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Life cannot exist without water. Water scarcity is caused by massive groundwater decline. Water contamination is the most common problem spreading worldwide quicker than ever, along with anthropogenic water scarcity. Since tainted water can harm health, water contamination is also contributing to water scarcity. Heavy metals in drinking water have plagued most Asian, African, and European nations for decades. Studies reveal that heavy metals have caused damage in Pakistan, India, and China. This study detects heavy metals in groundwater and treats them with phytoremediation along the river Kabul in district Charsadda. It also measures pH, EC, TDS, turbidity, fluoride, phosphates, nitrites, and nitrates. All indicators meet the WHO and national environmental quality criteria for drinking water, except for turbidity, which exceeds the limit of ≤5 NTU in four examined regions, reaching a maximum of 9.99 NTU. Chemical parameters were within the standard limits, except for high concentrations of arsenic (As) and cadmium (Cd) in samples from S2 (15.20 μg/L) and S1 (20.50 μg/L) compared to WHO’s 10 and 5 μg/L standards. However, the limit is within EPA Pakistan’s 50 and 100 μg/L standards for drinking water, which Pakistan still follows. Heavy metals can harm health, even at low levels. Since the majority of the study area’s population relies on groundwater for drinking and other needs, heavy metal pollution of the groundwater can cause many ailments. Thus, phytoremediation is increasingly vital to reduce these heavy metals to WHO limits to protect human health and the environment.
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1 INTRODUCTION
Nowadays, human activities and their basic needs are growing rapidly due to the increasing population in all countries; as a result, our water resources have been contaminated with a greater quantity of harmful pollutants, especially heavy metals from different sectors (Ullah et al., 2021). Certain adverse effects of urbanization, such as depletion of resources, increasing carbon emissions, and water pollution, are reported regionally and globally; these effects disturb human health and the environment (Ahuti, 2015) Industrialization also has effects on the social and economic changes of people and needs innovations for improvement (Mgbemene et al., 2016). Due to industrial processes, large quantities of pollutants are released into local water bodies, causing problems for human health. Industrialization not only produces HMs but also produces different types of waste that affect the environment. Because of the industrial revolution, large amounts of chemical substances and harmful gases are discharged into the environment.
Water pollution is a serious problem that will disturb humans. Various approaches have been used to control this problem, but it is still a concern for humans. Humans and the environment are both affected by these pollutants worldwide. Some heavy metals (HMs) are useful in smaller quantities for humans, such as Ni, Cu, Fe, and As, but they become poisonous in larger quantities (Valko et al., 2016). HMs with a large density are reported to be more toxic, even in lesser amounts (Iram et al., 2013). HMs greatly affect the function of the lungs, kidneys, and brain and also reduce the energy level in humans. Certain HMs are carcinogenic in light of their frequent exposure (Jaishankar et al., 2014). Therefore, it is essential to offer a suitable method for HM uptake from water systems (Tóth et al., 2016).
Several methods, such as ion exchange, coagulation, adsorption, oxidation or reduction, and nanotechnology, have been used to treat HMs in aqueous solutions (Rajasulochana and Preethy, 2016). All these methods have their own advantages and disadvantages, but almost all of them are expensive and time-consuming. A new approach must be planned to safeguard human health and the environment from the consequences of water pollution, and bioremediation is reported to be one of the most promising and efficient techniques for heavy metal removal from water bodies (Raghunandan et al., 2018). This method has developed as a relatively cost-effective procedure and shows efficiency in the removal of heavy metals from water and soil, converting them into non-toxic compounds (Singh and Gupta, 2016). Hydrophytes use heavy metals and other pollutants as food nutrients in the bioremediation method. Bioremediation can be carried out at two sites, such as in situ and ex situ (Kumar et al., 2016). Many species of hydrophytes have been used to treat HMs from industrial wastewater (Laib and Leghouchi, 2012). Hydrophytes are frequently available and can be easily cultivated in aquatic ecosystems. A previous study proved that hydrophyte species remove HMs, thus enhancing the quality of water (Shamshad et al., 2015).
Environmental contaminants include heavy metals and metalloids (Ghani et al., 2022a). HMs can also be considered agricultural soil pollutants due to their potential to adversely affect crop health and productivity when present in high concentrations in the soil (Ghani et al., 2023). HMs exhibit resistance to degradation, and in the absence of plant uptake or leaching, they have the potential to accumulate in the soil and endure for extended durations (Bhatti et al., 2022). The metals commonly identified as contaminants in agricultural soils and known to induce toxic effects in plants at high concentrations include cadmium (Cd), lead (Pb), chromium (Cr), arsenic (As), mercury (Hg), nickel (Ni), copper (Cu), and zinc (Zn) (Nawab et al., 2018; Ghani et al., 2022b). Cd, Pb, As, Hg, and Cr are known to exhibit high toxicity and pose significant risks to plant health at various degrees of contamination (Kumar et al., 2018a).
The aquatic plant water hyacinth is a perennial species that is indigenous to tropical regions of South America. It has already spread to all the continents, except Antarctica. The plants undergo rapid biomass growth and develop dense mats as they reproduce through stolons, which are vegetative runners. Water hyacinth can fully obstruct lakes and wetlands, thereby surpassing indigenous aquatic species, diminishing oxygen levels for fish, and establishing an optimal environment for mosquitoes that transmit diseases. Extensive water hyacinth infestations can impede river transportation and fishing, cause harm to bridges, and obstruct dams. Lake Victoria in Africa and the waterways of Papua New Guinea serve as notable illustrations of regions characterized by substantial populations of water hyacinth, which imposes constraints on transportation and fishing activities, thereby leading to a heightened prevalence of diseases (Kumar et al., 2018b).
In the current research work, two species of hydrophytes, Typha latifolia (cattail) and Echornia crassipes (water hyacinth), were applied because of their abundant availability and easy cultivation everywhere to find their treatment capability for As and Cd at various HM amounts to find a viable and eco-friendly technique to treat HM polluted water, i.e., industrial wastewater.
2 MATERIALS AND METHODS
2.1 Study area
The study area is located in district Charsadda in Khyber Pakhtunkhwa at latitude 34.13338° N and longitude 71.6925° E as given in Figure 1. Charsadda has a total area of approximately 996 km2 and is located at latitude 34.1682° N and longitude 71.7504° E. Charsadda is located almost 30 km away from Peshawar, which is the capital of the province. The total population, according to the 2017 census conducted by the Government of Pakistan, is about 114,565. Three main rivers flow in Charsadda: Kabul, Jindi, and Swat. The study area is known as Sardaryab, located near the bank of river Kabul. The Kabul River emerges from Afghanistan and meets the Indus River at Attock in Pakistan.
[image: Figure 1]FIGURE 1 | Study area maps.
River Kabul flows along Sardaryab, which is also a major picnic spot. Sardaryab is also the local name of the River Kabul flowing in the district of Charsadda. Almost the whole population of this area is dependent on groundwater for drinking purposes. A major difference in drinking water quality was observed after the area was hit by a massive flood in 2010.
2.2 Sampling collection
Seven groundwater samples were collected from different locations, including Agra Road Gulshanabad, Agra Payan, Agra, Agra Mumtazabad, and Peshawar Road (Sardaryab). Two samples were a composite of 500 mL each, made by mixing two samples for each composite sample of 250 mL. The samples were collected in polythene bottles that were carried to the National Center of Excellence in Geology, University of Peshawar, for the analysis of As and Cd and other parameters, including pH, EC, TDS, turbidity, fluoride, nitrate, nitrite, and phosphate. The geo-coordinates of the selected areas are latitude 34.13338° N and longitude 71.6925° E.
2.3 Sampling, identification, and cultivation of hydrophytes
The selected species of hydrophytes were collected from a local pond in Charsadda, Pakistan. These species were washed with tap water to remove the soil particles and then cleaned with distilled water. Later, the hydrophyte species were examined using a microscope and confirmed by a botanist from the Department of Botany, University of Peshawar, Pakistan. The species were then cultivated in deionized water for almost 4 weeks at room temperature under natural light and used for the experimental work.
2.4 Synthesis of solutions
HM stock solutions were prepared utilizing Cd (NO3)2 and As (NO3)2 of analytical grade in deionized water (Milli-Q grade). Before their use, the growing medium for the hydrophyte species was sterilized for approximately 25–30 min by autoclave at 120 °C; however, the pH ranged from 6.8 to 7.0, with 1 M of NaOH (Singh et al., 2012).
2.5 Experimental setup
All experiments were carried out in open containers (tubs) containing 1 L (L) of wastewater collected from the study area. These open containers were washed with HNO3 (10%) to avoid HM contamination and then washed with distilled water. Individual plants of Typha latifolia (cattail) and Echornia crassipes (water hyacinth) were added to all the containers. The complete experiment was carried out for 1 month under natural light at a room temperature of 22°C ± 1°C.
The removal efficiency (RE) of the hydrophytes was determined using the following formula:
[image: image]
where Ci represents the initial concentration of the contaminant and Cf represents the final concentration after the treatment process (Bilal et al., 2020).
2.6 Analytical methods
After 30 days, the hydrophyte species were collected from each container and then washed several times with 5 mM of ethylenediaminetetraacetic acid (EDTA) and then deionized water to remove HMs.
The samples were dried at 60°C for 2 h in an oven. HMs were extracted from the dead biomass of the hydrophyte species following the advanced method of Rybak et al. (2012). In brief, 3 g of powdered hydrophytes was taken in a beaker containing 20 mL solution of HNO3 (70%) and H2O2 (30%). Whatman filter paper (42) was used for filtration of the prepared solution into a flask of 100 mL, and then the final solution was synthesized using distilled water. The hydrophyte samples were analyzed using an atomic absorption spectrometer AAS (PerkinElmer, United States) with a 100 mL volume at 195.2 nm (wavelength), while argon (Ar) was used as a carrier (NCEG, University of Peshawar, Pakistan).
2.7 Statistical analysis
In this current study, the data were analyzed using statistical analysis. All graphs were created using OriginPro using the individual medium of the hydrophytes to present the mean values, while the map was created using ArcGIS software (Noman et al., 2020).
3 RESULTS AND DISCUSSION
3.1 Physiochemical parameters
Different physiochemical parameters were examined, such as PH, electrical conductivity, total dissolved solids, turbidity, arsenic, nitrates, nitrites, fluoride, and phosphates. To obtain the results, the samples were analyzed at NCEG, University of Peshawar, for As, Cd, and other parameters, with the main purpose of the analysis being to check the As and Cd concentration in drinking water and whether the levels could pose health threats.
3.1.1 pH
Table 1 represents the pH values of all seven samples collected from different sampling points. According to Table 1, all the pH values are within the acceptable limits of NEQs and WHO (6.5–8.5), and all the values vary from each other.
TABLE 1 | Physical parameters of the water samples after analysis.
[image: Table 1]3.1.2 Electrical conductivity
The electrical conductivity (EC) values of all seven samples are given in Table 1 according to their sampling points. There is no specific limit set for electrical conductivity, but as given in Figure 2 the EC is not very high and is recorded in µS/cm.
[image: Figure 2]FIGURE 2 | T. latifolia’s HM removal efficiency from wastewater.
3.1.3 Total dissolved solids
The values obtained for total dissolved solids (TDSs) by the analysis of all seven samples from different points in the laboratory are presented in Table 1 .A total of 1,000 mg/L was the standard used by both WHO and Pakistan for drinking water. Hence, the values present in Table 1 are all according to the permissible limit.
3.1.4 Turbidity
According to the WHO and NEQs, the acceptable limit for turbidity in drinking water is < 5NTU. As shown in Table 1, the recorded turbidity values vary. The samples collected from four sampling points have turbidity values that exceed the limit, as represented in Table 1.
3.1.5 Nitrite
The values of nitrites represented in Table 2 show that the level of nitrite in all seven samples is under the permissible limit of 3 mg/L of the WHO and <3 mg/L of Pakistani standards.
TABLE 2 | Chemical parameters of the water sampler after analysis in the study area.
[image: Table 2]3.1.6 Nitrate
The level of nitrate recorded in samples 1, 2, 5, and 6 is under the permissible limit of the WHO and NEQ values of 50 mg/L and ≤50 mg/L, respectively. The values of nitrates in different samples are given in Table 2.
3.1.7 Fluoride
Fluoride values were recorded for samples collected from seven different sampling points. The maximum concentration of fluoride was recorded in sample 6, which was still under the allowable limit of 1.5 mg/L and <1.5 mg/L of the WHO and Pakistan’s standards. Fluoride, if it exceeds the limit, can cause serious health issues.
3.1.8 Phosphate
Different values of phosphates for different sampling points can be seen in Table 2, with the highest recorded value being 0.90 mg/L in sample 5.
3.1.9 Arsenic
Seven samples analyzed in the laboratory for As in groundwater provided different values. The maximum permissible limit for As in groundwater is 10 μg/L, according to the WHO. However, the limit is different in Pakistan for groundwater (50 μg/L). As given in Table 2, samples 2 and 5 have the highest concentration out of all, with the recorded values being 15.20 μg/L and 10.00 μg/L in samples 2 and 5. Both of the values are above the standard limits of the WHO, which means that the population from both sampling points is exposed to arsenic health risks.
3.1.10 Cadmium
The maximum permissible limit for Cd in groundwater is 05 μg/L according to the WHO. However, the limit is different in Pakistan for groundwater (100 μg/L). As given in Table 2, samples 1 and 2 have the highest concentration out of all, with the values observed being 20 and 10.50 μg/L, respectively. Both of the values are above the standard limits of the WHO, thus causing problems for human health in the study area.
3.2 Removal of HMs using Typha latifolia
The initial concentrations of Cd and As observed in water samples collected from the study area were 20 and 15.20 μg/L, respectively. The concentration of these HMs was detected to be above the permissible limits set by the WHO as given in Table 3. T. latifolia was cultivated in the water samples for 30 days. After 30 days, the results show that T. latifolia easily grows in wastewater. T. latifolia shows a significant removal of selected HMs such as As and Cd, as reported in Table 4.
TABLE 3 | WHO and PAK-NEQ standard limits for drinking water quality.
[image: Table 3]TABLE 4 | Removal of selected HMs using Typha latifolia and Echornia crassipes.
[image: Table 4]The removal efficiency of T. latifolia was reduced after 30 days. The samples were collected at intervals of 10 days. On day 1, T. latifolia showed good removal efficiency for Cd and As, which was 34% and 31.2%, respectively, as reported in Table 4. On day 10, T. latifolia indicated a better removal efficiency against Cd compared to As.
The removal efficiency for Cd was 54.5%, whereas it was 54.2% for As after 10 days, respectively. On day 20, the removal efficiency of T. latifolia for Cd and As was 75% and 73.6%, respectively, and on day 30, the removal capability of T. latifolia decreased for these HMs. Cd and As were removed by 90% and 88.1% by T. latifolia, respectively, after 30 days (Bilal et al., 2020).
3.3 Removal of HMs using Echornia crassipes
Table 4 reviews the removal efficiency of E. crassipes for the selected HMs in water samples from the study area. The results show that the treatment ability of E. crassipes is less related to T. latifolia, but it is still an efficient species of hydrophyte for the removal of selected HMs. The removal effectiveness of E. crassipes on day 1 was reported to be 23.3% and 20.6% for As and Cd, respectively as reported in Figure 3. These HMs on day 10 were treated significantly by E. crassipes, and 41.8% of Cd and 45.1% of As were removed from wastewater. After day 20, this species showed good efficiency for Cd (61.1%), followed by As (55.6%), and treatment efficiency was reported in the order of Cd >As
[image: Figure 3]FIGURE 3 | E. crassipes’s HM removal efficiency from wastewater.
On day 30, Cd and As were reduced by 72.5% and 65.8%, respectively, as shown in Table 4. The result shows that E. crassipes is an environmentally friendly and easily cultivated hydrophyte species for the removal of several HMs from water samples collected from the study area.
3.4 Discussion
Nowadays, wastewater from different sources is discharged into local water sources, containing HMs like As, Ni, Pb, Cr, Cd, and Hg. Their toxic effect and long-term persistency in the environment make this an issue of major environmental concern worldwide, particularly in Asian countries like Pakistan, Bangladesh, China, and India. Wastewater containing HMs is discharged into water systems without prior treatment in developing nations like Pakistan, and several methods have been used to remove HMs from these wastewaters (Shamshad et al., 2015). These conventional methods have numerous shortcomings, such as an extensive supply of chemicals, unreliable HM removal, and the generation of toxic waste at the end (Fang et al., 2011). Recently, phytoremediation has emerged as a promising and efficient method to overcome such traditional methods (Tan and Ting, 2012).
Phytoremediation is cost-effective and eco-friendly for the uptake of HMs from wastewater (Taştan et al., 2012). This method has been used to remove HMs from the wastewater of industries on a large scale. The removal of these metals using hydrophytes has been reported as an efficient method for the treatment of HM-polluted water. Hydrophytes have been cultivated in wastewater containing HMs in different concentrations (Karna et al., 2017).
In this study, the result shows that hydrophytes such as T. latifolia and E. crassipes treated Cd and As from the polluted water of the study area. Removal efficiency was different because of the initial concentrations of the selected HMs in the wastewater of the study area. T. latifolia’s efficiency for Cd removal at days 1, 10, 20, and 30 was 34%, 54.5%, 75%, and 90%, respectively, though its initial concentration was detected to be 20 μg/L in the water samples of the study area. As removal efficiency was 31.2%, 54.2%, 73.6%, and 88.1% after days 1, 10, 20, and 30 with a pH range of 6.8–7.0, while its initial concentration was 15.20 μg/L in the water samples. T. latifolia removed the selected HMs to within the acceptable limits of the WHO and PAK-NEQs.
E. crassipes also shows good efficiency for the removal of Cd, which was 20.6%, 41.8%, 61.1%, and 72.5% (see Table 4). The removal efficiency of this species was lower compared to T. latifolia. Both species can grow healthily in polluted water because no yellow part or dead biomass was seen after day 30, and they show good removal efficiency for selected HMs. The current results show that the selected species of hydrophytes are environmentally friendly for the treatment of polluted water. Their simple and healthy growth in wastewater during the experimental period, easy availability, and economical method make this technology acceptable for the treatment of HM-polluted water.
The detected concentration of selected HMs in water samples was above the permissible limits, as shown in Table 2. All these HMs easily cause cancer in living organisms, including humans and animals, and also cause toxic effects in plants (Álvarez and Wendel, 2003) PAK-NEQs of ≤0.05 μg/L and ≤100 μg/L for As and Cd, respectively, in order to maintain safety for human health. The cell walls are the main binding sites for HMs in plant species, especially in hydrophytes (Ma et al., 2016).
The results of this study show that T. latifolia and E. crassipes can remove Cd and As from water samples, although the detected initial concentration was higher in the water samples. Many research articles are present regarding the removal of HMs using both live and dead hydrophyte biomass. Deng et al. (2008) studied Cladophora sp. for the removal of Pb and Cd and found that Cladophora sp. can remove large quantities of these HMs from waterbodies. This study clearly shows the high removal efficiency of selected HMs using algae species. The removal efficiency of these HMs by hydrophytes was reported in the order Typha latifolia > Echornia crassipes. Hydrophytes are cost-effective and efficient compared to the dead biomass of hydrophytes.
4 CONCLUSION
The objective of the present study was to assess the efficacy of hydrophytes, specifically Typha latifolia and E. crassipes, in removing Cd and As from wastewater. The efficacy of removing these HMs was influenced by the starting concentration of heavy metals in the water samples. A significant reduction in HMs was observed during the early stages of the experiment while using water solutions. The removal effectiveness of Cd in T. latifolia and E. crassipes was found to be 90% and 72.5%, respectively. Similarly, the removal efficiency of As was found to be 88.1% and 65.8%. It is worth noting that the initial concentration of Cd and As in the water of the study area was 20 and 15.20 μg/L, respectively. It is crucial to understand that these hydrophyte species not only have a long lifespan but also possess the ability to remove heavy metals from water. The high efficiencies exhibited by these species, along with their low input requirements, cost-effectiveness in terms of transportation, and ease of cultivation, render this approach suitable for the large-scale removal of HMs from water.
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