Effect of adsorbents dosage, contact time, initial concentration, Temperature and pH on the percentage removal of NO3-, PO4-3, Cu2+, Pb2+ and Cd2+ (adsorbates) onto Mukurweini’s kaolinite and alkali modified Kaolinite



ABSTRACT
Access to clean and safe water for domestic and industrial use remains a major challenge for developing countries in the Third World. The study aims to investigate the effect of adsorbent dosage, contact time, initial concentration, Temperature and pH on the percentage removal of NO3-, PO4-3, Cu2+, Pb2+ and Cd2+ (adsorbates) onto Mukurweini’s kaolinite and alkali-modified Kaolinite. The available fresh water resources are distributed unevenly across the country, with the available sources affected by heavy pollution from sources such as raw sewage, domestic and industrial waste, agricultural waste, and emerging pollutants such as plastic, which contribute significantly to the limited accessibility of clean water in Kenya. These studies examined the potential application of clay-derived zeolites derived from clay material (kaolinite) obtained from Mukurweini in Nyeri County to remediate water contaminated with agricultural waste. To achieve optimum removal of pollutants in wastewater, batch adsorption studies were carried out to determine the optimum operating conditions, i.e., contact time, pH, and calcination temperature. The batch adsorption study was carried out, and the sample solutions were analysed alongside standard solutions using an AA-6300 SHIMADZU Atomic Absorption Spectrophotometer. The optimum calcination temperature was determined at t = 550–900 °C, equilibrium contact time of 30 minutes, pH = 7, and temperature t = 25 °C. At these optimum conditions, the overall percentage removal of NO3-, PO4-3, Cu2+, Pb2+ and Cd2+ (adsorbates) was calculated at 99.2% for solutions of concentration c = 100 ppm for all ions. The results show that the pH of the solution uniquely affected the adsorption capacities of the five adsorbed substances. From the adsorption study, the percentage removal increased as the adsorbent dosage increased. 30 minutes of contact time was required to reach equilibrium. At a 100 ppm concentration of the adsorbate, the percentage removal remained at 99.2%. 
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INTRODUCTION







Water resources are crucial in developing any area as they serve as a major source of potable, agricultural, and industrial water. Water contamination, caused by natural and anthropogenic activities, poses a significant threat to public health globally (Babuji et al., 2023 ; Tang et al., 2022). Water is polluted when undesired substances find their ways to it. Water has several properties such as being an excellent solvent and can dissolve several substances including toxic, substances that are harmful to human health[1]. Water pollution transpires in two ways. By direct contact of the pollutant with the water body such as the direct pouring of industrial wastewater into rivers or any water body, leakage of wastewater pipes, among others and by indirect and slowly contact of the pollutant with the water body such as leaching of agrochemicals that include fertilizers, pesticides into underground water, and malfunctioning of the septic tank [2].
Domestic and industrial sources largely contribute to water pollution. They include leakage of toxic substances such as radioactive elements, concentrated acids, and organic substances from wastewater pipes. Leaching of fertilizers used for home gardening. Inadequate functioning of the septic tank. Inappropriate disposal of waste from industrial to the general household activities.
Adsorption studies are carried in order to gain a better understanding of the interactions between molecules and surfaces. Adsorption is the process in which molecules of a material are attracted to and remain on the surface of a solid or liquid [3]. Through these studies, the ability to analyze the surface properties of materials, such as surface area, pore size, and porosity, which can be used to create new materials and improve existing ones, as well as to develop more efficient separation and purification processes. 
Population growth has enormously contributed to the utilization of chemical fertilizers, which has indirectly contributed to water pollution[4]. Although chemical fertilizers contribute to water and air pollution, the usage of chemical fertilizer is an important part of agriculture activity. The maximum productivity of a land is guaranteed by the presence of sufficient nutrients in the soil but continuous mining of nutrients from soil by crops demands for the use of fertilizers to achieve the desired yields[5]. The drastic population growth in the past few decades has increased the demand for agricultural production and hence the need to increase the crop yield which has resulted in an overuse of chemical fertilizers.

Nitrate supplies nitrogen, which is an essential component for plant growth, and a major contributor for the production of amino acids used to synthesize proteins. Proteins are necessary for the wholesome growth and development of plants. They contribute to the phototropism regulation of the plant, which is an adjustment to light, and darkness; and generate energy from some chemical reactions that enable membrane transportation and the formation of the intracellular structure[6]. Therefore, nitrate deficiency affects plants growth considerably. It is noteworthy that nitrate is not found in fertilizer in a simple form; they are always combined with other elements such as ammonium nitrate or sometimes combines with some other essential metal for plant development such as calcium (calcium ammonium nitrate). Most of the time the ammonium nitrate is oxidized leading to the separation of ammonia and nitrate. Nitrate can be consumed directly from unwashed vegetables or through drinking water[7]. 

The nitrate accumulated on the soil through leaching pollutes the underground water and surface water by surface run-off. Nitrate intake has many implications for human health such as causing methemoglobinemia (blue baby syndrome) which is a haemoglobin disorder resulting from oxidation of haemoglobin. The oxidized haemoglobin became methemoglobin, which interferes with adequate distribution of oxygen in the blood to other body tissues[8].

[bookmark: _Hlk22715675]Excess phosphate in a water body is always noticeable by eutrophication which occurs when a water body is excessively rich in nutrients especially phosphate[9]. The population growth, climate change and economic development contribute to increased demand for freshwater and therefore mitigation measures have to be taken to deal with eutrophication, which is a threat to water quality[9]. Eutrophication limits economic activities such as fishing, recreational use of water, as well as limiting accessibility to safe drinking water, among others. The decay of dead algae leads to accumulation of organic matter in the water body which results in the depletion of dissolved oxygen and subsequently, death of aquatic life[10]. Algae also produce some toxins, which are harmful to animal and human health, and can lead to several diseases such as neurotoxicity, liver damage, and eye and skin irritation among others[11].
Copper is one of the essential micronutrients that required for plant growth. Cu is one of the essential trace elements that are necessary to maintain the regular growth and development of plants. As a cofactor, it is the active center of various enzymes and is widely involved in numerous biological activities, such as protein transport, cell wall metabolism, respiration/photosynthesis electron transfer, and hormone signal transduction (Chen et al., 2022). It plays a significant role in photosynthesis and its deficiency is always detected by the colour change on the leaves and can lead to a considerable reduction of the crop yield [12]. It is mostly found in herbicides and sometimes in fertilizers. It is also an essential element for human health required in the formation of the red blood cells. Excess intake of copper however, is very harmful to human body as it may cause deadly diseases. It targets some specific body systems such as cardiovascular system by disrupting the red blood leading to the release of hemoglobin into the bloodstream, abnormally known as hemolysis. Accumulation of copper is also manifested in gastrointestinal system by nausea and vomiting. Its toxicity is mostly felt in the hepatic system where the high concentration damages the liver. High intake of copper also affects central nervous system and renal system leading to kidney failure[13].
Lead easily contaminates underground water through leaching and this has been witnessed in many sub-Saharans Africa countries. Lead intake mostly affects children neurological system by reduction the child’s IQ or attention span and some of these damages are irreversible. Lead can also affect an unborn child via the mother blood by either damaging the neurological system or by causing a miscarriage[14]. Additionally, it has an impact on the cardiovascular, renal, and reproductive systems, causing infertility for both male and female[15].
Cadmium is considered as a non-essential element for plant growth[16] Cadmium is present in fertilizer especially in phosphate fertilizers because of the presence of large amounts of cadmium in the phosphate rock[17]. The accumulation of cadmium in the soil and underground water is related to excessive utilization of chemical fertilizers. Excess cadmium affects plant development, pollute the environment and affect human health. Cadmium affects human health by damaging or preventing proper functioning of body organs. 

[bookmark: _Hlk22716857]Like arsenic, cadmium affects renal system manifested through nephropathy, which is the damage of the kidney blood vessel, preventing proper functioning of the kidney a dysfunction that might lead to kidney failure[18]. It affects skeleton system where cadmium interacts with bone cells reducing the bone mineralization and preventing the production of collagen. This leads to osteoporosis, a disease in which the bone becomes weak and susceptible to fracture[19].


METHODS AND MATERIALS

The materials were collected from Nyeri County in Mukurweini, then dried in an oven at 80°C for 18 hours and finely ground using a motor and pestle. A part of this sample was then taken to a muffle furnace, where it was heated at 700°C for two hours. After this, it was hydrothermally treated with 8M of NaOH in a pressure cooker at 120°C for three hours. Finally, it was put back into the muffle furnace for two hours at 650°C. A batch adsorption study was conducted using two adsorbents, kaolinite and alkali-modified kaolinite, in order to determine the adsorption isotherm, adsorption kinetics, and adsorption thermodynamics.
The study was done using seven different adsorbents from different sampling points (S1, S2, S3, S4, S5, S6, and S7) and five different adsorbates (Nitrate, Phosphate, lead, Cadmium and Copper). Nitrate and Phosphate adsorption study was done using UV-VIS Spectrometer and Lead, Copper and Cadmium using AAS. The following parameters were analyzed: effect of dosage, effect contact time, effect of concentration, effect of pH, effect of temperature, adsorption isotherms, and adsorption kinetics and adsorption thermodynamics. It was observed that the adsorbents S1, S2, S3, S4, S5 and S6 had similar behavior throughout the adsorption study.

The batch adsorption study was carried out and the sample solutions analyzed alongside standard solutions using an AA-6300 SHIMADZU Atomic Absorption Spectrophotometer and the following procedure: The computer connected to the AAS was first turned on, as different parameters were set. The ASS lamp was setting based on the metal being analyzed (copper, lead and cadmium).  After that, the compressed air and acetylene cylinders valves were opened and the flame was ignited. Using the University of Nairobi laboratory standards, the calibration curve was set. Different prepared samples were then injected into the flame and their absorbance were recorded.

Results and discussion
Effect of dosage
The effect of dosage was conducted with an initial concentration of 10ppm, for 30minutes with a temperature of 298 K and a pH of 7.  The ranges of the adsorbents were within 0.1g to 0.020g for nitrate and phosphate; and 0.5g to 0.05g for cooper lead and cadmium.
Dosage is an essential factor in determining the number of sorption sites. From figure 1 to figure 14, the percentage removal of the adsorbate increased as the adsorbent dosage increased and declined as the adsorbent dosage decreased. This observation was similar to many other adsorption studies[20 & 21]. Therefore, more adsorbent means more sorption site, implying the presence more unbalance energy on the surface ready for intermolecular reactions[3].  The exception with this study was the removal of phosphate using kaolinite (S7). The adsorbent S7 was not able to remove phosphate. This is similar to the study done by[22] who found out that commercial kaolinite was not able to adsorb phosphate. Abosede et al.,[23] also concluded that adsorption of phosphate by kaolinite was not possible unless in an acidic medium.


[bookmark: _Toc86554880][bookmark: _Toc87205444][bookmark: _Toc104977849]Figure 1 Effect of adsorbents dosage on the percentage removal of NO3-

[bookmark: _Toc86554881][bookmark: _Toc87205445][bookmark: _Toc104977850]Figure 2 Effect of adsorbents dosage on the percentage removal of PO43-

[bookmark: _Toc86554882][bookmark: _Toc87205446][bookmark: _Toc104977851]Figure 3 Effect of adsorbents dosage on the percentage removal of Pb2+

[bookmark: _Toc86554883][bookmark: _Toc87205447][bookmark: _Toc104977852]Figure 4 Effect of adsorbents dosage on the percentage removal of Cu2+

[bookmark: _Toc86554884][bookmark: _Toc87205448][bookmark: _Toc104977853]Figure 5 Effect of adsorbents dosage on the percentage removal of Cd2+
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This parameter was studied at room temperature with a neutral pH, a concentration of 10ppm and the contact time ranging within 1min to 60 min. For nitrate and phosphate, 0.10g of absorbent was used and 0.20g for copper, lead and cadmium. This is an important parameter in the determination of the adsorption equilibrium time and adsorption kinetics.
According to several studies[24 & 25], the effect of contact time is observed with a rapid increase of percentage removal of the adsorbate in the first 10 to 20 minutes. Similarly, in this study it was observed from figure 4 to figure 7 that 99%, 96%, 96%, 75% and 100% respectively of nitrate, phosphate, lead, copper and cadmium were removed between 1 and 10 min. A very small change was observed from 10min to 20min and a very negligible change from 20 to 60min. Thus, the adsorption equilibrium was achieved at around 30min of contact time.


[bookmark: _Toc86554885][bookmark: _Toc87205449][bookmark: _Toc104977854]Figure 6 Effect of contact time on the percentage removal of NO3-

[bookmark: _Toc86554886][bookmark: _Toc87205450][bookmark: _Toc104977855]Figure 7 Effect of contact time on the percentage removal of PO43-


[bookmark: _Toc86554887][bookmark: _Toc87205451][bookmark: _Toc104977856]Figure 8 Effect of contact time on the percentage removal of Pb2+
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[bookmark: _Toc86554889][bookmark: _Toc87205453][bookmark: _Toc104977858]Figure 10 Effect of contact time on the percentage removal of Cd2+
[bookmark: _Toc74024935][bookmark: _Toc87205385][bookmark: _Toc105786440] Effect of initial ion concentration

The effect of initial ion concentration was determined using 0.10g as initial dosage for nitrate and phosphate and 0.20g for lead, copper and cadmium. The working pH was 7, contact time was 30 minutes and the temperature was 298K. The concentration variation was between 10ppm to 100ppm. 
The effect of initial ion concentration is observed by the decrease of percentage removal, as the initial concentration is increased. This happens normally after the adsorbent has reached saturation, meaning the sorption site on the adsorbents become less than the ions presents in the solution[26 & 27].  From figures 9, 10, 11 and 12 it was observed that up to 100 ppm, the different adsorbents kept their percentage removal at 100 % except for Copper, which percentage removal started decreasing just from 20 ppm. It was also observed in figures 13 that at 20 ppm, 50 ppm and 100ppm, the percentage removal respectively decreased at 99, 98 and 97 %.


[bookmark: _Toc86554890][bookmark: _Toc87205454][bookmark: _Toc104977859]Figure 11 Effect of NO3- initial concentration on its percentage removal

[bookmark: _Toc86554891][bookmark: _Toc87205455][bookmark: _Toc104977860]Figure 12 Effect of PO43- initial concentration on its percentage removal

[bookmark: _Toc86554892][bookmark: _Toc87205456][bookmark: _Toc104977861]Figure 13 Effect of Pb2+ initial concentration on its percentage removal

[bookmark: _Toc86554893][bookmark: _Toc87205457][bookmark: _Toc104977862]Figure 14 Effect of Cu2+ initial concentration on its percentage removal

[bookmark: _Toc86554894][bookmark: _Toc87205458][bookmark: _Toc104977863]Figure 15 Effect of Cd2+ initial concentration on its percentage removal
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This parameter was studied using the adsorbents dosage of 0.10g for nitrate and phosphate, and 0.20g for cadmium, lead and copper. The initial concentration was 10ppm, the pH was 7, the contact time was 30 minutes and the temperature varied between 298K and 353K. 
This experiment, Figures 14, 15, 16, and 17, revealed that temperature had no effect on the adsorption study. In general, increasing the temperature reduces adsorption as the attractiveness between the adsorbent and the ions site of the adsorbate decreases[28]. However, this temperature is differ for different ions. Therefore, for lead in figure 15, it was observed that as the temperature increased from 298 k to 353k, the percentage removal decreased.
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[bookmark: _Toc104977864]Figure 16 Effect of temperature on the percentage removal of NO3-
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This parameter was investigated at 298 K, 10 ppm concentration, and adsorbent dosages of 0.10 g for nitrate and phosphate and 0.20 g for lead, copper, and cadmium.
The pH is a crucial parameter in adsorption study. At different pH levels, different adsorbates and adsorbents respond differently. The alkali-treated clay mineral plays a major role as an adsorbent in the adsorption study. As in an acidic medium using an alkali-treated clay, both the medium and the adsorbate compete for the adsorbent active site. In a basic medium, there is a higher probability of a hydroxyl group formation [29]. In figure 20, where nitrate was used as an adsorbate in an acidic medium, the percentage removal was 27% this was significantly low compared to the percentage removal of the same adsorbate in an alkaline and neutral media, which was of 100%. The percentage removal of nitrate decreased in the acidic medium due to the saturation of the active site on the adsorbent. This was similar to phosphate figure 19, lead figure 20 and copper adsorbates figure 21. With Cadmium as an adsorbate figure 22, the pH did not affect the percentage removal.
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[bookmark: _Toc104977869][bookmark: _GoBack]Figure 21 Effect of pH on the percentage removal of NO3-
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CONCLUSION
After characterization, the unknown clay mineral from Mukurweini was identified as kaolinite 1A and the alkali thermal treated clay mineral as hydrosodalite sodium hexakis (alumino silicate). From the adsorption study, the percentage removal increased as the adsorbents dosage increased. 30 minutes of contact time was required to reach equilibrium. At 100 ppm concentration of the adsorbate, the percentage removal remained at 99.2%. The increase in temperature did not affect the adsorption study; however, the later was greatly affected by the change in pH.
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0.1g	S1	S2	S3	S4	S5	S6	S7	100	100	100	100	100	100	100	0.075g	S1	S2	S3	S4	S5	S6	S7	100	100	100	100	100	100	100	0.050g	S1	S2	S3	S4	S5	S6	S7	99.94	99.94	99.93	99.95	99.94	99.94	99.95	0.020g	S1	S2	S3	S4	S5	S6	S7	96.07	96.01	96.04	96.04	96.11	96.02	99.02	Adsorbents
% removal
Phosphate
0.1g	S1	S2	S3	S4	S5	S6	S7	100	100	100	100	100	100	8	0.075g	S1	S2	S3	S4	S5	S6	S7	88.35	88.71	88.26	89.71	88.04	87.36	0.85	0.050g	S1	S2	S3	S4	S5	S6	S7	81.94	81.400000000000006	81.290000000000006	81.87	81.45	81.22	0.02	0.020g	S1	S2	S3	S4	S5	S6	S7	66.39	66.599999999999994	66.67	66.09	66.42	66.650000000000006	1E-3	Adsorbents
%removal
Lead
0.50g	S1	S2	S3	S4	S5	S6	S7	100	100	100	100	100	100	100	0.20g	S1	S2	S3	S4	S5	S6	S7	100	100	100	100	100	100	100	0.10g	S1	S2	S3	S4	S5	S6	S7	99.92	99.11	99.004000000000005	99.82	99.84	99.64	99.54	0.050g	S1	S2	S3	S4	S5	S6	S7	95.83	95.72	95.25	95.54	95.82	95.03	97.57	Adsorbents
%removal
Copper
0.50g	S1	S2	S3	S4	S5	S6	S7	100	100	100	100	100	100	100	0.20g	S1	S2	S3	S4	S5	S6	S7	100	100	100	100	100	100	100	0.10g	S1	S2	S3	S4	S5	S6	S7	92.45	92.62	92.23	92.25	92.52	92.15	98.88	0.050g	S1	S2	S3	S4	S5	S6	S7	89.11	89.2	89.4	89.36	89.58	89.92	97.44	Adsorbents
%removal
Cadmium
0.50g	S1	S2	S3	S4	S5	S6	S7	100	100	100	100	100	100	100	0.20g	S1	S2	S3	S4	S5	S6	S7	100	100	100	100	100	100	100	0.10g	S1	S2	S3	S4	S5	S6	S7	99.41	99.4	99.54	99.41	99.37	99.5	99.48	0.050g	S1	S2	S3	S4	S5	S6	S7	63.4	63.03	63.14	63.21	63.28	63.11	99.21	Adsorbents
%removal
Nitrate
60min	S1	S2	S3	S4	S5	S6	S7	100	100	100	100	100	100	100	40min	S1	S2	S3	S4	S5	S6	S7	100	100	100	100	100	100	100	20min	S1	S2	S3	S4	S5	S6	S7	100	100	100	100	100	100	100	10min	S1	S2	S3	S4	S5	S6	S7	99.88	99.72	99.79	99.72	99.87	99.78	98.98	1min	S1	S2	S3	S4	S5	S6	S7	14.35	14.51	14.37	14.4	14.46	14.35	14.1	Adsorbents
%removal
Phosphate
60min	S1	S2	S3	S4	S5	S6	S7	100	100	100	100	100	100	1.59	30min	S1	S2	S3	S4	S5	S6	S7	100	100	100	100	100	100	0.13	20min	S1	S2	S3	S4	S5	S6	S7	100	100	100	100	100	100	8	10min	S1	S2	S3	S4	S5	S6	S7	96.91	96.87	96.06	96.02	96.06	96.01	0	1min	S1	S2	S3	S4	S5	S6	S7	16.55	16.48	16.420000000000002	16.41	16.43	16.43	0	Adsorbents
%removal
Lead
60min	S1	S2	S3	S4	S5	S6	S7	100	100	100	100	100	100	100	30min	S1	S2	S3	S4	S5	S6	S7	100	100	100	100	100	100	100	20min	S1	S2	S3	S4	S5	S6	S7	97.4	97.58	97.09	97.29	97.57	97.22	98.11	10min	S1	S2	S3	S4	S5	S6	S7	96.33	96.61	96.33	96.72	96.44	96.29	96.86	1min	S1	S2	S3	S4	S5	S6	S7	21.01	21.06	21.01	21.09	21.02	21.03	21.03	Adsorbents
%removal
Copper
60min	S1	S2	S3	S4	S5	S6	S7	100	100	100	100	100	100	100	30min	S1	S2	S3	S4	S5	S6	S7	100	100	100	100	100	100	100	20min	S1	S2	S3	S4	S5	S6	S7	96.16	95.59	94.59	94.32	96.21	94.01	94.06	10min	S1	S2	S3	S4	S5	S6	S7	75.72	75.819999999999993	75.61	75.63	75.05	75.53	93.76	1min	S1	S2	S3	S4	S5	S6	S7	20.329999999999998	20.440000000000001	20.41	20.38	20.39	20.89	29.43	Adsorbents
%removal
Cadmium
60min	S1	S2	S3	S4	S5	S6	S7	100	100	100	100	100	100	100	30min	S1	S2	S3	S4	S5	S6	S7	100	100	100	100	100	100	100	20min	S1	S2	S3	S4	S5	S6	S7	100	100	100	100	100	100	100	10min	S1	S2	S3	S4	S5	S6	S7	100	100	100	100	100	100	100	1min	S1	S2	S3	S4	S5	S6	S7	20.57	20.440000000000001	20.98	20.76	20.6	20.57	22.89	Adsorbents
%removal
Nitrate
100ppm	S1	S2	S3	S4	S5	S6	S7	100	100	100	100	100	100	100	50ppm	S1	S2	S3	S4	S5	S6	S7	100	100	100	100	100	100	100	20ppm	S1	S2	S3	S4	S5	S6	S7	100	100	100	100	100	100	100	10ppm	S1	S2	S3	S4	S5	S6	S7	100	100	100	100	100	100	100	Adsorbents
%removal
Phosphate
100ppm	S1	S2	S3	S4	S5	S6	S7	100	100	100	100	100	100	0.2	50ppm	S1	S2	S3	S4	S5	S6	S7	100	100	100	100	100	100	0.1	20ppm	S1	S2	S3	S4	S5	S6	S7	100	100	100	100	100	100	1.3	10ppm	S1	S2	S3	S4	S5	S6	S7	100	100	100	100	100	100	8	Adsorbents
%removal
Lead
100ppm	S1	S2	S3	S4	S5	S6	S7	100	100	100	100	100	100	100	50ppm	S1	S2	S3	S4	S5	S6	S7	100	100	100	100	100	100	100	20ppm	S1	S2	S3	S4	S5	S6	S7	100	100	100	100	100	100	100	10ppm	S1	S2	S3	S4	S5	S6	S7	100	100	100	100	100	100	100	Adsorbents
%removal
Copper
100ppm	S1	S2	S3	S4	S5	S6	S7	97.65	97.08	97.19	97.76	97.48	97.19	97.55	50ppm	S1	S2	S3	S4	S5	S6	S7	98.88	98.81	98.95	98.82	98.8	98.98	98.92	20ppm	S1	S2	S3	S4	S5	S6	S7	99.39	99.12	99.21	99.32	99.25	99.3	99.28	10ppm	S1	S2	S3	S4	S5	S6	S7	100	100	100	100	100	100	100	Adsorbents
%removal


Cadmium
100ppm	S1	S2	S3	S4	S5	S6	S7	100	100	100	100	100	100	100	50ppm	S1	S2	S3	S4	S5	S6	S7	100	100	100	100	100	100	100	20ppm	S1	S2	S3	S4	S5	S6	S7	100	100	100	100	100	100	100	10ppm	S1	S2	S3	S4	S5	S6	S7	100	100	100	100	100	100	100	Adsorbents

%removal


Nitrate
298K	S1	S2	S3	S4	S5	S6	S7	100	100	100	100	100	100	100	333K	S1	S2	S3	S4	S5	S6	S7	100	100	100	100	100	100	100	353K	S1	S2	S3	S4	S5	S6	S7	100	100	100	100	100	100	100	Adsorbents
%removal
Phosphate
298K	S1	S2	S3	S4	S5	S6	S7	100	100	100	100	100	100	8	333K	S1	S2	S3	S4	S5	S6	S7	100	100	100	100	100	100	6.79	353K	S1	S2	S3	S4	S5	S6	S7	100	100	100	100	100	100	7.66	Adsorbents
%removal
Lead
298K	S1	S2	S3	S4	S5	S6	S7	100	100	100	100	100	100	100	333K	S1	S2	S3	S4	S5	S6	S7	95.69	95.3	95.19	95.79	95.62	95.67	95.73	353K	S1	S2	S3	S4	S5	S6	S7	95.69	95.44	94.42	94.3	95.12	94.73	95.08	Adsorbents
%removal
Copper
298K	S1	S2	S3	S4	S5	S6	S7	100	100	100	100	100	100	100	333K	S1	S2	S3	S4	S5	S6	S7	100	100	100	100	100	100	100	353K	S1	S2	S3	S4	S5	S6	S7	100	100	100	100	100	100	100	Adsorbents
%removal
Cadmium
298K	S1	S2	S3	S4	S5	S6	S7	100	100	100	100	100	100	100	333K	S1	S2	S3	S4	S5	S6	S7	100	100	100	100	100	100	100	353K	S1	S2	S3	S4	S5	S6	S7	100	100	100	100	100	100	100	Adsorbents
%removal
Nitrate
3	S1	S2	S3	S4	S5	S6	S7	27.55	27.91	27.89	27.11	28.02	27.88	43.22	7	S1	S2	S3	S4	S5	S6	S7	100	100	100	100	100	100	100	10	S1	S2	S3	S4	S5	S6	S7	100	100	100	100	100	100	100	Adsorbents
%removal
Phosphate
3	S1	S2	S3	S4	S5	S6	S7	38.24	47.94	48.53	42.96	39.630000000000003	52.67	2.2999999999999998	7	S1	S2	S3	S4	S5	S6	S7	100	100	100	100	100	100	8	10	S1	S2	S3	S4	S5	S6	S7	100	100	100	100	100	100	95.76	Adsorbents
%removal
Lead
3	S1	S2	S3	S4	S5	S6	S7	94.37	95.72	94.51	95.61	95.19	95.44	94.37	7	S1	S2	S3	S4	S5	S6	S7	100	100	100	100	100	100	100	10	S1	S2	S3	S4	S5	S6	S7	98.29	97.04	97.04	97.11	97.58	97.45	96.68	Adsorbents
%removal
Copper
3	S1	S2	S3	S4	S5	S6	S7	28.92	20.93	21.44	22.9	18.760000000000002	20.83	18.86	7	S1	S2	S3	S4	S5	S6	S7	100	100	100	100	100	100	100	10	S1	S2	S3	S4	S5	S6	S7	100	100	100	100	100	99.11	99.45	Adsorbents
%removal
Cadmium
3	S1	S2	S3	S4	S5	S6	S7	100	100	100	100	100	100	100	7	S1	S2	S3	S4	S5	S6	S7	100	100	100	100	100	100	100	10	S1	S2	S3	S4	S5	S6	S7	100	100	100	100	100	100	100	Adsorbents
%removal
