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Abstract. In this study, nine physicochemical parameters including dissolved oxygen, biochemical oxygen 

demand, chemical oxygen demand, total suspended solids, ammoniacal nitrogen, conductivity, 

temperature, pH and heavy metal contents from five sampling stations were measured to determine the 

water quality index (WQI) of the Klang River, Selangor, Malaysia. The WQI of the first and second 

sampling stations were classified as classes II and III, respectively. Biological analysis of total coliform 

and fecal coliform bacteria shows that three sampling stations were highly polluted with 17,500, 11,300 

and 10,700 CFU/100 mL of these bacteria. The efficiency of phytoremediation in removing heavy metals 

(i.e. As, Cd, Cu, Mg, Fe, Pb, Zn and Hg) was determined using Pistia stratiotes and Lemna minor L. 

Phytoremediation using Pistia stratiotes was able to reduce the concentrations of As, Cd, Cu, Fe, Pb, Zn, 

Mg and Hg to 96.62%, 95.65%, 60.38%, 61.67%, 99.24%, 32.97%, 53.23% and 96.59%, respectively. 

Lemna minor L. was able to remove approximately 10.97%, 83.33%, 35.75%, 39.97%, 100%, 15.32%, 

23.81% and 90.91% of As, Cd, Cu, Fe, Pb, Zn, Mg and Hg, respectively. Both plants were able to reduce 

the heavy metal contents in river water samples at the end of the treatment day. 

Keywords: water treatment, Pistia stratiotes, Lemna minor L., water pollution, aquatic plants 

Introduction 

Water pollution has had negative impacts on the environment and human health. The 

pollutants can come from point sources such as industrial and domestic wastes, while 

pollutants from non-point sources include agriculture activities and urban runoff (Banch 

et al., 2020; Harun et al., 2020). Rapid development has contributed to a high amount of 

human wastes, including local, industrial, commercial and transportation wastes which 

ends up in rivers (Khataee et al., 2012). In addition, the increase in human population 

density and the development of industries nearby rivers and coastal areas have increased 

the pollutant inputs and deteriorated the water quality of the surrounding area (Jindal and 

Sharma, 2011; Hanafiah et al., 2018a; Harun et al., 2020). Urban rivers have also become 

polluted due to the discharge from sewage treatment plants as well as overflowing sewage 

caused by rainfall, leading to fecal contamination which was a major concern in the river 

near the town area. Nonetheless, industrial and household wastes which were discharge 

directly or through leakages in the sewage systems flowed into water sources thus causing 

excessive pollution of surface and underground water (Manikam et al., 2019). 

Contaminated discharges and effluents from anthropogenic activities have resulted in 

severe degradation of river water quality (Kamarudin et al., 2019). A large number of 

rivers were polluted, to the extent that the rivers are not rehabilitate, and the access to a 
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clean and safe water supply has become a challenge for the government to overcome 

(Ghazali and Hanafiah, 2016; Ashraf and Hanafiah, 2019; Aziz and Hanafiah, 2020). 

Accordingly, water pollution issue has received increasing attention globally in recent 

years (Lin et al., 2015). 

Malaysia is no exception in facing an environmental issue related to water pollution 

(DOE, 2018; Hanafiah et al., 2018b). Klang River which is located in Klang Valley is a 

river flows through Kuala Lumpur and Selangor in Malaysia and eventually flows into the 

Straits of Malacca. It is approximately 120 km (75 mi) in length and drains a basin of about 

1,288 km2 (497 sq. mi). Rapid development has lessened certain stretches of the river to 

the point that it resembles a large storm drain in some places (Banch et al., 2020) 

contributing to flash floods in Kuala Lumpur, especially after heavy rain. The two most 

important tributaries are Selangor River and Langat River. There were two major dams at 

the upstream of Klang Valley namely Batu Dam and Klang Gates Dam, however, these 

dams have been polluted due to the untreated sewage and industrial wastes. Sewage goes 

straight into the river due to inadequate water piping not being linked to the sewage 

concentration pipes. The vast industrialization, urbanization and rapid economic 

development in Kuala Lumpur have increased the levels of pollution in the rivers, 

especially Klang River suffers the most since it flows through the state of Selangor and 

Kuala Lumpur. The pollution mainly caused from the development which raises numerous 

environmental concerns along the Klang River. Meanwhile, human activities have caused 

a substantial hydrological deformation (Safauldeen et al., 2019). The hasty urbanization 

has directed to both the increasing request for water consumption and the increasing levels 

of river water pollution in Malaysia (Banch et al., 2019a; Al-Raad et al., 2020). 

Nevertheless, water treatment is also crucial to improve water quality, so that the water 

can be more acceptable to be consumed for various purposes (Sun et al., 2012). Among a 

number of water treatment methods that have been developed, phytoremediation is one of 

the alternative technologies that can be implemented to reduce contaminants in river water 

(Hanafiah et al., 2020). Phytoremediation is a nature-based treatment which uses plants as 

a phytoremediation agent and it has potential benefits in restoring a balance in stressed 

environment (Aziz et al., 2020). It is an emerging low-cost technology, non-intrusive and 

aesthetically pleasing using the remarkable ability of green plants to metabolize various 

elements and compounds from the environment in their tissues (Selamat et al., 2014). 

Phytoremediation technology is applicable to a broad range of contaminants, including 

metals and radionuclides, as well as organic compounds like chlorinated solvents, 

polycyclic aromatic hydrocarbons, pesticides, explosives and surfactants (Ng and Chan, 

2016). The objectives of this study were to determine the water quality of Klang River 

based on the physical, chemical and biological characteristics and to determine the 

removal rate of contaminants using Pistia stratiotes (water lettuce) and Lemna minor L. 

(duckweed) as phytoremediation agents. Pistia stratiotes and Lemna minor L. are invasive 

floating aquatic macrophytes which have the ability in a remediation of diverse chemical 

pollutants (Jayasri and Suthindhiran, 2017; Schwantes et al., 2019). 

Materials and Methods 

Sampling and Laboratory Analysis 

The first sampling station (ST1) was at Jalan Jelatek, near the fire and rescue station. 

Second sampling station (ST2) was conducted at Jalan Datuk Keramat, near the railway 

station and car wash shops. The third sampling station (ST3) was at Jalan Gurney, near 
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the restaurants complexes. Fourth sampling station (ST4) was at Jalan Sungai Baru which 

located near the residential complexes and the fifth sampling station (ST5) was at Jalan 

Dang Wangi which located near the markets and shops. The coordinates of five sampling 

stations are provided in Table 1. The samplings were conducted two times with a total of 

three samples were taken at site for replication to get a more accurate and precise results, 

with a volume of 100 ml per sample. Six parameters were taken to determine the water 

quality index for Klang River which were dissolved oxygen (DO), biochemical oxygen 

demand (BOD), chemical oxygen demand (COD), total suspended solid (TSS), 

ammoniacal nitrogen (NH3-N) and pH. Other parameters like conductivity, temperature, 

heavy metals and coliform bacteria have also been taken into account. 

 
Table 1. The coordinates of the five sampling stations 

Stations Coordinate 

ST1 3° 9' 52.3872"N 101° 44' 4.1496"E 

ST2 3° 9' 50.7816"N 101° 43' 27.9804"E 

ST3 3° 9' 57.2832"N 101° 43' 1.5744"E 

ST4 3° 9' 44.6832"N 101° 42' 38.7468"E 

ST5 3° 9' 15.0948"N 101° 42' 2.6244"E 

 

 

In order to monitor and assess the water quality of river system, Water Quality Index 

(WQI) has been widely applied which involves the classification of rivers or river 

segments into classes of quality in a descending order (Asman et al., 2017; Ashraf and 

Hanafiah, 2017; Harun and Hanafiah, 2018). The index is a numeric expression used to 

transform a large collection of water quality data into a single index number, which 

represents the water quality level. A river with high WQI value reflects that the water 

body is in good condition and vice versa (Suratman et al., 2015). WQI consisted of six 

parameters, namely DO, BOD, COD, SS, NH3-N and pH. The WQI of Klang River was 

determined using in the Eq. 1: 

 

 
WQI = (0.22 × SIDO) + (0.19 × SIBOD) + (0.16 × SICOD) + 

(0.15 × SIAN) + (0.16 × SISS) + (0.12 × SIpH) 
(Eq.1) 

 

where, 

SIDO = Sub-index for DO; SIBOD = Sub-index for BOD; SICOD = Sub-index for COD; 

SIAN = Sub-index for AN; SISS = Sub-index for SS; and SIpH = Sub-index for pH. 

The reading of DO was taken on the first day and then the samples were kept in a 20°C 

incubator for five days. After five days, the DO reading was taken again. The calculation 

of BOD (Eq. 2) and TSS (Eq. 3) are as follows: 

 

 BOD = DO (reading on the first day) – DO (reading on the fifth day) (Eq.2) 

 

 Total suspended solids (mg/L) = 
𝐴−𝐵

𝑉
 x 1000 mL (Eq.3) 

 

where, 

A = Weight of filter paper after filtration (weight of filter paper + dried residue), mg; B 

= Weight of filter paper before filtration (weight of filter paper), mg; V = Volume of 

filtered water sample, mL. 
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Phytoremediation 

The collected Pistia stratiotes and Lemna minor L. were put on a filter paper to remove 

excess water and were then transferred into a 5 L plastic containing water sample from 

different sampling stations. Before the plants were transferred, the water characteristics 

were determined by analyzing the heavy metals content such as Pb, Zn, Mg, As, Cd, Fe, 

Al and Li (Ugya, 2015). After 7, 14 and 21 days, the water was analyzed to get the value 

of its characteristics. Figure 1a and 1b show the growth of Pistia stratiotes and Lemna 

minor L. in the laboratory. The parameters before phytoremediation was noted as initial 

value, while the value after phytoremediation was indicated as final value. All the analysis 

was done using the methodology according to APHA (1995) and APHA (1998). 

 

  
(a) (b) 

Figure 1. The growth of a) Pistia stratiotes and b) Lemna minor L. in the laboratory 

 

 

Statistical Analysis 

Statistical analysis was performed using the statistical packages of IBM SPSS software 

(version 22, New York, US, 2020). Statistical significant difference analysis was carried 

out by using one-way ANOVA test to show the P values of each parameter between the 

five sampling stations. 

Results and Discussion 

Water Quality Index 

Nine parameters namely DO, BOD, COD, TSS, NH3-N, conductivity, temperature, pH 

and heavy metals were measured to determine the water quality of Klang River. All 

parameters for five sampling stations were compared with the water quality index (WQI) 

of the Department of Environment (DOE). 

All samples were collected at two times sampling where the first sampling was 

conducted during the rainy season and the second sampling was conducted during the dry 

season. Overall, the average value of WQI for ST1, ST2, ST3, ST4 and ST5 were 74% 

(class III), 75% (class III), 76% (class III), 81% (class II) and 73% (class III), respectively. 

Table 2 shows the average value of WQI at five sampling stations. 

Most stations were classified in class III of WQI except for ST4 which is in a class II. 

According to the classification of the river water in WQI, class III indicated that water 

was slightly polluted with extensive treatment required such as coagulation process, 



Hanafiah et al.: Phytoremediation of heavy metals by Pistia stratiotes and Lemna minor L. 

- 3659 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 19(5):3655-3677. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/1905_36553677 

© 2021, ALÖKI Kft., Budapest, Hungary 

flocculation, sedimentation, filtration and disinfection. Class II (ST4) considered as 

slightly polluted and a conventional treatment was required. The main sources of 

pollution at the sampling site was due to various land use activities such as malls, 

condominium residential, commercial activities, industrial factories, municipal sewers, 

wet market, sand mining and landfill which affected the water quality of Klang River. 

Figure 2 shows the average value of all parameters for five sampling stations at two 

sampling times. 

 
Table 2. The average value of WQI for five sampling stations 

Station 
DO 

(mg/L) 

BOD 

(mg/L) 

COD 

(mg/L) 

NH3-N 

(mg/L) 

TSS 

(g/L) 
pH 

Temp. 

(°C) 

Conductivity 

(µs/cm) 

ST1 8.305 5.015 49 1.62 0.005 6.6 23.755 183.4 

ST2 10.86 5.625 7.75 2.475 0.018 6.6 24.21 187.35 

ST3 7.645 4.52 16 2.195 0.006 6.5 23.735 181.2 

ST4 7.12 4.595 22.15 1.215 0.010 6.545 23.46 179.75 

ST5 7.53 4.92 57 1.095 0.015 6.6 24.195 218.75 

 

 

Figure 2. Average value of a) DO, b) pH, c) temperature, d) conductivity, e) BOD, f) COD, g) 

TSS and h) NH3-N for five sampling stations at two sampling times 
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The average of DO value at all five stations were ranged between 7.12 mg/L to 

10.86 mg/L. ST2 has the highest average of DO value among the five sampling stations, 

which was about 10.86 mg/L. While the average DO at ST4 was the lowest with a value 

of 6.12 mg/L. Most stations were classified in class I (>7 mg/L), except for ST4 and ST5 

(during the first sampling) which were in class II. All average values were statistically 

analyzed using one-way ANOVA test and there was no significant difference of DO 

between two sampling times for all stations with p-value = 0.369 (>0.05) and with a total 

standard deviation (SD) of 1.8233. According to Ismail and Salim (2013), DO content 

was affected by the presence of organic and inorganic materials in the water. 

At the first sampling the pH for ST1 was 7.3, while at the second sampling, the pH 

was 5.9. For ST2, the pH values at the first and second samplings were pH 7.5 and 5.7, 

respectively. The pH value for ST3 was 7.3 at first sampling and was 5.7 at second 

sampling. ST4 has a pH value of 7.5 at first sampling and showed a minimum pH at 

second sampling with a value of 5.59. The pH value at ST5 was 7.5 at first sampling and 

5.7 at second sampling. All sampling stations during the second sampling was acidic with 

a pH value of below 6 and based on the WQI, the pH of the five sampling stations in 

second sampling were classified in class III, which was between 5 and 6. At the first 

sampling, all five stations have a pH of more than 7, which was alkaline and were 

classified in class I. Based on the statistical analysis using ANOVA, it was indicated that 

there was high significant difference in pH between the five sampling stations on the first 

and second sampling times. All stations in the first sampling were recoded alkaline, 

meanwhile in second sampling showed an acidic pH of water with p-value p<0.05 and 

the total SD was 0.91. The acidity of pH during second sampling might be due to the 

solidifiers and hardens of organic materials from non-seasonal human activities such as 

restaurants and cafeterias nearby which produced food wastes, plant residues and animal 

residues. 

For ST1, the minimum temperature value was between 21.7 °C for first sampling and 

for second sampling was 25.81 °C. In the ST2, the average temperature was between 

22.1 °C for first sampling and 26.31 °C for second sampling. For ST3, the average 

temperature was between 22.1 °C at first sampling and 25.37 °C for second sampling. 

Average value for ST4 was between 22.2 °C for first sampling and 24.72 °C for second 

sampling. ST5 was ranged between 23 °C for first sampling and 25.39 °C for second 

sampling. Based on one–way ANOVA analysis, there was higher significant difference 

in temperature between the two samplings and within stations. The p-value of all samples 

p<0.05 of temperature with the total SD of 1.81. 

The average value range for conductivity was between 179.75 µs/cm and 

218.75 µs/cm. The conductivity for most of the sampling stations were slightly higher 

during the second sampling as compared to the value of the first sampling. According to 

the WQI, it can be deduced that the conductivity of all five sampling stations in both 

sampling times were classified in class I (<1000). Based on the one-way ANOVA test 

that has been conducted, there was no significant difference in the conductivity between 

sampling stations and between the two times sampling, with p= 0.62 (>0.05) and a SD of 

16.87. The higher conductivity values during the second sampling in the dry season was 

due to the fact that the water carried all the elements that help to increase the conductivity 

such as iron and cadmium, which were considered as high conductivity of the same 

elements. 

The average BOD for the two times sampling were between 4.52 mg/L (ST3) to 

5.62 mg/L (ST2). The BOD values for all sampling stations at two sampling times were 
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classified as class III according to WQI. From the statistical analysis using one-way 

ANOVA test that has been performed, it can be interpreted that there was high significant 

difference between two sampling times with p-value <0.05, while there was a significant 

difference between sampling stations with p-value = 0.01 and a total SD of 4.08. During 

dry session at second sampling, the BOD value was higher due to the decayed plants and 

animal’s wastes especially at ST5 and also because of the presence of anthropogenic 

effluents including faeces, urine, detergents, fats, oil and grease (Banch et al., 2019b). 

Faeces contain organic and biological contamination and if it drains into water without 

being treated first, it can increase the risk of water diseases (Wahab et al., 2019). Rainy 

season during the first sampling resulted in lower BOD value because of a good oxidation 

in water as well as due to an increased volume and flow rate of the river. 

The average value of COD recorded at all sampling stations for two sampling times 

were between 7.75 mg/L which was at ST2, to 57 mg/L at ST5. According to WQI 

classification, ST2 was classified in class I (<10 mg/L), while ST3 and ST4 were in class 

II (10-25 mg/L). ST1 was classified as class III (25-50 mg/L) and ST5 was classified as 

class IV (50-100 mg/L). Based on the statistical analysis, there was a significant 

difference in COD value between two sampling times with a p-value = 0.027, especially 

at ST1 and ST5, and there was a significant different between each sampling station with 

a p-value = 0.03 and the total SD was 39.69. COD was the amount of oxygen required to 

oxidize organic chemicals found in the water. High COD occurs due to the high organic 

and inorganic materials presence. When the concentration of organic matter in water 

increased, the COD value was also increased. Increase of chemical organic materials in 

water samples at ST1 and ST5 due to the disposal of solid waste into water was one of 

the contributors to the decline in water quality and DO which indicated by the presence 

of organic and inorganic materials. 

The average TSS for all sampling stations at two sampling times was between 

0.005 g/L to 0.041 g/L. Most stations were classified as class I (<25 mg/L) according to 

WQI, except for ST2, it was classified as class II (25-50 mg/L). From the one–way 

ANOVA analysis, it was found that there was no significant difference in TSS between 

the two sampling times for all stations with a p-value = 0.342 (p>0.05) and the 

SD = 0.006. The total SD for all stations was 0.02. High TSS content was due to the land 

development activities, mining and erosion activities ranging from mud, waste mineral, 

fine particles of sand silt and clay. High TSS can affects the metabolism and physiology 

of various organisms such as fish and aquatics organisms. They were products of run off 

TSS which increased with the increased of rainfall. Substances presence in the air also 

affected the rainfall characteristics. Water containing suspended solids and organic matter 

generally showed high turbidity. Heavy rainfall as in first sampling was the important 

factor for the reduction of contamination in the atmosphere (Kemker, 2014). 

The average of NH3-N for all sampling stations was range between 1.54 mg/L to 

3.15 mg/L. The average NH3-N value of ST2 shows the highest value of 4.65 mg/L which 

was at the first sampling. The average value of NH3-N at ST5 was the lowest with a value 

of 1.12 mg/L at the second sampling. For ST1, ST2 and ST3, the NH3-N were classified 

in class V (>2.7 mg/L) and ST4 and ST5 was classified in class IV (0.9 – 2.7 mg/L). 

One-way ANOVA analysis shows no significant difference in NH3-N between two 

sampling times with a p-value of 0.153 (p>0.05), and there was no significant within 

stations with a p-value = 0.134 (p>0.05) and the total SD was 1.1583. High concentration 

of ammonium nitrogen in water can threaten aquatic life, especially in terms of respiration 

rate and increases pulse rate according to Halim et al. (2017). The higher value of 
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ammonium nitrogen and other organic substances in water was most probably due to the 

untreated domestic sewage, waste materials and faeces. 

Heavy Metals Content 

A total of 19 heavy metals content including aluminum (Al), Arsenic (As), Barium 

(Ba), Beryllium (Be), Calcium (Ca), Cadmium (Cd), Cobalt (Co), Chromium (Cr), 

Copper (Cu), Iron (Fe), Potassium (K), Lithium (Li), Magnesium (Mg), Manganese (Mn), 

Sodium (Na), Nickel (Ni), Lead (Pb), Zinc (Zn) and Mercury (Hg) were measured during 

two sampling times at all five sampling stations of Klang River (Table 3). 

 
Table 3. Heavy metals concentration (ppb) at five sampling stations for two sampling times 

Metals 

(ppb) 

ST1 ST2 ST3 ST4 ST5 

First 

sampling 

Second 

sampling 

First 

sampling 

Second 

sampling 

First 

sampling 

Second 

sampling 

First 

sampling 

Second 

sampling 

First 

sampling 

Second 

sampling 

Al 17.91 23.31 56.73 7.54 12.14 7.21 6.89 4.13 26.69 14.01 

As 50.81 74.37 51.12 64.25 51.86 65.85 47.42 50.26 44.2 40.49 

Ba 104.8 230.08 109.21 249.71 101.5 263.08 106.43 284.69 124.83 287.24 

Be 0.02 0.05 0.01 0.02 0.01 0.01 0.01 0.02 0.03 0.019 

Ca 3454.99 2973.44 3681.42 2914.67 3617.17 3054.07 3880.95 3506.33 4741.87 4194.6 

Cd 0.05 0.35 0.02 0.11 0.019 0.23 0.03 0.06 0.03 0.05 

Co 0.23 0.21 0.12 0.14 0.11 0.12 0.13 0.13 0.19 0.21 

Cr 3.52 3.29 4.8 2.55 3.81 2.33 3.87 2.43 3.65 2.27 

Cu 2.03 2.36 1.44 2.65 1.91 2.28 1.27 1.93 2.12 1.6 

Fe 115.9 354.58 125.21 287.05 107.81 313.02 86.86 363.63 110.44 249.54 

K 5355.36 9901.15 5544.69 9887.01 5545.81 8330.59 5886.77 9638.96 6078.4 12388.8 

Li 1.09 1.25 1.21 1.25 1.16 1.23 1.23 1.31 1.63 1.61 

Mg 1635.42 2459.74 1742.29 2721.56 1700.41 2239.62 1924.03 2626.13 1977.16 2444.02 

Mn 1.51 0.85 3.81 0.21 0.95 0.11 1.35 0.33 3.03 0.09 

Na 16326.7 19628.8 17167.7 20686.9 17216.3 19397.8 18520.3 22116.1 18065.1 21763.8 

Ni 1.43 1.79 1.57 1.47 1.22 1.32 1.32 1.52 1.66 2.3 

Pb 1.6 0.03 0.47 0.37 0.08 1.32 0.07 0.01 0.08 0.02 

Zn 30.24 34.55 29.15 12.37 22.79 35.52 21.67 16.12 21.32 14.1 

Hg 0.75 0.88 0.19 0.25 0.16 0.26 0.11 0.16 0.35 0.56 

 

 

Table 3 shows the average of heavy metals content at the five sampling stations for 

two sampling times. The unit used for heavy metals concentration in this study was 1 ppb 

which equal to 0.001 mg/L. 

The average of Al concentrations during the two sampling times were 20.61 ppb, 

32.14 ppb, 9.68 ppb, 5.52 ppb and 20.35 ppb for ST1, ST2, ST3, ST4 and ST5, 

respectively. The concentration of Al classified by WQI as class II (<0.06 mg/L). For As, 

the mean concentration value of two sampling times at ST1 was 62.591 ppb 

(0.0626 mg/L) which shows a maximum value and ST5 has the lowest mean 

concentration of As which was 42.346 ppb. The mean concentration of As classified by 

WQI class as class III (>0.05 mg/L). The mean concentration of Ba of two sampling times 

were 167.44 ppb, 179.47 ppb, 182.29 ppb, 195.56 ppb and 206.04 ppb for ST1, ST2, ST3, 

ST4 and ST5, respectively. It was found that the maximum mean concentration of Ba was 

at ST5 and the lowest was at ST4. The mean concentration of Ba classified by WQI as 

class I (<1 mg/L). For Be, the mean concentration of two sampling times was 0.041 ppb, 
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0.02 ppb, 0.015 ppb, 0.021 ppb and 0.025 ppb for ST1, ST2, ST3, ST4 and ST5, 

respectively. The mean concentration of Be classified by WQI as class I (<0.05 mg/L). It 

was indicated that, in this study, the mean concentration of Be was the lowest among the 

19 heavy metals. The mean concentration of Ca which was the third highest after Na and 

K during two sampling times has the value of 3214.22 ppb at ST1, 3298.05 ppb at ST2, 

3335.62 ppb at ST3, 3693.64 ppb at ST4 and 4468.24 ppb at ST5. The highest mean 

concentration of Ca was at ST5 and the lowest was at ST1. The mean concentration of 

Ca classified by WQI as class I. 

The mean concentration of Cd of two sampling times has the second lowest value. The 

value was 0.21 ppb, 0.06 ppb, 0.13 ppb, 0.05 ppb and 0.05 ppb for ST1, ST2, ST3, ST4 

and ST5, respectively. The mean concentration of Cd classified by WQI was at class I 

(<0.001 mg/L). For Co, the mean concentration value at ST1 was 0.23 ppb 

(0.00023 mg/L), ST2 = 0.13 ppb, ST3 = 0.12 ppb, ST4 = 0.13 ppb and ST5 = 0.21 ppb. 

The mean concentration of Co classified by WQI as class I. For Cr, the mean 

concentration value of two sampling times was 3.41 ppb, 3.68 ppb, 3.07 ppb, 3.16 ppb 

and 2.97 ppb for ST1, ST2, ST3, ST4 and ST5, respectively. Maximum mean 

concentration of Cr was recorded at ST2 and the lowest was at ST5. The mean 

concentration of Cr classified by WQI as class I (<0.05 mg/L). Cu mean concentration of 

two sampling times at ST1 was 2.20 ppb, ST2 = 2.05 ppb, ST3 = 2.10 ppb, ST4 = 1.60 ppb 

and ST5 = 1.86 ppb. The mean concentration of Cu classified by WQI as class I 

(<0.02 mg/L). For Fe, the mean concentration value of two sampling times was 

235.24 ppb, 206.13 ppb, 210.42 ppb, 225.25 ppb and 179.99 ppb for ST1, ST2, ST3, ST4 

and ST5, respectively. The mean concentration of Fe classified by WQI as class I 

(<1 mg/L). K has the second highest mean concentration after Na which the value for 

ST1, ST2, ST3, ST4 and ST5 was 7628.26 ppb, 7715.85 ppb, 6938.2 ppb, 7762.87 ppb 

and 9233.6 ppb, respectively. The mean concentration of K classified by WQI as class I. 

The recorded mean concentration of two sampling times for Li was 1.17 ppb, 1.23 ppb, 

1.20 ppb, 1.27 ppb and 1.63 ppb for ST1, ST2, ST3, ST4 and ST5, respectively. The mean 

concentration of Li classified by WQI as class I. Mg mean concentration of two sampling 

times showed the values of 2047.58 ppb at ST1, 2231.9 ppb at ST2, 1970.02 ppb at ST3, 

2275.08 ppb at ST4 and 2210.68 ppb at ST5. The mean concentration of Mg classified 

by WQI as class I. For Mn, the mean concentration value was 1.18 ppb, 2.02 ppb, 

0.53 ppb, 0.84 ppb and 1.57 ppb for ST1, ST2, ST3, ST4 and ST5, respectively. 

Maximum mean concentration of Mn was at ST2 and the lowest mean was at ST3. The 

mean concentration of Mn classified by WQI as class II (<0.1 mg/L). Na has the highest 

mean concentration among the 19 heavy metals. The recorded values for ST1 was 

17977.8 ppb which was the lowest mean, ST2 = 18927.3 ppb, ST3 = 18307.1 ppb, 

ST4 = 20318.2 ppb, which was the highest value and ST5 = 19914.5 ppb. The mean 

concentration of Na classified by WQI as class I. The mean concentration value for Ni 

was 1.61 ppb, 1.52 ppb, 1.28 ppb, 1.42 ppb and 1.98 ppb for ST1, ST2, ST3, ST4 and 

ST5, respectively. The mean concentration of Ni classified by WQI class as class II 

(<0.05 mg/L). For Pb, the mean concentration value of two sampling times at ST1 was 

0.82 ppb, ST2 = 0.42 ppb, ST3 = 0.70 ppb, ST4 = 0.05 ppb and ST5 = 0.05 ppb. The 

mean concentration of Pb classified by WQI as class III (<0.02 mg/L). 

Zn has the mean concentration values of two sampling times of 32.40 ppb, 20.76 ppb, 

29.16 ppb, 18.90 ppb and 17.71 ppb for ST1, ST2, ST3, ST4 and ST5, respectively. The 

mean concentration of Zn classified by WQI as class I (<0.4 mg/L). For Hg, the mean 

concentration recorded for ST1 was 0.89 ppb which was the highest value, for ST2 was 
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0.26 ppb, ST3 was 0.27 ppb, for ST4 was 0.17 ppb which was the lowest value, and ST5 

was 0.57 ppb. The mean concentration of Na classified by WQI as class III (0.0001 mg/L). 

Most of the sources of heavy metals were from wastes and effluents that were being 

discharged into the river (Awotedu and Ogunbamowo, 2019). The high concentration of 

heavy metals was primarily owing to the industrial pollution. Heavy metals in the urban 

atmosphere were mainly derived from industrial activities (i.e. mining, smelting and fossil 

fuel combustion), traffic emissions (i.e. vehicle exhausts and the products of wear from 

tires, brake linings and bearings) and natural minerals sources, forest fires and oceans 

(Geiger and Cooper, 2010; Ismail and Hanafiah, 2019). According to Tunca et al. (2017), 

heavy metals have a significant threat to human health as it can accumulate in living 

organisms. The results showed that most of the heavy metals detected were in satisfactory 

with the standard for water and packaged drinking water as stated in Drinking Water 

Quality Standards for Malaysia by DOE. 

Total Coliform and Fecal Coliform 

The present of total coliform bacteria and fecal coliform, E. coli in Klang River was 

in the range of 102 to 105 cfu/100mL. The coliform bacteria group consist of several 

genera of bacteria belonging to the family Enterobacteriaces including Enterobacter, 

Escherichia, Shigella, Salmonella, Protus and Klebsiella. Most bacteria of this group 

mainly live in water from digestive system of human and animal, which can be as an 

indicator for polluted water with domestic untreated wastewater. An appropriate value of 

water sample was serially diluted with sterile normal saline in order to get countable 

colonies. Colony count of fecal coliform by bacterial counter chamber as shown in 

Figure 3a Luria agar and Figure 3b Luria broth. 

 

Figure 3. Fecal coliform (E. coli) on (a) Luria agar and (b) Luria broth where E. Coli diluted 

in, A) 10-1, B) 10-2, C) negative; and (c) Gram negative short rod E. coli under light 

microscopy 
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Figure 3b showed the growth of fecal coliform (E. coli) in diluted 10-1, 10-2 and 

negative (control Luria broth only) as A, B and C, respectively. Total coliform bacteria 

presented in water samples at ST1, ST2 and ST3 was higher than in the water samples at 

ST4 and ST5. Range of total coliform in the Klang River was from 7 x 102 CFU/100 mL 

to 2.5 x 104 CFU/100 mL. The total coliform for ST1 was about 17500 CFU/100 mL, 

ST2 was 11300 CFU/100 mL and ST3 was 10700 CFU/100 mL, which showed a higher 

count of total coliform among other stations as shown in Figure 4. The total coliform at 

ST4 was about 4900 CFU/100 mL and ST5 was 4200 CFU/100 mL. According to 

INWQS for Malaysia, the level of total fecal coliform for recreational water is 

400/100 mL and total coliform is 5000/100 mL which classified as class II. 

 

Figure 4. Total coliform and fecal coliform at all stations 

 

 

Not all coliform is associated with the intestinal tract, some genera occur widely in 

nature (e.g. Enterobacter spp. associated with plant materials) while some fecal coliform 

may flourish in diverse environments outside the intestinal tract. However, a high number 

of total coliform in the Klang River may indicated the present of other pathogenic 

microorganisms that may cause illness. Coliform bacteria have been used as indicator of 

unsanitary conditions in water and foods for over century. The one-way ANOVA test 

showed that there were significant differences (p<0.05) for total coliform concentrations 

in the water between five stations and Klang River was classified in class III for ST1, ST2 

and ST3 based on the INWQS. 

Fecal coliform bacteria, which belong to Enterobacteriaces, were presented in large 

number in the feces and intestinal tracts of human and other warm-blooded animals, and 

can enter river water from human and animal’s wastes. If a large number of fecal coliform 

bacteria (over 400 colonies/100 milliliters (mL) of water sample) are found in water, it is 

possible that pathogenic microorganisms are also present in the river water. E. coli, a 

gram negative short rod with negative oxidase reactions was chosen as an indicator for 

fecal pollution (Figure 3c). E. coli was presented at all time of sampling at Klang River 

indicating that the water was contaminated by fecal materials from humans. The number 

of fecal coliform presence in the river varies, some were not detected at 103 dilutions at 

ST4 and 5 and to maximum value of 3.4 x 103 CFU/100 mL. Stations with higher count 

of E. coli were ST1, ST2 and ST3 as shown in Figure 4. 

According to INWQS for Malaysia, the level of fecal coliform for recreational water 

is 400/100 mL and total coliform is 5000/100 mL which classified as class III. ST1, ST2 
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and ST3 of Klang River were acceded the standard permitted level determined by DOE 

Malaysia. E. coli, Salmonella and other Enterobacteriaces bacteria were also found in the 

river with higher level especially at ST1, ST2 and ST3. ST4 and ST5 were classified as 

class II. Statistical analysis of coliform which tested by one-way ANOVA test showed 

there were significant differences with p-value, p = 0.03 for fecal coliform concentrations 

in the water between five stations with the SD of 0.26. Meanwhile there were no 

significant differences between the sampling times of all stations with p>0.05. In the 

study conducted by Balleste et al. (2020), they found that fecal pollution was caused by 

humans and animals wastes, domestic effluent, improper sanitation systems and land use 

of agricultural area. 

Samples of ST1, ST2 and ST3 were more polluted by total and fecal coliform bacteria 

and not suitable for activities related to body contact or for fish farming. All stations 

received untreated human wastes which was discharged from condominiums, small 

manufactures, restaurants and malls complexes nearby. This may cause the higher count 

of total and fecal bacteria at these areas. Swimming and fishing in a river water with high 

levels of fecal coliform bacteria will increase the chance of developing illness (fever, 

nausea, diarrhea or stomach cramps) from pathogenic entering the fish body and human 

body through the mouth, nose, ears or injury of skin. Diseases and illnesses that can be 

contacted in water with high fecal coliform counts include typhoid fever, hepatitis, 

gastroenteritis and dysentery and ear indications. Fecal coliform, like other bacteria, can 

usually be killed by boiling water or by treating it with chlorine. Washing thoroughly with 

soap after contact with contaminated water can also help prevent indications according to 

APHA (1998). 

Phytoremediation by Pistia stratiotes and Lemna minor L. 

There were eight high toxic heavy metals which have been tested in the 

phytoremediation of river water samples using Pistia stratiotes and Lemna minor L. The 

value was taken on the 0, 7, 14 and 21 days of experiment. Figures 5 and 6 show the 

heavy metals concentration in the phytoremediation test using Pistia stratiotes and Lemna 

minor L., respectively. 

Based on the figures, Pistia stratiotes and Lemna minor L. can reduced the 

concentration of heavy metals in the river water samples from day 7 until day 21 at each 

sampling station. The average of initial value of As was ranged between 40.49 ppb at ST5 

and 74.37 ppb at ST1. The As concentration in the river for all stations was ranged from 

3.89 ppb at ST5 to 5.11 ppb at ST1 after 7 days of treatment with Pistia stratiotes. On 

day 14 of the experiment, the concentration of As was reduced to as low as 2.26 ppb at 

ST2 and the value was continue to decrease to 2.17 ppb on day 21. It was found that there 

was a significant decreased of As concentration after 7 days. However, the 

phytoremediation became slower after 14 days at all stations. The statistical analysis 

showed that there was a significant difference of As level between stations and there was 

also a significant difference between sampling times and all the stations were classified 

as Class II. The standard deviation (SD) for ST2 and ST3 was 0.57 and 0.61, respectively 

which show a high significant with a p-value of p<0.05. For the phytoremediation by 

Lemna minor L., the As concentration ranged was from 40.26 ppb at ST5 to 67.55 ppb at 

ST1 on day 7 of treatment. The average level of As was decreased slightly to 67.23 ppb 

(0.067 mg/L) according to WQI with a standard of 0.05 mg/L at ST1 and to 40.05 ppb at 

ST5 after 14 days of phytoremediation. After 21 days of phytoremediation the As value 

was slightly decreased to 40.003 ppb at ST5 while the value was 66.211 ppb at ST1. It 



Hanafiah et al.: Phytoremediation of heavy metals by Pistia stratiotes and Lemna minor L. 

- 3667 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 19(5):3655-3677. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/1905_36553677 

© 2021, ALÖKI Kft., Budapest, Hungary 

can be deduced that, the As concentration was slightly decreased at all stations. The 

statistical analysis showed that there was a significant difference of As level between 

stations and there was no significant difference between sampling times and all the 

stations was categorized as Class II. The SD for ST1 and ST3 was 3.73 and 3.07, 

respectively which show a high significant with a p-value of p = 0.001. 

 

Figure 5. Heavy metals removal for a) As, b) Cd, c) Cu, d) Fe, e) Pb, f) Zn, g) Mg and h) Hg by 

Pistia stratiotes 

 

 

The average of initial concentration of Cd was ranged between 0.05 ppb at ST5 to 

0.35 ppb at ST1. After 7 days of treatment with Pistia stratiotes, the Cd concentration 

reduced to 0.01 ppb at ST4 and to 0.35 (0.0007 mg/L) at ST1. The average level of Cd 

was 0.011 mg/L according to WQI. On day 21, the lowest value of Cd was recorded at 

ST3, ST4 and ST5 which was 0.01 ppb. Statistical analysis showed that there was a 
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significant difference of Cd level between all stations which the p–value was p = 0.023. 

Meanwhile at all stations there was no significant difference between sampling times with 

p-value of p>0.05 and all stations was classified as Class III. It was noticed that there was 

a high decreased of Cd after phytoremediation treatment by Pistia stratiotes for all 

stations. For the phytoremediation by Lemna minor L., on day 7, the Cd concentration for 

all stations was ranged from 0.04 ppb at ST4 to 0.35 ppb (0.0007 mg/L) at ST1. The 

average level of Cd was 0.011 mg/L according to WQI. Based on the statistical analysis 

that has been performed, it was indicated that there was a significant difference of Cd 

level between all stations which the p–value was p = 0.034. Meanwhile at ST1, there was 

a significant difference between sampling times with a p-value of p<0.05 and all stations 

was classified as Class III especially after 14 days of treatment. It was found that there 

was a high decreased of Cd after phytoremediation for all stations. 

 

Figure 6. Heavy metals removal for a) As, b) Cd, c) Cu, d) Fe, e) Pb, f) Zn, g) Mg and h) Hg by 

Lemna minor L. 
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The concentration of Cu has a ranged of initial value between 1.60 at ST5 and 2.65 at 

ST2. In the phytoremediation by Pistia stratiotes, the concentration of Cu showed a 

decreasing value on day 7, 14 and 21 for all stations. Cu concentration was reduced to 

between 1.02 ppb at ST3 to 2.17 ppm (0.0023 mg/L) at ST1 after 21 days of treatment. 

The average level of Cu was 0.012 mg/L according to WQI which was classified as class 

III. The results of statistical analysis showed that there was a significant difference of Cu 

levels between stations with p-value = 0.001 and a standard deviation of 0.59 and there 

was no significant difference between sampling times with p>0.05. Lemna minor L. was 

also able to reduce the concentration of Cu in the river water samples for all stations. On 

day 21 of treatment, the concentration of Cu was reduced to as low as 1.24 ppb which at 

ST4. The average level of Cu was 0.012 mg/L according to WQI which was classified as 

class III. It can be deduced that the phytoremediation by Lemna minor L. showed a 

slightly decreased in the average level of Cu concentration from day 7 until day 21. Based 

on the statistical analysis conducted, it was found that there was a significant difference 

of Cu levels between stations with p-value = 0.002 and the total SD was 0.46. There was 

also a significant difference between sampling times with p<0.05. 

By means of Fe, the average initial concentration for all stations was between 

249.54 ppb (ST5) and 363.63 ppb (ST4). The treatment of river water samples with 

Pistia stratiotes showed that the concentration level of Fe was slightly decreased from 

day 7 until day 21. After 21 days of treatment, the concentration of Fe at all stations was 

ranged from 119.99 ppb at ST3 to 280.33 ppb (0.280 mg/L) at ST4. According to WQI, 

the average level of Fe content should be 1 mg/L and classified as class II. The one-way 

ANOVA test showed a significant difference between the Fe concentrations for all 

stations especially samples for ST1, ST2 and ST3 compared to others stations with 

p-value of p = 0.001 and the total SD of 0.21. The Fe concentration in water samples was 

also slightly decreased from day 7 until day 21 when treated with Lemna minor L. The 

concentration of Fe was reduced to a lowest value of 218.27 ppb at ST4 and highest value 

of 237 ppb at ST5 after 21 days of treatment. The average level of Fe was 1 mg/L 

according to WQI and classified as class II. According to the one-way ANOVA test that 

has been performed, it showed that there was a significant difference between the Fe 

concentrations for all stations especially for ST1, ST2, ST3 and ST4 compared to ST5 

with p-value p = 0.001 and the standard deviation was 47.41. 

For Pb, the recorded average of initial concentration of Pb for all stations was between 

0.01 ppb at ST4 and 1.32 ppb at ST3. In the phytoremediation by Pistia stratiotes, it was 

indicated that the concentration level of Pb was decreased on day 7, 14 and 21 of 

treatment. The Pb concentration for all stations was ranged from 0.001 ppb at ST1 to 0.03 

at ST2 after 21 days. The average level of Pb was 0.02 mg/L according to WQI which 

indicates that the river was not polluted by Pb. The statistical analysis by one-way 

ANOVA test showed that there was no significant difference between the five stations 

and phytoremediation times with a p-value of p>0.05. All stations were classified as Class 

II. As for the treatment by Lemna minor L., the level of Pb concentration was also 

decreased from day 7 until day 21. After 21 days of treatment, the Pb concentration at 

ST4 showed the lowest final value which was 0 ppb. The average level of Pb was 

0.02 mg/L according to WQI which indicates that the river was not polluted by Pb. The 

statistical analysis by ANOVA test showed that there was a significant difference between 

ST2 and ST3 for phytoremediation times with p-value p<0.029 but there was no 

significant for other stations. All stations were therefore reported to be classified as Class 

II. 
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Zn has the average of initial concentration for all stations of 12.37 ppb at ST2 and 

35.52 ppb at ST3. For the phytoremediation by Pistia stratiotes, it was found that Zn 

concentration was slightly decreased from day 7 until day 21. On day 21, the Zn 

concentration for all stations was ranged from 12.35 ppb at ST2 to 32.17 (0.03 mg/L). 

The average level of Zn was 0.4 mg/L according to WQI which indicated that the river 

was not polluted by Zn. The range value of Zn in the river water recorded in all stations 

were classified as Class III. The one-way ANOVA test showed that there was no 

significant difference between the samples with sampling times for five stations with 

p-value p = 0.085, while there was a significant difference between stations with a p-value 

of p = 0.002 and the total SD was 16.44. The level of Zn concentration was also 

decreasing during the treatment with Lemna minor L. The value of Zn concentration for 

all stations recorded on the 21 days of experiment was ranged from 10.85 ppb at ST2 to 

33.06 ppb (0.03 mg/L) at ST3. According to WQI, the average level of Zn was 0.4 mg/L 

which indicated that the river was not polluted by Zn. Based on the reported Zn 

concentration, the river water area at all stations can be classified as Class III. Statistical 

analysis using one-way ANOVA test showed a significant difference between the 

samples for five stations with the p-value of p<0.05 and the total SD was 0.1. There was 

also no significant difference between sampling times with p-value, p>0.05 and total SD 

of 10.44. 

As for Mg, it was recorded that the average of its initial concentration for all stations 

was between 2444.02 ppb at ST5 and 2626.12 ppb at ST4. Pistia stratiotes was able to 

reduce the concentration of Mg in the phytoremediation of river water samples in this 

study. After 21 days of treatment the Mg concentration was reduced to 1272.81 ppb at 

ST2 (which indicated the lowest value) and the value was approximately 2225.88 ppb 

(2.23 mg/L) at ST4 (the highest value among the five stations). The average level of Mg 

was more than 5000 mg/L according to WQI which therefore indicated that the rivers in 

this study were in class I. The statistical analysis of one-way ANOVA test showed that 

there was no significant difference between the five stations with a p-value of p>0.05 and 

there was a significant difference between sampling times with p = 0.002 and the total 

SD was 170.8, with slight effect of phytoremediation for this plant on Mg value. The Mg 

concentration also showed a reduction in its value when being treated using 

Lemna minor L. After 21 days of treatment, the Mg concentration for all stations was 

ranged from 2073.44 ppb at ST2 to 2326.94 ppb (2.33 mg/L) at ST4. The average level 

of Mg was more than 5000 mg/L as standardized in WQI. Hence, the rivers in this study 

can be classified as class I. The one-way ANOVA test showed that there was no 

significant difference between the five stations with a p-value of p = 0.86 and there was 

a significant difference between sampling times with p = 0.002. The total SD was 109.08, 

with slight effect of phytoremediation for this plant on Mg value. 

Hg has the average of initial concentration which range between 0.17 ppb at ST4 and 

0.88 ppb at ST1. The phytoremediation of river water samples by Pistia stratiotes showed 

a decreasing in the concentration of Hg on day 7, 14 and 21 of treatment. The final Hg 

concentration recorded a value from 0.02 ppb at ST3 to 0.12 ppb (0.00012 mg/L) at ST5. 

The average level of Hg was 0.004 mg/L according to WQI. Thus, it was indicated that 

the water river was not polluted with Hg and all stations was classified as Class III. Based 

on the statistical analysis that has been performed, there was a significant difference 

between the five stations with a p-value of p = 0.008. The total SD was 0.1 and there was 

a significant difference between sampling times with a p-value of p = 0.04. When treated 

with Lemna minor, the Hg concentration was slightly decreased from day 7 until the end 
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of experiment. On day 21, the Hg concentration was reduced to a ranged of 0.08 ppb at 

ST1 to 0.16 ppb at ST5. According to WQI, the average level of Hg was 0.004 mg/L. 

Thus, it was indicated that the water river was not polluted with Hg and all stations can 

be classified as Class III. The parametric one-way ANOVA test showed that there was a 

significant difference between the five stations with p-value, p = 0.02 while the total SD 

was 0.13 especially for ST4 and there was no significant difference between sampling 

times with p-value p = 0.109. 

Figure 7 shows the heavy metals removal percentage in five sampling stations by 

Pistia stratiotes and Lemna minor L. 

 

Figure 7. Reduction percentage of heavy metals by Pistia stratiotes and Lemna minor L. 

 

 

As shown in Figure 7, it was demonstrated that Pistia stratiotes was able to reduce the 

concentration of As, Cd, Cu, Fe, Pb, Zn, Mg and Hg up to 96.62%, 95.65%, 60.38%, 

61.67%, 99.24%, 32.97%, 53.23% and 96.59%, respectively. As reported by Tabinda et 

al. (2020), Pistia stratiotes was able to accumulate about 91.5% of Cu and 77.3% of Cr 

after 30 days of treatment. In a study performed by Rodrigues et al. (2020), the removal 

percentage of Zn by Pistia stratiotes reached a maximum value of 72% after 7 days of 

culture in 1.8 mg/L of Zn. Those studies found that higher accumulation of metals was 

observed in the roots of the plant. This is because Pistia stratiotes has a fibrous root 

system which help the plant to tolerate high concentrations of heavy metals. According 

to Akhtar et al. (2017), Pistia stratiotes can removed heavy metals without caused any 

damage to the metals. Pistia stratiotes has a rapid growth rate which make it able to 

accumulate high amount of nutrients to grow (Nizam et al., 2020). As stated by Hanafiah 

et al. (2018b), the ability of Pistia stratiotes in heavy metals and nutrients accumulation 

making this plant suitable to be used in phytoremediation treatment of contaminated 

wastewater. 

While Lemna minor L. removed up to approximately 10.97%, 83.33%, 35.75%, 

39.97%, 100%, 15.32%, 23.81% and 90.91% of As, Cd, Cu, Fe, Pb, Zn, Mg and Hg, 

respectively (Figure 7). Bokhari et al. (2016) reported that Lemna minor was more 

effective in accumulating Pb other than other metals, which was similar with the results 
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obtained from the current study. However, Daud et al. (2018) found a maximum value of 

reduction for Cu which was 91%. Lemna minor is widely distributed throughout the world 

and can usually be found in ponds, swamps and ditches which were rich in nutrient 

content (Hazmi and Hanafiah, 2018; Hanafiah et al., 2019). Lemna minor L. can adapt 

extreme climatic and weather conditions such as drought, flood, frost, heat wave and 

inundation due to its physical characteristics (Ekperusi et al., 2019). Lemna minor L. can 

survive up to one months in drought. The plant also able to tolerate flood and areas where 

there is a high amount of water, for instance, it can be submerged for more than 120 days 

(Mohedano et al., 2012), making it perfect for wetlands because it can consume high 

amount of water. According to Radic et al. (2010), Lemna minor has been recommended 

for wastewater treatment because this plant is more tolerant to cold, easily harvested and 

also has a rapid growth rate, thus, it can be a better alternative for monitoring heavy metals 

content. Table 4 shows the findings from several previous studies on the 

phytoremediation of heavy metals by Pistia stratiotes and Lemna minor L. 

 
Table 4. Phytoremediation of heavy metals by Pistia stratiotes and Lemna minor L. 

Type of plant Heavy metals Removal rate (%) Duration Authors 

Pistia stratiotes 

Cu, Cr 91.5, 77.3 30 days Tabinda et al. (2020) 

Zn 72 7 days Rodrigues et al. (2020) 

Pb, Cu 70.7, 66.5 30 days Aurangzeb et al. (2014) 

Ca, Mg, Na, K 57, 55, 43, 54 60 days Kumar et al. (2017) 

Cd 27.1 28 days Kodituwakku and Yatawara (2020) 

Lemna minor L. 

Pb, Cd, Cu, Ni 97, 94, 94, 99 31 days Bokhari et al. (2016) 

Cu 91 14 days Daud et al. (2018) 

Cu, Ni, Pb 58, 68, 62 10 days Yilmaz and Akbulut (2011) 

K 91.32 20 days Mishra et al. (2012) 

Ca, Mg 45.7, 32.3 30 days Farid et al. (2013) 

 

 

It can be deduced that Pistia stratiotes reduced higher percentage of most heavy metals 

concentration as compared to Lemna minor L. Nonetheless, both Pistia stratiotes and 

Lemna minor L. plant have a very strong phytoremediation ability in heavy metals 

removal during the incubation days inside water pot in the laboratory. The absence of 

sunlight, spaces of growth, less oxygen, reduction of nutrition and other environmental 

factors after 14 days of growth have affected the plant capability to remove heavy metals 

from river water samples in the laboratory (Rezania et al., 2015; Suelee et al., 2017). Both 

Pistia stratiotes and Lemna minor L treatments achieved some reduction in heavy metals 

concentration, but samples were too variable within each site to be considered as 

significant at the real replication on site. Heavy metals uptake by the same plants showed 

well-marked cultivar differences in successive growing seasons in another field 

experiment in the Czech Republic. Pistia stratiotes and Lemna minor L. were best known 

as rhizofiltrator and phytoextractor due to their ability to accumulate more heavy metals 

in the roots when being contacted with water for 7 to 14 days (Barchanska et al., 2019; 

Ekperusi et al., 2019). 



Hanafiah et al.: Phytoremediation of heavy metals by Pistia stratiotes and Lemna minor L. 

- 3673 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 19(5):3655-3677. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/1905_36553677 

© 2021, ALÖKI Kft., Budapest, Hungary 

Conclusions 

Monitoring programs with frequent water samplings and determination of 

physiochemical parameters may representatively provide the status of the surface water 

quality. Overall, the WQI of the river water samples for rainy period and dry period was 

classified in classes II and III, respectively. Both plants, Pistia stratiotes and Lemna 

minor L. were a good phytoremediation agent especially in removal of heavy metals 

between 7 to 14 days of incubation. ST1, ST2, and ST3 of Klang River were high polluted 

by total coliform bacteria byF 17500, 11300 and 10700 CFU/100 mL, respectively. The 

authorities must be aware of the implications and limitations of benchmarking using the 

INWQS and WQI, so that river water quality preservation efforts can be executed 

seamlessly. More importantly is the effective utilization of these methods by the 

responsible agencies and parties involved in watershed management. 

Based on the findings of the present study, it is recommended that phytoremediation 

plants like Pistia stratiotes and Lemna minor L. be planted on both sides of the river by 

placing simple barrier to locate the plant and keeping it in place to optimize heavy metals 

uptake. Future studies can be conducted to explore more on the pollutants uptake 

mechanism in terms of toxicity, tolerance towards heavy metals and accumulation of 

heavy metals in the plants. Besides, the study of phytoremediation by these plants should 

be carried-out in a longer time length as the time required for plant cultivation as well as 

plant acclimatization would take a very long time, especially the plant cultivation which 

would take up to at least few months. It also suggested to increase water tests for total 

and fecal coliform during the two sessions in different stations in Klang River and other 

rivers to reduce the pollutions and infection by this pathogenic bacterium. Cooperation 

from various authorities in Klang River basin management, flood mitigation, and 

environmental improvement through river basin management training, workshops, 

forums and regional technical assistance should be improved. 
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