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The massive growth of aquatic plants can contribute to the problem of biological pollution; however, these 

plants can be utilized to solve other environmental issues. There are plants noted to have a contribution to the 

adsorption of heavy metals. This study investigated the biosorption capacity of selected aquatic plants. The 

biosorption of Pb2+ was tested using pulverized water lettuce (Pistia stratiotes (L.)), water hyacinth (Eichhornia 

crassipes), and water spinach (Ipomoea aquatica). The increase in biosorbent doses under laboratory 

conditions at 24 h of contact time has a moderate influence on the pH of the aqueous solution. Metal ion 

adsorptions were strongly dependent on pH, with an optimum pH of 4-5. The maximum adsorption capacity 

(qe) of Pb2+ was 3.62, 2.31, and 3.52 mg g-1 using water lettuce, water hyacinth, and water spinach. The 

biosorption efficiency of the aquatic plants is moderately influenced by the biosorbent doses, with a maximum 

efficiency of 99.99 %. 

1. Introduction 

Considered as the most hazardous pollutants amongst all toxic metals (Ayucitra et al., 2017), lead (Pb) and its 

waste are dangerous for the environment (Lima et al., 2014). Its ingestion may have a detrimental effect on 

human health; hence, there is a need to eliminate it from the environment.  

Several advanced techniques are present for the reduction of the environmental impact of industrial 

wastewater containing heavy metal ions (Shafiq et al., 2018). Conventional treatment processes can help in 

heavy metal removal. Various treatment options are used to remove heavy metals from industrial wastewaters 

(Gunatilake, 2015). One of these options is biosorption. 

Biosorption aimed to remove or recover organic and inorganic substances from solution by biological material, 

which can include living or dead microorganisms and their components, seaweeds, plant materials, industrial 

and agricultural wastes, and natural residues (Fomina and Gadd, 2014). Compared with conventional heavy 

metal removal methods, the biosorption process is potentially advantageous. The high selectivity in the 

recovery and removal of specific heavy metals is beneficial in treating large volumes of mixed wastes and 

wastewater with various heavy metals. Further, the use of natural renewable biomaterials that are considered 

cheap and abundant provides relatively low investment and operational costs. With the enhanced recovery of 

bound heavy metals ions, hazardous waste produces significantly reduced in volume (Sheba and Nandini, 

2016). In biosorption, the sorbent materials generally are of low cost and can be waste or industrial by-

products of natural origin (Silva et al., 2019). Studies showed the potential of aquatic plants to have 

biosorption capacity. Among the potential biosorbents include water hyacinth, water lettuce, and water 

spinach. 

Water hyacinth (Eichhornia crassipes) has attracted significant attention as the world's worst invasive aquatic 

plant due to its exceptionally rapid proliferation and congest growth (Mahamadi, 2011). But its quest for 

nutrient absorption has provided a way for its usage in phytoremediation (Rezania et al., 2016). The review 

study of Mahamadi (2011) showed the excellent removal capabilities of the biomass of water hyacinth for 

several metals of environmental concern. Water lettuce (Pistia stratiotes L.), on the other hand, was 

investigated by Lim et al. (2016), for its potential as an active, low-cost biosorbent in the removal of methyl 

violet 2B (MV). The study of Rodrigues et al. (2017) demonstrated the potential use of water lettuce dry 

biomass for the biosorption of zinc and cadmium, with results more significant than 70 % reductions in the 

concentrations of the metals in the contaminated solutions. Water spinach, on the other hand, was used in 
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the study of Halim (2010) as biosorbent and was found capable of removing a high percentage of Ferrum from 

industrial wastewater.  

Several studies explore the live biomass of aquatic plants to remove heavy metals. However, the use of live 

plants may influence the plant itself, as with the study of Malar, et al. (2014) using water hyacinth, which 

resulted in the gradual decrease of its chlorophyll content. Studies show higher removal efficiency of dried 

biomass; however, the investigations conducted on these are only a few. In the study of Gunasundari and 

Senthil Kumar (2017), the adsorption capacity of dried biomass of Spirulina platensis (SP) for Cu (II) ions was 

found higher than with raw SP. Similarly, in the study of Sibi (2014), dried biomass of 5 microalgae showed 

higher biosorption rate and faster kinetic than the living ones.  

In this study, the biosorption capacity of the dried biomass of aquatic plants, particularly on Pb2+, was 

investigated. These can provide a more efficient means of treating contaminated waters.  

2. Materials and methods 

3.2.1 Preparation of the biosorbents 

Locally gathered stems and leaves of water hyacinth, water lettuce, and water spinach were washed with 

water, chopped into small parts, oven-dried for about 3.5 h at 60 °C, and pulverized using mortar and pestle. 

Tissue analysis of the aquatic plants was done using Atomic Absorption Spectrophotometry (AAS) to 

determine possible lead content. 

3.2.2 Preparation of the aqueous solution 

The aqueous solution was prepared to attain homogeneity in the Pb2+. The 1,000 ppm lead (II) nitrate 

(Pb(NO3)2) solution was diluted in distilled water. Through Pb (flame) method, the aqueous solution was 

determined to have 70.10 mgL-1 Pb2+ and a pH value of 0. 

3.2.3 Pb2+ biosorption experiments 

Different mass: 1 g, 2 g, and 3 g of each biosorbent were measured and used as treatments. These were 

added to the aqueous solutions and were carefully mixed by swirling for about 30 min for each treatment. 

These were allowed to stand for about 24 h before filtering through filter paper. The filtrate of each treatment 

was subjected to laboratory analysis through Pb (flame) method. pH values were also measured.  

3.2.4 Calculation of biosorption parameters 

The computation of the biosorption capacity (qe) using Eq(1), in mg g-1, and percent biosorption (R %) known 

as biosorption efficiency of the aquatic plants followed the formula (Kanamarlapudi, 2018) as given in Eq(2): 

𝑞𝑒 =  
(𝐶𝑖 − 𝑐𝑒)𝑉

𝑚
 (1) 

𝑅 % =  
𝐶𝑖 − 𝑐𝑒

𝐶𝑖
 𝑥 100 (2) 

where qe is the amount of adsorbed metal ions of the adsorbent (mg/g); Ci is the initial concentration of metal 

ion in the solution (mgL-1); Ce is the equilibrium concentration of metal ion in the solution (mgL-1); V is the 

volume of the medium (L); and m is the amount of the biomass used in the adsorption process (g). 

3.2.5 Correlation analysis 

Using Pearson R, the correlation of biosorbent dose to pH, biosorbent dose to biosorption efficiency, and pH 

to biosorption efficiency were determined. 

3. Results and discussion 

3.1 Lead content of the aquatic plants before treatment 

The result of tissue analysis revealed no detection of Pb2+ in the 3 aquatic plants acquired locally and used in 

the study. It establishes that the aquatic plants used are not contaminated. It indicates that possible detection 

or increase of Pb2+ in the aqueous solution is not associated with the aquatic plants. 

3.2 pH values before and after treatment 

The application of the treatment, using water hyacinth as biosorbent has increased the pH value. The highest 

amount of application, at 3 g, produced the most considerable change in pH value from 0 to 5. Figure 1 shows 

a directly proportional relationship between the increasing amount of application and the rising pH values. 
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From the study of Moyo et al. (2013), however, results have shown little potential for the remediation of pH by 

water hyacinth. 

 

Figure 1: pH values of the aqueous solution before and after treatment using water hyacinth  

Among the aquatic plants, the application of water lettuce has the highest increase in pH, notably in all the 

treatments, with a pH value of 5 (Figure 2). It indicates the ability of water lettuce in improving water quality. 

As affirmed by the study of Lu et al. (2015), the use of water lettuce improved the eutrophic waters of ponds. 

 

Figure 2: pH values of the aqueous solution before and after treatment using water lettuce 

The use of water spinach raised the pH value of the aqueous solution to a pH value of 4 in all treatments 

(Figure 3). It indicates that water spinach can lower H+ ions, which can be influenced by its metal binding 

capacity. In the study of Nguyen, et al. (2018), the pH of the wastewater out of the hydroponic systems 

increased slightly using water spinach. Another study by Azira et al. (2013) wherein water spinach was 

cultivated in medium growth bed to examine its ability to remove nutrients from aquaculture wastewater, 

and results highlighted the effectiveness of water spinach in improving the pollutant removals in the 

aquaponic system.  

 

Figure 3: pH values of the aqueous solution before and after treatment using water spinach 
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3.2 Pb2+ content before and after treatment 

As shown in Figure 4, the after application of water hyacinth resulted into a high reduction in the Pb2+ content 

of the aqueous solution. At 1 g of application, the biosorption capacity of water hyacinth was computed to be 

2.31 mg g-1 with a biosorption efficiency of 62.71 % (Table 1). Water hyacinth is notably efficient in minimizing 

various contaminants due to its extracellular accumulation, cell surface sorption and intracellular accumulation 

(Priya and Selvan, 2017). 

 

Figure 4: Pb2+ content (mg L-1) of the aqueous solution before and after treatment using water hyacinth 

Table 1: Biosorption capacity and biosorption efficiency of water hyacinth 

Treatment Biosorption capacity (qe), mg g-1 Biosorption efficiency (R %) 

1 g 2.31 62.71 

2 g 1.78 96.99 

3 g 1.20 97.92 

 

The application of water lettuce at 1 g, as can be gleaned in Figure 5, has caused the most significant 

reduction in lead content resulting in 1.19 mg L-1, compared with the other biosorbents. It implies that water 

lettuce has the highest biosorption capacity in terms of lead, at 1 g of application. At 2 and 3 g of application, 

the Pb2+ was already below the detection limit, < 0.01 mg L-1.  

In the short term (up to 8 d), Vesely et al. (2011) found that there is an extremely high lead accumulation in the 

biomass of water lettuce. This accumulation capacity is potential for a relatively fast and effective decrease of 

high concentration of this risk element in contaminated water or sewage. Similarly, the study of Rodrigues et 

al. (2017) demonstrated greater than 70 % reductions in the concentrations of the metals in the 

contaminated solutions using water lettuce. The surface morphology of contaminated biomass was found to 

have changes demonstrating the biosorption mechanisms and confirming the potential of the dry biomass 

for use in the remediation of solutions contaminated with heavy metals such Zn and Cd. 

 

Figure 5: Pb2+ content (mg L-1) of the aqueous solution before and after treatment using water lettuce 
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As shown in Table 2, the biosorption capacity of water lettuce at 1 g is already 3.62 mg g-1 indicating high 

biosorption efficiency (98.30 %). 

Table 2: Biosorption capacity and biosorption efficiency of water lettuce 

Treatment Biosorption capacity (qe), mg g-1 Biosorption efficiency (R %) 

1 g 3.62 98.30 

2 g 1.84 99.99 

3 g 1.23 99.99 

 

Figure 6 shows the high reduction of Pb2+ in an aqueous solution after application of water spinach. The 

application of 3 g of water spinach resulted in the reduction in the lead, with a value of 0.56 mg L-1 after 24 h. 

The computed biosorption capacity was 1.22 mg g-1, with a biosorption efficiency of 99.20 % (Table 3). It 

implies that at a higher amount of application of biosorbent, the higher the biosorption capacity and efficiency.  

 

Figure 6: Pb2+ content (mg L-1) of the aqueous solution before and after treatment using water spinach 

Table 3: Biosorption capacity and biosorption efficiency of water spinach 

Treatment Biosorption capacity (qe), mg g-1 Biosorption efficiency (R %) 

1 g 3.52 95.56 

2 g 1.79 97.40 

3 g 1.22 99.20 

3.3 Correlation analysis 

Correlation analysis showed the biosorbent dose to have a moderate relation with pH and biosorption 

efficiency with a correlation coefficient value of 0.4082 and 0.4914. pH, on the other hand, has a strong 

influence on biosorption efficiency (0.7543). It indicates that at optimum pH value, biosorbents attain its 

significant removal efficiency.  

Table 4: Correlation analysis 

Correlation Parameters  

Dose-pH Dose-Biosorption efficiency pH- Biosorption efficiency 

Pearson-r value 0.4082 0.4914 0.7543 

4. Conclusions 

This work shows that water lettuce, water hyacinth, and water spinach are good biosorbent for Pb2+. It further 

indicates that the biosorption efficiency is achieved better at optimum pH. Among the three aquatic plants 

investigated, water lettuce provided the highest Pb2+ removal with 99.99 % efficiency. The in-situ application of 

these biosorbents is recommended as future studies to compare its efficiency.  
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