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Abstract. Due to the lack of water in arid and semi-arid areas, reuse of wastewater can be a suitable way to compensate for
water scarcity. Therefore, in this research, evaluation of the quality of wastewater of Kashan Treatment Plant to use for irrigation
was studied. This descriptive cross-sectional study was conducted in 2016. pH, TSS, TDS, turbidity, COD, BOD5, Total
Kjeldahl Nitrogen, Total Phosphorus, Total Coliform, fecal coliform, nematode eggs of inlet and outlet of wastewater treatment
plant in Kashan were studied. Mean and standard deviation and wastewater quality parameters before and after treatment were
tested with SPSS 22 (2014) software. The mean wastewater output of COD, BOD5, TSS, TDS and turbidity were respectively
86.6, 41.2, 11.11, 1095 mgL-1 and 17.5 NTU and the pH was equal to 7.22. Also, the average of Total Kjeldahl Nitrogen and
phosphorus were 22.4 and 2.2 mgL-1 respectively. The mean of Total Coliform and fecal coliform were 225, 161 MPN /100 ml
respectively. In addition, no nematode eggs were found in final effluent. The results indicated that the treatment plants had a
significant role in the control of microbial and organic pollution load of wastewater. Also, it is concluded that all parameters
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were in accordance with the standards of Iran’s Department of Environment, so, it can be used for unrestricted irrigation.
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1. Introduction

Wastewater is a mixture of liquids or feces from living
places of human beings, institutions and industrial and
commercial centers, along with groundwater, surface water
and floods (Atharizade and Miranzadeh 2015). Around 80%
of water used in urban areas reappears as wastewater
(Waghmare et al. 2010). The quality of wastewater can be
defined by physical, chemical and biological properties.
Physical parameters include color, odor, temperature, solids,
turbidity, oil and grease (Haghighi et al. 2017). Chemical
parameters related to the amount of wastewater organic
matter, include Chemical Oxygen Demand (COD),
Biochemical Oxygen Demand (BOD), Total Organic
Carbon (TOC) and Total Oxygen Demand (TOD). Inorganic
chemical parameters include salinity, hardness, pH, acidity,
alkalinity, iron, manganese, chloride, sulfate, sulfide, heavy
metals, nitrogen and phosphorus, while bacterial parameters
include coliforms, fecal coliforms, specific pathogens and
viruses (Wong et al. 2014, Hoseindoost et al. 2014,
Mostafaii et al. 2017).

Urban wastewater treatment plant is designed to reduce
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BOD, TSS and nitrogen and phosphorus contamination, as
well as the removal of pathogen microorganisms. Many
organisms, including bacteria, aquatic insects, viruses,
protozoa, fungi and Helminth, cause the most concern in the
wastewater treatment plant (Kokkinos ef al. 2015, Dehghani
et al. 2007, Dehghani et al. 2014a, Dehghani et al. 2016a).
Among the pathogens of organisms, parasite eggs are
inactive agents. High concentrations of parasite eggs and
larvae of insects, such as mosquitoes, are found in urban
sewage, causing parasitic and viral diseases (Yaya-Beas et
al. 2015, Dehghani et al. 2014b, Dehghani et al. 2012a).
Another major source of water pollution is the use of
pesticides that are used in the health or agricultural sector,
which, in any case, the entry of these hazardous materials
into wastewater can lead to serious problems in re-use of
water and soil. Water pollution to pesticides can cause
important diseases such as cancers or MS (Miranzadeh et
al. 2011a, Dehghani et al. 2012b, Dehghani et al. 2016D,
Dehghani er al. 2013, Zarrintab et al. 2016). About 1.2
billion people live in areas of natural water scarcity and it is
expected that in 2025, 1.8 billion people live in countries
and regions with a lack of absolute water (Ferro et al. 2015,
Miranzadeh et al. 2011b, Dehghani et al. 2015). Increased
water scarcity in arid areas, is now a known problem
because all the living creatures depend on the water for
survival. Researchers consider sewage reuse as an essential
component of Integrated Water Resources Management
Policy. In the Middle East and North Africa, access to
renewed water has reached to 1,500 cubic meters
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Fig. 1 Stages of sewage treatment in the Kashan Sewage Treatment Plant

per person per year, compared to an average of 7,000 cubic
meters per person per year in other parts of the world and it
is expected to reach to below 700 cubic meters per person
per year in 2025 which is very worrying (Abdoulkader ef al.
2015, Teoh et al. 2011, Rabbani et al. 2016). This could
result in savings of about 20 million cubic meters of fresh
water, which represents 4.3% of the total water needed for
irrigation (Agrafioti and Diamadopoulos 2012, Rabbani et
al. 2013, Rabbani et al. 2008). Treated wastewater also
boosts crop yields and reduces chemical fertilizers. The
advantage of using treated wastewater as an alternative to
water and its impact on the product yields has been proven
in various studies (Urbano ef al. 2017, Yasmeen et al. 2014,
Gatta et al. 2016).

In order to reduce the impact of wastewater reuse, many
countries have adopted standards and guidelines, especially
based on FAO, USEPA, WHO and Iran guidelines. That
Standard values for BOD, COD, TSS, turbidity, pH, Total
Coliform, Fecal coliform and nematode eggs parameters are
100, 200,100 mgL-1,50 NTU,6-8.5 ,1000. 400 MPN / 100
ml and 1 N/L respectively by Iran. The standard value by
USEPA for Fecal Coliform is 200 MPN / 100 ml also BOD
Values for raw and processed products are 10 and 30 mgL-1
respectively. And standard value for Fecal Coliform by
WHO is 1000 MPN / 100 ml. TKN and TP parameters do
not have standard for irrigation in agriculture from the
perspective of Iran’s Department of environment, USEPA,
WHO and FAO.

Several studies have been carried out to evaluate the
quality of wastewater of treatment plants for irrigation in
the world, among them we can refer to the study of
Kokkinos et al. (2015) in which it indicates that in assessing
three Greek treatment plants, most of the outlet samples
from all three wastewater treatment plants were not suitable
for irrigation based on BOD and TSS values. The study of
Al-Hammad et al. (2014) in the sewage treatment plant in
Saudi Arabia has shown that the turbidity, TSS, COD and
BODS5 parameters and the total number of coliforms and
Fecal Coliforms were higher than the authorized limit.
Ozkan et al. (2012), in assessing the Turkish wastewater
treatment plant, showed that the BODS and COD values
were allowed. As a result, the performance of this plant has
been evaluated as excellent. The study of Alderson et al.
(2015) found that the wastewater treatment plant in Brazil
has the ability to provide suitable wastewater for reuse in
agriculture. The study by Bourazanis and Kerkides (2015)
has evaluated the efficiency of the Sparta-Greece treatment
plant as suitable. The study of Kaboosi (2016) at Bandar

Gaz showed that the treated wastewater is suitable for
irrigation according to national and international standards.
Considering that no research has been carried out to
evaluate the wastewater of treatment plant in Kashan, this
research was conducted to evaluate the quality of
wastewater of treatment plant in Kashan for use in
irrigation.

2. Materials and methods

The city of Kashan with an area of about 4392 square
kilometers is located in the northern part of Isfahan
province. The first modulus of the treatment plant based on
the process of activated sludge-extended aeration with a
capacity of 6600 cubic meters per day (current inlet
discharge of treatment plant 60 liters per second) is
constructed in southern Kashan. The outlet wastewater from
the first module of the aforementioned treatment plant is
without removal of nutrients and based on the disinfection
by chlorine compounds. Figure 1 shows the stages of
sewage treatment in the Kashan Sewage Treatment Plant.
The sampling was carried out in three months of August,
September and October at two locations of the inlet and
outlet of the treatment plant. A total of 72 experiments were
conducted for COD, BODs, TSS and TDS and turbidity and
36 tests for Total Kjeldahl Nitrogen and Total Phosphorus
and 54 experiments for total coliform and Fecal Coliform
and 18 for live nematodes. Sampling of the COD, BODs,
TSS, TDS, turbidity, pH, Total Kjeldahl Nitrogen, Total
Phosphorus, total coliform, Fecal Coliform parameters were
grab and live nematodes were composite. All experiments
were performed according to the standard method book
(APHA 2012) and the experiment of egg nematode was also
done according to the method of Bailenger (Rachel ef al.
1996). After collecting the mean and standard deviation,
wastewater quality parameters before and after treatment
were tested by SPSS 22 (2014) software.

3. Results

The results of study showed that the average of three
months of the inlet and outlet pH of the treatment plant was
6.71 and 7.22, respectively. The average input and output
turbidity are 87.28 NTU and 17.53 NTU. The average of three-
month input and output TSS is 72.68 and 11.11 mgL"'. The
average of the total three months of the inlet and outlet total
dissolved solids are 1038 and 1095 mgL' (Table 1).
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Table 1 Inlet and outlet wastewater characteristics (average
+ standard deviation) during the study

Parameters Outlet _ fnlet _ Unit
X x+8.D X 8D
COD 86.62 £23.33 292 +88.39 mgL!
BOD;s 41.22+13.13  141.01 +34.56 mgL!
Turbidity 17.53 +£10.93 87.28 £31.35 NTU
TDS 139152‘211 1038.69 +344.10 mgL!
TSS 11.11 £3.36 72.68 +21.02 mgL!
pH 7.22+0.5 6.71+£0.24
Total Coliform(x10%) 0.225+0.106 1421.11+909.29  MPN/100
Fecal Coliform(x10%) 0.161+0.049  486.66 + 178.46 MPN/100
Total Kjeldahl =) 4» 5 g1 41002587 mglL!
Nitrogen
Total Phosphorus 2.28+0.5 3.15+£0.51 mgL!
Nematode eggs 0£0 0.1 +£0.33 N/1

In addition, according to the monthly changes table, the
average input TDS for the months of September and October
was higher than in August, which is equal to 1112 and the
average TDS of the August output is lower than in the other
two months, which is 931 mgL™" (Table 2). The average of the
total three-month input and output BODs in the treatment plant
is 141.01 and 41.22 mgL™"' respectively. The highest input
BODs was in October and the lowest output BODs was the
August, which was 175 and 30 mgL"! respectively. Also,
average output pH in August, September and October was 7.7
and 7.5, respectively. The highest average outlet turbidity in
October and the lowest turbidity outlet in September,
respectively, were equal to 30 NTU and 10 NTU. The average
monthly changes of TSS indicate that the highest and lowest
TSS inputs and outputs were in September compared to
August and October, which is respectively 84 and 9 mgL™!.
The average of three months of input and output COD are 292
and 86 mgL! respectively. The average COD before treatment
in August, September and October are 254, 231 and 389 mgL,
respectively. The average COD after treatment in August,
September and October were 69, 74 and 116 mgL’!,
respectively, which the highest amount before and after the
treatment is related to October (Table 2). The average of three-
month Total Kjeldahl Nitrogen inlet and outlet are 41 and 22
mgL"! respectively. The highest and lowest input and output
TKN was related to August, which was 41.4 and 20.9,
respectively. The total inlet and outlet phosphorus are equal to
3.1 and 2.2 mgL"' and comparison of the monthly average
shows that the highest Total Phosphorus inlet is in August and
the lowest amount of output is in September equal to 3.4
and 2 mgL"!, respectively. The average 3 months input and
output of total coliform is equal to 1421 x10° and 225 MPN
/ 100 ml, respectively. The average inlet of September was
more than two other months, which was equal to 2466 x 10?
MPN / 100 ml and the average outlet in October was less
than the other two months, which is equal to 156 MPN /
100 ml. The mean of three months of input and output
Fecal Coliform is equal to 486.6 x 10°* MPN / 100 ml and
161 respectively. The mean of the inlet and outlet Fecal
Coliform of the three months of August, September and

October shows that the highest amount of inlet Fecal
Coliform was observed in August (643 x 10> MPN / 100
ml) and the October output was lower than in the other two
months (151 MPN / 100 ml).

The average of the total three months of outlet of
nematode eggs is equal to 0.1 and zero, respectively. The
average monthly variation of nematode eggs shows that
only nematode was observed in August and its value was
0.33 (Table 2).

4. Discussion

The results of research showed that the average total of
three months of the inlet and outlet pH of the treatment
plant was 6.71 and 7.22, respectively, which is consistent
with the studies by Karef et al. (2014) in Algeria and Ilias et
al. (2014) in Greece. The outlet pH values of the Kashan
Wastewater Treatment Plant are close to the study of Nakib
et al. (2016) in Kola Treatment Plant in Algeria and
Hamoda ef al. (2015) in Kuwait. The results of study
showed that inlet and outlet turbidity is equal to 87.28 NTU
and 17.53 NTU, respectively. The average of the three-
month inlet and outlet TSS is 72.68 and 11.11 mgL!
respectively. Studies by Hamoda et al. (2015) and
Moghadam et al. (2015) in Isfahan showed that the output
turbidity was 43 NTU and 30 NTU, respectively, which is
higher than the outlet turbidity of Kashan Treatment Plant.
Also, studies by Melgarejo et al. (2016) in Mexico showed
that the outlet turbidity was less than the value obtained
from the Kashan Treatment Plant, which was equal to 4.8
NTU. According to the results, the amount of TSS after
treatment is close to the results obtained from Al-Shammari
et al. (2013) in Kuwait and Vera et al. (2013) in Chile,
which is 13.74 and 13.55 mgL’!, respectively. Also, the
output TSS corresponds to the results obtained by Nakib et
al. (2016) in Algeria and Azgin et al. (2015) in Turkey,
which is equal to 14.8 and 20 mgL™' respectively. High
levels of TSS cause blockage of irrigation water nozzles
(Miiller and Cornel 2016).

The mean of post treatment TDS is similar to that of Al-
Hammad et al. in Egypt (2014) and Mahghoub et al. (2016)
in Egypt, the values of which were 1220 and 1137 mgL"!
respectively. Similarly, the results of Tanyol et al. (2016) in
Turkey showed that the total dissolved solids were less than
the results of the outlet of Kashan’s treatment plant, which
is 510 mgL!. The effluent BODs was close to the results of
Azgin et al. (2015) and Hidri et al. (2014), whose values
were 20 and 22 mgL! respectively. Also, the outlet of the
treatment plant is approximately the same as the results
obtained from Kaboosi (2016), which is equal to 44 mgL".
The results indicated that the outlet BODs was less than the
amount recommended by the Iran’s Department of
Environment for reuse in irrigation. But the plant has not
been able to comply with USEPA’s allowable BOD for
irrigation of raw and processed products, with an authorized
value of 10 and 30 mgL' respectively. Also, the results of
the total three-month inlet COD indicate that in terms of
sewage intensity, it is among poor sewages (Metcalf and
Eddy 2003). Also, the results of outlet COD of Kashan’s
treatment center correspond to the studies conducted by
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Table 2 Inlet and outlet wastewater characteristics (average + standard deviation) during the study (August, September and

October)
August September October
Parameters
inlet outlet inlet outlet inlet outlet
COD 2543 +£31.2 693+6 231.8+72.6 74£9.5 389.3+£52.9 116.5+11.2
BODs 130.1 £15.1 30.7+£2.7 117.8 £33.1 35.9+4.7 175+22.3 56.9+9.9
TSS 57.1+7.9 11.7+2.6 84.5+£29.5 9+3.6 763 +£6.3 125+2.8
TDS 890.6 = 170.9 931.3+215.7 1112.9+314.6 1085.2 +£435.8 1112.5+461.1 1269.8 £492.5
pH 6.7+0.1 7+0.07 6.6 +0.3 7+0.08 6.7+0.2 7.5+0.7
Turbidity 60+159 11.2+59 113.5+£28.1 104+3.2 88.2+£22.7 30.8+6.5
TKN 41.4+£8.02 209+2.6 40.7+6.8 23+3.1 40.8+2.3 232+2.7
TP 34+£04 22+0.7 2.8+0.5 2+0.1 32+£04 25+0.2
TC 1333.3£230.9 0.200 £ 0.07 2466.6+404.1 0.320+0.1 463.3+£2514 0.156 £0.04
FC 643.3 +184.7 0.173 £0.06 483.3£1379 0.160 £ 0.04 333.3+46.1 0.151 £0.05
Nematode 0.33+0.5 0 0 0 0 0

Wang et al. (2015), Azgin et al. (2015) and Karef et al.
(2014), whose values are 80, 70 and 72. The amount of
nitrogen and phosphorus obtained in this study was
approximately the same as the results of Wang et al. (2015)
and Azgin et al. (2015), which is 22.6, 15 mgL™,
respectively. Similarly, the results of Sun et al. (2016)
studies in China showed that total outlet phosphorus was
0.7 mgL™!. Nitrogen and phosphorus parameters do not have
standard for irrigation in agriculture from the perspective of
Iran’s Department of Environment, USEPA and FAO.

One of the most important concerns in reuse of waste
water is the microbiological quality that can increase the
likelihood of spreading diseases (Ajonina ef al. 2015). The
mean of Total Coliform outlet for three months showed that
it was close to the results of Hamoda et al. (2015) and
Elmeddahi et al. (2016) which are 300 and 200,
respectively. Also, according to comparing the results with
the effluent standards shows that the effluent wastewater
from the treatment plant could comply with the permissible
limit recommended by the Iran’s Department of
Environment, which is equal to 1000 MPN / 100 ml. Also,
the comparison of Fecal Coliform after treatment with the
results obtained by Hamoda et al. (2015) showed that the
amount of Fecal Coliform was equal to 15 MPN / 100 ml
and there was no Fecal Coliform in Elmeddahi ez al. (2016)
studies. The outlet coliform with authorized standards is
less than that of Iran’s Department of Environment and the
World Health Organization. It is also lower than the limit
defined by USEPA. Also, the average of outlet nematode
eggs was similar to the results obtained by Ilias et al. (2014)
and Moghadam ef al. (2015) in Isfahan Wastewater
Treatment Plant and Sharafi et al. (2015) in western Guilan,
Iran. Removal of nematode eggs occur in the active sludge
process in a secondary sedimentation tank, which is
eliminated by adhering to activated sludge flocs (Sharafi et
al. 2015, Tonani et al. 2011).

5. Conclusions

The results indicated that the treatment plants had a
significant role in the control of microbial and organic
pollution load of wastewater. Also, the results of study were
showed that the average effluent parameters of TSS, TDS,
BODs, COD, Total Kjeldahl Nitrogen and Total Phosphorus
and turbidity for three months were 11.1, 1095, 41.2, 86.6,
22.4, 2.2 mgL!, 17.5 NTU and the pH was equal to 7.22.
Also, Total Coliform and Fecal Coliform are 225, 161 MPN
/ 100 ml as respectively. In addition, no nematode eggs
were found in final effluent. Also, it is concluded that all
parameters were in accordance with the standards of Iran’s
Department of Environment, so, it can be used for
unrestricted irrigation.
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