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ABSTRACT
One of the indexes of stabilization pond is the presence of coliform bacteria in water and wastewater.
This study aimed to determine the effect of solar light on coliform variations in stabilization pond. In
this experimental study, the effect of light, pH (<7, 7.1–8, 8.1–9), and temperature (10 ºC and 30 ºC)
on facultative stabilization pond was studied for six months. The sampling was accomplished weekly.
Coliform colonies were measured using the nine tube fermentation method. The coliform
deterioration constant was calculated using the Maraise model. The data were analyzed using SPSS
version 20. The effect of light on coliform deterioration constant was negative. Also, low pH
increased the coliform death. No significant statistical difference was seen at 10 ºC and 30 ºC (P <
0.05). Low temperature cannot be adherence for facultative stabilization pond. Regarding the positive
effect of temperature on the coliform death, use of facultative stabilization pond in a warm climate is
suggested.
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Introduction
Wastewater is one of the major sources of

chemical and microbial contamination of water,
especially in developing countries. Therefore,
its treatment is necessary to remove pollutants.
Pathogenic viruses, bacteria, unicellular forms,
and worms are found in urban raw sewage.1 One
of the main goals of domestic wastewater
treatment is to reduce the number of pathogens
to the extent that the risk of transmission of
sewage-related diseases is substantially
reduced.2 A stabilization pond is part of the
natural process of sewage treatment that is of
high importance in developing countries,
especially in the tropical regions. Stabilization
pond is cheaper in terms of cost of construction
and operation than other processes. The ease of
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operation and lack of requirement of electrical
and mechanical equipment and skilled operators
are the advantages of this process compared
with the other wastewater treatment processes.3
One of the benefits of the stabilization pond is
the reduction of pathogens in the wastewater.
Temperature, solar radiation, food shortages,
predator organisms, and toxic substances are
among the factors that influence the efficiency
of the pond. Improving hydraulic performance
of ponds increases the removal of pollutants
such as pathogens.4 Coliforms are considered as
an indicator of disease probability and an
appropriate wastewater treatment criterion.
There are about 50 million coliforms per gram
of human and warm-blooded animal feces. Raw
household sewage generally contains more than
3 million coliforms per 100 mL. The entire
coliform group belongs to the family
Enterobacteriaceae and includes the aerobic
and facultative anaerobic, Gram-negative, non-
spore-forming, rod-shaped bacteria that ferment
lactose with gas production within 48 hours at
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35 ºC.5 These facultative anaerobic bacteria are
mainly Escherichia coli, Klebsiella
pneumoniae, Enterobacter cloacae, and
Enterobacter aerogenes. The reliability of
coliform count as an indicator of the presence of
pathogens in water is dependent on the
resistance of the pathogenic coliforms.6 The
mortality rate for the pathogens is higher than
the total coliforms that live outside the
intestines. Therefore, if pathogenic bacteria are
present in an aqueous solution, their number
decreases relative to the coliform bacteria.
Therefore, disinfection of treated sewage is
essential. Disinfection is carried out mainly by
physical, chemical, thermal, and irradiation
methods. An economical method to disinfect the
effluent of stabilization ponds is to use sunlight.7
Curtis et al. conducted a study regarding the
effect of sunlight on fecal coliforms in ponds.
The results showed that light could only have an
impact on the fecal coliforms if complemented
by high dissolved oxygen (DO) concentrations.8
Giannakis et al. investigated the environmental
considerations of solar disinfection of
wastewater and the subsequent bacterial
(re)growth. Intermittent illumination unevenly
prolonged the required exposure time and
highlighted the need for extended illumination
times when unstable weather conditions are
expected.9 A study of the removal of E. coli and
enterococci from maturation pond and kinetic
modeling under sunlight conditions was
conducted by Ouali et al. The results showed
that light has an important role in the
disinfection process in maturation ponds.10

Disinfection of water with the help of sunlight is
a simple, sustainable, non-specific, and low-cost
chemical method for microbial treatment.11 For
this reason, in this study, the factors that
influence and control the growth and survival of
microorganisms, including radiant light, were
selected as the basis of the study. Also, this is
the first such study conducted in Iran.

Materials and Methods
In this experimental study conducted in

2015 in Kermanshah University of Medical
Sciences, the characteristics of Kermanshah's
wastewater treatment system, which fed the

established pond, which included BOD5, COD,
TKN, pH, and COD/BOD5 were determined, as
described in Table 1. The facultative
stabilization pond was constructed in a cubed
rectangular shape (1 m L× 0.5 m W× 1.5 m H)
from plexiglass with a batch flow. The entrance
to the wastewater was 20 cm below the pond.
Table 1. The characteristics of  Kermanshah's treatment
system

Parameters Mean ± SD
COD (mg/L) 514 ± 69
BOD5 (mg/L) 327 ± 83
TKN (mg/L) 8±0.96
pH 6.8-8
COD/BOD5 0.56

The required sludge was obtained from the
returned activated sludge of the Kermanshah
wastewater treatment plant and transferred to
the laboratory of the Kermanshah University of
Medical Sciences in polyethylene containers.
Then, the activated sludge was thickened and
kept at refrigeration temperature (2 ºC–4 ºC)
until the test was performed. The sampling time
was 24 hours for 5 days. The studied variables
included hydraulic retention time, temperature,
and pH. Sunlight without barrier was used to
determine the effect of the presence of light on
the static mortality of bacteria. The pond was
completely covered with two layers of black
nylon when there was a need for dark
conditions. Phosphate disodium hydrogen
phosphate buffer (K2HPO4) was used to adjust
the pH and prevent sudden pH changes. By
adding sulfuric acid and normal NaOH, the pH
was adjusted to the range of ≤7, 7.1–8, and 8.1–
9. The sampling was carried out during two
seasons, summer with an average temperature of
30 ºC ± 4 ºC and winter with an average
temperature of 10 ºC ± 3 ºC. The presence and
absence of light and pH in a total of 27
treatments were investigated for the
establishment of the temperatures during
summer and winter. Based on the standard
methods for water and wastewater, nine tubular
fermentation was selected as the main method
for counting the fecal coliforms.12 To determine
the static mortality rate, equation (1) was used.13

Ne

Ni
= 1

1+kθ
(1)
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Where,
K = constant coefficient of total mortality in the
outlet of the pond (in terms of number in 100 mL);
Ni = total coliforms in the inflow, CFU/mL;
Ne = total coliforms in the outflow, CFU/mL;
Ө = time in days.

Temperature is an early factor in the mortality
of bacteria, and there is a relationship between
the reduction of coefficient K and heat.5

kT=k20CT-20 (2)

Where,
K20 = decomposition coefficient at 20 ºC;
C = constant coefficient;
T = average water temperature, ºC.
SPSS software version 20 was used for the data
analysis. The Excel 2013 software was used to
draw the charts.

Results and Discussion
The results of the microbial experiments

performed using the Most Probable Number
method are presented in Figures 1–3. In general,
the greatest reduction in the number of
coliforms was observed at pH 8–9.1>7>7.1–8,
respectively.

Fig. 1. Changes in thermophilic coliform in FAS under
different conditions (pH < 7)

Fig. 2. Changes in thermophilic coliform in FAS under
different conditions (pH = 7.1–8)

Fig. 3. Changes in thermophilic coliform in FAS under
different conditions (pH = 8.1–9)

At pH < 7, the highest amount of coliforms
in the microbial samples was observed in
exposed light at 30 ºC followed by a temperature
of 30 ºC in darkness. Other microbial samples at
the same pH had equal values and the least total
coliforms as determined using the independent
sample t-test; this difference was significant (p
< 0.05).

In the microbial samples with a pH of 7.1–
8, the highest number of coliforms was found in
the sample exposed to light at a temperature of
30 ºC followed by that to light at 10 ºC. In the
microbial samples with a pH of 8.1–9, the
minimum reduction in the total coliform content
was related to dark treatment and temperature of
30 ºC, with a slight difference in the amount of
total coliforms in the three microbial samples.
Based on the experiments carried out over 5
days at all pH values, the highest reduction was
observed in the microbial sample exposed to
radiation and temperature of 30 ºC, and the
lowest decrease was observed in response to
light exposure and temperature of 10 ºC (p =
0.01). According to Bolton et al.14 irrespective
of the wavelength of the sunlight, the effect of
DO and pH on the inactivation rates were
dependent on the bacteria. Bolton et al.
considered that the inactivation of E. coli in the
wastewater stabilization ponds was due to the
sunlight interacting with photosensitizers, high
pH, DO, predation, and sedimentation in the
presence of suspended solids.15 In Table 2, the
mortality constants (K) obtained from the
treatments were compared with the highest K
value related to the 4 days retention time; the K
value decreased during the 5 days. In the
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microbial samples with a pH less than 7, the
highest K values were obtained for the microbial
samples at 10 ºC and darkness. At the same pH,
two microbial samples were exposed to light at
10 ºC and 30 ºC. In the pH range of 7.1–8, the
highest K values were observed at temperatures
of up to 30 ºC and in dark conditions. In the pH
range of 8.1–9, the highest K values were
observed on light exposure at 30 ºC, and the
lowest K value was observed at 10 ºC and under
dark conditions (p < 0.05). As shown in Table 2,
the highest value of this coefficient (K = 0.1403)
was observed at pH < 7, 10 ºC, and in the
absence of light, but the lowest value (K =
0.396%) was observed in the absence of light,
pH 8.1, and 10 ºC temperature. To obtain an
equation for K, the data on the amount of K

under different conditions in relation to light,
pH, and temperature were analyzed using SPSS
software, and the following equation was
obtained.
K=0.07 + 0.07 pH+0.22 T − 0.09 L (3)

Where,
T = temperature (ºC)
L = visible light

According to Ouali et al., the decay rate
measured under light conditions ranged from
0.047 to 1.81 h−1 and 0.058 to 1.66 h−1 for E. coli
and enterococci, respectively. The comparison
between the kinetic coefficients obtained in dark
and UV conditions shows that sunlight is a
major factor in the inactivation of bacteria in the
maturation pond.10

Table 2. The values of kinetic coefficients under different conditions in facultative
stabilization pond
Temperature (ºC) pH<7 PH= 7.1-8 pH=8.1- 9

Light Darkness Light Darkness Light Darkness
10 ± 3 0.113 0.14 0.046 0.039 0.137 0.091
30 ± 4 0.113 0.111 0.064 0.097 0.154 0.119

The results showed that pH and
temperature had the maximum effect on the
reduction of total coliforms, and the effect of
light was very small. The sample exposed to
light radiation at 30 ºC had the lowest total
number of coliforms in comparison with the
other three treatments, which seems to have had
an effect on the mortality of microorganism at
this pH more than the others. According to a
review by Dias et al., temperature is considered
the most important environmental variable
influencing coliform and E. coli disinfection.16

Also, it seems that at pH 8.1–9, the alkaline pH
overcomes other factors and has the greatest
effect on the mortality of the thermophilic
coliforms. The data were compared for a period
of 3 to 4 days at pH below 7, and it was observed
that in the presence of radiation and a
temperature of 30 ºC, the coliform reduction
was the lowest whereas in the pH range of 7.1–
8, the highest number of coliforms was observed
on light exposure at temperatures of 10 ºC and
30 ºC. Therefore, light appears to be responsible
for the survival of the coliforms which indicates

the suitability of the sewage pH for the growth
of thermal tolerant coliforms. At the end of 3
days, the highest coliform count was observed
at pH 8.1–9, 10 ºC, and presence of light. The
coliform counts were approximately equal in
rest of the treatment conditions. Over 5 days, a
three log decrease in the coliforms was seen. On
the fifth day, there was some growth that could
be due to the adaptation of the coliforms to the
environment. It follows from the results that in
all treatments, the death of the coliforms mostly
occurred on the third and fourth day. It should
be noted that in climates with high temperature
changes overnight, the wastewater heat capacity
is used for the treatment and prevention of the
cessation of bioactivity.11 Comparing the K
values and the coliforms, it seems that until the
fourth day, light was not only a factor in the
reduction of the coliforms but also indirectly
contributed to their survival. But on the fifth
day, it seems that there was a major difference,
and light caused the death of the coliforms.
Also, according to other studies, alkaline pH is
effective in causing the death of the coliforms;
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hence, alkaline pH is more effective, and a
neutral pH (7.1–8) would lead to the survival of
the coliforms.17,18 The results of this study are in
contradiction with that of the study by Doosti et
al.19 They found that sunlight could significantly
reduce the number of coliforms. The results of
the study by Mahvi et al. showed that during
contact of 6 hours and temperature of 19 ºC, the
number of coliforms in drinking water could be
reduced by 97.9%, which is in contrast to the
current study findings.20 Equation (3) shows that
the effect of light on the thermal coliform
mortality is expressed negatively, proving the
above results regarding the effect of light on the
coliform survival. The results are in agreement
with that of the study by Sperling et al. who
reported that the Kb in facultative initial
stabilization pond is 0.1–1 d-1 and, for
facultative secondary stabilization pond, is 0.1–
0.7.21 The effect of temperature and pH on the
mortality of the coliforms in the equation (3) is
positive, and the effect of each of them is
according to the coefficients of that factor in this
equation.

Conclusion
The effect of solar light on the decrease of

microbial contamination in facultative
stabilization pond was investigated. The study
showed that until 4 days, the number of
coliforms decreased by two to three logs without
any specific process. The wastewater standards
could be met with the transfer of wastewater
from the pond to a maturation pond. The results
showed that pH and temperature had the greatest
effect on the reduction of the total coliforms, and
the effect of light was very minimal. Although
the cold weather in winter does not prevent the
use of stabilization ponds, the use of facultative
ponds can be considered as an option in tropical
areas due to the effect of temperature on the
mortality rate of coliforms.
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