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Abstract

Today, drinking water supplies for most of the developing countries which mainly includes the remote
villages are at stake. Therefore, using of low-cost and available methods, for the treatment of surface
water for drinking in the areas without safe water system or emergency conditions was approved by
international healthcare organizations. Solar disinfection technology (SODIS), is one of the most
important technologies. In this study, the effect of UV-A radiation of sunlight in surface water
disinfection in Bandar Abbas was studied. In a cross-sectional study, the samples have been exposed to
sunlight for 1 to 7 hours in two types of PET and glass containers. Using of HPC method was measured
number of remaining bacteria in the samples. Then, by using a statistical analysis, the relationship
between reduce of microbial load and turbidity, contact time, weather conditions and type of containers
was investigated. The results showed that removal efficiency of bacteria increased by increasing contact
time from 1h to 7h. Also there was a direct and inverse relationship respectively between environmental
temperature and turbidity with disinfection efficiency. Also results showed that in glass containers was
observed more microbial load reduction. Noticed to significant impact of turbidity on SODIS, it is
recommended, a filtration step performed prior to disinfection to reduce water turbidity. Based on the
findings, the use of SODIS as a simple and practicable method is recommended to guarantee the
drinking water safety.
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Introduction

Supply of safe drinking water always has
been raised as a serious problem to many
human societies, especially developing
countries and arid regions, so that more
than a billion of the world's population still
have not access to safe water (1-5).

In developing countries, especially in far
area, due to lack of safe potable water
supply systems, non-safe water from surface
resources as rivers, streams and lakes may
be used. Meanwhile, contaminated water
sources, poor management and lack of
adequate planning guidelines intensify this
crisis (6, 7). This challenge will be more
serious in emergencies and crisis (8).

Such adverse situations, people and
especially children and sensitive people are
at risk of water-borne diseases; even these
diseases can cause death 1in susceptible
people, infants and children (9-13).

Therefore, attention to safe water supply
options is necessary in crisis management
plans. One of these options can be using of in
place simple filtration systems and other
simple available methods. Simple
procedures such as boiling or adding
chlorine to water are conventional methods
to Purification of water which in both
methods, there are limitations because of
lack of access to energy sources and chlorine
in crisis situations and in remote areas.
Numerous studies have shown that the solar
disinfection (SODIS) is a reliable method to
improve the quality of drinking water using
solar radiation to disable the causes of
diarrheal disease (14-17).

Protocols in this way is using a 1-2 L PET
clear container and put it in the sun
exposure for 6 hours or 48 hours respectively
for sunny and cloudy conditions (8). The area
located between latitudes 15 degrees north
for to 35 degrees south has good condition
for SODIS. In the SODIS method of UV-A
radiation (wavelength of 400-320 nm) is
used because it reacts with oxygen dissolved
in water; thus leading to the formation of
free oxygen radicals and hydrogen peroxide
in water, which leads to the sterile water
(18).
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In other words, UV-A destroying
microorganisms in the water by using two
mechanisms: (a) absorption n
microorganism DNA (b) absorption in
microorganisms in water-soluble organic
compounds and production of oxidizing
compounds such as superoxide, hydrogen
peroxide and hydroxyl radicals (19-20).
SODIS is a simple procedure, environmental
stability, non-specialty chemicals,
inexpensive and effective drinking water
purification which usually is use in small
quantities and home scale. This method is
recommended by the World Health
Organization as ah household water
treatment and safe storage (9, 21).

Solar ultraviolet (UV) radiation is the most
effective factor in the SODIS; three
wavelength ranges of UV are: (UV-A 400-
315 nm), (UV-B 315-280 nm) and (UV-C
280-100 nm). The mechanism of UV
radiation is effect on the microorganism
DNA. When DNA exposed by UV radiation
in sunlight, pyrimidine rings of thymine and
cytosine bases in the DNA absorbs a part of
UV radiation, so the energy is taken by
DNA; the received energy can lead to the
formation of new bonds between adjacent
pyrimidine bases, so pyrimidine dimers are
formed thereby (22). Pyrimidine dimers
avoid of base pairing with purine on the
other strand of DNA that changes the shape
of the DNA molecule in the dimer area (23).
In some cases, visible wavelength UV-A has
not enough energy to cause DNA base
change directly, so creates reactive oxygen
species (ROS) such as singlet oxygen,
superoxide, hydrogen peroxide, and hydroxyl
radical in water (24-25). In addition,
sunlight can be produce more ROS by
photosynthesis of photosensitizers present in
surface  waters (humic acids  and
chlorophyls), so concentration of ROS is
increased, which is a good disinfectant (26).

Since strong synergistic effect between
passive optical and thermal processes there,
due to rising temperatures in SODIS
process, disinfection done more efficiently
(23). Several past studies have shown that
during the SODIS process, temperature
arise to more than 45 and even 65 degrees
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Celsius (27-30). Bandar Abbas capital of
Hormozgan province, with a low-latitude
arid hot climate (Koppen-Geiger
classification: BWh) located in Persian Gulf
shore at (27°12'N, 56°22'E, 10 m), south of
Iran, The average temperature is 27.2
degrees Celsius that ranging from 18.1°C in
the winter to 34.3°C in the summer. In the
province and neighboring provinces, there
are outlying areas that in some cases, there
1s not possible to provide clean safe drinking
water; moreover, in crisis and disasters due
to the loss of infrastructure, drinking water
supply problems will increase.

Therefore, this study aimed to investigate
the effect of parameters of turbidity,
exposure time, and weather conditions and
bottles material on efficiency of SODIS
technology in disinfection of surface water,
and to determine the optimal conditions to
provide the best efficiency. The applicable
purpose was to find a reliable, effective,
simple method and independent to chemicals
and energy method that can be used in
communities without water treatment
systems as well as in cases of disaster.

Materials and Methods

In this cross-sectional study, the water
samples were poured in polyethylene three
phthalate (PET) bottles and after involving
SODIS, the output were sampled in different
situations.

In order to enhance the interaction effects of
ultraviolet radiation and heat from the sun,
a half side of bottle was colored dark
vertically from the outer side. To calculate
the sample size, parameters such as
turbidity, contact time, weather conditions
and type of bottles, were studied at certain
levels as variables.

On this basis and to estimate the number of
samples, 4 levels for turbidity (3, 16, 24 and
33 NTU), 4 levels for retention time (1, 3, 5
and 7 hours), two types of glass and PET
bottles on atmospheric conditions quite
sunny, semi-sunny and mostly cloudy were
evaluated. Given that 15 samples of waters,
the sample size, 195 samples were obtained.

To provide the required turbidity, the (0.55-
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6.4 mg) clay soil was added to 1 L distilled
water, after 30 minutes shaking followed
byl hour settling, the supernatants were
collected, and the turbidity was adjusted to
achieving the turbidity levels of 3 to 33
NTU.

Turbidity was measured by using a Hatch
2100N Laboratory Turbidity meter (Hatch Ltd.,
USA). The samples were contaminated
manually using sanitary wastewater (3 mL
inl L distilled water). HPC test as an
indicator of microbial quality, in accordance
with the standard method were performed
(31).

The bottles were placed in a slope surface
horizontally in exposure the sun for 6 hours,
so the dark side contacted to the surface.
After the 6 hr exposure, the samples were
collected and tested for HPC counting.

In the second test, which aims to evaluate
the effect of contact time, the samples were
initially infected samples and four times of
1, 3, 5 and 7 hours for sun exposure were
evaluated to HPC reduction. In the next part
of experiments, effect of climate conditions
in three situations of sunny, semi cloudy and
quite cloudy were studied in a certain
turbidity and exposure time.

At the end of experiments, in a quite sunny
climate, in optimum exposure time and
certain turbidity, 15 samples poured in glass
bottles and 15 samples in PET bottles; so the
effect of bottles type was studied by
measuring the HPC reduction. Eventually,
the collected data from four stages were
entered to SPSS software of version 19 for
windows.

Results

Figure 1 describes the effect of exposure
time on efficiency of the SODIS process. As
the figure shows by increasing the exposure
time from 1 to 7 hours, the efficiency of HPC
reduction has been increase from28.92 to
99.25 percent.

Figure 2 shows the relationship between

opacity and HPC reduction in the water
samples.
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Figure 1: Effect of exposure time on microbial removal
efficiency of water using the SODIS (initial turbidity = 3
NTU, the weather is quite sunny)

The results show that by increasing the water
turbidity, germicidal effect of sunlight has
been decreased. So in turbidity of 3 NTU,
HPC reduction was 98.04% while this rate
was reduced to 28.03 percent in turbidity of
33 NTU.
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Figure 2: Effect of initial turbidity on microbial
removal efficiency of water using the SODIS (exposure
time=6 hour. the weather is quite sunny)

Figure 3 shows the effect of weather
conditions on the performance of SODIS
process. As 1s known from the figure,
germicidal efficiency of SODIS in a perfectly
sunny, semi-sunny and mostly cloudy
weather conditions were as 98.13, 85.38 and
63.33 percent respectively.
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Figure 3: Effect of weather conditions on microbial
removal efficiency of water using the SODIS (exposure
time=7 hour. Initial turbidity= 3NTU)
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Figure 4 shows the effect of bottle material
on the performance of SODIS process. As it
cleared from this figure, the PET and glass
bottles had similar function I reduction of
microbial load.
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Figure 4: Effect of bottle material on microbial
removal efficiency of water wusing the SODIS
(Turbidity NTU 3, Exposure time 7 h, and the weather
is quite sunny)

Discussion

As the results show the inactivation of
microbes is inversely relationship to the
turbidity. The water turbidity leads to
colored water; as water colors may absorb
specific wavelengths, thus reduce the
potential for disinfection (32). So that the
highly colored samples may not be
germicidal effect of sunlight. the maximum
allowable turbidity in drinking water is
equal to 5 NTU, the results of this study
showed that up to the allowable turbidity it
can be reduced the microbial load safely in a
reasonable time.

Hence it is recommended to enhance the
performance of this process, using
operations such as settling or using fabric
filters and so on, the turbidity of water be
reduced. By increasing exposure time, intake
of ultraviolet radiation will increase, that
this situation causes a rise in temperature
as well. As stated in the introduction, this
situation creates a synergy resulting in
improved disinfection property. In Bandar
Abbas weather, at least a 6-hour exposure
time is required to ensure disinfection. The
results of the study are corresponded to
Mahvi el al., study which conducted in Iran
(33), and G6émez et al., in Spain (34).

In order to evaluate the effect of weather
conditions, monthly mean daily global solar
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radiation incident on a horizontal surface for
Bandar Abbas. In quite cloudy weather the
intensity of UV-A reduces to one third of full
shiny days, so during the cloudy days, it
need to expose bottles more time (35). As it
cleared from the table 1, the mean of
intensity of radiation is = 5.40+1.37
kW/m2.day, which is a high rate of radiation
intensity. The averages of reduction values
of HPC were identified by analysis of
variance test which confirmed the
significant difference among the different
weather conditions (p=0.009).

Table 1:Monthly mean daily global solar radiation
incident on a horizontal surface (kW/m2.day) for
Bandar Abbas

Months kW/m?2.day Months kW/m?2.day
Jan 3.71 Jul 6.88
Feb 4.61 Aug 6.45
Mar 4.91 Sep 5.72
Apr 6.21 Oct 4.80
May 7.01 Nov 3.93
Jun 7.26 Dec 3.32

As it mentioned in the past research that in
case of C. parvum oocysts, the infectivity
began to decrease when samples were
exposed to radiation of intensity equal to or
higher than 600W/m2 (36). It emphases that
the intensity of radiation is very effective
factor in the SODIS process.

The bottles material (PET or Glass) showed
the least effect on reduction of bacterial load
of the water studied samples; however, HPC
reduction was more a bit in glass containers.
T-test was conducted on data of bottles
material and it showed that there was not
significant different between two averages of
HPC reduction related to PET and glass
bottles (p=0.056).

Conclusion

SODIS was identified as an efficient and
simple disinfection method of water using
the solar radiation. An exposure time of 1 to
6 hours is required to provide the safe level
of HPC reduction. By increasing the water
turbidity, germicidal effect of sunlight has
been decreased. In turbidity more than 30
NTU, the efficiency of SODIS is not reliable.

The intensity of radiation is very effective
factor in the SODIS process, so efficiency of
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SODIS was variant from 98.13 to 63.33
percent in a perfectly sunny to mostly cloudy
weather conditions respectively. Noticed to
significant impact of turbidity on SODIS, it
is recommended, a filtration step performed
prior to disinfection to vreduce water
turbidity. Based on the findings, the use of
SODIS as a simple and practicable method
is recommended to guarantee the drinking
water safety.
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