water and provides clean water for 

domestic, industrial, and agricultural usage for human life. However, rapid developments resulted in 

groundwater contamination by heavy metals, pesticides, waste by-products, cosmetics, pharmaceutics, 

and biological agents. Groundwater contamination by the percolation of heavy metals (HM) is focused 

on in this review. Heavy metals known for their persistence, bioaccumulation, and biomagnification 

properties are hazardous to live organisms. Long-term exposure to heavy metals brings adverse effects 

on respiratory diseases, cardiovascular disorders, cancer, etc. They are considered toxins, carcinogens, 

mutagens, and teratogens for humans in low concentrations. Hence, technologies to remediate heavy 

metals and organic pollutant in groundwater is vital to prevent environmental and health issues. 

However, current conventional remediation technologies that are expensive, utilize hazardous 

materials, and produce toxic by-products in effluents are insufficient to alleviate heavy metals' effects 

in groundwater. Thus, an eco-friendly and cost-effective rhizofiltration method that adsorb, concentrate, 

and precipitate contaminants in or on plants' rhizosphere is introduced. This review portrays the 

mechanisms involved in rhizofiltration to remediate heavy metals-contaminated groundwater and 

describes the gaps for rhizofiltration to be a commercially viable technology. 

Keywords: groundwater pollution; heavy metals; biomagnification; bioaccumulation; remediation; 

rhizofiltration. 
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1. Introduction 

Freshwater is an important water source for the consumption of living organisms on 

Earth. The freshwater source on Earth is precious and limited. However, due to the rapid growth 

of the human population and industrialization, limited fresh surface water has been 

overexploited and polluted, causing insufficient clean water sources available and disruption 

to the ecosystem. Currently, groundwater is being harvested as a clean water source to fulfil 

the clean water demand. Groundwater has gradually become an important fresh surface water 

source to sustain mankind's life apart from rivers and lakes. Groundwater is groundwater that 

exists in spaces between sedimentary particles and cracks of solid rocks. Groundwater was 

estimated to become 20 times more than the total volume of surface water. This is vital to 

human development because groundwater acts as the greatest reserve of drinking water and 
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agricultural water [1, 2]. The presence of pollutants in the groundwater reduces the availability 

of clean groundwater. Consumption of contaminated groundwater, which contains different 

pollutants, s different effects on living organisms, especially health problems. Some efforts 

have been made to remediate the contaminants from groundwater to conserve the groundwater 

and ensure a continuous supply of fresh water. With greater depths as compared to surface 

waters, groundwater should be less contaminated as contaminants need to percolate through 

the pores and cracks within soils. However, groundwater pollution comes into view as a major 

issue in many countries, in particular in countries with high industrialization [1]. Contaminants 

found in groundwater originated from natural and anthropogenic sources include heavy metals, 

pesticides, waste by-products, cosmetics, pharmaceutics, and biological agents. Among all, the 

impacts of non-biodegradable HM laden in groundwater raise concerns [2]. Metals and 

metalloids with a density of more than 5 g/cm3 are termed as heavy metals [3]. Percolation of 

pollutant into the groundwater resources generate challenges such as water insecurity due to 

water quality deterioration and health issues (respiratory diseases, cancers, and cardiovascular 

malfunctioning) in living organisms [4, 5]. 

To alleviate pollutant toxicity in groundwater, several measures have been made in the 

last 20 years include (1) identification of pollutant sources for groundwater pollution, (2) limit 

pollutant emission at sources, and (3) pollutant mitigation of the polluted groundwater 

resources [2]. Current conventional technologies implemented soil washing, chemical fixation, 

filtration, and permeable reactive barriers (PRB) are utilized to reduce pollutant concentration 

in groundwater. However, issues like non-economical, energy-consuming, membrane fouling, 

low removal efficiency, and production of secondary toxic effluents require treatment methods 

that are more sustainable [6, 7]. A method that utilizes pollutant-tolerant plants and associated 

microbes to remediate polluted sites naturally is that phytoremediation is environmental-

friendly and more cost-effective than conventional engineered techniques [8].  Rhizofiltration 

is a technique that utilizes the root system of plants to remove a range of contaminants (organic 

and inorganic), one of the phytoremediation methods that able to alleviate groundwater 

contamination. The pollutants were absorbed and precipitated in the roots system of the plants 

from the polluted water. With the interaction between the plants’ root system and contaminants 

in polluted groundwater, the bioavailability of pollutants in the food chain can be significantly 

diminished [9]. The plants selected for rhizofiltration should have large pollutants 

accumulation capacity, easily be grown, low cost in maintaining the plants, and produce fewer 

wastes while the plants are disposed of after the plant’s roots are fully saturated by the 

pollutants. The efficiency of the rhizofiltration was affected by different factors such as plant 

species, condition of groundwater (temperature and pH), and chemical characteristics of 

organic contaminants. The affecting factors had a limit on the performance of the plants in 

carrying out rhizofiltration. By considering the factors, the efficiency of rhizofiltration could 

be maximized, so the remediation rate of organic pollutants in groundwater could be increased. 

2. Sources of Pollutant in Groundwater 

 The underground water might be polluted by anthropogenic and natural activities. 

Anthropogenic activities due to the development caused the seepage of organic pollutants into 

the groundwater. Some organic contaminants cannot be decomposed by the natural 

decomposer due to the toxicity, and these contaminants will disrupt the natural ecosystem, 

especially the aquatic ecosystem [10]. Some organic contaminants exist naturally, especially 
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in petroleum. The migration of organic contaminants from petroleum will result in the 

contamination of groundwater. Solubilization of heavy metal may be occurred through natural 

processes such as atmospheric deposition, weathering reactions, gas exchange in oceans, 

volcanic eruptions, and forest fire or though anthropogenic sources like leachate from landfill 

and mine tailings, liquid wastes disposal in the deep-well, sewage, and industrial spills [6, 11]. 

Additionally, heavy metal in groundwater can be traced from point (industries, sewage 

treatment plant, and ships) and non-point sources (oil spillages, domestic run-off, and 

agricultural run-off) [12]. HMs, in particular As, Cd, Cr, Hg, and Pb, are well-known toxins, 

carcinogens, mutagens, and teratogens in low concentrations. The impacts of inhalation, 

ingestion, or direct contact with these HMs are human physical and mental illnesses, mutations, 

genetic damage, nervous system damage, as well as cancer [13]. Apart from that, essential 

elements in biochemical reactions for living organisms like Fe, Zn, Cu, Mn, Ni, and Co are 

lethal to humans with their xenobiotic nature. Various illnesses and disorders such as kidney 

failure, neurological disorders, and cancer can be resulted from them [6]. In short, to diminish 

the potential exposure to heavy metals, specific source apportionment of heavy metals in 

groundwater is important. Detailed sources and health impacts for each type of heavy metal 

and organic pollutant are shown in Table 1.  

Table 1. Source and impacts of some contaminant in groundwater. 

Contaminant Sources Impacts References 

Lead (Pb) Mining, metal smelting, fossil 

fuels combustion, sewage, disposal 

of waste, fertilizers, pesticides, 

paints, batteries, and metal 

products 

Neurological disorders, skeletal, 

endocrine, immune systems damage, 

toxicity in the kidney, neurologic and 

vascular systems, hypertension and stroke 

[9,14,15] 

 

Chromium (Cr) Timber treatment, dyes, pesticides, 

metallurgy, refractory, leather 

tanning, and electroplating 

industry 

Irritation in the stomach and small 

intestine, respiratory, kidney, liver, 

reproductive systems damage, cancer 

(lung, stomach, intestinal tract) 

[9,16] 

Zinc (Zn) Mining, metal smelting, fertilizers, 

timber treatment, dyes, paints, 

wastewater, and electroplating 

industry 

Diarrhea, liver failure, bloody urine, 

icterus, kidney failure, stomach cramps, 

abdominal cramps, epigastric pain, 

nausea, pancreatic harm, anemia, and 

lower levels of high-density lipoprotein 

cholesterol 

and vomiting 

[9,17]  

 

Cadmium (Cd) Atmospheric deposition, mining, 

metal smelting, wastewater, 

fertilizers, pesticides, and 

herbicides 

Renal cancer, infertility, liver, kidney, 

cardiovascular and endocrine diseases 

[15,18,19]  

 

Arsenic (As) Atmospheric deposition, volcanic 

activity, mineral dissolution, 

mining, metal smelting, fossil fuels 

combustion, disposal of waste and 

coal fly ash, timber treatment, 

pesticides, and herbicides 

Cancer (skin, bladder, and lung), 

cardiovascular illnesses, peripheral 

neuropathy, and diabetes 

[8, 20-22] 

Iron (Fe) Mining, metal smelting, traffic 

pollution, and iron industry 

Hepatic fibrosis, cirrhosis, hepatocellular 

cancer, cardiac disease, hepatic damage, 

and diabetes 

[23,24] 

Mercury (Hg) Volcanic activity, forest fire, 

mining, fossil fuels combustion, 

fertilizers, and fumigants 

Neurological diseases, genotoxicity, 

cardiovascular toxicity, disrupting 

endocrine systems, impaired growth and 

development, reduced reproductive 

success, induced liver and kidney damage, 

sensory disturbance, visual field 

[25,26] 
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Contaminant Sources Impacts References 

constriction, deafness, ataxia, dysarthria, 

and immunomodulation 

Copper (Cu) Mining, metal smelting, fertilizers, 

fungicides, timber treatment, 

wastewater, and electroplating 

industry 

Epigastric torment, gastrointestinal 

bleeding, diarrhea, spewing, tachycardia, 

hematuria, respiratory challenges, 

hemolytic anemia, hepatocellular 

putrefaction in the liver, intense tubular rot 

in the kidney, and demise 

[9,17,27] 

Nickel (Ni) Volcanic activity, forest fire, 

landfill, mining, gas exchange in 

the ocean, disposal of waste, steel, 

electroplating and cement 

manufacturing, wastewater, alloys, 

and batteries 

Kidney injury, frank haematuria, nausea, 

vomiting, hepatic and renal toxicities, 

hypothermia, bronchitis, rhinitis, renal 

tubular degeneration, neurological 

disorders, cancer, incidences of 

reproductive and developmental toxicity 

[9,28-30]  

 

Aluminum (Al) Mining, metal smelting, fossil 

fuels combustion, and the 

aluminum industry 

Alzheimer disease and memory loss [31] 

Manganese (Mn) Mining, metal smelting, fertilizers, 

fungicides, steel, and dry battery 

manufacturing 

Mental illness, neurotoxicity 

with extrapyramidal symptoms 

[19, 32] 

Antimony (Sb) 

 

Mining, metal smelting, fossil 

fuels combustion, alloy hardeners, 

catalysts, flame retardants, 

enamels, lead-acid batteries, and 

glass decolorants 

Kidney disorders, liver poisoning, 

damage to respiratory and cardiovascular 

system  

[33] 

Organochlorine 

Pesticides 

Fertilizer, pesticide, fungicide, 

herbicide 

Act as neurotoxins which may increase 

the risk of Parkinson's disease, increase 

infant mortality, endocrine disruptors, act 

as carcinogens, damage liver, and 

kidneys, reduce the birth rate of reptiles 

and birds by causing eggshells thinning, 

undergo bioaccumulation and 

biomagnification along the food chain 

[34-41] 

Polycyclic aromatic 

hydrocarbons 

Petroleum, oil spill, forest fire, coal 

gasification, liquefying plants. 

Increase the risk of chronic obstructive 

pulmonary diseases, biochemical 

reaction disruptors in the human body, 

cause conotruncal heart defects in 

newborns, break down red blood cells, 

endocrinal disruptors in zebrafish, act as 

cytotoxins to microorganisms 

[42-46] 

Phthalic acid esters Plasticizers, lubricants, 

dispersants, personal-care 

products, pharmaceuticals, food 

products. 

Damage sperm DNA, damage testis of 

mice, and increase the risk of Leydig cell 

hyperplasia and cryptorchidism for mice. 

[47, 48]  

Polychlorinated 

biphenyls 

Plasticizers, stabilizing agents, 

electronic components.  

Cause hyperlipidemia, increase the risk 

of subclinical coronary atherosclerosis, 

act as endocrinal disruptors by doubling 

the effect of hormones, cause preterm 

birth of an infant, alter embryonic 

development of zebrafish 

[49-53] 

Benzene, Toluene, 

Ethylbenzene and 

Xylene 

Petroleum, cosmetics and 

pharmaceutical products, 

adhesives, inks,  

Benzene damages human blood cell, 

toluene acts as probable carcinogens to 

human, toluene disrupts the human 

reproductive system, ethylbenzene 

causes acute eyes and skin irritation, 

xylene causes breathing difficulty, 

xylene causes eyes, nose, and throat 

irritation, all undergo biomagnification 

and bioaccumulation along the food 

chain 

[54-56] 
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2.1. Pesticides and fertilizers application. 

To reduce the loss of crop yield in agriculture, pesticides are used to kill the pests 

feeding on the crops. Some pesticides used extensively in cultivation in the past contained 

significant concentrations of metals and organic chemicals. Some heavy metals such as Cu, 

Hg, Mn, Pb, or Zn were used to fabricate insecticides and fungicides. Organochlorine pesticides 

(OCPs) are usually used to kill pests as OCPs have low cost and high efficiency. However, 

OCPs contain persistent organic pollutants (POPs), which can only be degraded to less toxic 

compounds by some natural decomposers [57]. As a result, the OCPs could exist in the 

environment for a long period since only specific natural microbes can degrade POPs. POPs 

that may present in the OCPs are dichlorodiphenyltrichloroethane (DDT), polybrominated 

diphenyl ethers (PBDEs), and dichlorodiphenyldichloroethylene (DDE) [58]. Since infiltration 

is the process by which water dissolves into the soil [59], the pesticides can seep into the soil 

together with rainwater and reach the groundwater through infiltration, although OCPs have 

low water solubility. OCPs are mostly applied in a paddy field during the rice-growing season, 

so, the concentration of OCPs in the soil will be very high [59]. The accumulation of OCPs in 

the soil will promote the leaching of more OCPs to reach the groundwater, causing severe 

groundwater pollution. Although the application of POPs is banned in the Stockholm 

Convention [60], the persistence characteristics of POPs allow POPs to remain in the 

environment for a long period. The low application cost attracts some developing countries to 

continue the use of OCPs containing POPs [61, 62]. 

Generally, farming was the first main human influence on the soil. Macronutrients and 

essential micronutrients, including heavy metals (Co, Cu, Fe, Mn, Mo, Ni, and Zn) are 

important components to grow and complete plants. High concentrations of fertilizers are 

frequently supplemented to soils in effective agriculture systems to offer adequate N, P, and K 

as well as trace amounts of heavy metals for healthy plant growth. The application of fertilizers 

could increase crop yield in agriculture. Excess application of fertilizers or manure in 

increasing crop yield leads to groundwater pollution. The fertilizers and manure contain 

nitrogen, which will increase the nitrogen amount in the groundwater, causing the increment 

of nutrient content [63]. Organic fertilizer is able to acidize the soil at a slower rate than 0.5 pH 

in 5 years. When this organic fertilizer dissolves in the water table and reaches the groundwater, 

groundwater's acidification will occur. The organic pollutants which exist in the fertilizers are 

polycyclic aromatic hydrocarbons (PAHs) and phthalic acid esters (PAEs) [43, 43]. These 

organic pollutants could be brought to the nearest surface water through surface run-offs during 

rain. The surface water's organic pollutants may leech to groundwater since the groundwater is 

hydraulically connected with surface water [57]. 

2.2. Improper sewage management. 

The utilization of some sewage sludge containing livestock manures and composts to 

land inadvertently leads to accumulating heavy metals in the soil. Even though livestock 

manure is categorized as organic fertilizers, some heavy metals like As, Cu, and Zn were added 

to animal food in the poultry industry to accelerate the growth and maintain animals' health. 

Sewage treatment plants treat the sewage collected from residential areas before discharging it 

into the environment to reduce the environmental impacts. Improper wastewater management 

in the sewage treatment plant will cause the leakage of sewage water into the environment. The 

wastewater will pollute the groundwater since the wastewater contains organic contaminants.  
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When the sewage water dissolves into the water table, the sewage water will finally 

reach the groundwater due to the hydraulic seepage flow. Improper sewage sludge management 

will cause groundwater pollution because sewage sludge usually has a high concentration of 

organic pollutants, such as Triclosan and fragrances [64]. The condition worsens when the 

sewage sludge is used to increase soil fertility, causing more crop yield to be harvested in 

agriculture [65]. The irrigation of sewage sludge applied crop will cause the seepage flow of 

organic contaminants present in the sludge to the groundwater. The surface run-off will also 

result in the migration of organic pollutants into nearby surface water, causing the seepage of 

organic pollutants into the groundwater. 

2.3. Improper industrial effluent management. 

Industrialization has improved the country’s economy by increasing productivity, 

causing more exportation of products. However, some irresponsible industry owners do not 

treat the effluent before discharging it into the environment to reduce its operational cost. 

Industrial effluent, which contains chlorophenols, is discharged into the environment without 

proper treatment from different industries such as wood industries and pharmaceutical 

industries [66]. Chlorophenols are organic pollutants that have very high chlorination degree 

with different toxicity [66]. Chlorophenols could leech to groundwater if the effluent 

containing chlorophenols is discharged without treatment, polluting the groundwater. Apart 

from chlorophenols, PAHs, volatile organic compounds (VOCs), and alkylphenols (APs) are 

also present in industrial wastewater [67]. The used synthetic organic chemicals are discharged 

into the aquatic environment without proper treatment [68]. The organic pollutants present in 

the surface water source will cause the leaching of pollutants into the soil water and pollute the 

groundwater. 

2.4. Landfill leachate leakage. 

Engineered landfills are gradually chosen to dispose of municipal solid wastes by 

burying the solid wastes under the ground with an engineered structure to prevent 

environmental pollution. The damage of the underground impermeable layer in the landfill will 

result in the leakage of landfill leachate from the landfill site to pollute the groundwater. 

Contamination of groundwater can be detected within a 1 km radius from the leachate leakage 

site [69]. The leachate characteristics depend on the types of wastes buried in the landfill, which 

will result in a different composition of organic and inorganic pollutants. Dissolved organic 

carbon (DOC) in the leachate results from the decomposition of organic wastes in the landfill. 

DOC may bind with hydrophobic organic contaminants, causing migration of organic 

pollutants to the groundwater [70]. The transportation of leachate into groundwater can be 

divided into two, which are dispersion and diffusion. Both of the transportations involve the 

movement across the geomembrane and clay layer to reach the groundwater [71]. The organic 

pollutants present in the leachate are PAHs, polychlorinated biphenyls (PCBs), and emerging 

contaminants. The existence of organic pollutants in the leachate is due to the landfilling of 

personal care products and pharmaceuticals [72]. 

2.5. Mining and petroleum. 

Mining and milling of metal ores are the main factors for metal contamination in the 

soil. In the mining process, tailings are straight disposed into the environment, resulting in 
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elevated heavy metal concentrations. The reclamation process had limitations due to the 

expensive cost and not effective in restoring soil fertility. Due to world industrialization, the 

petroleum demand has been increasing, causing the development of technology in extracting 

petroleum from the ground. However, machinery failure during petroleum exploitation will 

cause petroleum leakage to the environment. Although petroleum is a natural fossil fuel 

resource, petroleum contains organic contaminants such as VOCs and PAHs. The VOCs 

present in petroleum are benzene, toluene, ethylbenzene, and xylene (BTEX) [73]. The oil 

spills will pollute the groundwater when they occur near the stream, reducing the freshwater 

availability [74]. The organic pollutants in the petroleum could migrate from the original spot 

to other places through the groundwater stream. Apart from anthropogenic activities, the 

petroleum's organic pollutants could be released naturally into the environment through 

geochemical and biogenic processes [73]. The organic pollutants in petroleum are mostly 

anthropogenically discharged into the environment [75], so the natural effect of introducing the 

organic pollutants from petroleum into the environment is rare. 

3. Environmental Fate and Impact of Pollutant in Groundwater 

The existence of organic contaminants in the environment affects the natural 

environment negatively. It alters human health, causing minor to a severe problems to human 

health. For heavy metals are well known for their longevity in the environment. They cannot 

be degraded physically or chemically [6]. To remediate heavy metals in groundwater  

efficiently, HM toxicity has to be understood. First, heavy metals disrupt the normal 

metabolism of living organisms by converting to stable oxidation states with proteins and 

enzymes in the stomach. With their oxidation-reduction and chemical coordination 

characteristics, original metals from binding sites are displaced by heavy metals, thus cause 

cell malfunction and toxicity [76]. 

On the other hand, transport of heavy metals includes pore-water advection, solute 

dispersion, and convection in the soil. Hence both land and groundwater will be contaminated 

[77]. Therefore, water quality from the groundwater resources is no longer safeguarded, and 

sustainable water supply is threatened by the percolation of heavy metals [5]. The use of 

groundwater for drinking water, industrial and agricultural purposes had increased HM 

exposure in human beings by direct ingestion of HM from food and water [78]. This exposure 

is due to the bioaccumulation, biomagnification, and persistence properties of HM [2]. Non-

biodegradable heavy metals bio-accumulate in food through food chains and bio-magnify while 

transporting from lower to higher trophic levels. Heavy metals' persistence to remain as 

harmful metals for a long period of time causes long-term risks in the environment. For 

instance, methylmercury (a toxic chemical form of Hg) with a longer half-life can accumulate 

in the marine food chain after passing through the cell membranes of aquatic life. After 

biomagnification and bioaccumulation, higher concentrations of Hg is detected in fishes at 

higher trophic levels. Nevertheless, heavy metal concentrations depend on the species, location, 

and trophic level in an ecosystem [2]. 

3.1. Human health problem.  

The absorption of OCPs in the human body will damage the nervous system as 

organochlorine in the OCPs is toxic to neurons in the human body. DDT, which is one type of 

OCPs, can increase the risk of Parkinson’s disease if the individual is frequently exposed to the 
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DDT [34]. The neurotoxic OCPs may have a deleterious effect on neuro tissues, affecting 

communication development in children [35]. The ingestion of OCPs by children will increase 

the time required for the children to master communication skills. Infant mortality would be 

increased when pregnant mothers are exposed to OCPs. Even at low OCPs concentration, the 

exposed mother will give birth to a smaller weight infant [79]. This might occur due to the 

mother's increment of homocysteine, as the OCPs could alter the homocysteine metabolism 

[36]. Regular exposure of women to DDE will increase the risk of ovarian cancer as the DDE 

could promote tumor growth by creating the microenvironment suitable for tumor growth [37]. 

This shows that OCPs are carcinogens that will induce cancer in an individual under long-term 

exposure to OCPs. Due to the endocrine system disruption, OCPs could alter insulin secretion 

and insulin-dependent glucose absorption by increasing the production of reactive oxygen 

species and peroxynitrite anions in skeletal muscles and beta cells in the pancreas [38]. The 

ingestion of OCPs by an individual could lead to kidney failure. This is because the presence 

of OCPs in the human body will damage the liver and kidney, reducing the functional efficiency 

of the liver and kidney [39]. Inhalation or ingestion of PAHs could reduce lung function and 

increase the risk of an individual suffering chronic obstructive pulmonary diseases, causing an 

increment in the cardiovascular death rate [42]. Only some of the PAHs are carcinogenic to 

humans who will lead to cancer. The mixtures of PAHs could damage the cells and disrupt the 

biochemical reaction carried out in the human body [43]. When pregnant mothers are exposed 

to PAHs in the long term, the infants born might suffer conotruncal heart defects due to PAHs' 

lipophilic characteristics, which allow PAHs to travel across cell membranes and reach the 

fetus [44]. This will increase the death risk of a newborn. The PAHs could break down the 

erythrocytes in the human body if many PAHs are consumed [43]. The breakdown of 

erythrocytes will cause the inefficient transportation of oxygen in the human body as fewer 

erythrocytes are available in transporting oxygen from the lungs. As a result, the body tissues 

will suffer oxygen deficiency, and the individual's metabolism rate will be decreased. Although 

there is lacking study on PAEs' effect on human health, the PAEs could still impact negatively 

on human health. The oxidative metabolites of di-(2-ethylhexyl) phthalate, which is a type of 

PAEs, can disrupt and damage the sperm DNA [47]. Damaged sperm DNA may cause 

infertility of sperm, which will fail fertilization with the ovum. The DNA damage in sperm 

may also cause infant defects due to the damaged DNA in sperms. As a result, the infant 

mortality rate and the paternal infertility rate will be increased. 

 The ingestion of PCBs will cause the individual to suffer hyperlipidemia as PCBs' 

existence in the human body could increase the number of triglycerides in the blood [49]. The 

high lipid content in the blood will increase the risk of cardiovascular diseases and obesity. As 

a result, individuals may have subclinical coronary atherosclerosis. The flow of blood will be 

restricted by building lipids at the wall of blood vessels [50]. PCBs will disrupt the human 

endocrine system. It will have the same effect as certain hormones, such as thyroid hormone to 

the human body [51]. As a result, PCBs will double the effect of certain hormones, altering the 

growth and development of an individual. The pregnant mothers that are exposed to the PCBs 

will cause preterm birth of infant [51]. Preterm birth may cause a smaller infant's weight and 

increase the infant's mortality risk due to incomplete development of certain systems such as 

the respiratory system. The absorption of BTEX into the human body could disrupt an 

individual's nervous system in which the BTEX could destroy the nerve cell in the neurons. 

Benzene in BTEX is highly toxic and could damage the blood cell, causing aplastic anemia 

and acute myelogenous leukemia [54]. Toluene, a probable carcinogen for humans, will disrupt 
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the human reproductive system [54]. Disruption of the reproductive system by toluene might 

cause the defection of birth and lower fertility in both males and females, which may reduce 

the birth rate. Ethylbenzene can cause acute eye in which the fluid in the eyes cannot drain 

properly due to some blockage and skin irritation [54]. Although xylene is not categorized as 

a carcinogen to humans, the ingestion and inhalation of xylene may lead to eyes, nose, throat 

irritation, and respiratory problems such as breathing difficulty [56].  

3.2. Natural ecosystem disruption.  

Humanity will be negatively affected by organic pollutants, flora, and fauna and suffer 

the negative effect of organic pollutants as a result of anthropogenic activities. The 

groundwater's organic pollutants could travel hydraulically to the surface water [72], causing 

the terrestrial organisms and aquatic organisms to suffer the negative impact of pollutants. The 

bioaccumulation and biomagnification of POPs will increase the pollutants content in the 

consumers along the food chains [40, 41]. As a result, the highest trophic level consumers will 

usually contain the highest POPs in the body. The presence of OCPs in the environment will 

cause a negative effect on genetics in the reptiles and birds as OCPs will cause the thinning of 

eggshells [41], reducing the successful eggs hatching chances and thus reducing the population 

of reptiles and birds. OCPs will change the mating behavior and cause sterility of fauna, causing 

a low reproduction rate and low birth rate. The existence of OCPs will degrade the natural 

habitat of flora and fauna [80], causing loss of biodiversity in the contaminated area as the 

migratable fauna will migrate to a more favorable habitat. In contrast, the flora and fauna which 

do not migrate from the contaminated habitat might die due to intolerant to contaminants. PAHs 

are toxic to microorganisms and aquatic life [40]. High content of PAHs in water will kill 

aquatic life, causing a reduction in aquatic biodiversity. The presence of PAHs in water will 

alter fish reproduction, altering the population of fish. PAHs will not only cause endocrinal 

disruption in humans, but PAHs will also disrupt the endocrine system of zebrafish, altering 

the hormone secretion [45]. PAHs have high lipid membrane interaction potential, which will 

change the lipid membrane's structure and function, causing cytotoxic to the microorganisms 

[46]. 

 PAEs will change the microbial function, which will lead to the disruption of ecological 

balance by changing the microbial community in the ecosystem [81]. PAEs have the potential 

to negatively affect the endocrine system of animals, which will result in a low reproductive 

rate. The PAEs could change mice's semen quality and fertility by damaging the testis and 

increasing the risk of suffering Leydig cell hyperplasia and cryptorchidism [48]. This will 

reduce the population of mice and might disrupt the natural food web in the ecosystem. Even 

though the risk of PAEs is not fully confirmed [48], the removal of PAEs from the environment 

should be carried out to reduce the environmental impact. PCBs will alter the visual 

development during embryonic development by reducing the photoreceptors in the eyes of 

zebrafish [52]. This will reduce the survival chance of zebrafish as zebrafish is hard to see the 

predators due to the reduction of retinal photoreceptors. As a result, a large population decline 

of zebrafish will occur. PCBs could induce mutations and cause the embryo to develop 

abnormally [53]. This will reduce the reproductive rate and further reduce the animals' 

population, causing the loss of biodiversity. 

BTEX is highly toxic to the environment [82]. The high toxicity of BTEX will degrade 

the natural habitat of flora and fauna, causing the migration of flora and fauna to a new habitat. 

BTEX content in an organism could be increased due to the bioaccumulation and 
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biomagnification process [55]. The toxic effect of BTEX will kill the organisms when a large 

amount of BTEX accumulated in organisms. A high BTEX level will usually be found in the 

consumer of the highest trophic level, so death will mostly occur among the tertiary consumers.  

This will cause ecosystem imbalance, especially when the keystone species are killed. 

The prey population will be increased due to the decrement of predators, causing the loss of 

producers on a large scale. Since the ecosystem's biodiversity will be reduced, certain valuable 

resources will lose before the resources are discovered and exploited. 

4. Current Remediation Technique for Groundwater Contamination 

Application of conventional types of remediation methods is confined by the dispersion 

of groundwater contaminants in plumes over large areas and deep underground [11]. According 

to Scullion [83], current remediation technologies for heavy metals in contaminated 

groundwater have several outcomes in particular: (1) Degradation of pollutants completely or 

substantially; (2) Extract pollutants for further treatment or disposal; (3) Stabilize pollutants to 

forms with less mobility or toxicity; (4) Separate non-contaminated substances from polluted 

substances and treat them before recycling; and (5) Restrict exposure by containing the 

polluting substances. 

The current remediation methods in remediating heavy metals are divided into 

chemical, biological/ biochemical/biosorptive, and physical-chemical treatment. The 

discussion of each class of treatment technologies is portrayed in Table 2. In general, chemical 

treatment technologies can be used for application to control large volumes of contaminants 

over large areas underground. However, toxic by-products are produced during the reduction 

process, which cannot be handled satisfactorily. Besides, chemical washing that utilizes strong 

extractants may deteriorate soil texture and put the soil environment at risk. Lastly, the 

disadvantage of extracting HM with chelate flushing is that chelating agents are expensive and 

carcinogenic [11]. In terms of biological, biochemical, and biosorption treatment technologies, 

biological processes in the sub-surface, particularly phytoremediation, hyperaccumulation, and 

phytoextraction are not suitable for deep groundwater remediation and is a very slow process. 

In addition, enhanced biorestoration outnumbered other conventional remediation methods 

with a long-lasting effect on an aquifer, no waste generation, and no requirement of chemical 

input. Moreover, biosorption that is cost-effective, non-toxic, easily available, high in 

adsorption rate, minimum in sludge production, and high in the probability of metal recovery 

is practical mitigation for HM remediation. However, further scientific research is still needed 

for this technology [11]. 

Permeable reactive barriers (PRB) method in physical-chemical treatment technologies 

may bypass groundwater flow with issues like reduced permeability and clogging. Hence, this 

technology's regular performance monitoring is required to prevent the barriers’ reactivity from 

being exhausted. Besides that, absorbed HM may regain mobility with the changing soil 

environment, particularly redox potential and pH. Furthermore, factors like ionic conductivity, 

porosity, water content, texture, pH, and groundwater flow rate affect the efficiency of 

electrokinetic remediation in removing HM from groundwater [11]. Overall, further research 

is needed to ensure the sustainability of remediation techniques is maintained after applying 

remediation technologies. 
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5. Rhizofiltration in Groundwater Remediation 

Phytoremediation is the use of plant microbe’s biological processes to eliminate, 

attenuate, or transform contaminants from contaminated media like water, soil, and air. This 

emerging technology is eco-friendly, cost-effective, and energy-saving compared to the current 

chemical and physical-chemical remediation technologies. In the phytoremediation method, a 

mechanism known as rhizofiltration is broadly used to remediate polluted groundwater 

resources [1]. Rhizofiltration uses plant roots in adsorbing contaminants in the surrounding 
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root zone (rhizosphere), concentrating and precipitating them on or within the root [12]. Root 

exudates (secondary metabolites) released by plants' roots will undergo biogeochemical 

processes that precipitate contaminants on the roots or into the water body. Then, adsorption 

of contaminants on the roots, within the roots, or translocation to the phyllosphere (plant organs 

above-ground) will occur according to the type of plant, contaminant species, and 

concentration [78].  

Several heavy metals assist plants’ growth and development as they are a vital 

constituent of various enzymes and proteins. Nonetheless, high concentrations of essential and 

non-essential HM in plants resulted in heavy metal-associated phytotoxicity that blocks 

functional groups, displaces essential elements, dismantles membrane integrity, and inactivates 

enzymes. Thus, the changes in various physiological processes at the molecular or cellular level 

affect plants' growth and development. The elevated yields of oxygen radicals that interfere 

with electron transport activities is a common example of heavy metal-associated phytotoxicity 

[12]. Fortunately, plants developed various defense and tolerance systems that aid them in 

surviving under phytotoxicity conditions. These include: 

a) a symbiotic connection with mycorrhiza which keeps track of movement and uptake of HM 

ions is established [92] ; 

b) utilize plasma membrane to reduce influx [93]; 

c) store HM in vacuoles and epidermal tissue with the presence of enzymes such as lipases, 

proteinases, and phosphatases [12]; 

d) utilize enzymes (catalases, peroxidases, and superoxide dismutases) and antioxidants 

(ascorbates, glutathione, α-tocopherol, and flavonoids) to neutralize ROS [12]; and 

e) produce phytochelatins and metallothioneins that detoxify HM by binding HM to the 

protein’s thiol group [12]. 

In-situ rhizofiltration can be implemented for contaminated surface water, whereas ex-

situ rhizofiltration that supplies contaminated water to the plants with an engineered tank 

system can be used for polluted groundwater resources [78]. Pump and treat (P & T) system, a 

physical extraction system that extracts impacted groundwater to above-ground plant 

hydroponic systems, is applied as ex-situ rhizofiltration. Thus, contaminated plumes 

underground can be extracted and be filtered through rhizofiltration [94]. According to Singh 

and Santal [9], the efficiency of hydroponically cultivated roots of terrestrial plants in 

remediating HM is higher than normal plant-based systems. Rhizofiltration process starts with 

the identification and extraction of groundwater with the P & T system. After selected desired 

plant species with high adsorption of HM from the contaminated plumes, plants are cultivated 

hydroponically in greenhouses. Plants that acclimatized in the contaminated groundwater and 

showed high removal efficiency of HMare then planted on the contaminated site. 

 
Figure 1. Illustration showing the vital steps comprised in the rhizofiltration process of remediating heavy 

metals in groundwater. 
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Consequently, the plants are harvested from the site after their roots are saturated with 

contaminants. Finally, proper disposal of plants is carried out [12]. A schematic diagram of 

rhizofiltration processes is illustrated in Figure 1. Other than considering factors that will 

impact rhizofiltration, plant selection illustrated in Figure 2 is also important to boost HM's 

removal efficiency [12]. Table 3 showed the plant species that able to remediate heavy metals 

through rhizofiltration.  

 
Figure 2. Criteria of plant selection for the rhizofiltration process. 

Table 3. Plant species used for the rhizofiltration method in remediating heavy metals and organic contaminant. 

Heavy metals Plant species References 

Cadmium (Cd) Brassica juncea, Setaria italica (L.) Beauv., Pistia stratiotes L., Salvinia 

auriculata Aubl., Salvinia minima Baker, domingensis and Azolla filiculoides Lam 

[95-97]  

Lead (Pb) Brassica juncea, Oxycaryum cubense (Poep. & Kunth) Palla, Azolla pinnata, 

Carex pendula, Pistia stratiotes L., Salvinia auriculata Aubl., Salvinia minima 

Baker, Typha domingensis and Azolla filiculoides Lam 

[95, 97-100] 

 

Aluminum (Al) Pistia stratiotes L. and Typha domingensis [97, 100] 

Iron (Fe) Pistia stratiotes L. and Typha domingensis [97,100] 

Manganese (Mn) Pistia stratiotes L., Cnidoscolus multilobus, Platanus mexicana, Solanum 

diversifolium, Asclepius curassavica L., and Pluchea sympitifolia 

[97,101] 

 

Antimony (Sb) Cynodon dactylon [72] 

Copper (Cu) Eichhornia crassipes (Mart.) Solms [102] 

Nickel (Ni) Eichhornia crassipes (Mart.) Solms [102] 

Zinc (Zn) Eichhornia crassipes (Mart.) Solms and Typha domingensis [100, 102] 

Arsenic (As) Cynara cardunculus [103] 

Synthetic dye Arundo donax L [104] 

6. Factors Affecting Rhizofiltration Process 

These factors should be considered to ensure the efficiency of rhizofiltration in 

remediating the heavy metals and organic contaminants in groundwater, as shown in Figure 3. 

 
Figure 3. Main factors that affect rhizofiltration. 
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6.1. Characteristics of plant species and microorganisms. 

Different plants will have different efficiency in remediating different organic 

pollutants as not all plants are suitable for remediating contaminants. For example, 

intercropping of wheat and maize could accumulate more PAEs from the soil than just a single 

wheat or maize species could do [105]. The maize and wheat, which are suitable for the 

rhizofiltration of PAEs may not be applicable in remediating other organic pollutants such as 

OCPs. Since rhizofiltration is required for groundwater, aquatic plants especially macrophytes 

could be used in remediating the organic pollutants in the groundwater [106]. The plants with 

fibrous roots could have greater efficiency in rhizofiltration as fibrous roots have a larger 

surface area exposed to the contaminants, which will increase the rate of accumulation [87]. 

Apart from biological factors such as the presence of microorganisms, the presence of other 

plant species also influences rhizofiltration. With two different species exist in the treatment 

region, wastewater velocity was slowed, thus, the efficiency of sedimentation and adsorption 

processes increased [107]. Moreover, the coexistence of various species also yields a better 

nitrogen removal rate. Additionally, the multispecies system has less sensitivity towards 

meteorological variations, which boosts the removal efficiency of pollutants [108]. In short, 

mixed species planted system is favored for wastewater treatment [109]. Microbes in the plants 

have mutual interaction with plants that will affect the water quality in the rhizosphere. The 

rhizosphere, the underground region of plants that are constantly exposed to water or sediment, 

can be interpreted as a highly active zone with microbes' existence. Microbes that require 

carbon, oxygen and energy from plants boost immunity and aid in mineral exchange in plants. 

Hence, the rate of nutrient uptake and defense towards phytotoxicity increased with the plant-

microbes interaction [12]. 

6.2. Groundwater condition. 

6.2.1. Time. 

Rhizofiltration process is time-dependent due to biosorption and bioaccumulation 

mechanisms. A higher number of active sites on biosorbents’ surface during the first hour of 

the biosorption process resulted in a higher adsorption rate of heavy metals. The biosorption 

process will be prolonged between one and three hours when the amount of active sites reduced 

and exhausted due to the transfer of adsorbate from outer to inner active sites is undertaken 

[110]. Begum and HariKrishna [110] reported Hydrilla vercillatta removes Cu in 10 days with 

an efficiency of 89.2 % and Fe removal in 5 days with an efficiency of 91.2 %. From that, HM's 

removal rates are determined by optimum contact times, plant species, and type of metals [12].  

6.2.2. Temperature. 

Temperature is a vital factor in increasing the removal efficiency of heavy metals with 

rhizofiltration. According to Iftikhar [111], heavy metals' biosorption process is significantly 

dependent on the temperature factor. Increasing temperature enhances the contact between 

heavy metals and absorber, thus boosting plants' overall absorption performance. Reversely, 

active absorption sites over the absorber's surface deactivate when temperature decreases, 

resulting in a diminished absorption rate of heavy metals [111]. In addition, increasing 

temperature shortens the time needed to reach an equilibrium state in heavy metals' biosorption 

[111]. 
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6.2.3. pH. 

An environmental condition, such as the pH of groundwater will affect the efficiency 

of rhizofiltration [90]. This is because certain pH might not be suitable for the growth of 

hyperaccumulators. When the hyperaccumulators are grown in unfavoured pH condition, the 

hyperaccumulator will have low uptake of organic contaminants or even die, causing 

rhizofiltration failure. The concentration of the contaminants in the groundwater may affect the 

efficiency of the rhizofiltration. Suppose the concentration of the organic pollutants in the 

groundwater is low. In that case, the hyperaccumulators may not be able to successfully carry 

out rhizofiltration as the organic pollutants cannot reach the hyperaccumulators' roots [112].  

As a result, some of the organic pollutants might travel through the biofilter, which is 

made of hyperaccumulators. In rhizofiltration, the growing medium's pH affects biosorption 

by modifying metals' bioavailability and speciation for plants. During the increase of pH from 

strongly acidic to slightly acidic or even neutral value, various hydrolyzed species are detected. 

A difference in affinity towards active sites is observed. Thus, the high correlation between pH 

and affinity towards active sites on plant species is concluded [113]. Besides, pH dependency 

can be further clarified in the displacement effect between H30+ ions and metal ions. Positively 

charged metal ions will attach to the active sites in the cell wall when the pH value is increased 

in the growing medium. However, H30+ ions gain a high competing effect when pH is 

decreased and bind to the active sites, reducing the metal uptake by plants [12]. Therefore, the 

effect of pH value cannot be ignored during the rhizofiltration process. 

6.3. Nutrients and chemical characteristics of pollutants. 

Concentrations of nutrients have both positive and negative impacts on the metal uptake 

of plants. In a growing media with high concentrations of nutrients available for plants, 

adsorbed metals may bind to anions that exist in nutrients. Thus, competition between HM and 

nutrient cations causes a reduction in metal uptake. In contrast, plant growth is promoted with 

higher concentrations of nutrients. Subsequently, more metal uptake sites in plants are created, 

which aid in the rhizofiltration process's removal efficiency. Nonetheless, plants' metal uptake 

is governed by plants' response towards metal uptake and growth rate [98]. Some organic 

contaminants are hydrophobic in which the organic contaminants will not dissolve in 

groundwater. This will increase the difficulty in absorbing organic contaminants from the 

plant’s roots. Cyclodextrins could be used to react with hydrophobic organic contaminants as 

cyclodextrins act as surfactants and complexing agents [112]. With surfactants' help, the 

rhizofiltration of hydrophobic organic contaminants could be increased [114-115], so more 

organic contaminants could be removed from the groundwater. 

7. Conclusions 

Heavy metals and organic contaminants raise environmental concern due to health 

impacts on terrestrial and aquatic organisms, including human well-being. The consequences 

of heavy metals in groundwater, a vital module of the ecosystem that provides water for 

domestic, industrial, and agricultural use, must be acknowledged and mitigated. However, 

groundwater treatment poses challenges as factors such as natural processes, biogeochemistry, 

groundwater flow pattern, and soil permeability in the aquifer must be determined to prevent 

soil profile from deterioration. Therefore, the compatibility between remediation technologies 
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and the characteristics of sites must be specified so that the collateral effects of technologies 

on the environment can be reduced. Rhizofiltration that utilize plants to adsorb and neutralize 

pollutant in groundwater is a potential environmental-friendly alternative in mitigating 

groundwater pollution. Nonetheless, this green approach still has several drawbacks that create 

challenges to become a conventional and widely used technique in remediating groundwater. 

Hence, further research is required to mitigate these limitations as well as provide more optimal 

conditions for the rhizofiltration process to be carried out. The removal efficiency of pollutants 

has to be determined after factors that will impact the site environment. The metal uptake of 

associated plant species is taken into account. Regular monitoring is then needed to prevent the 

deterioration of groundwater ecosystems. Lastly, extensive research for proper disposal or 

possible recycling method of harvested plants can further transfer rhizofiltration towards 

commercialization. 
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