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The aqueduct is one of the most complex and amazing
inventions of human history, created to meet the most vital needs of human society in arid and
semiarid regions areas. If agueducts are properly maintained, reconstructed, and restored, they
can be valuable water supply system from ground water resources. The quality of the water
in these sources will have a direct impact on the consumer of its consumption, so it seems
necessary to check the water quality of these sources.

This study investigated the state of five aqueducts in Tehran using parameters such
as calcium, magnesium, phosphate, sulfate, turbidity, total hardness, nitrate, alkalinity, electrical
conductivity, Biochemical Oxygen Demand, Chemical Oxygen Demand, total coliform and fecal
coliform. Then the obtained values were compared with the permissible limits of the World
Health Organization and the national standard of Iran. The data was analyzed using SPSS26
software and a one-sample t-test.

The results of water quality during a one-year survey period showed that the
parameters of alkalinity, electrical conductivity, total dissolved solids, sulfate, and nitrate were
below the maximum desirable and permissible standards of the national standard of Iran
and the World Health Organization, and therefore will not create any restrictions for drinking
and agricultural use. Total hardness, phosphate, turbidity, calcium, magnesium, and chlorine
have discrepancies with the national standards of Iran and the World Health Organization
and these components must be adjusted for use. According to the one-sample t-test, there
was a significant difference between the average and the permissible values of all parameters
except magnesium at the 95% confidence level. All aqueducts except the America aqueduct
had levels of fecal coliform that were higher than the maximum allowed by the environmental
standards therefore, before using the aqueduct, it must be purified to control the environmental
standards.. However, the total coliform, Biochemical Oxygen Demand, Chemical Oxygen
Demand levels were not a problem. In addition, the water quality of these sources was placed
in a group (C3S1) based on the Wilcox diagram.

The physical and chemical analysis of the studied aqueduct water showed that
the water quality is suitable for the irrigation of green spaces and salt-resistant plants. The
biological characteristics of the studied aqueduct water also revealed that these sources were
polluted by domestic and industrial effluents. This issue will only grow worse with time, as
the amount of rainwater decreases and the amount of pollution in the underground water
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Water is a limited and precious natural resource
that is under severe pressure in many parts of the
world. Climate change, rapid urbanization, and
inappropriate urban planning policies have led to
urban water-related problems such as flooding,
water pollution, and water shortages (Nguyen et al.,
2019). In other words, the provision of new water
sources in response to increased water demand
due to the effects of climate change, reduced water
quality, and increased demand for ecological flow
protection involves many uncertainties. One of the
most important environmental problems is the
lack of water. This critical problem has increased in
many parts of the world during the last decades and
is expected to increase in the future due to socio-
economic and climate changes (Kahil et al., 2019).
Semi-arid regions around the world experience lower
rainfall and higher evaporation and transpiration
rates. With water scarcity being a major concern in
many arid and semi-arid regions, it is essential that
the available water resources be properly managed
(Priyan, 2021). Today, countries are trying to manage
the supply and demand of current water resources or
use unconventional water resources by using different
methods, for example, improving water consumption
efficiency and emphasizing saving at the regional
level, planting crops with low water consumption (Cao
et al., 2021; Mehdipour et al., 2017), increasing the
efficiency of irrigation systems and water distribution
systems (Xiang et al, 2021), reuse of sewage
treatment plant effluent (Chfadi et al., 2021), use of
fog water (Correggiari et al., 2017) and desalination
of salty waters (Qadir, 2020). Considering the climatic
conditions of Iran, where the average rainfall in most
regions is lower than the global rainfall, it can be said
that water is one of the main concerns of Iranians
and the biggest challenge facing people inhabitants
of this country. Meanwhile, as the most interesting
traditional irrigation system invented by Iranians,
aqueduct is one of the environment-friendly systems
that benefits both rural and urban communities in
semi-arid climates (Abbasi et al., 2013; Abizadeh,
2011). Access to sufficient quantities of good quality
water is one of the basic needs of any society for
survival, development of health and protection
of the environment (Amanial, 2016). According to
the Environment and Health Regulations approved
by the Council of Ministers of the Islamic Republic
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of Iran in 1991, potable water is defined as water
whose physical, chemical and biological factors are
within the limits of approved standards and whose
consumption does not cause any side effects in
Short-term or long-term in humans (Islamic Council
Research Center, 1991). One of the adverse effects
of excessive nitrate and nitrite in drinking water is
the creation of carcinogenic compounds and the
prevention of the absorption of iodine (WHO, 2011).
Hardness refers to the concentration of polyvalent
metal cations in the solution, and can affect the
taste of the water. The harder the water, the lower
the toxicity of heavy metals in organisms (Javid et al.,
2007). A hardness higher than 200 mg/liter causes
deposits in the pipes, in the distribution network and
also reduces the cleaning power of the water, and
a hardness lower than 100 mg/liter and a pH lower
than 7 cause corrosion of the pipelines (Mahvi, 2010).
In the current study, coliforms are Gram-negative,
spore-free, aerobic and facultative anaerobic bacilli
that live in the colon of humans and warm-blooded
animals and are tested for microbial water monitoring.
The amount of Chemical Oxygen Demand (COD) and
Biochemical Oxygen Demand (BOD) are considered
an important index when measuring wastewater
pollution. This parameter is used to determine the
pollution of aquatic environments in terms of foreign
substances entering them, which can be observed
in solution or suspended form. The BOD parameter
in wastewater is the amount of oxygen required by
microorganisms during the biochemical oxidation
of the organic materials contained in it, or the rate
of oxygen consumption in the water environment,
considered an indicator of the purity of water and
the presence of organisms. When the amount of
BOD is up to 5ppm, the water is relatively pure, and
increasing the amount to concentrations above 5 will
also increase the impurity of the water and exceeding
the amount of 20ppm will harm human health (Varsa
et al., 2014). Many researchers have presented their
experiences of studying the physical and chemical
state of water in different regions in various articles,
some of which will be mentioned.

Literature review

Zeini et al. (2008) examined the physical, chemical,
and microbial condition of Ahrestan aqueduct water
in Yazd by direct sampling from 5 different stations.
The hardness of magnesium, chlorine, sulfate, and



the alkalinity of carbonate, bicarbonate, and coliform
were measured, and then compared the results with
the relevant standards. It is found that the water of
the mentioned aqueduct can be used for other
purposes, such as fish breeding, animal consumption,
drinking, in addition to agriculture (after filtration and
chlorination, the water is safe to drink) and used to
create tourist and recreational places. Golpaegani et
al., (2012) using 189 water samples from deep wells
of the Gorgan Plain, to evaluate the quality and
hydrochemical evaluation of the main cations (K +, Na
+, Mg2 +, Ca2 +) and main anions (CO32-, SO42-, Cl-,
HCO32-) and the parameters (pH, electrical
conductivity and total dissolved solids) were
discussed. In examining the changes in the
hydrochemical parameters of the Gorgan Plain
groundwater, they came to conclusion that the trend
of qualitative changes in the center and northwest of
the plain is towards an increase in the concentration
of chlorides, sulfates and salinity of the water, which
it is caused by the spill of urban and industrial
pollution and the infiltration of sea water in these
areas. They also stated that 71.43% of the samples
belong to the C3-S1 group according to the Wilcox
diagram, which indicates high salinity and low
sodium, and that the region’s underground water is in
a range from good to acceptable for drinking and also
suitable for agriculture. Salameh Nezhad et al., (2013)
examining the process of physical, chemical and
microbial changes such as turbidity, temperature, pH,
Total Dissolved Solids (TDS), magnesium, calcium,
phosphate, nitrated water of the aqueducts in the
city of Taft using agricultural indicators and Water
Quality Index (WQl), concluded that according to the
Wilcox diagram, water from several stations for
agricultural purposes is classified as C4S1, C3S1 and
that only one station is in the bad class and the others
are in the acceptable classification. They are also of
very good quality based on the Sodium Absorption
Ratio (SAR) level. The trend of changes in water
quality for agriculture and public use in urban
management from north to south of the Taft region is
towards improving water quality, but as most
parameters show a trend towards upside, changes in
water quality generally tend to be unfavorable. In a
study, Nasrabadi and Abbasi (2013) examined the
groundwater quality in Tehran in 2013 and 2014 and
compared their results with the World Health
Organization method and concluded that the water

quality in 2014 was lower than that of 2013 and to
the East and South points of Tehran are of lower
quality and in the ranking carried out, the northern
region had the highest score in the correct range and
the southern regions had the lowest scores in this
range. They also stated that the over-abstraction of
water wells and drought, as well as the input of non-
geological pollutants such as sulphate and nitrate
into the groundwater table have led to increased
concentrations of pollutants and deterioration of the
water quality. Using graphical methods such as
Wilcox, Shuler and Piper diagrams, Soleimani Sardo
et al. (2013) investigated the trend of water quality
parameters and changes in the Chamanjir River in
Khorram Abad, Lorestan. Studying of the Piper
diagram, the calcium-magnesium type of water
quality were introduced. According to Schuler’s map,
all water samples from the Chamangir River were of
high quality and acceptable, and there were no
drinking restrictions. In addition, the Wilcox plot
showed that most of the samples were in the low
salinity class (C2S1) and almost suitable for
agriculture. In addition, during the experimental
period, most parameters showed an increasing trend
over time and a significant correlation at the 99%
level. Mansouri and Barmaki Yazdi (2014) examined
the physical and chemical parameters of the water in
the central part of the Birjand aqueduct and examined
the relationship between them using the Pearson
correlation test and found that there was a significant
correlation between temperature and nitrates at the
95% level and all physical parameters and the
chemical meet health standards and presents no
health  problems for human consumption.
Yazdanbakhsh et al, (2015) examined the quality of
surface water runoff from Tehran’s Firozabad canal
for irrigation purposes. This research was conducted
in an experimental laboratory. The results showed
that the averages of BOD5, COD, pH and heavy metals
measured, with the exception of nickel, comply with
the Irrigation Effluent Standards of the Environmental
Protection Organization of Iran. Electrical conductivity,
total dissolved solids, SAR, chloride and boron were
evaluated in a low to medium range and an acceptable
sodium percentage for irrigation. The mean amount
of turbidity, Total Suspended Solids (TSS) and the
number of heat-resistant coliform and coliform
bacteria were measured above wastewater standards
for use in irrigation and agriculture. Jafari Aval et al.
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(2017) monitored the water quality of the aqueducts
in eastern Tehran. The monitoring was performed
with regard to the environmental indicators. The
research method was based on the collection of
statistics and information based on documentary
studies, field visits, sampling and experiments. The
results revealed that all the aqueducts in eastern
Tehran are almost similar in terms of water quality,
but can be distinguished by some qualitative
variables. Water chemical variables such as nitrates,
sulfates, heavy metals, NH3, Electrical Conductivity
(EC), TDS, PH, Dissolved Oxygen (DO) showed that in
most cases the water quality of the aqueducts is
adequate for drinking by national and World
Organization standards of Health, and in some areas,
such as the village of Deh Khair in Shahr-e-Ray, they
have more biological pollution than allowed. Also
with regard to the index necessary for agricultural
purposes, the results of the tests indicated the
suitability of the aqueducts in the eastern part of
Tehran. Hosseini et al. (2018) conducted a study on
groundwater quality in the Abbas plain southeast of
Dehloran city in llam province, found that the main
hydrochemical level of the groundwater in the area is
calcium sulfate (Ca-SO4), and based on this, only
there are a few wells which have potable water.
According to the World Health Organization, only
some wells are suitable for drinking and for irrigating
soils with sufficient permeability to grow salt-tolerant
plants. Golzar Khojasteh et al. (2019) and his
colleagues conducted a study on the physicochemical
status of drinking water sources in Asadabad City,
Hamedan province from 2010 to 2016 and came to
the conclusion that the measured parameters were
within the range of the national standard of Iran, but
some of the measured items were increased
compared to 2016. By examining the physical and
chemical properties of drinking water in the villages
of Nayr, Pourfaraj and Mokhtari (2021) came to the
conclusion that 13 of the parameters measured in the
drinking water supply sources of these villages are
less than the maximum desirable standard in 82
villages and less than the maximum permissible
standard. Therefore they are subject to monitoring
programs for water safety and environmental health.
Kazemi et al. (2022) investigated the health risk of
Total Chromium (CrT) in southern Khorasan aqueducts
in eastern Iran. For this work, the concentration of
CrT was measured in a total of 83 aqueducts in the

164

summer of 2020. The samples were initially tested for
temperature, pH, dissolved oxygen (DO), electrical
conductivity (EC) and total dissolved solids (TDS) on
the field. The results showed that the CrT
concentration ranged from 1.79 to 1017.05 g / L-1
and a total of 25 stations showed that the CrT
concentration was above WHO standards (50 pg L-1).
The total amount of CrT in South Khorasan aqueducts
exceeds the World Health Organization limit,
increasing the risk of carcinogenicity for residents
and, in turn, requiring greater efforts to provide
sanitary groundwater to consumers. Sedefio et al.
(2022) assessed the water quality of aqueducts in
arid regions of south-central Mexico using several
multivariate approaches. 24 aqueducts were analyzed
to assess the quality of the water. Based on 24
physicochemical variables, a Water Quality Index
(WQl) was developed on a scale from zero to 100,
divided into five water quality classes. The results of
the WQI scores showed that 12.5% of the aqueducts
are of excellent quality. 25%, good quality; and the
rest (62.5%) ranges from mediocre to unacceptable
quality. The interpolation maps show better water
quality in the northern part of the aquifer. Rezaei et
al. (2019) assessed the groundwater quality and
heavy metal pollution indicators in the watershed of
Bazman, one of the cities of Sistan and Balochistan in
southeast lIran. Evaluation and measurement of
groundwater hydrochemical parameters such as pH,
TDS, EC, Temperature (T), Redox (Eh) and DO, major
cations. K+, Na+, Ca2 and Mg2+) and major anions
(Cl-, HCO3-, SO42- and NO3-). In the present study,
three main hydrochemical facies were identified in
the water samples: Na-Cl, Na-HCO3 and Ca-Cl. In
addition, four pollutant indices were selected to
assess the extent of heavy metal exposure, the Heavy
Metal Exposure Index (HPI), the Heavy Metal
Evaluation Index (HEI), the Exposure Index (El) and
the new modified Heavy Metal Exposure Index (HPI),
for 9 heavy metals (As, Ba, Cr, Cu, Fe, Mn, Ni, Se and
Zn) in the study area. The indicators showed that
most of the water samples have low and medium
pollution, and the overall pollution level is not
dangerous. Principal Component Analysis (PCA) and
correlation analysis showed that anthropogenic
sources (ie, surface runoff and agricultural fertilizers)
and natural/geological processes (ie rock-water
interaction) caused the change in physicochemical
parameters in the catchment. The obtained results



provide useful information for the management of
water resources in areas like Bozman, which are
especially exposed to human activities. In recent
years, several studies have been carried out on the
physical and chemical properties of aqueduct in
different cities, but the decrease in precipitation and
the increase in the discharge of domestic and
industrial sewage into underground sources may lead
to an increase the concentration of certain elements
in the water. This doubles the need for more recent
studies for the aqueducts of Tehran, and on the other
hand, since these sources are partly used directly in
the irrigation of urban green spaces (Neisiani et al.,
2016). These sources should also be studied
biologically to assess their impact on human health.
Due to the lack of aquatic resources, especially in arid
and semi-arid regions, aqueducts can play an
important role in fulfilling some water needs.
Research on contamination of these groundwater
sources is important for the study of microbiological
pollution based on drinking water. Therefore,
monitoring the water quality of these sources is very
important. This study aims to measure the physical,
chemical, and biological variables of aqueduct water
and determine the consumption limit for different
uses of 5 aqueducts (Qanats) situated in District 6 of
Tehran-Iran. The current study have been carried out
in Tehran in 2021-2022.

This research is a cross-sectional descriptive
study aimed at examining the physical, chemical and
biological parameters of water and their comparison
with the national standard of Iran and the World
Health Organization in 5 aqueducts (America, Behjat-
Abad, Abbas-Abad, Russia and Yusuf-Abad Aqueducts)
in District 6 of Municipality of Tehran (Fig. 1).

For this purpose, seasonal sampling of each
aqueduct was carried out in 2019 and 2020. A total
of 80 samples were collected in 1.5 liter sterile
polyethylene containers. For each point, 2 containers
were filled with water and one sample was acidified
with pure nitric acid to a pH of less than 2 and
prepared for heavy metal measurement, while the
other samples were prepared for anions and cations
measurement based on methods presented in the
1998 Standard Method Book (Walter, 1961). For each
sample, 15 parameters were measured, including
pH, BOD, COD, turbidity, EC, TDS, phosphate, sulfate,

nitrate, total hardness, chlorine, calcium, magnesium,
total intestinal group, fecal intestinal group. PH,
electrical conductivity and water temperature were
measured at the sampling site. Minor element
concentration was measured by graphite furnace
atomic absorption method and anion concentration
was measured by spectrophotometric titration
(Garduiio et al., 2011), cation concentration (Mg by
titration) was measured in laboratory. Eq. 1 was used
to obtain the Sodium Absorption Rate (SAR), which is
an indicator for determining the suitability of water
for use in irrigation and agriculture and measures the
alkaline cations in water. This indicator is considered
a standard for warning about soil salinization (Sattari
et al., 2020).

Na*

SAR= T (1)
E (Caz+ +Mg2+)

Data analysis was performed using SPSS26
software and the statistical test used was the one-
sample t-test. To determine the acceptable range
of cations, anions, DS and EC, water chemistry and
pH from the World Health Organization Physical
Properties Standard (WHO, 2011) and of lIran’s
national standard were used (Table 1).

Since the water of the studied aqueducts can
be used individually, the average, minimum and
maximum value of each parameter for the US
Embassy, Behjat-Abad, Russia, Abbasabad and Yusuf-
Abad aqueducts were compared with the maximum
desired and permissible values of National standards
of Iran and the World Health Organization. PH is one
of the most important physicochemical properties
of water. The average of this parameter is below the
limit established by the World Health Organization
and the national standard of Iran. Statistical analysis
performed using the one-sample T-test on the data
from this study showed that there is a significant
difference between the mean pH values and the
maximum desirable and permissible values of the
national standard of Iran and the World Health
Organization (P = 0.000). Fig. 2 shows that all channels
have a pH below the permitted limit. Another
physical-chemical property of water is electrical
conductivity, which is a measure of a solution’s
ability to conduct electricity. Because this capacity is
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Fig. 1: The study location- a) Iran, b) Tehran Districts, C) 5 aqueducts

Tablel. Permissible values of measured parameters according to the national standard of Iran and the WHO (WHO, 2011)

National Standard of Iran

Parameter Unit WHO -
Maximum . .
Optimal maximum
allowed
pH - 6.5-8.5 6.5-9 6.5-8.6
Turbidity NTU* - 5 1
EC uS/cm 1500 - -
TDS mg/L - 1500 1000
PO4 mg/L - 0.2 0.1
S04 mg/L 200 400 250
No3 mg/L 20 50 -
TH - - 500 200
CL mg/L 200 400 250
Mg mg/L 50 - 30
Ca mg/L 75 - 300
Na mg/L 200 - -
K mg/L 12 - -
HCO03~ mg/L 150 - -

*Network Termination Unit
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Fig. 3: EC level and its comparison with the WHO and the National Standard of Iran

a function of the presence of ions in a solution, the
measurement of this parameter is a good indicator of
total dissolved substances in water (Amanial, 2016).
The Iranian national standard has not specified a limit
for this parameter, but the World Health Organization
has specified a maximum of 1500 us/cm for it (WHO,

2011), with all samples below the permitted limit
(Fig. 3). Statistical analysis performed using the one-
sample T-test on the data showed that there is a
significant difference between the mean EC values
and the World Health Organization values at the 95%
level (P = 0.000).
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TDS is one of the most important chemical
parameters in water, which indicates the presence
or absence of different types of mineral salts and
ions such as chloride, sulfate, phosphate, calcium,
magnesium, potassium, iron, etc. (Omer, 2019). The
average of this parameter in all samples was equal
to 748.02, which has a significant difference with
the maximum desirable and permissible level of the
national standard of Iran at the level of 95% (P=0.000).
The total amount of dissolved solids in each aqueduct

2000

1500

is less than the maximum desired and allowed by the
national standard. The World Health Organization has
not specified the specific value of this parameter (Fig.
4). Based on the results, it can be concluded that the
hardness of the America aqueduct is lower than the
optimal value, and the hardness of other aqueducts
is higher than the optimal value. In addition, Behjat-
Abad, Russia and Yusuf-Abad aqueducts have values
exceeding the maximum limit (Fig. 5). The World
Health Organization has not provided a virtual value
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Fig. 4: TDS level and its comparison with the WHO and the National Standard of Iran
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Fig. 5: Total hardness and its comparisons with the WHO and the National Standard of Iran
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for this parameter. Based on the one-sample T-test,
there was a significant difference between the
average hardness and the maximum desired and
permissible level of the Iranian national standard at
the 95% level (P=0.000).

The results show that the average concentration
of phosphate in the studied aqueducts is higher
than the maximum value of the national standard
of Iran, while the World Health Organization has
not reported a value for this parameter (Fig. 6).
From a statistical point of view, there is a significant
difference between the mean of this parameter and
the maximum allowed at the 95% level (P= 0.000).
However, the amount of sulfate in the aqueducts

0.8 -
0.6
204
=
0.2
0 ; i
Min Average Max
E===3 America Qanat 5555 Behjatabad Qanat === Abbasabad Qanat
E===3 Russian Qanat ZZZ22Y ousefabad Qanat Optimal maximum
s Naximum allow ed

under study was lower than the three maximum
desirable and permissible levels of the national
standard and the World Health Organization and was
within the desirable and permissible range (Fig. 7).
The results from the statistical test were also similar
to phosphate and there was a significant difference
with the average with an error percentage of 5%
(P=0.000).

One of the important indicators to show the
quality of groundwater and agricultural water is the
amount of nitrate in it, which enters the surface
and groundwater water through the decomposition
of human and animal waste, industrial products
and agricultural effluents (Mohseni and Raheli

Fig. 6: Phosphate level of and its comparison with the WHO and the National Standard of Iran

S00

400

300

my/L

200

100

E===3 America Qanat
EEwEwd Russian Qanat
s Optim al maximum

65559 Behjatabad Qanat
EZZ73 Y ousefabad Qanat
Maximum allowed

W,

Max

== Abbasabad Qanat
WHO

Fig. 7: Sulfate level and its comparison with the WHO and the National Standard of Iran



Namin., 2017). As shown in Fig. 8, the nitrate levels
in the studied aqueducts are below the maximum
permitted by the national standard of Iran and the
World Health Organization. The average nitrate level
in the aqueducts was significantly above the optimal
maximum value and the World Health Organization’s
recommended limit at the 95% confidence level
(P=0.000). Abbas-Abad and Russia aqueducts have a
turbidity higher than the optimal maximum but lower

than the maximum allowed and the water of other
aqueducts has an optimal turbidity and less than 1
NTU. The mean turbidity (Fig. 9) of these channels,
according to the single sample T test, has a significant
difference from the desired and allowed maximum
(P=0.000).

The investigation of concentration of calcium
revealed that this cation was below the maximum
amount specified in the national standard of Iran
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Fig. 8: NO3 level and its comparison with the WHO and the National Standard of Iran
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Fig. 9: Turbidity level and its comparison with the WHO and the National Standard of Iran



in all the aqueducts, but the average amount in
the aqueducts, with the exception of the Russian
aqueduct, was above the permissible limit of the
World Health Organization (Fig. 10). Also, the
average amount of calcium based on the statistical
test had a significant difference at the 95% level
with the World Health Organization and the optimal
maximum of the national standard of Iran (P=0.000).
The average amount of magnesium measured for
different aqueducts in this research showed that only

350 -
200 -

the America aqueduct has a value lower than the
optimal maximum in some seasons of the year, and
the average of the other aqueducts has values higher
than the optimal maximum. Also, based on the
statistical T test, the average value of magnesium has
no significant difference at the 95% level (P=0.865)
(Fig. 11), but there is a significant difference with the
permissible limit of the World Health Organization
(P=0.000).

Chloride is one of the main anions in water that
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Fig. 10: Calcium level and its comparison with the WHO and the National Standard of Iran
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can cause permanent hardness. According to Fig. 12,
the amount of chlorine in the different aqueducts is
less than the maximum desired and allowed by the
national standard, which is in accordance with the
results of (Golzar Khojasteh et al., 2019), but the
maximum values of the American and Yusuf-Abad
aqueducts are more than the permissible amount of
the World Health Organization. The average behavior
of this parameter in the statistical test showed that
there is a significant difference from the optimal and
permissible maximum of the national standard of Iran

and the World Health Organization (P=0.000). In the
classification of water based on sodium absorption
ratio, if SAR is less than 10 and is within one or two,
the water is fresh and drinkable. If it is around 6, it
is satisfactory for arable soils and crops (Jafari Aval
et al., 2017) which according to Fig. 13 studied
aqueducts are desirable for irrigation of agricultural
lands and gardens and green spaces.

In addition to the parameters measured, Total
Coliforms (TC), Fecal Coliforms (FC), COD and
BOD were also measured. The allowable amount
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Fig. 12: Chlorine level and its comparison with the WHO and the National Standard of Iran
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Fig. 13: SAR level of the studied aqueducts



of fecal coliforms for irrigation of green spaces
with wastewater is about 100 MPN/100 ml, and
the allowable amount of fecal coliforms and total
coliforms for the return of wastewater to seepage pits
and surface water is about 400 and 1000 units per 100
mL. (Environmental Aspects of Wastewater Reuse,
2015). According to the Figs. 14 and 15, the average
of fecal coliforms and total coliforms of the water
of the aqueducts were higher than the authorized
limit, indicating that the water of these aqueducts is
polluted and even for agricultural purposes, it needs
purification.

The permissible values of BOD and COD

parameters for return to absorption wells and surface
water are 30 and 60 mg/liter, respectively, and for
irrigation of green spaces with sewage, the BOD value
is 31 mg/liter (Varse et al., 2014), that according to
the results of these two parameters in the water of
the investigated aqueducts, both parameters are
below the permissible limit (Figs. 16 and 17).

The classification of water from an agricultural
perspective is based on two parameters of electrical
conductivity and sodium absorption ratio (Pourkhabaz
etal.,2017). The points resulting from the intersection
of these two parameters in the Wilcox diagram
represent the category of the desired water sample.
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Fig.14: Measured fecal coliforms of the studied aqueducts (Qanats)
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Fig. 15: Total coliforms (TC) measured of the studied aqueducts (Qanats)
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The Wilcox classification method and its mapping is
a very useful method to classify agricultural water
in hydrological studies (SolaimaniSardo et al., 2013).
According to the study results for the 5 aqueducts
examined in the District 6 of the Municipality of
Tehran showed that all samples fall into class (C3S1)
and are acceptable for agriculture, but are more
suitable for salt-resistant plants (Fig. 18).

According to current study conducted on the
physical and chemical properties of water in the
aqueducts of America, Behjat-Abad, Abbas-Abad,
Russia and Yousef-Abad, it emerged that the
parameters measured and compared were maximum

40

desired and allowed by the national standard of
Iran and the World Health Organization, magnesium
alone has no statistically significant differences
from the optimum maximum and other parameters
such as turbidity, Electrical Conductivity (EC), Total
Dissolved Solids (TDS), phosphate, sulfate, nitrate,
total hardness, chloride, calcium were measured in
the terms of the one-sample T-test had a significant
difference with the permitted values of the World
Health Organization and the national standard. The
concentration of most of the parameters was below
the permissible limit of the compared standard, and
this indicates that they have the necessary quality
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Fig. 16: The measured BOD level of the studied aqueducts
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Fig. 17: COD level of the studied aqueducts
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Fig. 18: Wilcox diagram of the studied aqueducts (Qanats)

for agricultural use, only for salinity-resistant plants
and green spaces, which is consistent with the results
of Pourfaraj and Mokhtari (2021); Nasrabadi and
Abbasi (2013); Golzar Khojasteh et al. (2019). The
Sodium Absorption Ratio in the studied channels is
favorable for irrigation of agriculture and gardens
and green spaces, which is also consistent with the
results of Yazdanbakhsh et al. (2015). The Wilcox
classification for agricultural water classification
showed that all samples were in class (C3S1) and
acceptable for agriculture, but best suited for salt-
tolerant plants. These results are consistent with the
results of Salameh Nezhad et al. (2013); Golpayegani
et al. (2012). To verify the biological properties,
parameters such as fecal coliforms, total coliforms,
BOD and COD were measured, and comparing with
the environmental criteria of return water and
wastewater reuse, it is found that the BOD and COD
are lower. It has exceeded permitted use limits in
urban green spaces and has returned to surface
waters and sinks, but they are not in favorable
condition in terms of fecal coliform and total coliform
counts, suggesting that these underground sources
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are contaminated with household waste in the water.
It should be noted that there are industrial effluents
that can lead to an increase in sodium, nitrate and
phosphorus and gradually lead to soil compaction
and a decrease in soil permeability. On the one
hand, a decrease in precipitation, which leads to a
decrease in surface runoff, and on the other hand,
an increase in population leads to an increase in
the production of polluted wastewater, and all this
adds to the groundwater resources and reduces
the physical, chemical and biological quality of
groundwater resources. Therefore, it is necessary to
periodically measure the existing or added effluents
to these aqueducts and evaluate the quality of the
groundwater to prevent contaminating sediments
from entering the agricultural land and urban
greenery.

The aqueduct is one of the most amazing
collective works of art in human history, created
with painstaking work, management and planning
to meet one of the most important needs of human
societies, to meet to the needs of dry and scarce



areas in drinking water and to provide drinking
water for humans, animals and agriculture. Qanat
of the water supply has played an important and
effective role in the economic system and social
life of the country since the Iron Age as one of the
sources of drinking water supply and agriculture in
drought-prone areas such as the Iranian plateau,
and led to the prosperity of agriculture and
the creation of jobs and many urban and rural
activities and reassured the populations. The
present research attempted to review the previous
research related to the subject, by spot sampling
and at different time intervals from 5 aqueducts
existing in the 6th district of Tehran, to examine the
regeneration and optimal use of these aqueducts
from the chemical and physical dimensions Also
compared the values of the tested parameters
with the permissible values of the World Health
Organization and lIran’s national standard. Data
analysis was performed using SPSS26 software and
a one-sample t-test. The results showed that the
parameters of alkalinity, electrical conductivity,
total dissolved solids, sulphate and nitrate are
below the desirable and permissible maximum
standards of the Iranian national standard or the
World Health Organization and do not create
any restrictions on drinking consumption and
agricultural use.

Quantitative and qualitative studies on
groundwater resources always encounter difficulties
in gathering information, but the protection and
optimal exploitation of these resources require
continuous monitoring of groundwater and careful
identification and analysis of their quantity and
quality are essential. The quantity and quality of the
water from these sources is affected by the returning
water, on the other hand accurately measuring
and monitoring the returning water is considered a
difficult task and reduces the accuracy of the research
results and brings uncertainty.

According to the research conducted to improve
the water quality of Tehran’s aqueduct (Qanat)
and better use of these underground resources,
the following suggestions are made: 1) Study and
identification of sources of contamination of the
aqueduct and their elimination; 2) Prevent the entry
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of domestic wastewater through injection wells and
discharge domestic wastewater into the municipal
sewer system; 3) Prevention of industrial wastewater
ingress; 4) Improve and solve the problems of the
aqueducts and preserve these traditional water
works; 5) Application of advanced water purification
and sewage treatment methods for drinking.

P. Tolouei performed the literature review, taking
samples, analyzed and interpreted the data, prepared
the manuscript text, and manuscript edition. F. Babaei
Semiromi and R. Arjmandi and A.H. Hassani and R.
Azizinejad supervised and performed the corrections
and reviewed the article and controlled the results of
the research.

The authors would like to thank the Islamic Azad
University Science and Research Branch.

The authors declare no potential conflict of
interest regarding the publication of this work. In
addition, the ethical issues including plagiarism,
informed consent, misconduct, data fabrication and,
or falsification, double publication and, or submission,
and redundancy have been completely witnessed by
the authors.

©2023 The author(s). This article is licensed under
a Creative Commons Attribution 4.0 International
License, which permits use, sharing, adaptation,
distribution and reproduction in any medium or
format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes
were made. The images or other third-party material
in this article are included in the article’s Creative
Commons license, unless indicated otherwise in a
credit line to the material. If material is not included
in the article’s Creative Commons license and your
intended use is not permitted by statutory regulation
or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view
a copy of this license, visit: http://creativecommons.
org/licenses/by/4.0/


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

IJHCUM Publisher remains neutral with regard
to jurisdictional claims in published maps and
institutional affiliations.

BOD Biochemical oxygen Demand
coD Chemical Oxygen Demand
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HEI Heavy Metal Evaluation Index
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Abbasi, F.; Bahramlo, R.; Zolfagharan, A.; Heidari, N., (2013).
Investigation of technical issues and operation of a number of
Qanats in Khorasan Razavi, Hamedan and Semnan provinces.
Iranian Soil Water Res., 44(4): 329-338 (10 pages). (In Persian)

Abizadeh, A., (2011). A view on the aqueduct with a focus on
education and revival of indigenous technology, Iranian culture
and architecture. Archit. urban plann. Armanshahr. 3(5): 1-22
(22 pages). (In Persian)

Amanial, H., (2016). Phisico-Chemical analysis of drinking water
quality of Arbaminch Town. J. Environ. Anal. Toxicol., 6(2):
p.356.

Cao, X.; Xiao, J.; Wu, M.; Zeng, W.; Huang, X., (2021). Agricultural
water use efficiency and driving force assessment to improve
regional productivity and effectiveness. Water Resour.
Manage., 35(8): 2519-2535 (17 pages).

Correggiari, M.; Castelli, G.; Bresci, E.; Salbitano, F., (2017). Fog
collection and participatory approach for water management
and local development: practical reflections from case studies
in the Atacama drylands. Water and Land Security in Drylands.
Cham, Switzerland: Springer. 141-158 (18 pages).

Environmental aspects of wastewater reuse, (2015). Program and
budget organization

Gardufio, H; Saleem, R.; Sengupta, B., (2011). India groundwater
governance case study« Water Papers, 9-10 (2 pages).

Golpayegani, H.; Gohari Moghaddam, M.; Bostani, F., (2012).
Investigation of changes in hydrochemical parameters of
groundwater in Gorgan plain. Geochemistry. 1(2): 91-98 (8
pages). (In Persian)

Golzar Khojasteh,B.; Golzar Khojasteh, M.; Yary, Kh.; Torkaman, J.,
(2019). Investigating the physicochemical status of the sources
of drinking water supply in Asadabad City during 2011-2018.
J. Rafsanjan Uni. Med. Sci., 18(8): 741-752 (12 pages). (In
Persian)

Hosseini, A. R.; Poormohammad, P.; Yarmohammadi, A., (2018).
Investigation of groundwater quality in the area of irrigation
and drainage networks for agricultural and drinking purposes
(case study: Dashteabas). Iran-Watershed Manage. Sci. Eng.,

177

12(40): 51-59 (9 pages). (In Persian)

Islamic Council Research Center. (1991). Environmental Health
Regulations. Council of Ministers approvals. 71(4): (In Persian)

Jafari Aval, y.; Ebadati, N.; Yousefi, H.; Kalantari, B.; Mirzaie, M.,
(2017). Distribution and quality monitoring of water in East
Tehran Qanats in order to manage water resources. Echo
Hydrol., 4(1): 39-52 (14 pages). (In Persian)

Javid, A.; Javed, MT.; Abdullah, S., (2007). Nickel bio-accumulation
in the bodies of Catla. Labeo rohita and Cirrhina mrigala during
96-hr LC50 exposures. Int. Agri. Biol., 9: 139-142 (4 pages).

Kahil, T.; Albiac, J.; Fischer, G.; Strokal, M.; Tramberend, S.; Greve,
P.; Tang, T.; Burek, P.; Burtscher, R.; Wada, Y., (2019). A nexus
modeling framework for assessing water scarcity solutions.
Curr. Opin. Environ. Sustain., 40: 72-80 (9 pages).

Kazemi, A.; Esmaeilbeigi, M.; Sahebi, Z.; Ansari, A., (2022). Health
risk assessment of total chromium in the ganat as historical
drinking water supplying system. Sci. Total Environ., 807:
150795.

Mahvi, A., (2010). Health and aesthetic aspects of water quality.
Bal Gostar Publication, Tehran. (In Persian)

Mehdipour, V.; Memarianfard, M.; Homayounfar, F., (2017).
Application of gene expression programming to water
dissolved oxygen concentration prediction. Int. J. Hum. Capital
Urban Manage., 2(1): 39-48 (10 pages).

Mansouri, B.; Baramaki Yazdi, R., (2014). Study of water physic-
chemical parameters in central part Qanats of Birjand. Zanko
J. Med. Sci., Kurdistan Uni. Med. Sci., 68-74 (7 pages). (In
Persian)

Mohseni, B.; Raheli Namin, B., (2017). Spatial variations of nitrate
and phosphate in groundwater and identification of the most
important pollution factors through evaluation of series
kriging methods, cokriging and multiple regression model in
Qarahsu watershed - Golestan province. Q. J. of Geog. Space.,
17(59): 311-330 (20 pages). (In Persian)

Nasrabadi, T.; Abbasi, P., (2013). Investigation of groundwater
quality in Tehran using the quality index of the World Health
Organization. Man Environ., 26(4): 1-12 (12 pages). (In Persian)

Neisiani, B.A.; Seyedan, S.M.; Radfar, E., (2016). Urban green spaces
assessment approach to health, safety and environment. Int. J.
Hum. Capital Urban Manage., 1(2): 123-132 (10 pages).

Nguyen, T.; Ngoa, H.; Guo, W.; Wang, X.; Ren, N., (2019).
Implementation of a specific urban water management -
Sponge City. Sci. Total Environ., 652: 147-162 (16 pages).

Omer, N.H.,, 2019. Water quality parameters. Water quality-
science, assessments and policy, 18, pp.1-34.

Pourfaraj, F.; Mokhtari, S.A., (2021). An analysis of the physical and
chemical quality of drinking water in the villages of Nayr city
and a comparison of the results with the national standard of
Iran. J. Health. 12(2): 246-264 (19 pages). (In Persian)

Pourkhabaz, H.; Aghdar, H.; Mohammadyari, F., (2017). Zoning
groundwater quality for agriculture by classification WILCOX
index (Case study: Qazvin plain). J. Geog. space., 58(17): 111-
129 (19 pages).

Priyan, K., (2021). Issues and challenges of groundwater and
surface water management in semi-arid regions. Groundwater
Resour. Dev. Plann. Semi-Arid Reg., 1-17 (17 pages).

Qadir, M.; Smakhtin, V.; Koo-Oshima, S.; Guenther, E., (2022).
Global water scarcity and unconventional water resources.
Unconv. Water Resour., Springer, Cham. 3-17 (15 pages).


https://ijswr.ut.ac.ir/article_50405.html
https://ijswr.ut.ac.ir/article_50405.html
https://ijswr.ut.ac.ir/article_50405.html
https://ijswr.ut.ac.ir/article_50405.html
http://www.armanshahrjournal.com/article_32651.html
http://www.armanshahrjournal.com/article_32651.html
http://www.armanshahrjournal.com/article_32651.html
http://www.armanshahrjournal.com/article_32651.html
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Amanial%2C+H.+2016.+Physicochemical+analysis+of+drinking+water+quality+of+Arbaminch+Town.+Journal+of+Environmental+and+Analytical+Toxicology.+2%286%29%3A+1-5.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Amanial%2C+H.+2016.+Physicochemical+analysis+of+drinking+water+quality+of+Arbaminch+Town.+Journal+of+Environmental+and+Analytical+Toxicology.+2%286%29%3A+1-5.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Amanial%2C+H.+2016.+Physicochemical+analysis+of+drinking+water+quality+of+Arbaminch+Town.+Journal+of+Environmental+and+Analytical+Toxicology.+2%286%29%3A+1-5.&btnG=
https://www.tandfonline.com/doi/abs/10.1080/02508060.2013.793572?journalCode=rwin20
https://www.tandfonline.com/doi/abs/10.1080/02508060.2013.793572?journalCode=rwin20
https://www.tandfonline.com/doi/abs/10.1080/02508060.2013.793572?journalCode=rwin20
https://www.tandfonline.com/doi/abs/10.1080/02508060.2013.793572?journalCode=rwin20
https://www.springerprofessional.de/en/fog-collection-and-participatory-approach-for-water-management-a/12248580
https://www.springerprofessional.de/en/fog-collection-and-participatory-approach-for-water-management-a/12248580
https://www.springerprofessional.de/en/fog-collection-and-participatory-approach-for-water-management-a/12248580
https://www.springerprofessional.de/en/fog-collection-and-participatory-approach-for-water-management-a/12248580
https://www.springerprofessional.de/en/fog-collection-and-participatory-approach-for-water-management-a/12248580
https://www.worldbank.org/en/about/leadership?cid=ECR_GA_worldbank_EN_EXTP_search&gclid=Cj0KCQjwl92XBhC7ARIsAHLl9akIfzp879FTBIhQpMBTRGaONPBE01ncOLPB8w2j9A1iW1aemGpxVPMaAlq2EALw_wcB
https://www.worldbank.org/en/about/leadership?cid=ECR_GA_worldbank_EN_EXTP_search&gclid=Cj0KCQjwl92XBhC7ARIsAHLl9akIfzp879FTBIhQpMBTRGaONPBE01ncOLPB8w2j9A1iW1aemGpxVPMaAlq2EALw_wcB
https://journals.iau.ir/article_631802.html
https://journals.iau.ir/article_631802.html
https://journals.iau.ir/article_631802.html
https://journals.iau.ir/article_631802.html
http://journal.rums.ac.ir/browse.php?a_id=4528&sid=1&slc_lang=en
http://journal.rums.ac.ir/browse.php?a_id=4528&sid=1&slc_lang=en
http://journal.rums.ac.ir/browse.php?a_id=4528&sid=1&slc_lang=en
http://journal.rums.ac.ir/browse.php?a_id=4528&sid=1&slc_lang=en
http://journal.rums.ac.ir/browse.php?a_id=4528&sid=1&slc_lang=en
http://jwmsei.ir/browse.php?a_code=A-10-450-1&sid=1&slc_lang=fa
http://jwmsei.ir/browse.php?a_code=A-10-450-1&sid=1&slc_lang=fa
http://jwmsei.ir/browse.php?a_code=A-10-450-1&sid=1&slc_lang=fa
http://jwmsei.ir/browse.php?a_code=A-10-450-1&sid=1&slc_lang=fa
http://jwmsei.ir/browse.php?a_code=A-10-450-1&sid=1&slc_lang=fa
https://rc.majlis.ir/fa/law/show/114424
https://rc.majlis.ir/fa/law/show/114424
https://ije.ut.ac.ir/article_60881.html
https://ije.ut.ac.ir/article_60881.html
https://ije.ut.ac.ir/article_60881.html
https://ije.ut.ac.ir/article_60881.html
https://d1wqtxts1xzle7.cloudfront.net/47759521/Nickel_Bio-accumulation_in_the_Bodies_of20160803-31760-17s3v5m-with-cover-page-v2.pdf?Expires=1660231441&Signature=P2bYrwSnS9jiy3zLvkbkGxfH1t3QlYcA5KrnhhbXSR4tNPY5SOeppE1FMSHTlhGvAsQ5EwePlHhkNAePOnE~FmUmQdOiDz7eo~9CGBd5FaqljOJIEKij-RoK2xTsvPVx0aD~3oVWxkZ9PEcH9PkOPYBurgu0rGt1sb22WV3eZM8MWMJarVCRyXJcTiQIYL6t2HOXwAj5d3dK73HvfCvlmRwawEYZ9rK7whcHxCxC~r8s~2oufP8ZebbNW~gLWGmiXNiu8hZbC2bParN7A0DNF8axgJTnf4kM4Fgqa6LDsCEAQT3MUYbc4XrNhOnMrhXzrce0tq6lGn~bIoVUZoaHTA__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/47759521/Nickel_Bio-accumulation_in_the_Bodies_of20160803-31760-17s3v5m-with-cover-page-v2.pdf?Expires=1660231441&Signature=P2bYrwSnS9jiy3zLvkbkGxfH1t3QlYcA5KrnhhbXSR4tNPY5SOeppE1FMSHTlhGvAsQ5EwePlHhkNAePOnE~FmUmQdOiDz7eo~9CGBd5FaqljOJIEKij-RoK2xTsvPVx0aD~3oVWxkZ9PEcH9PkOPYBurgu0rGt1sb22WV3eZM8MWMJarVCRyXJcTiQIYL6t2HOXwAj5d3dK73HvfCvlmRwawEYZ9rK7whcHxCxC~r8s~2oufP8ZebbNW~gLWGmiXNiu8hZbC2bParN7A0DNF8axgJTnf4kM4Fgqa6LDsCEAQT3MUYbc4XrNhOnMrhXzrce0tq6lGn~bIoVUZoaHTA__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/47759521/Nickel_Bio-accumulation_in_the_Bodies_of20160803-31760-17s3v5m-with-cover-page-v2.pdf?Expires=1660231441&Signature=P2bYrwSnS9jiy3zLvkbkGxfH1t3QlYcA5KrnhhbXSR4tNPY5SOeppE1FMSHTlhGvAsQ5EwePlHhkNAePOnE~FmUmQdOiDz7eo~9CGBd5FaqljOJIEKij-RoK2xTsvPVx0aD~3oVWxkZ9PEcH9PkOPYBurgu0rGt1sb22WV3eZM8MWMJarVCRyXJcTiQIYL6t2HOXwAj5d3dK73HvfCvlmRwawEYZ9rK7whcHxCxC~r8s~2oufP8ZebbNW~gLWGmiXNiu8hZbC2bParN7A0DNF8axgJTnf4kM4Fgqa6LDsCEAQT3MUYbc4XrNhOnMrhXzrce0tq6lGn~bIoVUZoaHTA__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://www.sciencedirect.com/science/article/abs/pii/S1877343519300387
https://www.sciencedirect.com/science/article/abs/pii/S1877343519300387
https://www.sciencedirect.com/science/article/abs/pii/S1877343519300387
https://www.sciencedirect.com/science/article/abs/pii/S1877343519300387
https://www.sciencedirect.com/science/article/abs/pii/S0048969721058733
https://www.sciencedirect.com/science/article/abs/pii/S0048969721058733
https://www.sciencedirect.com/science/article/abs/pii/S0048969721058733
https://www.sciencedirect.com/science/article/abs/pii/S0048969721058733
https://www.gisoom.com/book/1103457/%DA%A9%D8%AA%D8%A7%D8%A8-%D8%AC%D9%86%D8%A8%D9%87-%D9%87%D8%A7%DB%8C-%D8%A8%D9%87%D8%AF%D8%A7%D8%B4%D8%AA%DB%8C-%D9%88-%D8%B2%DB%8C%D8%A8%D8%A7%DB%8C%DB%8C-%D8%B4%D9%86%D8%A7%D8%B3%DB%8C-%DA%A9%DB%8C%D9%81%DB%8C%D8%AA-%D8%A2%D8%A8/
https://www.gisoom.com/book/1103457/%DA%A9%D8%AA%D8%A7%D8%A8-%D8%AC%D9%86%D8%A8%D9%87-%D9%87%D8%A7%DB%8C-%D8%A8%D9%87%D8%AF%D8%A7%D8%B4%D8%AA%DB%8C-%D9%88-%D8%B2%DB%8C%D8%A8%D8%A7%DB%8C%DB%8C-%D8%B4%D9%86%D8%A7%D8%B3%DB%8C-%DA%A9%DB%8C%D9%81%DB%8C%D8%AA-%D8%A2%D8%A8/
https://www.ijhcum.net/article_25288.html
https://www.ijhcum.net/article_25288.html
https://www.ijhcum.net/article_25288.html
https://www.ijhcum.net/article_25288.html
https://www.sid.ir/Fa/Journal/ViewPaper.aspx?id=276305
https://www.sid.ir/Fa/Journal/ViewPaper.aspx?id=276305
https://www.sid.ir/Fa/Journal/ViewPaper.aspx?id=276305
https://www.sid.ir/Fa/Journal/ViewPaper.aspx?id=276305
http://geographical-space.iau-ahar.ac.ir/article-1-2480-fa.html
http://geographical-space.iau-ahar.ac.ir/article-1-2480-fa.html
http://geographical-space.iau-ahar.ac.ir/article-1-2480-fa.html
http://geographical-space.iau-ahar.ac.ir/article-1-2480-fa.html
http://geographical-space.iau-ahar.ac.ir/article-1-2480-fa.html
http://geographical-space.iau-ahar.ac.ir/article-1-2480-fa.html
https://journals.srbiau.ac.ir/article_3270.html
https://journals.srbiau.ac.ir/article_3270.html
https://journals.srbiau.ac.ir/article_3270.html
https://www.ijhcum.net/article_20760.html
https://www.ijhcum.net/article_20760.html
https://www.ijhcum.net/article_20760.html
https://www.sciencedirect.com/science/article/abs/pii/S0048969718340518
https://www.sciencedirect.com/science/article/abs/pii/S0048969718340518
https://www.sciencedirect.com/science/article/abs/pii/S0048969718340518
https://www.intechopen.com/chapters/69568
https://www.intechopen.com/chapters/69568
https://www.sid.ir/fa/journal/ViewPaper.aspx?id=573383
https://www.sid.ir/fa/journal/ViewPaper.aspx?id=573383
https://www.sid.ir/fa/journal/ViewPaper.aspx?id=573383
https://www.sid.ir/fa/journal/ViewPaper.aspx?id=573383
http://geographical-space.iau-ahar.ac.ir/article-1-1221-en.html
http://geographical-space.iau-ahar.ac.ir/article-1-1221-en.html
http://geographical-space.iau-ahar.ac.ir/article-1-1221-en.html
http://geographical-space.iau-ahar.ac.ir/article-1-1221-en.html
https://link.springer.com/chapter/10.1007/978-3-030-68124-1_1
https://link.springer.com/chapter/10.1007/978-3-030-68124-1_1
https://link.springer.com/chapter/10.1007/978-3-030-68124-1_1
https://link.springer.com/chapter/10.1007/978-3-030-90146-2_1
https://link.springer.com/chapter/10.1007/978-3-030-90146-2_1
https://link.springer.com/chapter/10.1007/978-3-030-90146-2_1

Rezaei, A.; Hassani, H.; Hassani, S.; Jabbari, N.; Mousavi, S.B.F,;
Rezaei, S., (2019). Evaluation of groundwater quality and
heavy metal pollution indices in Bazman basin, southeastern
Iran. Groundwater Sustain. Dev., 9: 100245.

Sedefio-Diaz, J.E.; Lopez-Lépez, E.; Rodriguez-Romero, A.J.; Leos,
K.F.; Martinez, M.T.; Sanchez, O.E.E., (2022). Using different
multivariate approaches to assess water quality of ganats in
arid zones of Southern Central Mexico. Enviro. Sci. Pollut. Res.,
1-13 (13 pages).

Salameh Nezhad, S., Ehrampoosh, M. H., Mirbagheri, S. A., Javid,
A. H. 2013. Investigating the trend of changes in water quality
of active Qanats in Taft city. Environ. Geol., 7(25): 49-61 (13
pages). (In Persian)

Solaimani Sardo, M.; Vali, A.A.; Ghazavi, R.; Saidi Goraghani,
H.R., (2013). Trend analysis of chemical water quality
parameters;case study ChamAnijir River. J. Irrig. Water Engin.,
12(3): 95-106 (12 pages). (In Persian)

Varse, S.; Panahi, M.; Khazri, M., (2014). Investigation of the effect of
industrial activities on BOD, COD and TSS fluctuations in Tajan
River. J. Environ. Sci. Engin., 1(2): 45-57 (13 pages). (In Persian)

Walter, W.G., (1961). Standard methods for the examination of

water and wastewater.

Sattari, M.T.; Feizi, H.; Colak, M.S.; Ozturk, A.; Apaydin, H., Ozturk,
F., (2020). Estimation of sodium adsorption ratio in a river
with kernel-based and decision-tree models. Environ. Monit.
Assess., 192(9): 1-13 (13 pages).

WHO, G., (2011). Guidelines for drinking-water quality. World
health organization, 216: 303-304 (2 pages).

Xiang, X.; Li, Q.; Khan, S.; Khalaf, O.., (2021). Urban water resource
management for sustainable environment planning using
artificial intelligence techniques. Environ. Impact Assess. Rev.,
86: p.106515.

Yazdanbakhsh, A.R.; Eslami, A.; Rezaie, S., (2015). Investigation
of surface runoff quality of Firoozabad canal in Tehran for
irrigation purposes. Shahid Beheshti University of Medical
Sciences. Health Q. Arena, 3(3): 19-26 (8 pages). (In Persian)

Zeini, M.; Ghaneian, M.T,; Talebi, P.; Sharifi, S.; Sheikalishahi,S.;
Goodarzi, B.; Mali, F., (2008). Investigation of physical, chemical
and microbial characteristics of Ahrestan Subterranean Canal
(SC) Water in Yazd District for water resources conservation
and sustainable development. Q. J. Yazd School of Health. 7(1-
2): 36-43 (8 pages). (In Persian)

COPYRIGHTS

©2023 The author(s). This is an open access article distributed under the terms of the Creative Commons
Attribution (CC BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, as long
as the original authors and source are cited. No permission is required from the authors or the publishers.

HOW TO CITE THIS ARTICLE

Int. J. Hum. Capital Urban Manage., 8(2): 161-178.

DOI: 10.22034/1JHCUM.2023.02.02
URL: https://www.ijhcum.net/article_701111.html

Tolouei, P; Babaei, F.; Arjomandi, R.; Hassani, A.H.; Azizinejad, R., (2023). Physical, chemical and biological
quality assessment of aqueduct (Qanat) water for drinking, agriculture and irrigation of urban green spaces.

178


https://www.sciencedirect.com/science/article/abs/pii/S2352801X18300778
https://www.sciencedirect.com/science/article/abs/pii/S2352801X18300778
https://www.sciencedirect.com/science/article/abs/pii/S2352801X18300778
https://www.sciencedirect.com/science/article/abs/pii/S2352801X18300778
https://link.springer.com/article/10.1007/s11356-021-17597-x
https://link.springer.com/article/10.1007/s11356-021-17597-x
https://link.springer.com/article/10.1007/s11356-021-17597-x
https://link.springer.com/article/10.1007/s11356-021-17597-x
https://link.springer.com/article/10.1007/s11356-021-17597-x
https://geojournal.islamshahr.iau.ir/article_524609.html
https://geojournal.islamshahr.iau.ir/article_524609.html
https://geojournal.islamshahr.iau.ir/article_524609.html
https://geojournal.islamshahr.iau.ir/article_524609.html
http://www.waterjournal.ir/article_73540.html
http://www.waterjournal.ir/article_73540.html
http://www.waterjournal.ir/article_73540.html
http://www.waterjournal.ir/article_73540.html
https://www.jesb.ir/article_6219_9a51819c64186e21c54a42808baac500.pdf
https://www.jesb.ir/article_6219_9a51819c64186e21c54a42808baac500.pdf
https://www.jesb.ir/article_6219_9a51819c64186e21c54a42808baac500.pdf
https://dastmardi.ir/1398/12/09/standard-methods-for-the-examination-of-water-and-wastewater/
https://dastmardi.ir/1398/12/09/standard-methods-for-the-examination-of-water-and-wastewater/
https://link.springer.com/article/10.1007/s10661-020-08506-9
https://link.springer.com/article/10.1007/s10661-020-08506-9
https://link.springer.com/article/10.1007/s10661-020-08506-9
https://link.springer.com/article/10.1007/s10661-020-08506-9
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=WHO.+2011.+Guidelines+for+drinking+water+quality+Genva&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=WHO.+2011.+Guidelines+for+drinking+water+quality+Genva&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0195925520307939
https://www.sciencedirect.com/science/article/abs/pii/S0195925520307939
https://www.sciencedirect.com/science/article/abs/pii/S0195925520307939
https://www.sciencedirect.com/science/article/abs/pii/S0195925520307939
https://journals.sbmu.ac.ir/jhf/article/view/11551
https://journals.sbmu.ac.ir/jhf/article/view/11551
https://journals.sbmu.ac.ir/jhf/article/view/11551
https://journals.sbmu.ac.ir/jhf/article/view/11551
https://civilica.com/doc/82276/
https://civilica.com/doc/82276/
https://civilica.com/doc/82276/
https://civilica.com/doc/82276/
https://civilica.com/doc/82276/
https://civilica.com/doc/82276/
http://creativecommons.org/licenses/by/4.0/

	Physical, chemical and biological quality assessment of aqueduct (Qanat) water for drinking, agricul
	Abstract
	Keywords
	INTRODUCTION
	Literature review 

	MATERIALS AND METHODS 
	RESULTS AND DISSCSIONS 
	CONCLUSION
	LIMITATIONS OF THE RESEARCH  
	SUGGESTION
	AUTHOR CONTRIBUTIONS 
	ACKNOWLEDGEMENT
	CONFLICT OF INTEREST 
	OPEN ACCESS 
	PUBLISHER’S NOTE 
	ABBREVIATIONS
	REFERENCES


