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The high concentration of heavy metals in wastewater highlights the urgent need to explore alternative treatment methods. Partially treated wastewater with elevated heavy metal levels can have severe environmental consequences, ultimately affecting the food chain. This study evaluates the effectiveness of bio-phytoremediation in treating heavy metal-contaminated wastewater using perennial grasses.
The research analyzed 10 days average effluent results for Pb, comparing their removal efficiencies at an initial concentration of 10 ppm after introducing Vetiver grass (Chrysopogon zizanioides) and Elephant grass (Pennisetum purpurem). The compliance levels of different remediation approaches were assessed against South African wastewater discharge limits and World Health Organization (WHO) guidelines. The findings indicated that Vetiver grass demonstrated a higher removal efficiency for Pb as compared to elephant grass.
Introduction
Rapid population growth necessitates a substantial supply of products and services to sustain livelihoods worldwide (Shang et al., 2019). The increasing demand for clean water has become a critical global issue, exacerbated by rapid industrial expansion (Al Sharabati et al., 2021). Routine human activities and industrial operations generate a range of organic and inorganic water pollutants that negatively impact aquatic ecosystems. The environmental crisis is already apparent, driven by unsustainable development, unchecked economic expansion, and a disregard for environmental sustainability (Vita et al., 2019).
Over the past ten years, significant environmental concerns have emerged regarding heavy metal contamination. Although the words "heavy metals" lacks a precise explanation, it therefore encompasses areas such as toxicological, biological, physical, and chemical aspects (Katheresan et al., 2018). It remains widely used in scientific discourse due to the absence of a suitable alternative. The presence of heavy metals in wastewater poses serious risks to ecosystems and human health, as they can accumulate in the food chain (Naseem et al., 2018).
Heavy metals are a major worry due to their ability to cause adverse impacts in humans even with extremely low concentrations (Levchuk et al., 2018). These adverse impacts include Cancer-causing potential, developmental toxicity, and genetic mutations, even with low-level or sub-chronic exposure. Proper disposal of heavy metal-containing waste is essential to prevent ecosystem contamination (Masinire et al., 2020). While some heavy metals (such as Cu, Fe, Mn, Zn, and Mo) play vital roles in biological growth at trace levels, excessive amounts can negatively impact development and progression (Raji et al., 2023). Naturally occurring as part of the Earth's composition and found in various ores, heavy metals are indestructible. Their xenobiotic concentrations pose significant environmental risks due to their toxicity, nonbiodegradable (El-Naggar et al., 2018).
In this context, selecting plants capable of absorbing heavy metals with minimal risk of biomagnification is highly beneficial. Therefore, Vetiver grass (Chrysopogon zizanioides) was chosen for this study. This research examines the effectiveness of perennial grass in the removal of heavy metals, specifically evaluating its response to Pb. Due to its high toxicity, accumulation potential, and persistence, Pb is considered one of the most hazardous environmental pollutants (Nazik et al., 2023; Jia et al., 2020). Major sources of Pb contamination in water include traffic emissions, mining activities, batteries, and a range of industrial operations (Ahmad et al., 2022; Jin et al., 2019).
Various methods have been employed to eliminate toxic materials, including microprocesses and ion exchange (Tchounwou et al., 2012), membrane filtration processes (Alirzayeva et al., 2017), and absorption (Sorayyaei et al., 2021; Ahmad et al., 2023). Among these, adsorption is widely recognized for its efficiency in wastewater treatment, effectively removing hazardous contaminants (Suhail et al., 2020; Naseem et al., 2023).
The appeal of this method lies in its numerous advantages, including ease of operation, simple design, and the ability to produce clean, safe water (Iqbal et al., 2019). Given the widespread use and release of heavy metals in both domestic and industrial activities, along with their severe environmental impacts, this research primarily focuses on these contaminants (Ashrafi et al., 2017; Khan et al., 2019). Additionally, the study explores methods to enhance the tolerance of perennial grasses, discussing their benefits and limitations. Furthermore, it highlights the role of perennial grasses as model vegetation in phytoremediation research. This research supports Sustainable Development Goals (SDG) 6  which targets to ensure the supply and sustainable control of water and sanitation for all. 
0. Materials and methods
Vetiver grass slips were supplied by Free Choice Progressive Learning (Pty) Ltd (White River, South Africa) while, Elephant grass was obtained from SMR Africa (Pty) Ltd in Bronkhorstspruit, South Africa. Lead nitrate, Pb(NO3)2) was used to prepare the synthetic Pb solutions. This was because Pb is soluble in water.  To determine the desired concentration of 10 ppm, the following formulas were used to calculate the mass for the Pb compound. 

Mass = M x V x Molar Mass.			(1)			
Where M is the molarity, V is the volume in litres, and the molar mass of  Pb(NO3)2 is 331.2g/mol.

[bookmark: _Hlk204166536]Water sample was collected using a 50mL syringe and put stored in a 100mL glass beaker. To prevent Pb from adhering to the wall of the glass beaker, 0.5mL  of nitric acid HNO3 was added to the sample to lower the pH to <2. The sample was filtered using a 0.45μm filter just to separate dissolved Pb from suspended solids. The water sample was mixed with 0.1mL  of hydrochloric acid (HCL) to break down the organic matter and release Pb. The mixture was gently heated in a microwave until the solution became clear, and then cooled and diluted with deionized water. Analysis was conducted using Atomic Absorption Spectroscopy (AAS). 

2.1 Elephant and Vetiver grass 

Elephant and Vetiver grass, which were originally planted in soil, were moved and introduced to water. To ensure that the roots remained intact with little if no damage to the roots, the roots were handled with care. Both grasses were washed and left in water for 3 days for acclimatization. To ensure the growth of roots and shoots to the desired length, nutrients such as P, K, N, and Ca were added to the water. The shoot length was adjusted to a height of 20 cm, which is when acclimatization was observed. To start with the experiment, vetiver and elephant grass which were in the water, was then transferred to 2 transparent buckets with 4Liters of 10ppm concentration of Pb solutions. The decrease in water level in each bucket over time was attributed to evaporation and uptake by the vetiver and elephant grass. It was presumed that the evaporating water did not contain Pb, and water was topped to each bucket before sampling. This was to ensure that the change in concentration was not due to evaporation. Water samples were collected once every day for analysis for 10 days.
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	Time/d
	Pb Effluent 
    (mg/L) 
	Elephant in Pb 
Solution (mg/L)
	Vetiver in Pb Solution
 (mg/L)      
	WHO Guidelines
 (mg/L)

	
	
	
	
	

	Day 1
	0.12 
	0.03 
	0.05 
	0.01 

	Day 2
	0.11 
	0.04 
	0.05 
	0.01 

	Day 3
Day 4                    
Day 5                
Day 6
Day 7
Day 8
	0.11 
0.12 
0.10 
0.12 
0.10 
0.10 
	0.04 
0.04 
0.06 
0.07 
0.08 
0.07 
	0.06 
0.05 
0.08 
0.08 
0.09 
0.09 
	0.01 
0.01 
0.01 
0.01 
0.01 
0.01 

	Day 9
	0.10 
	0.08 
	0.09 
	0.01 

	Day 10
	0.10 
	0.08 
	0.09 
	0.01 

	
	
	
	
	




Pd were measured to assess the efficiency of Vetiver grass wastewater treatment. Calculating removal efficiency of these parameters were made using removal efficiency equation (Eq. 1): 

	,
	(2)



where C0 is the initial concentration of parameter, Ct is the final concentration of parameter at time t (de la Luz-Pedro et al., 2019). The results obtained are presented in the table 1 and table 2 above.




Figure 3. Shows Pb removal by elephant and vetiver grass removal over the period of 10 days.


4. Conclusion

The results indicated that Vetiver grass proved to have the most removal efficiency for Pb as compared to elephant grass. Though both grasses showed a good Pb removal rate, they did not meet both the South African wastewater discharge limits into the resource or the World Health Organization (WHO) guidelines. Elephant grass removal efficiency for Pb was between 25% and 80%, while that for vetiver grass was between 41% and 90%. Overall, Vetiver grass had the highest removal efficiency on Pb as compared to elephant. This is because vetiver has an extensive root network that enhances wastewater stabilization and increases contact with contaminants. This facilitates greater Pb uptake because of its high tolerance to Pb stress, allowing it to thrive in Pb-contaminated wastewater. Further research on a pilot study assessing the removal efficiency of Pb by the two grasses over a longer period is recommended.

Acknowledgments

This study was partially funded by the National Research Foundation (NRF) under Grant No. SRUG2204072544 and by Rand Water Company through Grant No. RW01413/18, awarded to Prof. E.M.N. Chirwa in the Department of Chemical Engineering at the University of Pretoria. Additional gratitude is extended to the Department of Water and Sanitation for providing scholarship support to the PhD student, Kenneth Mabaso. We also wish to thank SMR Africa (Pty) Ltd for sponsoring this research with the provision of elephant grass.

Reference

Ahmad, K., Naseem, K., Shah, H.-R., Riaz, N.N., Alhadhrami, A., Majeed, H., Ahmad, M. M., Afzal Awan, M.M., Ahmad, S., Ashfaq, M., Taj, M.B., Abd Elsalam, H.E., 2023. Towards sustainable water purification: MOFs as a promising solution to eliminate toxic water pollutant resorcinol. Z. Phys. Chem. 237, 1669–1689. https://doi.org/ 10.1515/zpch-2023-0264. 
Ahmad, K., Shah, H.-R., Khan, M.S., Iqbal, A., Potrich, E., Amaral, L.S., Rasheed, S., Nawaz, H., Ayub, A., Naseem, K., Muhammad, A., Yaqoob, M.R., Ashfaq, M., 2022. Lead in drinking water: adsorption method and role of zeolitic imidazolate frameworks for its remediation: a review. J. Clean. Prod. 368, 133010 https://doi. org/10.1016/j.jclepro.2022.133010.
Ashrafi, A., Rahbar-Kelishami, A., Shayesteh, H., 2017. Highly efficient simultaneous ultrasonic assisted adsorption of Pb (II) by Fe3O4@MnO2 core-shell magnetic nanoparticles: synthesis and characterization, kinetic, equilibrium, and thermodynamic studies. J. Mol. Struct. 1147, 40–47. https://doi.org/10.1016/j. molstruc.2017.06.083. 
Al Sharabati, M., Abokwiek, R., Al-Othman, A., Tawalbeh, M., Karaman, C., Orooji, Y., Karimi, F., 2021. Biodegradable polymers and their nano-composites for the removal of endocrine-disrupting chemicals (EDCs) from wastewater: a review. Environ. Res. 202, 111694 https://doi.org/10.1016/j.envres.2021.111694.
Alirzayeva, E., Neumann, G., Horst, W., Allahverdiyeva, Y., Specht, A., Alizade, V., 2017. Multiple mechanisms of heavy metal tolerance are differentially expressed in ecotypes of Artemisia fragrans. Envrion Pollut 220, 1024–1035.
El-Naggar, N.E.-A., Hamouda, R.A., Mousa, I.E., Abdel-Hamid, M.S., Rabei, N.H., 2018. Statistical optimization for cadmium removal using Ulva fasciata biomass: characterization, immobilization and application for almost-complete cadmium removal from aqueous solutions. Sci. Rep. 8, 12456
Iqbal, A., Mushtaq, M.U., Khan, A.H.A., Nawaz, I., Yousaf, S., Iqbal, M., 2019. Influence of Pseudomonas japonica and organic amendments on the growth and metal tolerance of Celosia argentea L. Environ. Sci. Pollut. Res. 27, 24671–24685.
Jia, X., Fu, T., Hu, B., Shi, Z., Zhou, L., Zhu, Y., 2020. Identification of the potential risk areas for soil heavy metal pollution based on the source-sink theory. J. Hazard Mater. 393, 122424 https://doi.org/10.1016/j.jhazmat.2020.122424.
Jin, Y., O’Connor, D., Ok, Y.S., Tsang, D.C.W., Liu, A., Hou, D., 2019. Assessment of sources of heavy metals in soil and dust at children’s playgrounds in Beijing using GIS and multivariate statistical analysis. Environ. Int. 124, 320–328. https://doi. org/10.1016/j.envint.2019.01.024.
Katheresan, V., Kansedo, J., Lau, S.Y., 2018. Efficiency of various recent wastewater dye removal methods: a review. J. Environ. Chem. Eng. 6, 4676–4697. https://doi.org/ 10.1016/j.jece.2018.06.060. 
Khan, A.H.A., Butt, T.A., Mirza, C.R., Yousaf, S., Nawaz, I., Iqbal, M., 2019. Combined application of selected heavy metals and EDTA reduced the growth of Petunia hybrida L. Sci. Rep. 9, 4138.
Levchuk, I., Rueda M´arquez, J.J., Sillanp¨a¨a, M., 2018. Removal of natural organic matter (NOM) from water by ion exchange – a review. Chemosphere 192, 90–104. https:// doi.org/10.1016/j.chemosphere.2017.10.101.
Masinire F., Adenuga D., Tichapondwa S., Chirwa E.M., 2020, Remediation of Chromium(vi) Containing Wastewater Using Chrysopogon Zizanioides (vetiver Grass), Chemical Engineering Transactions, 79, 385-390 DOI:10.3303/CET2079065
Naseem, K., Farooqi, Z.H., Begum, R., Irfan, A., 2018. Removal of Congo red dye from aqueous medium by its catalytic reduction using sodium borohydride in the presence of various inorganic nano-catalysts: a review. J. Clean. Prod. 187, 296–307. https:// doi.org/10.1016/j.jclepro.2018.03.209.
Naseem, K., Arif, M., Anwar, A., Haider, S., Akhtar, M.S., 2023. Investigating adsorptive potential of Raphanus caudatus leaves biomass for methyl orange dye: isotherm and kinetic study. Z. Phys. Chem. 237, 1183–1205. https://doi.org/10.1515/zpch-2023- 0255. 
Nazik, G., Aadil, M., Zulfiqar, S., Hassan, W., Rahman, A., Ibrahim, S.M., Naseem, K., Sheikh, T.A., Akhtar, M.N., 2023. Synthesis of doped metal sulfide nanoparticles and their graphene reinforced nanohybrid for Pb(II) detection. Z. Phys. Chem. 237, 1257–1285. https://doi.org/10.1515/zpch-2023-0252.
Shang, C., Wu, T., Huang, G., Wu, J., 2019. Weak sustainability is not sustainable: socioeconomic and environmental assessment of Inner Mongolia for the past three decades. Resour. Conserv. Recycl. 141, 243–252. 
Suhail, F., Batool, M., Din, M.I., Khan, M.A., Chotana, G.A., Zubair, I., Shah, A.T., 2020. Facile synthesis of hetaryl-modified MCM-41 and targeted removal of Pb(II) ions for water purification. J. Porous Mater. 27, 1491–1504. https://doi.org/10.1007/ s10934-020-00919-8.
Sorayyaei, S., Raji, F., Rahbar-Kelishami, A., Ashrafizadeh, S.N., 2021. Combination of electrocoagulation and adsorption processes to remove methyl orange from aqueous solution. Environ. Technol. Innov. 24, 102018 https://doi.org/10.1016/j. eti.2021.102018. 
Raji, F., Zafari, M., Rahbar-Kelishami, A., Ashrafizadeh, S.N., 2023. Enhanced removal of methyl orange using modified anion exchange membrane adsorbent. Int. J. Environ. Sci. Technol. 20, 9823–9836. https://doi.org/10.1007/s13762-023-05089-z.
Tchounwou, P.B., Yedjou, C.G., Patlolla, A.K., Sutton, D.J., 2012. Heavy metal toxicity and the environment. Exp. Suppl. 101, 133–164. https://doi.org/10.1007/978-3- 7643-8340-4_6.
Vita, G., Hertwich, E.G., Stadler, K., Wood, R., 2019. Connecting global emissions to fundamental human needs and their satisfaction. Environ. Res. Lett. 14, 014002. 

Graph showing Pb removal by elephant and vetiver Grass

Pb Effluent	Day 1	Day 2	Day 3	Day 4	Day 5	Day 6	Day 7	Day 8	Day 9	Day 10	0.12	0.11	0.11	0.12	0.1	0.12	0.1	0.1	0.1	0.1	Elephant Grass in Pb	Day 1	Day 2	Day 3	Day 4	Day 5	Day 6	Day 7	Day 8	Day 9	Day 10	0.03	0.04	0.04	0.04	0.06	7.0000000000000007E-2	0.08	7.0000000000000007E-2	0.08	0.08	Vertiver Grass in Pb	Day 1	Day 2	Day 3	Day 4	Day 5	Day 6	Day 7	Day 8	Day 9	Day 10	0.05	0.05	0.06	0.05	0.08	0.08	0.09	0.09	0.09	0.09	Number of day on which Pb removal was measured


Pb removal effiency (mg/l) 




image3.png




image1.jpeg




image2.jpeg
AIDIC




