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Abstract

The World Health Organization (WHO) has acknowledged solar disinfection (SODIS) as a low-cost, efficient,
sustainable, and simple approach for getting rid of certain germs in drinking water. According to studies, SODIS'
primary drawbacks are longer exposure times (>6h), inefficiency in the monsoon and winter months, and the
regeneration of microorganisms following treatment. To get around these restrictions, this study used test water and
drinking water collected from restaurants, slums, and household areas in accordance with the WHO protocol during the
monsoon and winter seasons in Bangladesh's subtropical climate to evaluate the performance of a modified SODIS with
a photo catalyst (H20.). Regression analysis was also carried out to forecast the rate of bacterial disinfection utilizing the
modified SODIS with H>O,. The WHO protocol was followed in the preparation of two different test waters. Reactors
with a 500 ml capacity made of polyethylene terephthalate (PET) bottles and plastic bags were used for the SODIS
experiment. In order to each PET or plastic bag (PB), 5 cc of H>O, was added. Six PET or PB with test water or collected
drinking water samples were utilized in each batch, and they were exposed to sunlight using a made-up SODIS chamber
for six hours during the monsoon season (June—October, 2022) and the winter season (November—February, 2023)
respectively. The physicochemical and bacteriological water quality parameters were measured prior to the SODIS
experiment. Along with bacteriological characteristics like Escherichia coli (E. coli) tests, physicochemical parameters
including dissolved oxygen (DO), electrical conductivity (EC), pH, turbidity, and water temperature were evaluated in
every test. One sample was taken for physicochemical and bacterial analysis during each hour of the SODIS experiment,
and the sun irradiance was measured every 1 min. To test the microbes' potential for regrowth, the SODIS-treated water
was left at room temperature in the dark for 12 and 24 hours after being treated for 6 hours. To test the improved SODIS,
drinking water samples were also taken from Dhaka City eateries, slums, and residential establishments. The variations
in the physicochemical parameters before and after SODIS demonstrated that there were no notable changes other than in
the EC values. The effectiveness of modified SODIS with H202 shows that the PET bottle only needed 2 hours to
inactivate germs, while PB only needed one hour during the monsoon season to obtain a 6.7 log reduction value (LRV).
However, during the winter, it took 2 hours for bacteria in a PET bottle and PB to become inactive, resulting in a 5.49
LRV. After the 12 and 24 hours post-SODIS periods in the monsoon and winter seasons, respectively, there was no
regrowth. Based on microbial inactivation (LRV >4), SODIS with H202 was deemed to be "Highly Protective" in
performance. With an R2 value of 0.95-0.98, the Weibull bacterial inactivation model matches the data of PET bottles
and PB in the monsoon and winter seasons well. The minimum and maximum safe exposure times for achieving the four
LRV were 1 and 2 hours, respectively. Regression analysis showed that PB (TW-1) with an R2 value of 0.79 (79%),
where the equation coefficients are turbidity, water temperature, solar irradiation, and DO, had the highest degree of
accuracy. According to regression analysis, the rate of disinfection increased with rising water temperature, solar
irradiation, and DO and reduced with rising turbidity. The statistical analysis findings from the regression analysis also
showed how well the model suited the data from this investigation. Drinking water samples were taken from eateries,
slums, and residential areas. The findings of the water parameter tests show that the majority of the water was
microbially contaminated and included iron. The application of the modified SODIS with H202 in comparison to the
traditional SODIS shows that the modified SODIS functions better and does not experience regrowth. The findings of



this investigation are consistent with the literature on SODIS for inactivating bacteria. If properly promoted, SODIS has
the potential to be a viable technology for drinking safe water and giving access to water in water-stressed parts of
Bangladesh and other developing countries. The findings of this study will enable people in Bangladesh and other

developing nations to recognize the usefulness of SODIS and use it for potable water.

Keywords: Solar Radiation, UV-A, SODIS, HWT , Low-Cost, Drinking Water, Poverty, LRV, E.Coli
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1 Introduction

In 2022, the world's population is projected to reach 8 billion, providing significant issues for water
shortages and access to drinkable water on a worldwide scale (UN, 2022). Out of 8 billion people, more
than 2 billion live in countries with water scarcity, and 785 million people lack access to a basic and safe
water supply (UNICEF and WHO, 2022a). These concerns demand immediate attention. Although the
Sustainable Development Goal 6.1 of the United Nations intends to provide universal and equitable access
to safe and affordable drinking water for all by 2030, pandemics, climate change, and overpopulation are
preventing it from being achieved. Cholera, diarrhoea, dysentery, hepatitis A, polio, and typhoid are just a
few of the water-borne illnesses that are brought on by unsafe drinking water. Only diarrhoea alone causes
829,000 global fatalities, 90% of which are children under the age of five. Furthermore, a whopping 2 billion
people worldwide consume feces-tainted water, the majority of whom reside in developing nations,
particularly those with low incomes (WHO, 2022a). The population of these nations is compelled to rely on
highly microbial contaminated water from shallow wells, lakes, rivers, and springs due to the inadequacy of
conventional drinking water treatment and delivery networks (Chaque et al., 2021). It is possible to address
this problem by promoting Household Water Treatment (HWT) solutions that are reasonable in cost, simple
to use, and sustainable (Hunter, 2009; Meierhofer and Landolt, 2009). There are many HWT interventions
available, including filtering, UV disinfection, chemical disinfection, chlorination, and solar disinfection
(SODIS). According to numerous studies conducted in underdeveloped nations (Brockliss et al., 2022;
Figueredo-Fernandez et al., 2017; McGuigan et al., 2012; WHO, 2011), SODIS is a simple, low-cost, and

sustainable intervention.

Water is simply placed in a clean PET bottle, plastic bag, or transparent glass, shaken to increase dissolved
oxygen (DO), and exposed to direct sunlight for 6 hours on a sunny day; on a cloudy day, it may take 48 or
2 days to completely inactivate microorganisms (Meierhofer and Wegelin, 2002; Oates et al., 2003;
McGuigan et al., 2012; Karim et al., 2021). According to McGuigan et al. (2012) and Meierhofer and
Wegelin (2002), sun irradiation and water temperatures above 45°C have a powerful synergistic effect that
causes microbial inactivation. Microorganisms' deoxyribonucleic acid (DNA) or ribonucleic acid (RNA) is
directly absorbed by UVB light (280-320 nm), which inactivates them (Mbonimpa et al., 2012). Indirect
inactivation of 70% is caused by reactive oxygen species (ROS), which are produced as a result of the
absorption of visible and UVA light (>320 nm) by endogenous chromophores acting as sensitizers

(CastroAlférez et al., 2017). The lipids and proteins of microbes are destroyed by ROS, which also changes



membrane permeability and causes DNA breaks (Berney, 2006). SODIS has been demonstrated to be
effective against all types of microbes, including bacteria (E. coli, Salmonella typhimurium, Pseudomonas
aeruginosa, Campylobacter jejuni, Vibrio cholera, etc.), fungi (Fusarium solani), viruses (Bacteriofage 12,
Polio, Rota, and Noro, etc.), and protozoa (Giardia According to McGuigan et al. (2012), Heaselgrave and
Kilvington (2010), and PoloLo6pez et al. (2020)).

Even though SODIS is highly recommended, it has a number of disadvantages, such as the need for high
levels of solar irradiation and higher water temperatures, which makes it highly climate dependent; it
requires a longer exposure time to disinfect the water in the monsoon and winter seasons; and it has a limited
capacity for water treatment. Furthermore, following the application of SODIS, microorganisms also
multiply again (Méausezahl et al., 2009; Giannakis et al., 2014, 2015; McGuigan et al., 2012; Martinez-
Garcia et al., 2020; Reyneke et al., 2020; Rosa e Silva et al., 2022). As a result, longer disinfection times
and the regeneration of microorganisms after SODIS are now two of the largest barriers to SODIS's broad
adoption. Recently, a variety of additives have been added to SODIS to speed up the process and increase
disinfection effectiveness by producing reactive oxygen species (ROS) like the hydroxyl (*OH) radical,
superoxide, hydrogen peroxide, and singlet oxygen. Reactive oxygen species (ROS), which are produced
during photo inactivation of E. coli, are primarily produced by oxygen, and the addition of H202 improves
this photo inactivation. (Reed,1997; Fisher, 2004; Rincon and Pulgarin, 2004). In addition, Hoerter et al.
(1996) discovered that an internal Fenton-like mechanism caused E. coli to be photoinactivated when H202
was present. The iron-dependent breakdown of H202 shown in Equation 1.1 characterizes the photo-Fenton
process (Fisher et al., 2008).This photo-Fenton process is the most successful at generating reactive oxygen
species (ROS) and eliminating microorganisms when compared to other additive addition methods (Villar-
Navarro et al., 2019; Garcia-Fernandez et al., 2012). The Haber-Weiss reaction, which breaks down
hydroxyl radicals (*OH) through dissolved iron ions in water, causes the Fenton process (Haber et al., 1934;
Sychev et al., 1995). By diffusing H202 across the cell membrane, the combined effects of solar light and
H202 reacting with the dissolved irons in water lead to oxidative stress and the inactivation of
microorganisms (Halliwell and Gutteridgde, 1999; Polo-Lopez et al., 2011). Equations 1.1 and 1.2 illustrate
how the Fenton process uses principally Fe2+/Fe3+ found in water and hydrogen peroxide added to react
quickly and generate *OH radicals that oxidize bacteria' DNA, proteins, and cell membranes, leading to their
inactivation. (Garcia-Fernandez et al., 2012; Rincon and Pulgarin, 2007; Sciacca et al., 2010).

Fe2+ + H202 — Fe3+ + OH— +¢ OH (k = 63 L mol—1 s—1) (1.1)

Fe3+ + H202 — Fe2++ HO2 « +H + (k= 3.1 x 10-3 L mol—1 s—1) (1.2)

Bangladesh is a growing country with a concerning population growth rate. A recent study found that 41%

of the improved water sources included excrement and that 68.3 million people do not have access to



drinkable water(World Bank, 2018; UNICEF, 2021). A low-cost, sustainable system like SODIS could be
a great way to prevent the usage of contaminated water in a subtropical country like Bangladesh where solar
exposure is high throughout the year. The majority of people in this nation rely on groundwater as their
primary supply of drinkable water, and the average iron level in that water is 0.91 mg/I (Stewart et al., 2019).
This likely iron content in the water could cause a photo-Fenton reaction when mixed with H202 and
sunlight. Islam et al. (2015) and Karim et al. (2021) have both conducted recent studies that show the value
of SODIS in both laboratory and field settings.

However, the main problem revealed by these studies is that the disinfection duration is greater than 6 hours
during the monsoon and winter seasons, and the regrowth of bacteria is common after the SODIS treatment.
There is a clear need for research because no studies have been done in Bangladesh to increase the efficiency
of SODIS for shortening disinfection times and preventing microbial regrowth throughout the monsoon and
winter seasons. In this study, the usage of H202 was assessed in order to increase the efficacy of SODIS in
terms of reducing disinfection time and microbial regrowth. Additionally, the capability of the photo-Fenton
technique to eradicate E. coli was evaluated. These results can be utilized as scientific proof to support the
modified SODIS as an HWT strategy for evaluating safe drinking water supplies in communities with

limited water resources.

1.2 Objectives

The following are the study's particular objectives:

1. To Assess the Effectiveness of Improved SODIS under Monsoon and Winter Weather Conditions using

Test water and Drinking water used in Field conditions.
2. To Find the Regrowth Potential of Microorganisms after 12 hours and 24 hours of Disinfection.

3. To develop a regression model to predict the disinfection rate of SODIS under different climate

conditions.

1.3 Scope of the research

1. Development of a modified SODIS using hydrogen peroxide.



2. Two types of water (Test water, Drinking water collected from households, restaurants and slums) were
used to evaluate the effectiveness of the modified SODIS with H>0: during the monsoon and winter

seasons.
3. Regrowth potential evaluation of the modified SODIS with H2O».
4. Regression analysis was used to predict the disinfection rate of the modified SODIS with H20,.

5. Promotional strategy for the modified SODIS for use in the field in rural and urban areas with

questionable water supplies.

1.4 Thesis layout

The thesis includes five chapters. The relevant literature review, the modified methodology, the modified SODIS

with photo catalyst, and the study's findings are discussed here. This study also includes the references.
The background, goals, scope, and contribution of this work are discussed in Chapter 1.

Chapter 2 discusses the conventional SODIS system's disinfection mechanism, its limitations, how effective it
is against different microorganisms, how weather and climate affect SODIS, the various established SODIS

enhancement steps, and the effects of SODIS on human health.

Chapter 3 describes how to build a SODIS prototype using inexpensive, locally accessible materials, the
processes of a lab experiment, the results of water parameter measurements, locations of data collecting points,

bacterial and regression models, and the statistical analysis used in this study.

The results of the modified SODIS's regrowth potential, along with bacterial inactivation models and regression
analysis for forecasting the disinfection rate, are presented in Chapter 4 along with performance analysis of the
modified SODIS carried out under laboratory conditions (using test water) in accordance with WHO guidelines
during the rainy and winter seasons with PET and plastic bags as containers. Cost analysis was performed for

the installation of the updated SODIS.

The experimental conclusions using laboratory and water collected from restaurants, slums, and homes are

presented in Chapter 5, along with the potential areas for further research.



2. Literature Review:

This chapter is a review of the literature on the current state of SODIS mechanisms, efficacy, enhancement, the
influence of climate and weather, impact on health, benefit, and harm, as well as guidelines for evaluating the

performance of various HWT options thoroughly in accordance with the most recent studies.

2.1 Solar Disinfection (SODIS)

Solar water disinfection, or SODIS, is one of many useful HWT technologies that can be used to purify drinking
water. Because it has been embraced in so many different countries, it is claimed that millions of individuals
have received training on how to use it (Luzi et al., 2016). Hollaender conducted the first quantitative study on
the near-UV inactivation of E. coli in 1943 (Hollaender, 1943), and Lukiesh demonstrated that E. coli may be
killed by sunlight in 1946 (Luckiesh, 1946). The first quantitative research on how the sun can purify drinking
water and oral rehydration solutions were conducted in the 1980s by Acra et al. at the American University of
Beirut in Lebanon (Acra et al., 1980; Acra, 1984). According to the findings of this study, Escherichia coli is to
be utilized as an indicator organism for disinfection. Since then, several research teams have examined the
SODIS technique, with the Swiss Federal Institute of Environmental Science and Technology (Wegelin et al.,
1994) being a leader in many parts of the applied study and dissemination of useful SODIS material. The WHO
supports the use of sun disinfection (SODIS) to produce potable water. It has been promoted both independently
and as a component of larger initiatives like HWTS (Household Water Treatment and Safe Storage) or WASH
(Water, Sanitation, and Hygiene). The majority of SODIS promotion focuses on acts intended to modify the
behavior of the target group because the execution of the strategy only needs sunshine and PET bottles. The
efficiency of SODIS depends on how simple it is to use: to purify water, simply fill a clear container with the
available water and leave it in the sun for one day (under normal irradiation conditions) or two days (under

cloudy skies) (McGuigan et al., 2012) .

A wide variety of water-borne pathogens, such as E. coli, Salmonella, Vibrio cholerae, Enterococcus faecalis,
Bacteriophage MS2, Hepatitis A virus, and Cryptosporidium parvum, have also been proven to be resistant to
SODIS (Sansaniwal, 2019). Contaminated water is a leading cause of illness, notably diarrhea and other
gastrointestinal problems, in rural areas where water supplies are contaminated and sanitation is poor (Caslake,

2004). Laboratory and field studies have demonstrated that this method is successful at killing waterborne germs.



(Wegelin et al., 1994; Sommer et al., 1997; McGuigan et al., 1998; Oates et al., 2003; Dejung et al., 2007; Graf
et al., 2010; Figueredo-Fernandez et al., 2017).

2.2 Disinfection Mechanism of Sunlight

Water pathogens can be eliminated by directly exposing them to sunshine, which is what solar water disinfection
achieves. It disinfects drinking water by working on the top layer of bodies of water. UV (ultraviolet), visible
(visible), and infrared (IR) waves are examples of radiation that reaches the Earth's surface. UV-B, UV-A, and
maybe less visible spectrum radiation produces active or passive disruption to the organisms' proteins and DNA,

rendering them inactive during sun disinfection. SODIS disinfects water by utilizing two properties of sunlight.

2.3 Temperature Effect

Solar disinfection takes time to achieve the desired log reduction. This time is determined by a number of factors.
The most critical elements that affect SODIS efficiency are solar irradiance and energy dose, wavelength, water
temperature during treatment, turbidity, salt content, dissolved oxygen, dissolved organic matter in the polluted
water, and the type of the microorganisms (Webb and Brown, 1979; Moss and Smith, 1981; Reed, 1997;
McGuigan et al., 1998; Ubomba-Jaswa et al., 2009a; Ubomba- Solic and Krstulovic,1992). According to studies,
after the water temperature hits 45°C, the radiation and heat from the water combine to eradicate any
microorganisms present (McGuigan et al. 2012). Temperatures of 60-70°C have previously been observed in
laboratory-controlled biology studies for the thermal deactivation of E. coli without UV (Collis O'Neill and
Middelberg 1995). Solar cookers, which typically heat water to temperatures around 65°C without the use of UV
radiation, have also been the focus of water purification research (Ciochetti and Metcalf 1984). The use of
nanoparticles for thermal deactivation, the focus of recent novel work, was found to be effective, as water
temperatures were not considerably changed. In doing so, they absorb photons in the UV-A and visible bands,
becoming excited and producing highly reactive molecules such as singlet oxygen and hydroperoxyl radicals,
which impede cell reproduction and kill microorganisms (Nelson et al. 2018). Furthermore, infrared light with a
wavelength of roughly 800 nm can raise the temperature of a liquid and kill any heat-sensitive microorganisms.
Marques et al. (2013) confirmed this by measuring the temperature of irradiated water, which reached 50°C and
killed 99% of E. coli. Furthermore, a recent study found that the inactivation rate was higher in water with a
temperature of 6°C than in water with a temperature of 22°C (Villar-Navarro et al. 2021). While very turbid
waters can be treated, temperatures of at least 55°C are required (Joyce et al. 1996). At these temperatures and
turbidities, only pasteurization (heat treatments) may inactivate germs. McGuigan et al. (2008) revealed that 99%

inactivation of E. coli occurred only 1 cm into the optical path, even in highly turbid water (200 NTU).



Microorganisms Temperature (°C) for 100% Destruction
1 Min. 6 Min. 60 Min.

Enteroviruses 62
Rotaviruscs 63 for 30 Min.
Faccal Coliforms at 80 complete
Destruction
Salmonellac 62 58
Shigella 61 54
Vibrio Cholera 45
Entamocba 57 54 50
Histolytica Cysts
Giardia Cysts 57 54 50
Hookwork Eggs and 62 51
Larvac
Ascaris Eggs 68 62 57
Schistosomas Eggs 60 55 50
Tacnia Eggs 65 57 51

Table 1: Effect of Temperature on Various Microorganisms

Microorganisms and other pathogens are killed by heat. The table shows the temperature and time required to kill
several species of bacteria. Boiling water is not required to kill 99.9% of bacteria and other pathogens, as

1llustrated here.

2.4 Synergetic Effect of UVA Radiation and Temperature

The method by which solar radiation kills bacteria is usually cited as the combination of solar ultraviolet (UV)
light and low-level infrared heating of the water (McGuigan et al., 1998; Berney et al., 2006a). Synergistic effects
are already apparent in the inactivation process at 45°C, and they become stronger as the temperature rises (Vivar
et al. 2017). Wegelin et al. (1994) found that temperatures between 20 and 40°C do not kill bacteria, but that
beyond 45°C, UV-A and visible light have a synergistic effect. Water must be heated to at least 50°C to destroy
bacteria like E. coli. At 50° water temperature, a synergistic effect between UV-A radiation and temperature
occurs, requiring just 140 W.h/m2 of UV-A radiation to achieve a 3-log reduction in fecal coliforms (Wegelin et

al. 1994).

2.5 Effect of SODIS on Pathogen

Resistance to UV-A irradiation varies greatly amongst pathogen types. A byproduct of the SODIS process is
UV-B radiation, which has little influence on the SODIS process with PET bottles but has a significant impact



on several viruses. When compared to viruses and protozoa, there is less variation in sun radiation resistance

among different species of hazardous bacteria.

Human pathogens have evolved to persist in the dark, humid surroundings and 36°C to 37°C temperatures
present in the human intestines. After they are liberated, the diseases are particularly sensitive to the harsh
environment. They have no UV light protection and wilt under even modestly heated temperatures. This means
that pathogens can be rendered harmless by exposing them to either heat or ultraviolet light. The effectiveness

of SODIS against various bacteria is discussed further below.

2.6 Bacteria

Cholera and bacterial dysentery are two of the most serious types of diarrhea caused by bacteria. On an average
day in the tropics or subtropics, SODIS reduces the number of these diseases by orders of magnitude. Table 2.2

of the scientific literature shows the average eradication rates for various types of dangerous bacteria.

According to the literature on E. coli, bacteria obtained from sewage tend to be more resistant to solar radiation

than bacteria produced in the lab (for example, Fisher et al. 2012).

Because some coliforms are more resistant to sun radiation than others, studies of SODIS inactivation based on

total coliform concentrations are likely to underestimate the efficiency against harmful pathogens.



Log Reduction of Approx. time
Pathogen n:d‘ucuon P a.lhogcr} required for 3 References
8 value concentration | duct;
(6h) (6h) og reduction
McGuigan ct al. 1998; Kchoe
ct al. 2001; Fujioka and
Yoneyama 2002; Berney
ct al. 2006 Boyle ct al.
Escherichia coli (E. 9.5 99 — il 2008; Fisher et al. 2008;
coli) &y 99.999% ay Fisher et al. 2012; Kruti and
Shilpa 2012,
Castro-Alférez et al., 2018; Yin et al., 2020;
Karim et al., 2021
g 99.9- Kchoe ct al. 2004; Berney
Wiy chonens ¥ 99.999% A et al. 2006; Cano Ssemakalu et al., 2020
Smith et al. 2000; Kchoe
99 — ct al. 2004: Berney ct al.
olla s 9 .
Salmanella spp. 4 99.99% 1 day 2006: Bosshard et al.
2009, (Santos ct al., 2020)
99 _ Kchoe et al. 2004; Berney
Shigella flexner 2-4 s 1 day ct al. 2006; Bosshard ct al.
> 99.99% ! 2009
Shigella dysenteriac >4 >99.99% < lday Kchoce et al. 2004
e ¢ 008-
Campylobacter jejuni =4 >99.99% < 1 day %%Lco;:\?tlx‘ 7,((’)(:3
Jorpmin >3 >99.9% | day Boyle et al. 2008
enterocolitica
: 2 : < 99 - Reed 1997: Fujioka and
. s Seansle 7. ay
Enterococcus feacalis 2-5 99.999% 1 day Yoncyama 2002

Table 2: Inactivation rate of Various Bacteria

2.6 Virus

Water can spread rotavirus, caliciviruses, coxsackievirus, enterovirus (e.g., poliovirus, echovirus), adenovirus,
hepatitis A and E virus, coronavirus, and astrocystis virus (Susana 2009). Viruses produce a significant share of
all diarrheal illnesses. Although rotavirus, the virus that causes the majority of viral diarrhea in children, can be
transmitted through contaminated water, evidence indicates that it is transmitted mostly through contaminated
hands or other surfaces (Percival et al., 2004). Because contagious viruses are more difficult to quantify, evidence
on SODIS's success in eliminating viruses is scarcer than data on its effectiveness in eliminating bacteria.
Furthermore, not all publicly available SODIS research follows to the normal SODIS process in PET bottles
since they employ bacteriophages as human virus models rather than true pathogens and non-standard

experimental setups (e.g., not eliminating UVB rays).

A recent study found that the rate of virus inactivation in PET containers is significantly dependent on the virus
type and water composition (Dionisio Calado 2013). Oxidant-sensitive viruses (echovirus and bacteriophage
MS2) were effectively inactivated in tap water (4 log eradication in 6 h), whereas in India, inactivation was

significantly slower.



Treatment-resistant viruses were inactivated at much smaller percentages across the board. In this study, higher

temperatures were found to be significantly more effective in disinfecting viruses.

2.7 Other microorganisms

Table 2.5 summarizes research on SODIS's efficacy against various infections. The given data show that only
under standard SODIS settings are elimination values in the range of 1 LRV (2010) expected. When compared
to bacteria, viruses, and protozoa, these microorganisms represent small contributors to the health burden of

aquatic diseases.

Reduction of

Approx. time

Log athogen required for
Pathogen reduction | Pathoser o References
value (6h) | concentration 3 log
(6h) reduction (h)
90%
Ascaris suum 1 >15 Heaselgrave and Kilvington 2011
Fusarium solani 0.7 70% >20 Heaselgrave and Kilvington 2010
Heaselgrave and Kilvington 2010
: g 1
Candida albicans 90% >15

Table 3: Inactivation rate of other microorganisms

2.8 Efficiency of SODIS

Several studies examined the efficacy of SODIS across a spectrum of water quality, container types, and
environmental conditions using pathogens with differing levels of virulence. The efficiency of the application of

laboratory ideas and findings to field studies is briefly reviewed.

2.9 Turbidity Effect

As a result, SODIS is less successful at cleaning muddy water. Before using SODIS, it is suggested that a
turbidity level of no more than 30 NTU be maintained (Meierhofer and Wegelin, 2002). Some dissolved organic
chemicals absorb visible light and act as water colorants, whereas others have no effect on the look of the water.
Furthermore, Kehoe et al. (2001) showed that in high turbidity waters (> 100 NTU), the UV radiation required

to achieve complete inactivation increased, but was still achievable with exposures of up to 8.5 h.

They concluded that water with an NTU value greater than 300 may require pretreatment by filtering or decanting
before SODIS treatment. Keogh et al. (2015) found that UV doses of 250, 730, and 750 kJ/m2 achieved a 4-log

reduction in E. coli in 19-L polycarbonate containers with low turbidity water at PSA in Bahrain and India.

Dessie et al. (2014) found that increasing turbidity affects disinfection efficacy considerably. The authors

indicate that after 3 hours of exposure to the substance, 0.93 log units of turbidity were removed from water at



2 NTU, but just 0.05 log units were removed from water at 81 NTU. As turbidity increased from 0 to 200 NTU,
E. coli inactivation decreased from 5 log units to 1 log (Amirsoleimani and Brion, 2021). They also discovered
that turbidity levels of 30 and 200 NTU resulted in approximately 1 log of removal of E. coli concentrations,
whereas turbidity levels of 0 NTU resulted in the greatest inactivation (almost 5.03 logs of elimination as
bacterial counts were below detection) of 95.31 and 89.04%, respectively. The temperature climbed as turbidity
increased because the bactericidal effects of sunlight were inhibited by clay particles, showing that solar
insolation had changed from ultraviolet (UV) to infrared (IR). However, if SODIS is to be used effectively,
turbidity must be reduced before treatment. SODIS's efficiency is diminished since UV light is completely
absorbed after a few centimeters in severely murky waters (Goémez-Couso et al. 2009; McGuigan et al. 1998).
This implies that filtering turbid waters prior to exposure is strongly advised. When turbidity levels above 30

NTU, SODIS performance suffers greatly. Water with increased turbidity requires preparatory treatment.

2.10 Eftect of Dissolved Oxygen

SODIS performs better in water with this type of oxygen. These reactive compounds react with pathogen cell
structures and kill them (Reed, 1997). Aeration of the water can be accomplished by shaking the 34-filled bottle
for about 20 seconds before filling it completely and exposing it to the sun (Meierhofer and Wegelin, 2002).
Increased dissolved oxygen content promotes the production of reactive oxygen species (ROS), which are
responsible for oxidative disinfection processes (Reed et al. 1997). It is critical to leave the bottles in one location
once they have been placed in the sun, as moving them about too much will reduce the effectiveness of the
sunlight exposure (Kehoe et al., 2001). The disinfection rate for E. coli and Enterococcus faecalis is almost half

that of full oxygen saturation at 50% oxygen saturation (Reed, 1997). 2.4.1.3 Effect of color

According to experiments, when there is a lot of color in the water, the time it takes to destroy the pathogens

rises (Reed, 1997).

2.11 Water temperature Effect

At temperatures ranging from 45°C (Vibrio cholerae) to 63°C (Enteroviruses), pathogens can be eliminated in
60 minutes (Berney et al. 2006). SODIS's efficiency increases considerably as temperature rises, even below
pasteurization limits. Below 45°C, inactivation rates are slightly and roughly linearly temperature dependent
(Wegelin et al. 1994; Fisher et al. 2008). Wegelin et al. (1994) discovered that treating at 50°C can reduce the
required irradiation dose and/or exposure length by up to two-thirds, resulting in a three-log difference in

pathogen reduction compared to the calculated sum of radiation and heat effects (Theitler et al. 2012). This



means that under ideal conditions (high temperatures and sufficient radiation), full disinfection can be achieved
in less than the specified day (6 hours minimum). However, users are unaware of the temperature of the water
contained within SODIS bottles. As a result, even if the irradiation parameters and temperature appear to be
acceptable, it is not recommended to shorten the exposure time. Also, if the bottles are to be placed on a dark
surface to enhance the heat effect, it is not recommended to shorten the exposure time. According to field tests
conducted in the north-west plateau of China and the highlands of Bolivia (UNICEF, 2005), countries with cold

or mild temperatures are equally suited for SODIS if sufficient sun exposure is available.

2.12 Material and Shape of Container

The way bacteria are destroyed in SODIS applications is heavily influenced by the container's material and form,
both of which are critical. Because diverse material and shape features contribute to improve the process, these

properties should be understood and utilised in the SODIS application.

2.13 Plastic bottles

Many types of clear plastic are effective at transmitting both ultraviolet (UV-A) and visible (visible) light. Plastic
bottles are often made from PET (Poly Ethylene Terephthalate) or PVC (Poly Vinyl Chloride). Both contain
additives, such as UV-stabilizers, that preserve them and their contents from oxidation and UV radiation and

increase their stability.

It is recommended that PET bottles be used rather than PVC bottles because PET has far less additives than PVC
bottles. Field testing reveal that clear PET bottles with a capacity of 2 liters are the best way to deliver SODIS.
In Iab studies, both returnable and one-way bottles perform well, but one-way bottles perform better since they
allow more UV radiation through. One-way bottle transmission coefficients do not change noticeably over time.
Because UV light does not travel through colored bottles, they are not suggested for SODIS(Wegelin, 2000;
Quispe, 2000).

2.14 Plastic bag

SODIS plastic bags have a higher efficiency due to a superior surface-to-volume ratio; however, they are not
recommended for use because they are not readily available locally, are difficult to handle, and shatter more
easily than plastic bottles (Sommer et al., 1997). Transparent polyethylene plastic bags, which are widely
available in the area, have been examined and demonstrated to have a very high disinfection efficiency. However,

for the same reasons that UNICEF (2005) lists for the SODIS bag, utilizing these bags is not recommended.



2.15 Regrowth of Microorganisms

One of the risks that prevents solar disinfection from being used widely is the potential for bacterial regrowth
after inactivation during storage. Depending on the storage water conditions (primarily room temperature), water
nutrient content, and level of disinfection achieved (CFU/100 ml), bacterial regrowth may occur, posing a health
risk to the final user due to the lack of a residual biocide agent in the disinfected water after SODIS, unlike after
sodium hypochlorite disinfection with residual free chlorine (WHO, 1996). Regrowth has been a significant
problem for as long as there have been studies on SODIS, starting with Acra et al. (1984). After being kept with
a laboratory strain of Escherichia coli in disinfected water for five days at room temperature, the first set of
assays revealed no evidence of regrowth. After the first SODIS workshop was held in Montreal (Canada) in
1988, Lawand et al. (1990) compiled the main conclusions and unanswered problems about sun disinfection,

including a few that dealt with potential regrowth.

Numerous results were drawn from investigations that used post-irradiation regrowth analyses on SODIS. On
the one hand, there are studies that have not found regrowth, such as those by Sommer et al. (1997), who used
30°C as a storage temperature and did not observe any fecal coliform regrowth within 24 h after exposure and
complete inactivation, or those by Wegelin et al. (1994), who stored the treated water at 20°C after sun exposure
and did not detect any E. coli. According to Mustafa et al. (2013), after being kept at room temperature for a
week, 51% of samples in water that had not been thoroughly cleaned began to grow once more. In a more recent
investigation, Keogh et al. (2015) used PET bottles and 19-L polycarbonate plastic water cooler containers. After
24 h at room temperature (25°C), there was no regrowth (detection limit of 2 CFU/mL) in the large containers.
Nutrient sources in wastewater put the quality of the water at risk since they can influence the chance of microbial
regrowth and cause recontamination if the right measures aren't followed (Giannakis et al., 2015). Additionally,
new SODIS application results indicate that this technology can be successfully used to regenerate many types
of fluids, including wastewater effluents (Gutiérrez-Alfaro et al., 2018). Because viruses can re-grow after being

exposed to the sun, SODIS water should be drank within 24 hours (McGuigan et al., 2012).

2.16 Impact of Climate on SODIS

The effectiveness of SODIS and the amount of readily available sunlight are inversely proportional. It is
impossible to determine what impacts solar radiation has on Earth as a whole because the strength of solar
radiation varies depending on latitude, season, and time of day. A direct correlation exists between the
performance of SODIS and the amount of sunshine that is readily available. It is impossible to determine what
impacts solar radiation has on Earth as a whole because the strength of solar radiation varies depending on

latitude, season, and time of day.
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Table 4: Solar Irradiance condition of Bangladesh (world bank, 2020)

2.17 Geography of Solar Radiation

The best latitude range for SODIS is between 15°N and 35°N (and 15°S and 35°S). These semi-arid regions
experience the most sun radiation. Most of the poorest nations in the world are located between latitudes 35
degrees north and south. So they can sanitize water for human use using solar radiation. Figure 2.10, which
depicts Bangladesh's solar radiation from 1999 to 2018, shows that Bangladesh is located in the ideal SODIS

zone.



2.18 Enhancement of SODIS

There are several issues with the "traditional" SODIS technology that need to be fixed. Only very small volumes
(two to three liters) can be treated thanks to the use of PET bottles, and the effectiveness of the procedure depends
on various factors. Variations in treatment timeframes are a direct result of bacteria's resistance to sunlight's
disinfecting powers. Various process enhancements have been looked into to increase the solar disinfection
process' effectiveness. These endeavors have included stirring the mixture on a regular basis, adding foil to
increase reflectivity, using various containers and additives, sun collectors, and painting the bottom of the bottle

black in an effort to increase the temperatures that can be attained.

2.19 Additives

The efficiency of SODIS can be increased by adding additives like titanium dioxide (TiO2) and hydrogen
peroxide (H202), according to experts (Byrne et al., 2011). Some of these supplements significantly raise the
effectiveness of the therapy. But their extensive promotion and implementation in target nations face two
significant challenges. The first issue is that the additional chemical makes using the water much more
challenging for the consumer without offering any discernible advantages. Even though the amount of time
needed to do so is much decreased, exposure for just one or two hours (midday) still poses a practical challenge

for people who work outside the home.

2.20 H202

The capability of UV radiation to destroy bacteria can be enhanced by advanced oxidation processes (AOPs).
Hydroxyl radicals (*OH) are created during these processes. Recent studies have focused on additives that
enhance SODIS therapy by generating reactive oxygen species (ROS) like the hydroxyl (*OH) radical, hydrogen
peroxide (H202), superoxide (O?), and singlet oxygen (10?) (Fisher et al., 2008). In solar-powered AOPs, the
production of reactive oxygen species, such as *OH radicals, accelerates the inactivation of microorganisms by
UVA light. Heterogeneous and homogeneous AOPs are the two forms of AOPs that develop following exposure
to light. High quantities of reactive species are necessary for homogenous oxidative reactions (liquid phase
reaction) to successfully inactivate microorganisms. The addition of such high levels of oxidants can have a
significant negative influence on one's health. They can interact both positively and negatively with bacteria. It
is costly to adopt and maintain, and it may result in the production of unfavorable chemical byproducts.
Contrarily, heterogeneous oxidative methods (liquid-solid phase reaction) are more effective, inexpensive, eco-
friendly, and do not harm helpful microorganisms. Additionally, it is simple to use and effective at inactivating
bacteria since the ROS generated during this procedure has potent oxidative characteristics that harm

microorganisms' cell membranes, proteins, and DNA. However, due to its efficiency in generating the *OH



radical, PhotoFenton has attracted a lot of attention. By mixing hydrogen peroxide with water that has dissolved

iron and iron salts, both heterogeneous and homogeneous materials form in the solution.

Both the direct and indirect aggravation of ROS generation by the internal photo-Fenton reaction are attributed
to superoxide and H202, which are key mediators of the reaction. When light is present or missing, the inner
and exterior workings of the bacteria are demonstrated, and it is assessed how the addition of H202 can speed

up UV-induced bacterial inactivation.

2.21 Prior to light exposure

At pH 0, hydrogen peroxide (H202) has a potential of 1.8 volts, while at pH 14, it has a potential of 0.87 volts.
Peters and Venkatadri (2009). In biological situations, H202 was connected to regulating biofilm growth and
disinfection (Venkatadri and Peters, 2009). Catalases and peroxidases control ROS concentrations and keep them
at nanomolar levels, while auto-oxidation of bacterial respiratory dehydrogenases creates H202 as a natural
consequence of respiration (Imlay, 2003). H202 is an uncharged molecule that has been observed to diffuse
across membranes and enter cells when it is present in the surroundings of microorganisms (Seaver and Imlay,
2001). Imlay and Linn's studies with mm (miliMolar) dosages of H202 showed a link between the addition of
H202 and cell inactivation (Imlay and Linn, 1986, 1988). Concentrations between 1-3 mm H202 and >20 mm
can be roughly divided into two categories. According to Uhl et al. (2015), internal and external damage was
documented in the Mode I and Mode II categories. According to Park et al. (2005), it was demonstrated that M
concentrations disrupted cellular catabolic and biosynthetic processes by destroying Fe/S clusters (Jang and
Imlay, 2007; Keyer and Imlay, 1996; Liochev and Fridovich, 1994; Touati et al., 1995). Fenton reactions will
start if there is too much H202, and the shattered cluster aids in the release of free iron. Despite the fact that
H202 is an oxidant, other oxidants can also scavenge electrons. One-clectron transfer is especially used to
produce hydroxyl radicals (HO). Mode Even though the methods used may be direct or indirect, there will still
be a killing (Imlay and Linn, 1986). The less reactive superoxide anion, which H202 can produce by scavenging
HO (Imlay and Linn, 1986), has a lower oxidative potential but is still physiologically significant due to its high
affinity for bacterial components (Halliwell and Gutteridge, 1984). Furthermore, it is a lot more stable than HO.
Intriguing Fenton-related implications arise from the large-scale addition of H202 to the bulk under saturated

conditions.

2.22 After light exposure

These types of additions are referred to as Mode I killing because extremely small volumes of H202 are
frequently utilized in research (Garcia-Fernandez et al., 2012; Rincén and Pulgarin, 2004; Spuhler et al., 2010).

Researchers found no inactivation at doses below 15 mg/I (0.44 mm); at 10 mg/1 (0.29 mm), Sciacca et al. noted



a 2-log reduction; and at concentrations of 8.5 mg/l (0.25 mm), they only found minor inactivation in the dark
(Ndounla et al., 2013; Sciacca et al., 2010). Ananthaswamy and Eisenstark (1976) and Hartman and Eisenstark
(1980) reported synergistic inactivation by near-UV radiation and H202 for phages and E. coli, respectively. A
few instances of the numerous additional works that have been produced to assess the H202-enhanced
photokilling modes and factors at play are Fisher et al. (2008), Garcia-Fernandez et al. (2012), Ng et al. (2015),
Sciacca et al. (2010), and Spuhler et al. (2010). When bacteria are treated with hydrogen peroxide, which
disinfects them quickly when exposed to solar radiation, the cells are completely destroyed. In order to speed up
the death of bacteria in water within the permitted time for disinfection and generate bacterium-free water as a

result, SODIS and H202 can be used together.

2.23 Benefits of Hydrogen Peroxide in a Wide Range of Applications

There are several benefits to using hydrogen peroxide (H202) in the SODIS process to inactivate

microorganisms:

Improved disinfection: Strong oxidizer hydrogen peroxide may render many microorganisms, such as bacteria,
viruses, and protozoa, inactive. Due to its strong oxidative characteristics, bacteria are rendered inoperable by

the breakdown of cellular structures and components.

Accessibility and simplicity: Hydrogen peroxide is used in SODIS in a straightforward manner. It is suitable
for resource-constrained locations or emergency scenarios when traditional water treatment technologies might

not be available because it does not require complex equipment or a lot of technical knowledge.

Rapid action: Hydrogen peroxide's quick destruction of bacteria encourages prompt disinfection. As solar
exposure times are frequently longer and the addition of H202 can hasten the inactivation of bacteria, this is

especially beneficial for SODIS.

Cost-effectiveness: Hydrogen peroxide is a cost-effective option for microbial inactivation when utilizing
SODIS because it is easily accessible and incredibly affordable. Its cost encourages its use in areas with little

access to potable water.

Environmental friendliness: Hydrogen peroxide readily decomposes into water and oxygen, leaving no
potentially harmful byproducts in the water that has been treated. This makes it an environmentally friendly

alternative for disinfecting water because it doesn't add additional chemical contaminants.

Storage stability: Hydrogen peroxide may be maintained properly to maintain its potency for a long time,
providing a dependable and stable method of disinfection for SODIS applications. Therefore, when utilizing
SODIS to inactivate bacteria, hydrogen peroxide offers a variety of advantages. It is a potent tool for promoting

safe and accessible water disinfection, especially in environments with limited resources, because to its improved



disinfection capabilities, broad-spectrum activity, simplicity, rapid action, environmental compatibility, cost-
effectiveness, and storage stability. In order to inactivate microorganisms, several researchers opt to use H202

as a photo catalyst (Sciacca et al., 2010; Rubio et al., 2013; Navarro et al., 2019).

2.24 Health Impact of SODIS

The majority of HWTS projects assess how well the project reduced the prevalence of diarrhea or the risk of
infection. Trials evaluating SODIS's health impacts have not consistently shown a decrease in diarrhea (Table
2.7). The great majority of randomized controlled trials have reported decreases in disease incidence of 26-37%
(Sobsey et al., 2008). Conroy et al. (1996) conducted one of the earliest SODIS randomized controlled trials
(RCTs), and they discovered a 34% reduction in diarrhea and a 35% reduction in severe diarrhea after 12 weeks.
The same researchers carried out a follow-up trial a year later and found that the rate of diarrhea cases had
dropped by 16%(1999; Conroy et al.). Additionally, the same authors discovered that after SODIS was
implemented during an outbreak, the incidence of cholera was reduced by 88% in children under the age of 6
(95% confidence interval (CI): 35%-98% reduction), but the effect was not statistically significant in children
aged 6 to 15 years old(Conroy et al., 2001). The buy-in of Massai elders ensured high compliance rates among
community members in a number of the earlier SODIS investigations that were conducted in high-compliance
settings, such Massai communities (Conroy et al., 1996, 1999, 2001). In a recent experiment with poor
compliance, positive but modest reductions in diarrheal sickness were observed (Médusezahl et al., 2009).
Drinking SODIS water has reduced the incidence of water-borne illnesses such dysentery, typhoid, and cholera
in various East Asian and sub-Saharan African countries (Conroy et al., 1996, 2001; du Preez et al., 2010). This
is mostly due to the ability of solar UV radiation to eradicate harmful germs, including poliovirus and Giardia
cysts (Heaselgrave et al., 2006; Quinones et al., 2006). One of the many potential advantages of drinking SODIS
water is a boost to human immune system. Water after SODIS may contain a wide variety of microbial antigenic
determinants or epitopes, while their precise nature is unclear (Bosshard, Bucheli, et al., 2010; Bosshard et al.,
2009). Additionally, more investigation is required to establish the most efficient way to introduce SODIS
technology to communities. The assessment of alternative technological techniques to address the inadequacies
of conventional SODIS should also be taken into consideration in these efforts. Suggestions that either increase
SODIS's output or minimize the stress created by the daily ritual of filling bottles and laying them in the sun
should be given priority. The ability of SODIS-inactivated pathogens to produce immunological changes that
have protective benefits is linked to the process of microbial inactivation by the sun. The biocidal effect that kills
microorganisms during SODIS is caused by sun ultraviolet (UV) radiation (both A and B), or by the interaction

of UV and solar heat (Nelson et al., 2018).\



2.25 Positive Aspects of SODIS

One of the key advantages of SODIS is how simple it is to use. In many third-world nations, plastic bottles are
inexpensive or even free, according to those who support this technique. It also has the added advantage of being

less expensive because no additional chemicals, machinery, or fuel are required.

The main aspect in SODIS's universal acceptability, according to its proponents, is that it does not alter the taste,
smell, or look of the water or create any overdose hazards. What follows is an example of the several more

advantages that should be stated (Luzi et al., 2016; Meierhofer, 2006), which are provided below.

The family's general health improves as a result of the SODIS system. The concept of disinfection of water using
SODIS is very simple. In public water supply systems in impoverished nations, water filtration systems are
frequently insufficient or nonexistent. Users of SODIS are given an easy-to-use method that they may put into
practice at the household level with their own initiative and accountability. The use of SODIS lowers reliance
on firewood, kerosene, and other fossil fuels. Deforestation is a significant environmental problem in many
developing nations, but by converting to SODIS, the air pollution brought on by burning fossil fuels can be
reduced. Because fewer resources will be required for medical treatment when the user's family's health
improves, the user can save money. Additionally, the costs of common fuels like gas, kerosene, and firewood
are reduced. It won't cost much money to obtain some clear plastic bottles. Due to this, even the most
disadvantaged people may afford SODIS. Essential protections against recontamination of water stored in
SODIS bottles. The water's taste is unchanged. No reliance on other parties to distribute anything besides PET
bottles.

2.26 Drawbacks of SODIS

Potential SODIS limitations that could hinder the technology's general implementation include labor needs,
bottle scarcity, and fluctuating disinfection effectiveness—especially in cloudy situations (Fisher et al., 2008;
Oates, 2001). Another problem is that users do not stick to the SODIS method as required (Méusezahl et al.,
2009). However, the germicidal effects of the sun are diminished when less sunlight reaches the earth as a result
of cloud cover. Despite this restriction, Acra et al. (1984) claim that lengthening the exposure period more than
makes up for the reduced sun intensity. Another problem may be finding the materials necessary for solar
disinfection. Clear, cylindrical bottles are ideal for solar water purification because they allow more light to enter

the container. However, in rural areas where plastic water bottles are less ubiquitous, it may be difficult to get



these bottles for general use. For instance, foil is an improvement that many researchers utilize, but purchasing
it in bulk can be expensive (Kehoe et al., 2001). For SODIS to operate, enough sunshine is required. As a result,
it depends on the climate and weather. SODIS requires access to clean water. SODIS is useless when dealing
with big amounts of water and extremely poor effectiveness against several deadly viruses and protozoa. There
is no way to guarantee the process' success, and the length of time needed for therapy with SODIS is arbitrary.

Due to the overcast weather, efficacy is lower during the monsoon and winter seasons.

2.27 Uses of SODIS in the Field

Around 5 million people use SODIS around the world. In low-income nations, 1.5- to 2-liter PET bottles are
frequently used for this purpose since they are affordable and generally available. Researchers in Africa, Latin
America, and Southeast Asia have investigated the efficiency of PET bottles for microbial inactivation and their

effects on human health in terms of reducing the incidence of diarrhea (McGuigan et al., 2012).



Author Location Results
Islam et al. Khulna, SODIS effectively decreased fecal coliform and E. coli contamination in normal
(2015) Bangladesh household settings. More than 96% of health risks were reduced in lake water and
90% in rainwater thanks to SODIS.
Boyle et al. Cochabamba, Campylobacter jejuni (20 min), Yersinia enterocolitica (150 min),
(2008) Bolivia enteropathogenic Escherichia coli (90 min), Staphylococcus epidermidis (45 min),
and Bacillus subtilis endospores are all killed by this treatment (2 days)
Miusezahl et Totora, The results of this study showed a negligible effect, with the incidence rate of
al. (2009) Cochabamba, gastrointestinal illness in the SODIS children’s users being 3.6 episodes/year,
Bolivia compared to 4.3 episodes/year in the control group.
McGuigan et | Prey Veng and A 1-year study found that children in the SODIS group had a lower rate of
al. (2011b) Svay Rieng, dysentery and were protected from non-dysentery diarrhea.
Cambodia

Bitew et al.

Dabat, Ethiopia

Diarrhea occurred 8.3 times per 100 person-weeks in the SODIS group, while it

(2018) occurred 15.3 times per 100 person-weeks in the control group.
Rose et al. Vellore, India Diarrhea in children younger than 5 years old reduced by more than half when
(2006b) they were given half-black 1 L-PET bottles.
Narain etal. | Roorkee, India | Total coliforms were reduced by 79%, turbidity by 66%, total dissolved solids by
(2012) 41%, and E. coli by 40% in just 8 h of sun exposure.
Rai et al. Mazegoan, SODIS users saw a 75% reduction in diarrhea episodes after 8 weeks of
(2010) India intervention.
Mahvi Tehran, Iran After 8 h of sun exposure, fecal coliforms have decreased by 3 logs.
(2007)
Conroy etal. Kajiado Reduction in Diarrhea Cases in Children Ages 5 to 16 Using SODIS Over a 12-
(1996) Province, Week Testing Period
Kenya
Conroy etal. Kajiado Only 3% of SODIS users (children younger than 6) experienced diarrhea,
(2001b) Province compared to 20% (control group)
(Maasai
communities),
Kenya
du Preezet | Nakuru, Kenya Users of SODIS saw a significant decrease in the incidence rate ratios of both
al. (2011) dysentery and non-dysentery diarrhea episodes and days. Weight and height
measurements above the age-standard were found to be significantly higher in
SODIS users.
Martin- Chihuahua, Total coliform and E. coli inactivation within clear, half-black, and black PET
Dominguez Mexico bottles.
etal. (2005)
Asiimwe et Ndagwe, Comparable effectiveness in disinfecting both turbid and clear water in both glass
al. (2013) Uganda and PET bottles when tested in tropical conditions

Table 5: Recent Findings of SODID Efficiency

The possibility of increasing exposed surface area and solar radiation has been explored in addition to PET
bottles. SODIS bags made of low density, food-grade polyethylene are one of these substitutes. However, the
SODIS bags were too large to be employed as a common home treatment even if some of the SODIS bags were
shown to have good disinfection efficacy. In the event of a natural disaster, the bags are a practical choice due
to their portability, robustness, and low cost (McGuigan et al., 2012). To encourage people to utilize SODIS for

water disinfection, more SODIS applications are needed because field application is also limited everywhere.



2.28 Guidelines for Assessing the Effectiveness of HWT Technologies

.Water quality can be lowered for everyone, from the water's source to the ultimate user, at any step in the chain
of distribution where pathogenic contamination can happen. Through a mix of measures, pathogenic pollutants
must be controlled and infection risk must be reduced. The largest microbiological risk comes from consuming
water contaminated with harmful pathogenic bacteria, viruses, protozoa, or helminths. Due to contamination at
various stages, some types of water, such as pipe water and other source water, are no longer regarded as safe,
leading to an increase in the need for household water treatment (HWT) (WHO, 2019). The WHO has declared
that HWT and POU can be used interchangeably. It has been established that a variety of technologies, tools, or
techniques, referred to as household water treatment (HWT) or point of use (POU) treatment, can be used to
treat water at the household level or at the point of use in other settings, such as schools, hospitals, and other

community locations (WHO, 2011).

2.29 Log Reduction Value (LRV)

LRV, often known as log10 reduction, is a measurement of a technology's capacity to eradicate germs. It refers
to the capability of eradicating microbes. A simple mathematical tool for evaluating microbe concentration in
relation to source water quality is the reduction factor (LRV). The measure of how many times more dead germs
were eliminated from a surface following disinfection is known as "logarithmic reduction of microorganisms"

(LRV).A simple summary of the LRV computation is provided below:

LOglo erUCtion (LR\,) - (M before treatment / M after llcunncnl) or loglU (-\/1 before lxculmcnl) = lOglu (Nl after
uculmcnl)

where M = bacteria count in a water source.

LRV must be used to assess the efficacy of well water treatment technology, according to all applicable
regulations and guidelines. Because of this, experimental decisions based on log10 reductions (LRVs) must be
used to validate through control measures under a variety of conditions until epidemiological data are collected
and/or where epidemiological research may not be feasible or acceptable (WHO, 2011). This can be

demonstrated as follows:

e A 90% reduction corresponds to a 1 LRV, a 95% reduction to a 2 LRV, a 99.9% reduction to a 3 LRV,
and so on. A 5-log10 decrease, or 99.999 %, is substantially more stringent than a 2-log10 reduction, or

99 %, requirement.



e Technology would be deemed effective against bacteria if it could decrease their population by 5 log10,
or 100,000-fold.
e The amount of dangerous microorganisms in water would decrease by a factor of 5 log10, from 100,000

to 1.

A technology's value can be assessed by how well it prevents the spread of the three most harmful pathogens—
bacteria, viruses, and protozoa. This means that any evaluation of an LRV must take into account the number of
target organisms that have been eradicated. The physicochemical requirements and briefly discussed
microbiological requirements are described in the Environmental Conservation Rule (ECR) of 2023, which also
specifies the standards for Bangladesh's drinking water quality. For evaluating such water treatment facilities,

however, Bangladeshi standards do not provide a reference point.

2.30 Each Organism's Performance Goal

Table 2.9 displays the recommended performance thresholds for technologies to eradicate bacteria, viruses, and

protozoa/spores (WHO, 2011a).

Target

Logio reduction

required: Bacteria

Logio reduction

required: Virus

Logio reduction

required: Protozoa

Highly protective

>4

25

>4

Protective >2 >3 >2

Interim* Gains in health and protection against two types of infectious diseases

* Treatment solutions classed as "interim" should only be advised when credible
epidemiological research demonstrates that their use reduces the incidence of waterborne

diseases.

Table 6 Performance analysis by WHO(WHO,2011)

Highly protective technologies are those that, when used correctly and consistently over the course of a full year,
reduce the disease burden related to water consumption to less than 10-6 disability-adjusted life years (DALYYs)
per person. This is a fairly conservative goal in terms of health, and the use of such technology need to be heavily
promoted. A second tier, marketed as "protective," has been built with a higher standard for the permissible

degree of disease excess in order to accomplish the same goal of giving high-quality, safer water.



Targets that are both highly protective and protective are conservative; as a result, a "interim" aim has been
devised to take into consideration the possibility that achieving both may not be the most practical or affordable
course of action. The "interim" target, which is defined as the eradication of two categories of pathogens, is open
to technological advancements that have a track record of reducing diarrheal and waterborne infections. In order
to progress further toward the ultimate "very protective" goal, achieving this intermediate goal should act as a

springboard.



3. Methodology

In this chapter, you will learn about experiments conducted in the IUT Environmental Laboratory for modified
SODIS with H202, using test waters and drinking water samples collected from various places such as
restaurants, slums, and households. The experiments were conducted during the monsoon (June-October) and
winter (November-February). Additionally, the chapter outlines the steps for preparing test waters according to
WHO standards, procedures for E. coli culture and spiking, physicochemical and bacteriological parameter

analysis, bacterial inactivation model, and statistical and regression analysis.

3.1 Preparation of test water:

Karim et al. (2021) describe a procedure for the culture of E.coli. The E.coli was collected from the Environmental
Microbiology Laboratory of the International Centre for Diarrheal Disease Research, Bangladesh (ICDDRB) Dhaka. The
strain of the sample was subcultured on MacConkey agar. For the differentiation and enumeration of E. coli, modified
mTEC agar was utilized in a single-step, single-medium procedure recommended by EPA Method 1603, which was
released in 2002. Using an overnight culture of E. coli ATCC 25922 established on mTEC agar, a suspension of E. coli
was prepared in normal saline. 100 ml of diluted solution was cultivated using a drop plate technique. It was determined
that the E. coli was in the range of 107 CFU/100 ml. Before spiking, the saline was placed in a water bath to bring its

temperature down from its storage temperature of approximately -15°C to room temperature

3.2 PET Bottles and Plastic Bags:

Aquafina and Kinley water bottles (500 ml capacity) were purchased from the local market and IUT canteen. Plastic
polymer bags were purchased from shops . All labels were removed from the bottles to provide sufficient surface for the
UV-visible light transmission. The bottles and Bags were sterilized to provide a suitable bacteria-free test environment.

When the containers showed suitability in passing adequate UV radiation, they were selected.

3.3 Test Water

The WHO suggested using two test waters to test a variety of possible untreated water sources for the laboratory verification

of HWT technologies. The present study followed these guidelines.

Description Groundwater Groundwater +

Autoclaved Drain water (1% of Volume)
Turbidity <5 NTU >30 NTU WHO
pH 7.0-9.0 6.0-10.0 WHO

To prepare the test water, two 10-liter water containers were cleaned and sterilized. Then, 10 L containers were filled with

groundwater used in the IUT water supply. The following methods were used to prepare the test water samples



Test water 1:
The IUT groundwater provided test water 1: TW-1 turbidity 5 NTU and a pH range of 7.0-9.0.

The water was then put into six PET bottles and six plastic bags, which were laced with 107 CFU/100 ml of E. coli two
hours before the SODIS experiment.

Test water 2:

The same groundwater was sterilized in an autoclave at 121°C for 24 hours after being combined with 1% by volume of
sewage water obtained from the IUT sewer line. TW-2 required turbidity greater than 30 NTU, which was accomplished
by adding clay that had been processed through a 200 mm screen. This clay was extracted from an undisturbed soil sample
30 m beneath the ground surface. The material from the Chittagong roadway was investigated at the Geotechnical
Laboratory. This material was passed through a 200-mm sieve to get clay. The water had a turbidity of more than 30 NTU
and a pH of 6.0 to 10.0. TW-2 was placed into six PET bottles and six plastic bags two hours before each SODIS experiment
and spiked with 107 CFU/100 ml of E. coli bacteria.

Reactors in batches:
As reflecting reactors, reflective food-grade foil sheets were added to the rear surfaces of PET bottles and plastic bags.
H202:

According to the United States. The Environmental Protection Agency (EPA) recommends a minimum dosage of H202 in
drinking water of 25-50 mg/l. Furthermore, Sciacca et al. (2010) discovered that 10 mg/l H202.The germs were highly
inactivated when exposed to sunlight. According to the literature, 10 mg/l of 30% EMSURE ® ISO H202 was added to
each PET bottle PB one hour before the SODIS experiment. Before each experiment, an E. coli test was done to ascertain
the starting bacterial count before solar exposure to examine the influence of H202 as an oxidizing agent on bacterial

1nactivation.

3.4 Experimental Procedure:

After that, both sets of PET bottles and PB were put on the prototype system and subjected to sunshine. The SODIS trials
were all carried out on the IUT campus. Before solar exposure, reactors (PET bottle and PB) were shaken to maintain an
air gap of approximately 15% of the container volume to allow for air circulation and aeration (Reed, 1997). Containers
were placed out in the sun for 6 hours, commencing at 10 a.m. (+/- thirty minutes) and ending at 4 p.m. (+/- thirty minutes)

in all cases.

Throughout the studies, the Solar Survey 200R Pyranometer (Seward Group, UK) was used to record the sun's irradiance
and temperature at 1-minute intervals. Six TW-1 containers and six TW-2 containers were exposed at the same time for a

total of 12 containers in each experiment. During the monsoon and winter months, six-hour exposure tests were conducted,



with each sample water container being retrieved from the sun irradiation exposure chamber for testing every h. During

the monsoon and winter, all trials were repeated in duplicate for each condition.

3.5 E.coli Testing:
During the monsoon and winter seasons, samples were gathered from the SODIS platform after each hour of sun exposure.
To guarantee sterility, the samples were kept in sterile beakers. Six PET bottles and six PB from TW-1 and TW-2 were

sampled for E. coli testing in each trial.

After SODIS, the water was put in a dark setting for 12 and 24 hours at room temperature to see if the microbes regrew
(Giannakis et al., 2015). Each sample received 100 ml of 0.22-micron-pore filter paper (Millipore Corp., Bedford, MA,
USA). Following the membrane filtering procedure (APHA 1998), the filter paper was put in a broth containing m-TEC
agar in a glass Petri plate. The samples were incubated for 24 hours at 37°C. The characteristic white-grey appearance of
E. coli colonies allows for a visual count of the total number of colonies. The total number of E. coli colonies in each
sample was counted after incubation. E. coli tally was represented as CFU/100 ml, and all assays were repeated twice to

ensure accuracy. The mean of the two tests was then calculated.

3.4 Physical and Chemical Testing

During the SODIS tests, four physicochemical parameters were measured: pH, turbidity, dissolved oxygen (DO), iron (Fe),

and electrical conductivity (EC). These characteristics were determined for both test and filtered water.

3.5 SODIS Experiments with Drinking Water from Slums, Restaurants, and Households

The drinking water utilized in various facilities (households, restaurants, and slums) was gathered from several locations
across Dhaka, as illustrated in Fig. 3.10, and the locations are shown in Table 3.5. Piped water from the Dhaka Water
Supply and Sewerage Authority (DWASA), jar water from private companies and tube wells, and hand-pumped

groundwater are the principal sources of drinking water in Dhaka.
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Table 7: Drinking Water Sampling Locations

Location

Establishment y Latitude Longitude
Location . -

Type (Decimal (Decimal

Degrees) Degrees)
Slum Mirpur 23.829929 90.377347
Slum Mirpur 23.829591 90.377390
Slum Mirpur 23.829969 90.377279
Slum Mirpur 23.827956 90.378214
Restaurant Mirpur 23.829920 90.376566
Restaurant Mirpur 23.829181 90.375344
Restaurant Mirpur 23.829756 90.375376
Restaurant Uttara 23.87986 90.401
Household Mirpur 23.831455 90.374773
Household Malibagh 23.756879 90.415067
Household Uttara 23.863760 90.403168
Household Bashundhara |23.812926 90.452894

Table 8:Locations of water sources for sampling

Various establishments were chosen at random from various places to gather drinking water samples. The drinking water
was collected in PET bottles (2-L) and placed in a cotton bag to avoid exposure to sunlight. Water samples were transferred
by air the same day they were collected. Conditioned automobile to the laboratory. SODIS studies were carried out using
collected drinking water samples with and without H202 during 6 hours of sun exposure to assess treatment efficiency.

During the winter, reactors (PET and PB) were employed under overcast weather conditions. The H202 dose was 10 mg/1.



The physicochemical and E. coli tests were carried out in the same manner as the test water experiment. In addition, all

trials included a post-SODIS regrowth examination of bacteria.

3.6 Water quality of the Drinking Water Samples
The drinking water samples were analyzed for various physicochemical and bacteriological parameters before the SODIS
experiment. Table 3.6 shows the results of the water quality of the collected drinking water samples before the SODIS

experiment. In each sample, drinking water was labeled with an ID, such as R 1-4 for restaurants, S 1-4 for slums, and H

1-4 for households.

T t

X Test empera . " . . . Regrowth Solar Temperature

Type Location | Source pH DO EC ure of | Turbidity ke Initial [ E.coli 1hr | E.coli 2hr | E.coli 3hr . .

waters 24 irradiance panel
water
slum Mirpur Piped S-1 8.49 2.99 378 38.5 6.25 0.82 721 423 98 0 0 550.373961 | 45.45152355
slum Mirpur piped S-2 8.4 4.88 367 38.1 5.48 0.56 634 321 78 0 0 550.373961 | 45.45152355
slum Mirpur | tubewell S-3 8.3 3.12 357 38.2 3.26 0.24 1890 670 200 0 0 550.373961 | 45.45152355
slum Mirpur piped S-4 8.3 6.34 326 38.5 0.35 0.15 1520 532 178 0 0 550.373961 | 45.45152355
Household Mirpur piped H-1 8.36 6.81 398 38.4 3.02 0.64 840 301 34 0 0 550.373961 | 45.45152355
Household |Malibagh| piped H-2 8.24 6.7 406 38.5 0.16 0.45 540 299 21 0 0 550.373961 | 45.45152355
Household 5222?4 piped H-3 8.33 6.76 329 38 0.35 0.29 470 289 19 0 0 550.373961 | 45.45152355
Bashund .
Household hora piped H-4 8.28 7.24 399 38.1 0.22 0.13 890 276 20 0 0 550.373961 | 45.45152355
Filter
. (Industria
restaurants Mirpur I supply R-1 8.41 7.35 347 375 1.61 0.18 500 100 21 0 0 503.643154 | 40.07883817
water)

restaurants Mirpur piped R-2 8.45 6.92 340 371 3.02 0.22 3000 1231 169 0 0 503.643154 | 40.07883817
restaurants Mirpur Drum R-3 8.39 5.23 343 37.2 3 0.2 980 215 45 0 0 503.643154 | 40.07883817
restaurants Uttara piped R-4 8.4 7.34 270 375 2.38 0.11 1980 321 78 0 0 503.643154 | 40.07883817

Table 9: Analysis of collected drinking water quality parameters

The majority of the water's physicochemical properties were within the ECR (2023) and WHO (2022b) drinking water
criteria. The iron test findings of the drinking water samples were within 0.3-1.0 mg/I of the ECR (2023) norm. The water
is unsafe to drink since it contains high levels of E. coli. The risk levels for E. coli are classed as low (1 CFU/100 ml),
moderate (1-10 CFU/100 ml), high (11-100 CFU/100 ml), and extremely high (>100 CFU/100 ml) based on existing
literature. According to the risk categories, the obtained drinking water samples provide an extremely high danger to human

health since E. coli concentrations exceeded 100 CFU/100ml. UNICEF reported similar findings, finding that 32% of
piped,

E. coli danger levels were found in 30.4% of tube well water (Charles et al, 2021). Under these conditions, SODIS may be
utilized to improve human health by lowering the risk of water-related diseases, and it can also be used as an HWT
alternative to disinfecting water before consumption. Analysis of the drinking water quality parameters revealed that the
state of the water supplied to the mass population is contaminated and may pose a significant threat to the overall health

of the human population.

3.7 Bacterial Inactivation and Simulation

The sun irradiation-induced bacterial inactivation was computed using the GInaFiT freeware add-on in Microsoft Excel

(Geeraerd et al., 2005) and LRV. The Weibull frequency distribution model (Mafart et al., 2002) and the bacterial decay



model (Chapra, 2008) were chosen because they gave the best-fitting curves in all situations studied. To choose the optimal

model, the shortest root-mean-squared error (RMSE) and greatest correlation coefficient (R2) were used.

3.8 Weibull Inactivation Model

To estimate the bacterial reaction to sun irradiation, the GInaFiT freeware add-on in Microsoft Excel was utilized (Geeraerd
et al., 2005). The curves from the Weibull frequency distribution model (Mafart et al., 2002) were chosen because they had
the greatest R 2 an)lowest RMSE of all the models tested.

~(t/8)
N/N =10
0

NO= The initial bacterial population (CFU/ml)
Nres= Residual Bacterial Population (CFU/ml)

k= Inactivation constant in a first-order reaction
t= The investigated time

6 and p= Weibull model-specific constraints

The scale's parameter 6 indicates when the reading is rounded down to the nearest decimal place.

For p <1, a convex curve is illustrated. Last but not least, the model structure dictates that d and p are not unrelated to one
another; rather, they exhibit a high link, as proposed by van Boekel (2002); Geeraerd et al. (2005), and Mafart et al. (2002).
Moreover, according to Raes et al. (2012), model fitting can be considered poor if NRMSLE >30%, fair if
30%>NRMSLE>20%, good if 20%>NRMSLE>10%, and excellent if NRMSLE <10%.

3.8 Statistical Evaluation
Microsoft Excel® ver. 16.1 (Microsoft Corporation, Redmond, WA, USA) and R Studio (R Coding) were used to compare
the microbiological analysis and efficacy of various materials. To establish the significance of the dataset, a paired t-test

was done on pairs of datasets made up of aluminum foil paper, corrugated steel sheets, PET bottles, or plastic bags.

In addition, analysis of variance (ANOVA) was used to examine each sample for seasonal variations. The significance
level for hypothesis testing was set at 5%, and all tests were considered significant if their p-values were less than 0.05

(Clark, 1974).



Furthermore, Equation below specifies the safe exposure period' required to achieve the necessary degree of bacterial

inactivation to be maintained throughout SODIS application to minimize microorganism re-growth.

tsafe exposure = tmodel + 0.2 tmodel + 30

4. Results and Discussions:

For the test water studies in this section, the WHO guidelines for HWT procedures were followed. Experiments were
carried out in Bangladesh throughout two gloomy seasons (monsoon and winter) to assess the SODIS's performance. To
increase SODIS effectiveness across a wide range of sun exposure periods and circumstances, including overcast days, a
prototype SODIS system was built utilizing foil paper. Polyethylene terephthalate (PET) bottles and plastic bags were
utilized as reactors in the studies. A consistent technique was used to assess solar irradiance and many physicochemical

parameters. The results of many experimental tests are discussed here.

4.1 Physical and chemical properties

The physicochemical parameters were compared before and after SODIS with H202 application. The pH, DO, turbidity,
EC, and temperature of the test water were determined in Bangladesh throughout the monsoon and winter seasons. During
these seasons, the iron content in IUT groundwater ranged between 0.3 and 0.7 mg/1. Test waters generated in compliance
with WHO (2011) recommendations provide optimum (TW-1) and worst-case (TW-2) conditions for comparing different
HWT efficiencies fast. The mineral concentration and low organic content of the water used in TW-1 preparation are
noteworthy characteristics. Furthermore, TW-2 containing sewage water contained colloidal and organic components that
caused physicochemical alterations. Tables A3, A5, A7, and A9 in Appendix II show the average TW-1 (PET bottle and
PB) and TW-2 (PET bottle and PB) values obtained using pre-SODIS evaluated parameters for the monsoon and winter
seasons. The statistics indicated that there was a seasonal change in water temperature, and all other values were
comparable with WHO (2011) guidelines. This study's findings are congruent with those of another study by Clarizia et al.
(2017), which discovered that iron in water causes a pH increase to 8.04, mostly due to water oxidation. Appendix II
(Tables A4, A6, A8, and A10) presents the post-SODIS parameters based on the average SODIS data over 6 hours. Solar
exposure caused temperature fluctuations, while the presence of iron in the water caused an increase in EC. Lowering the
pH of water, according to the literature, entails combining the photocatalyst, and enables iron to react with hydrogen ions
in water. It was also determined that the cause of the lower DO level may be attributed to the photocatalyst's chemical
interaction with iron or other organic material in the water, or to the inactivation of bacteria. The turbidity of TW-2 reduced

following the SODIS experiment, as reported by Karim et al. (2021).

This might be attributed to the photocatalyst's chemical interaction with iron or other organic material in the water, or to
the deactivation of microbes. The turbidity of TW-2 reduced following the SODIS experiment, as reported by Karim et al.
(2021).



4.2 Comparison of SODIS PET bottle and plastic bag test waters before and after SODIS

Table 4.1 shows a comparison of the physicochemical parameters for two types of test waters using PET bottles and plastic
bags during the monsoon and winter seasons, allowing the average value of several physicochemical characteristics to be
analyzed quickly and easily before and after the application of SODIS with H202. The EC value and turbidity of both test
waters rose after using the SODIS during the monsoon and winter seasons. The physicochemical properties of both
containers changed with temperature; however, neither DO nor pH were modified. The most variable characteristics in

both test waters (TW-1 and TW-2) were EC, temperature, and turbidity. The temperature has risen.

The dissociation of molecules in water enhances the mobility of ions, resulting in an increase in conductivity (Barron and
Ashton, 2005). Furthermore, conductivity can be improved in this study due to the presence of iron ions as a result of the
interaction of H202 and iron in water caused by sunshine (Mathur, 2015). Thus, the rise in EC seen in this study was
caused by an increase in temperature as well as the presence of Fe ions in the water. Furthermore, pH and DO showed the

least fluctuation in both test waters during the monsoon and winter seasons. Karim et al. (2021) observed similar findings.

Wet Season Dry Season

Parameters Bottle Bag Bottle Bag
Before |After |[Before |After |Before |After |Before |After
pH 832 |8.25 (832 (822 |8.31 [7.92 (8.27 [8.17
DO (mg/L) 8.11 1|7.84 |7.87 |7.5 8.35 7.6 8.21 |7.24
EC (uS/cm) 410 |808.7 |397.07|781.1 |416.3 |785 |422.1 |751

Turbidity (NTU) [46.18 |34.08 |46.05 [36.21 [41.55 [37.3 |46.5 |36.8
Temperature (°C)[28.95 |40.16 |29.31 |40.16 |25.69 |38.41 [25.76 |38.3

Table 10: Comparison of Parameters Pre and Post SODIS

4. 3 Regrowth of Microorganisms

Microbial regrowth can be caused by a variety of factors, some of which are covered in the literature review sections.
Regrowth is a worry from the start of SODIS and continues after treatment is completed. According to Table 4.3, modified
SODIS with H202 is efficient in suppressing bacterial regrowth, as demonstrated in this investigation. Regrowth after
SODIS-treated water, as demonstrated by Karim et al. (2021)'s study in Bangladesh, is a severe issue. People with
waterborne diseases will not benefit from SODIS if bacteria in the water regeneration occur after SODIS. As a result,
controlling bacterial regrowth in SODIS-treated water is a considerable problem. Both Giannakis et al. (2015) and

GutiérrezAlfaro et al. (2018) have published their findings that regrowth is a major finding in the process



Season Containers | Test LRV Solar Intensity (W/m?) imum Disi i Regrowth | Regrowth | Delta (LRV) WHO (2011)

Waters Temperature Time (hr) after 12hr after 24 hr Treatment
(°C) Classification
Average Maximum
Wet PET TW-1 6 669.01 995 45.3 2 o o 6 HP
(June- TW-2 5 669.01 995 45.3 2 (o] o 5 HP
October) PB TW-15 646.91 918 52.7 1 o (o] 5 HP
TW-2 5 646.91 918 52.7 1 o o 5 HP
Dry PET TW-1 6 539.1 756 43.9 2 o) o 6 HP
(Novemb TW-2 5 539.1 756 43.9 2 o o 5 HP
er- PB TW-15 577.43 874 46.4 2 o o 5 HP
February) TW-25 577.43 874 46.4 2 o o 5 HP

Delta (LRV) = LRV (after disinfection) — LRV (after 24 hr. of storage). HP= Highly Protective

Table 11:Regrowth Potential of Modified SODIS

4.4 Model of Weibull Inactivation and log-linear+tail model:

The Weibull bacterial inactivation model was utilized by several writers, including Giannakis et al. (2015), Castro-Alférez
et al. (2018), and Karim et al. (2021). This model can readily show the efficacy of the SODIS system, the time necessary
for disinfection, and the 4-LRV of the SODIS experiment. As demonstrated in Figs. 4.13 and 4.14, the model matches the
experimental data using both the plastic bag and the PET bottle during the winter and monsoon seasons. The results show

that the data from this investigation fit the Weibull inactivation model rather well.
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Tablel2: Comparison of Weibull and Log Linear models

Furthermore, the evaluations provided by Raes et al. (2012) reveal that the model fits are excellent, with NRMSLE values
of 10% in all trials done throughout the winter and monsoon seasons. The 4-log exposure length was less than 1 h across
all seasons, suggesting that the established SODIS prototype with H202 was more effective. Furthermore, Castro-Alférez
et al. (2018) established a safe exposure period to prevent microbe regrowth in photo treated water; the safe exposure time
in the monsoon and winter seasons is less than 3 h, which is more effective than any previous study done in Bangladesh.
Solar exposure averages 646.91 W/m2 during the monsoon season, peaking at 918 W/m2. In contrast, during the winter,

the average sun exposure exceeded 450 W/m2, while the maximum temperature exposure exceeded 600 W/m2. The



modified SODIS with H202 is classified as a highly protective technology that anyone in Bangladesh can readily use to

safely consume drinking water.

4.5 Analysis of Regression

In this part, figures from the monsoon and winter seasons were combined, and evaluations were done for both PET bottles
and plastic bags (TW-1 and TW-2). The four dependent variables (UV) used in this regression study are maximum water
temperature (Tmax), turbidity (Turb), dissolved oxygen (DO), and ultraviolet radiation (UV). The regression model was
evaluated using four, three, two, and one dependent variables per container and test water. For each experiment, the
coefficient of determination (R 2), standard error (S. E.), and corrected R 2 were computed. The p-value of 0.05 is used as

the statistical significance criterion in both significant hypothesis tests.

Dependent Variables R

R%adj S.E

Dependent Variables

Tmax, Turb, DO, and UV | k= -1.64+0.05Tmax-.37 Turb+0.25 DO +0.002UV 0.80 0.79 0.75 0.45
Tmax, Turb and DO k=-3.71+0.10 Tmax-0.37 Turb+0.46 DO 0.68 0.68 0.64 0.50
Tmax and Turb k=-1.17+0.12 Tmax-0.36 Turb 0.29 0.38 0.13 0.60
Tmax k=-1.82+0.11Tmax 0.56 0.32 0.30 0.65
Turb k=3.74-0.31Turb 0.31 0.10 0.10 0.75
DO k=-4.77+1.08DO 0.40 0.20 0.20 0.70
UV k= 0.89+0.004UV 0.70 0.53 0.50 0.60

0.60

Tmax, Turb, DO, and UV | k= -0.46+0.05Tmax-0.01 Turb-0.04 DO +0.003UV 0.70 0.78 0.72

Tmax, Turb and DO k=-1.86+0.10 Tmax-0.01 Turb+0.05 DO 0.53 0.58 0.50 0.65
Tmax and Turb k=-1.55+0.11 Tmax-0.01 Turb 0.53 0.35 0.30 0.70
Tmax k= -1.88+0.1Tmax 0.52 0.30 0.30 0.70
Turb k=2.73-0.003Turb 0.03 0.01 0.01 0.80
DO k=-2.74+0.71DO 0.30 0.10 0.10 0.80
uv k= 0.57+0.004UV 0.70 0.56 0.51 0.60

Table 13: Regression Analysis of PET Bottles and Plastic Bags in moonsoon and winter season




PET TW-1

Dependent Variables Model R R? R%adj S.E
Tmax, Turb, DO, and UV | k= 1.94-0.05Tmax-.01 Turb+0.19 DO +0.003UV 0.71 0.70 0.65 0.40
Tmax, Turb and DO k= 0.24+0.01 Tmax-0.002 Turb+0.26 DO 0.58 0.45 0.42 0.50
Tmax and Turb k=1.68 +0.02 Tmax+0.01 Turb 0.26 0.30 0.09 0.50
Tmax k=1.68+0.02Tmax 0.21 0.04 0.01 0.50
Turb k=2.60+0.06Turb 0.09 0.00 0.00 0.50
DO k=0.36+0.33DO 0.26 0.07 0.03 0.50
uv k=1.63+0.002UV 0.54 0.35 0.30 0.45
PET TW-2
Dependent Variables Model R R? R%adj S.E
Tmax, Turb, DO, and UV | k= 1.27-0.03Tmax+.01 Turb+0.02 DO +0.003UV 0.70 0.73 0.70 0.40
Tmax, Turb and DO k= -0.68+0.04 Tmax+0.02 Turb+0.11 DO 0.44 0.50 0.45 0.40
Tmax and Turb k= 0.04 +0.04 Tmax+0.02 Turb 0.43 0.20 0.12 0.50
Tmax k= 0.50+0.04Tmax 0.40 0.14 0.12 0.50
Turb k=1.73-0.02Turb 0.25 0.06 0.02 0.50
DO k=1.20+0.16DO 0.14 0.02 0.01 0.50
uv k=1.05+0.003UV 0.65 0.55 0.50 0.40

The models show that the disinfection rate in PET bottles and plastic bags (TW-1 and TW-2) is related to the temperature
of the water, the amount of dissolved oxygen, and the amount of UV light. Furthermore, the rate of disinfection was
inversely linked to water turbidity. The regression analysis revealed that as the turbidity of the water grew, so did the
SODIS disinfection rate. In contrast, increasing the water temperature, dissolved oxygen, and UV radiation will boost the
disinfection rate. Several research, including McGuigan et al. (2012), Marugan et al. (2020), Amirsoleimani et al. (2021),
and Karim et al. (2021), have proven the similar occurrence in the increase and decrease of the SODIS disinfection rate.
Figs. 4,5,6,7 respectively which show significant fittings of the regression model for PET bottles and plastic bags (TW-1

and TW-2) during the monsoon and winter seasons.
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Figure 2: Model fitting TW-1(PET) with Tmax, Turb,DO,UV
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Figure 3: Model fitting of TW 2 with Tmax, Turb,DO and UV as predictors

Figure 4: Model fitting of Tw-2(PET) with Tmax, Turb,Do as predictors

4.6 Cost Analysis:

Full Houses with Unit Amount Full Setting Houses with
Setting  Corrugated Cost Total Cost Corrugated Tin
Tin Sheet (BDT) Sheet Total Cost

Aluminum Foil 250 1 Roll 250 250

Insulation 100 1 Sheet 100 -

Sheet

PET Bottle 30 6 Liter 180 180

Corrugated 200 1 Sheet 200 -

Tin Sheet

Wooden Board 650 1 Board 650 -

Black Enamel 150 1Paint 150 150

Paint

H,0, 2000 1 Liter 2000 2000

Total 3530 2580

The overall cost of developing the prototype system utilized in this study is shown in Table 4.14, with the only recurrent
expenditures being those for aluminum foil paper, PET bottles, and hydrogen peroxide, while the rest components are

acquired just once. Any low-income household may do this for a one-time cost of just 3,530 BDT (about $35.3).



4.7 SODIS Performance in Experiments Using Collected Drinking Water Samples
In this part, the SODIS performance was tested utilizing drinking water quality samples obtained from restaurants, families,

and slums studies using SODIS. The drinking water samples' quality was assessed, and post-SODIS analysis was done.

This section also examines the differences and similarities between SODIS and SODIS mixed with H202.

4.8 Physicochemical Change

When SODIS with H202 was utilized, there were no variations in the physicochemical characteristics of the treatment
process between the studies done in the test waters and those performed on the collected drinking water samples. The
physicochemical parameter changes in SODIS with H202 and SODIS are presented in Appendix III (Tables A13 and A14).
The parameter changes followed a similar pattern to what was found in the test waters. Because all of the drinking water
sources include iron, the photo-Fenton process will occur by the addition of H202 in SODIS, which will accelerate the

inactivation of bacteria identical to the test waters.



4.9: Efficiency of SODIS with H202:
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Figure 5: Efficacy of SODIS in Collected drinking water

Fig. 4.24 depicts the efficacy of SODIS with H202 in a PET bottle. SODIS with H202 takes 2 hours to completely
inactivate microorganisms, and this efficiency has been found in a range of drinking water samples. Furthermore, SODIS
studies in plastic bags were more efficient than those in PET bottles. The figures show that combining SODIS with H202

increases the performance of SODIS alone and has the potential to be used in the field. Outside of the winter months, no



fieldwork was done, and vice versa. SODIS treated with hydrogen peroxide is more effective in the summer, when

temperatures are greater, and bacterial inactivation can be noticed after just 1 hour.

4.10 Regrowth Potential:

Furthermore, several studies have explored the regeneration of bacteria, which severely hampers SODIS. The findings of
this investigation show that in the winter, SODIS treatment alone cannot inhibit bacterial regrowth following SODIS
application and comparable results were achieved in the winter season by Karim et al. (2021). Furthermore, Karim et al.
(2021) found that it took more than 6 hours to fully inactivate the bacteria and that regrowth occurred following SODIS
administration. Reyneke et al. (2020) did an experiment using rainwater in South Africa and Uganda and discovered
bacterial proliferation after 8 hours of sunlight exposure in sunny weather conditions using acrylic glass tubes. SODIS was
used to stream water in research in Brazil by placing PET. After 25 hours of solar exposure in gloomy conditions, bacteria
regrew in bottles in zinc corrugated tin sheets (Rosa e Silva et al., 2022). Martnez-Garca et al. (2021) discovered bacterial
proliferation in transparent tubes after 5 hours of sunlight exposure in sunny weather conditions using isotonic and
demineralized water spiked with E. coli. SODIS usage may be hazardous to human health, according to studies undertaken
in several countries, including Bangladesh. Thus, the findings of this study suggest that combining SODIS with H202 may
suppress bacterial regrowth after treatment and offer potable water after storage, which may convince consumers to accept

SODIS as a viable HWT alternative for killing germs.

Location Source Test Temperatur Turbidity DO pH EC E.coli Fe
Waters e (NTU) (mg/l) (uS/em)  (CFU/100ml) (mg/l)
°C)
Restaurants = Mirpur Jar R-1 22.8 0.63 8.06 7.67 297 500 0.82
Water
Restaurants = Mirpur Piped R-2 223 1.64 7.59 7.42 286 3000 0.56
Restaurants = Mirpur Drum R-3 223 1.33 6.22 7.8 | 294 980 0.24
Restaurants = Uttara Piped R-4 22.4 1.25 8.29 7.36 | 209 1980 0.15
Slum Mirpur Piped S-1 25.5 7.53 3.56 7.38 | 296 721 0.64
Slum Mirpur Piped S-2 25.6 6.25 5.45 7.22 | 297 634 0.45
Slum Mirpur Tubewel = S-3 25.6 3.42 3.31 7.12 297 1890 0.29
1
Slum Mirpur Piped S-4 24.6 0.45 6.78 7.28 | 222 1520 0.13
Household Mirpur Piped H-1 25 3.1 7.64 7.27 | 245 840 0.18
Household Malibagh Piped H-2 24.7 0.56 7.17 7.17 | 329 540 0.22
Household Uttara Sector = Piped H-3 25 0.84 7.2 7.32 237 470 0.20
4
Household Bashundhora Piped H-4 24.9 0.48 7.41 7.32 226 890 0.11



Table 14: Regrowth potential of collected drinking water sample

5. Conclusions and Recommendations:

5.1 Conclusions:

The following are the results of the evaluation of the test waters experiments:

1. Steel corrugated tin sheets with a thickness of 12 mm should be chosen from the market for SODIS applications because
they hold the highest temperature during sun exposure. To improve the SODIS during the monsoon and winter seasons,
reflective reactors (foil paper) should be placed on top of the sheets. SODIS' heating effect is a synergistic benefit that

increases the system's overall efficiency.

2. There was relatively little fluctuation in the physicochemical parameters (temperature, turbidity, dissolved oxygen, and
pH) of the test fluids (TW-1 and TW-2) or the reactors (PET bottle and plastic bag) over the monsoon and winter seasons.
However, the EC value fluctuated before and after the trial.

3. The addition of H202 improved the inactivation of E. coli in the monsoon and winter.

4.During the monsoon season, LRV 5.2 achieved maximum efficiency with a bacterial inactivation period of only one hour
in a plastic bag. And LRV 6.7 was discovered to be the most effective in a PET bottle, requiring only 2 hours of bacterial

inactivation time.

5. The greatest results were obtained during the winter season with LRV 5.49, which had a bacterial inactivation time of
only 2 hours in a PET bottle. The LRV for bacterial inactivation in the plastic bag, on the other hand, was 2. This reveals
that the performance of SODIS with H202 in reactors (PET bottles and PB) was reasonably equal over the winter season.

6. Regardless of the monsoon period, sun exposure was larger during the monsoon season than during the winter.

7. After 12 and 24 hours of SODIS with H202, no microorganisms were found to have grown back in either of the test
waters (TW-1 and TW-2) or in either of the reactors (PET bottle or plastic bag), indicating that the photocatalyst application
inhibited E. coli regrowth in the treated water. This study shown that the combination of SODIS and H202 is one of the

most effective ways for preventing microbial growth following treatment.

8. According to WHO criteria, the regeneration potential Delta LRV value for PET and plastic bags throughout the monsoon

and winter seasons was greater than 5, indicating that they were a "highly protective" HWT system.
9. According to the results of the Weibull bacterial inactivation model, it takes less than an hour in

both the monsoon and the winter to achieve 4 log inactivation of germs in a PET bottle or a plastic bag. In all experiments,
the R2 values were more than 0.95, indicating the precision of the SODIS experiment carried out in this investigation. All
NRMSE values are less than 10%, indicating that the experiment performed admirably in comparison to prior

investigations.



10. During the monsoon season, the maximum permissible exposure duration for a4 LRV PET bottle is 2 hours. and winter

seasons, while a polyethylene bag's acceptable exposure period is only one hour.

5.2 Future Scopes:
Drinking water microbial contamination is one of the primary causes of many water-borne illnesses in Bangladesh, and
further study is needed to remove it utilizing accessible HWT alternatives such as SODIS. SODIS can be improved in the

following ways.

1. Laboratory tests are necessary to evaluate the efficiency of SODIS inactivating species other than bacteria in drinking

water, such as protozoa and spore-forming organisms.

2. In SODIS with H202 application, suitable care must be taken to check the presence of hydrogen peroxide following

SODIS treatment, ensuring that no residual peroxide levels that might affect human health remain.

3. Heat-absorbing bitumen can be used in lieu of black enamel paints on corrugated tin sheets to raise the temperature of

tin sheets that will aid in increasing the temperature of the water.

4. Future studies might look at the use of TiO2 as a photocatalyst in SODIS and its effects in comparison to the climatic

conditions of Bangladesh.

5. SODIS photodegradation of PET bottles and plastic bags should be investigated microplastics, which are dangerous to

humans if consumed, will be studied in the future.

6. Appropriate government entities in this nation should educate the public and advocate for the implementation of long-
term remedies, such as SODIS, to eliminate waterborne diseases microorganisms, and strive for a future in which everyone

has access to clean drinking water.
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APPENDIX I: LITERATURE REVIEW

Table A 1 SODIS efficiency with respect to solar irradiance

Author Irradiation | Wavelength | Dose Intensity Result (selected | Remarks
type range pathogens)
reported
Wegelin et| Simulated | 350- 555 111 W/m2 3- 4 LRV in five hours
al. 1994 sunlight 450nm Wh/m2 for E. coli and St.
faecalis,
Heaselgrave | Simulated | Wavelength 150W/m2 E.coli: 5.7 log reduction | wavelength
& sunlight range not after 4h range
Kilvington specified unclear
2010
Bosshard et| Simulated | 350- various E.coli: 1% survival at
al. 2009 and 450nm 1700kJ/m2
natural
sunlight
Dejung et al. | Natural UV-A (320- UV: 16.9Wm2 Minimum UV-A dosage | Mean water
2007) sunlight 400nm) (average day) for 3LRV temperature
bacteria, including E. 44 degrees
coli: 60Wh/m2 ( 4h on
average days)
Fisher et al.| Natural UV-A (320- 73W/m2 3 log reduction of
2012) sunlight 400nm) (calculated) labgrown E.coli in 3h, 7h
for wastewater-derived
E.coli
Reed 1997 | Natural Not 600-750W/m2 6log inactivation in 3h| Temperature
sunlight specified: (full spectrum?) aerobically similar < 28 degrees
Full
spectrum.
McGuigan et| Simulated 700 W/m2 3 log inactivation, 2.5
al. 1998 sunlight, 2900 (corresp. sunny | log inactivation, 2 log
300- KJ/m2 | Wweather) 400 inactivation
1020nm: W/m2 (corresp.
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To partly cloudy
weather) 100
W/m2 (corresp. to

overcast conditions
Lonnen et al. | Simulated | 300- 200W/m2 E.coli: 5.5 log
2005 sunlight 400nm inactivation in 2.5h
Berney et al. | Natural 350- 2400 E.coli: 3 log reduction
2006 sunlight 450nm KJ/m2 requires 2000kJ/ m2
in 6 -7h
Boyle et al.| Natural 295-385 nm Maximum  noon | Inactivating 2 log E.coli
2008 sunlight intensity: >1000 takes 125 kJ/m2 (295385
W/m2 (full | nm). 4-log: Y.
spectrum) enterocolitica takes 150
minutes longer than
enteropathogenic E. coli.
Kehoe et al. | Natural 300- Full inactivation at 4-5 | High water
2001 sunlight 20000nm Mj(m2 temperature!
(Marques et| Natural 360-380nm 685.6 W/m2 50°C water inactivates | High water
al., 2013) sunlight 99.9% of E.coli in 3| temperature
hours.
(Kalt et al.,| Natural 315-400 nm 24-36 W/m2 UVA | 34 L of water treated for
2014) sunlight 4 hours reduces E.coli
by 4 logs.
(Giannakis | Laboratory 500-1600 W/m2 4 log reduction
etal, 2015) | simulated simulation is done.
intensity
Karim et al., | Natural Monsoon: 491- Different seasons and
2021 Sunlight 535 durations achieve 4 log
Winter: 356 reduction.
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Table A 2 Different LRVs according to global standards (Andrew et al., 2012)

No. | Standard LRV Implementation Remarks
1. US EPA Bacteria: 6 | Multiple technologies;| It's a pioneering and well-known guide
Guide Virus: 4 murky water conditions standard, although it's open to
Standard-1987 | Cyst: 3 interpretation.
2. Israel SI 1505| Bacteria: 7 | Covers filtration, UV, and
Part 1, Part 2 Virus: N/A | RO systems for clean,
Cyst: N/A nonturbid water.
3. Japan JIS 3835 | Bacteria: Covers membrane filters,, A membrane filter rating test.
report but not turbid water.
results only
Virus: N/A
Cyst: N/A
4. Mexico Bacteria: Covers just clean-water| 4-log E. coli and 1.3-log aerobic
NOMISO- SSA | 4/1.3 applications, not turbidity| bacteria decrease.
Virus: N/A | reduction.
Cyst: N/A
5. Australia/New | Bacteria: 6 | Covers several technologies,| EPA Guide Standard-influenced.
Zealand Virus: 4 including turbid water.
AS/NZS 4348 | Cyst: 3
6. Brazil ABNT| Bacteria: 2 | Covers plumbed-in filtering
NBR 14908 Virus: N/A | systems, but not turbid
Cyst: N/A water.
7. Brazil ABNT| Bacteria: 2 | Gravity-fed filtration
NBR 15176 Virus: N/A | devices, clean water
Cyst: N/A exclusively, no turbidity
8. Venezuela Bacteria: Covers non-ceramic| Verifies assertions without pass/fail
COVENIN claims filtration and ozonation| criteria.
3377 verification | systems, but not turbid
only water.
Virus: N/A
Cyst: N/A
9. Venezuela Bacteria: Ceramic filtration systems,| Only verifies claims; no pass/fail
COVENIN claims clean water only, no| criterion.
2840 verification | turbidity.
only
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Virus: N/A

Cyst: N/A

10. | California Bacteria: 6 | Covers several technologies,| EPA Guide Standard-influenced
Guidelines Virus: 4 including turbid water.

2004 Cyst: 3.3

11. | WQA Bacteria: 3| Gravity-fed filtration | Developed nations-focused
ORD0901 Virus: 3 devices for pure, nonturbid

Cyst: N/A water.

12. | Proposed Bacteria: 6 | Mechanical filtering| EPA Guide Standard-influenced.
supplemental Virus: 4 systems, clean water| Certification for filtration systems that
standard Cyst: 3.3 exclusively, not turbid. can prevent boil-water advisories.
NSF/ANSI 244-

3

13. | WHO HWT Highly Covers several technologies,| EPA Guide Standard-influenced
Guidelines protective including turbid water. Designed for developing country local
2011/ NSF| Bacteria: 4 governments. WHO HWT
P415 Virus: 5 Guidelines provide test methodologyl

Cyst: 4 recommendations, but aren't
prescriptive. NSF P415 employs NSF

Protective P231 and WHO HWT log reductions to

Bacteria: 2 make claims.

Virus: 3

Cyst: 2

APPENDIX II: SODIS PERFORMANCE IN LABORATORY
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EXPERIMENTS

Table A 3 Initial physicochemical characteristics of TW 1 in bottle containers

Standard
Season Parameters Minimum Maximum Average o Variance
Deviation
pH 7.92 8.70 8.34 0.19 0.04
DO (mg/1) 7.18 9.45 8.11 0.66 0.47
Monsoon EC (uS/cm) 326.00 606.00 409.95 73.84 5841.86
(June- October, Turbidity
2022) 35.10 57.33 46.18 6.52 45.57
(NTU)
Temperature
26.20 32.00 28.95 1.45 2.25
O
pH 7.56 8.32 7.95 0.22 0.05
DO (mg/1) 7.12 8.25 7.78 0.31 0.11
Winter
EC (uS/cm) 314.00 543.00 397.53 62.06 4126.55
(November-
Turbidit
February, 2023 | PHPIERE Ny 75 12.98 3.65 2.59 721
) (NTU)
Temperature
(°C) 19.20 28.10 25.69 2.55 6.97
Sample size (N) = 60
Table A 4 Final physicochemical characteristics of TW 1 in bottle containers
Standard
Season Parameters | Minimum | Maximum Average o Variance
Deviation
pH 6.77 8.48 7.81 0.42 0.18
Monsoon (June-
DO (mg/1) 6.12 8.45 7.25 0.58 0.34
October, 2022)
EC (uS/em) | 279.00 885.00 770.07 84.59 7235.50
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Turbidity
0.38 4.54 2.50 1.22 1.51
(NTU)
Temperature
26.90 52.70 38.37 5.40 29.49
(0
pH 7.41 8.34 7.90 0.23 0.05
DO (mg/1) 6.14 8.12 7.25 0.42 0.18
] EC (uS/ecm) [ 687.00 898.00 796.63 51.51 2682.80
Winter (November-
Turbidit
February, 2023 ) SR o068 4.12 2.22 0.77 0.59
(NTU)
Temperature
(°C) 23.50 51.20 40.16 4.82 23.54
Sample size (N) = 60
Table A 5 Initial physicochemical characteristics of TW 2 in bottle containers
Standard
Season Parameters Minimum | Maximum Average Variance
Deviation
pH 7.92 8.48 8.32 0.16
DO (mg/1) 7.18 9.45 8.11 0.66
Monsoon
(June EC (uS/cm) | 326.00 606.00 409.95 | 73.84 5841.86
October, Turbidity
35.10 57.33 46.18 6.52
2022) (NTU)
Temperature
26.20 32.00 28.95 1.45
(°C)
pH 8.06 8.47 8.31 0.11
DO (mg/1) 7.98 8.67 8.35 0.19
Winter
EC (uS/cm) | 337.00 575.00 416.33 | 68.48 5024.95
(November-
February, Turbidity
32.50 56.00 41.55 5.97
2023) (NTU)
Temperature
0) 19.20 28.10 25.69 2.55
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Sample size (N) = 60

Table A 6 Final physicochemical characteristics of TW 2 in bottle containers

Standard
Season Parameters | Minimum | Maximum | Average o Variance
Deviation
pH 6.83 8.46 7.92 0.44 0.19
Monsoon | DO (mg/l) | 5.78 9.26 7.60 | 0.66 0.45
(June-
October, | EC(S/em) 151154 195500 | 785.00 |69.06 | 4822.99
2022) Turbidity
(NTU) 11.70 51.23 37.30 8.89 79.97
Temperature
(°O) 26.90 52.70 38.41 5.38 29.23
pH 8.00 8.45 8.25 0.09 0.01
DO (mg/l) 6.78 8.54 7.84 0.36 0.13
Winter
(November- EC (uS/cm) 69800 89600 80869 5110 264022
February, Turbidity
34.08 7.10 50.99
2023) (NTU) 18.60 51.20
Temperature
(°C) 23.50 51.20 40.16 4.82 23.54
Sample size (N) = 60
Table A 7 Initial physicochemical characteristics of TW 1 in plastic bag containers
Standard
Season Parameters Minimum Maximum Average Variance
Deviation
Monsoon pH 7.37 8.45 8.15 0.27 0.08
(June- October, | DO (mg/l) 6.98 8.21 7.52 0.42 0.19
2022) EC (uS/cm) | 312.00 584.00 380.73 73.90 5851.78
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Turbidity

1.68 4.24 2.97 0.73 0.57
(NTU)
Temperature
27.60 32.00 29.26 1.21 1.58
(°C)
pH 7.04 8.42 7.92 0.31 0.10
DO (mg/l) 6.99 8.13 7.68 0.36 0.14
Winter
EC (uS/cm) 341.00 684.00 454.13 91.07 8885.98
(November-
February, 2023 | 1urbidity
) (NTU) 1.78 4.65 3.52 0.75 0.61
Temperature
(°C) 19.20 29.20 25.76 2.63 7.43
Sample size (N) = 60
Table A 8 Final physicochemical characteristics of TW 1 in plastic bag containers
Standard
Season Parameters Minimum | Maximum Average Variance
Deviation
pH 7.21 8.83 8.11 0.34 0.12
DO (mg/l) 6.25 8.04 7.03 0.39 0.15
EC (uS/cm) | 582.00 862.00 742.77 71.33 5144.92
Monsoon (June-
October, 2022) Turbidity
(NTU) 0.25 4.42 248 0.97 0.95
Temperature
(°C) 31.90 52.70 38.27 4.14 17.32
pH 7.02 8.45 7.92 0.31 0.10
DO (mg/l) 6.09 8.03 7.11 0.44 0.19
Winter (November- EC (uS/cm) | 572.00 893.00 772.73 65.67 4360.69
February, 2023 ) Turbidity
(NTU) 0.99 4.24 2.69 0.87 0.76
Temperature
23.50 51.20 40.16 4.82 23.54
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O

Sample size (N) = 60

Table A 9 Initial physicochemical characteristics of TW 2 in plastic bag containers

Standard
Season Parameters Minimum | Maximum Average Variance
Deviation
pH 7.90 8.70 8.32 0.22
DO (mg/1) 7.28 8.47 7.87 0.31
Monsoon
(June EC (uS/cm) | 321.00 594.00 397.07 70.49 5851.78
u -
October, Turbidity
35.00 65.40 46.05 8.45
2022) (NTU)
Temperature
27.60 32.00 29.31 1.18
(°C)
pH 7.92 8.48 8.27 0.16
DO (mg/l) 7.47 8.47 8.21 0.26
Winter
EC (uS/cm) | 57.94 600.00 422.13 119.50 15301.53
(November-
February, Turbidity
30.78 69.40 46.50 9.61
2023) (NTU)
Temperature
19.20 29.20 25.76 2.63
(°C)
Sample size (N) = 60
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Table A 10 Final physicochemical characteristics of TW 2 in plastic bag containers

Standard
Season Parameters Minimum | Maximum | Average Variance
Deviation
pH 7.08 8.87 8.17 0.31 0.10
DO (mg/1) 6.40 8.23 7.24 0.40 0.17
Monsoon | EC(uS/em) | 559,00 | 872.00 | 751.24 | 70.63 | 5044.93
(June- Turbidity
October, | ) 2200 |5660 3679 |7.08 5065
2022)
Temperature
(°C) 31.90 52.70 38.32 4.10 17.03
pH 6.70 8.80 8.22 0.23 0.05
DO (mg/1) 6.40 8.33 7.50 0.52 0.27
Winter
(November- | LC WS | 5795 1896.00 | 781.08 | 105.24 | 11200.51
February, Turbidity
2023) (NTU) 17.89 58.60 36.21 8.54 73.83
Temperature
(°O) 23.50 51.20 40.16 4.82 23.54
Sample size (N) = 60
Table A 11 Plastic Bag E.coli test outcomes of both seasons
Monsoon Season Winter Season
TW-1 TW-2 TW-1 TW-2
E.coli E.coli E.coli
Serial E.coli Serial Serial Serial
(CFU/100 (CFU/100 (CFU/100
(hour) (CFU/100 ml) (hour) (hour) (hour)
ml) ml) ml)
Initial 50000000 Initial ~ [50000000 |Initial |{50000000 |Initial |50000000

99 | Page



1 80 1 170 1 3210 1 3950
2 20 2 130 2 630 2 970
3 10 3 30 3 30 3 150
4 0 4 0 4 0 4 0
5 0 5 0 5 0 5 0
6 0 6 0 6 0 6 0
Initial 50000000 Initial ~ {50000000 |Initial |50000000 |Initial |50000000
1 500 1 750 Initial {2470 Initial {3210
2 150 2 220 1 430 1 780
3 10 3 120 2 0 2 0
4 0 4 30 3 0 3 0
5 0 5 0 4 0 4 0
6 0 6 0 5 0 5 0
Initial 50000000 Initial ~ {50000000 |Initial |50000000 |Initial |50000000
1 800 1 1100 6 2700 6 4260
2 150 2 330 Initial {270 Initial {980
3 20 3 70 1 0 1 10
4 0 4 0 2 0 2 0
5 0 5 0 3 0 3 0
6 0 6 0 4 0 4 0
Initial 50000000 Initial | 50000000 | Initial | 50000000 | Initial | 50000000
1 700 1 1030 5 2970 5 3780
2 230 2 390 6 1840 6 2010
3 0 3 0 Initial | 530 Initial | 930
4 0 4 0 1 70 1 250
5 0 5 0 2 0 2 0
6 0 6 0 3 0 3 0
Initial 50000000 Initial | 50000000 | Initial | 50000000 | Initial | 50000000
1 500 1 870 4 1780 4 2980
2 220 2 310 5 670 5 1540
3 0 3 0 6 30 6 340
4 0 4 0 Initial | 0 Initial | 0
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5 0 5 0 1 0 1 0

6 0 6 0 2 0 2 0

Initial 50000000 Initial | 50000000 | Initial | 50000000 | Initial | 50000000
1 2500 1 3110 3 1590 3 2120

2 790 2 1250 4 350 4 1020

3 430 3 770 5 0 5 150

4 10 4 50 6 0 6 0

5 0 5 0 Initial | 0 Initial | 0

6 0 6 0 1 0 1 0

Initial 50000000 Initial | 50000000 | Initial | 50000000 | Initial | 50000000
1 2980 1 4390 2 1690 2 2410

2 1650 2 2110 3 670 3 1840

3 780 3 980 4 40 4 170

4 70 4 130 5 0 5 0

5 0 5 0 6 0 6 0

6 0 6 0 Initial | 0 Initial | 0

Initial 50000000 Initial | 50000000 | Initial | 50000000 | Initial | 50000000
1 2330 1 3950 1 1450 1 1890

2 850 2 1530 2 390 2 670

3 200 3 410 3 0 3 30

4 0 4 10 4 0 4 0

5 0 5 0 5 0 5 0

6 0 6 0 6 0 6 0

Initial 50000000 Initial | 50000000 | Initial | 50000000 | Initial | 50000000
1 2450 1 3200 Initial | 1870 Initial | 2450

2 770 2 1670 1 20 1 950

3 50 3 210 2 0 2 130

4 0 4 0 3 0 3 0

5 0 5 0 4 0 4 0

6 0 6 0 5 0 5 0

Initial 50000000 Initial | 50000000 | Initial | 50000000 | Initial | 50000000
1 1370 1 2780 6 1430 6 1760

2 410 2 890 Initial | 310 Initial | 470
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3 10 3 30 1 0 1 0

4 0 4 0 2 0 2 0

5 0 5 0 3 0 3 0

6 0 6 0 4 0 4 0

Initial 50000000 Initial | 50000000 | Initial | 50000000 | Initial | 50000000
1 870 1 1050 5 1370 5 1890

2 90 2 230 6 230 6 710

3 0 3 0 Initial | 0 Initial | 10

4 0 4 0 1 0 1 0

5 0 5 0 2 0 2 0

6 0 6 0 3 0 3 0

Initial 50000000 Initial | 50000000 | Initial | 50000000 | Initial | 50000000
1 710 1 1150 4 1190 4 1780

2 30 2 190 5 370 5 470

3 0 3 0 6 0 6 0

4 0 4 0 Initial | 0 Initial | 0

5 0 5 0 1 0 1 0

6 0 6 0 2 0 2 0

Initial 50000000 Initial | 50000000 | Initial | 50000000 | Initial | 50000000
1 780 1 990 3 2300 3 3450

2 20 2 70 4 940 4 1430

3 0 3 0 5 110 5 370

4 0 4 0 6 0 6 0

5 0 5 0 Initial | 0 Initial | 0

6 0 6 0 1 0 1 0

Initial 50000000 Initial | 50000000 | Initial | 50000000 | Initial | 50000000
1 730 1 960 2 6990 2 7010

2 10 2 90 3 5450 3 5990

3 0 3 0 4 4670 4 3450

4 0 4 0 5 1560 5 1890

5 0 5 0 6 340 6 510

6 0 6 0 Initial | 0 Initial | 0

Initial 50000000 Initial | 50000000 | Initial | 50000000 | Initial | 50000000
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1 330 1 510 1 1550 1 1890

2 0 2 0 2 230 2 370

3 0 3 0 3 0 3 0

4 0 4 0 4 0 4 0

5 0 5 0 5 0 5 0

6 0 6 0 6 0 6 0

Table A 12 PET bottle E.coli test outcomes of both seasons
Monsoon Season Winter Season
TW-1 TW-2 TW-1 TW-2
Serial E.coli Serial E.coli Serial E.coli Serial E.coli
(hour) (CFU/100 (hour) (CFU/100 (hour) (CFU/100 (hour) (CFU/100
ml) ml) ml) ml)

Initial | 50000000 Initial 50000000 | Initial | 50000000 | Initial | 50000000
1 1120 1 1350 1 3670 1 4270
2 120 2 320 2 1150 2 2010
3 30 3 80 3 170 3 470
4 0 4 0 4 0 4 0
5 0 5 0 5 0 5 0
6 0 6 0 6 0 6 0
Initial | 50000000 Initial 50000000 | Initial | 50000000 | Initial | 50000000
1 930 1 1480 1 3170 1 3990
2 270 2 640 2 790 2 980
3 30 3 150 3 0 3 0
4 0 4 0 4 0 4 0
5 0 5 0 5 0 5 0
6 0 6 0 6 0 6 0
Initial | 50000000 Initial 50000000 | Initial | 50000000 | Initial | 50000000
1 1780 1 2190 1 3260 1 5670
2 480 2 760 2 70 2 1230
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3 10 3 90 3 0 3 90
4 0 4 0 4 0 4 0
5 0 5 0 5 0 5 0
6 0 6 0 6 0 6 0
Initial | 50000000 Initial 50000000 | Initial | 50000000 | Initial | 50000000
1 3590 1 4980 1 3200 1 4200
2 2130 2 3230 2 2310 2 3120
3 1010 3 2320 3 560 3 2010
4 320 4 750 4 120 4 670
5 0 5 0 5 0 5 0
6 0 6 0 6 0 6 0
Initial | 50000000 Initial 50000000 | Initial | 50000000 | Initial | 50000000
1 1100 1 1780 1 2120 1 2870
2 390 2 770 2 970 2 1320
3 10 3 130 3 110 3 410
4 0 4 0 4 0 4 0
5 0 5 0 5 0 5 0
6 0 6 0 6 0 6 0
Initial | 50000000 Initial 50000000 | Initial | 50000000 | Initial | 50000000
1 1450 1 1980 1 1820 1 1990
2 310 2 670 2 760 2 920
3 0 3 0 3 80 3 370
0 4 0 4 0 4 0
5 0 5 0 5 0 5 0
6 0 6 0 6 0 6 0
Initial | 50000000 Initial 50000000 | Initial | 50000000 | Initial | 50000000
1 1100 1 1790 1 201 1 2890
2 170 2 310 2 85 2 1160
3 0 3 0 3 17 3 420
4 0 4 0 4 0 4 0
5 0 5 0 5 0 5 0
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6 0 6 0 6 0 6 0

Initial | 50000000 | Initial | 50000000 | Initial | 50000000 | Initial | 50000000
1 870 1 1450 1 1770 1 1920

2 90 2 210 2 610 2 470

3 0 3 0 3 0 3 0

4 0 4 0 4 0 4 0

5 0 5 0 5 0 5 0

6 0 6 0 6 0 6 0

Initial | 50000000 | Initial | 50000000 | Initial | 50000000 | Initial | 50000000
1 980 1 4670 1 1570 1 1900

2 270 2 2230 2 460 2 730

3 0 3 700 3 0 3 100

4 0 4 0 4 0 4 0

5 0 5 0 5 0 5 0

6 0 6 0 6 0 6 0

Initial | 50000000 | Initial | 50000000 | Initial | 50000000 | Initial | 50000000
1 1360 1 1890 1 1780 1 1930

2 130 2 310 2 590 2 610

3 0 3 0 3 0 3 50

4 0 4 0 4 0 4 0

5 0 5 0 5 0 5 0

6 0 6 0 6 0 6 0

Initial | 50000000 | Initial | 50000000 | Initial | 50000000 | Initial | 50000000
1 980 1 1370 1 1719 1 2167

2 190 2 630 2 163 2 193

3 0 3 50 3 0 3 0

4 0 4 0 4 0 4 0

5 0 5 0 5 0 5 0

6 0 6 0 6 0 6 0

Initial | 50000000 | Initial | 50000000 | Initial | 50000000 | Initial | 50000000
1 1010 1 1730 1 1890 1 2130

2 390 2 730 2 530 2 890

3 0 3 110 3 10 3 60
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4 0 4 0 4 0 4 0

5 0 5 0 5 0 5 0

6 0 6 0 6 0 6 0

Initial | 50000000 Initial 50000000 | Initial | 50000000 | Initial | 50000000
1 555 1 870 1 3460 1 4010

2 10 2 20 2 1450 2 2310

3 0 3 0 3 370 3 1010

4 0 4 0 4 0 4 430

5 0 5 0 5 0 5 0

6 0 6 0 6 0 6 0

Initial | 50000000 Initial 50000000 | Initial | 50000000 | Initial | 50000000
1 770 1 1070 1 1990 1 2470

2 30 2 190 2 430 2 750

3 0 3 0 3 0 3 0

4 0 4 0 4 0 4 0

5 0 5 0 5 0 5 0

6 0 6 0 6 0 6 0

Initial | 50000000 Initial 50000000 | Initial | 50000000 | Initial | 50000000
1 1570 1 2140 1 2330 1 2570

2 52 2 1430 2 760 2 860

3 5 3 170 3 10 3 50

4 0 4 0 4 0 4 0

5 0 5 0 5 0 5 0

6 0 6 0 6 0 6 0

APPENDIX III: SODIS PERFORMANCE IN FIELD

EXPERIMENTS
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Table A 13 SODIS with H>O, post-physicochemical parameters outcome

Location Source Test oH DO EC Temperature Turbidity Solar Temperature
waters of water irradiance panel
Mirpur Piped S-1 8.49 2.99 378 38.5 6.67 550.37 45.45
Mirpur piped S-2 8.4 4.88 367 38.1 5.59 550.37 45.45
Mirpur tubewell | S-3 8.3 3.12 357 38.2 3.27 550.37 45.45
Mirpur piped S-4 8.3 6.34 326 38.5 0.4 550.37 45.45
Mirpur piped H-1 8.36 6.81 398 38.4 3.14 550.37 45.45
Malibagh piped H-2 8.24 6.7 406 38.5 0.21 550.37 45.45
Uttara sector 4 | piped H-3 8.33 6.76 329 38 0.42 550.37 45.45
Bashundhora piped H-4 8.28 7.24 399 38.1 0.28 550.37 45.45
Mirpur Piped R-1 8.49 7.15 350 37.2 1.93 503.64 40.08
Mirpur piped R-2 8.4 6.87 344 37.1 2.37 503.64 40.08
Mirpur tubewell | R-3 8.3 4.99 344 37.2 1.27 503.64 40.08
Uttara piped R-4 8.3 7.43 262 37.5 1.85 503.64 40.08
Table A 14 SODIS post-physicochemical parameters outcome
Location Source Test oH | DO | EC Temperature Turbidity Solar Temperature
waters of water irradiance | panel
Mirpur Piped S-1 7.96 | 6.93 | 332 | 374 6.25 681.87 49.16
Mirpur piped S-2 7.54 | 6.72 | 353 | 37.2 5.48 681.87 49.16
Mirpur tubewell | S-3 743 ] 6.8 | 348 | 37.1 3.26 681.87 49.16
Mirpur piped S-4 7.49 | 6.27 | 251 | 37 0.35 681.87 49.16
Mirpur piped H-1 7471 6.72 | 270 | 37.2 3.02 681.87 49.16
Malibagh piped H-2 7.37 1 6.39 | 380 | 37.3 0.16 681.87 49.16
Uttara sector
A piped H-3 748 | 6.75 | 274 | 37.1 0.35 681.87 49.16
Bashundhora | piped H-4 7.43 | 6.76 | 261 | 37.4 0.22 681.87 49.16
Mirpur Piped R-1 82 | 7.15|350 | 372 1.93 595.72 43.11
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Mirpur piped R-2 8.15| 6.87 | 344 | 37.1 2.37 595.72 43.11
Mirpur tubewell | R-3 811|499 | 344 | 37.2 1.27 595.72 43.11
Uttara piped R-4 8.16 | 7.43 | 262 | 37.5 1.85 595.72 43.11
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