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Objective: Poor treatment of drinking water before distribution leads to the consumption of contaminants 

causing water borne type of ailments due to the presence of the pathogens and cancer related illnesses as 

result of the presence of dyes. This research focused on the development of new organoclay based 

composite that serves as both antibacterial and dye removing agent for the treatment of microbial and dyes 

contaminated water from the source. 

Material and Methods: The cation exchange capacity (CEC) of the kaolinite was improved through acid 

treatment. Chlorhexidine- loaded zinc- kaolinite was prepared via adsorption of chlorhexidine acetate (0.5 

mmol/L) on zinc-kaolinite. The composites were characterized using Field Emission Scanning Electron 

Microscopy (FESEM) and Energy Dispersive X-ray (EDX). The antibacterial assays of the composites 

were conducted against Staphylococcus aureus (S. aureus) and Salmonella typhi (S. typhi) using disc 

diffusion technique (DDT), minimum inhibitory concentration (MIC), and minimum bactericidal 

concentration (MBC).  

Results: The CEC value of the acid treated kaolinite (Kaot2) was improved from 9.26 + 0.82 to 13.43+1.61 

meq/100g, the morphology of the composite remains intact and indicate the presence of Zinc (Zn) after 

formulation. The target composite (Chx-Zn-Kaot2) shows its effectiveness against S. aureus and S. typhi 

showing the inhibition zones of 26 mm and 1.5 mm respectively. Similarly, MIC, with 120 mg/mL inhibit 

both organisms while MBC revealed that the target composite, 60 mg/mL kills S. aureus and 120 mg/mL 

kills S. typhi respectively. The dye removal efficiency of the target composite is concentration dependent 

at the highest concentration can remove up to 83.79% and 91.75% of both CR and MB dyes respectively.   

Conclusion: The formulated target composite is a good candidate for the treatment of drinking water 

contaminated with such microorganisms and can be able to remove substantial content of dyes. 
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Materials and Method 

Acid Activation Procedure of Kaolinite 

 

Determination of Cation Exchange Capacity 

(C.E.C) Value 

⸫

⸫

 

Preparation of the composite 

 

Field Emission Scanning Electron Microscopy 

(FESEM) and Energy Dispersive X-ray (EDX) 

procedure 

 

Antibacterial assay  
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Disc Diffusion Techniques (DDT) 

 

Minimum Inhibition Concentration (MIC) and 

Minimum Bactericide Concentration (MBC)  

Results  

 

Kao = raw kaolinite, Kao-t2 = Acid treated kaolinite  
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EAC (mg/mL)  = 𝑉(𝐶𝑜 − 𝐶𝑒)/𝑚  … (1) as in [41] 

% Removal efficiency = 100 −
𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑡𝑒𝑠𝑡

𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑐𝑜𝑛𝑡𝑟𝑜𝑙
 × 100  … (2) 

EAC = Equivalent Adsorption Capacity (mg/ml), V = volume of the dye concentration used, Co = Initial 

concentration, Ce = Final concentration after 120 minutes  [39]

Discussion 

Devising a good process of water treatment for the 

well-being of the community is paramount 

important. The poor treatment of the drinking water 

leads to many diseases associated with their 

contamination. In this study, the target composite 

was formed and it shows an excellent efficiency in 

killing the bacteria and dye removing effect.  

The table 1, indicated the increase in cation 

exchange capacity of the kaolinite after being treated 

with1.0 M of sulphuric acid, as such the composite 

can interact with cations substances weither organic 

or inorganic with the clay materials as reported by 

Wang et al., [12] due to the increase in surface 

charges. This probes the report by Provis, [31], 

whose reported that treatment of clay with alkali 

improve the adsorption capacity of the natural clay. 

Also report revealed that acid causes leaching on the 

clay surface thereby increasing surface area [35] 

FESEM linked with EDX as in figure 2; is the 

standard analytical method use to investigate 

elemental composition of a given material and 

provide more details in terms internal morphology 

which possess the magnification power of 

approximately 30,000 times [32]. Thus, this study, 

FESEM revealed the morphological features of the 

composites before and after chlorhexidine was 

added. Figures 1 and 2, show the micrographic 

image together with the corresponding EDX spectra 

of these modified composites indicating the zinc 

ions remain linked to the treated clay. In all the 

images, acids treated and modified clay appeared to 

have the same morphology. Therefore, these results 

proved that structural framework of the composites 

remain intact prior to addition of chlorhexidine as 

well as after the incorporation and EDX was used in 

detecting the presence of metal ions in the samples 

[32]. Aluminum (Al) and silicate (SiO4) are the 

major components of the kaolinite. These spectra 

proved that the element zinc ion are effectively 

adsorbed on to the kaolinite studied and remain 

available after incorporating chlorhexidine. showing 

low intensity of the peak signifies the low zinc 

content used in this process; therefore, its loading on 

the kaolinite structural framework is expected to be 

low. A report was revealed that untreated kaolinite 

did not apparently adsorbed metal ion prior to acid 

treatment [32]. 

 The above result of antibacterial effect in figure 3, 

indicate the effectiveness of this composite as 
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antibacterial agent against S. aureus and S. typhi that 

are often found in the contaminated water in which 

the later known to cause food and water borne 

related illnesses. Kaolinite itself has no charge 

naturally, but during the process to obtain the part of 

it, the charges generated due to the broken edges 

making it to have negatively charged edges and 

surfaces. The charges generated are not many but a 

lots of processes show that the charges can be 

enhance upon treatment with chemicals such as acid, 

alkali and other organic solvents. Many finding 

including this, proved that kaolinite has no 

antimicrobial effect but intercalating it with the 

chlorhexidine acetate and zinc in the composition 

proves the composition is a good antibacterial agent. 

In the composition, both zinc and chlorhexidine are 

positively charged inorganic and organic materials 

thus, making them attractable to the negatively 

charged kaolinite. During the action in an aquatic 

environment, there would be a dissociation to have 

a freely zinc ions and chlorhexidine which 

eventually attract the microbial cellular wall. 

Chlorhexidine is known to destruct the cell wall of 

the microorganisms and generation of oxygen 

reactive species leading to the puncture of the 

cytoplasmic membrane hence, the leakaging of 

cytoplasmic content. The zinc also induces the 

generation of oxygen reactive species but in some 

bacterial species unlike the chlorhexidine, but their 

combination might provide the synergistic effect in 

killing the microorganisms as shown in the figure 3 

(b), in which the zone of inhibition was high 

compared to the one without zinc. However, the 

presence of chlorhexidine and zinc in a content 

when consume to cause any side effect have not 

been established. In the case of zinc, recently, 

Aliabadi et al., [33]), reported that zinc complexes 

indicated a stronger antimicrobial effect against S. 

aureus and S. epidermidis. Similarly, microcapsules 

of encapsulated chlorhexidine acetate coated with 

silver particles exhibit a promising antibacterial 

effect for more than 30 days and this same method 

of modification can be applied to polymer film 

surface [34]. The synthesis of multifunctional 

antibacterial nanocoatings made from 

polydimethylsiloxane (PDMS) with sublimated 

chlorhexidine powder was effective against 

Escherichia coli K12, and confer no toxicity [16].   

The report in one of the findings show that related 

composite containing chlorhexidine and zinc had no 

cytotoxic effect on hela cells [28].   

The above data presented in table 5 and figure 4, 

show that this prepared composite (Chx-Zn-Kaot2) 

is an excellent candidate for removing the reference 

dyes used in this research. An appreciable 

percentage removal of dyes was an indication of 

being it as dye removal agent with an increase in the 

weight of the composite, the more the removing 

effect raised. Conversely, the equivalent adsorption 

capacity decreases upon increase in the composite 
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content. This is obvious due to the clumping nature 

of the natural clay, the more the content is increased, 

the lesser the access of the dye to the surface of the 

clay.  This finding is consistent with the finding of 

Mukherjee et al., [35], where a report emerged that 

treatment of natural clay with electrolytes enhance 

surface adsorption potential of dyes. Similarly, 

alkaline treatment of carbon from date press cake 

increases the surface area and enhances methylene 

blue adsorption [36]. Also activating carbon with 

calcium nitrate solution increases the adsorption 

capacity of the methylene up to tenth fold [37]. 

Recently, Tegin and Saka, [38], reported that 

chemical plus thermal activation of natural clay 

significantly improved the adsorption of methylene 

blue. Similarly, Unuabonah and Taubert, [39], used 

clay polymer for the successful water treatment. 

 

Conclusion 

The composite was successfully formed and 

characterized which found to have increased cation 

exchange capacity on the surface of kaolinite and 

nature of the composite was identified structurally 

and the composition showed the presence of each 

component used for its formation. The composite 

proven to perform double functions as antibacterial 

and dye adsorption effectiveness which make it to 

be a good candidate for treatment of contaminated 

water with microbes and dyes for proper hygienic 

water supply. 

Recommendations 

The following are recommended based on the 

findings

of this study:  

• The use of the formulated composite is said 

to safe as the concentration of the 

components used are not toxic. 

• When the composite is used, there is need 

for subjecting it to filtration process to 

avoid suspended particles that cannot settle 

instantly. 

• Similar work can be done for more prove. 

  

List of abbreviations 

MHB = Müller-Hinton nutrient medium; MIC = 

Minimum inhibitory concentration; MBC = 

Minimum inhibitory concentration; DDT = Disk 

diffusion technique; CEC = Cation exchange 

Capacity; FESEM = Field emission Scanning 

electron microscopy; EDX = Element dispersive x-

ray; MB = Methylene blue; CR = Congo red
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