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Abstract

Natural and human factors have always threatened the health of Qanats, valuable water 
sources for arid and semi-arid regions. The present study decided to qualitatively classify 
eight selected Qanats of East Tehran, Iran, using two multivariate statistical methods, cluster 
analysis (CA) and principal component analysis (PCA) based on parameters including pH, 
TDS, EC, Na2+, Ca2+, Mg2+, K+, Cl-, NO3 and SO42- according to standard methods during the 
summer of 2020. Data were analyzed by CA and PCA methods, the results of which based 
on the degree of pollution divided the studied stations into three groups, high pollution 
(anthropogenic origin), moderate pollution (natural and anthropogenic origin) and low 
pollution (natural origin). The stations close to each other for quality status were placed in 
the same group. The eigenvalues obtained from PCA based on the evaluated parameters 
showed that the first and second components explained more than 58% of changes between 
the stations. Analyzing the coefficients of each parameter (eigenvectors) for the first and 
second components revealed that the main causes for the difference between the stations 
were Cl-, Na2+, Mg2+ and SO42 , TDS and NO3. The two-dimensional display of the stations 
based on the first two main components confirmed the grouping resulting from the cluster 
analysis and was able to separate the investigated stations from each other like cluster analysis. 
The findings of this research highlighted the usefulness and efficiency of two multivariate 
statistical techniques, CA and PCA, to effectively manage Qanat water quality.
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1. Background
Water pollution caused by chemical, physical and 

biological pollutants is globally recognized as one of the 
serious challenges of water resources management (Farhadi 
et al., 2020;  Abbaspour et al., 2013: Hajjabbari and Fataei, 
2016). The role of underground water sources in supplying 
water for consumption in arid and semi-arid parts of the 
world, including Iran, necessitates the investigation of the 
risk of groundwater pollution (Majidi et al, 2019; Babaei et 
al., 2017; Zare Aghbolagh and Fataei, 2016). Qanats have 
been built as one of the greatest hydrological achievements 
of the ancient world (Hamidiana et al., 2015) and a 
water transportation system in arid and semi-arid regions 
(Radaei et al., 2020). This hydraulic system acts as a long 
underground network for the exploitation, transmission, 
maintenance, distribution and supply of drinking water, 
irrigation and flood control. In addition to natural factors, 
industrial and domestic sewage pollutants, animals falling 
into the canals, chemical fertilizers and pesticides also 
threaten the health of the Qanat (Motiee et al., 2006).  The 
term Qanat is derived from the Semitic word (Semitic race) 
meaning exploration, digging or water channel, which is 
generally used in Iran. Qanats have been built thousands of 
years ago by humans in desert and waterless areas. Qanat 
is one of the old and at the same time suitable methods of 
water supply in desert and arid areas. The largest center 
where Qanat is known as the main source of water supply 
is located around the deserts of Iran, so that the civilizations 
related to Qanat were formed mostly in these areas. Except 
for the narrow strip of the Caspian Sea coast, the territory 
of Iran has the characteristics of arid and semi-arid areas. 
Due to the fact that there are no permanent rivers in many 
areas such as desert ecosystems, and that water sources are 
often seen seasonally, thus the main water sources in these 
areas are Qanats. The area studied in the present work, 
that is, the city of Tehran (the capital of Iran), is one of the 
areas where there are many Qanats due to its hot and dry 
climate. Therefore, due to the importance of the Qanat in 
supplying water to arid and semi-arid regions like Iran, it is 
necessary to check its quality. Collecting field information 
for environmental purposes is a complex, costly and 
time-consuming task (Fataei et al, 2012); accordingly, it 
should be possible to make maximum use of the available 
information and data to determine the required parameters 
(Fataei and Kourandeh, 2013). On the other hand, many 
experimental sciences face a kind of uncertainty in the 
scope of their investigation, so nowadays statistics and 
probability have found a key role in most sciences (Fataei 
et al., 2010). A branch of statistics called multivariate 
statistical methods has been developed in recent years, 
which has wide application fields in different sciences, 
climate and meteorology, hydrology, and environment 
(Fataei et al., 2011).

One of the key points in monitoring the quality of water 
resources systems is the identification and separation 
of physical and chemical pollutant parameters and their 
relationship with each other (Kahvaei  et al., 2021; Fataei 
et al., 2012). The importance of this issue stems from the 

fact that physical pollutants are usually caused by the 
nature and climate of the basin, but chemical pollutants 
originate from man-made pollutant sources (Rasi Nezami 
et al., 2013). Therefore, if the correlation between these 
two categories of pollutants is high, they can naturally be 
similar and originate from the same source. On the other 
hand, finding these connections with laboratory methods 
involves heavy costs. One of the strategies to reduce 
costs is to use a multivariate statistical method to identify 
the main qualitative parameters affecting the quality of 
water resources (Mirzade Ahari et al., 2019; Fataei and 
Shiralipoor, 2011).

Principal component analysis (PCA) is widely used 
technique in the determination of surface and underground 
water quality (Siyue, 2009). Gurunathan and Ravichandran 
(1994) applied PCA method to determine the quality of 
open aquifers in Italy, and found evaporation, irrigation 
cycle and bedrock type as key variables. Sánchez-Martos 
et al. (2001) used the PCA technique to determine the 
effective variables in the analysis of groundwater quality 
in a number of aquifers in Almería province in Spain. 
Mohammadzadeh and Heydarizad (2011), by studying 
the hydrochemistry of underground water resources in 
Andarkh Karstic region (north of Mashhad, Iran) using 
PCA, showed that the quality of underground and surface 
water resources is widely dependent on the lithology of 
the region. Babaei et al. (2017) by identifying the effective 
wells in determining the depth of underground water in 
Urmia plain using PCA, concluded that this method could 
reduce sampling points and summarize data and that the 
cost, time and manpower required to measurements and 
analysis process cut into quarters.

Gangopadhyay et al. (2001) used the PCA technique to 
identify the importance of monitoring wells for predicting 
dynamic variables related to the pneumatic level in an area 
in Bangkok, Thailand. Bhuiyan et al. (2016) assessed the 
groundwater quality of Lakshimpur district of Bangladesh 
using 70 groundwater samples collected from shallow 
to deep wells using water quality indicators, geological 
methods, and multivariate analysis (PCA).

Ranjan Naik et al. (2021) in evaluating the geochemical 
quality of groundwater using multivariate water quality 
index and risk potential in the industrial belt of central 
Odisha region of India, a total of 106 groundwater samples 
were analyzed for 14 different parameters. In approximately 
30%, 34.9% and 4.7% of the groundwater samples, the 
concentration of F-, NO3- and uranium exceeded the 
limit set by WHO, respectively. In addition, they used the 
groundwater quality index (GWQI), entropy weighted 
water quality index (EWQI), principal component analysis 
(PCA), loading based water quality index (PCWQI) and 
human health risk assessment (HHRA). Depending on the 
models used, about 19.1 ± 0.9, 70.5 ± 1.9, and 10.38 ± 
1.9 percent of water samples were classified as "excellent", 
"good" and "moderate" using the water quality indicators 
used in qualitative classification, respectively.

Qanats in the eastern regions of Tehran are among 
the most important ones of this city, whose quality has 
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been affected by urban development, so that they have 
been exposed to the threat of environmental pollution in 
recent years due to neglect in preserving this ancestral 
achievement and the expansion of urban constructions. 
Therefore, the management of these Qanats is currently 
facing serious challenges. Due to the fact that the cleaning 
of the polluted aquifer requires a very long time and also 
a huge cost, dealing with the negative environmental 
consequences of urban Qanats requires qualitative 

monitoring and classification and determination of the 
sources of pollutants, which has been investigated in this 
study through multivariate statistical analysis. 

2. Materials and Methods
2.1. The area under study

The specifications of the eight studied Qanats located 
in the eastern area of Tehran, including municipal districts 
of 1, 4, 8, 13, 14, 15 and 20, are presented in Table 1.

No. of 
Qanats 

Names of 
Qanats 

coordinate 
(x) 

coordinate 
(Y) 

Municipal 
districts Purposes of uses 

Qanat 1 Mobarakabad 543889 3958306 4 Irrigation of green space of Imam 
Ali 

Qanat 2 Majidieh 542744 3955806 4 

Irrigation of green space of 
Majidieh Park and sidewalks 

around Majidieh Park - Irrigation 
of small green spaces of houses 

Qanat 3 Azizieh 544189 3947963 13 Green space irrigation 

Qanat 4 Qeytarieh 540439 3961195 1 Irrigation of Green space of 
Qeytarieh Park 

Qanat 5 Elimon 538000 3941000 20 Green space irrigation 
Qanat 6 Mehdiabad 547868 3953764 8 Green space irrigation 
Qanat 7 Sulaymaniyah 543068 3948193 8 Green space irrigation 
Qanat 8 Aminabad 543156 3931283 15 Green space irrigation 

 

Table 1. Specifications of Qanats studied in East Tehran, Iran

 

Tehran is one of the hot and dry regions of Iran. 
Currently, according to the statistics published by the 
Environment Unit of Tehran Municipality, out of 500 
Qanats in Tehran, about 155 are active, about 150 are 

semi-active and 195 are abandoned, which have been 
dug years ago to provide drinking water for humans and 
livestock and to irrigate agricultural and garden lands 
(Jafari Aval et al., 2017). Figure 1 shows the location of 

Figure 1. Geographical situation of Larestan
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the studied stations in the Qanats of the eastern region of 
Tehran, which were selected based on the location of the 
pollutant sources.

2.2. Sampling method and sample analysis
In this research, samples were taken from eight Qanats 

in the east of Tehran at three sampling stations along 
the route of each Qanat (mother well, one of the vertical 
access shafts and outlet) once in the summer of 2020. The 
samples were transported to the laboratory under standard 
conditions and subsequently tested according to the 2017 
Standard Methods for the Examination of Water and 
Wastewater.

Sampling was carried out through glass bottles. The 
sampling containers were first washed with detergent 
and tap water, then with nitric acid and finally with 
distilled water. Before transferring the samples to the 
laboratory, we performed the preliminary requirements 
such as fixing the samples with the required chemicals, 
determining the air and water temperature, and preparing 
the sample adhesive (including station specifications, 
sampling time, atmospheric conditions). Following the 
required preparation, the samples were transferred to the 
laboratory under suitable temperature conditions and in 
the shortest possible time and kept in the refrigerator until 
the subsequent testing.

The samples were analyzed for 10 physical and chemical 
parameters, including pH, TDS, EC, Na2+, Ca2+, Mg2+, 
K+, Cl-, NO3 and SO42-. Some physicochemical properties 
of water such as temperature, EC, TDS and pH were 
measured at the sampling site using a HACK portable 
device with an accuracy of 0.01 µS/cm for EC and 0.01 for 
pH. To determine the concentration of the main cations, 
first the water samples were filtered by a 0.45-µm filter and 
adjusted to pH below 2 by nitric acid and then measured 
by ICP-MS method. The main anions of water along with 
nitrate were measured in the relevant laboratory.

2.3. Statistical analysis of data
Data were analyzed by two multivariate statistical 

methods, cluster analysis (CA) and principal component 
analysis (PCA), using SPSS 22 and MINITAB 16 
software. Kolmogorov-Smirnov (K-S) test was used 
for normal distribution and goodness of fit of the data. 
Bartlett's test was performed to test the normality of data 
in the evaluation of principal components (PCs) and 
factor analysis. Multivariate statistical methods have been 
developed in recent years, which aim to reduce the volume 
of data so that the reduced data includes almost all the 
informative aspects of the original data. PCA and CA are 
multivariate statistical methods that can be used to reduce 
the complexity of data obtained from quality monitoring 
stations in cases where we are faced with a large amount 
of information and also for better interpretation of 
information (Camdevyren, 2005). Therefore, the current 
research also used these two methods of statistical 
analysis, as follows:
2.3. 1. Statistical analysis of data

CA is one of the multivariate analysis methods 
whose main purpose is to group stations based on 
their characteristics. Thus, the stations with similar 
characteristics are placed in the same group. According 
to the predetermined criteria, the grouping will be suitable 
when the intra-group stations have more homogeneity 
and the inter-group stations have more heterogeneity. 
Hierarchical clustering is usually represented by a 
dendrogram.

Considering that the qualitative grouping of the eight 
studied qanats based on 10 measured parameters requires 
the analysis of the correlation matrix of 8*10, and on 
the other hand, it is necessary to check the quality of the 
studied qanats by considering all the parameters, so the 
CA was performed on the basis of distance matrix due to 
the large volume of data through Minitab16 software. To 
this end, the analysis was carried out by Ward's minimum-
variance method and based on the least-squared Euclidean 
distance after data standardization.

2.3. 2. Principal component analysis
PCA is one of the multivariate statistical methods 

that can be used to reduce the complexity of analyzing 
the original variables of the problem in cases where we 
are faced with a large amount of information and their 
better interpretation. Applying this method turns original 
variables into new and independent components (with a 
correlation coefficient of zero for both components). The 
newly created components are linear combinations of the 
original variables (Manly, 1986). Using these techniques, 
combinations of p original variables, x4, ..., X2, X1, are 
constructed to create P independent components (equal to 
the number of initial variables used), Zp, ..., Z1, Z2. No 
correlation between these components is a useful feature, 
because non-correlation means that the components 
represent different aspects of original variables (Noori et 
al., 2009). In this method, instead of directly using original 
variables, first they are converted into new components, 
and then these components are used instead of original 
variables. Due to the use of all variables in the formation 
of components, the information of the original variables is 
provided by the resulting components with the least error

3. Results
3.1. Results of cluster analysis 

The CA was used to classify the studied Qanats based on 
qualitative characteristics, so that the Qanats with similar 
qualitative characteristics were placed in the same group. 
Cutting the dendrogram based on the furthest Euclidean 
distance (Laurie et al., 2005) according to the n/2 radical 
relationship divided the studied stations into three groups. 
Figure 1 shows the dendogram of the cluster analysis of 
the studied Qanats based on the measured parameters.

The cluster analysis dendogram (Figure 1) classified the 
studied Qanats into three groups based on physicochemical 
characteristics as follows:

The first group (first cluster) contained only Qanat No. 
1 (Mobarakabad). The average values obtained for the K, 
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Ca, EC and pH parameters in this cluster were higher than 
the average of the total measured values.

The second group (the second cluster) included Qanats 
No. 2, 3, 4 and 5, and the average values obtained for the 
parameters K, NO3, Cl, TDS and EC in this cluster were 
higher than the average of the total measured values.

The third group (third cluster) included Qanats No. 
6, 7 and 8 and the average values obtained for Na, Mg, 
SO4 and Cl parameters in this cluster were higher than the 
average of total measured values, and the average values 

of the rest of the parameters in this cluster were lower than 
the total average (Table 2).

The results of one-way ANOVA test confirmed a 
significant difference between the resulting groups in 
terms of nitrate and calcium parameters at the level of 1% 
probability and in terms of chlorine and sodium at the level 
of 5% probability (Table 2). Examining the difference 
between the resulting groups indicated that there was no 
significant difference within each cluster in terms of the 
evaluated parameters.

 
Figure 1. Dendrogram derived from the cluster analysis of studied Qanats based on PC1 and PC2 values for the parameters measured 

in the eastern zone of Tehran, Iran

Clusters Statistical 
parameters Na K Ca Mg SO4 NO3 Cl TDS Ec pH 

1 x  40.00 7.50 5.00 1.80 130.00 28.00 12.00 470.00 948.00 7.76 
2 x  82.50 6.13 1.04 2.33 188.25 50.00 117.00 599.00 955.00 6.86 
3 x  187.07 5.00 .66 2.67 240.00 31.33 104.67 556.00 877.33 6.93 

Mean Total 116.63 5.88 1.39 2.39 200.38 40.25 99.25 566.75 925.00 7.00 

 
One-way 

ANOVA test 
results 

* - ** - - ** * - - - 

* and ** = Significance between clusters at the level of 5% and 1% probability, respectively 
 

 

Table 2. Average, deviation from the total average and standard deviation of the averages in three clusters resulting from cluster analysis for 
the evaluated parameters
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3.2. Results of principal component analysis
Table 3 presents the results of PCA including the values 

of eigenvectors, eigenvalues, relative and cumulative 
variance of the main components of the investigated 
parameters. The PCA results based on the evaluated 
parameters showed that the first two components with 
high eigenvalues explained more than 58% of the changes 
(Table 3).

Based on the data in Table 2 and Figure 2, Cl-, Na2+, 
Mg2+, and SO42- parameters had the highest positive 
impact and Ca2+, K+, and pH parameters had the least 

impact with a negative coefficient on the formation of 
the first component. In other words, the quality of Qanats 
No. 5, 7 and 8 were more affected by the concentrations 
of Cl-, Na2+, Mg2+and SO42- parameters. In the formation 
of the second component, TDS and NO3 parameters had 
the highest positive coefficient. Therefore, it can be said 
that the quality of Qanats No. 2 and 4 respectively had 
the greatest effect from these parameters. The rest of the 
Qanats (1, 3 and 6) had the same susceptibility in terms 
of the measured parameters and components, and had 
an average level of susceptibility in terms of the studied 
parameters.

Variables Principal component analysis 
PC1 PC2 PC3 

Na2+ 0.374 -0.362 -0.205 
K+ -0.372 0.040 0.012 

Ca2+ -0.425 -0.153 0.138 
Mg2+ 0.326 -0.380 0.147 
SO42- 0.266 -0.146 -0.364 
NO3 0.166 0.452 0.521 
Cl- 0.452 0.080 0.316 

TDS 0.105 0.458 -0.111 
EC 0.017 -0.393 0.632 
pH -0.368 -0.321 0.039 

Eigenvalues 3.890 1.966 1.716 
Variance percentage 0.389 0.197 0.172 

Cumulative percentage 0.389 0.586 0.757 
 

Table 3. The values of the eigenvectors of the parameters in principal component analysis and rotated factor matrix along with their eigenvalues 
and their percentage of variance explanation

 

Figure 2. Distribution of the effects of different investigated parameters (Biplot) based on the first and second components of principal 
component analysis on the water quality of eight Qanats in the east of Tehran, Iran 
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Considering that the Qanats No. 5, 7 and 8 are present 
in the downstream of the studied area, where the sources 
of pollutants are concentrated, the highest susceptibility of 
the quality of these stations was to urban pollutant sources. 
Accordingly, PC1 can be introduced as the pollution 
component of anthropogenic activities, that is, any station 
that has more PC1, its pollution is mainly affected by 

anthropogenic origin. Figure 3 shows the Biplot of PC1 and 
PC2 values along with the cluster analysis classification of 
the stations based on the PC1 and PC2 values in terms of 
the measured qualitative parameters.

As shown in Figure 3, the results of PCA, like the 
results of CA (Figure 2), classified the sampling stations 
into three qualitatively similar groups

Figure 3. Distribution of different investigated stations (Biplot) based on the first and second components of the principal component 
analysis

4. Discussion 
The results of the cluster analysis classified the eight 

studied stations in terms of 10 measured parameters 
into three qualitative groups, low pollution (cluster 1, 
natural origin), moderate pollution (cluster 2, natural 
and anthropogenic origin) and high pollution (cluster 3, 
anthropogenic origin). In evaluating the water quality of 
Garasou River in northwestern Iran using cluster analysis, 
Fataei et al. (2010) classified 11 studied stations using 
18 parameters based on the quality status of the stations, 
dividing them into three groups with high, moderate and 
low pollution. They mentioned the origin of qualitative 
changes mainly due to anthropogenic activities, while the 
cause of qualitative changes between the studied stations 
in the current study was both natural and anthropogenic 
sources. 

The results of the qualitative classification of the 
Qanats studied in the eastern area of Tehran showed that 
the presence of calcium and potassium cations in the 
Qanat water of the first cluster (Mobarakabad) is of natural 
origin, so that the significant concentration of calcium 
in this Qanat could be related to the weathering of the 
common minerals in most of the rocks of this Qanat and the 
geological structure. Mohammadzadeh and Heydarizad 
(2011) determined that the quality of groundwater and 
surface water sources was predominantly dependent on 

the lithology of the region. In the second cluster, high 
levels of NO3 and TDS were mainly related to Qanat No. 
2 (Majidieh) due to anthropogenic origin as well as the 
direction of pollution caused by the effluent of absorbing 
wells and drainage of fertilizer used in the green space 
of the area. On the other hand, the presence of potassium 
and chlorine in the Qanats water of this cluster had a 
natural origin and geological structure and was due to the 
weathering of the common minerals in most of the rocks 
in the region. Sánchez-Martos et al. (2001) investigated 
the water quality of aquifers in Almería province in Spain 
and showed that the three variables of sulfate, nitrate and 
iron had the greatest effect on changing the quality of 
groundwater with anthropogenic origin, confirming the 
anthropogenic origin of nitrate in the present study. The 
reason for the high levels of Cl-, Na2+, Mg2+, and SO42- 
in Qanat water of the third cluster was of anthropogenic 
origin, which was related to the introduction of sewage 
from residential areas, surface runoff, worn texture in the 
areas, non-observance of proper distance between water 
wells and sewage wells and urban gardens, and fertilizing 
agricultural lands with Qanats in these areas.

The PCA results showed that Cl-, Na2+, Mg2+, SO42-
, TDS and NO3 had the highest effect on the quality 
changes of the studied stations, which were caused by 
natural and anthropogenic sources. Using PCA, Ouyang 
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(2005) investigated the critical influencing parameters 
in 22 stations on the lower St. Johns River in Florida, 
the USA. They found that TOC, DOC, TN, NO3, NO2, 
orthophosphate, alkalinity, salinity, magnesium and calcium 
were the most important parameters in the evaluation of 
river water quality variables, with anthropogenic origin. 
Bhuiyan et al. (2016) in assessing the groundwater quality 
of Lakshimpur region of Bangladesh using PCA showed 
that the groundwater quality in the study area was mainly 
of geogenic origin followed by anthropogenic source 
(agrogenic, domestic sewage, etc.). Ranjan Naik et al. 
(2022) assessed the geochemical quality of groundwater 
using multivariate water quality index and risk potential in 
the industrial belt of central Odisha region of India. They 
found that the groundwater in the study area had different 
types of water quality issues, including fluoride, nitrate, 
and uranium pollution of natural and anthropogenic origin.

Babaei et al. (2017) identified effective wells in 
determining the depth of underground water in Urmia 
Plain (Iran) using PCA, and announced that by reducing 
the number of wells based on their importance, through 
this method, by determining the important wells and 
reducing the number of sampling wells, it is possible to 
save a lot on the cost and time of studies. On the other 
hand, Fataei et al. (2011) in the qualitative evaluation of 
the Garasou River using multivariate statistical methods 
showed that important parameters influencing the quality 
of water resources can be used to reduce the number of 
sampling stations, without losing much information. In 
the present study, by specifying six influential parameters, 
out of the 10 parameters measured in determining the 
quality of studied Qanats, the measurement of only the 
parameters of Cl-, Na2+, Mg2+, SO42-, TDS and NO3 
can provide information on the quality of the underground 
water while saving time and cost to monitor the qualitative 
changes of the Qanats in in the eastern zone of Tehran in 
the future. 

5. Conclusions
Water quality management of qanats in the eastern 

zone of Tehran is of particular importance as one of the 
groundwater resources. Based on the results of Qanat water 
analysis and using multivariate statistical methods (cluster 
analysis and principal component analysis), the studied 
stations were classified in terms of qualitative status in 
three groups of low pollution (cluster 1, natural origin), 
moderate pollution (cluster 2, natural and anthropogenic 
origin) and high pollution (cluster 3, anthropogenic 
origin). 

Principal component analysis of water parameters 
based on the correlation coefficient table of 10 × 8 from 
the average periodic data indicated that the eigenvalues 
of the parameters with high coefficient in the first three 
components justified the 75.72% of the changes between 
the stations. The first and second components, with the 
eigenvalues of 3.89 and 1.96 respectively, justified a total 
of 58.6 % of the qualitative changes between the stations. 
The share of each of the first and second components was 

38.9% and 19.6%, respectively. The rest of the components 
had a minor contribution in justifying the water quality 
changes among the sampling stations.

In the formation of the first component, Cl-, Na2+, Mg2+ 
and SO42- parameters had the most positive effect, but in 
the formation of the second component, TDS and NO3 
parameters had the highest positive coefficient. Therefore, 
the quality of stations 5, 7 and 8 was more affected by 
the levels of Cl-, Na2+, Mg2+ and SO42- parameters and 
the quality of stations 1, 3 and 6 was affected by TDS 
and NO3. The rest of the stations (2 and 4) were affected 
by the same and on average of the parameters evaluated. 
Therefore, the anthropogenic activities such as the 
excessive increase in urban population in the eastern area 
of Tehran, industrial activities, excessive consumption 
of chemical fertilizers and pesticides, and wastewater 
discharge can be introduced as the main factors of water 
pollution in these Qanats. In addition, the development of 
garden areas, for example, in forest areas, the decrease of 
rainfall in recent years and the excessive consumption of 
water from Qanats for industry and irrigation of parks and 
gardens can be introduced as other influencing factors in 
the quality of these Qanats.

The results showed that multivariate statistical 
techniques (cluster analysis and principal component 
analysis) can be a suitable method in qualitative 
assessment and classification and determination of the 
main factors of Qanats water pollutant. Therefore, the 
findings of the present research show the usefulness of 
multivariate statistical techniques in qualitative assessment 
of underground water resources (Qanat), identifying the 
sources and polluting factors for effective management of 
the quality of water resources.
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