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ABSTRACT 

Availability of decontaminated and clean drinking water determines the living standard of 

individuals. Provision of clean drinking water appearing as a major problem because of increased 

population level. In this work, cost effective and energy efficient solar disinfection technique was 

applied for the disinfection of Heterotrophic bacteria. Phytochemicals were added to enhance the 

disinfection efficiency because solar light is a variable source. Sample was taken from canal water 

and exposed to sunlight in the presence of phytochemicals and viable colonies were counted after 

incubation period. Study was carried out with various concentrations of different phytochemicals 

and variable environmental conditions. Almost 70-75% efficacy of bacterial disinfection was 

achieved. 
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CHAPTER 1 

INTRODUCTION 
 

Availability of clean drinking water is the basic necessity of human health. According to 

Stockholm International Water Institute, approximately half of all hospital beds are filled by 

people suffering from water borne diseases. Increasing urbanization has exacerbate the 

contamination level in drinking water and results in water borne diseases i.e. gastroenteritis, 

cholera, dysentery, typhoid, poliomyelitis hepatitis etc. Provision of safe water is necessary for 

improving the health and quality of life and for alleviating poverty [1].Contaminated drinking 

water is one of the major issue that results in a waterborne diseases at a high extent [2], [3]. 

As ever poor are badly affected, 50% population of developing countries are facing the problem 

of contaminated water sources. According to one estimation 884 million people has no access to 

meliorated water and others are compelled to use microbiologically contaminated water that results 

in the transmission of water related diseases i.e. polio, hepatitis, typhoid and cholera. Water is the 

basic requisite for human health and value of life, but unluckily water supplies are coming under 

pressure and this scarcity is due to increase in population, overuse and consumption [3], [4] 

In Pakistan, 38.5 million people lack access to clean drinking water and its shortage is increasing 

rapidly. In remote areas safe water drinking supply is barely exist so disinfection by sunlight is 

one of the economical way to reduce the occurrence of waterborne diseases as well as it is easily 

available technique that reduces the microbial contamination load [5]. There are number of 

methods that are used  for the processing of contaminated water at domestic level in developing 

countries i.e. boiling, flocculation, filtration, or chlorination. However each treatment is associated 
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with its own shortcomings such as taste, poor microbicide efficacy or high cost. [6]. Most of the 

chemical disinfectants produces several undesirable chemicals considered as disinfection by 

products (DBPS) in water which get mixed with naturally occurring organic matter and produces 

toxic compounds so that natural herbs works as a substitute to chemical treatment [1]. 

Several researchers are in a way to enhance the efficacy of SODIS by using different compounds 

such as phytochemicals, TiO2, H2O2 and copper plus ascorbic acid [7]. 

Herbs such as Ocimum kilimandscharicum, Ocimum sanctum, Cuminum cyminum, Vetiveria 

zizanioides and Murraya Koenigii etc. have antibacterial properties against various bacteria like 

total coliform, faecal coliform, bacillus specie, Escherichia coli and serratia specie [8]. 

In that era, environmental friendly options such as ultra violet radiations (natural or artificial) plant 

extracts and combination of both can be an effective option for water disinfection at small level 

[9]. Natural source of ultra violet radiations is solar light and the disinfection by sunlight is one of 

the cost effective, energy efficient, robust and reliable household water treatment process used to 

mitigate the occurrence of waterborne illness especially to extenuate the frequency of diarrheal 

disease as it is suggested by United Nations Children’s Fund (UNICEF) [10]–[12]. 

 Solar disinfection is the most simplest and economical technique in which sample is placed in 

PET bottles which are then exposed to sunlight and that exposure reduces the pathogenic load 

significantly by solar radiations and temperature [13], [14] but the exposure time varies from 6-48 

hrs. contingent on the sunlight intensity as well as microbial contamination [15] .  
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CHAPTER 2 

LITERATURE REVIEW 

Several billion diseases and up to 10 million deaths are only caused by waterborne pathogens. 

Many waterborne enteric bacteria can be killed by heating water at 800 C for 30 sec [16]. 

HETEROTROPHIC BACTERIA: 

Heterotrophic bacteria are naturally present in human being and animal. Various types of 

heterotrophic bacteria are Aeromonas, Proteus, Enterobacter, Alcaligenese Pseudomonas, 

Citrobacter, Klebsiella, Moraxella, Flavo bacterium, Sratya and Acinetobacter (Gram negative) 

Bacillus and Micrococcus (Gram positive). Some heterotrophic bacteria are considered as 

pathogenic indicator i.e. pseudomonas which can cause severe infection to skin and lungs and 

Aeromonas cause gastrointestinal disorders [17]. 

BACTERIAL DISINFECTION METHODS: 

 Boiling (heating upto 1100 C) 

 Filtration (passing through semi-permeable membrane) 

 Flocculation (addition of chemical) 

 Chlorination (sparge chlorine) 

 Ozonation (pass ozone) 

CHEMICAL WATER DISINFECTION: 

Water disinfection by chemicals i.e. chlorine, chlorine dioxide, hypochlorous acid, hypochlorite, 

N-chloramine, hypochlorite, hydrogen per oxide, mercury, silver and copper etc., chlorine 

disinfection is a well-established technology and it is more cost effective than other chemicals but 
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chlorine residuals even at low concentration is toxic and corrosive. Similarly formation of toxic 

disinfection by-products (DBPs) associated with chlorine, mutagenic and carcinogenic effects of 

glutaraldehyde and high instability of per acetic acid have made doubts about the usage of chemical 

disinfectants [18]. 

CONVENTIONAL INTRUSIONS: 

Conventional interventions on the distribution point have been used for long time but that are not 

proved to be fulfilling the desired level so household interventions need to be focused so that safe 

drinking water can be accessed and waterborne diseases can be mitigated. According to the report 

of Clasen and Haller 2008, solar disinfection has a big advantage on other household techniques 

because of its independency on chemical dispersion, as it is required in household chlorination 

method which is slightly effective than SODIS but it leads to the production of toxic disinfection 

by-products. Sunlight has a combined effect of infrared, UV and visible energies that can 

effectively deactivate pathogenic organisms in water [19]. 

INVESTIGATION REPORT: 

According to one survey, 67 moderate income countries for HWT practices illustrated that 0.2% 

of surveyed homes used SODIS, compared with 5.7% adding bleach, 21.0% boiling, and 4.2% 

filtering their water [12]. 

SOLAR DISINFECTION: 

In batch-process contaminated water is placed in plastic bags, glass/plastic bottles and then 

exposed to sunlight for about 6-8 h before consumption. Optical and thermal effect of sunlight 
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results in biological disinfection and synergistic influence happens only when temperature of water 

exceeds to 450 C [16], [20]. 

KEY OPERATIONAL PARAMETERS OF SODIS: 

Experimental studies have revealed the key operating parameters that effect the SODIS process 

are: 

(i) Light intensity 

(ii) Wavelength 

(iii) Turbidity 

(iv) Temperature 

(v) Solar exposure time 

(vi) Availability of oxygen  

ROLE OF ULTRAVIOLET RADIATIONS: 

UV radiation (200–400 nm) can be categorized as UV-A (320–400 nm), UV-B (280–320 nm), and 

UV-C (200–280 nm). Ozone layer absorbs UV-C along with a proportion of the UV-B; therefore 

UV-A consider as a key driver for SODIS. UV component as well as blue end of the visible 

spectrum is accountable for biocidal act during SODIS [13]. 

The main driver of SODIS is UV-A (320-400nm) because a good amount of ultraviolet radiations 

reaches the earth surface (troposphere) although shorter wavelength UV-C has ability to direct 

damage nucleic acid by formation of thymine dimers but these wavelengths are completely 

absorbed in the earth stratosphere, along with the main stream of the sun UV-B radiation [5]  
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 Ultraviolet radiations of category A are not able to be absorbed by nucleic acid  but it has ability 

to inactivate microorganisms by stimulating dissolved organic carbon (DOC) in water which leads 

to the creation of reactive oxygen species (ROS) [21]. Photosensitization of molecules and 

dissolved organic matter present in water helps in the absorption of photons having wavelengths 

from 320–400 nm which accelerate photochemical reactions [22]. Reactive species such as H2O2, 

O2
.  can cause lethal harm to microorganism by distraction of the cell membrane or by attack on 

DNA and RNA [23]. 

Solar disinfection treatment involves different biocidal paths based on UV-A radiations and 

thermal inactivation. Direct exposure of UV-A accelerates destruction of cellular membrane and 

halt bacterial growth [24] also UV-A act as catalyst in the formation of ROS which reduces the 

bacterial growth although it is least effective irradiation range to mutilate bacterial DNA but its 

efficacy is verified by internal and external ROS attacks, such as protein damage, destruction of 
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nucleic acid by forming bonds with other adjacent nitrogenous bases that ultimately leads toward 

cell inactivation [25], [26]. Major attack of that ultra violet radiations is on respiratory chain and 

the cell’s ability to produce energy (ATP)  [27] but disinfection by UV-A is more than 1,000-fold 

slower than by direct impairment of UV-C  [5], [21]. Several researchers have looked for means 

to accelerate SODIS, using such compounds as phytochemicals, H2O2, TiO2 and copper plus 

ascorbic acid [28]–[33] 

ROLE OF TEMPERATURE: 

Inactivation mechanism shows independency on thermal effect up to 40o C but after that synergistic 

effect of solar and thermal energy has been observed because thermal energy assists in the 

captivation of red and infrared photons by water [22], [34]–[36]. 

Above 400C thermal stress applied to the cells that damage the cellular wall as well as protein and 

nucleic acid that leads to the bacterial death [37] this effect dominates as we increase temperature 

from 50 to 60o C [38]. 

ROUTES OF PHOTOINACTIVATION: 

Endogenous direct, endogenous indirect, and exogenous indirect are involved in the photo 

inactivation of microorganisms [39]. Endogenous direct photo inactivation causes a direct damage 

to genetic material such as microbial DNA that happens due to UV-B radiations (280-320nm) [40]. 

Indirect photo inactivation occurs either internally or externally to the cell and that involves 

electron or energy transfer to form reactive species that can cause cell death while exogenous 

indirect photo inactivation take in both the ultraviolet (UV) spectra and wavelengths extending to 

550 nm [39], [41]. 
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SODIS uses the synergistic effect of light and thermal energy when temperature rises to certain 

limit [34], [35], [42]. Water temperatures above 50 o C significantly increased the rate of bacterial 

inactivation [43] while sunlight that reaches the earth surface contains 4-6% UV domain spectrum 

[43]. 

WAYS TO ENHANCE SODIS: 

 Number of ways exist to meliorate the solar disinfection process which includes the following: 

 Design of SODIS bags 

 Use of dosimeter sensors  

 Use of semiconductor photo catalysis [13]. 

CONS AND PROS: 

SODIS has advantages over other conventional methods i.e. boiling, ozonation and chlorination 

(using sodium hypochlorite). Boiling is comparatively costly process while other chemical 

methods are likely to produce carcinogenic and mutagenic byproducts [44].  

As SODIS has advantages over other methods it has disadvantages as it require long deactivation 

time as well as that time depends on solar irradiance, small sized bottles can be treated and it also 

depends on the quality of water that is to be treated [45] but researchers are trying to implement 

that disinfection method on large scale by using continuous flow reactors [46]. 

PHYTOCHEMICALS: 

‘Phyto’ means plant so phytochemicals are plant extracts that have biologically active compounds 

and unique aroma due to which they are able to inhibit microbial growth of wide range of bacteria 
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[47]. Phytochemicals are useful to human health as they provide protection against various 

diseases through different modes of action. Thousands of phytochemicals have been discovered 

since now and it is anticipated that scientists will discover many more.  

Phytochemicals such as carvacrol, citric acid, thymol and euganol containing phenolic group that 

causes disinfection mainly by disrupting cell membrane that causes cell content leakages and 

eventually cell death. Essential oils binds to active site in an efficient manner by hydrogen bonds 

and pi-pi stacking interactions due to its hydrophobic properties [9], [48]. 

 

CHEMICAL STRUCTURES: 

 

 

 

 

 

 

 

 

 

 

TYPES 0F PHYTOCHEMICALS: 

  Different classes of phytochemicals are listed below: [9],[49]  

 Essential oils 

 Alkaloids 
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 Glycosides 

 Flavonoid 

 Phyto-estrogens 

 phytosterols 

 Phenolics 

 Tannins 

 Terpenes 

 

 

 

Compounds Class 

Citric acid Essential oils & Tannins 

Euganol Essential oils & Terpenoids 

Thymol Essential oils, Terpenoids, Phenolic 
alcohol, polyphenols & Flavones 

 

 

MODE OF ACTION OF PHYTOCHEMICALS: 

The elementary function of phytochemicals is to disrupt cellular structure by disturbing membrane 

configuration and permeability, which create hindrance in energy production, nutrient processing, 

formation of ATP, membrane transport phenomenon, synthesis of macromolecules, disruption of 

proton pumps and in other metabolic regulatory functions [50], [51]. Owing to their lipophilic nature, 

essential oils are able to penetrate through the cell wall and cytoplasmic membrane, which disturbs the 

arrangement of fatty acids , phospholipids bilayers, and polysaccharides molecules [47], [50], [51]. All 
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these events lead to the coagulation of inner cellular components in the cytoplasm and break down of the 

bonds between the lipid and protein layers [52]. 
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CHAPTER 3 

MATERIAL AND METHODS: 

APPARATUS: 

 Autoclave 

 Incubator 

 PH meter 

 Turbidity meter 

 Solar meter 

CHEMICAL: 

 R2A Agar  

 Magnesium chloride 

 Potassium hydrogen phosphate 

Agar is basically a gelatinous substance provides nutrition to microbial culture derived 

from seaweed and it is recommended for enumeration of heterotrophic bacteria especially in 

potable water.  

It consist of following components: 

 Proteose peptone 

 Yeast extract 

 Glucose 

 Starch 

https://en.wikipedia.org/wiki/Seaweed
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 Di-potassium phosphate 

 Magnesium sulphate 

 Casein hydrolysate 

 Sodium Pyruvate 

 Agar 

PROCEDURE: 

 All glass wares, solutions and distilled water that was used in experimentation were 

sterilized. 

 Samples was collected from canal than it was placed in a container for the settlement of 

debris and other large particles for about one and half hour. 

 Noted down its turbidity, pH, total dissolved solids and conductivity. If the turbidity lies 

naturally in a range of 10 to 20 NTU than it will be considered as it is but if that didn’t lie 

in that range we had to be adjusted by dilution or by using sterilized clay that was also 

collected from nearby canal water passage. 

 Performed serial dilutions to know that how much dilution is required. 
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 Three different types of phytochemicals (citric acid, euganol and thymol) were used at 

different constant concentrations whose stoke solutions were already prepared and stored 

in refrigerator. 

 After specified dilution shake all polyethylene tetra ethylate (PET) bottles vigorously that 

contain phytochemicals for about 60-80 seconds. 

 Prepared two set of samples each set containing four bottles three bottles with three 

different kind of phytochemicals while other one without any phytochemical. 

 Placed one set of bottles in sunlight while other one in dark. 

 Samples were taken on hourly basis with the help sterilized pipettes and placed in test tubes 

or veils that was filled with 9 ml solution of MgCl2 and KH2PO4 in distilled water. 

 Grabbed 0.1 ml of sample and pour it on prepared R2A agar petri dish and spread it by 

sterilized hockey stick (spread plate method). 
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 Incubate that inoculation at 200C for about seven days after that colonies were counted 

with the help of colony counter 
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METHODOLOGY: 
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CHAPTER 4 

RESULTS AND DISCUSSIONS 

 

EFFECT OF TIME ON DISINFECTION: 

 

 

Behavior of three phytochemicals i.e. Citric acid, 

euganol and thymol were studied which shows that 

citric acid has more pronounced disinfecting effect 

than others. Efficiency of disinfection almost double 

in the presence of sunlight as the intensity of 

ultraviolet radiations increases disinfection also 

increases. As the time of contact increases 

contamination load decreases.   

 

Figure 6: Intensity of light over a day 

Figure 5: Effect of time on disinfection at chemical conc. of 100 ppm 
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As the concentration of phytochemicals decreases 

bacterial disinfection also decreases but we can get 

more pronounced results at low concentration in 

sunny day that has more ultraviolet radiations that 

are main source of solar disinfection. Almost same 

solar disinfection occurs because the intensity of 

ultraviolet radiations were almost same in both 

days.  

 

 

 

 

Figure 8: Intensity of light over a day 

Figure 7: Effect of time on disinfection at chemical conc. of 75 ppm 
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In first two hours thymol and euganol had 

shown competitive behavior later on euganol 

had little bit more disinfection. Lower log 

reductions was achieved because intensity of 

sunlight was low when that experiment was 

performed.  

 
Figure 11: Effect of light on disinfection at chemical conc. of 25 ppm 

Figure 10: Intensity of light over a day 

Figure 9: Effect of light on disinfection at chemical conc. of 50 ppm 
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At reduced concentration of phytochemicals euganol and 

thymol had shown approximately identical bacterial 

inactivation reason behind it is only uncontrolled factor 

that is sunlight. Concentration of phytochemicals were 

constant in all experimental runs but the thing which can 

only vary the disinfection results is solar light.  

 

 

 

 

 

 

 

 

  

Figure 12: Intensity of Light over a day 
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COMPARISON OF DISINFECTION EFFICIENCY OF PHYTOCHEMICALS OVER A 
VARIOUS CONCENTRATION: 

 

 

 

Figure 13: Comparison of disinfection efficacy in sunlight 
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Nomenclature: CA = Citric acid, Eu = Euganol, Th = Thymol,  
D = Dark, S = Sunlight 

Figure 14: Comparison of disinfection efficacy 
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* V = 100 ml, C

To
 = 270 x 10

3
 CFU 

Figure 15: Effect of light on activity of phytochemical 
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MICROBIAL INACTIVATION KINETICS: 
 

Kinetics of decontaminated water was studied by using following mathematical expression: 

���/�� = −��� 

Where  

dNt/dt = rate of change in concentration of organisms with time 

K = inactivation rate constant 

Nt = number of organisms at time 

By integrating eq (1) 

 ����/�� = −�� 

Where  

Nt = Number of cells at zero time 

No= Number of cells at time (t) 

By rearranging equation (2), we get 

� = 1/� (�� ��/��) 

 

 

 

(1) 

(2) 
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Figure 16: Microbial inactivation kinetics at phytochemical conc. of 25 ppm in sunlight 

Figure 17: Microbial inactivation kinetics at phytochemical conc. of 25 ppm in dark 
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Figure 18: Microbial inactivation kinetics at phytochemical conc. of 50 ppm in sunlight 

Figure 19: Microbial inactivation kinetics at phytochemical conc. of 50 ppm in dark 
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Figure 20: Microbial inactivation kinetics at phytochemical conc. of 75 ppm in sunlight 

Figure 21: Microbial inactivation kinetics at phytochemical conc. of 75 ppm in dark 
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Figure 22: Microbial inactivation kinetics at phytochemical conc. of 100 ppm in sunlight 

Figure 23: Microbial inactivation kinetics at phytochemical conc. of 100 ppm in dark 
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CHAPTER 5 

CONCLUSIONS 

 Efficacy of phytochemicals was pronounced in the presence of sunlight. 

 Viability of heterotrophic bacteria declined with increase in exposure time whether the dark 

or sunlight. 

 A direct relationship between the disinfection of heterotrophic bacteria and concentration 

of phytochemical was observed.  

 Citric acid has showed more pronounced effect than other phytochemicals tested. 

 Least disinfection effects was observed in case of Thymol. 

 Process of disinfection is sophisticated in the presence of sunlight than in the dark. 

 For all tested concentrations the citric acid is most superior to all others irrespective of UV 

light presence. 

 UV light enhanced the disinfection efficiency  

 Disruption of cell membrane (composed of peptidoglycan) enhanced as the concentration 

of phytochemicals increases 

 Euganol is superior in its activity than thymol because it binds the active sites in most 

efficient manner.  
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APPENDIX 
 

 

Disinfecting chemical concentration= 25 ppm 
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Disinfecting chemical concentration= 50 ppm 
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Disinfecting chemical concentration= 75 ppm 
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Disinfecting chemical concentration = 100 ppm 
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