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 Background: Neptuniaoleracea or water mimosa has been extensively used as a water 

treatment agent in Asian countries such as Thailand, Vietnam, Philippines, Indonesia 
and Malaysia. The most common contaminant which can be treated by water mimosa is 

heavy metals such as Cd, Cu, Zn, and Mn. The use of water mimosa in 
phytoremediation is promising as it is the most environment friendly method to treat 

water in addition to it being a low-cost technology. Objective: The paper aims to 

discuss the common plants used in phytoremediation, the morphology of water mimosa 
in detail and its potential to treat contaminated water.  It also reviews the literature for 

risk of this plant to human health as food consumption. Conclusion: In conclusion, 

water mimosa is a fast growing plant which consists of multi-layered root epidermis 
and have high biomass which is suitable for phytoremediation. However, the risk of 

water mimosa for human is unclear and may possibly be unsafe for human consumption 

which required more research work to determine this.   
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INTRODUCTION 

 

Phytoremediation comes from the Greek word phyto means ―plant‖ and the Latin word remedium which 

means ―restoring balance‖ or ―remediating‖ describes the ability of plants to remove, transform or stabilize 

contaminants in air, water, sediments, or soils [1]. The use of plants to remove pollutants is an efficient and 

affordable form of bioremediation. Phytoremediation is a suitable approach for decontaminating polluted soil, 

water and air from contaminants such as trace metals and organic substances. Phytoremediation use plants to 

strip heavy metals directly from the soil or water. It is a new tool for in situ remediation [2]. However, for this 

method to be efficient and cost-effective on a commercial scale, there are some limitations that needs to be 

overcome. Plants that are suitable for phytoremediation are ideally those with a fast growth rate, have high 

biomass, can be easily harvested, have wide root system and also can tolerate and accumulate different types of 

heavy metals [3,4]. 

Wetland plants have a great potential in phytoremediation. They can accumulate heavy metal up to 

concentrations 100,000 times greater than in the associated water in their tissue [5]. These plants remove metals 

in three type of mechanism; [1] metals are attached to the cell wall and contained from entering the plant; [2] 

metals are accumulated in the root, but translocation to the stem and shoot is restricted; and [3] metals are 

concentrated in the plant parts such as roots, stems or leaves (hyperaccumulation). The hyperaccumulative 

capacities of wetland plants are beneficial for the removal of heavy metals [6]. 

Neptuniaoleracea or water mimosa is one of a wetland plant that is has the ability to remove metals from 

contaminated water [6,7]. This plant grows easily and spreads rapidly on water surface, buoyed by the white 

spongy tissue in the stems. Apart from that, this plant is known for its use in human consuption and its usage 

also extends to herbal medicine [8,9]. Limited studies are found on the capability and tolerance of this plant to 

remediate heavy metals in water. Thus, the safety of this plant for human consumption remains a question. This 

paper provides an overview on the phytoremediation (i.e. the morphology, characteristics) of water mimosa and 

the possible health risks associated to its consumption as food to human.  
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Phytoremediation Processes: 

Phytoremediation is the ability of plant to accumulate, degrade or remove pollutants from its surrounding 

environment [10,11,12,13]. Phytoremediation consists of five processes namely phytoextraction, 

phytodegradation, rhizofiltration, phytostabilization, and phytovolatilization (Table 1). 

Phytoextraction is a process of pollutants uptake from the environment and their concentration in 

harvestable root and shoot tissues from the growth substrate. This process is for associated with metals, 

metalloids, radionuclides, nonmetals, and organics contaminants in soils, sediments, and sludges medium [4,13, 

14,15,16]. 

Phytostabilization is another mechanism to minimize migration of contaminants in soils. This process takes 

advantage of plant roots ability to alter soil environment conditions, such as pH and soil moisture content. The 

root plants exudates to stabilize, demobilize and bind the contaminants in the soil matrix, thereby reducing the 

bioavailability of contaminants. It may stabilize contaminants particularly metals in the soil and reduce the 

interaction of these contaminants with associated biota [17,18,19]. 

Phytovolatilization is a mechanism which plants convert a contaminant into a volatile form, subsequently 

causing the contaminant to volatize into the atmosphere, thereby removing the contaminant from the soil or 

water at a contaminated site [17,18,19]. 

Rhizofiltration is a biological treatment of contaminants by enhanced bacterial and fungal activity in the 

rhizosphere of certain vascular plants. Plant roots accumulate metal contaminants and/or excess nutrients from 

growth substrates through rhizofiltration (root) process, the adsorption, or, precipitation onto plant roots or 

absorption into the roots of contaminants that are in the solution surrounding the root zone. Plants and 

microorganisms often have symbiotic relationships thus the root zone or rhizosphere becomes an area of very 

active microbial activity. Plants can moderate the geochemical environment in the rhizosphere, providing ideal 

conditions for bacteria and fungi to grow and degrade organic contaminants is provided. This process is for 

metals, excess nutrients, and radionuclide contaminants in groundwater, surface water, and wastewater medium 

[13,19,20]. 

Phytodegradation process is the breakdown of contaminants taken up by plants through metabolic processes 

within the plant or the breakdown of contaminants externally to the plant through the effect of compounds 

produced by the plants [21,22]. Contaminant can be eliminated via phytodegradation or phytotransformation by 

plant enzymes or enzyme co-factors [23]. This process is for complex organic molecules that are degraded into 

simpler molecule contaminants in soils, sediments, sludges, and groundwater medium. 

 

Plants In Phytoremediation: 

There are approximately 500 hyper-accumulators plants that have been identified in different environments 

throughout the world including terresterial and non-terrestrial (aquatic) plants (24). Aquatic plants or commonly 

called macrophytes such as water hyacinth, duckweed, water lettuce, water spinach, and water velvet have been 

widely used in natural and constructed wetlands for water treatment (Table 2). They have different ability to 

accumulate metals, depends on their characteristics.  

One of the most common wetland plants that are used as phytoremediation is water hyacinth. Water 

hyacinth has the ability to accumulate Cr, Zn, Pb, and Cu in water [25,26,27,28,29]. Another type of plant is 

water spinach that can accumulate Cd, Cu and Pb in its stems, leaves and roots [6,30,31]. Duckweed which are 

commonly found in temperate regions except eastern Asia and Australia has been found to be  a 

hyperaccumulator for Cd [30,32,33,34,35,36,37]. Martins et al., reported a smartweed plant which commonly 

grown in shallow water or moist soil is also good in accumulating Cu and Pb [38]. Other plants such as water 

weed, water lettuce and yellow velvetleaf are also hyperaccumulator of Cd. In addition, red stem flag, yellow 

velvetleaf, broadleaf cattail have shown potential as hyperaccumulator of Hg [39]. 

 

NEPTUNIA OLERACEA (WATER MIMOSA) AS PHYTOREMEDIATOR 

 

Neptuniaoleracea, or water mimosa belongs to the family of Mimosaceae (Figure 1.). It is an annual 

floating wetland plant that usually grows in lakes, ponds and drains. This plant is also known as a water 

sensitive plant where its leaves close when touched, and their morphology is similar to Mimosa pudica except 

for the presence of white sponge which covers the stem, the absence of thorns and the presence of yellow flower 

to distinguish them. It has soft swollen stems. The spongy stems of water mimosa provides its buoyancy on 

water suface while its bipinnate leaves are often sensitive to touch and to fluctuations in light [8]. Water mimosa 

consist of root nodules on submerged roots which gives it its ability to fixate nitrogen. This species grows from 

seeds, but also reproduces via stem fragments that produce root at their joints [8,19].  

Table 3 lists the summary of research associated with water mimosa. Water mimosa was found to be able to 

remove soluble solid, reduced biological oxygen demand (BOD) and chemical oxygen demand (COD) 

efficiently [7].  Vesachit et al.,  indicates water mimosa has an ability to accumulate heavy metals such as lead 
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(Pb), copper (Cu), cadmium (Cd) and zinc (Zn) and is a good accumulator for Cd and Cu. Most heavy metals 

were found to be accumulated in the roots and in lesser concentrations in aboveground parts (stems and leaves) 

[6]. This indicates that water mimosa remove contaminants through rhizofiltration process [6,18].  Prusty et al.,  

also found that water mimosa has the ability to accumulate Manganese (Mn) and Chromium (Cr) [18].  Suppadit 

et al., (2005) reported water mimosa to have capabilities to treat waste in black tiger shrimp farms. The 

indicators of water quality and biomass determined after 30 days treatment with water mimosa showed an 

increased biomass and the BOD and COD of the water in the farm reduced over time [7]. NurHanie et al., 

indicated that water mimosa is useful as a phytoindicator for ammonia and phosphate contaminants [17].  This 

plant was found to survived in polluted waters where excessive nutrient such as ammonia (NH3), phosphorus (P) 

and Nitrogen (N) is present [17,18]. 

Literature have shown that studies to identify new species of plants, particularly local species, continues 

because of its significant success in the phytoremediation technology [24,31,19].  

 

Neptunia Oleracea (Water Mimosa) As Food And Medicinal Plant And The Risk To Human Health: 

Water mimosais a good source of calcium, vitamin A, vitamin C, and niacin which are required for the 

metabolism of nutrient in the human body for energy generation. Water mimosa also consists of beta-carotene 

and phosphorus and is high in fibers. It is present as wild or cultivated plants, which are vegetables as well as 

used for medicinal purposes throughout the South-East Asia, particularly in Thailand, Vietnam, Indochina, 

India, and Malaysia. Water mimosa is usually collected and cultivated for its young shoots, usually eaten raw, 

cooked or fried. It is a common ingredient of Thai cuisine [21,22].   

Extract of water mimosa is commonly used as an external remedy for necrosis nose and hard palate (in 

upper part of the nose).The juice of the stem is squeezed into the ear to cure ear ache. Extract of water mimosais 

commonly used as remedy for jaundice, sores on the tongue, diarrhoea with bleeding and epileptic convulsions. 

It is also used to treat fever by rubbing an infusion of its roots on the body together with rice flour. The plant is 

considered as astringent and cool plant while the root is used to reduce the symptoms in the advanced stage of 

syphilis. The powder root is applied over the nose to treat Syphilitic ulcer of the nose while the extract is taken 

to treat Syphilis [24]. Water mimosa have also been reported to possess antimicrobial and anticancer properties 

[8,9]. 

 
Table 1: Processes of phytoremediation 

Process Description 

Phytoextraction Uptake of pollutants from environment and their concentration in harvestable plant biomass 

Phytostabilization Reduction of mobility and bioavailability of pollutants in environment 

Phytovolatilization Removal of pollutants from soil or water and their release into air, sometimes as a result of 

phytotransformation to more volatile and/or less polluting substances 

Rhizofiltration Use of plant roots to absorb and adsorb pollutants or nutrients from water and wastewater (e.g. buffer 
strips) 

Phytodegradation The use of plants to degrade organic pollutants by plant enzymes or enzyme co-factor eg. 

dehalogenase, peroxidase, phosphates. 

 
Table 2: List of macrophytes that commonly used in phytoremediation 

No. Plant  Region Summary  Reference 

1. Water hyacinth 

(Eicchorniacrassipe
s) 

Native to tropical and 

sub-tropical South 
America 

Good accumulator of Cr, Zn, Pb, and Cu. 

Potential for  BOD and COD removal by  
28.4% and 53.37% removal respectively and 

potential to remove As 

[27,28,29,30] 

2. Water spinach 
(Ipomeaaquatica) 

Tropical and subtropical 
regions 

Accumulate Cd, Cu, Pb, As in roots, stems 
and shoots. Remove Cr(VI) by 75%. 

Accumulate high concentration of Cr(III) 

with the help of EDTA and Cl- .  

[31,32,7] 

3. Smartweed 
(Polygonumhydropi

peroides) 

Great Britain and 
Ireland, rarer in 

Scotland; Europe, 

Russian Asia to the 
Arctic regions.  

Accumulate Cu and Pb. Suitable in 
agriculture sites as proved to achieve a water 

depuration rate of 74% for N and 81% for P.  

[36,37,38] 

4. Common 

Duckweed / Lesser 
Duckweed (Lemna 

minor) 

Temperate regions 

except eastern Asia and 
Australia 

Accumulate up to 1800 mg/kg of Cd 

(hyperaccumulator), accumulate Pb but in 
low concentration, accumulate Cu and Cd but 

give toxicity effect to plant. Not suitable for 

phytoremediation of Ni2+-contaminated 
wastewater.  

[33,34,35] 

5. Red Stem Flag 

(ThaliaGeniculata) 

Chontalpa, an area in 

the Mexican state of 

Tabasco; some part of 
United States 

Accumulate high concentrations of Zn and 

Hg.  High N and P recovery rates. Inhibit 

algal growth through allelopathy. 

[40,41,42] 

6. Water weed 

(Hydrillaverticillata

Cool and warm waters 

in Asia, Europe, Africa 

Good accumulator of Cd and Cu. Able to 

accumulate As. Improve ability to accumulate 

[43,44,45,46] 
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) and Australia, Europe, 

Ireland, Great Britain, 

Germany, and the Baltic 

States, and in Australia  

As with the help of S (thiol mechanism). 

7. Water lettuce 

(Pistiastratiotes) 

Probably pantropical; 

Africa 

Highest N and P recovery rates and good 

accumulator for Cd. 

[44,47,48] 

8. Yellow velvetleaf 

(LimnocharisFlava) 

Southeast Asia Show potential for hyperaccumulating Hg. 

Remove Cd in low level Cd-contaminated 

water. Possible accumulate Pb in leaves, 
stems and roots. 

[40,49] 

9. Broadleaf cattail 

(TyphaLatifolia) 

North and South 

America, Europe, 

Eurasia, Africa, Canada, 
Indonesia, Malaysia, 

New Zealand, Papua 

New Guinea, 
Philippines 

High prospect for hyperaccumulating 

Hg. Accumulate Cu and Cd in shoots and 

roots. High efficiency in Cu and Cd removal  

[40,  50,51] 

10. Common reed 

(Phragmitesaustrali
s) 

Temperate and tropical 

regions of the world 

Remove Cu from wastewater. Able to 

translocate Cr and Ni to the upper part of the 
plant. High detoxification potential for Cd. 

[52,53] 

11. Water velvet 

(Azollapinnata) 

Africa, China, Japan, 

India, Philippines, parts 

of Australia 

Good accumulator for Cd, Hg, As [44,54,55] 

12. Water mimosa 

(Neptuniaoleracea) 

India and Southern 

Asia; possibly tropical 

Africa; Northeastern 
Brazil; South America 

Good accumulator for Cd, Cu, accumulate 

Pb, Zn, Mn, have potential to reduced BOD 

and COD 

[7,8,56,57, 58] 

 

Table 3: List of studies associated with water mimosa plant in environmental treatment 

No. Title Summary  Reference 

1. Systematic analysis (morphology, anatomy and 

palynology) of an aquatic medicinal plant water 

mimosa (Neptuniaoleracea Lour.) in Eastern India 

Morphology, anatomy and palynology of 

Neptuniaoleracea 

[9] 

2. Heavy Metals Contamination in Water and Aquatic 
Plants in the Tha Chin River, Thailand 

Accumulate Pb, Cu, Cd and Zn. Good 
accumulator for Cd and Cu. Most heavy 

metals were detected in roots and a little in 

aboveground parts (stems and leaves) 

[7] 

3. Study on aquatic plant species (Salvinianatans, 

Neptuniaoleraceaand Hydrillaverticillata) as 

phytoindicator for nutrient excess 

Useful phytoindicator for nutrient excess (NH3 

and P) contaminants in fresh water bodies. 

[57] 

4. Influence of urea and farmyard manure compost as N 
source on symbiotic association between Rhizobium 

leguminosarum (MTTC 10096) 

Phytoindicator for excess N  [59] 

5. Efficacy of Water Mimosa (Neptuniaoleracea Lour.) in 
the Treatment of Wastewater from Distillery Slops 

Removal efficiency of soluble solid, BOD and 
COD 

[8] 

6. Alkali and Transition Metals in Macrophytes of a 

Wetland System. 

Accumulate Cu, Cr, Mn, Zn 

 

[58] 

7. Treatment of effluent from shrimp farm by using water 
mimosa (Neptuniaoleracea lour) 

Have potential to treat waste from black tiger 
shrimp farm. 

[56] 
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Fig. 1: Morphology of water mimosa (Source: Author’s hand drawing) 

 

Countries such as Thailand and Vietnam have commercially used aquatic plants such as water mimosa in 

their water treatment. At the same time, water mimosa is economically important species in Thailand and 

Vietnam, where it is farmed in ponds as it is harvested as vegetables [63]. A study by the Ministry of the 

Environment of Cambodia estimated that 20% of the total daily vegetable consumption of Phnom Penh comes 

from these aquatic vegetables from the waste water lake within the city. During the harvesting of this plant from 

the waste water lake, the woman and children get extensive contact with the wastewater and they may get a risk 

of skin problem such as hand and legs dermatitis (eczema) [64,65]. As indicated by Hoek, despite their potential 

as a waste water treatment tool, the potential health risk of these aquatic vegetables as daily food consumption is 

unclear thus the risk might be present. Any risk assessment must consider the possible risks of the remediation 

process itself [64]. 

In Thailand and Vietnam, water mimosa is identified as a transmission of Fasciolopsisbuski, a giant 

intestinal fluke which can caused Fasciolopsiasis symptoms such as ulceration, hemorrhage and abscess of the 

intestinal wall, diarrhea, and may eventually cause death. Fasciolopsisbuski is commonly found in the aquatic 

environments where the aquatic plants grow and is a common problem in these countries. When it being 

consumed by human, the adult stage of Fasciolopsisbuski will sticks to the small intestine and will be lasting 

until it dies or removed. Other aquatic plants recognized to be the transmission of this fluke includes Ipomoea 

aquatica(water spinach), Trapabicornis(water chestnut), and Eichhorniaspeciosa (water hyacinth) [68]. 

In addition, prolonged consumption of contaminated vegetables, may lead to the constant accumulation of 

toxic metals in the human organ such as liver and kidney. This will result to disturbance of biochemical 

processes in the organ and may cause nausea, abdominal pain, central nervous system dysfunction, heart 

problems and anemia [66,67]. 

 

Conclusion: 

In conclusion, N. oleracea or water mimosa is a fast growing plant which consists of multi-layered root 

epidermis and have high biomass which is suitable for phytoremediation. Though limited researches are found 

in understanding the characteristic of this plant, the potential of this plant to be used as phytoremediation is an 

important gap to be explored. More research work is needed to determine the variation of different metal uptake 

by water mimosa as well as the risk to human if it is consumed as food. Although the phytoremediation plant 

can be used extensively as pollutant clean-up method and remedy, the risk of water mimosa for human is 

unclear and may possibly be unsafe for human consumption.   
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