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ABSTRACT 

Eliminating pollutants using activated carbon is one of the economic and efficient solutions to address the water 

scarcity problem. Biomass-derived nanoporous activated carbons (ACs) were prepared from Buddleja wood 

powder with phosphoric acid activation and characterized by methylene blue and iodine adsorption, Boehm 

titration, and point of zero charge. Further ACs were characterized using advanced instrumental analysis, such as 

Scanning Electron Microscopy (SEM), Raman scattering, and Fourier Transform Infrared Spectroscopy (FTIR). 

The maximum adsorption of iodine (667.0 mg/g) and methylene blue (140.84 mg/g) was observed at the ratio of 

1:2 (precursor: phosphoric acid, BWC_2.0). The optimum conditions for adsorbing methylene blue were pH 10, 

120 min contact time, adsorbent dose 1.6 g/L, and 100 mg/L methylene blue concentration.  The BWC_2.0 turned 

the black color of the river water to colorless and reduced most of the contaminants to less than 20 %. Most of the 

pollutants, such as turbidity, oxidation-reduction potential (ORP), acidity, alkalinity, hardness, sulphate, 

phosphate, nitrate, iron, and chromium, are removed by more than 70% and chloride by 61%. The results implied 

that the Buddleja wood-derived activated carbon is useful in reducing pollutants from extremely polluted river 

water. In addition to adsorption of methylene blue from synthetic water, it works efficiently in the removal of 

pollutants from natural river water.  
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INTRODUCTION    

Clean and safe water is essential for the survival of 

living organisms, including humans (Mutlu & Kurnaz, 

2017). The quality of water resources such as rivers, 

ponds, and lakes has been deteriorating continuously 

due to unmanaged urbanization and direct discharge of 

industrial effluents and untreated sewage into water 

bodies, in addition to inadequate wastewater 

treatment. The Bagmati River is one of the historically, 

culturally, hydrologically, and geographically 

significant rivers in the river system in Nepal. Recent 

studies on water quality suggested severe 

contamination in this river, particularly in the densely 

populated capital of Nepal. Current studies reported 

that the water quality of this river frequently exceeds 

the safe limits of World Health Organization (WHO) 

standards (Adhikari et al., 2024; Sharma et al., 2011). 

It was mentioned that human health may be at risk if 

contaminated river water is used. The studies suggest 

that treatment of river water is enormously important 

to protect public health and to address the scarcity of 

water. 

Commonly used techniques for the purification of 

water comprise the coagulation, precipitation, and 

flocculation stages, which employ the synthetic 

chemicals (coagulants) to remove dissolved and 

suspended harmful contaminants (Alazaiza et al., 

2022; Sathish et al., 2018). The chemical coagulants 

can remove dissolved and suspended contaminants; 

however, they are expensive, inefficient, and/or 

release excess sludge that requires further 

management (Alazaiza et al., 2022; Sathish et al., 

2018; Tsolaki & Diamadopoulos, 2010). Hence, the 

use of natural sources is an efficient and sustainable 

solution (Dias et al., 2021; Tsolaki & Diamadopoulos, 

2010). Recently, activated carbons from agricultural 

products have been used extensively in water 

treatment due to their efficient adsorbing capacity 

(Bhatnagar et al., 2013; Kakom et al., 2023). The 

adsorbing efficiency depends on surface functional 

groups and pore structure of activated carbon. The 

characteristics of pores on the surface of activated 

carbon are influenced by several factors, namely 

activation temperature, methods, duration, activating 

agent, impregnation ratio, and carbonization duration 

(Adhikari & Thapa, 2020; Hendrawan et al., 2019). 

The availability of functional groups depends on the 

constituents of the activating agents and the precursor. 

Several acids, bases, and salts are used as activating 
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agents. Among these, phosphoric acid is used as an 

activating agent in this study due to its lower toxicity, 

easy recoverability, and effective pore-developing 

capability (Megherbi et al., 2025). The low-cost 

activated carbons from agricultural waste materials 

have been the subject of research interest for water 

treatment (Kakom et al., 2023; Kuok et al., 2024). 

Buddleja asiatica, commonly known as the Asian 

butterfly bush, is a species of flowering shrub native to 

Asia, including Nepal, India, and China. It is a 

deciduous shrub abundantly found in sloping and 

forest areas in Nepal (Turin, 2003). Buddleja wood 

consists of high volatile matter and low ash, suitable 

for a precursor; there are limited studies on activated 

carbons, especially for the treatment of polluted 

natural river water.    

The novelty of this study is the use of agricultural 

waste Buddleja wood as a low-cost precursor for the 

first time to synthesize activated carbons (BWCs) 

using phosphoric acid as an activator. The objective of 

this study is to optimize the doses of phosphoric acid 

to develop porosity on the surface of the activated 

carbon and efficiently treat synthetic water containing 

dye and natural river water. To fulfill the objective, the 

most efficient activated carbon prepared using a 1:2 

ratio of precursor to activating agent (BWC_2.0) was 

utilized for the treatment of heavily polluted river 

water instead of the mostly used synthetic water. The 

results suggested that the BWC_2.0 efficiently 

reduced contaminants from extremely polluted river 

water.  

 

MATERIALS AND METHODS 

Activated Carbon from Buddleja Wood Powder 

Locally available, clean, and dried Buddleja wood 

powder was chemically activated by treating it with 

different amounts of 65% H3PO4 (an activating agent). 

After 24 hours of chemical treatment, the mixture was 

transferred to a tube furnace for carbonization in an 

inert atmosphere at 400°C for three hours. The 

carbonized mixture was crushed and sieved using a 

mesh of 400 micrometers in size, then washed with 

dilute NaOH to neutralize the acid. Buddleja wood 

activated carbons were represented by BWC_1.0, 

BWC_1.5, BWC_2.0, and BWC_4.0. The number 

indicated the weight of the phosphoric acid used in 

terms of precursor. 

Characterization of Buddleja Activated Carbons 

(BWCs) 

The porosity developed after activation of Buddleja 

wood powder was characterized using iodine and 

methylene blue adsorption (Adhikari & Thapa, 2020). 

The iodine number was calculated using the following 

equation 1.  

𝐼𝑜𝑑𝑖𝑛𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 

=
𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑖𝑜𝑑𝑖𝑛𝑒 𝑎𝑑𝑠𝑜𝑟𝑏𝑒𝑑 (𝑚𝑔)

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑎𝑐𝑡𝑖𝑣𝑎𝑡𝑒𝑑 𝑐𝑎𝑟𝑏𝑜𝑛 (𝑔)
 …  (1) 

The methylene blue number was determined using a 

multipoint adsorption isotherm.  Equation 2 was used 

to determine the quantity of methylene blue adsorbed 

by the activated carbon.  

𝑀𝐵𝑁 =  
(𝐶𝑜 − 𝐶𝑒)𝑉

𝑀
… (2) 

Where Co and Ce are the initial and equilibrium 

concentrations of methylene blue (mg/L), respectively. 

The V is the volume (L) of methylene blue, and the M 

is the mass (g) of activated carbon. 

From the isoelectric point (point of zero charge, pHzpc), 

the positive and negative charge availability on the 

surface of the activated carbon was evaluated (Sing, 

1982). From the Boehm titrations, the acidic and basic 

surface functional groups of the activated carbon were 

quantified (Boehm, 1994). The thermogravimetric 

analysis (TGA) was conducted using a STA 2500 

(Regulus, NETZSCH, Germany). The qualitative 

analysis of surface functional groups was performed 

using Fourier Transform Infrared (FTIR) spectroscopy 

(NICOLET iS20, Thermo-Fisher Scientific, Waltham, 

MA, USA). Raman scattering spectroscopy (NRS-

3100, JASCO, Tokyo, Japan) was used for the 

determination of graphitic and defective carbons 

(Adhikari et al., 2025). The surface morphology of an 

adsorbent was evaluated by Scanning Electron 

Microscope (SEM) (S-4800, Hitachi Co., Ltd., Tokyo, 

Japan) operated at 10 kV and 10 μA) (Adhikari et al., 

2025).  

Application of Activated Carbon (BWC_2.0) 

The methylene blue adsorption mechanism was 

studied using both the Langmuir and the Freundlich 

adsorption isotherms. The Langmuir adsorption model 

(linearized) is denoted as, 

𝐶𝑒

𝑞𝑒

=  
1

𝑞𝑚𝑎𝑥 𝑏
+ (

1

𝑞𝑚𝑎𝑥

) 𝐶𝑒  … (3) 

Where Ce (mg/L) is the concentration at equilibrium, 

qmax and qe are the maximum and equilibrium 

concentration of methylene blue adsorbed by one gram 

of adsorbent (mg/g), b (L/mg) is the Langmuir 

constant, calculated from Ce/qe versus Ce curve. The 

parameter b was applied in equation 2 to calculate the 

equilibrium parameter (RL) for the determination of the 

Langmuir isotherm applicability  



M. Pradhananga Adhikari, D. Suwal, N. B. Adhikari 
 

153 

 

𝑅𝐿 =  
1

1 + 𝑏𝐶𝑜

 … (2) 

The Freundlich adsorption isotherm (linearized) is 

𝑙𝑜𝑔𝑞𝑒 = 𝑙𝑜𝑔𝐾𝐹 + (
1

𝑛
) 𝑙𝑜𝑔𝐶𝑒  … (3) 

Herein, qe is x/m, x is the amount of adsorbate (mg) 

adsorbed, m is the weight of adsorbent (g), KF (mg/g) 

is the adsorption capacity, and n is the Freundlich 

adsorption intensity.  

The removal efficiency of pollutants from heavily 

polluted Bagmati River water was studied by treating 

it with Buddleja wood-derived activated carbon 

(BWC_2.0). The sample was collected from Balkhu 

(27.68N, 85.30E), one of the heavily polluted areas in 

the valley, in the winter season, following the standard 

procedure (Adhikari et al., 2024). The water quality 

parameters, such as temperature, pH, DO, oxidation-

reduction potential (ORP), turbidity, conductivity, 

total dissolved solids (TDS), and salinity were 

measured and recorded by using a portable multi-

parameter analyzer (Hi-9829, HANNA instruments, 

Woonsocket, USA)., hardness, alkalinity, and 

chloride, were determined titrimetrically, phosphate, 

sulfate, iron, and chromium ion concentrations, were 

determined using a spectrophotometer (UV/VIS 

Spectrophotometer, DRAWEL, DV8200, Chongqing, 

China) before and after treatment with activated 

carbon. Sulfate was determined from the turbidity 

method, and phosphate was determined from the 

molybdenum blue method (APHA, 2012; Lund, 2019). 

 

RESULTS AND DISCUSSION 

The proximate analysis characterized the constituents 

of precursors. It shows that Buddleja wood powder 

consists of 12.56% moisture, 68.98% volatile 

substances, 16.19% fixed carbon, and 2.27% ash. 

16.19 % of fixed carbon with a low ash content 

indicated that the precursor can be used to develop 

porous activated carbon. The thermal behaviour of 

Buddleja wood powder (BWP) was analyzed using the 

thermogravimetric (TG) curve from 25 – 800oC, as 

shown in Figure 1. The TG curve shows that until 

200oC the minimal weight loss occurred, indicating a 

lower moisture content. The major mass reduction, 

more than 60%, occurred between 200 to 400oC, 

suggesting the evaporation of organic compounds 

from Buddleja wood powder. About 5% mass 

reduction occurred between 400 to 700oC. Above 

700oC, the % mass reduction was insignificant. The 

weight loss was more clearly observed in derivative 

thermogravimetric (DTG) analysis. The small peak at 

100oC represents the weight lost due to evaporation of 

moisture. A large and broad peak between 250 and 

400oC shows the significant weight lost due to the 

degradation of cellulose and lignin, and the 

decomposition of hemicellulose (Adhikari & Thapa, 

2020; Carrier et al., 2011; Saka, 2012; Shin et al., 

1997;).  Considering the lack of peaks on the DTG 

curve above 400oC (Figure 1), phosphoric acid 

impregnated Buddleja wood powder was carbonized at 

400oC to synthesize a porous structure on the activated 

carbon. 

 

 

 

Figure 1: Thermogravimetric analysis (TGA) and 

derivative thermogravimetric (DTG) curves of Buddleja 

wood powder. 

 

The adsorption capacity is a key indicator for 

evaluating the performance of activated carbon in 

removing contaminants or pollutants from water. 

Commonly, iodine and methylene blue adsorption 

determine the adsorptive capacity of activated carbon.  

The methylene blue and iodine numbers (mg/g) are a 

relative guideline for measuring mesoporosity 

(methylene blue number) and microporosity (iodine 

number) of activated carbon (Adhikari & Thapa, 2020; 

Saka, 2012). The amount of iodine and methylene blue 

absorbed by different activated carbons was plotted in 

Figure 2. Both methylene blue and iodine numbers 

increased with an increase in phosphoric acid up to the 

1:2.0 ratio and decreased with further increase in 

phosphoric acid. The dependence of iodine and 

methylene blue adsorption on the ratio is an indication 

of the dependency of the activating agent in the 

development of pores on the surface of activated 

carbons. 
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(a) 

 

(b) 

Figure 2. (a) Iodine number, and (b) methylene blue 

number of Buddleja wood-derived activated carbons at 

different impregnation ratios 
 

 The highest value of iodine number (667 mg/g, Figure 

2a) and methylene blue number (140 mg/g, Figure 2b) 

were observed for BWC_2.0. The phosphoric acid 

reacts more extensively and completely with the 

surface of carbon at a 1:2.0 ratio of precursor to 

phosphoric acid (BWC_2.0) (Saka, 2012).  

The surface functional group is an additional factor 

that influences the adsorption capacity, as adsorption 

phenomena occur on the surface of activated carbon. 

The qualitative analysis of the functional groups was 

determined from Fourier Transform Infrared (FTIR) 

Spectroscopy (Figure 3a). The broad and intense peak 

in the 3200-3600 cm-1 range suggests the stretching 

vibrations of the OH group into intermolecular 

hydrogen bonding (Adhikari et al., 2025). The 

stretching of asymmetrical C-H was represented by the 

peak at 2916 cm-1 (Saka, 2012). The distinct peaks at 

1614 and 1069 cm-1 refer to the N-H bending (amine) 

and stretching (C-O) vibration of the carboxylate 

groups (Shin et al., 1997). The quantitative analysis of 

acidic (lactonic, carboxylic, and phenolic) and basic 

functional groups of BWC_2.0 was carried out using 

Boehm titration (Boehm, 1994). BWC_2.0 consists of 

carboxylic (0.225 mmole/g), lactonic (0.450 

mmole/g), and phenolic (1.274 mmole/g) groups 

(Table 1).  
 

Table 1: Functional group concentration and point of 

zero charge of BWC_2.0. 

Parameter BWC_2.0 

Phenolic group (mmole/g) 1.274 

Lactonic group (mmole/g) 0.450 

Carboxylic group (mmole/g) 0.225 

Basic group (mmole/g) 0.162 

pHpzc 6.85 

 

The basic functional group observed was about 0.162 

mmol/g in BWC_2.0. The concentration of phenolic 

groups was a maximum among the acid group, which 

is consistent with the intense peak of the OH functional 

group observed in the FTIR spectra. The small but 

similar peaks of carboxylic and amino groups in the 

spectrum were verified by the comparable 

concentration of carboxylic and basic groups from the 

Boehm titration. The FTIR spectrum and Boehm 

titration indicated the presence of carboxylic and 

hydroxyl groups on the surface of BWC_2.0, which 

will be applicable to remove contaminants from water. 

These carboxyl and hydroxyl groups interact with 

positively charged ions, whereas amino groups interact 

with negatively charged ions from polluted river water 

during treatments (Pereira et al., 2003). The point of 

zero charge (pHzpc, Figure 3b) also gives information 

about the surface charge of the activated carbon 

(Adhikari et al., 2025). When the pH is less than pHzpc, 

the protonation of surface functional groups occurs, 

and the surface becomes positively charged. At a pH 

higher than the pHzpc value, due to deprotonation of the 

surface functional groups, the surface becomes 

negatively charged. The pHpzc value (6.85) indicated 

that when the pH is lower than 6.85, the positively 

charged surface adsorbs negatively charged anions 

electrostatically. When the pH is higher than 6.85, the 

surface is negatively charged and adsorbs cations 

(Sing, 1982).  

The various structural forms of carbon were studied by 

using Raman spectra. The intensity, position, and 

width of the peaks give information on the structural 

properties of carbon. The amorphous carbon usually 

shows broad peaks at around 1614 and 1360 cm-1, 

representing first-order Raman spectra. These peaks 

are the characteristic peaks of disordered carbon (D) 

and graphitic carbon (G). The Raman spectra of BWCs 

showed the D and G bands at 1380 and 1597 cm-1, 

respectively (Figure 3c) (Adhikari et al., 2025; Vali et 



M. Pradhananga Adhikari, D. Suwal, N. B. Adhikari 
 

155 

 

al., 2024). The intensity ratio of G and D bands in 

BWC_2.0 was 1.23. The intensity ratio (IG/ID) 

describes the structural disorder, the size of sp² 

clusters, and the ratio of sp³ to sp³ bonding in 

hydrogenated amorphous carbons (Vali et al., 2024).  

The G-band is related to the sp2 bond stretching in 

chains and rings, and the D-band is related to the sp2 

atoms in rings. The peak of the D band suggests the 

defect in activated carbon, and the peak of the G band 

suggests the graphitic structure (Pradhananga et al., 

2017; Vali et al., 2024). The ratio of IG/ID (1.23) in the 

Raman spectra of BWC_2.0 suggests that defects were 

introduced during the activation process (Adhikari et 

al., 2025; Vali et al., 2024). The broad peak suggests 

amorphous particles and a high value of the ratio IG/ID, 

i.e., a small D band, indicates the introduction of fewer 

defects during activation and carbonization (Yuan et 

al., 2025). 

(a) 

(b)  

(c)

 

 

Figure 3. (a) FTIR (b) point of zero charge (pHpzc) and (c) Raman spectra of BWC-2.0. 

The SEM images of BWC_2.0 captured at varying 

magnifications are shown in Figure 4. Laminar 

structures with irregular sizes are observed in Figure 

4a, indicating the amorphous activated carbon. Figure 

4b and 4c show granular particles with different shapes 

and sizes containing pores with sizes less than 1 µm, 

which is quite expected as the materials were prepared 

by H3PO4 activation of precursors without using any 

templates.  
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(a)  (b) 

(c)  (d) 

 

Figure 4: (a-d) SEM images of phosphoric acid impregnated Buddleja wood activated carbon (BWC_2.0), at different 

magnifications 

High-resolution SEM images show that the H3PO4 can 

remove moisture and volatile organic components 

from the precursor during the carbonization, which 

develops disorderly arranged micro-pores and 

mesopores (Figure 4d).  The SEM images suggested 

that the phosphoric acid reacted perfectly with the 

precursor to induce nanopores on the surface of 

activated carbon, useful for adsorbing pollutants from 

water by enhancing specific surface area and 

adsorption sites.  

Dye Adsorption Isotherms  

The adsorption capacity of the BWC_2.0 was analyzed 

by treating a synthetic methylene blue solution under 

different conditions (Figure 5). The time required to 

attain equilibrium of methylene blue adsorption was 

analyzed by measuring the adsorption percentage at 

different times (Figure 5a). More than 70% was 

adsorbed within 20 minutes, and the adsorption rate 

increased with time, reaching equilibrium by 

adsorbing 100% of the methylene blue within 2 hours 

(Figure 5a). This suggests 2 hours of contact time is 

required for the 100% adsorption of methylene blue 

from aqueous solution. The dependency of methylene 

blue adsorption on pH is shown in Figure 5b. The 

adsorption percentage was low at acidic pH, and it 

increased with increasing pH. Almost 100% of 

methylene blue was adsorbed at basic pH. As indicated 

by the pHpzc, the activated carbon was positively 

charged below pH 6.85 due to protonation. At low pH, 

the cationic dye must compete with high 

concentrations of H+ ions to form bonds with the 

surface-active sites. At high pH, the activated carbon 

was negatively charged and efficiently adsorbs the 

positively charged methylene blue, thereby removing 

100% of it (Pradhananga et al., 2017).  

 

 

2 µm 

80nm 200n

m 

20 µm 
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(a)  (b)  

(c)  (d)  

Figure 5: Dependence of methylene blue dye adsorption on (a) contact time, (b) pH, (c) concentration of methylene 

blue, and (d) dose of activated carbon 

The adsorbing capacity of BWC-2.0 was determined 

by varying the concentration of methylene blue 

(Figure 5c). BWC-2.0 can remove almost completely 

(100%) up to 100 mg/L of methylene blue. Increasing 

the initial concentration, the adsorption percentage 

reduced to nearly 70% at 300 mg/L. Initially, the 

methylene blue adsorption capacity was high because 

there was a large availability of adsorption sites. As the 

concentration increased, the active sites of the 

adsorbate became occupied, resulting in a decrease in 

the adsorption percentage. The optimum amount of 

activated carbon required to remove 100 mg/L of 

methylene blue was studied by increasing the 

adsorbent dose from 0.5 to 2.5 g/L (Figure 5d). At low 

doses, the removal percentage was less than 90%. 

Further increasing the dose to 1.6 g/L, methylene blue 

was removed by 100%, suggesting 1.6 g/L was the 

optimum dose required to remove 100 mg/L of 

methylene blue.  

The adsorption isotherm was studied by plotting linear 

and nonlinear curves (Figure 6). The qe versus Ce plot 

shows an L-shaped curve (Figure 6a). Initially, the 

adsorption increases linearly due to the availability of 

vacant sites on the surface of activated carbon. 

Adsorption remains almost constant at high 

concentration, due to the saturation of adsorption sites, 

suggesting monolayer adsorption (Dimbo et al., 2024). 

(a) (b) (c) 

 

Figure 6: (a) Non-linear curve and linearized curve of (b) Langmuir and (c) Freundlich isotherms for methylene blue 

adsorption by BWC_2.0 
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Table 2: The Langmuir and the Freundlich parameters  

Langmuir Freundlich  

qmax = 133.33 mg/g 

 b = 0.157 L/mg 

R2 = 0.988 

KF = 37.14 mg/g 

n = 3.45 

1/n = 0.29 

R2 = 0.934 

 

From the linearized Langmuir and the Freundlich 

isotherms, the adsorption capacity of BWC-2.0 was 

determined (Figure 6b and 6c). A linear relationship 

between Ce and Ce/qe with a coefficient of 

determination, R2, of 0.988 was observed (Figure 6b, 

Table 2). The maximum adsorption of methylene blue 

was 133.33 mg/g, and the Langmuir constant, b, was 

0.157 (Table 2). The excellent correlation suggests 

homogeneous monolayer adsorption of methylene 

blue (Adhikari & Bhatt, 2022). The Langmuir constant 

(0 < 0.157 <1) suggested that this model is suitable for 

methylene blue adsorption. The Freundlich adsorption 

(Figure 6b) was represented by the linear relation of 

logqe and logCe with a coefficient of determination, R2 

of 0.934 (Table 2). The R2 value for the Freundlich 

model was lower than that for the Langmuir model, 

which suggests the Langmuir isotherm model is more 

suitable for methylene blue adsorption on the 

BWC_2.0 activated carbon, i.e., there was ionic 

bonding between the negatively charged activated 

carbon and positively charged methylene blue (Amiri 

et al., 2018).  The qmax (133.33 mg/g) from the 

Langmuir model was comparable to the calculated qe 

(140.84 mg/g, Figure 2b). The maximum methylene 

blue adsorption capacity obtained from the Langmuir 

model was 133.33 mg/g, which is higher than 86.207 

mg/g for Spathodea campanulata (Dimbo et al., 2024) 

and 19.09 mg/g for apricot stone-derived (Kavci et al., 

2021) activated carbon though it was lower than 312.5 

mg/g of gram horse activated carbon (Adhikari & 

Bhatt, 2022). 

Remediation of Polluted River Water 

The direct discharge of effluent from households, 

industries, agricultural areas, etc., is continuously 

deteriorating river water in the core city area. Previous 

studies (Adhikari & Bhatt, 2022; Adhikari et al., 2024; 

Mishra et al., 2017; Sharma et al., 2021) on the 

Bagmati River water concluded that the values of 

water quality parameters surpassed the WHO standard, 

suggesting the need for treatment of the river water 

before its use. The efficiency of BWC_2.0 was 

analyzed by treating Bagmati River water with it. The 

physicochemical characteristics of river water before 

and after treatment were tabulated in Table 3. The 

photographs of water before and after treatment are 

shown in Figure 7.  

 

 

 

Figure 7: Photograph of water sample before (left) and 

after (right) treatment. 

 

The sample water was black, but after treatment with 

BWC_2, it turned colorless, showing efficient removal 

of pollutants from the river water. Similarly, turbidity 

was 333 FNU before treatment and reduced to 13.7 

FNU after treatment, which supports the color of the 

water (Figure 7).    

 

Table 3: The concentrations of different parameters of river water 

 Parameters Before treatment After 

treatment 

WHO limit 

(WHO, 2011) 

Removal 

(%) 

Color  black Colorless Colorless  

Turbidity (FNU) 333 13.7 <4 95.89 

ORP (mV) -214 75.9 - 135.47 

Acidity (mg/L) 112.5 30.5 500 72.89 

Alkalinity (mg/L) 360 55.5 200 84.58 

pH 7.4 8.85 6.5-8.5 -19.59 
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Hardness (mg/L) 910 92 500 89.89 

Conductivity (µS/cm) 823 775 1500 5.83 

Sulfate (mg/L) 35.04 5.88 300 83.22 

Phosphate (mg/L) 13.45 3.02 0.1 77.55 

Nitrate ions (mg/L) 112.34 26.85 50 76.1 

Chloride ions (mg/L) 188.15 72.775 <5 61.32 

Iron (mg/L) 1.149 0.298 0.3 74.06 

Chromium (mg/L) 1.716 0.231 0.05 86.54 

The oxidation-reduction potential (ORP) indicates the 

ability to reduce pollutants. A high ORP value 

indicates the water contains a high concentration of 

dissolved oxygen required for bacteria to decompose 

dead cells and contaminants, hence removing 

pollutants from the water. Before treatments, the 

negative value of ORP (-214mV) indicated that there 

were excessive contaminants in the river water, 

causing an oxygen deficiency.  Water containing low 

oxygen is unable to decompose contaminants and dead 

cells; hence, there is a lack of self-purification. The 

observed ORP was positive and very high (75.9 mV). 

This suggests that the BWC_2.0 removes not only 

suspended particles but also reduces contaminants 

from polluted water, hence enhancing dissolved 

oxygen. The chemical parameters, hardness, acidity, 

and alkalinity, sulfate, phosphate, nitrate, and 

chromate (chromium) ions were reduced from 70 to 

90% by BWC_2.0 (Table 3) (Amosa, 2016; Kannan & 

Mani, 2014; Mkilima et al., 2024).  Although the 

percentage removal of turbidity, phosphate, chloride, 

and chromium ions was high, the values still exceeded 

the WHO-recommended standard. The presence of 

extremely high concentrations of pollutants saturated 

the available adsorption sites, and was unable to 

reduce all water quality parameters to below the 

recommended value. The chloride ion and iron were 

reduced up to 61.32% and 74.06 %, respectively.  The 

conductivity of the river water was reduced by only 

5.83% from 823 to 775 µS/cm, and pH was increased 

from 7.4 to 8.85 after treatment. The point of zero 

charge of BWC_2.0 was 6.85 (Table 1), i.e., the 

surface of activated carbon will be negatively charged 

at pH higher than 6.85, and the negatively charged 

activated carbon can adsorb cations from aqueous 

solution. The activated carbon also reduced negatively 

charged contaminants from water after treatment. This 

may be due to the ion exchange mechanism, which 

releases hydroxide ions during interactions. The 

increase in pH after treatment is indicated by a 

negative value (-19.59) of % removal (Table 1), which 

may be due to the adsorption of cations, including H+ 

ions, and the discharge of hydroxide ions, which 

increase pH and a small decrease in conductivity after 

treatment (Bhatangar et al., 2013). The 84.58% 

reduction in alkalinity but only 5.83 % reduction in 

conductivity, with an increase in pH attributed to the 

adsorption of carbonate and bicarbonate ions, and 

release of OH- ions after treatments with BWC_2.0. 

Most of the concentration of water quality parameters 

exceeded the WHO standard (WHO, 2011) before 

being treated with BWC_2.0; the values were reduced 

within the WHO-recommended limit after treatment. 

As indicated by Boehm titration, the acidic and basic 

functional groups of the activated carbon efficiently 

adsorb oppositely charged particles from river water 

(Adhikari & Bhatt, 2022; Amosa, 2016; Shi & Yao, 

2011). The huge reduction of contaminants suggested 

that Buddleja wood activated carbon can be an 

effective application for the remediation of heavily 

polluted river water. 

CONCLUSIONS 

Buddleja wood activated carbons (BWCs) were 

prepared by activating with phosphoric acid. The pore 

size was quantitatively analysed from iodine and 

methylene blue numbers. The FTIR and Boehm 

titration suggested that phosphoric acid generated 

acidic and basic groups on the surface of activated 

carbon to adsorb anions and cations from aqueous 

solutions. The SEM images show amorphous particles 

of various sizes and shapes of activated carbon. The 

macro, meso, and micropores of different shapes and 

sizes of activated carbon adsorb foreign particles. The 

highest iodine (667 mg/g) and methylene blue (140 

mg/g) numbers were found for activated carbons 

prepared with phosphoric acid to precursor ratio of 

1:2.0 (BWC_2.0). The adsorption isotherms suggested 

that surface charges are responsible for the chemical 

adsorption of methylene blue following the Langmuir 

model. The physicochemical quality parameterization 

suggested that concentrations of most of the 

parameters exceeded the WHO-recommended values; 

however, after treatment with BWC_2.0, 
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contaminants, such as turbidity, ORP, acidity, 

alkalinity, hardness, sulphate, phosphate, nitrate, iron, 

and chromium, were reduced by more than 70%, 

though the values of turbidity, phosphate, chloride and 

chromium ions are still exceeded the WHO-

recommended limits. Based on all the results, activated 

carbon from Buddleja wood can be used as an efficient 

adsorbent to reduce pollutants from extremely polluted 

water.   
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