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ABSTRACT 

	Natural coagulation processes are essential for the removal of colloidal particles by aggregating them into larger flocs that can easily settle in sedimentation basins—a method known for its simplicity and cost-effectiveness.  This study aimed to enhance the efficiency of a water treatment plant through the use of a natural product, cilantro (Coriandrum sativum), as an adsorbent.  Both fresh and dried cilantro leaves and stems were utilized.  Comprehensive analyses were conducted on various physicochemical parameters of water samples, both before and after treatment, including the concentration of selected heavy metals.  Additionally, biological assessments were performed to determine total bacterial and algal counts, as well as the presence of diatoms, protozoa, and pathogenic helminths.  Water samples were collected from a conventional water treatment facility situated at the endpoint of freshwater streams in the Daqahliya governorate.  The samples underwent a pretreatment process using natural coagulation/flocculation with cilantro as the adsorbent, tested via a jar flocculator apparatus.  Results indicated that dried cilantro stems achieved the highest turbidity removal efficiency at 76.33% with an optimal dosage of 0.6 g/L.  Dried leaves followed with 69% efficiency at 0.3 g/L.  Fresh stems and fresh leaves showed removal efficiencies of 35.4% and 33%, respectively, both at a dosage of 0.3 g/L and within a pH range of 6 to 7.  In conclusion, one-sixth of people do not have access to any kind of safe and improved water supply within one kilometer of their residence. So cilantro presents promise as a sustainable, low-cost natural coagulant for enhancing water treatment and meeting the rising demand for clean water.
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1. INTRODUCTION 

Water is essential for sustaining life, and access to safe and adequate water supply is a basic human necessity. Improving access to clean drinking water yields significant public health benefits (Kithiia, 2012). Nevertheless, water pollution remains a major concern, leading to the deterioration of aquatic ecosystems, reduced drinking water quality, and limitations on recreational use. While natural factors such as geology, climate, and soil composition can influence water quality, anthropogenic activities, particularly agriculture and domestic wastewater, often pose greater threats (APHA, 2017). Therefore, regular monitoring and assessment of water quality are vital for sustainable watershed and water-resource management.

Water scarcity indicators highlight the growing gap between water demand and availability, offering valuable insights into the temporal and spatial distributions of water shortages. This challenge is expected to intensify as freshwater sources increasingly struggle to meet the needs of rapidly expanding urban populations, many of which contribute significantly to the pollution of adjacent water bodies (Hoekstra et al., 2012). In arid and semi-arid regions, the situation is further exacerbated by an absolute lack of water resources, leading to frequent and severe water shortages. The Nile River, often referred to as the lifeline of Egypt, plays a critical role in agriculture, drinking water supply, transportation of goods, and replenishment of desert soils (Pereira et al., 2009).
The deterioration of water quality has become a significant global concern, particularly in regions already facing water scarcity. This issue hampers sustainable development and poses serious public health risks by increasing the incidence of waterborne and infectious diseases. Several studies have highlighted these challenges and emphasized the urgent need for effective water management strategies (Ali et al., 2014; El-Salam et al., 2017; El-Bady, 2019; Gad et al., 2022; El-Batrawy et al., 2023; Hasballah et al., 2023; Malik et al., 2024; Hasaballah et al., 2024; Recio-Colmenares et al., 2025; Das & Mishra, 2025).
Biosorption leverages the natural capacity of biological materials to retain metal ions in contaminated water through physical, chemical, or metabolic pathways. This process often involves mechanisms such as hydrolysis, and the ionic charge of biosorptive polymers is typically influenced by the pH of the solution (Gupta & Rastogi, 2008). Adsorption, a widely adopted technique for fluid purification, has proven to be effective in multiphase separation of solutes. The efficiency of this technology is governed by several operational parameters, including the contact time, pH, solute concentration, temperature, and adsorbent dosage. These factors are usually optimized under batch adsorption conditions using either modified or unmodified adsorbent materials (Al-Essa & Khalili, 2018).
Natural coagulants have gained attention as effective and sustainable alternatives in water clarification processes because of their biodegradability, non-toxicity, and renewable origin (Kumar, 2024). These coagulants are commonly derived from plant-based materials, such as seeds, fruit peels, leaves, stems, and legumes. Examples include Moringa oleifera, Coriandrum sativum (cilantro), Plantago ovata, and Aloe vera, which have shown promising results in reducing turbidity and enhancing water quality through natural coagulation and flocculation (Ramavandi, 2014; Choy et al., 2016). Cilantro (Coriandrum sativum) commonly referred to as coriander or dhania, is an annual herb belonging to the parsley family (Apiaceae) in the order Apiales. Native to the Mediterranean region, it is extensively cultivated in countries such as Russia, India, Central Europe, Bangladesh and Morocco (Nazrul, et al., 2009).  Cilantro possesses medicinal and nutritional properties. It is widely available, cost-effective, and has demonstrated notable potential for the removal of toxic metal ions, including copper, mercury, and lead, which pose serious health risks to humans. The adsorption efficiency and capacity of cilantro biomass for reducing turbidity and removing dissolved metal ions from water were examined by Martin et al. (2020). Owing to its technical feasibility, low cost, social acceptability, and simplicity, cilantro is increasingly recognized as a highly effective and practical solution for treating contaminated water (Foo & Hameed, 2010). Water pollution remains one of the most critical global challenges. This study addresses an important aspect of environmental science and water treatment by exploring the use of an eco-friendly plant-based material (Coriandrum sativum) as a natural coagulant/adsorbent for drinking water treatment. The study contributes to the growing body of research on sustainable and low-cost alternatives to conventional chemical coagulants, which is particularly relevant for developing regions facing water scarcity and economic constraints. The comprehensive evaluation of physicochemical, microbiological, and heavy metal parameters enhanced the scientific value of this study. Overall, the findings provide useful applied knowledge that may support greener water treatment strategies and future pilot-scale and field applications. Therefore, this study aimed to enhance the performance of water treatment plants by utilizing cilantro (Coriandrum sativum) in both fresh and dried forms of leaves and stems as a natural adsorbent.
2. material and methods 

2.1 Sampling 

A total of 36 water samples were collected from a conventional Water Treatment Plant (WTP) located in Sherbin City, within the Daqahliya Governorate (Fig. 1). Daqahliya is situated at the downstream end of several freshwater sources, including the terminal point of the Damietta branch and other minor water streams in the Nile Delta. The collected samples were subjected to a pretreatment process using cilantro (Coriandrum sativum) as a natural adsorbent. Provide adequate information to allow the experiment to be reproduced.
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Fig. 1. Map of Sherbin City within the Daqahliya Governorate, Egypt, and the location of the investigated Water Treatment Plant (WTP).

[bookmark: _Hlk219915812]2.2 Cilantro Samples Preparation 

Cilantro samples were taxonomically identified by a plant specialist at the Department of Botany and Microbiology, Damietta University. The biomass was taken to the laboratory, where it was thoroughly washed with distilled water to remove any adhering soil or dust. For wet biomass preparation, fresh leaves and stems were chopped into small pieces ranging from 1–2 cm. For dry biomass, fresh cilantro stems and leaves were air-dried at room temperature until a constant dry weight was achieved, ensuring complete moisture removal. The dried material was then cut into pieces of similar size (1–2 cm) (Martin et al., 2020). All subsequent analyses were conducted at the Department of Environmental Science, Damietta University.

2.3 Physico-Chemical Characterization

All water samples were analyzed for various physicochemical parameters, including turbidity, temperature, pH, alkalinity, electrical conductivity (EC), total dissolved solids (TDS), total hardness, calcium hardness (Ca²⁺), magnesium hardness (Mg²⁺), chlorides (Cl⁻), sulfates (SO₄²⁻), aluminum (Al³⁺), ammonia (NH₃), nitrite (NO₂⁻), nitrate (NO₃⁻), iron (Fe²⁺), manganese (Mn²⁺), silica (Si⁴⁺), and a range of heavy metals such as copper (Cu²⁺), cobalt (Co²⁺), cadmium (Cd²⁺), nickel (Ni²⁺), zinc (Zn²⁺), and lead (Pb²⁺). All parameters were determined in accordance with the Standard Methods for the Examination of Water and Wastewater (APHA 2017). The pH was measured directly using a pH meter (Model 211; HANNA, USA). Electrical conductivity and TDS were measured using a digital portable TDS/conductivity meter (Model 8033, HANNA, USA). Turbidity was assessed using a turbidimeter (Model AL1000, Aqualytic, Germany) with a measurement range of 0–200 nephelometric turbidity units (NTU). Heavy metal concentrations were determined using Atomic Absorption Spectrometry (AAS) with a PinAAcle 500 instrument (PerkinElmer Optima 500, USA).

2.4 Treatment of Raw Water by Adsorption Process Using Cilantro

The natural adsorbent was utilized in a Water Treatment Plant during the coagulation/flocculation process, either as a primary coagulant or as a coagulant aid. Adsorption experiments using cilantro were performed using standard jar test procedures. Various dosages of cilantro biomass (ranging from 0.1 to 1.5 g) were accurately weighed and introduced into the flocculator beakers (Martin et al., 2020). Six beakers, each containing 1000 mL of raw water, were used, one of which served as a control. A standard jar test apparatus was used, with all stirring paddles immersed in the beakers. Following the addition of the adsorbent, rapid mixing was conducted at 122 rpm for 2 min, followed by slow mixing at 22 rpm for 20 min. Subsequently, the samples were allowed to settle undisturbed for 10 min, as outlined in Table 1. The influence of adsorbent dosage and pH on treatment efficiency was investigated. Turbidity was the primary parameter monitored throughout the optimization process, and additional parameters were analyzed at the end of the experiments.

[bookmark: _Hlk219929093]Table 1. Experimental characteristics for Jar test study.

	Characteristics
	Description

	Coagulant
	Cilantro

	Coagulant dose range
	0.1-1.5 g/l

	Rapid mixing
	2 min at 122 (rpm)

	Slow mixing
	20 min at 22 (rpm)

	Settling time
	10 min



2.5 Microbiological analyses

[bookmark: _Hlk219921897]Different microbial indicators were determined as follows: the counts of total coliforms (TC), fecal coliforms (FC), and fecal streptococci (non-fecal coliforms) were determined using the membrane filtration technique. Total coliform colonies were counted after 24 h of incubation of membranes on M-Endo (total coliform), M-Entere (fecal Streptococci), and M.F.C agar (fecal coliform). Incubate the plates for 20–22 h at 35 ͦ C for M-Endo, M-Entere, and M. F. C. agar for 44.5 ͦ C. Total bacterial count (TBC) analysis was performed using Plate Count Agar (also called tryptone glucose yeast agar), incubated at 35°C for 48 ± 3 h (APHA, 2017).

2.5.1 Culture technique of algae 

The algal assay involved both total algal count and identification of all algal species present in the water samples before and after treatment. Lugol's Iodine Solution was added to the samples to stain the algal cells and inhibit further algal growth. The samples were then allowed to settle for 48 h. The volume was concentrated from 1000 mL to 50 mL, and only 1 mL of this concentrate was examined microscopically. Diatoms, green algae, blue-green algae (cyanobacteria), and total algae were counted using a compound microscope with a Sedgewick Rafter Counting Chamber after preservation in Lugol’s iodine solution. Algal cell counts were conducted with a minimum precision of ±20%, in accordance with standard counting protocols (APAH, 2005).

 Algal count/ml = algal total count × square total count ×examine sample size
                                  numbered count square ×original sample size

[bookmark: _Hlk219921989]2.5.2 Protozoa and all kinds of pathogen worms' examination

Raw water samples were filtered using nitrocellulose acetate or polycarbonate membranes with a thickness of 150 μm and pore diameter of 0.45 μm. Similarly, water samples collected after both the physicochemical treatment and disinfection process were filtered using the same type of membranes. All membranes used during the filtration procedures were rinsed twice with distilled water to ensure cleanliness and to reduce contamination. To concentrate the samples, the rinsing volumes were collected and transferred into sterile polystyrene tubes and centrifuged for 20 min. Following centrifugation, the supernatant was carefully discarded, leaving approximately 1 mL of liquid in the pellet. The concentrate was then transferred to a new sterile tube for further analysis. Microscopic examination of the microbial forms was conducted using either a compound or inverted microscope, depending on the nature of the sample (APHA, 2017).

[bookmark: _Hlk219921733]2.6 Statistical analysis

The comparison of means for the four adsorbents and the standard deviations were checked for significance (P <0.05) using ANOVA and post hoc tests. In addition, the relationships among water parameters were assessed using regression and Pearson’s correlation coefficient. All statistical analyses were conducted using SPSS Computer Software, IBM 26.0 Version (SPSS Inc. Chicago, USA).

[bookmark: _Hlk219922880]3. RESULTS 

3.1 Adsorption Process Using Cilantro

[bookmark: _Hlk219923015]3.1.1. Optimum dose affecting the adsorption process

The influence of Cilantro dose on the removal turbidity of raw water samples was critically investigated. In Fig. 2, the optimum dose of Cilantro Fresh Leaves (FL) was 0.3 g/l by removal percentage increased from 27 to 34% for turbidity, but the turbidity removal efficiency of Dry Leaves (DL) increased from 29 to 41% at fixed optimum dose of DL of 0.3 g/l. While the turbidity removal percentage increased from 19 to 31% for turbidity by increasing Fresh Stems (FS) dose up to 0.3 g/l. However, the turbidity removal percentage increased from 37 to 42% for Dry Stems (DS) dose up to 0.6 g/l.
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[bookmark: _Hlk219932222][bookmark: _Hlk219928035]Fig. 2. Optimum conditions for the adsorption process using Cilantro-based biosorbents: (a) fresh leaves (FL), (b) dry leaves (DL), (c) fresh stems (FS), and (d) dry stems (DS). Each subfigure illustrates the optimal dose and pH values at which maximum removal efficiency was achieved.

3.2 Optimum pH affecting the adsorption process

After determining the optimum doses of FL, DL, FS, and DS, these doses were used to determine the optimum pH for raw water treatment. This specific optimum dose was mixed with water samples at different pH values. The lowest turbidity occurred for FL, DL, FS, and DS at pH values of 6.14, 6.03, 6.21, and 6.13, respectively, as shown in Fig. 2.

3.3 Treatment of raw water

The results in Fig. 2 show that the optimum factors defined and used in the batch C/F process experiments for the treatment of raw water were pH (6.14, 6.03, 6.21, and 6.13) and dosage (0.3, 0.3, 0.3, and 0.6 g/l) for FL, DL, FS, and DS, respectively. After the treatment, pH was observed to have a slight decrease and become within neutral range with mean values of 6.14 with FL, which achieved a turbidity removal percentage of 36% and 6.03 with DL by removal percentage of 51% for turbidity. The optimum pH was 6.21 for FS with a removal percentage of 20%, while the highest removal efficiency was achieved at an optimum pH 6.13 of for DS, which achieved a turbidity removal percentage of 53%. 
 3.4 Physico-chemical characterization for raw & treated samples with Cilantro at optimum conditions

Fig. 3 shows the percentage change of water quality parameters after treatment. The physicochemical parameters of raw and treated water samples using fresh leaves (FL), dry leaves (DL), fresh stems (FS), and dry stems (DS) as adsorbent agents are shown in Table 2. The turbidity of raw water, initially measured at 10.14 ± 0.325 NTU, decreased to 6.85 ± 0.066 NTU when treated with fresh leaves, achieving a removal efficiency of 33%. A greater reduction was observed with dry leaves, reaching 3.15 ± 0.052 NTU (69% removal efficiency). Treatment with fresh stems resulted in a turbidity of 6.55 ± 0.053 NTU, corresponding to a 35.4% reduction efficiency. The most effective reduction was achieved using dry stems, which lowered the turbidity to 2.4 ± 0.041 NTU, corresponding to a removal efficiency of 76.33%.
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Fig. 3. Removal efficiency of cilantro (Coriandrum sativum) for physicochemical characteristics, heavy metals, bacteriological parameters, and algal counts in water samples collected from (WTP)
 
The pH value of the raw water, initially recorded at 7.94 ± 0.045, decreased to approximately 7 after treatment, with all treated samples exhibiting lower pH values than the raw water. The electrical conductivity (EC) of the water treated with fresh leaves (FL) was 330.25 ± 0.5 µmohs/cm, which is lower than that of the raw water (339.75 ± 2.06 µmohs/cm). This value is also lower than that obtained using dry leaves (DL) (360.5 ± 0.58 µmohs/cm) but slightly higher than the result from fresh stems (FS) (327.5 ± 0.58 µmohs/cm), and significantly lower than that recorded for dry stems (DS) (452.65 ± 0.94 µmohs/cm).
[bookmark: _Hlk219922685]The total dissolved solids (TDS) in raw water were 224.14 ± 1.36 mg/L, which decreased to 218.02 ± 0.31 mg/L following FL treatment. This was lower than the TDS value for DL (237.9 ± 0.32 mg/L), higher than that for FS (216.24 ± 0.49 mg/L), and lower than that recorded for DS (298.75 ± 0.62 mg/L). Alkalinity decreased from 140 ± 1.63 mg/L in raw water to 136.75 ± 0.9 mg/L with FL treatment. This was higher than the values recorded for DL (123.35 ± 1.17 mg/L) and FS (132 ± 0.08 mg/L), but lower than that of DS (146.05 ± 0.13 mg/L). The total hardness slightly increased from 114.5 ± 2.52 mg/L in raw water to 116.6 ± 0.77 mg/L with FL treatment. This value was lower than that of DL (143.5 ± 1 mg/L) and DS (142.25 ± 0.3 mg/L), but higher than that of FS (114.15 ± 0.19 mg/L). Calcium hardness increased from 64.5 ± 3.79 mg/L to 67.65 ± 0.47 mg/L with FL, while magnesium hardness slightly decreased from 50 ± 4.1 mg/L to 48.85 ± 0.96 mg/L. These values remained lower than those observed for DL (Ca: 76.75 ± 0.95 mg/L; Mg: 66.75 ± 1.89 mg/L) and DS (Ca: 77.43 ± 0.68 mg/L; Mg: 64.83 ± 0.71 mg/L), but FL calcium was lower than FS (70.5 ± 1 mg/L), and FL magnesium was higher than FS (43.65 ± 0.84 mg/L). The chloride concentration increased from 21.25 ± 0.96 mg/L in raw water to 33 ± 1.41 mg/L with FL treatment. This value was lower than those recorded for DL (219.75 ± 0.5 mg/L), FS (43.1 ± 0.14 mg/L), and DS (108.58 ± 1.05 mg/L), which contradicts the findings of Mustapha et al. (2019). Sulfate concentration decreased from 34.25 ± 0.95 mg/L in raw water to 21.75 ± 0.25 mg/L with FL. Sulfate was not detected in the DL-treated samples. The value was lower in the FS group (19.73 ± 0.001 mg/L) and significantly lower in the DS group (3.15 ± 0.043 mg/L), in agreement with Mustapha et al. (2019). Aluminum levels decreased from 0.076 ± 0.014 mg/L in raw water to 0.054 ± 0.007 mg/L with FL treatment. This value was lower than that for DL (0.22 ± 0.017 mg/L) and FS (0.092 ± 0.061 mg/L), but higher than that for DS (0.006 ± 0.0002 mg/L). The ammonia and nitrite concentrations in the raw water were 0.098 ± 0.09 mg/L and 0.07 ± 0.02 mg/L, respectively. Neither ammonia nor nitrite was detected in any of the treated samples (FL, DL, FS, and DS). The nitrate concentration decreased from 0.66 ± 0.06 mg/L in raw water to 0.23 ± 0.013 mg/L with FL. This value was higher than that of DL (0.005 ± 0.001 mg/L), lower than that of FS (1.43 ± 0.008 mg/L), and higher than that of DS (0.004 ± 0.0002 mg/L). Similar to ammonia and nitrite, nitrate levels were reduced in all treated samples, and iron and manganese were not detected. The silica concentration increased from 1.78 ± 0.087 mg/L in raw water to 2.43 ± 0.022 mg/L after FL treatment. This value was higher than that of DL (1.41 ± 0.029 mg/L) and DS (1.21 ± 0.03 mg/L), but lower than that of FS (2.71 ± 0.083 mg/L).
 3.5 Determination of Heavy Metal

As shown in Table 2, copper (Cu²⁺) was not detected in the raw water nor in any of the treated samples with fresh leaves (FL), dry leaves (DL), fresh stems (FS), or dry stems (DS).  Similarly, cobalt (Co²⁺) was not detected in either the raw or treated water samples.
The cadmium (Cd²⁺) concentration in raw water was 0.021 ± 0.0008 mg/L. Treatment with FL reduced this level to 0.011 ± 0.002 mg/L, achieving a removal efficiency of 47.6%. This was followed by DS (0.0142 ± 0.0002 mg/L; 32.38% removal), FS (0.015 ± 0.0006 mg/L; 28.57% removal), and DL (0.019 ± 0.0002 mg/L), which had the least reduction with a removal efficiency of only 9.52%. Nickel (Ni²⁺) concentration in raw water was 0.047 ± 0.0002 mg/L.  After treatment, Ni²⁺ levels slightly increased in most samples, with the highest value recorded for DL (0.053 ± 0.001 mg/L), followed by DS (0.049 ± 0.001 mg/L) and FS (0.048 ± 0.0031 mg/L). However, a slight reduction was observed for FL (0.043 ± 0.0005 mg/L), corresponding to a removal efficiency of 8.5%. Lead (Pb²⁺) concentration in raw water was 0.067 ± 0.0005 mg/L.  In the treated samples, Pb²⁺ increased slightly in FL (0.068 ± 0.0004 mg/L) and FS (0.067 ± 0.0008 mg/L), while it decreased in DS (0.052 ± 0.002 mg/L) and DL, which achieved the highest removal efficiency of 28.36%, reducing the concentration to 0.048 ± 0.0002 mg/L.
[bookmark: _Hlk219922965]3.6 Bacteriology Analysis

Table 2 presents the results of using fresh leaves (FL), dry leaves (DL), fresh stems (FS), and dry stems (DS) as adsorbent agents at dosages of 0.3, 0.3, 0.3, and 0.6 g/L, respectively, under near-neutral pH conditions (~7). These treatments achieved turbidity removal efficiencies of 33%, 69%, 35.4%, and 76.33%, respectively. According to Table 2, a positive correlation was observed between the bacterial load in raw water and the reduction levels achieved through treatment with the different adsorbents. At 35°C, the total bacterial count in raw water was 36 × 10³ ± 408.24 CFU/mL. After treatment, FL reduced this count to 1 × 10³ ± 8.16 CFU/mL (removal efficiency: 97.2%). In contrast, bacterial counts were undetectable in water treated with DL and DS, indicating a removal efficiency of 99.99%, which is higher than the 94.44% removal achieved by FS (2 × 10³ ± 0 CFU/mL).
At 44.5°C, the average total coliform count in raw water was 23 × 10² ± 141.42 TC/100 mL, a value lower than the 610.75 × 10³ TC/100 mL reported by El-Salam et al. (2017). No total coliforms were detected in any of the treated water samples (FL, DL, FS, DS). Similarly, fecal coliforms (15 × 10² ± 40.82 FC/100 mL) and fecal streptococci (69.5 ± 6.35 FS/100 mL) were present in raw water but were not detected in any of the treated samples. Table 2 displays the results of algal removal. The total algal count in raw Nile River water was 2632 ± 102 units/mL. Treatment with FL reduced this count to 1348 ± 3 units/mL (removal efficiency: 48.78%), DL to 864 ± 35 units/mL (67.17%), FS to 978 ± 20.7 units/mL (62.84%), and DS to 324 ± 16.8 units/mL—the highest removal efficiency at 87.68%.
For green algae (Chlorophyceae), the concentration in raw water was 860 ± 40 units/mL. Post-treatment levels were 498 ± 10 units/mL for FL (29.06% removal), 284 ± 15 units/mL for DL (66.97%), 432 ± 9.5 units/mL for FS (49.79%), and 180 ± 10.8 units/mL for DS, achieving the highest removal of 79.06%. The blue-green algae (Cyanophyceae) concentration in raw water was 612 ± 2 units/mL. This was reduced to 18 ± 6 units/mL with FL (97.06% removal) and 10 ± 3.2 units/mL with FS (98.36%). Notably, DL and DS achieved complete removal (100%). For diatoms (Bacillariophyceae), raw water contained 1160 ± 60 units/mL. Treatment with FL reduced the count to 720 ± 7 units/mL (37.93% removal), DL to 580 ± 20 units/mL (50%), FS to 536 ± 8 units/mL (53.79%), and DS achieved the highest removal, reducing the count to 144 ± 6 units/mL (87.58%).






[bookmark: _Hlk219930334]Table 2.	Comprehensive Characterization of Raw and Treated Water Samples Under Optimum Conditions (Dose and pH) Compared with Egyptian and WHO Standards (Mean ± SD)

	
Parameter
	
Unit

	
Raw water
	Treated water with
Fresh Leaves
	Treated water with Dry Leaves
	Treated water with
Fresh Stems
	Treated water with Dry Stems
	Max. allowed in drinking water (EWQS, 2007(
	Max. allowed in drinking water (WHO, 2011)

	Electrical Conductivity
	µmohs/cm
	339.75
±2.06
	330.25
± 0.5
	360.5
±0.58
	327.5
± 0.58
	452.65
[bookmark: _Hlk127738345]±0.94
	1000
	-

	Temperature
	ͦC
	26.025
±0.33
	25.4
± 0.24
	25.65
±0.1
	25.21
± 0.14
	25.9
±0.48
	8-12
	-

	Total Dissolved Solids
	mg/l
	224.14
±1.36
	218.02
± 0.31
	237.9
±0.32
	216.24
± 0.49
	298.75
±0.62
	500
	-

	pH
	-
	7.94
±0.045
	7.25
± 0.049
	7.52
±0.067
	7.19
± 0.028
	7.09
±0.034
	6.5-8.5
	-

	Turbidity
	NTU
	10.14
±0.325
	6.85
± 0.066
	3.15
[bookmark: _Hlk127738455]±0.052
	6.55
[bookmark: _Hlk127738480]± 0.053
	2.40
[bookmark: _Hlk127738522]±0.041
	1
	-

	Total Hardness
	mg/l
	114.5
±2.52
	116.6
± 0.77
	143.5
±1
	114.15 
± 0.19
	142.25
±0.3
	500
	-

	Ca2+. Hardness
	mg/l
	64.5
±3.79
	67.65
± 0.47
	76.75
±0.95
	70.5
± 1
	77.43
±0.68
	350
	-

	Mg2+. Hardness
	mg/l
	50
±4.1
	48.85
± 0.96
	66.75
±1.89
	43.65
± 0.84
	64.83
±0.71
	150
	-

	Chlorides (Cl-)
	mg/l
	21.25
±0.96
	33
± 1.41
	219.75
±0.5
	43.1
± 0.14
	108.58
±1.05
	250
	-

	Alkalinity
	mg/l
	140
±1.63
	136.75
± 0.9
	123.35
±1.17
	132
± 0.08
	146.05
±0.13
	200
	-

	Sulfates (SO42-)
	mg/l
	34.25
±0.95
	21.75
± 0.25
	N.D
	19.73
± 0.001
	3.15
±0.043
	250
	-

	Aluminum (Al3+)
	mg/l
	0.076
±0.014
	0.054
± 0.007
	0.22
±0.017
	0.092
± 0.061
	0.006
±0.0002
	0.2
	-

	Ammonia (NH3-)

	mg/l
	0.098
±0.09
	N.D
	N.D
	N.D
	N.D
	0.5
	-

	Nitrite (NO2-)
	mg/l
	0.07
±0.02
	N.D
	N.D
	N.D
	N.D
	0.2
	-

	Nitrate (NO3-)


	mg/l
	0.66
±0.06
	0.23
± 0.013
	0.005
±0.001
	1.43
± 0.008
	0.004
±0.0002
	45
	-

	Iron (Fe2+)
	mg/l
	0.079
±0.003
	N.D
	N.D
	N.D
	N.D
	0.3
	-

	Manganese (Mn2+)
	mg/l
	0.044
±0.006
	N.D
	N.D
	N.D
	N.D
	0.4
	-

		(Silica (Si4+
	mg/l
	1.78
±0.087
	2.43
± 0.022
	1.41
±0.029
	2.71
± 0.083
	1.21
±0.03
	0.1
	-

	Cu2+
	mg/l
	N.D
	N.D
	N.D
	N.D
	N.D
	-
	2 

	Co2+
	mg/l
	N.D
	N.D
	N.D
	N.D
	N.D
	-
	0.05 

	Cd2+
	mg/l
	0.021
±0.0008

	0.011
±0.002

	0.019
±0.0002

	0.015
±0.0006 

	0.0142
±0.0002

	-
	0.003 

	Ni2+
	mg/l
	0.047
±0.0002

	0.043
±0.0005

	0.053
±0.001

	0.048
±0.0002

	0.049
±0.0031

	-
	0.02 

	Zn2+
	mg/l
	N.D
	N.D
	N.D
	N.D
	N.D
	-
	3 

	Pb2+
	mg/l
	0.067
±0.0005

	0.068
±0.0004

	0.048
±0.0002

	0.067
±0.0008

	0.052
±0.002

	-
	0.01 

	Bacterial total count
	CFU/ml

	36×103
±408.24
	1×103
± 8.16
	<1

	2×103
±0

	<1

	50
	-

	Total coliform bacteria
	TC/100ml
	23×102
±141.42
	<1

	<1

	<1

	<1

	2
	-

	Fecal coliform bacteria
	FC/100ml
	15×102
±40.82
	<1

	<1

	<1

	<1

	(Free)
	-

	Non-fecal (Streptococcus)
Bacteria
	FS/100ml
	69.5
±6.35
	<1

	<1

	<1

	<1

	(Free)
	-

	Bacterial total count
	CFU/ml

	36×103
±408.24
	1×103
± 8.16
	<1

	2×103
±0
	<1

	50
	-

	Green algae
	Unit /ml
	860
±40
	610
±10
	284
±15

	432
±9.5
	180
±10.8
	-
	-

	Blue- green algae
	Unit /ml
	612
±2
	18
±6

	Free

	10
±3.2

	Free

	Free
	-

	Diatoms
	Unit /ml
	1160
±60
	720
±7
	580
±20
	536
±8
	144
±6
	-
	-

	Total algal count
	Unit /ml
	2632
±102
	1348
±3
	864
±35

	978
±20.7

	324
±16.8

	-
	-

	Protozoa & All kinds of pathogen worms
	Unit /ml
	+ve
	-ve
	-ve
	-ve
	-ve
	Free
	-

	
N.D: Not detected, 
< below count colonies/ml,
+)ve )indicates the presence of Protozoa & All kinds of pathogen worms, 
whereas (_ve) denotes the absence of Protozoa & All kinds of pathogen worms.
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[bookmark: _Hlk219923183]4. DISCUSSION
4.1 Adsorption Process Using Cilantro

4.1.1. Optimum dose affecting the adsorption process

The current study's findings disagree with those of Martin et al. (2020), who reported that FL did not remove the turbidity from the river water. The higher removal efficiency of the cilantro group in our investigation may be due to that the adsorption of metal ions which is favored by different chemical functional groups. These groups are potential active sites for the adsorption of metal ions depending on factors such as their accessibility, abundance of sites, chemical states, an attraction between metal ions, and adsorption sites, such as –OH, -C=O, -NH2, –OH, Ar-O, and –O-C=O for DL as proved by Jafari & Senobari, (2012), Singh & Kaur, (2013). Similarly, DS possess fibrous components rich in cellulose, hemicellulose, and lignin, which contain active functional groups capable of binding metal ions and enhancing removal efficiency (Hongkun et al., 2024; Yang et al., 2025).

[bookmark: _Hlk219923297]4.2 Optimum pH affecting the adsorption process

As illustrated in Fig. 2, This result when the pH was adjusted to its natural level. However, at pH values of 6 and 7, the results were quite similar, and increasing the pH value above 9 was not desired.

[bookmark: _Hlk219923424]4.3 Treatment of raw water

A slight decrease in pH was observed with increasing dose, and the removal efficiency increased at low pH, but this is not desired because low-pH water will corrode or dissolve metals and other substances. The results were quite similar around pH 7-8, and increasing the pH value above 9 was not desired because it makes the taste bitter and decreases the effectiveness of the chlorine disinfection, thereby causing the need for additional chlorine. Pollution can modify the pH of water, which can damage animals and plants that live in the water (Omer, 2019).  Our results are in agreement with Rao & Kashifuddin (2012), who reported that the adsorption process was pH-dependent, with the maximum adsorption of these ions occurring in the pH range 4–6. However, the surface of the adsorbent becomes deprotonated in the alkaline range, favoring the uptake of metal ions under restricted limitations because of hydrolysis, as reported by Das (2012).

[bookmark: _Hlk219923867]4.4 Physico-chemical characterization for raw & treated samples with Cilantro at optimum conditions

According to Foo and Hameed (2010), the adsorption process on the surface of cilantro leaves and stems involves the formation of chemical or physical bonds, enabling the attachment of multi-component fluids to the solid adsorbent surfaces.  Among the tested components, dry stems exhibited the highest turbidity levels, reaching 2.4 ± 0.041 NTU.
In alkaline conditions, the adsorbent surface tends to become deprotonated, enhancing the uptake of metal ions; however, this process is limited due to hydrolysis constraints (Das, 2012).  The current study observed temperature fluctuations ranging between 15°C and 30°C throughout the monitoring period.  These variations may be attributed to solar radiation and the discharge of heated effluents, which could exert significant ecological impacts (APHA, 2005; Ljiljana et al., 2019).

The pH value decreased to approximately 7.  This is commonly higher in raw water due to the natural presence of carbonates and bicarbonates, as indicated by Friendl et al. (2004). Elevated pH levels in river water may also result from photosynthetic activity and the growth of aquatic vegetation (APHA, 2017).
EC and TDS are interrelated parameters governed by ionic concentration, abundance, and temperature. EC is directly proportional to dissolved ions (Mustapha et al., 2019); its increase reflects higher ion concentrations, while a decrease may indicate adsorption onto available binding sites. Additionally, fluctuations in water volume can influence EC levels (Koloanda & Oladimeji, 2004). Our results align with Hasaballah et al. (2024), who observed reduced TDS and EC in wastewater treated by Lemna minor and Pistia stratiotes. TDS primarily consists of inorganic salts (chlorides, bicarbonates, sulfates, and nitrates) and trace elements like iron. High TDS levels, often driven by agricultural runoff and untreated sewage, can cause pipe corrosion and mineral scaling (APHA, 2017). Our findings regarding alkalinity are consistent with Ali et al. (2014), who noted that the Nile River near Mansoura exhibits an alkaline tendency due to carbonates and bicarbonates. Variations in pH and alkalinity are further influenced by CO2 release during nitrification, typically following nutrient influxes and phytoplankton peaks.
The highest recorded values of total hardness can be attributed to the dissolution of calcium-containing compounds, particularly in environments with elevated carbon dioxide concentrations. Conversely, the lowest hardness values may result from the precipitation of calcium as CaCO₃, often associated with reduced dissolved oxygen levels (Ali et al., 2014). Additionally, calcium ions can form complexes with ionogenic groups present on coagulants and particle surfaces (Ramavandi, 2014). Regarding chloride levels, caution is advised when using such water for irrigating cilantro plants, as high chloride concentrations may negatively affect soil and plant health (ElBastamy et al., 2021). Elevated chloride may also result from efforts to disinfect raw water, reducing chlorine demand during post-treatment disinfection processes that eliminate residual microorganisms after sedimentation and filtration (Ljiljana et al., 2019).
The observed decrease in sulfate concentration may be attributed to the adsorbent's high surface area and the presence of active binding sites (Mustapha et al., 2019). Aluminum, a naturally abundant metal, may also be present in water due to both anthropogenic and natural sources. A reduction in aluminum levels is likewise linked to the effectiveness of adsorbent materials with available binding sites and large surface areas (Mustapha et al., 2019). The speciation of metals and the reactivity of binding sites are both strongly influenced by the pH of the solution. This is consistent with the findings of Ghawi (2017), who reported that Moringa oleifera, at a dosage of 32 to 80 mg/L using 25% (w/w) oil-extracted leaves, achieved only modest removal rates (75.1%).
Ammonia typically exists in raw water as ammonium and nitrate, originating from algal blooms and both natural and anthropogenic sources. Elevated ammonia concentrations may be attributed to inputs from drainage water, while lower concentrations are associated with increased plankton activity, which tends to assimilate ammonia preferentially over other nitrogen forms (Hasballah, 2008).
Nitrite acts as an intermediate product in the transformation of organic matter into more stable nitrogenous forms. Its concentration increases due to the oxidation of free ammonia via nitrification. When chlorine is added to water containing nitrites and minimal ammonium nitrogen, it reacts rapidly with the nitrites as free chlorine, thus increasing the chlorine demand required to achieve acceptable coliform levels (Chen & Jensen, 2001). The subsequent decline in nitrite levels may result from its oxidation into nitrate—a more stable nitrogen compound—potentially absorbed by plankton (Hasballah, 2008). The elevated nitrate concentration observed in the water samples may be attributed to the release of organic matter from sewage and agricultural drainage, which typically contains high levels of nitrate (Hasballah, 2008). The initial rapid adsorption rates were due to the abundance of active binding sites available on the surface of the adsorbents, facilitating swift adsorption and diffusion of pollutants from the bulk solution to the adsorbent surfaces (Mustapha et al., 2019). A critical step in evaluating the treatment results is comparing the physicochemical characteristics of the treated water with the Egyptian Drinking Water Quality Standards (EWQS, 2007), as shown in Table 2. 
Overall, the study revealed that treated water complied with EWQS limits, except for silica, temperature, and turbidity, which exceeded drinking water standards. The removal of Fe²⁺ and Mn²⁺ occurs via a two-step mechanism: the oxidation of soluble ions into insoluble precipitates, followed by solid separation. This oxidation is driven by chemical reactions with oxygen or agents like chlorine (Khadse et al., 2015). These findings align with Ghawi (2017), who achieved a 98% iron removal efficiency using 60 mg/L of crude Moringa oleifera extract. Such high efficiency is attributed to the adsorbent's extensive surface area and abundant active binding sites (Mustapha et al., 2019). Silica persists in natural water in dissolved, suspended, or colloidal states. Elevated concentrations are typically linked to the skeletal remains of aquatic flora and fauna, particularly algae (Shehata et al., 2008).
The microbiological analysis indicated that, although raw water samples were contaminated, all treated samples fell within the permissible limits defined by EWQS (2007) and were free from sewage contamination. The exception was the total bacterial counts for FL and FS treatments, which exceeded the acceptable limit of 50 CFU/mL. Similar trends were previously reported by El-Salam et al. (2017).

[bookmark: _Hlk219924131]4.5 Determination of Heavy Metal

Table 2 illustrates the concentrations of various heavy metals. Copper was not detected in the raw water, contrasting with El-Emam (2020), who reported a concentration of 0.223 mg/L. Copper was also undetected in water treated with FL, DL, FS, and DS, in agreement with findings by Rao and Kashifuddin (2012).
Cobalt was similarly undetected in raw water, differing from previously reported concentrations of 0.012 mg/L (El-Bady, 2019), 0.223 mg/L (El-Emam, 2020), and 0.0046 mg/L (Gad et al., 2022). The cadmium concentration in the raw water matched the 0.02 mg/L reported by Smysem et al. (2020) but was lower than the 0.149 mg/L found by El-Emam (2020) and higher than the 0.002 mg/L noted by El-Bady (2019). Nickel levels in the raw water were consistent with those reported by Smysem et al. (2020) at 0.04 mg/L, exceeding the values reported by El-Bady (2019) at 0.011 mg/L and Gad et al. (2022) at 0.0183 mg/L, but lower than the 0.12 mg/L reported by El-Emam (2020). Zinc was not detected in the raw water, which contrasts with previous findings by El-Bady (2019) at 0.191 mg/L, El-Emam (2020) at 0.466 mg/L, and Gad et al. (2022) at 0.0161 mg/L.
[bookmark: _Hlk219924351]The lead (Pb²⁺) concentration in raw water was lower than the 0.401 mg/L reported by El-Emam (2020), but higher than values from Smysem et al. (2020) at 0.03 mg/L and El-Bady (2019) at 0.020 mg/L.  The lowest removal efficiency for Pb²⁺ was observed in DL treatment (28.36%), which contrasts with the findings of Rao and Kashifuddin (2012). Among the tested materials, fresh leaves exhibited the highest removal efficiency for heavy metals, followed by dry stems and dry leaves. Fresh stems showed limited effectiveness in metal adsorption. The efficiency of metal ion adsorption is influenced by the presence of various functional groups such as –NH, –NH₂, –OH, –CN, –C=O, and –C–O–C, which act as active binding sites depending on factors like their accessibility, abundance, and chemical states (Gupta & Rastogi, 2008; Jafari & Senobari, 2012; Singh & Kaur, 2013).
4.6 Bacteriology Analysis

Bacterial removal in the studied treatment processes occurred primarily through mechanical trapping and adsorption mechanisms. The highest total bacterial count in raw water was recorded at 36×10³ ± 408.24 CFU/mL, which exceeds the value reported by El-Salam et al. (2017), who found 28×10³ CFU/mL. In contrast, the average counts of fecal coliforms and fecal streptococci in raw water did not align with those previously reported by El-Salam et al. (2017), who documented 229 FC/100 mL and 463 FS/100 mL, respectively, nor with the findings of El-Bastamy et al. (2021), who recorded 46×10³ FC/100 mL.
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[bookmark: _Hlk219928794]Fig. 4. Petri dishes showing the total bacterial count in raw water and water samples treated with FL, DL, FS, and DS. A significant reduction in bacterial colonies is observed in treated samples compared to the raw water.

Notably, fecal coliforms and fecal streptococci were entirely absent in the treated water samples (FL, DL, FS, and DS), in agreement with the current study’s results but in contrast to El-Bastamy et al. (2021), who reported post-treatment values of 2400, 180, and 180 FC/100 mL using zeolite, bentonite, and diatomite, respectively.
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Fig. 5. Membrane filter test results showing the presence of coliform bacteria in raw water and the absence of coliforms in water samples treated with FL, DL, FS, and DS adsorbents.

Pre-chlorination plays a crucial role in microbial and algal control. Chlorine inactivates microorganisms by oxidizing cellular components, altering membrane permeability, damaging protoplasm, inhibiting enzyme activity, and destroying DNA and RNA. It particularly targets lipids in the cell membrane, which explains why cysts and ova are generally more resistant than bacteria (EPA, 1999). The effectiveness of chlorine is pH-dependent, with optimal performance occurring in the pH range of 6–7. Ramavandi (2014) also noted that increasing chlorine doses beyond optimal levels may reduce removal efficiency.
Regarding algal populations, the total algal count in this study conflicted with the findings of El-Dars et al. (2015), who reported increased algal metabolic activity at higher temperatures, with the presence of carbonates in raw water attributed to both elevated pH and salinity levels, as indicated by TDS. According to Abd El-Hady (2014), higher alkalinity (as CaCO₃) encourages phytoplankton proliferation due to increased availability of dissolved CO₂ and HCO₃⁻, which are utilized in biomass production (Mana-han, 2000). Numerous studies have demonstrated that chemical coagulation is more effective in algae removal when combined with pretreatment using agents such as chlorine or chlorine dioxide (Fathy et al., 2020). Mahapatra et al. (2010) reported that increased presence of Chlorophyceae and Cyanophyceae indicates organic pollution and nutrient accumulation in surface waters.
Diatoms were observed in treated water, which may be attributed to their resistance to coagulation and adsorption processes. This observation supports findings by El-Dars et al. (2015), who reported that diatoms (Bacillariophyceae) were more prevalent than other algal groups such as Chlorophyta, Cyanophyta, and Euglenophyta. Abd El-Hady (2014) similarly observed year-round dominance of diatoms in the Nile River system. Shehata et al. (2008) linked high diatom concentrations to the presence of iron and dissolved silica. Diatom dominance under low-stress environmental conditions is often considered an indicator of high-water quality (Mahapatra et al., 2010). This was further supported by Fathy et al. (2020), who ranked algal groups in terms of population size as diatoms > green algae > blue-green algae.
Algal biomass was found to peak when daily water temperatures ranged between 21 and 21–24 °C, while higher temperatures (above 24°C) led to a gradual decline in algal cell concentrations. Lastly, while various pathogenic worms and protozoa were detected in raw water samples, they were absent in treated samples. This absence is attributed to effective disinfection, which minimizes the chlorine demand needed to eliminate any remaining microorganisms following sedimentation and filtration (Ljiljana et al., 2019).
4.7 Statistical analysis
Significance values were calculated to assess the mean differences in various physicochemical and microbiological parameters between raw Nile River water and water treated with different Coriandrum sativum (cilantro) groups: fresh leaves (FL), dry leaves (DL), fresh stems (FS), and dry stems (DS).  Parameters analyzed included turbidity, temperature, pH, alkalinity, electrical conductivity (EC), total dissolved solids (TDS), total hardness, calcium and magnesium hardness, chloride, sulfate, aluminum, ammonia, nitrite, nitrate, iron, manganese, silica, heavy metals, and bacteriological indicators.
 The one-way ANOVA test revealed no statistically significant differences between the raw and treated groups across the tested parameters (F (2) = 1.395, P = .24), as shown in Table 3. Additionally, Tukey's post hoc test indicated that there were no significant differences in the physicochemical properties between the raw water and each cilantro treatment group (P = .36 for FL, .32 for DL, .34 for FS, and .36 for DS). Likewise, no significant differences were observed among the cilantro treatment groups themselves (P = .97). These findings were further supported by the Scheffé and LSD verification tests (Table 5), which confirmed the statistical homogeneity among the groups. Subset means also showed consistent performance across the cilantro groups (Table 4). Furthermore, Pearson’s correlation coefficient confirmed the lack of statistically significant correlation between the cilantro treatments and the measured parameters (P > .05), reinforcing the conclusion that all cilantro treatments had comparable effects. Regarding heavy metals (Table 3), one-way ANOVA showed no statistically significant differences in concentrations of Cu²⁺, Cd²⁺, Co²⁺, Zn²⁺, Ni²⁺, and Pb²⁺ between raw and treated samples (P >.05). These results contrast with those reported by Lasheen et al. (2008) and El-Emam (2020), who found no significant differences in heavy metal concentrations using one-way ANOVA. However, in the present study, despite the lack of statistical significance, the treatment process effectively reduced the concentrations of Cd²⁺, Ni²⁺, and Pb²⁺. The percentage removal of cadmium was 47.6%, 9.52%, 28.57%, and 32.38% for FL, DL, FS, and DS, respectively. Nickel levels were reduced by 8.5% with FL treatment, while lead concentrations were reduced by 28.36% using DL treatment.
[bookmark: _Hlk219930369]Table 3.	Statistical Analysis (ANOVA Test)
[bookmark: _Hlk219930343]
	P1
	Sum of Squares
	Df
	Mean Square
	F
	Sig.

	Between Groups
	45237714.761
	4
	11309428.690
	1.395
	.238 oo

	Within Groups
	1256276339.610
	155
	8105008.643
	
	

	Total
	1301514054.372
	159
	
	
	


Non-significant (P >.05), * = low significant (P ≤.05), 
** = intermediate significant (P ≤.01) and *** = highly significant (P ≤.001)

Table 4.	Tests of Homogeneity of Variances

	
	Levene Statistic
	df1
	df2
	Sig.

	P1
	Based on Mean
	4.162
	4
	155
	.003 *

	
	Based on Median
	1.392
	4
	155
	.239 oo

	
	Based on Median and with adjusted df
	1.392
	4
	31.484
	.259 oo

	
	Based on trimmed mean
	1.614
	4
	155
	.173 oo


[bookmark: _Hlk219930822]oo Non-significant (P >.05), * = low significant (P ≤.05),
** = intermediate significant (P ≤.01) and *** = highly significant (P ≤.001)

Table 5.	A Tukey Post Hoc Tests (Multiple Comparisons)	
	
	(I) Treatment
	(J) Treatment
	Mean Difference (I-J)
	Std. Error
	Sig.
	95% Confidence Interval

	
	
	
	
	
	
	Lower Bound
	Upper Bound

	Tukey HSD
	Raw Water
	Fresh Leaves
	1295.54812
	711.73242
	.366 oo
	-668.9431-
	3260.0394

	
	
	Dry Leaves
	1349.20926
	711.73242
	.324 oo
	-615.2820-
	3313.7005

	
	
	Fresh Stems
	1350.09408
	711.73242
	.323 oo
	-614.3972-
	3314.5853

	
	
	Dry Stems
	1318.52443
	711.73242
	.348 oo
	-645.9668-
	3283.0157

	
	Fresh Leaves
	raw water
	-1295.54812-
	711.73242
	.366 oo 
	-3260.0394-
	668.9431

	
	
	Dry Leaves
	53.66113
	711.73242
	1.000 oo
	-1910.8301-
	2018.1524

	
	
	Fresh Stems
	54.54596
	711.73242
	1.000 oo
	-1909.9453-
	2019.0372

	
	
	Dry Stems
	22.97630
	711.73242
	1.000 oo
	-1941.5150-
	1987.4676

	
	Dry Leaves
	raw water
	-1349.20926-
	711.73242
	.324 oo
	-3313.7005-
	615.2820

	
	
	Fresh Leaves
	-53.66113-
	711.73242
	1.000 oo
	-2018.1524-
	1910.8301

	
	
	Fresh Stems
	.88482
	711.73242
	1.000 oo
	-1963.6064-
	1965.3761

	
	
	Dry Stems
	-30.68483-
	711.73242
	1.000 oo
	-1995.1761-
	1933.8064

	
	Fresh Stems
	raw water
	-1350.09408-
	711.73242
	.323 oo
	-3314.5853-
	614.3972

	
	
	Fresh Leaves
	-54.54596-
	711.73242
	1.000 oo
	-2019.0372-
	1909.9453

	
	
	Dry Leaves
	-.88482-
	711.73242
	1.000 oo
	-1965.3761-
	1963.6064

	
	
	Dry Stems
	-31.56966-
	711.73242
	1.000 oo
	-1996.0609-
	1932.9216

	
	Dry Stems
	raw water
	-1318.52443-
	711.73242
	.348 oo
	-3283.0157-
	645.9668

	
	
	Fresh Leaves
	-22.97630-
	711.73242
	1.000 oo
	-1987.4676-
	1941.5150

	
	
	Dry Leaves
	30.68483
	711.73242
	1.000 oo
	-1933.8064-
	1995.1761

	
	
	Fresh Stems
	31.56966
	711.73242
	1.000 oo
	-1932.9216-
	1996.0609

	LSD
	raw water
	Fresh Leaves
	1295.54812
	711.73242
	.071 oo
	-110.3989-
	2701.4952

	
	
	Dry Leaves
	1349.20926
	711.73242
	.060 oo
	-56.7378-
	2755.1563

	
	
	Fresh Stems
	1350.09408
	711.73242
	.060 oo 
	-55.8530-
	2756.0411

	
	
	Dry Stems
	1318.52443
	711.73242
	.066 oo
	-87.4226-
	2724.4715

	
	Fresh Leaves
	raw water
	-1295.54812-
	711.73242
	.071 oo
	-2701.4952-
	110.3989

	
	
	Dry Leaves
	53.66113
	711.73242
	.940 oo
	-1352.2859-
	1459.6082

	
	
	Fresh Stems
	54.54596
	711.73242
	.939 oo
	-1351.4011-
	1460.4930

	
	
	Dry Stems
	22.97630
	711.73242
	.974 oo
	-1382.9708-
	1428.9234

	
	Dry Leaves
	raw water
	-1349.20926-
	711.73242
	.060 oo
	-2755.1563-
	56.7378

	
	
	Fresh Leaves
	-53.66113-
	711.73242
	.940 oo
	-1459.6082-
	1352.2859

	
	
	Fresh Stems
	.88482
	711.73242
	.999 oo
	-1405.0622-
	1406.8319

	
	
	Dry Stems
	-30.68483-
	711.73242
	.966 oo
	-1436.6319-
	1375.2622

	
	Fresh Stems
	raw water
	-1350.09408-
	711.73242
	.060 oo
	-2756.0411-
	55.8530

	
	
	Fresh Leaves
	-54.54596-
	711.73242
	.939 oo
	-1460.4930-
	1351.4011

	
	
	Dry Leaves
	-.88482-
	711.73242
	.999 oo
	-1406.8319-
	1405.0622

	
	
	Dry Stems
	-31.56966-
	711.73242
	.965 oo
	-1437.5167-
	1374.3774

	
	Dry Stems
	raw water
	-1318.52443-
	711.73242
	.066 oo
	-2724.4715-
	87.4226

	
	
	Fresh Leaves
	-22.97630-
	711.73242
	.974 oo
	-1428.9234-
	1382.9708

	
	
	Dry Leaves
	30.68483
	711.73242
	.966 oo
	-1375.2622-
	1436.6319

	
	
	Fresh Stems
	31.56966
	711.73242
	.965 oo
	-1374.3774-
	1437.5167



[bookmark: _Hlk219930712]Non-significant (P >.05), * = low significant (P ≤.05),
** = intermediate significant (P ≤.01) and *** = highly significant (P ≤.001)

5. Conclusion

Coriander leaves and stems showed an excellent potential for the removal of turbidity and heavy metals from raw water. The adsorption process was pH-dependent, with the maximum adsorption of these ions occurring in the pH range 6-7. The efficiency of DS to remove turbidity increased with increasing dosage, with removal of 76.33% at a dosage of 0.6 g, while DL showed a decrease in percentage removal of turbidity with increasing adsorbent dosage, with a percentage removal of 69% at a 0.3 g dosage. However, the FS and FL did not remove turbidity efficiently from the river water. The efficiency of FS to remove turbidity increased with an increase in dosage, with a removal of 35.4% at a dosage of 0.3 g, while FL showed a decrease in the percentage removal of turbidity with an increasing adsorbent dosage, with a percentage removal of 33% at a 0.3 g dosage. So, selection of appropriate adsorbents and their doses, and combination of other useful methods as a part of an integrated approach are some of the ways to preserve and improve the drinking raw water quality and safe environment in particular.
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