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ABSTRACT 

Freshwater is required for life as well as several other activities such as human 

consumption, agricultural processes and industrial processes. Heavy metals are 

absorbed into water bodies through various pathways have adverse effect on the liver, 

kidneys, lungs, brain, and bones. This study sought to determine the physiochemical 

parameters, bacteriological, heavy metals and synthesize and characterize a composite 

of multi-walled carbon nanotubes (MWCNTs)/hydrochar of tea waste and utilize it for 

removal of Cu2+ ions from river Kathita. Tea wastes were collected from Meru tea 

factories and MWCNTs purchased from reputable suppliers. The tea waste samples 

were washed, dried and the MWCNTs, functionalized with sulfuric-nitric acid. The 

MWCNTs/hydrochar composite was characterized using FTIR and XRD. The water 

samples and sediments were collected in two seasons from River Kathita using grab 

method, transferred to 500 ml plastic bottles and transported to Chuka University 

Laboratory for analysis in a cooler box at 4oC. Standard methods for determining 

physicochemical and bacteriological parameters were employed and batch adsorption 

experiments were conducted to study the effect of pH, temperature, contact time, speed, 

initial metal concentration and dosage on adsorption of Cu 2+ ions. The remaining 

copper (II) ions concentration was determined using AAS. The water turbidity, 

electrical conductivity, dissolved oxygen, nitrogen and phosphorous content, TDS and 

TSS were found to be high during the wet season compared to dry season. pH registered 

small changes to more neutral-alkaline during the wet season. The pH, temperature, 

conductivity, TDS, phosphorus and nitrates were within the guidelines by WHO in both 

seasons. Turbidity and TDO exceeded the WHO and KEBS guidelines in both seasons 

which indicated high amounts of organic matter. The total coliform counts and faecal 

coliforms during wet season were beyond proposed standards of safe recreational or 

agricultural use. This was due to extensive runoff as well as sewer discharge into the 

water during the rainy season. (MWCNTs) and hydrochar from tea waste composite 

had a big removal efficiency of 96.5% under optimum conditions. From the kinetic 

modeling, the adsorption process obeyed pseudo-second order reaction (R² = 0.96683) 

trend showing that the process is chemisorption driven. There was greater fit of the 

adsorption equilibrium data on Langmuir isotherm model (R² = 0.99529) indicating 

monolayer surface coverage of Cu²⁺ ions by homogenous surface. There was a high 

regeneration potential of the absorbed Cu²⁺ ions being efficiently desorbed. The 

MWCNTs/hydrochar composite is highly effective and sustainable since it can be 

recycled multiple times without the loss of functionality on a significant scale. The 

addition of Pb²⁺ ions did not drastically influence the removal of Cu²⁺ while addition 

of Cd²⁺ ions and the binary solution of Pb²⁺ and Cd²⁺ caused a significant decrease in 

the efficiency of copper adsorption. The MWCNTs/hydrochar composite is generally a 

sustainable option for enhancing the quality of the polluted rivers' water. 
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CHAPTER ONE 

INTRODUCTION 

1.1 Background Information 

Water is an important natural resource as it supports life development and human 

activities. In the entire planet, 97% of water is salty and the remaining 3% is fresh water 

(Cassardo & Jones, 2011). Planets freshwater constitute of 70% Greenland icecaps and 

the rest is found deep underground (Hasanuzzaman et al., 2019). The decline in fresh 

water has been caused by population increase, urbanization, industrialization and 

concentrated agricultural actions and  therefore, monitoring water resources regularly is 

needed to access the quality of water for ecosystem health and hygiene, industrial, 

agricultural and domestic purposes (Poonam et al., 2013). The quality of water 

describes the condition of water including chemical, physical and biological with 

respect to its suitability depending on the purpose (Achieng’ et al., 2017). 

 

Water quality is affected by the physiochemical parameters based on their levels that 

are influenced by seasonal variation, volcanic eruptions, urbanization and 

anthropogenic activities like agricultural runoff (Likambo, 2014). Levels of this 

parameters above the permissible standards by World Health Organization (WHO) 

pollute the water making it unsafe for human consumption (Aturamu, 2012). Biological 

properties entail microbes or microbiological contaminants (Shmeis, 2018). Water 

naturally contains a wide variety of microorganisms like Salmonella, typhus, cholera, 

and shigella bacteria, among others Helminths like Guinea, hookworms, and 

roundworms, as well as viruses like polio, hepatitis A, meningitis, and encephalitis. 

Fecal matter may also include E. coli, fecal coliform bacteria, and total coliform 

bacteria (Aladese & Pondei, 2021). High levels microbiological contaminants may be 

attributed to untreated municipal sewage runoff, leaching of waste from latrines and 

runoff from animal waste which can cause waterborne diseases to human being (Odada 

et al., 2003). 

 

Water quality issues in developed countries include anthropogenic activities, volcano 

activities, heavy metals, residue from urban, natural mixtures and agricultural waste 

sources. Agricultural nations like Brazil, China, India have high risk of water 

contamination leading to poor health (Darwall et al., 2018). People in developed 
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countries have large cases of diseases associated with consumption of contaminated 

water, inadequate water supply and sanitation (Bartram et al., 2005). Every year, 1.8 

million people, largely children, die in underdeveloped nations from drinking 

contaminated water (Prüss-Üstün et al., 2016). A recent study carried out on river 

Kathita by Gitonga (2021), showed that river Kathita contains high levels of phosphates 

and nitrates. High levels of nitrates and phosphates in water bodies fasten the growth 

of aquatic plants creating negative effect on water quality by accelerating the growth of 

algae clump, bad odor and decoloration. Excessive growth of aquatic life can lead to 

problems in navigation and aeration. Further, dead phytoplankton and macrophytes 

settle at the bottom of the water bodies which leads to microbial growth thrives and 

utilization of dissolved oxygen to degrade the organic waste. The deficiency of 

oxygen contributes to the death of aerobic plants and microbes which causes 

suffocation in fish and other aquatic organisms (Singh, 2013). 

 

Another study carried out on river Kathita by Muriithi and Yu (2015), showed that TDS, 

electrical conductivity and salinity were high in areas with intensive horticulture. They 

were traces of cadmium, phosphates and zinc mainly due to application of phosphate-

based fertilizers especially among large scale intensive horticultural sites. Nitrates 

levels were high in areas with small scale intensive horticulture and agriculture due to 

use of farmyard manure. 

 

These researches are limited to chemical and physical properties and some heavy metals 

of water in river Kathita with little information on other heavy metals like lead, copper 

and biological properties and an appropriate and affordable way to get rid of them. This 

calls for research on heavy metals and an appropriate and cost-effective way of getting 

rid of contaminants. Since river Kathita runs alongside the town of Meru, therefore 

either unintentionally or on purpose, waste water from garages and carwashes is 

discharged into the river which may contribute to presence of heavy metals. Numerous 

agricultural activities and the use of fertilizers in the upper reaches of the River Kathita 

contribute to the presence of nitrates and phosphates in the water. Heavy metals 

including Pb, Cd, Cu, Zn, Ni, Cr, and metalloids like as in drinking water have negative 

effects on human health such as allergies, hyperpigmentation, skin lesions, skin cancer, 

neurological damage, hypertension, cardiovascular illness, and pulmonary disease 
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(Hashmi et al., 2014). Runoff or seepage from fertilized agricultural lands, municipal 

and industrial waste water, garbage dumps, animal feedlots, septic tanks and private 

sewage disposal systems, urban drainage, and decomposing plant matter can all be 

sources of nitrogen and nitrates (Dey et al., 2021). 

 

To tackle water contamination, numerous countries have implemented increasingly 

stringent regulations. A key challenge today is the effective removal of heavy metal 

ions from surface water. Precipitation followed by coagulation has been widely utilized 

to remove hazardous metals from water. However, using this process frequently yields 

huge amounts of sludge with very low levels of heavy metals (Joseph et al., 2019). 

Although membrane filtration is a tried- and-true technique for eliminating metal ions, 

its high cost prevents it from being utilized generally. The use of bio sorbents has been 

recommended as being less expensive, more efficient, and reducing chemical and 

biological sludge. Our environment contains a variety of bio sorbents that can remove 

heavy metals from surface water (Khulbe & Matsuura, 2018). 

 

Traditional adsorbents are used to remove heavy metals from water, but their 

efficiencies and sorption capacity limit their use. To overcome the challenges of using 

conventional sorbents, nanomaterials are currently being used as new adsorbents for 

the adsorption of toxic metals from water. Because of their non-toxic nature and high 

sorption capacity, carbon-based nanomaterials with graphene oxide, fullerenes, and 

carbon nanotubes have been widely used, particularly for heavy metal removal from 

wastewater (Kumar, 2023). In this study adsorption of heavy metals using hydro char 

of tea waste and multiwalled carbon nanotube composite will be studied. The demand 

for tea is rising dramatically on a global scale and will do so during the coming ten 

years as well (Hayat et al., 2015).  

 

Hydrochar has porous structure and abundant surface functional groups that depends 

on the feed-stock and treatment conditions (Paneque et al., 2017). Studies have shown 

that hydro char can be effectively applied to use in water treatment in a wide variety of 

pollutants like heavy metal and dyes (Ighalo et al., 2022). As a result of the sharp 

increase in global tea production necessary to fulfill this growing demand, there are 

significant environmental problems as a result of the massive volumes of waste tea is 
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produced. In some studies, eggshells, olive mill waste, peanuts, pistachio shells, sugar 

beet bagasse and sunflowers have been used as the waste to remove heavy metals from 

waters. Every year, enormous amounts of tea waste, a type of agricultural waste, are 

produced all over the world. It is estimated that organic solid waste from tea processing 

to be 486.47 kilograms per month and inorganic solid waste to be 15.38 kilograms per 

month (Mukhwana, 2019). It's interesting to note that tea waste has an insoluble cell 

wall made of cellulose, lignin, tannin, and structural proteins with certain functional 

groups that can form physicochemical interactions with heavy metals and other 

pollutants, removing dangerous materials from solutions (Thakur & Parmar, 2013).  

 

The maximum adsorption capacities using tea waste were much better than other 

materials being used and calculated as 1.197, 1.457, 1.163 and 2.468 mg/g, for Pb, Zn, 

Ni and Cd, respectively (Dey et al., 2021). This study seeks to assess the need to 

improve water quality of river Kathita for domestic and agricultural use and also to 

determine feasibility of low cost hydrochar nanocomposite from tea waste adsorbent 

which is safe for environment, having a good ability to regenerate and effective as a 

treatment technology. The isothermal behavior and adsorption kinetics will be 

investigated in batch mode using UV-Visible spectroscopy. The equilibrium isotherm 

data will be fitted to the Langmuir and Freundlich equations, and isotherm equation 

constants will be determined. The kinetics of adsorption will be studied using pseudo-

first order and pseudo-second order principles. 

 

1.2 Statement of the Problem 

River Kathita, in Eastern Kenya flows through agricultural lands with intensive 

agricultural activities due to the rich volcanic soils. It also flows through urban areas 

(Meru Town) which has industrial activities, from where there are possible sources of 

environmental and water pollution. Meru Town is a fast-growing town in terms of 

industrialization and a rapid increase in population. Most of the household around Meru 

region get their water from River Kathita. Volcanic soil around the river contains some 

contaminants that finds its way to the river through runoff. Agricultural activities such 

as the use of pesticides, insecticides, weed killers, and commercial fertilizers result in 

water pollution due to runoff into the river therefore increasing the levels of heavy 

metals. There are many industries around Meru such as tea, food processing and textile 
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industries that discharge their effluents into the environment increasing pollution. The 

high population in Kathita River ecosystem results in contamination from fecal matter, 

effluent from car washes and petrol stations. There has been a reported increase in the 

number of non- communicable diseases such as cancers and kidney disorders in the 

Kathita River Ecosystem. Heavy metals are can pose a risk to both animal and human 

health since they are toxic, non-biodegradable and easily enter the food chain. The 

pollution of water due to microbial pathogens has led to the report of waterborne 

diseases such cholera and typhoid. The pollution from anthropogenic and other 

activities necessitates the development of better methods of water treatment and 

purification. The current methods being employed for water treatment are costly, which 

cannot be implemented by the less privileged in the society. Adsorption has been shown 

to be one of the most reliable and cost-effective methods. The use of nanomaterials with 

enhanced surface area will enhance the adsorption capabilities of locally available 

material and can easily be synthesized. Therefore, there is the need to come up with 

alternative methods of adsorption which can utilize nanomaterials materials composited 

with modified available waste materials such as tea waste that are environmentally 

friendly, have high ability to regenerate and cost-effective materials for water 

remediation.  

 

1.3 Objectives 

1.3.1 General Objective 

To determine physicochemical, bacteriological properties and removal of selected 

heavy metals using multiwalled carbon nanotubes/hydrochar of tea waste composite in 

River Kathita during dry and wet season. 

 

1.3.2 Specific Objectives 

i. To determine physicochemical properties (Temperature, pH, Turbidity, 

Conductivity, TDS, TDO, Phosphates, Nitrates) from river Kathita and 

heavy metals (Cu, Pb and Cd) from sediment and water both during dry 

and wet season. 

ii. To determine bacteriological properties (Total coliform and Faecal 

coliform) of water samples from river Kathita during dry and wet season. 

iii. To synthesis and characterize multiwalled carbon nanotubes/hydrochar of 
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tea waste composite. 

iv. To determine the kinetics and thermodynamics of removal of heavy 

metals (Pb, Cd and Cu) using multiwalled carbon nanotubes/hydrochar of 

tea waste composite and its ability to regenerate. 

 

1.4 Research Questions 

i. What is the difference between the physiochemical parameter levels during the 

wet season and dry season in River Kathita? 

ii. What is the difference between bacteriological parameters levels during wet and 

dry season in River Kathita? 

iii. Can a composite of multiwalled carbon nanotubes/tealeaves waste be 

synthesized and characterized? 

iv. What are the kinetics and thermodynamics of removal of heavy metals (Pb and 

Cu) using multiwalled carbon nanotubes/hydrochar of tea waste composite and 

its ability to regenerate? 

 

1.5 Significance of the Study 

This study will provide information about the physicochemical and bacteriological 

properties     and heavy metals of water from river Kathita and their levels during dry and 

wet seasons. This is due to variation in levels depending on the region the sample is 

taken from and the season. The study is of importance because its finding will 

contribute to additional knowledge in the existing research. The study will provide 

information about the status of water quality in River Kathita and remediation 

techniques that can be used in minimizing levels of heavy metals to policy makers like 

National Environmental Management Authority (NEMA). This information helps 

guide relevant stakeholders who might be interested in provision of water to residents 

of Meru Town and its surroundings. The study will be able to create awareness of the 

danger involved in utilizing untreated water from River Kathita in which upon 

implementation the number of people being affected by diseases due to water directly 

or through human chain will be minimized hence reducing the number of people visiting 

health center for treatment. The industrialist can use the prototype to develop a version 

which can be utilized in a large scale for removal of heavy metal and bacteriological 

contaminants utilizing available tea waste. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Introduction 

Water is important and necessary for our daily lives and life-sustaining activities. As a 

result, in order to check the quality of water for its safety and acceptability, a number 

of tests must be performed in accordance with water quality standards to determine the 

concentration of various components (Inglezakis et al., 2016). Human activities such 

as manufacturing, agriculture and industrialization continue to pollute drinking water 

sources. 

 

Water Pollution occurs when waste materials such as synthetics or microorganism 

move down the stream, waterway, lake affecting the quality of water and making it 

unworthy for human consumption (Juneja & Chaudhary, 2013). Everything that occurs 

in a water catchment area is reflected in the quality of the water that flows through it, 

because the results of human activity and lifestyle eventually end up in rivers via runoff 

(Lintern et al., 2018). The likelihood of water- related diseases rises when people in 

developing nations do not consistently have access to an improved source of drinking 

water. The WHO estimates that 1.6 million people die annually from water-related 

illnesses like diarrhea, with 90% of these deaths occurring in children under the age of 

five (Lee et al., 2020). 

 

Heavy metals are the priority contaminants because their evolution, even at low levels, 

is unknown (Pontoni, 2016). The use of heavy metal-containing compounds for 

domestic and agricultural purposes, such as using fertilizer, eating tainted food, and 

smoking cigarette are sources of heavy metal contamination. Industrial activities such 

as burning coal and petroleum products in power plants are another source, as well as 

mining and smelting operations (Njuguna et al., 2017). The most popular technique for 

elemental analysis is atomic absorption spectrometry (ASS), but it has lower precision 

than inductively coupled plasma methods (ICPMS) and graphite furnace atomic 

absorption spectrophotometry. When compared to other methods of elemental analysis, 

ICPMS has a higher detection limit and can be used for multielement analysis (Planeta 

et al., 2021). Using a technique with low precision could result in a false conclusion 

that certain contaminants are not present in water bodies (Gajek et al., 2013). 
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2.2 Physicochemical Parameters 

Water is the most important resource in a river ecosystem, and its assessment is 

determined by its physical and chemical properties. Physical examination entails 

determination of water temperature, light, turbidity, how clear the water is and total 

dissolved solids among others. Chemical examination entails determination of 

Dissolved Oxygen (DO), nutrient concentration, pH, total dissolved solids, electrical 

conductivity and alkalinity among others. 

 

2.2.1 Water Temperature 

Water temperature is affected by seasons, geographical location, and meteorological 

conditions such as rainfall, humidity, cloud cover, wind velocity, and turbidity (Mathew 

et al., 2017). The guideline levels of water temperature recommended for drinking 

water by WHO are between 23- 30 degrees Celsius (Mgbemena et al., 2012). 

According to Gitonga (2021), decrease in temperature in the upper part of river 

Kathita is attributed to its closeness to Mt Kenya where the water mainly results from 

melting ice having low temperature. On the other hand, increased temperature in the 

town area is attributed to agricultural activities, clearing of vegetation and discharge of 

heat effluent from Meru town. 

 

2.2.2 Water pH 

The pH value of water is used to determine its acidity or alkalinity (Gopalkrushna, 

2011). It has an impact on water quality affecting metal solubility, alkalinity, and 

hardness. The standards recommended for drinking water is pH range of 6.5-8.5 (World 

Health Organization, 2002). Higher pH values during dry seasons may be due to 

increased photosynthesis blooms of cyanobacteria and other algae leading to 

precipitation of carbonates and bicarbonate. Lower pH values are attributed to the influx 

of acidic waste entering rivers from factories and industries  (Ombaka & Gichumbi, 

2012). Acidic water has low pH values and can cause gastrointestinal problems such as 

hyperacidity and ulcers in humans (Buridi & Gedala, 2014). 

 

2.2.3 Water Turbidity 

Water turbidity rises as a result of light penetration interference that affect the color of 

water and promotes microbial proliferation which harm aquatic life and affects surface 
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water quality  (Mbura, 2018). Lower turbidity is related with the dry seasons while 

higher turbidity is connected with the rainy seasons. The main cause of turbidity is the 

deposition of silt into the aquifer. Studies have shown that drinking water with a high 

turbidity level increases the risk of developing diseases of the liver, thyroid, skin, and 

eyes, as well as other changes to the immune and reproductive systems (Kodavanti & 

Loganathan, 2017). According to Kenya Bureau of Standards KEBS (2010), the 

permissible guideline for turbidity is 5 NTU 

 

2.2.4 Water Electrical Conductivity 

Water electrical conductivity (EC) is affected by the concentration of conductive ions 

like inorganic dissolved solids in the water (EPA, 2014). Electrical conductivity reflects 

water mineralization and varies according to the concentration of dissolved salts. It is 

frequently influenced by temperature because it acts on salt dissolution in water 

(Benrabah et al., 2016). EC also entails a measure of salinity that affects the taste of 

water and shows the presence of dissolved ions, increase in ionizable salts in water that 

leads to higher EC of the water (Jain & Agarwal, 2012). The water is safe to drink if 

the conductivity values are less than 1000 s/cm (World Health Organization, 2002). 

 

2.2.5 Water Total Dissolved Solids 

Total Dissolved Solids (TDS) is a measure of the dissolved combined content of all 

inorganic and organic substances present in a liquid in molecular, ionized or micro-

granular suspended form. Water can dissolve a wide variety of inorganic and organic 

minerals and salts, including potassium, calcium, sodium, bicarbonates, chlorides, 

magnesium, and sulphates. These minerals produce an unpleasant taste and dilute the 

color of the water (Gichuki & Gichumbi, 2012). Increased TDS in water can be 

attributed to surface run-off like the inorganic and organic minerals and salts which 

leads to hard water that is unfit for consumption (Otieno et al., 2012). High levels of 

TDS are also undesirable for industrial application especially in food production as they 

can alter the flavor and appearance of final products and produce scales, speed up 

corrosion, precipitate foaming in boilers, and precipitate foaming (Sarda & Sadgir, 

2015). According to World Health Organization (2002), the recommended value of 

TDS in water is, 1000 mg/L but however there is no health-based guidelines for TDS 

in Kenya up to date. 
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2.2.6 Water Dissolved Oxygen 

Dissolved oxygen (DO) changes rapidly as a result of various environmental factors 

such as temperature elevation, water flow rate, aeration of the water as it tumbles over 

rocks, the chemical nature of bottom sediments, and as a product of photosynthesis by 

submerged aquatic plants and microbial life (Cronk & Fennessy, 2016). Low DO levels 

in rivers can be attributed to higher temperature, increased organic matter in rivers and 

increased microbial communities in river (Bora & Goswami, 2017). Low oxygen levels 

in water are also due to corrosion of chemical substances which makes the level of 

temperatures to rise. A sufficient amount of oxygen in the water provides a safe haven 

for bacteria and other pathogens that are anaerobic and harmful to human health (Rajiv 

et al., 2012). The guidelines level of DO recommend for drinking water by WHO is 

above 6 mg/l. 

 

2.2.7 Water Phosphates 

Phosphates enter waterways from man-made sources such as human sewage, 

agricultural run-off from crops, sewage from animal feedlots, vegetable and fruit 

processing, chemical and fertilizer manufacturing, and detergents. The addition of large 

amounts of phosphates to waterways accelerates algae and plant growth in natural 

waters, increasing eutrophication and depleting the water body of oxygen (Otieno, 

2015). Clean water for drinking should contain low levels of phosphate. Therefore, high 

levels of phosphate indicate water contamination (Ombaka et al., 2013a). 

 

According to Gitonga (2021), high levels of phosphate is attributed to increased 

agricultural activities in a given area involving the use of agricultural chemicals (Orina 

et al., 2017). In a study carried by Chebet et al. (2020), the levels of phosphates in the 

study ranged from 0.13 to 11.06 mg/L which was above the WHO permissible limit 

(World Health Organization, 2002). The sources of phosphates in this study are 

attributed to excess us of fertilizers in farms and anthropogenic sources like phosphates 

rocks. Phosphates are moderately soluble and not very mobile in soils but their 

transportation through surface runoff and soil erosion can increase their solubility in 

surface water (Nieder et al., 2018). The WHO permissible limit of phosphate in 

drinking water is  0.5 mg/L (World Health Organization, 2002). 
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2.2.8 Water Nitrates 

Nitrates are an essential nutrient for the growth, reproduction, and survival of 

microorganisms (Tyagi et al., 2018). The main sources of nitrate in water are animal 

and human waste, industrial effluent, and the use of chemicals, fertilizers, and silage 

through drainage systems (Shruthi & Anil, 2018). Nitrates may also enter water through 

surface runoff from surrounding catchment areas, effluent from point and non-point 

sources, dead animal cells, agriculture. Because of the heterocyst, cyanobacteria are 

responsible for the majority of nitrate fixation in freshwater systems (Otieno, 2015). 

Nitrate is highly soluble in water and can easily move through streams and ground water 

(Sewe, 2013). Excessive nitrate consumption can impair oxygen transport in the 

bloodstream. Infants under the age of four months lack the enzyme required to correct 

this condition known as methemoglobinemia, also known as blue baby syndrome 

(Sellami et al., 2020). A study by Akubuenyi et al. (2013), reported high nitrates levels 

which was attributed to runoffs from near surface soils that causes high microbial 

load. The levels reduced in rainy season due to high solubility. Another study by  

Gebre et al. (2016), also reported that, high nitrates level attributed to eutrophication 

that can make water become toxic to animals and humans leading to loss of species 

diversity. 

 

2.2.9 Heavy Metals 

Heavy metals accumulate in the biota every time they are ingested and are reserved 

more than they are assimilated then released into the surrounding. The toxicity of some 

metals in the aquatic environment such as zinc, copper, and cadmium increase the risk 

of them entering living system directly or indirectly causing serious health problems 

(Chen et al., 2016). Long term exposure to zinc, copper, and cadmium causes health 

problems such as physiological problems with blood production and liver malfunction. 

In addition, zinc and cadmium intake through food and water may result in metal 

poisoning (Pandey & Madhuri, 2014). Heavy metal accumulation in aquatic ecosystems 

can be caused by emissions from rapid industrialization, mine tailings, untreated waste 

seepages containing toxic metals, as well as metal chelates from various industries, such 

as tanneries, steel plants, battery industries, thermal power plants, sewage sludge, 

application of heavy metal containing fertilizers, pesticides, insecticides, herbicides in 

agriculture, coal combustion residues (Mohiuddin et al., 2022). Heavy metals prevent 
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some enzymes from performing their functions, which prevents the formation of haem, 

the pigment that combines with protein to form hemoglobin, in the bone marrow. 

Children who consume lead can develop brain damage (Christine et al., 2018). 

 

2.3 Bacteriological Properties 

Bacteria are microscopic microorganisms that live in a variety of environments and 

differ in morphological aspects that depict their physical characteristics (Yang et al., 

2016). The three types of bacteria—spherical, rod, and spiral—can be distinguished by 

dividing cultures based on morphological traits like color, rate of growth, and colony 

texture as well as by using a microscopy technique (Petersen & McLaughlin, 2016). 

The main source of bacterial pollution in water is the excreta of warm-blooded animals 

such as humans, domestic and wild animals, and birds. The Coliform group, some 

subgroups of faecal streptococci, and other lower life form organisms are the most 

common (Rodrigues & Cunha, 2017). According to the WHO, no faecal coliform 

should be present in 100ml of drinking water. The main bacteria of concern in 

contaminated water are Salmonella species, Shigella species., E. coli, and Vibrio 

cholera, and the presence of coliforms has been widely used (Abila et al., 2012). Infants 

and young children, people who are disabled or living in unsanitary conditions, the sick, 

and the elderly are the most vulnerable to waterborne disease (Githinji, 2019). 

Bacteriological contaminants are responsible for a wide range of diseases, including 

dysentery, typhoid fever, cholera, and gastroenteritis (Gemmell & Schmidt, 2013). 

 

According to a study by Abila et al. (2012), Salmonella, E coli, Vibrio, Listeria, 

Staphylococcus aureus, Enterobacter, Klebsiella, and Pseudomonas were found in 

borehole water in Kitui County, Kenya. A study conducted by Nyongesa et al. (2016), 

and Augustyn et al. (2016), indicates that Escherichia coli is the dominant microbe in 

river water, while other microbes such as Salmonella, Vibrio, Staphylococcus, and 

Klebsiella are not found in the majority of river water. 

 

2.4 Carbon Nanotubes 

Carbon nanotubes are among the types of allotropes of carbon which has an atomic 

number of 6 and plays a vital role in nanotechnology (Mubarak et al., 2016). They were 

discovered accidentally by Iijima in 1991 while studying the surface of graphite 
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electrode used in electric discharge and since that time have developed into their own 

research (O’connell, 2018). Carbon nanotubes are classified into two types: single 

walled carbon nanotubes (SWCNTs) and multi walled carbon nanotubes (MWCNTs). 

SWCNTs has a diameter ranging from 0.7-2.5nm while for MWCNTs it ranges from 

4-150nm. MWCNTs are made up of tens of graphitic layers with interlayer spacing 

ranging from 0.34 to 0.39 nm (Eatemadi et al., 2014). The unique structure of CNTs 

make them have a remarkable property such as large surface area to volume ratios, high 

aspect ratios, low densities, high mechanical and tensile strengths, high electric and 

thermal conductivity, strong non-linear optical property, high absorbency, and 

antimicrobial property (Rashko et al., 2022). 

 

 

Figure 1: Schematic structure of (a) MWCNT (b) SWCNT (Zhao & Stoddart, 2009). 

 

2.5 Hydrochar of Tea Waste (HTW) 

Hydrochar is the hydrothermal carbonized of carbon rich biomass in the presence of 

water which leads to production of a solid material (Li & Wu, 2019). Hydrothermal 

carbonization (HTC) is an environmentally friendly solid waste treatment in which 

thermochemical conversion technology for biomasses that takes place in sub-critical 

water at temperatures of 120-300 C and pressures of 2-10 MPa  (Zhuang et al., 2019). 

HTC produces carbon-concentrated solids (hydro char), liquid (bio-crude), and gases 

(primarily CO2), with typical yields of 45-70%, 5-25%, and 2-5% of the wet biomass 

weight, respectively (Kambo & Dutta, 2015). Hydrochar is some porous material rich 

in oxygenated functional groups, making it suitable for applications such as waste 
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water treatment absorbents, soil amelioration, catalysts, and super capacitor production 

(S. Zhang et al., 2019). It is important to use carbon-containing materials released as 

waste after industrial processes in production of biomass-based adsorbent which helps 

in preventing environmental pollution (Kızıltaş, 2024). HTC is characterized by large 

specific surface area and rich void and structure which is very efficient adsorbent for 

various organic pollutants and heavy metals  (Shi et al., 2022). Literature reviews that 

hydrochar can be utilized as adsorbent in removal of heavy metals from industrial 

effluents due to availability of oxygen and nitrogen functionalities on the surface. 

Further, certain amount of nitrogen containing surface functional group on hydrochar 

can have a better adsorption performance than ordinary one (Lei et al., 2018). 

 

2.6 Techniques used for the Removal of Heavy Metals from Water 

Heavy metal-contaminated water has been treated using various techniques in order to 

safeguard humans, living organisms, and the environment from the harmful effects of 

toxic heavy metals such as lead and improve water quality for domestic purposes. 

Various methods have been used for treatment of heavy metals such as ion exchange, 

chemical precipitation, membrane filtration, coagulation and flocculation, flotation and 

adsorption method. Although these methods can be used to remove heavy metals, each 

has its own set of advantages and disadvantages (Kurniawan et al., 2006). 

 

Ion exchange is costly and cannot be used to treat large amounts of water containing 

low concentrations of heavy metals, it is non-selectivity and has a high sensitivity to 

the pH of the aqueous solution making it less effective (Fu & Wang, 2011). Chemical 

precipitation is effective, but it produces a large amount of sludge, has slow metal 

precipitation, requires a large amount of chemicals to reduce metals to an acceptable 

limit for discharge, and has a high sludge disposal cost (Pohl, 2020). Flotation requires 

less space, the method is flexible, simple, and the produce low volume sludge. 

However, it is not efficient due to the high capital, operational and maintenance cost 

needed (Taseidifar et al., 2017). Coagulation and flocculation produce a lot of sludge, 

which is ineffective with natural coagulants, selective for specific metals, and thus 

making it ineffective for removing emerging pollutants (Qasem et al., 2021). 
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2.6.1 Adsorption 

Adsorption is a method of separating fluid phase components by transferring solute to 

the surface of a solid adsorbent (Barakat, 2011). This method is widely used in the 

removal of toxic metal ions from effluents because it is inexpensive, produces few 

wastes, and produces high-quality treated water and is environmentally friendly (A. 

Hussain et al., 2021). Zeolites and carbon-based adsorbents are the most frequently 

used adsorbents because of their large surface area, simplicity in chemical modification, 

excellent adsorption efficiency and porosity. However, they are expensive, difficult to 

regenerate and non-economical (Duan et al., 2020). The selection of adsorbent to use 

is heavily influenced by surface area, porosity, cost-effectiveness, and the polarity and 

distribution of functional groups (Ali et al., 2016). Current research has focused on the 

use of non-convectional low-cost adsorbents that are inexpensive, readily available, and 

environmentally friendly for the removal of heavy metals in water like agricultural 

waste and industrial by-products (Younas et al., 2021). In this study we are going to 

use agricultural waste as an adsorbent. 

 

2.6.2 Use of Tea Wastes as Adsorbent for Heavy Metal Adsorption 

Tea is one of the most popular beverages, with approximately 3.5 million tons 

consumed globally each year (Younas et al., 2021). Due to improvement in living 

standards, tea has become an essential drink in our lives. After brewing tea, the spent 

tea becomes a waste that must be disposed of causing a disposal problem (S. Wan et 

al., 2014). Tea waste physiochemical properties, such as high surface capacity and fast 

adsorption kinetics, make it an ideal low-cost adsorbent for the removal of metals from 

water, as well as an inexpensive precursor material for the production of activated 

carbon (Hussain et al., 2018). Because tea leaves contain functional groups, a third of 

the total dry matter should have good potential as a metal scavenger from water. 

The functional groups in lignin, tannin, or other phenolic compounds that are 

responsible for contamination are primarily carboxylate, aromatic carboxylate, 

phenolic hydroxyl, and oxyl groups (Nandal et al., 2014). Tealeaves' insoluble cell 

walls contain cellulose, hemicellulose, lignin, and condensed tannins (Thapak et al., 

2015). Dwivedi and Rajput (2014), studied use of tea waste in removal of copper and 

cadmium. Copper ion is adsorbed 89% with 120 minutes contact time while cadmium 

ion is adsorbed 87% with 120 minutes contact time. The active carbon of tea waste 
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produced by use of hydro char of tea waste obtained from tea factories can be used as 

adsorbent in removal of heavy metals. In this study we are going to use hydrochar of 

tea waste in removal of heavy metals from water. 

 

2.7 Removal of Heavy Metals Using Multiwalled Carbon Nanotubes (MWCNTS) 

Carbon nanotubes have recently been used in the removal of heavy metals from water 

where the optimum values of some important parameters such as pH, adsorbent dose 

and contact time were determined. MWCNTs were modified by Vuković et al. (2011), 

where individual and competitive adsorption characteristics of cadmium and lead ions 

was studied. The study found that the adsorption of Pb2+ and Cd2+ on MWCNTs is 

highly pH dependent, with the maximum adsorption occurring at a pH of 6.2. In a study 

of Pristine MWCNTs the heavy metals' interaction with the surface of the MWCNTs 

was demonstrated using an intra-particle diffusion model. The metal ions in the 

following sequence competed for active binding sites on the MWCNT: Cu (II) Zn (II) 

Pb (II) Cd (II) (Salam et al., 2012). Li et al. (2011), studied the adsorption of lead on 

the presence of surfactants using oxidized MWCNTs. In this study when the 

concentration of the sodium dodecyl benzene surfactant (SDBS) was increased to 

2mmol/L, it increased lead adsorption on MWCNTs from 17 to 80%. Increase in the 

concentration of SDBS to 4 mmol/L, makes removal of Pb reduced to 45%. The 

addition of octyl-phenolethoxylate (TX-100) increased lead removal by 4%. 

 

2.7.1 Regeneration of Adsorbent 

Desorption is commonly used to restore the adsorbent for future use, and metals can 

be recovered by extraction from the liquid phase, preserving the naturally low-cost 

adsorbents (Bayuo et al., 2020). Proton exchange with acids, chelating agents, or 

exchange with other ions can be used to perform desorption. The type of adsorbent used 

and the metals adsorbed influence the choice of desorbing agents (Mishra, 2014). 

Regeneration of adsorbent leads to recovery of adsorbent molecules, reduces 

secondary waste and cost of adsorption and help in understanding the adsorption 

process (Mudhafar et al., 2020). The efficiency of bio adsorbent for heavy metal 

removal depends on the regeneration of bio adsorbent after metal desorption (Sireesha 

et al., 2022). There will be secondary pollution from the used adsorbents and the 

chemicals used to treat the adsorbents for metal recovery in both cases. The disposal of 
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used adsorbents containing heavy metals may be done after recovery of contaminants 

or directly without heavy metal recovery (Tzou et al., 2007). Different regenerating 

agents, including acids, alkalis, and chelating agents (like ethylene diamine tetra acetic 

acid), can be used to regenerate and reuse adsorbents (Vakili et al., 2019). For the 

desorption of heavy metals from chemical or chemically altered adsorbents, alkalis are 

effective desorbing agents; acids are effective for the desorption of bio- adsorbents; and 

chelating agent EDTA is the most effective desorbing agent for the desorption of 

biomass. Many of the adsorbents can be effectively recycled after regeneration (Lata et 

al., 2015). 

 

2.8 Theoretical Framework 

2.8.1 Fourier Transform Infrared Spectroscopy (FTIR) 

FTIR is a potent and sensitive technique for analyzing any varying signal to its 

constituent frequency components in a single operation. Infrared spectroscopy is used 

to analyze micro samples down to the nanogram level and is used for structure 

elucidation (Smith, 2011). IR is produced by an aperture that controls the amount of 

radiation. A single pulse of radiation with a wavelength range of 400-4000 cm-1 is 

applied to the sample, resulting in partial absorption and transmittance. The amount of 

analyte of interest in the sample is determined by the amount of radiation transmitted 

or absorbed by the sample, and the resulting beam from the sample is detected and an 

infrared spectrum is obtained (Qhanavati et al., 2021). A specific molecule can be 

recognized by the distinctive infrared spectra that various materials produce due to their 

various vibrations. For instance, N-atom nonlinear molecules display 3N-6 

fundamental vibrations. For a vibration to be IR active it must induce a change in the 

dipole moments of the vibrating molecule thus symmetric vibrations do not appear in 

the IR spectrum. The infrared spectrum only shows molecular vibrations that are IR 

active (Xaplanteris et al., 2015). 

 

2.8.2 X-ray Diffraction (XRD) 

X-ray diffraction will be used to obtain structural information of a given crystalline 

solid. The technique will be used to determine the crystallinity degree of various 

materials where some polymers are non-crystalline while others are cellulose polymers 

(El Naeem et al., 2022). An amorphous substance will not refract, whereas any 
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crystallinity substance, even if blended with an amorphous substance will diffract 

(Musarurwa & Tavengwa, 2020). XRD peaks are produced by the constructive 

interference of a monochromatic beam of X-rays dispersed at specific angles from each 

pair of lattice planes in a sample. The peak intensities are determined by the 

arrangement of atoms within the lattice. As a result, the X-ray diffraction patterns are 

the fingerprints of periodic atomic configurations in a specific material (Bilal, 2022). 
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CHAPTER THREE 

MATERIALS AND METHODS 

3.1 Study Area 

The study was conducted at River Kathita in Meru County. River Kathita has its source  

in Mt. Kenya around Ithangune and Rutundu hills, it flows in a north-easterly direction, 

easterly through thick equatorial rainforest towards Meru town and in a south easterly 

direction through Tharaka Nithi County after which it joins River Tana at Kibuuka 

waterfalls. It is also northernmost of the Mt Kenya tributaries of River Tana. River 

Kathita, located between longitudes 037°.56990´E and 038°.00236´E and latitudes 

00°.01329´N and 00°.26667´S is in eastern part of Kenya and has a basin with an 

altitude ranging from 472 – 1982 meters above sea level (Recha et al., 2017). 

 

Figure 2: Area Map (Surveys Maps of Kenya).  

 

3.2 Research Design 

Experimental research design was used to identify factors that might affect the 

experimental results, ensure the effect of uncontrolled factors are kept minimum and 

use of appropriate statistical methods for interpreting the results obtained in order to 

determine the physicochemical, bacteriological and heavy metal levels of River 

Kathita. Triplicate samples were collected from 4 sampling points during dry season 

(February 2024) and wet season (December 2023). The 4 sampling points were 
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established at varying intervals based on the surrounding activities. The first sampling 

point was located at Kathiranga after the forest. The second sampling point was located 

in           Nthimbiri where there is mainly tea farming and it is before the town (Meru). The 

third sampling point was located in Nkabune that is immediately after the town (Meru). 

This helps access the level of contamination of the water in the town. The last sampling 

point will be located in Giaki where farming is minimal. 

 

3.3 Sample Size 

The sample size was calculated using the formulae proposed by Singh and Masuku 

(2014), 

 n= ta
2S2/E2 

Where n- desired sample size. 

S- standard deviation of observation. 

E- permissible in estimate of mean. 

ta – value of a 5 % level of significance 

Equation 1: Calculating sample size formula 

This entailed carrying out a pilot study from each of the 4 regions in order to determine 

the mean, standard deviation and the permissible error was assumed to be 0.5 %. This 

enabled us to determine the total number of samples to be taken in each region (Singh 

& Masuku, 2014). The estimated number of samples will be a total of 72 samples for 

both dry and wet seasons. 

 

3.4 Materials 

3.4.1 Reagents 

Reagents used for the study were; Distilled water, phenolphthalein indicator, HCl 

34.5%, H2SO4 95-97%, KOH 90%, (NH4)6Mo7O24.4H2O 99%, KH2PO4 99%, KBr, 

Silicon molds, Aluminum stubs, Carbon film. The chemicals were purchased from Loba 

Chemie. 

 

3.4.2 Apparatus 

The apparatus required were; Beaker, Volumetric flask, Ph meter (HACH model), 

Conductivity meter (HACH-USA), Turbidity meter (HACH model), Dissolved Oxygen 

meter (HACH model), Whatman 42 Filter paper, Analytical balance, Hotplate, Oven, 



35 

 

UV-Visible spectrophometer (1800 Shimadzu), Ultrasonic bath, Ultamicrotone, Water 

glass, plastic bottles for sample collection, Erlenmeyer flask. 

 

3.5 Water Sample Collection 

Water samples and sediments were collected randomly in triplicate from four selected 

sampling points identified in the study area during the dry season (February 2024) and 

wet season (December 2023). Grab sampling technique was used. The sampling bottles 

were disinfected with methylated spirit before sample collection, dipped below the 

water surface ensuring the mouth of the bottle face water current (Yilma et al., 2019). 

500ml of water samples was collected. About 250 ml of water sediments below the 

water were also collected. The samples were stored in cooler containing ice then 

delivered to Chuka University laboratory and analyses was done between March 2024 

and March 2025.  

 

3.6 Water Sample Preparation 

3.6.1 Water Temperature 

Temperature was also measured using a temperature sensor of pH meter (HACH 

model). The temperature sensor of the pH meter (HACH model) was immersed in 

water to a depth of 10cm, allowed to stabilize for some time and temperature read in 

degree Celsius (Qin et al., 2018). 

 

3.6.2 Water pH 

Water pH was determined using a pH meter (HACH model). The pH meter (HACH 

model) was lowered into the river to a depth of 10cm and allowed to stabilize. The pH 

was then read directly and recorded (Juneja & Chaudhary, 2013). 

 

3.6.3 Water Turbidity 

Water turbidity was measured using a turbidity meter (HACH model). Water samples 

from different sampling points were collected and taken to Chuka University laboratory 

where the turbidity was determined (Rice et al., 2012). 

 

3.6.4 Water Electrical Conductivity 

Water conductivity was determined using a conductivity meter (HACH-USA). Water 
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samples from different sampling points was collected and taken to Chuka University 

laboratory where conductivity was determined (Rice et al., 2012). 

 

3.6.5 Water Total Dissolved Solids 

Water samples collected from different sampling points were taken to Chuka University 

laboratory. The weight of a clean empty beaker was determined using an analytical 

balance and recorded.50ml of the water sample from different sampling points was put 

on the weighed beaker, digested on a hotplate where HNO3 is used till almost dry and 

transferred on an oven and dried completely. The beakers were left for some time to 

cool and then measured. The mass of empty beaker was subtracted from the mass of 

the beaker and dried solids and the total mass of dissolved solids obtained as shown in 

equation 3.1 (Rice et al., 2012). 

 

 

3.6.6 Total Dissolved Oxygen (DO) 

Dissolved oxygen was measured using a dissolved oxygen meter (HACH model). 

Water samples were collected from different sampling points and taken to Chuka 

University laboratory. The DO meter was immersed in a beaker containing the water 

sample while stirring the water. The readings were then allowed to stabilize and read in 

mg/l (Rice et al., 2012). 

 

3.6.7 Phosphates 

Water samples collected from different sampling points were taken to Chuka University 

laboratory.100ml of the water samples was measured in a beaker ,1ml sulphuric acid 

added followed by 5 mls of nitric acid. The samples were then digested in a hotplate ,2 

drops of phenolphthalein indicator added followed by stepwise addition of potassium 

hydroxide to control pH. A complex of phosphomolybdovanadate was formed by 

transferring the solution in a 100ml volumetric flask and topping up to the mark using 

distilled water,10 mls of the solution was then transferred into a beaker and 10ml of 

ammonium molybyvanadate added and allowed to settle for 5 minutes. 

4.390g of potassium dihydrogen phosphate was measured and transferred to a 100ml 

beaker, dissolved with distilled water, and the solution transferred to a 1litre volumetric 

- Total mass of 

dissolved solid 

Mass of beaker 

and dried solids 
Mass of empty 

beaker 
= 
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flask with distilled water added to the mark. 0.2ppm, 0.4ppm, 0.8ppm and 1ppm 

phosphate standards were prepared from this stock solution. The standards were used 

to calibrate the UV-Vis spectrophotometer (Shimadzu UV-1900i ), and each sample's 

concentration determined at a wavelength of 880nm (Adams, 2017). 

 

3.6.8 Nitrates 

Water samples were collected from different sampling points and taken to Chuka 

University laboratory.100ml of the water samples was measured,1ml of HCl added and 

put in a 250 ml beaker.1.6306 g of KNO3 weighed, dissolved in a 100ml beaker and 

transferred into 1000ml volumetric flask. Distilled water was then topped up to the 

mark and served as nitrate stock solution and 1ppm, 2ppm, 4ppm, 8ppm and 10ppm 

standards of nitrate prepared from it and 1ml of HCl added to each. The standards were 

then used to calibrate the UV-Visible spectrophometer (Shimadzu UV-1900i ) and the 

concentration of nitrates in each sample determined at 220nm (Rice et al., 2012). 

 

3.6.9 Heavy Metals 

Water samples and sediment collected were used. A volume of 90 ml of each sample 

and a blank was measured and put in labelled 100 ml beakers. Ten (10) ml of nitric acid 

was added to each sample and digested in a hotplate to 10ml. The digested samples 

were filtered using 0.42µm Whatman filter papers onto 50 ml volumetric flasks and 

topped up to the 50 ml mark using distilled water. The salt of each metal ion was used 

to prepare the standards in the range of 5 ppm, 10 ppm and 20 ppm. The levels of Cu, 

Pb, Cd and Fe were determined using a PG-990 AAS at Chuka University (Rice et al., 

2012).  

 

3.6.10 Bacteriological Analysis 

The samples were tested for bacteriological quality using a multi-tube fermentation 

method and broth analysis. Bacteriological testing included presumptive, confirmatory, 

and final tests. Presumptive test analysis was performed to count total coliforms, while 

confirmatory test analysis was performed on the samples using brilliant green broth to 

count fecal coliforms (Skelton, 2013). The Presumptive Coliform Test was used to 

determine the Most Probable Number (MPN) of Coliform using a multi-tube technique. 

Positive Presumptive tests were followed by additional tests to confirm the presence of 

https://www.google.com/search?client=firefox-b-d&sca_esv=8c9fb7ba56c1513a&cs=0&sxsrf=AE3TifPKRCkAhIrBpIPnOXH7zTleCQ0Xfw%3A1759720407045&q=UV-1900i+Plus&sa=X&ved=2ahUKEwir8vqtzY6QAxXYSP4FHea-FgQQxccNegQIAxAB&mstk=AUtExfD8ktKR4TldOflrGfYpo5-AjAL03C59bzP0_V0MGhNZ2207558YmaZA-ZEWJbqTeAl7PuxYMScjApjtn2Zg9PIs-JqS4lgH6KHNQYCU1wsr5cVDPRYCSBZvTP-Bx_AZ4oX0dn45MfdXqI6a8dz0EuM9myvPZp0z9GwgA3EOdmrFcDVyM8wGai8NYCgzEgPQ288ngHr-ZSlEBMejqfSVnh3rVxYIZFOL7N18IIrz_Wlj_O5RBijmidTujoCaeinXZQllBTmuCxdSvwQOdv7xpuQJ&csui=3
https://www.google.com/search?client=firefox-b-d&sca_esv=8c9fb7ba56c1513a&cs=0&sxsrf=AE3TifPKRCkAhIrBpIPnOXH7zTleCQ0Xfw%3A1759720407045&q=UV-1900i+Plus&sa=X&ved=2ahUKEwir8vqtzY6QAxXYSP4FHea-FgQQxccNegQIAxAB&mstk=AUtExfD8ktKR4TldOflrGfYpo5-AjAL03C59bzP0_V0MGhNZ2207558YmaZA-ZEWJbqTeAl7PuxYMScjApjtn2Zg9PIs-JqS4lgH6KHNQYCU1wsr5cVDPRYCSBZvTP-Bx_AZ4oX0dn45MfdXqI6a8dz0EuM9myvPZp0z9GwgA3EOdmrFcDVyM8wGai8NYCgzEgPQ288ngHr-ZSlEBMejqfSVnh3rVxYIZFOL7N18IIrz_Wlj_O5RBijmidTujoCaeinXZQllBTmuCxdSvwQOdv7xpuQJ&csui=3
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E. coli. Samples were cultured using EMB agar. Samples were streaked on agar plates, 

labeled with a source code, and incubated at 37oC for 24-48 hours. The positive samples 

from the previous 24 hours were cultured again. Positive samples were cultured on 

Lactose broth and Nutrient agar slant and incubated for 24 hours at 37°. 

 

3.7 Heavy Metals Adsorption 

3.7.1 Oxidation of Multiwalled Carbon Nanotubes  

MWCNTs were purchased from Hongwu International Group Ltd.  Analytical balance 

was used to weigh 500mg of MWCNTs and they were put in a 250 ml round bottomed 

flask, and 100 ml of 32% concentrated HCl added to remove impurities. The suspension 

was stirred for 2 hours, filtered and the MWCNTs washed with distilled water until the 

solution was neutral. The tubes were dried in vacuum oven at 80oC overnight. The 

MWCNTs were functionalized using a mixture of 6 M H2SO4 and 6 M HNO3 in a ratio 

of 1:3 at 80oC for 19 hours and sonicated for 4 hours at 70oC. The mixture was filtered 

using glass microfilters with a pore size of 0.45𝜇𝑚, washed till a neutral pH and dried 

overnight at 80oC. The functionalized tubes were stored in glass vials. 

 

3.7.2 Dispersion of Multiwalled Carbon Nanotubes 

Oxidized and raw MWCNTs were dispersed in distilled water for 30 minutes using an 

ultrasonic bath. After allowing the samples to decant for 24 hours’ dispersion of the 

Multiwalled carbon nanotubes was observed. (Rodríguez et al., 2020). 

 

3.7.3 Tea waste collection 

Tea waste was collected from Githongo tea factory, washed and rinsed with distilled 

water and dried in an oven. After drying it was crushed using a mortar and pestle and 

kept in a plastic bottle and the bottles preserved in a desiccator before the time of the 

use to minimize contact with humidity. 

 

3.7.3.1 Surface Functionalization of the Tea Waste 

500ml of 0.5M nitric acid was used to treat the powdered tea waste. For 12 hours at a 

speed of 160rpm, the mixture was shaken. pH was adjusted until neutral by filtering 

and washing the solution with distilled water (Rashed et al., 2019). 
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3.7.4 Preparation of Hydro Char of Tea Waste 

Analytical balance was used to weigh 20g of the collected tea waste it was added into 

160ml distilled water and transferred to high pressure Amar autoclave reactor for 

synthesis of hydro char tea waste (HTW) (Liu et al., 2019). The hydrothermal treatment 

was carried out at 180°C for 3 hours. 

The autoclave reactor was then cooled to room temperature, the produced HTW 

filtered, washed several times with distilled water, and dried at 105°C for 12 hours. In 

order to create active carbon tea waste, 6 g of dried HTW was combined with 12 g of 

potassium hydroxide, placed in a stainless-steel container, and carbonized at 800°C for 

60 minutes with nitrogen flowing through it at a rate of 120 mL/min (Sevilla et al., 

2020). 

 

3.7.4.1 Tea Wastes/Multiwalled Carbon Nanotubes Composite 

In a mortar, a mixture of modified hydrochar of tea waste, oxidized MWCNTs and a 

binder was grounded and sieved to a 63-nm particle size. Deionized water was added, 

and the mixture stirred by an electric stirrer for 24 hours (500rpm). Filtering and drying 

at 105°C followed a deionized water wash of the mixture (Rodríguez et al., 2020). 

 

3.8 Characterization of the Adsorbents 

X-ray diffraction (XRD), Scanning electron microscopy (SEM) and Fourier Transform 

Infrared (FTIR) (Shimadzu 1S) were used to characterize raw and oxidized MWCNTs 

dispersed in distilled water (Malik et al., 2015). 

 

3.8.1 Structural Analysis 

For each adsorbent, a sample of oxidized MWCNTs, modified hydrochar of tea waste, 

and tea waste /MWCNTs composite were mixed in a 1:1 ratio with KBr. The pellet was 

then made using the press pellet technique. An FTIR (Shimadzu 1S) with a frequency 

range of 4000- 400cm-1 was used to analyze the pellet (Cheng et al., 2011). A XRD 

analysis of the adsorbent was carried out using Philips® PW 1710 diffractometer at a 

rate of 20 per min (Omri & Benzina, 2012). 

 

3.8.2 Adsorption Experiments 

At room temperature, 1.0g of each adsorbent was added to a solution containing known 
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amounts of metal ions. Whatman 42 filter paper were used to filter the composite and 

modified tea waste hydrochar solution after being shaken at 120 rpm and MWCNTs 

exposed to oxidation at 350 rpm for a predetermined amount of time. ICPMS was used 

to determine the amount of metal ions in the filtrate (Suliman, 2017). The average       

value of the metal’s concentration was calculated by running three sets of the 

experiments. Adsorption experiments at doses of 0.5g, 1g, and 2g for each adsorbent 

were conducted to ascertain the impact of adsorbate dose. Utilizing 1.0M HCl and 1.0M 

NaOH to adjust the sample's pH, adsorption was assessed at pH values of 2,4, 6, 8 and 

10. At 0- 50 minutes of contact time, the adsorption capacity was assessed. Experiments 

were carried out at various temperatures, including 25°C, 35°C, 40°C, 45°C and 50°C, 

in order to study the effect of temperature (Rashed et al., 2019). The adsorption 

capacity was determined using the following equation. 

 

 

                                  

Where: qe - Adsorption capacity 

C0 – Initial concentration of the metal in aqueous solution in mg/L  

Ce – Equilibrium concentration of metal in aqueous solution in mg/L 

           m – Mass of the sorbent 

V – Total volume of the solution 

Equation 3: Calculation of adsorption capacity equation 

 

3.8.3 Desorption and Regeneration of Adsorbent 

For desorption experiment, previously adsorbed metal ions on tea waste were 

transferred into   a flask containing 100ml of desorbing agents. Five different desorption 

agents: de-ionized water, tap water,0.1M NaOH,0.1M HCl and 0.1M H2SO4 were used 

to desorb the metal ions from adsorbent.40 ml desorption agent were kept in 100ml 

Erlenmeyer flask mixed with adsorbed metal ions, agitated for 60 minutes with 

continuous agitation at a 120 rpm and 300 C. After equilibration the mixture was filtered 

using Whatman 42 filter paper. The concentration of the metal ions in the filtrate was 

determined using UV-Vis spectrophotometer (1800 Shimadzu) (Kwon & Jeon, 2012). 

Percentage desorption was calculated using the following equation (Katsou et al., 

2011). 
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 Desorption efficiency (%) =Cde/Cad×100 

Where; 

Cde - the amount of metal ions adsorbed. 

Cad - the concentration of metal ions desorbed. 

Equation 4:  Calculation of desorption percentage 

The recovered adsorbent was dried at 1050C to a constant mass and the regenerated 

adsorbent used in adsorption-desorption cycles to determine the reusability of the 

hydrochar of tea waste. Mass of adsorbent at equilibrium was calculated using the 

equation below (Katsou et al., 2011).  

Qd=Cde/m×V 

Where; Cde - the amount of metal ions adsorbed in mg. 

m - the mass of adsorbent 

V - the volume of desorbing solution in L 

Equation 5: calculation of mass of adsorbent at equilibrium 

 

3.9 Optimization of Parameters in Adsorption Process 

Batch experiments were carried out to determine the adsorption isotherms and 

kinetics of heavy metals onto the adsorbent in 250 ml glass flasks at 120 rpm. 

Experiments were carried out in triplicates and average values used for further 

computation. A control experiment was performed for each experiment to confirm 

whether any heavy metal is adsorbed on the glass container. This was accomplished by 

measuring 50 mL of each heavy metal standard solution at 5 mg/L in a 250 mL conical 

flask without the adsorbent. It was measured at different time intervals while shaking 

at 120 rpm to confirm if any solute was lost to the glass container. This process was 

repeated for all of the other variables. 

 

3.9.1 Effect of Contact Time 

The adsorption kinetic experiments were performed by batch technique separately and 

in triplicate. A mass of 0.1 g of the adsorbent was dispersed into 250 ml conical glass 

flask containing 50 ml of a 5 mg L-1 heavy metal solution and agitated at 120 rpm using 

an overhead temperature-controlled shaker. The kinetic data was then be fitted to two 

kinetic models, namely; pseudo-first-order and pseudo-second-order  (Revellame et al., 

2020), represented in the equations below: 
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Where qe - Equilibrium adsorption capacity 

K, K2 and Kp - Rate constants 

t (mins) and qt (mg g-1) - Time and amount adsorbed at equilibrium time respectively 

Equation 6: Calculation of kinetic models 

The slope gave the rate constant in the pseudo-first-order model, while the intercept 

gave the rate constant in the pseudo-second-order model. 

 

3.9.2 Effect of pH 

The effect of pH on heavy metal removal was analyzed over a pH range of 2 to 10. 50 

ml of each heavy metal solution and 0.1 g of adsorbent placed in stopper glass conical 

flask and pH adjusted using 1 M HCl and 1 M NaOH solutions. The solution was then 

agitated at 120 rpm at room temperature until equilibration. 

 

3.10 Interference Studies 

All of the heavy metal stock solutions (100ppm) were prepared and diluted to lower 

concentrations of 5ppm, 10ppm, and 20ppm of each metal solution. Metal ion 

concentration was studied by slowly adding 5ppm of another metal ion solution to a 

volumetric flask (example Pb), and the effect on the adsorption of the initial metal 

studied. The procedure was repeated with various metal ion concentrations, pH 

adjusted, and temperature adjusted while studying the impact on adsorption (Nekouei 

& Nekouei, 2014). 

 

3.11 Data Analysis and Presentation 

Data was analyzed using two-way analysis of variance to ascertain how various 

variables differ in relation to sampling points and season. Less significant differences 

(LSD) at =0.05 was used to separate significant means. The collected data was analyzed 

using two-way ANOVA to ascertain the efficacy of the adsorbents. The mean values 

obtained were compared with NEMA standards for domestic purpose in order to 

ascertain whether the remediated water can be used for domestic use. 
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3.12 Ethical Considerations 

The proposal was presented to the Chuka University Ethics Committee for approval, 

and a research permit from NACOSTI requested and obtained. Materials and 

methodologies to be used were reported with a lot of honesty. Carelessness, plagiarism 

and biasness was avoided. In cases where particular information was obtained from 

other people’s work, it was acknowledged and only new information was published for 

purpose of dissemination of information and for future research. The appropriate 

citations were used in this study. Laws and regulations governing environmental 

pollution, handling and disposal of toxic materials were followed strictly to avoid health 

hazard. 
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CHAPTER FOUR 

RESULTS AND DISCUSSION 

4.1 Physical and Chemical Parameters  

4.1.1 Physiochemical Parameters During Wet and Dry Seasons 

Table 1: Physiochemical parameters of river Kathita during dry season 

Location Cond1 Turb2 pH DO3 Temp4 NO35 P04
6 TDS8 

1 104.467f 2.120c 7.325 a 4.583 a 24.033 0.136 k 0.036 
bc 

139.33 ab 

2 100.300fg 3.780bc 7.193 a 4.133 b 24.200 0.143 m 0.032 g 85.00d 

3 160.333b 9.398a 6.560b 4.137 b 24.266 0.173 j 0.037 b 105.33bcd 

4 172.800a 9.267a 6.394c 4.773 a 24.200 0.216 i 0.025 g 119.33 ac 

5 91.432h 5.533b 7.288 a 4.743 a 24.267 0.286 d 0.033 

ef 

113.00 

abcd 

6 98.306g 6.173b 7.213 a 4.890 a 24.267 0.279 g 0.036 
bc 

110.67 

abcd 

7 110.357e 4.350 bc 7.265 a 4.053 b 24.133 0.294 b  0.040 

a 

126.00 ab 

8 122.502d 3.910 bc 7.281 a 4.117 b 24.200 0.289 c 0.035 
cd 

90.67cd 

9 134.289c 5.700 b 7.292 a 4.770 a 24.086 0.272 h 0.040 a 113.33 

abcd 

10 133.503c 4.563 bc 7.318 a 4.669 a 24.267 0.299 a 0.037 b 116.67 

abcd 

11 126.801d 4.717 bc 7.284 a 4.783 a 24.200 0.285 e 0.034 
de 

128.33 ab 

12 125.156d 4.746 bc 7.293 a 4.113 b 24.300 0.283 f 0.035 

cd 

100.00bcd 

Means 123.353 5.354 7.142 4.511 24.213 0.246 0.035 112.306 

CV (%) 2.351 28.931 1.231 3.359 0.511 0.068 2.428 17.005 

LSD (α=0.05 4.886 2.881 0.148 0.255 0.208 0.0003 0.005 32.183 
1 Conductivity, 2 Turbidity, 3 Dissolve oxygen, 4 Temperature, 5Nitrate, 6 Phosphates, 7 

Total suspended solids, 8 Total dissolved solids 

 

 



45 

 

Table 2: Physiochemical parameters of river Kathita during the wet season 

Location Cond1 Turb2 pH DO3 Temp4 NO3
5 PO4

6  TDS8 

1 84.167fgh 3.27d 7.429 9.820 b 24.066 

abc 

0.164m 0.066 g 143.333c 

2 82.733 gh 5.856 

bcd 

7.499 10.093 

a 

23.600 d 0.174l 0.071 de 163.333cd 

3 117.100 b 7.823 b 7.439 10.123 

a 

23.600 d 0.179k 0.074 bc 176.667 bc 

4 145.367 a 14.837 

a 

7.434 9.846 b 24.233 a 0.273j 0.073 bc 193.333 ab 

5 90.670 cde 3.27d 7.426 9.830 b 23.700b 0.440i 0.069 e 178.333 bc 

6 87.513defg 14.837 

a 

7.433 9.840 b 23.900bc 0.477h 0.072 cd 215.000 a 

7 84.903efgh 7.306 bc 7.433 10.163 

a 

24.133 a 0.480g 0.075 b 192.333 a 

8 82.600 gh 4.61 cd 7.496 10.143 

a 

23.700b 0.483f 0.075 b 183.667 bc 

9 92.520 cd 3.27d 7.426 9.830 b 23.700b 0.486d 0.069 ef 193.333 ab 

10 94.620 c 14.837 

a 

7.433 9.833 b 23.900bc 0.489c 0.081 a 202.333 ab 

11 89.553 cdef 7.306 bc 7.433 10.156 

a 

24.133 a 0.492b 0.067 fg 199.333 ab 

12 79.213h 4.61 cd 7.496 10.106 

a 

23.700b 0.495a 0.074 b 189.333 

abc 

Means 94.247 7.654 7.448 9.982 23.864 0.386 0.073 185.861 

CV (%) 4.035 21.286 0.722 0.918 0.532 0.228 1.857 8.841 

LSD (α=0.05 6.409 2.745 0.091 0.154 0.214 0.0015 0.002 27.689 
1 Conductivity, 2 Turbidity, 3 Dissolve oxygen, 4 Temperature, 5Nitrate, 6 Phosphates, 7 

Total suspended solids, 8 Total dissolved solids 

 

The temperature was high during the dry season with a mean value of 24. 213.During 

the dry season, temperatures varied from 24.03oC to 24.30oC with the lowest mean 

temperature of 24.03oC recorded at Sp1 and the highest mean temperature of 24.30 oC 

at Sp12. (Table 4.1). There is a significant difference in temperature among the 

sampling points. During the wet season, temperature varied from 23.600C to 24.20oC 

with the lowest men temperature of 23.60oC recorded at Sp2 and the highest mean 

temperature of 24.700C recorded at Sp12 (Table 4.2). There is a significant difference 

in temperature among the sampling points (p < 0.05). 

 



46 

 

The water pH was seen to be high in wet season with a mean value of 7.448. During 

the dry season the mean water pH varied from 6.394 to 7.325 with the lowest pH of 

6.394 recorded at Sp4 and the highest mean water pH of 7.325 recorded at Sp1(Table 

4.1). There was a slight significant difference in water pH among the sampling points. 

During the wet season the mean water pH varied from 7.426 to 7.499 with the lowest 

pH of 7.426 recorded at Sp9 and the highest mean water pH of 7.499 recorded at 

Sp2(Table 4.2). There was a no significant difference in water pH among the sampling 

points(p>0.05). 

 

Water turbidity was seen to be high in wet season with a mean value of 7.654. During 

the dry season the water turbidity mean varied from 2.120 to 9.398 with the lowest 

turbidity of 2.120 recorded at Sp1 and the highest turbidity of 9.398 recorded at Sp3 

(Table 4.1). There was a significant difference in water turbidity among the sampling 

points. During the wet season water turbidity mean varied from 3.270 to 14.837 with 

the mean lowest turbidity of 3.270 recorded at 3 different sampling points (Sp1, Sp5, 

Sp9) and the highest mean turbidity of 14.837 recorded at 3 different sampling points 

(Sp4, Sp6, Sp10) (Table 4.2). Rainfall runoff was responsible for this, as it erodes soil 

from dirt roads, farms, plant debris, animal feces, fertilizers, and other organic and 

inorganic pollutants that end up in the water systems (Al Sawaf et al., 2024). There was 

a significant difference in water turbidity among the sampling points (p < 0.05). 

Turbidity in water is caused by suspended matter, including clay, silt, fine organic and 

inorganic matter, soluble colored organic compounds, plankton, and other microscopic 

organisms. Turbidity in water samples may vary depending on the size, shape, color, 

and refractive index of particulates at each sampling point (Ombaka et al., 2012). 

 

Water electrical conductivity was high in the dry season with a mean value of 123.353. 

During the dry season the mean water electrical conductivity varied from 91.432 to 

172.800 with the lowest mean of 91.432 recorded at Sp5 and the highest mean of 

123.353 recorded at Sp4 (Table 4.1). There was a significant difference in water 

electrical conductivity among the sampling points (p< 0.05). During the wet season the 

mean water electrical conductivity varied from 79.213 to 145.4 with the lowest mean 

of 79.213 recorded at Sp12 and the highest mean of 145.367 recorded at Sp4 (Table 

4.2). There was a slight significant difference in water electrical conductivity among 



47 

 

the sampling points (p< 0.05). 

 

Total dissolved solids were found to have high mean in wet season with a mean value 

of 185.861. During the dry season the mean total dissolved solids varied from 85.0 to 

139.33 with the lowest mean of 85.000 recorded at Sp2 and the highest mean value of 

139.33 recorded at Sp1 (Table 4.1). There was no significant different in the mean of 

total dissolved solids among the sampling points (p> 0.05). During the wet season the 

mean total dissolved solids varied from 143.33 to 215.00 with the lowest mean of 

143.33 recorded at Sp1 and the highest mean value of 215.00 recorded at Sp6 (Table 

4.2). There was significant different in the mean of total dissolved solids among the 

sampling points (p> 0.05). 

 

Dissolved oxygen was found to be high during the wet season with a mean of 9.982. 

During the dry season the mean total dissolved oxygen varied from 4.053 to 4.890 with 

the lowest mean of 4.053 recorded at Sp7 and the highest mean value of 4.890 recorded 

at Sp6 (Table 4.1). There was significant different in the mean of dissolved oxygen 

among the sampling points (p< 0.05). During the wet season the mean total dissolved 

oxygen varied from 9.820 to 10.163 with the lowest mean of 9.820 recorded at Sp1 and 

the highest mean value of 10.163 recorded at Sp7 (Table 4.2). There was significant 

different in the mean of dissolved oxygen among the sampling points (p< 0.05). 

 

The phosphates were high during the wet season with a mean value of 0.073. During 

the dry season the mean phosphates level varied from 0.025 to 0.040 with the lowest 

mean of 0.025 recorded at Sp4 and the highest mean value of 0.040 recorded at two 

different points (Sp7, Sp9) (Table 4.1). There was a slight significant different in the 

mean of phosphates among the sampling points (p<0.05). During the wet season the 

mean phosphates varied from 0.066 to 0.081 with the lowest mean of 0.066 recorded at 

Sp1 and the highest mean value of 0.081 recorded at Sp10 (Table 4.2). There was a 

slight significant different in the mean of phosphates among the sampling point 

(p<0.05). High rates of organic matter decomposition in runoff and interactions 

between water and sediments from dead plants and animal remains at river bottoms can 

result in high phosphate levels (Adesuyi et al., 2016). 
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The nitrates were high during the wet season with a mean value of 0. 386.During the 

dry season the nitrates levels varied from 0.136 to 0.299 with the lowest mean of 0.136 

recorded at Sp1 and the highest mean value of 0.299 recorded at Sp10 (Table 4.1). 

There was a slight significant different in the mean of nitrates among the sampling 

points. During the wet season nitrates level varied from 0.164 to 0.495 with the lowest 

mean of 0.164 recorded at Sp1 and the highest 0.495 recorded at Sp12 (Table 4.2). 

There was slight significant different in the mean of total dissolved solids among the 

sampling points. Increased nitrate concentrations are linked to a number of factors, 

including storm water, runoff from residential areas, infiltration from landfills, runoff 

from industrial and agricultural areas, and wastewater discharge into water bodies 

(Khounda et al., 2012). 

 

4.1.2 Comparison of Physicochemical Parameters During wet and Dry Season 

with other Studies 

The earth's surface warming or cooling during high recharge times when it rains, or the 

introduction of cold water from the surface, could be the cause of the high temperature 

during the dry season relative to the wet season (Ombaka et al., 2013).In the upper 

regions of the Kathita River (SP1 and SP2), the low temperature is primarily caused by 

the proximity to Mount Kenya, where the melted ice produces cold water. The clearing 

of vegetation and agricultural activity as you approach the town cause the temperature 

to rise. However, the release of heat effluent from Meru town has resulted in extremely 

high temperatures in the areas beyond the town (SP12) (Achieng et al., 2021). High 

temperatures reduce the solubility of gases such as carbon dioxide and other volatiles, 

which affect the taste of water (Singh et al., 2014). 

 

According to research by Bonareri (2013), on River Rupingazi cloud cover fluctuation 

was attributed to temperature variations. During the dry season, there was less cloud 

cover, which increased indirect solar radiation, leading to higher water temperatures. 

During the wet season, increased cloud cover reduces direct solar radiation, resulting 

in lower temperatures. Encroachment of agricultural lands has led to a decrease in 

riparian vegetation cover, resulting in reduced canopy cover in the study area and 

contributing to temperature variations. 
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During the wet season, higher pH levels may result from waste discharges and 

microbial decomposition of organic matter. Because there is more organic matter in the 

water during the wet season, an increase in rainfall lowers the pH level. This is a result 

of the fact that a large number of sampling locations are surrounded by agricultural 

activity, and the majority of farmers fertilize their fields. As a result, during the wet 

season, nitrate levels rise and water bodies become more enriched, changing the pH of 

the water. When too many nutrients are washed into the waterways during rainy 

seasons, surface runoff in the sampling points surrounding the town lowers the pH of 

the water, increasing the imbalance of hydrogen ions in the water (Githinji, 2019).  

 

During the dry season, water in certain areas may have a weakly acidic pH due to 

dissolved carbon dioxide and organic acids from decayed matter leaching into the 

groundwater (Bhat et al., 2018). Lower pH indicates slightly acidic water, which can 

cause eye irritation and corrosion in metal pipes used in water distribution systems. 

Higher pH water can cause gastrointestinal disorders, such as hyperacidity and ulcers, 

and can also contribute to scale formation in heating systems (Buridi & Gedala, 2014). 

Pollutants such as chemicals, minerals, and soil/bedrock composition can disrupt the 

pH balance of a water supply. Chemicals found in the river's soil or bedrock, such as 

carbonate, bicarbonate, or hydroxide, can dissolve and change the pH of water (P. Li & 

Wu, 2019) . 

 

According to a study by Mbura (2018), higher pH levels during the wet season can be 

attributed to waste discharges and microbial decomposition of organic matter. During 

the dry season, water in certain areas may have a weakly acidic pH due to dissolved 

carbon dioxide and organic acids from decayed matter leaching into the groundwater. 

Reduced water volume during the dry season may lead to a decrease in pH levels. When 

compared to the dry season, the turbidity level was higher during the wet season. 

Because of soil erosion from farmlands on the upstream slopes, there may be dissolved 

and suspended particles in the water during the wet season, as indicated by the high 

levels of turbidity. High levels of turbidity create an environment that is conducive to 

microorganism survival, which helps to explain why total and fecal coliform counts are 

higher during the rainy season (Githinji, 2019). 
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Temperature has a significant impact on the electrical conductivity of river water. 

Elevated temperature causes a greater amount of dissociated ions, which in turn leads 

to an increase in electric charge concentration and an increase in conductivity. This 

explains why the temperature and electrical conductivity were both higher during the 

dry season. Reduced river water volume may have caused a concentration effect, which 

could account for the higher dry season conductivity value (Ibrahim et al., 2009). 

During the two seasons the levels of TDS increased down from sampling point one. 

This was attributed by human activities like encroachment of riparian land for 

agriculture, runoff from sewage waste making water get rich in ions that increases the 

TDS values (Bonareri, 2013). TDS affects water quality parameters such as hardness. 

For example, high total dissolved solid content may indicate the presence of carbonates. 

High levels of dissolved solids in drinking water can also increase the risk of cancer 

and heart disease (Yashoda et al., 2014). 

 

The levels of dissolved oxygen were high during the wet season mainly because during 

the rainy season dissolved oxygen concentration is often higher because the rain 

interacts with oxygen in the air as it falls. Oxygen depletion is dependent on the overall 

quantity and kind of organic material load in the rivers as well as the quantity and kind 

of bacteria that break down waste that is dumped into them (Speight, 2020). The release 

of wastewater from residential areas, municipal sewage, and decaying plant matter into 

receiving water bodies can also lower the concentration of dissolved oxygen due to the 

increased microbial activity that arises from the breakdown of organic matter 

(Owhonka et al., 2021). High phosphate levels were observed in this study, during the 

wet season as a result of run-off, surface catchment, and interactions between water and 

sediments from dead plants and animal remains at the riverbed in the areas before the 

town in SP3 and SP6. The increased average phosphate concentration in the regions of 

the town in SP9 SP10 is attributed to the river's slow and shallow water, as well as the 

overflow of residential area and municipal sewage discharge. Agricultural areas use 

phosphorus-based fertilizers like ammonium phosphate, resulting in higher phosphate 

levels during the wet season in sampling points before town. Domestic waste, raw 

sewage into the river, phosphorus leaching, and surface runoff carrying phosphate-rich 

fertilizers and manure all contribute to high values during wet season in sampling points 

after the town (Thriodore, 2004). The low concentration of phosphate in the area may 
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be attributed to its geology and minimal interference from human activities. Elevated 

phosphates can lead to digestive issues in humans, and in water, they encourage the 

growth of weeds and algae that consume a lot of oxygen. The water is contaminated by 

the toxins produced and stored by these algae (Cotruvo, 2017). 

 

In this study, high nitrate values during the wet season were attributed to both point 

source pollution at the point where waste water from sewage and car washes around the 

town was discharged into the river primarily in areas after the town in SP9, SP10and 

SP11 and non-point source pollution, which includes runoff from fertilized farms 

adjacent to the river, manure from livestock and other animal wastes used as organic 

manure in farms in sampling points before the town where farming is taking place in 

SP4 and SP6. Increased nitrate levels in the water can lead to stomach cancer in adults 

and methemoglobinemia, commonly known as "blue baby syndrome," in infants. They 

can also promote the growth of algae, which contributes to eutrophication (Shuval & 

Gruener, 2013). 

 

4.1.3 Heavy Metals and Sediments in River Kathita during Wet and Dry Seasons 

The levels of Lead (Pb) in samples varied both from the surface water and from the 

sediment. In sediment samples, Pb values ranged from 0.0364 mg/L to 0.0876 mg/L 

while in water samples Pb values ranged from 0.0371 mg/L to 0.0771 mg/L during the 

dry season. The LSD test with Bonferroni adjustment indicated that these differences 

in levels were statistically significant (F(4, 45) = 21.34, p-value < 0.001). Similarly, in 

sediments samples, Pb concentrations varied from 0.0015 mg/L to 0.0634 mg/L while 

in water sample Pb values ranged from 0.0068 mg/L to 0.0709 mg/L during the dry 

season. The LSD test with Bonferroni adjustment also showed statistically significant 

differences [F(4, 55) = 16.72, p-value < 0.001) Table 4.3]. 

 

Seasonal lead (Pb) variation exists in both sediment and surface water samples. The 

natural binding behavior of heavy metals with particulate matter explains why Pb 

content in sediments surpasses Pb content in surface water (Kudryavtseva et al., 2024). 

The fluctuations of lead concentrations in surface water through the rainy and dry 

seasons can be attributed to runoff and sediment disturbances during the wet season 

which increases lead transport into water systems (Saad et al., 2025). 
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Table 3: Levels of lead in sediment and surface water during dry and wet season 

Sam

ple 

Levels of Pb in 

dry season (mg/L) 

Levels of Pb in 

dry season 

(mg/L) 

Levels of Pb in 

wet season 

(mg/L) 

Levels of Pb in 

wet season 

(mg/L) 

  Sediment Surface water Sediment Surface water 

1a 0.0364b 0.0430b 0.0015h 0.0679a 

1b 0.0854a 0.0398b 0.0028h 0.0675a 

1c 0.0657ab 0.0371b 0.0149g 0.0709a 

2a 0.0518ab 0.0606ab 0.0237f 0.0597ab 

2b 0.0629ab 0.0537ab 0.0096g 0.0068c 

2c 0.0587ab 0.0528ab 0.0436bc 0.0217c 

3a 0.0876a 0.0768a 0.0634a 0.0126c 

3b 0.0705ab 0.0604ab 0.0230f 0.0119c 

3c 0.0867a 0.0636ab 0.0287ef 0.0180c 

4a 0.0723ab 0.0771a 0.0371cd 0.0283bc 

4b 0.0705ab 0.0709a 0.0455b 0.0257bc 

4c 0.0662ab 0.0733a 0.0287ef 0.0177c 

Mean 

(Mg/L) 
0.0656 0.0586 0.0272 0.0341 

CV 27.14% 22.33% 8.01% 31.94% 

LSD 

(α=0.05) 
0.0123 0.0105 0.0677 0.0342 

a Means followed with the same letters in column are not statistically different at α=0.05 

 

Research performed by  Kudryavtseva et al. (2024), in the Chernaya River documented 

equivalent patterns of heavy metal distributions including lead because anthropogenic 

activities and natural hydrological cycles substantially affected seasonal variations. 

Sediment lead concentrations were found to be high in a lagoon with excessive human 

activities across winter and summer months (Saad et al.,2025). These results 

demonstrate human activities play a major role in sediment contamination. 

 

The findings from   Liu et al. (2024), support this study by showing heavy metal levels 

in Angqu River sediments reached their highest point during the wet season. The 

periodic changes in water flow and runoff strengthen the introduction of surrounding 

area contaminants into water bodies. Kundu et al. (2012), observed at the Haor area 

ecosystems of Bangladesh that both sediment excavation and seasonal inundation affect 

metal concentrations thus demonstrating that water dynamics in wet seasons actively 

move heavy metals throughout sediments and surface water. Lead contamination ran 

continuously throughout all seasons in the Wolf River's surface water and sediment 

areas according to Lightman and Moyo (2024), which indicates ongoing pollution 

sources and minimal seasonal water dilution effects. Field observations presented by 
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Davidkova et al. (2024), verify that lead concentrations in surface water rise during wet 

seasons because of elevated runoff and suspended sediment levels. According to Tan et 

al. (2024), the fluctuations in surface water compositions through wet and dry seasons 

lead to increased water flow that causes metals from sediments to become mobile. The 

levels of Copper (Cu) in samples varied both from the surface water and from the 

sediment. In sediment samples, Cu values ranged from 0.413 mg/L to 1.9693 mg/L 

while in surface water Cu values ranged from 0.0161 mg/L to 0.1319 mg/L during dry 

season. The LSD test with Bonferroni adjustment indicated that these differences in 

levels were statistically significant (F (4, 45) = 25.98, p-value < 0.001). Similarly, in 

sediments Cu concentrations varied from 0.0177 mg/L to 0.7039 mg/L while in surface 

water Cu values varied from 0.0080 mg/L to 0.7039 mg/L during the wet season. The 

LSD test with Bonferroni adjustment also showed statistically significant differences 

(F (4, 55) = 17.56, p-value < 0.001). These findings highlight the variability in Cu 

concentrations, emphasizing the need for ongoing assessment and management of 

copper levels in both sediment and surface water (Table 4). 

 

Table 4: Levels of copper in sediment and surface water during dry and wet season 

Sample 

Levels of 

Copper in Dry 

Season (mg/L) 

Levels of 

Copper in dry 

Season (mg/L) 

Levels of Copper 

in wet Season 

(mg/L) 

Levels of 

Copper in Wet 

Season (mg/L) 

  Surface water Sediment Surface water Sediment 

1a 0.0731abcd 1.2873c 0.0892g 0.0892g 

1b 0.0439bcd 0.4854hi 0.1630bc 0.2873e 

1c 0.0877abc 0.4137i 0.2434a 0.2222f 

2a 0.0439bcd 0.5892g 0.3136de 0.3136de 

2b 0.0804abcd 0.5468gh 0.1857f 0.1857f 

2c 0.1096ab 0.5329gh 0.4181c 0.3567d 

3a 0.1319a 1.5556b 0.5329b 0.7039a 

3b 0.0161d 0.7442f 0.0431ef 0.4444c 

3c 0.0219cd 0.9693e 0.0241fg 0.3567d 

4a 0.0124d 1.1864cd 0.7039a 0.7039a 

4b 0.0351cd 1.9240a 0.0146g 0.0257bc 

4c 0.0314cd 1.1837d 0.0080g 0.0177c 

Mean (Mg/L) 0.0573 0.9514 0.0341 0.4098 

CV 18.07% 3.14% 29.94% 3.44% 

LSD (α=0.05) 0.0687 0.8932 0.0444 0.0272 

a Means followed with the same letters in column are not statistically different at α=0.05 

 

The seasonal variations observed in copper concentrations between sediment and 

surface water, stems from hydrological and anthropogenic factors. During the dry 
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season when water flow decreased the sediment accumulation became higher at 0.9514 

mg/L because sediments carried more copper through precipitation processes (Dugan 

et al., 2024). Better mobilization of copper occurs during the wet season as surface 

water copper levels rise to 0.0341 mg/L due to sediment disturbance and runoff effects 

(Kudryavtseva et al., 2024). The Majes-Camaná basin experienced seasonal heavy 

metal behavior in sediment layers which was verified by Obada et al. (2025), through 

their research. The study discovered that copper and other metals were released into 

surface water during flood season because of higher rates of erosion and water 

movement which confirms the current findings about elevated copper levels in surface 

water during the wet season. The Angqu River sediments demonstrated higher general 

copper concentrations in the wet season according to Liu et al. (2024), while this 

research had lower sediment copper levels during the same period. Dissimilarities in 

local hydrological variables like water movement and sediment transportation strengths 

may explain this difference between study results. 

 

Kudryavtseva et al. (2024), identified major heavy metal variations including copper 

during different seasons within urban water systems. This research supported findings 

about increased copper levels in surface water during wet seasons because authors 

documented that urban runoff along with industrial discharges were responsible for 

these elevated concentrations. The research by Ikhsani et al. (2024), demonstrated how 

sediment disturbances during wet seasons caused copper to wash into the water column 

of the Bay of Bengal. Sediments function as a reliable repository of copper because 

their seasonal variability (3.14% in dry season and 3.44% in wet season) remains lower 

than that of surface water (18.07% in dry season and 29.94% in wet season). The 

binding force between copper and particulate matter usually results in sediment stability 

patterns (Dugan et al., 2024). The research findings confirm that copper distributions 

in aquatic systems respond to constant transformation from seasonal river patterns and 

human-made pollution through agricultural waste and industrial wastewater. The 

natural process of dry period sedimentation followed by wet season mobilization results 

in repeating cycles of copper availability throughout aquatic ecosystems therefore 

generating important ecological as well as environmental repercussions. 
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The levels of Cadmium (Cd) in samples varied both from the surface water and from 

the sediment. In sediment samples Cd values ranged from 0.0019 mg/L to 0.0305 mg/L 

while in water surface Cd values ranged from 0.0015 mg/L to 0.0309 mg/L during the 

dry season. The LSD test with Bonferroni adjustment indicated that these differences 

in levels were statistically significant (F(4, 45) = 51.07, p-value < 0.001). Similarly, in 

sediments Cd concentrations varied from 0.0065 mg/L to 0.0377 mg/L while in water 

surface Cd values ranged from 0.0025 mg/L to 0.0442 mg/L during the wet season. The 

LSD test also showed statistically significant differences (F(4, 55) = 20.73, p-value < 

0.001). 

 

Table 5: Levels of cadmium in sediment and surface water during dry and wet season 

Sample 

Levels of Cd in 

Dry Season 

(mg/L) 

Levels of Cd in 

dry Season 

(mg/L) 

Levels of Cd in 

wet Season 

(mg/L) 

Levels of Cd in 

Wet Season 

(mg/L) 

  Surface water Sediment Surface water Sediment 

1a 0.0051f 0.0019f 0.0025f 0.0065d 

1b 0.0115ef 0.0103de 0.0045f 0.0191cd 

1c 0.0145de 0.0286bc 0.0077ef 0.0286bc 

2a 0.0165cde 0.0025f 0.0090def 0.0366b 

2b 0.0207bcd 0.0129cd 0.0180cde 0.0377b 

2c 0.0200cde 0.0292ab 0.0213c 0.0284bc 

3a 0.0217bcd 0.0305bc 0.0194cd 0.0305bc 

3b 0.0234abc 0.0204b 0.0227c 0.0377b 

3c 0.0239abc 0.0216b 0.0219c 0.0284bc 

4a 0.0292ab 0.0186bc 0.0281bc 0.0267bc 

4b 0.0239abc 0.0263ab 0.0353ab 0.0181cd 

4c 0.0309a 0.0292ab 0.0442a 0.0304bc 

Mean 

(Mg/L) 
0.0201 0.0161 0.0196 0.0274 

CV 13.80% 14.34% 18.48% 14.75% 

LSD 

(α=0.05) 
0.0087 0.0127 0.0114 0.0127 

a Means followed with the same letters in column are not statistically different at α=0.05 

 

The patterns of cadmium concentration changes across seasons in both water surface 

and sediment match previous research which shows environmental activities and 

anthropogenic factors lead to variations of metals in aquatic environments. Surface 

water mean Cd concentrations were 0.0201 mg/L during dry season compared to 0.0196 

mg/L during wet season but sediment Cd concentrations reached 0.0274 mg/L in wet 

season and 0.0161 mg/L during dry season. Research findings indicate cadmium moves 

from sediments into water column periods which corresponds to the wet seasons 
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possibly because of higher runoff and disturbed sediment during heavy rainfall (Obada 

et al., 2025). 

 

The Majes-Camaná basin of Peru showed matching seasonal patterns according to 

Obada et al. (2025), when surface sediments revealed cadmium levels related to 

flooding seasons and periods of low water. The research validates the present findings 

showing that sediment-bound cadmium increases in surface water during the flood 

season. Saad et al. (2025), demonstrated that lagoons with anthropic influences show 

major seasonal changes in cadmium content which highlights human activities as 

exasperating factors for seasonal variations of metals in sediments and surface water 

bodies. 

 

Kudryavtseva et al. (2024), established that water system cadmium concentrations in 

urban areas change because of seasonal fluctuations along with urban runoff levels. The 

research showed that water flow elevation in the wet season created atmospheric 

conditions that allowed more cadmium to leach from sediments into surface water 

bodies thus matching the increased cadmium measurements recorded in this study 

during the wet season. Liu et al. (2024) discovered that the Angqu River sediments 

accumulated greater amounts of cadmium during the wet season when water flow and 

sediment deposition reached maximum levels. 

 

Ikhsani et al. (2024), examined how seasonal hydrological operations such as sediment 

transport and water mass movements determine marine cadmium distribution during 

their Bay of Bengal research. The authors demonstrated that the combination between 

seasonal runoff water and sediment suspension raises sediment cadmium amounts 

based on their research results. The cadmium concentration variability measured using 

the coefficient of variation method showed moderate levels with surface water during 

wet season exhibiting the most variable concentrations (18.48%). Surface water 

cadmium levels are strongly affected by external incidents like runoff and human-made 

discharges since cadmium particles in sediments tend to remain stable (Kudryavtseva 

et al., 2024).  
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4.1.4 Comparison of Lead, Copper and Cadmium in Surface Water in Dry and 

Wet Season 

In surface water samples, there was no significant difference in Cd levels between the 

dry and wet seasons, t (57.11) =0.23, p = 0.821. The Cd concentrations were similar 

across seasons [(Dry: M = 0.0201, SD = 0.0047; Wet: M = 0.0196, SD = 0.0051) Figure 

3], with a 95% confidence interval for the difference in means of (−0.0043, 0.0054). 

However, Cu levels differed significantly between seasons, t (52.98) =−2.74, p=.008. 

Copper level was higher during the wet season (M = 0.0982, SD = 0.0018) compared 

to the dry season [(M = 0.0573, SD = 0.0422) Figure 3]. The 95% confidence interval 

for the difference in means was [−0.0709, −0.0110].  

 

Figure 3: Comparison of lead, copper and cadmium in surface water in dry and wet 

season 

 

Lead (Pb) levels were also significantly different, with higher concentrations in the dry 

season (M = 0.0591, SD = 0.0220) compared to the wet season (M = 0.0341, SD = 

0.0150), p<.001. The 95% confidence interval for the difference in means was [(0.0151, 

0.0349) Figure 1]. For sediment samples, there was a significant difference in Cadmium 

(Cd) levels between the dry and wet seasons, t (66.04) =−4.40, p<.001. Specifically, Cd 
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levels were higher during the wet season (M = 0.0274, SD = 0.0123) compared to the 

dry season (M = 0.0161, SD = 0.0075). The 95% confidence interval for the difference 

in means was (−0.0164, −0.0062). Copper (Cu) levels also showed a significant 

seasonal difference, [t(47.41)=6.38, p<.001; Figure 3]. 

 

Figure 4: Comparison of lead, copper and cadmium in sediment in dry and wet season 

 

The concentrations of Cu were significantly higher during the dry season (M = 0.9514) 

compared to the wet season (M = 0.4098, SD = 0.1852). The 95% confidence interval 

for the difference in means was [0.3708, 0.7124]. Lead (Pb) levels were significantly 

higher in the dry season (M = 0.0677, SD = 0.0203) than in the wet season (M = 0.0272, 

SD = 0.0137), t(67.89)=10.30, p<.001. The 95% confidence interval for the difference 

in means was [(0.0327, 0.0484) Figure 4]. 

 

The results on Cd levels in Bay of Bengal surface water match those of Ikhsani et al. 

(2024), who discovered minimal seasonal variation due to Cadmiums strong sediment 

binding ability and its low mobility in water. Liu et al. (2024), also detected elevated 
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metal accumulation in Angqu River sediments during high flow seasons, particularly 

because of sedimentation processes. The authors supported these results through 

findings of higher sediment Cd levels in the wet season period. Research results 

documented by Kudryavtseva et al. (2024), demonstrate that copper content in surface 

water increases during wet seasons because urban drainage and increased erosion rates 

from rain cause water body contaminant levels to rise. Obada et al. (2025), confirmed 

the relation between lower water flow in dry seasons which enables sediment-driven 

accumulation of metals leading to reduced metal concentrations in water column. 

 

Surface water lead levels increased during the dry season potentially as a result of lower 

dilution effects as reported in Saad et al. (2025), who studied a contaminated lagoon 

system. Sediment Pb levels were much higher during the dry season because lead bonds 

strongly with particulate matter while water flow is minimal according to 

(Kudryavtseva et al., 2024). The research reveals multiple factors that determine how 

metals behave in aquatic systems during hydrological season changes. Strategies for 

effective management need to consider seasonal patterns of metal pollution since they 

are most at risk during the wet period for Cd and Cu mobilization and during the dry 

season for Pb accumulation in sediments. 

 

4.2 Bacteriological analysis of River Kathita during Wet and Dry Season 

4.2.1 Total Coliforms 

The total coliform was found to be as shown in the table below. There was a significant 

difference in the total coliforms count among the sampling points. The total coliforms 

were found to be high during the wet season. During the dry season highest total 

coliform mean was 207.667 cfu/100ml found at Sp10 and the least total coliform mean 

was18.667 cfu/100ml found at Sp2. During the wet season highest total coliform mean 

was 1130.00 cfu/100ml found at Sp10 and the least total coliform mean was18.333 

cfu/100ml found at Sp2 (Table 4.6). 
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Table 6:Total coliforms during wet and dry seasons 

Analysis of total coliform cfu/100ml 

Location N Obs 

Dry season Wet season 

Mean Median Mean Median 

2 3 18.667 18.000 18.333 18.000 

3 3 31.333 35.000 344.000 500.000 

4 3 42.333 42.000 530.000 530.000 

5 3 55.000 42.000 282.667 50.000 

6 3 107.667 108.000 830.000 830.000 

7 3 113.333 135.000 630.667 900.000 

8 3 77.333 77.000 102.000 102.000 

9 3 116.667 87.000 430.667 122.000 

10 3 207.667 208.000 1130.000 1130.000 

11 3 191.667 230.000 854.667 1200.000 

12 3 122.667 123.000 174.000 174.000 

Kruskal-Wallis test H (11) = 31.718 H (11) = 21.812 

p = 0.0008 p = 0.0259 

 

Surface water obtains higher microbial contamination levels during the wet season 

because heavy rainfall results in the removal of fecal impurities and agricultural and 

urban pollutants (Dehghani Ahmadabadi et al., 2024). According to (Chukwu Okeah et 

al., 2025) studies in the Sombreiro River of Nigeria total coliform counts dramatically 

rose due to intensified surface runoff together with riverbank erosion during the wet 

season. A spike in Cabo Frio shallow coastal aquifer coliform levels during wet season 

conditions was documented by Sabino et al. (2024), within Brazilian territory. This 

research showed that stormwater flow combined with inadequate sanitation systems 

degrades water quality when rain occurs in the region. According to dos Santos et al. 

(2025), coliform levels in the Dois de Abril stream basin rose significantly during rainy 

periods because strong surface runoff and increased water flow caused intensified 

microbial contamination. 

 

The Pasig–Marikina–San Juan River system undergoes changes in microbial 

contamination levels according to Mamawal and Rivera (2025), who discovered that 

wet seasons create additional hazards for public health through elevated total coliform 

measurements. Seasonal changes produced significant differences in total coliform 
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counts at various sampling sites according to the results from the Kruskal-Wallis test 

as per the current study. 

 

4.2.2 Faecal coliform 

The faecal coliform was found to be as shown in the table below. There was a 

significant difference in the mean of faecal coliform count among the sampling points. 

The faecal coliforms count was found to be high during the wet season. During the dry 

season highest faecal coliforms count mean was Sp10 cfu/100ml found at S10 and the 

least total coliform mean was 5.333 cfu/100ml found at Sp2. During the wet season 

highest total coliform mean was 86.00 cfu/100ml found at Sp10 and the least total 

coliform mean was11.333 cfu/100ml found at Sp1 (Table 4.7) 

 

Table 7: Total faecal coliforms during wet and dry season. 

Analysis of feacal coliform cfu/100ml 

Location N Obs 

Dry season Wet season 

Mean Median Mean Median 

1 3 5.667 5.000 11.333 12.000 

2 3 5.333 5.000 11.667 12.000 

3 3 12.333 15.000 30.333 38.000 

4 3 17.000 17.000 41.000 41.000 

5 3 14.667 8.000 34.000 22.000 

6 3 27.333 27.000 66.000 66.000 

7 3 22.667 28.000 59.333 73.000 

8 3 13.333 13.000 34.000 34.000 

9 3 18.333 13.000 46.000 33.000 

10 3 32.333 32.000 86.000 86.000 

11 3 25.667 31.000 68.333 83.000 

12 3 15.333 15.000 38.000 38.000 

Kruskal-Wallis test H (11) = 25.1723 H (11) = 26.4571 

p = 0.0086 p = 0.0025 

 

Research findings demonstrate that fecal coliform counts rise during the wet season 

similarly to what this study observed. During the wet season surface water develops 

high fecal coliform counts because heavy rainfall produces two main sources of 

contamination: the removal of waste through sediments and agricultural runoff and the 
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pollution from urban areas (Vivian et al., 2024). Some areas with defective wastewater 

management systems together with weak sanitation infrastructure demonstrate this 

regular phenomenon. Research conducted by Fouad et al. (2024), in the Fayoum 

depression, Egypt uncovered that fecal coliform concentrations rose during the wet 

season caused by increased water flow from agricultural land and areas near residential 

zones. Atud et al. (2025), reported through their research that peri-urban groundwater 

sources in Cameroon experienced increased microbial levels from fecal coliform counts 

because of seasonal changes during rainy periods. 

 

The research conducted by Chukwu Okeah et al. (2025), determined that Sombreiro 

River in Nigeria displayed elevated fecal coliform numbers during the seasonal rainfall 

period. The authors linked these elevations in counts to destructive erosion together 

with unfiltered sewage and animal waste that entered the river downstream. The results 

of this study align with the findings because the Kruskal-Wallis test revealed important 

differences in fecal coliform values between sampling sites which showed seasonal 

impacts. These research studies emphasize the necessity of better water quality control 

practices along with enhanced sanitation procedures which must be executed 

specifically during the rainy season to reduce health risks from surface water faecal 

contamination. 

 

4.2.3 Relationship between Bacteriological Parameters and Physicochemical 

Parameters  

During the dry season the total coliform count generally in all sampling points had a 

positive correlation with electrical conductivity (R=0.0653), turbidity (R=0.240), 

temperature (R=0.251), TDS (R=0.7005), TSS (R=0.4245), nitrates (R=0.8839) and 

phosphates (R=0.2759) while had a negative correlation with dissolved oxygen (R=-

0.0162,) and pH (R=-0.226) (Table 4.5). On the other hand, the faecal coliforms 

generally has a positive correlation with electrical conductivity (R=0.395), turbidity 

(R=0.4998), temperature (R=0.4032), TDS (R=0.6417), TSS (R=0.4872), nitrates 

(R=0.5749) and phosphates (R=0.3638) while a negative correlation with dissolved 

oxygen (R=-0.2362) and pH (R=-0.446,) (Table 8).  
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Table 8:Spearman correlation coefficients for physical parameters during dry season 

Spearman Correlation Coefficients, N = 36 

Prob > |r| under H0: Rho=0 dry season 

  Cond Turb DO pH Temp TDS TSS NO3 PO4 

Tocoli 

Dry 

0.065 

0.705 

0.240 

0.158 

-0.016 

0.925 

-0.226 

0.185 

0.251 

0.139 

0.701 

<0.001 

0.425 

0.009 

0.884 

<0.001 

0.276 

0.103 

Fecoli 

Dry 

0.395 

0.017 

0.499 

0.002 

-0.236 

0.165 

-0.447 

0.006 

0.403 

0.015 

0.642 

<0.001 

0.487 

0.003 

0.575 

0.002 

0.364 

0.029 

 

The research by Town and Ethiopia (2025), supports findings in this study which show 

positive relationships between coliform counts and electrical conductivity, turbidity, 

temperature, total dissolved solids (TDS), total suspended solids (TSS), nitrates, and 

phosphates because such environmental factors make water bodies more favorable for 

bacterial growth. The presence of elevated turbidity along with TSS creates surfaces 

where bacteria can effectively attach to grow because of its ability to provide adherence 

points (Mitova, 2025). Research by Soares et al. (2025), supports the survival of fecal 

coliforms during times of low DO levels and high pH because their findings 

demonstrate that such environmental conditions result in elevated organic pollution. 

The growth of bacteria becomes less favorable under alkaline conditions which explains 

the decreased coliform counts. According to Ibrahim (2025), eutrophication develops 

when nitrates and phosphates from agricultural runoff reach excessive levels which 

promotes coliform bacterial growth. The coliform bacteria concentration grows higher 

throughout water bodies as dry seasons create lower water flow conditions. 

 

During the wet season the total coliform count generally in all the sampling points had 

a positive correlation with the electrical conductivity (R=0.388), turbidity (R=0.480), 

temperature (R=0.539), total dissolved solids (R=0.568), total suspended solids 

(R=0.395) nitrates (R=0.421) and phosphates (R=0.205) while a negative correlation 

with dissolved oxygen (R=-0.016) and pH (R=-0.226) (Table 4.9). On the other hand, 

the faecal coliforms generally had a positive correlation with electrical conductivity 

(R=0.399), turbidity (R=0.5462), temperature (R=0.422), TDS (R=0.671), TSS 

(R=0.507), nitrates (R=0.574) and phosphates (R=0.387) while had a negative 

correlation with Dissolved oxygen (R=-0.2148) and pH (R=-0.452) (Table 9). 
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Table 9:Spearman correlation coefficients for physical parameters during wet season 

Spearman Correlation Coefficients, N = 36 

Prob > |r| under H0: Rho=0 wet season 

  Cond Turb DO pH Temp TDS TSS NO3 PO4 

Tocoli_wet 0.387 

0.019 

0.480 

0.003 

-

0.347 

0.037 

-

0.491 

0.002 

0.539 

0.007 

0.568 

0.003 

0.394 

0.017 

0.421 

0.010 

0.205 

0.230 

Fecoli_wet 0.398 

0.015 

0.546 

0.006 

-

0.215 

0.208 

-

0.452 

0.005 

0.422 

0.010 

0.671 

<0.001 

0.506 

0.001 

0.573 

0.003 

0.387 

0.019 

 

Other studies confirm this bacteriological and physicochemical parameter relationship 

that demonstrates seasonal water quality variations. The findings by Islam et al. (2024), 

about Tasik Chini Malaysia, support the positive correlations between total and fecal 

coliforms and electrical conductivity, turbidity, temperature, TDS, TSS, nitrates, and 

phosphates. The combination of high TDS and TSS levels signals that sediment and 

runoff materials exist which allow bacteria to attach while providing essential nutrients 

for growth. 

 

The streams of Darjeeling India experienced enhanced microbial activity because of 

wet season temperature elevation and turbidity increases (Bhutia, 2024). Warmer water 

temperatures boost bacterial metabolism thus leading to elevated coliform counts 

according to the study results. Research by Tadeu et al. (2024), validated the positive 

relationship between nitrates and phosphates and microbial growth in the Doce River 

Basin during the rainy season. The research findings showing negative effects on 

dissolved oxygen (DO) and pH in this study match previous recorded results. Tecklie 

(2024), explained that elevated bacterial concentrations reduce water oxygen levels 

because decomposing organic matter requires oxygen from bacterial respiration 

activities. Athulya et al. (2025), stated that lower pH values in the rainy period enable 

coliform bacteria to survive through runoff and increased organic acid concentrations. 
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4.3 Characterization of the Adsorbents 

4.3.1 FTIR spectra of Tea Waste Hydrochar/MWCNTs Composite 

 

Figure 5: FTIR spectrum of hydrochar of tea waste/MWCNTs composite A  

 

The FTIR spectrum for the 0.99:0.01 ratio tea waste hydrochar/MWCNTs composite A 

is shown in figure 5. The peak at 3070.88 cm⁻¹ represents C–H stretching from aromatic 

rings which stems from tea polyphenols alongside lignin (Ateş et al., 2023). 

Absorptions at 2872.01 cm⁻¹ and 2981.95 cm⁻¹ was assigned to asymmetric and 

symmetric –CH₃/–CH₂ stretching which indicates aliphatic chains found in 

lignocellulosic biomass (Ye et al., 2022 ;Moreno-Bermedo et al., 2025). The 1446.61 

cm-1 signal shows both -CH₂ bending and C=C skeletal vibrations which indicate 

stability in aromatic carbon arrangements (Tripathi et al., 2023).  
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Figure 6: FTIR spectrum of hydrochar of tea waste/MWCNTs composite B  

 

Analysis of the FTIR spectrum for the tea waste hydrochar/MWCNTs composite B with 

ratios of 0.99:0.02 (figure 6), shows comprehensive information about surface chemical 

interplay and functional group bond formation. The FTIR spectrum shows three vital 

peaks at 3088.75 cm⁻¹ and 2879.72 cm⁻¹ and 1448.54 cm⁻¹ which indicate aromatic 

=C–H stretching while the aliphatic –CH stretching arises from –CH₃/–CH₂ groups and 

both C–H bending and C=C skeletal vibrations exist in this sample (Moreno-Bermedo 

et al., 2025). These peaks indicate partial carbonization with retention of lignin, 

cellulose, and phenolic structures (Tripathi et al., 2023; Ateş et al., 2023).  
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Figure 7:FTIR spectrum of hydrochar of tea waste/MWCNTs composite C 

 

The FTIR spectroscopy of tea waste hydrochar/MWCNTs composite (0.97:0.03 weight 

ratio) is shown in figure 7. The peak at 2956.52 cm⁻¹ and 2866.62 cm⁻¹ indicate the 

asymmetric and symmetric stretching vibration of –CH₃ and –CH₂– groups that are 

typical for aliphatic hydrocarbons found in lignocellulosic biomass materials (Tripathi 

et al., 2023). Aromatic C=C stretching band at 1556.55 cm⁻¹ indicate presence of lignin 

structures or aromatic domains present in hydrothermal carbonization processes (Ateş 

et al., 2023). The aromatic structure of hydrochar is confirmed by 1494.83 cm⁻¹ band 

which indicates partial graphitization properties (Ye et al., 2022 ;Moreno-Bermedo et 

al., 2025). 
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4.3.2 XRD Spectra of Tea Waste Hydrochar/MWCNTs Composite  

 

Figure 8: XRD spectrum of hydrochar of tea waste/MWCNTs composite A  

 

The X-ray diffraction pattern of the tea waste hydrochar/MWCNTs composite A 

(0.99:0.01 ratio) is shown in figure 8. The X-ray diffraction peak at 2θ=26° indicate 

presence of graphitic carbon crystalline structure of MWCNTs (002) planes (Saputra et 

al., 2023;. The wide hump between 2θ =15°–30° shows amorphous carbon from 

hydrochar of tea waste (Moreno-Bermedo et al., 2025).  
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Figure 9: XRD spectrum of hydrochar of tea waste/MWCNTs composite B  

 

X-ray diffraction (XRD) pattern of tea waste hydrochar/MWCNTs composite B at the 

weight ratio of 0.98:0.02 is shown in figure 9. The broad peak at 2θ=25.14° indicate 

carbonaceous structure from  amorphous disorder characteristic of tea waste biochar 

lignocellulosic material and graphitic carbon crystalline structure of MWCNTs (002) 

planes (Borah et al., 2012 ;Saputra et al., 2023; Moreno-Bermedo et al., 2025).  
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Figure 10: XRD spectrum of hydrochar of tea waste/MWCNTs composite C  

 

XRD spectrum of tea waste hydrochar/MWCNTs composite C (0.97:0.03 weight ratio) 

is shown in figure 10. The spectrum displayed one distinct peak at 2θ= 25.28° which 

shows a carbonaceous structure from amorphous disorder characteristic of tea waste 

biochar lignocellulosic material and graphitic carbon crystalline structure of MWCNTs 

(002) planes (Moreno-Bermedo et al., 2025;Saputra et al., 2023) 
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4.4 Adsorption Experiments of Copper (II) Ions 

4.4.1 Effect of Adsorbent Dosage on Adsorption of Cu (II) Ions 

 

 

Figure 11: Effect of adsorbent dosage on adsorption of Cu (II) ions (composite A) 

 

The % adsorption values for Composite A progressively rose from about 14% until it 

reached 20.5% at a 0.1 g dosage of adsorbent as shown in figure 11. Increase in dosage 

led to a substantial rise in adsorption performance and a maximum of 55% was achieved 

at 0.4 g. The increase in adsorption efficiency occurred because additional available 

active sites that can bind Cu (II) ions were added (Fei & Hu, 2022). Further increase in 

dosage to 0.5 g led to decrease in adsorption as a result of supersaturation and 

overlapping of sorption sites (Rezania et al., 2024). 
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Figure 12: Effect of adsorbent dosage on adsorption of Cu (II) ions (composite B) 

 

The adsorption efficiency of Composite B reached 53% quickly after adding 0.1 grams 

then decreased at 0.2 to 0.3 grams and rose again when dosage was increased to 0.4 

grams until it reached 50% efficiency (figure 12). The higher sorption capacity resulted 

from higher MWCNT content which increased the adsorption area and capacity as 

compared to composite A (Gupta et al.,2017). The intermediate dosage range in the 

experiment demonstrates findings similar to those described by Raji et al. (2023), 

because high amounts of MWCNTs may block or clap active sites thus decreasing 

system efficiency. The improved adsorption capacity at higher dose levels occurs 

because better dispersion exposure allows active sites to become available again (Wu 

et al., 2018). 
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Figure 13: Effect of adsorbent dosage on adsorption of Cu (II) ions (composite C) 

 

The adsorption output of Composite C increased proportionally with added adsorbent 

mass and attained its maximum value of 45% at 0.4 g then demonstrated a minimal 

decrease (figure 13). The enhanced MWCNT concentration level of 0.03 led to superior 

adsorption capabilities because of its increased surface area together with functional 

groups that boosted Cu (II) ion binding (Zhang et al., 2024). Higher concentrations of 

the adsorbent led to decrease in effectiveness due to particle-aggregated suspension 

which creates fewer available active sites (Yang & Jiang, 2014). 

 

The experimental data obtained through all composite studies shows adsorption 

behavior that conforms to various studies which indicate that increasing the dosage of 

adsorbents leads to improved % adsorption until the saturation point is achieved (Gupta 

et al., 2017; Raji et al., 2023) After reaching the optimal dosage threshold both particle 

agglomeration effects and competition among sites can hinder the adsorption efficiency 

(Wu et al., 2018; Fei & Hu, 2022). The research conducted by Zhang et al. (2024), 

supports the improved adsorption capacity of materials which contain higher MWCNT 

levels in examinations that used Composite C followed by Composite B and then 

Composite A. 
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4.4.2 Effect of Initial Metal Concentration on Adsorption 

 

Figure 14: Effect of initial metal concentration on adsorption of Cu (II) ions 

 

The adsorption percentage reduced substantially between 6 and 8 ppm Cu (II) until it 

hits its minimum point at 30% at the 8-ppm concentration mark. The adsorption 

efficiency decreased because the available adsorption sites on the composite became 

progressively saturated thus reducing its capacity to bind more metal ions. The process 

of electrostatic repulsion contributes to decreased adsorption tendencies since Cu (II) 

ions that previously bound to the composite surface maintain a repulsive force that 

prevents additional ions from binding (Dichiara et al., 2015). 

 

The carbon nanotube/hydrochar tea composite shows an appreciable response to the 

initial concentration of Cu (II) ions which exist in solution. Figure 14 shows an irregular 

adsorption percentage pattern where higher concentrations of Cu (II) result in declining 

outcomes but reach maximum values at very high concentrations. The maximum 

sorption capacity was recorded at 2 ppm (85%) due to availability of sorption sites and 

decreased as the concentration of copper (II) ions increased as a result of competition 

of active sites as more ions were added to the solution. The composite material 

possesses adequate active sites during low metal ion exposure which facilitates 

effective metal adsorption on its surface. Mass transfer of Cu (II) ions to the adsorbent 

surface becomes more efficient due to the high solution to adsorbent concentration 
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gradient. A study conducted by  Gupta et al. (2015), revealed that unoccupied binding 

sites on carbon-based adsorbents achieve maximum adsorption efficiency when metal 

ions exist at low concentrations. 

 

4.4.3 Effect of Contact Time on Adsorption of Cu (II) Ions  

 

Figure 15: Effect of contact time on adsorption of Cu (II) ions 

 

The contact period between carbon nanotube/hydrochar composites and Cu (II) ions 

determines both adsorption efficiency and equilibrium uptake. The adsorption 

efficiency increased with increasing contact time from 20-39% at 0-40 mins). The 

microporous structure of hydrochar enables Cu (II) ion diffusion which allows them to 

bond with hydroxyl and carboxyl groups (Wan & Li, 2015; Ewis & Hameed, 2021).The 

maximum sorption capacity was reported at 40 mins (39%) as contact time increased 

the adsorption decreased to 36% at 50 mins (figure 15). The decrease was due to 

supersaturation of active sites. The adsorption process of biochar-based 

nanocomposites attains equilibrium at 40-50 minutes and reaches 65-75% efficiency 

(Yang et al., 2019). The maximum adsorption capacity of 80-90 mg/g for Cu (II) was 

achieved by functionalized hydrochar composites depending on surface modifications 

alongside solution conditions (Khanzada et al., 2024). The synthesis parameters and 

functional group modifications require optimization because they boost adsorption 
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capabilities while extending adsorption stability (Xia et al., 2019). 

 

4.4.4 Effect of Temperature on Adsorption of Cu (II) Ions  

 

Figure 16: Effect of temperature on adsorption of Cu (II) ions 

 

Increasing temperature from 25-45oC increased the adsorption capacity of Cu (II) from 

63-85% as shown in figure 16. The binding of Cu (II) ions onto the adsorbent surface 

shows endothermic behavior since elevated temperatures optimize the adsorption 

process. Adsorption of Cu (II) ions exhibits stronger affinity to the adsorbent at elevated 

temperatures because heat stimulates surface activity and accelerates Cu (II) diffusion 

and creates additional adsorbing sites. Adabi et al. (2023), demonstrated that increase 

in temperature improved Cu (II) adsorption because better ion motion combines with 

stronger binding of surface functional groups on the adsorbent. Zhang et al. (2024), 

studied the adsorption of Cu (II) using biochar-based adsorbents and found that higher 

temperatures led to enhanced adsorption efficiency because of increased porosity 

together with expanded micropore dimensions in the adsorbent structure. The research 

by Khanzada et al. (2024), demonstrated that Cu (II) adsorption occurs endothermically 

through the positive determination of enthalpy change (ΔH°) thermodynamic parameter 

which indicates better adsorption occurs at elevated temperatures. 
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The adsorption efficiency showed its highest point at 45-50°C range which might be 

related to the lowered activation barriers which enabled better ion transport. At elevated 

temperatures the desolvation effects strengthen because Cu (II) ions remove water 

molecules from their structure and better connect to the surface of the adsorbent. High 

temperature conditions can cause modifications in adsorbent material structure as well 

as metal ion loss which exceeds the acceptable operational framework. Wang et al. 

(2021), reported that adsorption achieved its peak at approximately 60°C then reached 

equilibrium point or started decreasing because of existing desorption processes. 

 

4.4.5 Effect of pH on Adsorption of Cu (II) Ions  

The adsorption capacity of Cu (II) ions using MWCNTs/ tea waste hydrochar is shown 

in figure 17. Low adsorption capacity was recorded at pH 2 with 25% capacity. The 

variation between surface charges and metal ion forms and active chemical group 

attachment points determines the pH shift. Low pH values below 4 prevent efficient Cu 

(II) ion adsorption because the surplus H⁺ ions occupy binding sites on the 

MWCNTs/hydrochar composite (Rezania et al., 2024). The excessive number of 

protons in the solution protonates hydroxyl and carboxyl functional groups which then 

lose their binding capacity for Cu (II) ions (Elboughdiri et al., 2024). At elevated pH 

levels the deprotonated functional groups on the composite surface increase the 

electrostatic attraction towards positively charged Cu (II) ions which improves 

adsorption efficiency. 

 

At a pH of 6 the adsorption increased because the divalent Cu (II) ions exist 

predominantly while effectively binding to active sites on the composite system (Chen 

et al., 2019). When the solution pH exceeded 7 there was reduction in the amount of 

adsorbate bound to the composite material. The formation of insoluble Cu (OH)₂ causes 

decreased available Cu (II) ions to bind with the composite surface (Yang et al., 2019). 

The adsorption sites become increasingly occupied by hydroxide ions during alkaline 

conditions thus leading to reduction in adsorption efficiency of Cu (II) ions (Zhou et 

al., 2022).  
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Figure 17: Effect of pH on adsorption of Cu (II) ions 

 

4.5 Kinetic Studies for Adsorption of Cu (II) Ions  

The kinetic analysis of Cu (II) ion adsorption using MWCNTs/tea waste hydrochar 

employed both pseudo-first-order and pseudo-second-order evaluation approaches as 

shown in figure 18 and 19 (table 4.10). The analysis showed that MWCNTs and 

hydrochar tea waste system had a pseudo-first-order rate constant (𝐾1 = 0.1945 min-1) 

and an equilibrium adsorption capacity (𝑄e = 0.0728 mg/g) together with a correlation 

coefficient (R = 0.92478). The pseudo-second-order model fitting produced a rate 

constant (𝐾2) of 3.8659 g/mg.min along with an equilibrium adsorption capacity (𝑄e) 

of 0.07857 mg/g. It showed a better correlation coefficient (R = 0.98863) than the 

pseudo-first-order model. The valid fit of the pseudo-second-order model demonstrates 

that valence forces as well as electron sharing between Cu (II) ions and 

MWCNTs/hydrochar functional groups determine the main mechanism which ruled the 

adsorption process. 

 

The research of Sun and Wang (2006), validated the usage of the pseudo-second-order 

model to analyze Cu (II) absorption onto N, O-carboxymethyl-chitosan indicating that 

chemisorption functions as a primary factor in heavy metal elimination. The research 
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of Babalola and Wilson (2024), reviewed the removal efficiency of Cu (II) through 

composite biowaste adsorbents which include hydrochar and MWCNTs using a similar 

kinetic mechanism. MWCNTs exhibit notable surface area accessibility and 

functionalization properties according to Sheraz et al. (2024), which leads to superior 

heavy metals removal capacity. This indicate that pseudo-second-order kinetics 

dominated which shows that chemical processes governed the adsorption mechanism. 

 

Table 10: Pseudo first and second order kinetics constants for Cu (II) ions adsorption 

Pseudo first order Pseudo second order 

K1 Qe R K2 Qe R 

0.0411min-1 0.0786mg/g 0.93615 3.8659g/mg.min 0.07857mg/g 0.9774 

  

 
Figure 18: Pseudo First Order Kinetics of Cu (II) Ions Adsorption 
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Figure 19: Pseudo second order kinetics of Cu (II) ions adsorption 

 

4.6 Adsorption Isotherms for Cu (II) Ions  

The research examined Cu (II) ion adsorption using MWCNTs combined with 

hydrochar derived from tea waste while applying Langmuir and Freundlich isotherm 

models for evaluation as shown in figure 20 and 21 (table 4.11). The Freundlich 

constant KF had a value of 0.1406 mg/g along with n 3.0915 and R of 0.93404, which 

demonstrates that the adsorption process was highly beneficial because it signifies 

robust adsorbate-adsorbent bonding and multiple types of adsorption sites. The 

adsorption process on finite identical sites formed a monolayer according to the 

Langmuir isotherm parameters where the maximum adsorption capacity was 0.2482 

mg/g and the Langmuir constant set at 1.7152 L/mg. Under the examined conditions, 

the adsorption process was found favorable for Langmuir model which had a (R) value 

of 0.99529. The research study of Babalola and Wilson (2024), examined the 

effectiveness of MWCNTs and biowaste-derived hydrochar as composite adsorbents 

for Cu (II) removal through analysis of their high surface area capability and 

functionalized active sites. The research by Sheraz et al. (2024), indicates that 

functionalized MWCNTs achieved better metal adsorption because of their natural 

affinity toward metal ions and followed Langmuir isotherm model for Cd (II) and Cr 
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(II) ions. Adsorption efficiency tests revealed that hydrochar-based adsorbents achieve 

better performance comparable to commercial activated carbon derived from 

agricultural residues or other sources (Cukierman et al., 2019). MWCNTs demonstrate 

superior Cu (II) removal capabilities compared to traditional biomass-based materials 

because of their selectable pore channels and intensive electron structure (Abiodun et 

al.,2023). A review by Fahad et al. (2023), revealed that heavy metal ion adsorption 

improves through hydrochar-functionalized materials because of their oxygen-

containing functional groups and follows monolayer adsorption. 

 

Table 11: Freundlich and Langmuir constants for adsorption of Cu (II) ions 

Freundlich isotherm Langmuir isotherm 

KF n R Qmax KL R 

0.1406mg/g 3.0915 0.93404 0.2482mg/g 1.7152L/mg 0.99529 

 

 

Figure 20: Freundlich isotherm of Cu (II) ions adsorption 
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Figure 21:  Langmuir isotherm of Cu (II) ions adsorption 

 

4.7 Desorption of Cu (II) ions from Adsorbent Surface  

MWCNTs/hydrochar composite achieved more than 99% efficiency in desorbing 

copper (II) ions within three cycles from the material regardless of the initial metal 

concentration levels (figure 22). Studies using different metal species including lead 

(Pb), zinc (Zn), and nickel (Ni) indicate that carbon-based composites retain strong 

desorption capabilities within their materials structure. The analysis by Kumkum and 

Kumar (2024), showed that biochar-based adsorbents reached lead ion desorption 

efficiencies above 98% which indicated effective regenerable and cost-effective 

operation. Study findings show that modified activated carbon effectively regenerated 

nickel ions with almost 99% success rates illustrating surface modification techniques 

enhance heavy metal desorption capabilities (Vakili et al., 2021). Research shows that 

the opposite process of desorption depends both on metal type and the physical and 

chemical characteristics of the adsorbent (Kołodyńska et al., 2017). 
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Figure 22: Percentage desorption of Cu (II) ions 

 

The copper (II) ion desorption outcomes in this research show high desorption rates 

because the open surface of the composite contains oxygen-based functional groups for 

multi-directional metal ion absorption. Laboratory tests regarding zinc ions and 

magnetic carbon composites show that desorption efficiencies consistently stay above 

98% indicating how surface composition affects material performance (Shahrashoub & 

Bakhtiari, 2021). In the process of metal desorption researchers can use pH controls 

along with acidic and saline solutions as eluents to reduce metal-adsorbent binding 

forces according to research performed on cadmium ion separation from polymer 

composites (Qi et al., 2023). The composite material demonstrates strong abilities for 

ion-exchange and desorption making it suitable for water treatment operations that 

require efficient metal recovery along with multiple uses of the adsorbent. 

 

4.8 Effects of Cations Interference on Adsorption of Cu (II) Ions  

The selective behavior of MWCNTs/hydrochar of tea waste composite regarding 

copper (II) ion adsorption becomes evident through studies of simultaneous metal ion 

interferences (figure 23). The figure shows lead (Pb) along with copper (Cu) has 

minimal effect on copper ions adsorption efficiency as the sorption rate remains very 
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close to 100%. The strong affinity of the composite toward copper ions remains intact 

even when lead ions join the equilibrium. A remarkable relationship appears between 

copper ions and the functional groups on the composite surface because carboxyl, 

hydroxyl and aromatic π-π interactions create selective bonding locations (Gupta et al., 

2017). 

 

 

Figure 23: Cation interference on adsorption of Cu (II) ions 

 

The adsorption efficiency for copper decreases noticeably when the adsorption system 

contains Cd and Cu together. The simultaneous presence of lead and cadmium ions 

(Cu+Pb+Cd) results in a further decrease of adsorption efficiency because cadmium 

ions compete very strongly for available sites. The identical properties of cadmium and 

copper ions with regard to ionic radii and charge results in cadmium out competing 

copper ions for active sites present on the adsorbent surface (Elboughdiri et al., 2024). 

Wang et al. (2021), conducted studies that confirmed cadmium ions defeat copper ions 

for surface availability in carbon-based adsorbents since cadmium ions form stronger 

complexes with functional groups or exhibit superior mobility in the aqueous solution. 
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CHAPTER FIVE 

SUMMARY, CONCLUSION AND RECOMMENDATIONS 

5.1 Summary 

Freshwater is of great importance for the continuation of life and for supporting 

important socio-economic functions like agriculture, manufacturing, and daily life use. 

Continued growth in urban, industrial, and agricultural activities has resulted in the 

release of heavy metals and other pollutants into natural water systems. Metals such as 

copper (Cu²⁺), lead (Pb²⁺), and cadmium (Cd²⁺) are recognized as significant persistent 

pollutants causing major health problems for both people and water-based ecosystems. 

The presence of these metals in aquatic systems may cause human organs to be 

damaged, induce neurological problems, and increase cancer risks, and perturb 

ecosystem functions in water bodies. 

 

Copper (II) ion pollution in River Kathita was selected as the primary focus in this study 

because of the river’s importance to the regional community as a water source. The 

synthesis of a new, economically sustainable, and environmentally friendly adsorbent 

from multi-walled carbon nanotubes (MWCNTs) and tea waste hydrochar was intended 

to solve the problem of heavy metal contamination efficiently. The study further 

examined the physicochemical and biological quality of River Kathita at different times 

of the year and investigated how well, how often, and with what interferences the 

synthesized composite performs. The work provides important steps toward achieving 

improved water safety and encouraging the use of sustainable technologies, with a 

particular focus on underdeveloped areas. 

 

5.1.1 Physicochemical Parameters 

Seasonal changes, physicochemical characteristics of River Kathita were established 

during the dry season and wet season. The conductivity of the samples of the river 

differed throughout the dry season between 91.432–160.33 µS/cm, and between 2.120–

9.398 NTU for turbidity. The pH ranged slightly acidic – neutral (6.4–7.3), the level of 

dissolved oxygen ranged between 4.053–4.890 mg/L, indicating moderate availability 

of oxygen. The temperature maintained within a small margin, between 24.033–24.3 

°C. The nutrient analysis provided N concentration between 0.136 – 0.299 mg/L, with 

the concentration of the phosphorus being 0.025–0.04 mg/L. The total suspended solids 
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(TSS) were recorded to be 14 – 28.33 mg/L, with the total dissolved solids (TDS) 

ranging between 85-215 mg/L. 

 

During the wet season, slightly lowered conductivity values (79.213–145.367 µS/cm) 

were measured, whereas turbidity largely increased (3.27–14.83 NTU). pH registered 

small changes to more neutral-alkaline (7.4 – 7.5) and the content of the dissolved 

oxygen largely increased (9.83 – 10.163 mg/L) which could be triggered by heightened 

mobility of the waters. The nitrogen content increased to 0.164–0.495 mg/L, whereas 

the content of the phosphorus increased to 0.066–0.081 mg/L. TSS increased to 36.667 

– 53.33 to L. and TDS increased to 143.33 – 215 mg/L. The levels of the heavy metals 

also varied, Pb from 0.0119 to 0.0709 mg/L; Cu from 0.0080 to 0.7039 mg/L and Cd 

from 0.0525 to 0.0442 mg/L with heightened mobility during the wet season.  

 

5.1.2 Biological Parameters 

Biological river water quality was also established by sampling for total and faecal 

coliforms. The total coliform counts for the dry season were 18.667 – 207.667 mg/L 

while the faecal coliforms were 5.33 – 32.33 mg/L. These were already beyond 

proposed standards of safe recreational or agricultural use. For wet season, microbial 

contamination increased with the total coliform recorded between 18.33 to 1130 mg/L 

and the faecal coliform increasing between 11.33 to 86 mL. These were high figures 

showing extensive runoff as well as sewer discharge into the water during the rainy 

season, i.e., a high risk to the general public health to the communities reliant on this 

catchment for the source of water. 

 

5.1.3 Adsorption Studies 

The study combined a composite material prepared of multi-walled carbon nanotubes 

(MWCNTs) and hydrochar from tea waste to remove Cu²⁺ ions from water. FTIR and 

XRD profiles of the adsorbent represented the presence of functional groups such as –

CH₂ and =C –H, necessary for metal ion bonding. Experiments on batch adsorption 

were carried out to determine the influence of: pH; contact time, initial metal 

concentration; temperature; speed and dosage of adsorbent, on the removal of copper. 

The results indicated that under optimum conditions the composite had a big removal 

efficiency of 96.5%. From the kinetic modeling, it was shown that the adsorption 
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process obeyed pseudo-second order reaction (R² = 0.96683) trend which implied the 

process being chemisorption driven. There was greater fit of the adsorption equilibrium 

data on Langmuir isotherm model (R² = 0.87019) indicating monolayer surface 

coverage of Cu²⁺ ions by homogenous surface. 

 

5.1.4 Desorption studies 

Desorption experiments were also used to determine the reusability of the prepared 

adsorbent. The findings showed high regeneration potential, with as high as 99% of the 

absorbed Cu²⁺ ions being efficiently desorbed. The MWCNTs/hydrochar composite is 

thus not only highly effective but also sustainable, given the fact that it can be recycled 

multiple times without the loss of functionality on a significant scale. The simplicity of 

regeneration further promotes its practicality within large-scale water treatment 

systems, leading to reduced costs as well as the preservation of the environment. 

 

5.1.5 Interference Studies 

Interference experiments were conducted to test the influence of other heavy metals, 

specifically Pb²⁺ and Cd²⁺, on the Cu²⁺ ion adsorption. The addition of Pb²⁺ ions did 

not drastically influence the removal of Cu²⁺, showing low competition for the 

adsorption sites. The addition of Cd²⁺ ions and the binary solution of Pb²⁺ and Cd²⁺, 

however, caused a significant decrease in the efficiency of copper adsorption. The 

factor identified for this decrease included the occurrence of competitive interactions 

on the sorption sites, as well as disparities in the affinity for the active binding sites of 

the adsorbent material. The results, therefore, reinforce the consideration of multi-

pollutant systems when developing solutions for treating polluted waters. 

 

5.2 Conclusion 

This experiment effectively proved the potential of a composite adsorbent composed of 

multi-walled carbon nanotubes and hydrochar of tea residue for the removal of copper 

ions from polluted river water. The resultant material showed high removal efficiency, 

desirable kinetic and equilibrium characteristics, and good regeneration capacity. River 

Kathita was confirmed to possess high levels of physicochemical and biological 

contaminants, especially during the wet season. Although the water stayed within 

acceptable limits for some parameters, the concentrations of the heavy metals, as well 
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as the load of microbes, were above the threshold of safety, highlighting the need for 

proper treatment measures urgently. Generally, the MWCNTs/hydrochar composite is 

a sustainable option for enhancing the quality of the polluted rivers' water. 

 

5.3 Recommendations  

Copper (Cu) is an essential trace element used in water systems for its antimicrobial 

properties and in plumbing materials such as pipes and fittings. In small amounts, 

copper supports metabolic processes in humans and aquatic organisms. However, 

excessive copper levels in water can be toxic. It may cause gastrointestinal irritation, 

liver and kidney damage, and neurological issues in humans. In aquatic environments, 

high copper concentrations can disrupt the growth, reproduction, and survival of fish 

and invertebrates. Prolonged exposure also leads to bioaccumulation, posing long-term 

ecological and health risks. It is recommended that: 

i. The MWCNTs/hydrochar composite be adopted for point-of-use water 

treatment, particularly in regions lacking centralized treatment 

infrastructure. 

ii. Continuous monitoring of River Kathita’s water quality should be 

implemented to detect seasonal variations and address contamination risks 

promptly. 

iii. Public health interventions should focus on raising awareness about the 

impacts of untreated wastewater discharge and improper waste disposal. 

Integration of such eco-friendly materials into community-level water 

purification units can significantly reduce exposure to toxic heavy metals 

and waterborne pathogens. 

 

5.4 Suggestions for Further Studies  

Future work ought to focus on; 

i. The behavior of the MWCNTs/hydrochar composite in real-world settings, 

inclusive of continuous flow systems and a range of pollutant concentrations.  

ii. Studies should be conducted on the ability of the adsorbent to remove other 

prevalent pollutants, such as lead, cadmium, and pharmaceutical residues.  

iii. Extended monitoring of the composite’s durability, adsorption efficiency across 

several uses, and economic viability are necessary for making the technology 

applicable at large scale. 
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APPENDICES 

Appendix  1: Pseudo First and Second Order Kinetic Data 

Time 

(min) 

Initial 

Conc. 

(mg/L) 

Ce 

(mg/L) 

qe 

(mg/g) 

qt 

(mg/g) 

qe-qt 

(mg/g) 

ln(qe-

qt) 

t/qt 

(min·g/mg) 

0 4 4 3.37 0 3.37 1.2149 N/A 

10 4 3.2724 3.2724 0.1819 3.0905 1.1283 54.98 

20 4 2.967 2.967 0.2583 2.7088 0.9965 77.44 

30 4 2.8783 2.8783 0.2804 2.5979 0.9547 106.98 

40 4 2.4698 2.4698 0.3826 2.0873 0.7358 104.56 

50 4 2.5889 2.5889 0.3528 2.2361 0.8047 141.73 
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Appendix  2: Langmuir and Freundlich Isotherm Data 

Initial Conc. 

(ppm) 
Ce (mg/L) qe (mg/g) log Ce log qe Ce/qe (g/L) 

4 0.8723 0.7819 -0.0593 -0.1068 1.116 

6 2.2757 0.9311 0.3571 -0.031 2.444 

8 5.5283 0.6179 0.7426 -0.2091 8.947 

10 5.3581 1.1605 0.729 0.0646 4.617 

 

 

 

 

 

 

 

 

 

 

 

 

 



110 

 

Appendix  3: National Commission for Science, Technology & Innovation 

(NACOSTI) Research Permit 

 


