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Abstract— This study reports the facile microwave-assisted 

thermal preparation of novel metal-doped hybrid clay 

composite adsorbents consisting of Kaolinite clay, Carica 

papaya seeds and/or plantain peels (Musa paradisiaca) and 

ZnCl2. Fourier Transformed IR spectroscopy, X-ray 

diffraction, Scanning Electron Microscopy and Brunauer–

Emmett–Teller (BET) analysis are employed to characterize 

these composite adsorbents. The physicochemical analysis of 

these composites suggests that they act as bacteriostatic rather 

than bacteriacidal agents. This bacterostactic action is 

induced by the ZnO phase in the composites whose amount 

correlates with the efficacy of the composite. The composite 

prepared with Carica papaya (PS-HYCA) provides the best 

disinfection efficacy (when compared with composite 

prepared with Musa paradisiaca peels-PP-HYCA) against 

gram-negative enteric bacteria with a breakthrough time of 

400 and 700 min for the removal of 1.5 × 10⁶ cfu/mL S. typhi 

and V. cholerae from water respectively. At 10³ cfu/mL of 

each bacterium in solution, 2 g of both composite adsorbents 

kept the levels the bacteria in effluent solutions at zero for up 

to 24 h. Steam regeneration of 2 g of bacteria-loaded Carica 

papaya prepared composite adsorbent shows a loss of ca. 31% 

of its capacity even after the 3rd regeneration cycle of 25 h of 

service time. The composite adsorbent prepared with Carica 

papaya seeds will be useful for developing simple point-of-

use water treatment systems for water disinfection 

application. This composite adsorbent is comparatively of 

good performance and shows a relatively long hydraulic 

contact times and is expected to minimize energy intensive 

traditional treatment processes. 
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I. INTRODUCTION 

Most current outbreak of diseases in the world is caused by 

water and foodborne enteric bacteria, such as cholera (caused 

by Vibrio cholera), diarrhoea, dysentery (caused by 

Escherichia coli), food poisoning, typhoid (caused by 

Salmonella typhi). It is reported globally that no fewer than 

1.8 billion people utilize a drinking-water source polluted 

with faeces. Reports from the world health organization 

confirmed that approximately 1.8 million people die annually 

as a result of diarrheal related diseases. In Nigeria, diarrhoea 

and other water-borne diseases lead to the death of young 

children more than Human Immunodeficiency Virus (HIV), 

malaria and measle combined. About 88% of diarrhoea 

disease is attributed to unsafe water supply and hygiene. 

World Health Organization (WHO) reported that E coli 

contaminated drinking water is estimated to cause 502,000 

deaths each year. The source of infection may be attributed to 

the transportation of pathogens from manure to ground water 

by leaching and precipitation as observed by Gagliardi et al. 

Point-of-use (POU) water treatment systems find very strong 

relevance in areas hit by natural disaster and in several 

developing countries of the world where municipal water 

treatment and management is very poor. With POU systems, 

the need for chemicals and/or energy application is 

eliminated. Water disinfection processes include the 

destruction and removal of microorganisms via a number of 

techniques such as; physical processes, for example 

adsorption, distillation and filtration; biological processes; 

physicochemical processes such as flocculation or lime 

softening, chlorination and ozonation; electromagnetic 

radiation and photocatalytic processes. Chemical agents 

(such as chlorine and its compounds) are most widely used 

because of their eff ectiveness, low cost and their extra 

protection against regrowth of bacteria and pathogens which 

give it an advantage over other purifying processes. However, 

the addition of these chemicals to water can alter the taste of 

the water and also react with various constituents in natural 

water such as Dissolved Organic Matter (DOM) to form 

disinfection by-products, many of which are carcinogens. 

Also, some microorganisms are resistant to chemical 

disinfectants, in this case, high dosage of the chemical 

disinfectant will be required leading to the formation of a 

significant amount of disinfectant by-products. Recently, 

adsorption technique has been a favored method to remove 

bacteria and viruses in water because it is simple, off ers high 

efficiency, relatively cheap to operate, and the availability of 

raw materials. Furthermore, adsorption processes do not 

produce by-products unlike chemical disinfection processes 

such as chlorination. Several adsorbents have been evaluated 

for the process of adsorption, some of which include both 

conventional and non-conventional materials but over time 

nanoparticles have found wide acceptance for the removal of 

bacteria from water. However, there are now growing 

concerns about their toxicity both to man and the 

environment, especially with silver-mediated nanoparticles. 

Beyond their toxicity, there are the issues of aggregation in 

water (due to their very small sizes) and the complexity 

involved in post-treatment procedures. This has led to a 

growing need for materials with excellent treatment 

capacities, which are non-toxic, cheap and readily available. 

In considering water disinfection, the performance and cost 

of the disinfectant are important factors to consider. Current 

technologies utilizing membrane or silica-based materials are 

very expensive though very efficient. Cheap and yet highly 

efficient functional materials that can be used for the 

disinfection of very large volumes of water are, therefore, 

highly sought after. To reduce cost while retaining the 

efficiency of the material, and to overcome the shortcomings 

of metal-mediated nanoparticles, naturally available 

materials like kaolinite, Carica papaya seeds and 

Musaparadisiaca peels (plantain peels) would provide a 

sustainable source of raw materials for the development of 

bacteriostatic composites. We have previously described the 

synthesis and performance of a new composite material based 
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on a composite of kaolinite and Carica papaya seeds for water 

treatment. However, this composite material failed as a 

bactericidal or bacteriostatic agent. Its low-cost, and excellent 

water permeability (flowrate) under gravity has inspired the 

engineering of this material to suit the purpose of disinfection 

of water. In this study, bacteriostatic composites are 

developed from a combination of kaolinite, Carica papaya 

and/or plantain peels and ZnCl2 under a microwave-assisted 

thermal process. An advantage of the composite development 

process in this study is that no high pressure or additional 

(expensive) organic template is required; the microwave 

irradiation utilizes low energy, is rapid and leads to shorter 

pyrolysis time. The resulting composites show high 

efficiencies for the removal of Vibrio Cholerae and 

Salmonella typhi in water. Zinc is biocidal yet it is found in 

cells throughout the body. It is needed for the body's 

defensive (immune) system to properly work. It plays a role 

in cell division, cell growth, wound healing, and the 

breakdown of carbohydrates. Zinc is also needed for the 

senses of smell and taste. Zinc was doped into the composite 

materials utilized in this study to improve their antibacterial 

properties. 

II. MATERIALS & METHODS 

A. Materials 

Raw Kaolinite clay was obtained from Redemption City, 

Mowe, and Ogun State, Nigeria. After collection, stones, and 

other dense particles were removed from the sample. The 

sample was purified according to reported protocols. Carica 

papaya seeds and plantain peels (Musaparadisiaca) were 

sourced from several open markets in Nigeria and sun-dried. 

The dried papaya seeds and plantain peels were then crushed 

& collected into an air-tight container. Zinc chloride 

anhydrous pellets > 97% purity (Sigma-Aldrich), Sodium 

hydroxide pellets(NaOH), Hydrogen peroxide (H2O2), 

Sodium chloride (NaCl), Nutrient agar (HiMedia 

Laboratories Pvt. Ltd India), Nutrient broth (Rapids labs 

Little Bentley, Colchester UK), Thiosulfate-Citrate-Bile-

Sucrose (TCBS)Agar (Rapids Labs, Little Bentley, 

Colchester, UK), Salmonella-shigella(SS) Agar (HiMedia 

Laboratories Pvt. Ltd) were used as purchased. Thepure 

culture of the test bacteria employed in this study: V. cholera 

(ATCC 25837) and S. typhi (ATCC 13311), were obtained 

from the Department of Biological Sciences, Redeemer’s 

University, Nigeria. They were used as obtained. 

B. Metal-Doped Hybrid Clay Synthesis 

An amount of ZnCl2(3.0 g) was weighed into a 100 mL 

beaker with 2.0 geach of purified kaolinite clay and crushed 

Carica papaya seeds. The mixture was dispersed in a 10 mL 

solution of 0.1 M NaOH and stirred continuously for 24 h to 

allow for impregnation of Zn into the mixture. It was then 

transferred to the oven at 105 °C to dry. The oven dried 

mixture was then transferred into a microwave system and 

was calcined at 540 W for 10 min. The prepared material was 

then removed and washed with distilled water using a 0.45 

μm filter paper in a vacuum filtration system to a neutral pH 

of 7.0. The synthesized material was dried in an oven at 105 

°C to constant weight, packed in an airtight container and 

labelled as PS-HYCA. Similarly, the plantain peels-clay 

composite adsorbent (PP-HYCA) was prepared by mixing 

3.0 g of ZnCl2with 2.0 g each of purified kaolinite clay and 

grinded Musa paradisiacal peels in a 100 mL beaker 

containing 10 mL of 0.1 M sodium hydroxide. This mixture 

was stirred continuously for 24 h and subsequently 

transferred to an oven to dry at 105 °C. The oven dried 

mixture was then transferred to the microwave equipment and 

was calcined at540 W for 10 min. The Carica papaya-plantain 

peel-clay composite adsorbent (PS-PP-HYCA) was prepared 

by mixing 3.0 g of ZnCl2with2.0 g of purified kaolinite clay 

and 1.0 g each of ground Carica papaya seeds and plantain 

peels in a 100 mL beaker containing 10 mL of 0.1 MNaOH. 

This mixture was stirred continuously for 24 h and 

subsequently transferred to an oven to dry at 105 °C. The 

oven dried mixture was then transferred to the microwave 

equipment and was calcined at540 W for 10 min. 

C. Pathogenic Pollutant Removal 

To evaluate the efficiency of the composites for gram-

negative bacteria removal from water, commercial Eva 

drinking water produced by Coca-Cola was used as a 

standard. The water was initially cultured to investigate the 

presence of E. coli, V.Cholerae, and S. typhirespectively and 

the absence of these bacteria in the bottled water informed its 

use as a standard. The pure cultures of a standard strain of V. 

cholerae (ATCC 25837) and S. typhi (ATCC 13311) were 

grown in nutrient broth at 37 °C for 24 h to yield a cell count 

of 108cfu/mL. Quantification was carried out using the optical 

method with the use of a UV/VIS spectrophotometer at a 

wavelength of 600 nm and absorbance recorded. Afixed 

weight (2 g) of an initially sterilized Zn-doped composite 

material (2 g of composite material dispersed in 70% ethanol 

and driedto constant weight at 105 °C) was added to a 400 

mm × 10 mm column earlier sterilized in an autoclave at 121 

°C for 2 h. The column was subsequently flushed with 20 mL 

of sterile water which was allowed to run out entirely. 

Simulated contaminated water with a concentration of1.5 × 

106 

cfu/mLof the test gram-negative bacteria was allowed 

through the column containing the composite adsorbent at a 

flow rate of 8 mL/min. Effluents from the column were 

collected at specific time intervals and analyzed for the 

presence of gram-negative bacteria using the pour plate 

method. One millilitre (1 mL) from each of the test 

microorganisms samples was spread onto selective agar in 

plates The plates were then incubated at 37 °C for 24 h, and 

the number of bacteria colonies developed was counted using 

a manual bacteria counter. The Colony Forming Unit (CFU) 

perml was calculated for each sample at diff erent time 

intervals by using the following formula:cfu/mL = No. of 

colonies × Dilution factor/volume inoculated. 

Where dilution factor is the reciprocal of the dilution 

in which theplate count was taken, and Volume inoculated is 

0.5 mL. 

A yellowish-orange colour was used to identify S. 

typhi colonies and a green colour was used to identify V. 

cholerae colonies. The break-through point for the column 

studies was determined as the time for the onset of microbial 

growth for the test microorganisms. 
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D. Bacteria Viability Test 

Viability test was carried out on bacterial-loaded adsorbents 

to investigate the mechanism of removal of these gram-

negative bacteria from aqueous solutions by PS-HYCA, PP-

HYCA and PS-PP-HYCA composite adsorbents. However, 

in this study, we propose a simple method in which three 

diff erent solutions including normal saline water (0.9% 

NaCl), sterile water and nutrient broth are used with a vortex 

mixer. It is thought that the normal saline water would 

maintain the physiological fluid balance in the bacteria 

detached from the particles while the nutrient broth is meant 

to enrich any ‘injured’ bacteria present on the surface of the 

composite adsorbents and help their proliferation. All three 

solutions used were sterilized in an autoclave at 121 °C while 

test-tubes and spatulas were sterilized accordingly. Small 

quantities of bacteria-loaded composite adsorbents were 

placed in a test-tube with either 5 mL of saline water, sterile 

water or nutrient broth. 

Each solution was vortexed at 2500 rpm for 1 min 

and allowed to stand for another 1 min. The supernatants were 

collected afterwards and cultured in the selective agar to 

determine the viable bacteria in the solution. 

E. Regeneration 

Gram-negative enteric bacteria spent adsorbent was 

regenerated using Autoclave heating equipment. The 

exhausted or spent adsorbent was wrapped in aluminum foil 

and placed inside an autoclave machine for 15 min at 121 °C, 

after which the adsorbent was dried in an oven at105 °C and 

ready for reuse according the method described in Section2.4. 

III. RESULTS & DISCUSSIONS 

A. Physicochemical Analysis 

1) Fourier Transform Infrared Spectroscopy & X-Ray 

Diff raction 

Plantain peel and carica papaya represents the Fourier 

Transformed Infrared (FTIR) spectra for plantain peel and 

Caricapapaya seeds. The broad band at 3418 cm−1for both 

biomasses suggest the presence of an eOeH/eNeH overlap 

stretching vibration while the peak at ∼2937 and 2843 

cm−1indicates the presence of anCeH stretch of methyl and 

methylene. The peak at ∼2361 cm−1in plantain peel shows the 

presence of eCeO bonds. There is a stretch at 1710 cm−1in the 

Carica papaya seeds which is absent in plantain peel. The 

very strong peaks at 1624 cm−1for plantain peel and1656 

cm−1for Carica papaya seeds are the β- and α-sheets of amide 

band I of the protein. The region from 1500 cm−1shows peaks 

for amide band II of protein for both biomasses. The FTIR 

results indicate that both biomasses contain protein and 

carbohydrate as well as some amount of cellulose. 

2) Electron Density Mapping & Microanalysis 

The electron map image for PP-HYCA composite adsorbent 

indicates the presence of Fe, K, Cl, and Zn. While that of PS-

HYCA composite shows the presence of S, Cl, K, Ca, Fe and 

Zn. The analysis of PS-PP-HYCA composite signifies the 

presence of Mg, P, K, Ca, Fe and Zn. All three composites 

also show the existence of O, Si and Al in them which are 

essential components of clay (result not shown).The source 

of Zn and Cl is the ZnCl2used as the activating agent for the 

preparation of the composites; Fe and K constitute part of the 

chemical composition of plantain peels; Mg and P found in 

the PS-PP-HYCA composite are from Carica papaya seeds 

and plantain peels. It is observed that Zn is uniformly 

distributed on the surface of PS-HYCA and PP-HYCA 

composites but is concentrated only a few spots on PS-PP-

HYCA composite surface. Results from microanalysis 

suggest that the presence of Zn in all composite materials is 

significant and is a prominent component within the 

composites. 

3) Surface Area Analysis 

The surface areas of these composites are more than 10 times 

that of kaolinite which was previously measured to be≈9m2/g. 

Both elemental mapping analysis and SEM images support 

the fact that the removal mechanism of these enteric bacteria 

is by surface interaction and not via the pore of these 

composites since the pore sizes of PP-HYCA, PS-HYCA and 

PP-S-HYCA composites adsorbents are2.82 nm, 3.20 nm and 

3.07 nm respectively which are quite smaller than the sizes of 

any of these enteric bacteria which are in the micrometer 

range –S. typhi: 0.7–1.5 μm by 2.0–5.0 μm; and V. 

cholerae:5–8μm by 1.4–2.6 μm. From this study and as earlier 

mentioned, it is understood that ZnOis the major site for 

interaction between the composite and the bacteria. ZnO 

could act either as a bactericidal or bacteriostatic agent. In the 

former situation, ZnO neutralizes the bacterial surface 

potential resulting in electron-hole pair generation that 

enhances the production of reactive oxygen species (ROS) 

that inactivates and kill the bacteria. With steam regeneration 

method, it was observed that the capacity of PS-HYCA 

composite adsorbent apparently decreased with subsequent 

regeneration such that after the 1st, 2nd, and 3rd regeneration 

cycles PS-HYCA composite adsorbent had a breakthrough 

time of 540 min (with 4.32 L of treated water produced), 540 

min (4.32 L of treated water produced) and 480 min (3.84 L 

of treated water produced)respectively. 

IV. CONCLUSION 

As for our discussion we had come to conclusion that by non-

metal doping by bacteriostatic we can save a very large 

amount of water from infection every year. 
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