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Surface	water	management	is	directly	related	to	determining	the	correlation	between	physical,	chemical	and	biological	variables	as	
well	as	identifying	their	natural	and	anthropogenic	origin.	The	Shafarood	River	(Gilan	Province,	Northern	Iran)	is	subject	to	the	
discharge	of	residential	and	agricultural	pollutants,	 so	 it	 is	very	 important	 to	control	 its	quality	and	determine	the	sources	of	
pollutants	and	its	quality	status.	The	present	study	was	conducted	to	scrutinize	the	correlation	between	the	major	parameters	
affecting	the	water	quality	of	the	Shafarood	River	and	to	monitor	the	water	quality	in	different	areas	of	the	river	using	canonical	
correlation	analysis	and	cluster	analysis	models,	respectively.	Five	physical	and	four	chemical	parameters	were	measured	at	�ive	
stations	based	on	Standard	Methods	for	the	Examination	of	Water	and	Wastewater	2015	over	six	years.	The	results	revealed	a	
signi�icant	correlation	between	two	categories	of	response	(physical	parameters)	and	predictor	(chemical	parameters)	variables,	
which	mainly	originated	from	anthropogenic	pollution	(ef�luents	from	residential	and	garden	areas).	According	to	the	results	of	
cluster	analysis,	the	stations	were	grouped	into	two	clusters	based	on	the	degree	of	pollution,	and	the	cluster	grouping	con�irmed	the	
canonical	correlation	matrix.	The	research	�indings	revealed	the	effectiveness	of	the	obtained	linear	combinations	for	the	physical	
parameters,	 including	 total	 suspended	 solids	and	 turbidity,	as	well	as	 the	 chemical	parameters,	 including	biochemical	oxygen	
demand	and	nitrate.	To	conclude,	the	ef�iciency	of	canonical	correlation	analysis	and	cluster	analysis	methods	was	con�irmed	in	
identifying	 the	determinant	variables	of	water	quality	and	 in	classifying	 the	water	quality	monitoring	stations	 in	 the	optimal	
management	of	rivers.	Considering	the	importance	of	different	parameters	in	changing	the	water	quality	of	the	Shafarood	River,	the	
multivariate	statistical	methods	have	been	used	in	a	proper	way	in	classifying	the	quality	and	determining	the	pollution	sources.

1.	Introduction
One of the fundamental issues in the water quality management 
is to determine the connection between different physical, 
chemical, and biological parameters effectively in�luencing the 
water bodies [20]. The physical pollutants are generally caused 
by the natural factors and climate conditions of the watershed, 
while the chemical pollutants are often generated by man-made 
activities [17]. Hence, a high correlation between these two 
categories of parameters can naturally indicate the same origin 
of the pollution source. Finding the relationship between 
pollution sources using laboratory experiments requires huge 
costs. To this end, multivariate analysis methods have been 
widely reported to be useful for �inding such correlations [15]. 
For example, Canonical correlation analysis (CCA) and Cluster 
Analysis (CA) methods have been exploited to interpret complex 
and large-volume data and to better understand the water 
quality and environmental status of the studied system. They 
have been applied as a valuable tool for the reliable 
management of water resources by identifying possible

temporal and spatial factors caused by natural and 
anthropogenic pollution sources [7], because these techniques 
help better interpret water quality data [12].
Khoda Bakhsh et al. [11] identi�ied the origin of a dissolved load 
of Khar-River Water (Qazvin Province, Iran) by statistical 
methods (correlation coef�icient, cluster analysis and box plot) 
using 35 samples in two high-water and low-water seasons. 
Their results showed that the parameters of calcium sulfate and 
sodium chloride originated mainly from Miocene evaporates 
and played the most important role in increasing the salt 
content of the river water. Abdolabadi et al. [1] studied the 
correlation between physical and chemical parameters, as well 
as the origin of their transfer in the water of the Atrak River 
(Iran) watershed using CCA method. Their �indings revealed a 
strong correlation between the two sets of physical and 
chemical parameters, which were also con�irmed by the CA data. 
Of the �ive canonical categories, only the �irst two categories had 
statistical validity based on P-value statistic.
Khanduzi et al. [10] used the CCA method to �ind a correlation 
between quality parameters and heavy metal concentrations in 
samples collected from the Ramian area (Golestan province, 
northern Iran) and found that three canonical categories with 
correlation coef�icients of 0.973, 0.795 and 0.624, respectively, 
showed high dependence between the variables under 
investigation. In addition, the results of the principle component 
analysis (PCA) revealed that 79.67 % of the overall variance was 
explained by the �irst two components, re�lecting the effective
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water quality parameters. According to the CCA �indings, the 
parameters of electrical conductivity (EC), bicarbonate, nitrite, 
pH, nitrate, and phosphate belonging to the "predictor" 
variables, as well as the concentration of heavy metals including 
zinc, cobalt, cadmium, and nickel belonging to the "response" 
variables were the most important factors among other studied 
variables to evaluate the drinking water quality in the study 
area.
Eskandare et al. [5] examined the CCA method to determine the 
correlation between the parameters of physical and chemical 
pollution in two periods of High-Water and Low-Water in the 
Se�idrood River watershed in Iran. Their results suggested a 
strong correlation between physical and chemical parameters 
in both periods. Therefore, they deduced that the origin of both 
groups of physical and chemical parameters in both periods 
could be the same. Boyacıoğlu et al. [3] investigated 22 surface 
water quality parameters using multivariate analysis methods 
(including CA, CCA, Water Quality Index, and Sensitivity 
Analysis) in Gediz River Basin, Turkey, and reported that the 
organic and physical-inorganic chemical parameters were 
affected by changes in physical conditions (discharge and 
temperature), unlike inorganic variables. Their �indings 
clari�ied that information generated based on changes and 
correlations in water quality datasets could be useful for 
prioritizing water management measures. Nessi and Tishehzan 
(2018) evaluated the water quality of Dez River (Khuzestan 
province, Iran) using multivariate analysis methods and 
realized that there was a signi�icant correlation between two 
categories of physical and chemical variables based on the 
canonical correlation matrix, which were mainly caused by the 
same anthropogenic pollution sources. Moreover, the CA results 
for the classi�ication of sampling stations demonstrated that 
two stations in the downstream area of the river were placed in 
the same category in terms of the similarity of water quality 
variables, and one station in the upstream area of the river was 
not similar to other stations in terms of water quality variables. 
Therefore, the urban area and the anthropogenic pollution 
sources played a signi�icant role in the quality grouping of the 
studied stations.
Rasuli et al. (2011) used the CCA method to model water quality 
management. To this end, the Se�idrood River was chosen as the 
study area, and the results indicated the anthropogenic origin of 
the physical and chemical parameters of the pollution. In a 
similar study, Chan et al. [4] analyzed measurements taken from 
a Storage Reservoir over ten years and concluded that EC (as a 
physical parameter) and chloride concentration (as a chemical 
parameter) had the highest canonical weight in the category of 
physical and chemical variables. In determining the correlation 
between the parameters affecting the water quality of the Bursa 
River in Turkey, Gumus [8] achieved successful results in the 
application of the CCA method to �ind the correlation between 
physical and chemical variables and to understand the 
difference in the measurement periods concerning these 
groups.
Regarding the construction of Shafarood Dam on the Shafarood 
River (Gilan Province, North of Iran), since determining the 
correlation between water quality variables is one of the basic 
pillars of water quality management [18], we used the CCA 
method to �ind the correlation between the effective variables 
and the CA method to identify the main effective variables in the 
water quality of this river and also to categorize the studied 
water quality monitoring stations.

2.	Methods
2.1	Study	area	and	site	selection
Shafarood River is the second most watered river in the western 
part of Gilan province in northern Iran, which �lows into the 
Caspian Sea. Shafarood Dam was built on this river with the aim 
of storing, regulating, and distributing the river water to meet 
the water needs of the area under cultivation of the region. The 
early branches of this river originate from the heights of Shirakli 
Dagh, located 17 km southeast of Khalkhal city (Ardebil 
province, Iran), which are connected in the village of Sang Deh 
and forms this river. Then, this river �lows in the east direction 
and irrigates many villages on its way and also receives a branch 
that �lows from the south of the main branch. Along this route, 
other big and small rivers join each other, thereby increasing the 
water level of this river. This river is considered the habitat of 
native freshwater �ish, and for this reason, many ponds have 
been created around the river for �ish breeding.
The length of this river is 55 km, with a watershed of about 350 

2km . The width of the river is up to 25 m and its average depth is 
1.5 m (with a range between 0.5 m and 3 m). With an area of 

2349.9 km , this river is located in Talesh region between the 
cities of Rezvanshahr and Pareh Sar, at the geographical 
coordinates of 49-06-30 East to 48-41 West latitude and 37-25 
South to 37-34-30 North longitude. The maximum and 
minimum height of this watershed is 2903 m and 60 m, 
respectively. A large part of this watershed is mountainous and 
about 80% of its surface is covered by forest trees. The 
geological structure of the second era and the expansion of 
layers exposed to erosion can be seen in most places. The 
limestone formations in the watershed have caused the 
emergence of many springs. Deep valleys and steep slopes are 
the two main reasons for the high speed of water �low in the 
region. This watershed has a humid climate with an annual 
rainfall of 1431.76 mm and a watery regime in autumn. 
Shafarood River has two high-water periods every year, one in 
spring and the other in autumn. The regime of this river is rainy 

3 −1and snowy. The maximum �low of the river is in April (9.09 m s ) 
3 −1and the minimum is in August (2.85 m s ). In addition, the 
3 −1average annual �low of this river is 5.56 m s . The perimeter of 

the watershed is 100.7 km, with a slope of 6.06%. Figure 1 
depicts the location map of the studied stations on the 
Shafarood River.
Considering that the Shafarood River is subject to the discharge 
of residential and agricultural pollutants, it is of vital 
importance to check the water quality of this river and 
determine the sources of its pollution.

Figure	1.	Location	of	Shafarood	River	Watershed	(Gilan	Province,	northern	
Iran)	and	selected	sampling	stations	during	2017	to	2022
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2.2	Sampling	and	Measurements
Sampling stations were selected based on the natural conditions of the region and the possibility of access to the river and taking into 
account the natural and anthropogenic effects, including river sub-branches and pollution sources, including agricultural lands or 
residential and tourism centers. Finally, �ive sampling stations were selected, whose coordinates were determined on the map by the 
Global Positioning System (GPS) (Table 1).

Table	1.	Coordinates	and	locations	of	water	sampling	stations	in	Shafarood	River	(Gilan	Province,	northern	Iran)	during	2017	to	2022

Samples were collected seasonally over a six-year period from March 20, 2017 to March 19, 2022. The samples were analyzed for 
nine parameters according to the Standard Methods for the Examination of Water and Wastewater 2015, as described in Table 2.

Table	2.	Water	quality	parameters,	units	and	methods	of	analysis	used	in	Shafarood	River	(Gilan	Province,	northern	Iran)	during	2017	to	2022

SPSS 24 and MINITAB 15 software were used to determine the 
correlation between parameters through the canonical 
correlation analysis (CCA) method, as well as to identify 
parameters in�luencing water quality and to group quality 
categories through the cluster analysis (CA) method. The 
normality of the data was checked by Kolmogorov-Smirnov (KS) 
test. Bartlett's test was used to determine the homogeneity of 
variances.

2.3	Canonical	Correlation	Analysis	(CCA)
The CCA is one of the most common multivariate analysis 
methods to determine the linear correlation between 
multidimensional variables. Many statistical studies classify 
variables into two groups: predictor (independent) and 
response (dependent) variables. The CCA modeling examines 
the relationship between two sets of variables including X and Y 
matrices. For example, the present research used the canonical 
correlation matrix to interpret the relationship between two 
groups of response (physical parameters) and predictor 
(chemical parameters) variables. This method is considered as a 
tool to reduce the volume of data needed in calculations [1]. The 
CCA creates a set of canonical variables a for the category of 
variables X and a set of canonical variables b for the category of 
variables Y, similar to factor analysis. The goal of CCA is to 
construct two new categories of components as U=Ax and v=By, 
which are linear combinations of primary variables. In this 
method, the values of a and b are selected in such a way that U 
and V	have the highest correlation with each other. This method 
continues until obtaining m sets of canonical variables, where m 
is the minimum number of variables of the examined groups. To 
�ind a and b, a correlation matrix must be formed between X and 
Y variables. For example, the matrix (p+q)*(p+q) is established 
between the variables X1 to Xp as shown in Figure 2, which is 
obtained from sampling, that is, p	 stands for a physical 
parameter and q	stands for a chemical parameter.

Figure	2.	Canonical	correlation	matrix

The correlation matrix was as follows:

In fact, this matrix was calculated based on the sample in which 
the variables were measured, and its eigenvalue could be 
calculated according to Equation (1).

In this case, the eigenvalues of λ1〉λ2〉λ3〉…〉λr were the 
square of the correlation coef�icients between the canonical 
variables. The eigenvectors ofƒi gave the coef�icients of 
variables Y for the category of canonical variables. The 

thcoef�icient Ui of the i  canonical variable for variables	 X was 
obtained by Equation (2).

The amounts of U and V could be obtained based on ƒi and gi 
[14].

2.4	Cluster	analysis	(CA)
The CA method categorizes the data based on the distance 
between the members. Thus, the parameters with less distance 
from each other are placed in the same cluster. The purpose of 
CA is to create categories and groups where intra-group 
differences and variance are less than inter-group differences 
and dispersion. The distance method is often used to group two 
or more criteria, which takes help from Euclidean geometry to 
determine the distance of parameters from each other. 
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2.2	Sampling	and	Measurements
Sampling stations were selected based on the natural conditions of the region and the possibility of access to the river and taking into 
account the natural and anthropogenic effects, including river sub-branches and pollution sources, including agricultural lands or 
residential and tourism centers. Finally, �ive sampling stations were selected, whose coordinates were determined on the map by the 
Global Positioning System (GPS) (Table 1).

Table	1.	Coordinates	and	locations	of	water	sampling	stations	in	Shafarood	River	(Gilan	Province,	northern	Iran)	during	2017	to	2022

Table	3.	The	results	of	canonical	correlation	analysis	for	physical	(dependent)	and	chemical	(independent)	parameters	in	Shafarood	River	watershed	(Gilan	
Province,	northern	Iran)	during	2017	to	2022

The distance matrix is obtained according to the Euclidean 
distance between spatial or temporal points, and spatial and 
temporal groups are determined based on the distances of this 
matrix [22].
The steps of grouping the sampling stations via the CA method 
consisted of preparing the raw data matrix, determining the 
factor loading of each station using the factor analysis method, 
merging the groups using Ward's minimum-variance method, 
and �inally grouping and drawing a dendrogram. At the 
beginning of the clustering process, there are clusters equal to 
the number of observations; and in the last step, the data are 
separated into a smaller number of clusters [13]. In this 
research, Ward's method was used for normalized datasets. 
Thus, �irst, the �inal mean value of the variables within each 
cluster was calculated, and then the squared Euclidean distance 
of the mean clusters was calculated for each observation [9].

3.	Results	and	Discussion
In this research, CCA and CA methods were used to determine 
the correlation between physical and chemical parameters and 
to identify the main parameters affecting the Shafarood River 
water quality. Table 3 shows the results of the CCA method. The 
results indicated that the number of chemical variables (n=4) 
determined the number of canonical categories created. As can 
be seen, the canonical correlation coef�icient for the category of 

canonical variables 1 and 2 was equal to 0.701 and 0.428 
respectively, which assigned relatively high values. According to 
Tabachnick and Fidell [19], the correlation between the main 
canonical variables can be interpreted only with a value greater 
than 0.3. It is also noteworthy that the higher the correlation 
coef�icients of the categories, the more decisively it is possible to 
judge the existence of a correlation between the categories of 
variables under investigation. Considering that the correlation 
coef�icients of the third and fourth categories of canonical 
variables were lower than this value, they were not used for 
drawing conclusions. According to the P-value for each 
canonical category, it could be seen that only the canonical 
variables of the �irst and second categories were valid, and the 
�irst category showed a high degree of correlation compared to 
the second category; the �irst category was statistically 
signi�icant at a probability level of 1 % and the second category 
was statistically signi�icant at a probability level of 5 %. 
Therefore, with a con�idence interval of 99%, it could be stated 
that the two categories of physical (dependent) and chemical 
(independent) variables in the �irst category, whose correlation 
coef�icient was 0.701, had a high correlation, and then the 
correlation of the second category was justi�ied with a 
con�idence interval of 95%. Two other categories of canonical 
variables did not provide valid results regarding the existence of 
a correlation between parameters.

*	and	**	=	respectively	indicating	between-cluster	signi�icance	at	the	levels	of	5%	and	1%
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Considering that an effective correlation was established 
between physical and chemical parameters with high canonical 
correlation for Categories 1 and 2, these two categories could 
indicate the fact that chemical and physical parameters 
probably had the same pollution sources. According to Table 3, 
the principle variables in the �irst canonical variables (Category 
1) included physical variables related to U  and chemical 1

variables related to V . The CCA results showed that the TSS 1

variable in column U  of physical variables had canonical 1

coef�icients of 0.852, and thus they were more important, 
indicating the greater in�luence of the linear combination of U  1
(physical parameters) from this water quality variable. Among 

-the chemical variables V , the parameters of BOD and NO had 1 3

the canonical coef�icients of 0.738 and 0.721, respectively, 
indicating that the increase in the value of BOD parameter had a 
relatively high correlation with V  compared to other 1

parameters, so that increasing the value of this parameter 
enhanced the value of V . In the canonical category of physical 1

variables U , the TSS parameter had a relatively high correlation 1

with U ; hence, as the value of TSS parameter increased, the 1

value of U  also elevated. Based on the CCA results (Table 3), the 1

physical variables of TSS and Turb. with canonical loading of 
0.925 and 0.546, respectively, played an important role in 
predicting the canonical variable of chemical parameters. 
According to the canonical loading squared values (0.856 and 
0.298, respectively), in predicting the variance of chemical 
variables, the share of TSS variable was 86% and the share of 
variable Turb. was 30%. On the other hand, the chemical 

-variables of BOD and NO  with canonical loading of 0.698 and 3

0.739, respectively, had a signi�icant role in predicting the 
canonical variable of physical parameters, with the squared 
canonical load of 0.487 and 0.546, respectively. Therefore, in 
predicting the variance of chemical variables, the contribution 

- of BOD and NO was 49%and 55%, respectively.3

Rasi Nezami et al. [15] studied the water quality of Karkheh 
River (Iran) using CCA technique, the results of which 
demonstrated that the parameters of Turb., DO and TSS (as 
physical attributes) and the parameters of BOD, COD, total 
phosphorus and total nitrogen (as chemical attributes) had the 
highest scores among all canonical variables.
According to the results obtained for the correlation of each pair 
of Ui and Vi, it could be stated that the physical variables of TSS 

Figure	3.	Dendrogram	obtained	from	cluster	analysis	of	sampling	stations	
for	parameters	measured	 in	Shafarood	River	Watershed	(Gilan	Province,	
northern	Iran)	during	2017	to	2022

-and Turb. as well as the chemical variables of NO  and BOD were 3

the dominant variables in terms of P-value among the 
parameters investigated in this research. Therefore, the results 
of this research could reveal a strong correlation between two 
categories of chemical and physical parameters. It could be 
claimed that both chemical and physical parameters originated 
from the same source. Since chemical factors in watersheds are 
often caused by anthropogenic activities, and physical factors 
can also be of anthropogenic or natural origin [4], based on the 
CCA results, it could be concluded that both chemical and 
physical parameters were of anthropogenic origin in the 
Shafarood River watershed in Iran. Nessi and Tishehzan (2018) 
as well as Rasuli et al. [16] used CCA and CA methods, and found 
that river water quality had been affected by anthropogenic 
pollution sources. Yaganoglu et al. [21] in the study of spatial and 
temporal changes in the water quality of the Filyos River 
(Turkey) using multivariate analysis methods concluded that 
the quality changes of the studied river were due to the 
introduction of agricultural pollutants.
Table 4 and Figure 3 show the results of CA and the dendrogram 
of parameters measured at �ive stations. 
In this research, the CA method was used to check the accuracy 
of the correlation coef�icient matrix obtained from the CCA 
method.

Table	4.	Total	Mean	and	the	averages	in	the	two	clusters	of	cluster	analysis	for	the	parameters	evaluated	in	Shafarood	River	(Gilan	Province,	northern	Iran)	
during	2017	to	2022

Fan et al. [6] implemented the CA method to check the quality of stations in the north, east, and west of the Pearl River Delta in China 
and grouped the rivers into several clusters based on pollution severity. In the current work, as can be seen, the studied stations were 
categorized into two clusters based on the impact factor of the type and the values of the measured parameters using Ward's method. 
The �irst cluster covered Stations 1, 2, 3 and 4. These stations showed values higher than the average of all measured values in terms 

- -of NO , PO  and pH parameters (Table 4), highlighting changes in water quality due to the introduction of anthropogenic pollution 3 4

sources following agricultural (horticultural) and �ish farming activities, as well as in�low of sewage from rural residential areas. The 
- -high concentration of NO  and PO  at Stations 1 and 2 could be attributed to the discharge of sewage as well as the in�iltration of 3 4

runoff from Rine and Sarak villages in these areas. The second cluster only included Station 5, which had higher average values for 
measured parameters including BOD, COD, EC, Turb. and TSS due to the introduction of scattered villas and residential areas as well 
as tourist restaurants in the upstream areas of the station, as well as erosion in the upstream areas due to clearcutting and smuggling 
of wooden trees and taking sand from the river bed. Bu et al. [2] investigated the spatial and temporal variations of the Jinshui River 
water quality in China using multivariate analysis methods and also identi�ied the main pollution factors and their resources, and 
found that the pollution of the studied river was caused by the entry of domestic wastewater and agricultural runoff.
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In general, it could be said that Station 5 (Second cluster) was 
the most polluted site, which had the greatest distance from the 
rest of the stations. The results of one-way analysis of variance 
(ANOVA) con�irmed the signi�icant difference between the 
resulting clusters in terms of most of the parameters studied at 
the probability level of 1 % and 5 %. The difference between the 
clusters indicated that the stations of each cluster had no 
signi�icant difference in the measured parameters, while there 
was a signi�icant difference between the clusters at the 
probability levels of 1% and 5% for most of the evaluated traits 
(Table 4).
To further investigate the accuracy of the canonical correlation 
matrix through the CA method, the water quality parameters of 
the Shafarood River watershed were clustered (Figure 4).

Figure	 4.	 Dendrogram	 derived	 from	 cluster	 analysis	 of	 measured	
parameters	for	studied	stations	in	the	Shafarood	River	Watershed	(Gilan	
Province,	northern	Iran)	during	2017	to	2022

As can be seen in Figure 4, the EC parameter alone was placed in 
a cluster with a long distance from other parameters, and the 
TSS and Turb. parameters were in the same cluster at a close 
distance, and the rest of the parameters, which had a close 
connection in the correlation matrix, were in the third cluster. In 
the third cluster, it was found that the physical parameters of 

-NO  and BOD as well as the chemical parameters of DO and COD 3

were closely spaced in the cluster diagram, so that there was a 
high correlation matrix coef�icient between these parameters. 
In general, the CA dendrogram showed that the �indings of the 
CA method for water quality parameters con�irmed the results 
of the canonical correlation matrix.
Table 5 presents the Pearson correlation coef�icient matrix for 
physical and chemical parameters. As it is clear, there was 
statistically signi�icant between TSS and Turb., and also between 

-TSS and BOD, COD and NO , as well as between Turb. parameter 3
-and BOD and NO  (P<0.01). A signi�icant correlation was found 3

between BOD and COD as well as BOD and DO, Turb. and TSS and 
-on the other hand between COD and TSS and also between NO  3

parameter and Turb. and TSS (P<0.01). In addition, there was a 
signi�icant correlation between BOD and EC, between COD 

-parameter and EC and PO , as well as between DO and Turb. 4

(P<0.05). The results of the canonical correlation matrix (Table 
3) con�irmed the correlation �indings between the variables in 
the Pearson correlation coef�icient (PCC), see Table 4. Similarly, 
Neissi and Tishehzan [13] investigated the physicochemical 
parameters affecting the water quality of Dez River in Iran, and 
declared that physical variables of EC and temperature and 

- -chemical variables of SAR, COD, SO  and NO  con�irmed each 4 3

other in affecting water quality based on canonical and Pearson 
correlations.

Table	5.	Correlation	matrix	of	physicochemical	variables	studied	in	Shafarood	River	(Gilan	Province,	northern	Iran)	during	2017	to	2022

*and	**	=	respectively	indicating	between-cluster	signi�icance	at	the	levels	of	5%	and	1%

In total, the research results indicated a strong correlation 
between the physical and chemical parameters using the CCA 
method, as con�irmed through the data obtained from the CA 
and PCC, in line with the research �indings of Abdolabadi et al. 
[1] in examining the correlation between physical and chemical 
parameters and also determining the origin of their 
transmission in the water of the Atrak River basin.

4.	Conclusions
The present research used multivariate statistical methods of 
CCA and CA to determine the correlation of the main pollution 
parameters and to classify the water quality monitoring stations 
in Shafarood River located in Gilan province in the north of Iran. 
According to the CCA results, the physical variables of TSS and 

-Turb. and the chemical variables of BOD and NO  were 3

dominant among the parameters investigated in this research.

Therefore, there was a strong correlation between two 
categories of chemical and physical parameters, indicating the 
same origin of pollution (anthropogenic pollution sources) in 
the studied river. Using the CA method, �ive sampling stations 
were grouped into two clusters with similar quality attributes in 
each cluster. The CA results indicated the anthropogenic 
pollution sources of the Shafarood River, and the grouping 
obtained from clustering based on parameters con�irmed the 
CCA results. The decrease in the water quality of the Shafarood 
River in the studied stations was caused by the sewage of 
residential centers and agricultural (garden) drains and �ish 
breeding ponds, as well as forest clearcutting and illegal sand 
harvesting from the bed (which causes an increase in mud and 
sediments). It is recommended to use multivariate statistical 
techniques in the interpretation of large-volume data, water 
quality assessment, detection and determination of the
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correlation of pollution parameters by providing appropriate 
information about water quality and as an effective and ef�icient 
method for decision making in river water quality management. 
The data obtained from the application of CCA and CA methods 
in the present study could provide appropriate information for 
the protection of the Shafarood River water resources, 
indicating the ability of these techniques to monitor water 
quality in the form of river water quality management.
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