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A B S T R AC T

Karaj and Jajrood rivers are important sources of water supply for Tehran province and special 
attention should be paid to water quality and its change trends in these rivers. In this study 
NSFWQI method as well as analytical methods was applied to determine water quality of these 
rivers. Water quality data sets consist of 9 parameters related to NSFWQI of three years (from 
April 2006 to March 2009). Parameters in 20 stations of Karaj river and 24 stations of Jajrood 
river have been examined monthly (except in spring and summer of 2007, as seasonally). On 
the basis of NSFWQI classifi cation, water quality of two rivers classifi ed as moderate to good 
quality in this period of time. Results show Karaj river has had better quality, however the WQI 
of dams’ effl uent of two rivers are similar. WQI has improved annually over time and the most 
and the least signifi cant amounts of that occurred during winter and spring, respectively. Cor-
relation analysis showed that DO and temperature have strong negative correlation; however 
some of other parameters have signifi cant correlation with each other (TS and turbidity). Of 
the nine parameters, PO4 has had little effect on deterioration of water quality and BOD5 and 
temperature have had the most and least variations, respectively.

Keywords:  Surface water; Quality assessment; NSFWQI method; ANOVA analysis; Correlation 
analysis; Karaj-Jajrood rivers; Iran

1. Introduction

Protecting of water bodies for all purposes such as, 
drinking, recreational activities, and fi sh and wildlife, 
requires regular assessing and monitoring of their qual-
ity status. The use of water quality index (WQI) is a sim-
ple and useful method to state the overall water quality 
conditions. A quality index is a unitless number that 
ascribes a quality value to an aggregate set of measured 
parameters. Water quality indices generally consist of sub-

index scores assigned to each parameter by comparing its 
measurement with a parameter-specifi c rating curve, 
optionally weighted, and combined into the fi nal index [1].

Several water quality indices have been developed to 
evaluate water quality. Some of the water quality indices 
that have been frequently employed in public domain for 
the purpose of water quality assessment are the National 
Sanitation Foundation (NSF) Water Quality Index (NSF-
WQI), British Columbia Water Quality Index (BCWQI), 
Canadian Water Quality Index (CWQI), Oregon Water 
Quality index (OWQI), and the Florida Stream Water 
Quality Index (FWQI). Of these the NSFWQI has been 
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the forerunner of many indices and its methodology con-
tinues to be adapted to this day [2].

The water quality index (WQI) was developed to 
give criteria for surface water classifi cation based on the 
use of standard parameters for water characterization 
[3–17]. It is a mathematical instrument used to trans-
form large quantities of water characterization data into 
a single number. Estimation of the WQI requires a nor-
malization step where each parameter is transformed 
into a 0–100 scale, where 100 represents the maximum 
quality. The next step is to apply a weighting factor in 
accordance with the importance of the parameter as an 
indicator of water quality [8,12,13,17]. 

To provide a standardized method for the NSFWQI, 
142 water quality scientists were surveyed about 35 
parameters. In the fi nal form, NSFWQI relied on nine 
parameters: DO, fecal coliform, pH, biochemical oxygen 
demand (BOD5), temperature, total phosphate, nitrate, 
turbidity, and total solids [2,18]. In NSFWQI method, 
values ranges from 0–100 and waters are classifi ed as 
very bad (0–5), bad (25–50), medium (50–70), good 
(70–90), or excellent (90–00).

Population growth and expansion of agricultural, 
industrial, and urban sectors are generally a threat to 
the integrity of water resources. The concern that fresh 
water will be a scarce resource in the future has forced 
the developing countries into the evaluation of the river 
water qualities in recent years [19]. It is important to con-
sider not only quantitative but also qualitative data, since 
there is an emergence of new procedures and techniques 
that allow extracting the hidden knowledge on a great 
amount of data [20]. Although water quality indices are 
useful for water quality evaluating, statistical techniques 
also broadly have been used to evaluate water quality 
and even to create WQIs. Cluster analysis (CA), principal 
component analysis (PCA) and factor analysis (FA) are 
of conventional multivariate analyses, helps in the inter-
pretation of complex data matrices to better understand 
the water quality and ecological status of the studied 
systems, allows the identifi cation of possible factors that 
infl uence water environment systems and offers a valu-
able tool for reliable management of water [21–23]. Dawe 
(2006) evaluated water quality trends in water bodies of 
Newfoundland and Labrador using statistical analyses 
[24]. Also these analyses have been used to assess viola-
tions of Water Quality Standards, surface water quality 
and Water pollution sources [25–29].

In this study, water quality of Karaj and Jajrood riv-
ers has been assessed using analytical NSFWQI method 
to: determine water quality of Karaj and Jajrood riv-
ers, compare water quality of Karaj and Jajrood rivers, 
determine correlation between parameters, and monitor 
water quality of these rivers comprehensively in various 
seasons of considered years. 

2. Material and methods

2.1. Site specifi cation

Tehran province, the capital of the Islamic Republic 
of Iran, is located in the south of the Alborz Mountains 
with an area of more than 20,000 km2. Teheran resident’s 
water requirements are supplied from the Karaj and 
Jajrood rivers and also from groundwater resources. At 
present about 60% of drinking water supplies is pro-
vided by the Karaj, Latyan and Lar dams near Teheran 
[30]. Thus Karaj and Jajrood rivers are most important 
sources of water supply for Tehran province.

2.1.1. Karaj river

Karaj river, one of the most important rivers of 
central watershed, is located in the northwest of this 
watershed and is one of the most important rivers of 
Iran. The most fl ow of Karaj river and its branches is 
applied for agricultural, municipal and industrial uses 
of Tehran province (Tehran, Karaj, Damavand, Varamin 
and Shahriar), and the remaining fl ow enters to Qom 
Salt Lake.

The Karaj surface watershed encompasses more than 
5000 Km2 with annual average precipitation of 700 mm. 
The river has a total length of 245 km with width of 8–15 
m and depth of 1–3 m. The annual average of Karaj river 
fl ow rate at the point of Karaj dam is 450 × 106, the average 
and peak fl ow rates are 8.2 and 1450 m3/s, respectively.

2.1.2. Jajrood river

The main branch of Jajrood river originates from 
the Central Alborz and Kolon Bostak mountains; this 
river is entered to Latyan dam and after joining to Karaj 
river, fl ows into Qom Salt Lake. The Latyan dam supply 
30% of the total water demand of 11 millions people in
Tehran city [31].

The watershed of this river located in the east of 
Damavand and northwest of Tehran. The length of this 
river is about 140 km and drains a catchments area of 
more than 3800 km2. The annual average fl ow rate of 
that is 295 × 106 m3 near Latyan Dam, although 134 × 106 
m3 and 555 × 106 m3 in this place were measured as mini-
mum and peak annual fl ow rates, respectively. 

2.2. Data collection and analysis

In this research, some physicochemical and bacte-
riological data, routinely experimented each month by 
National Water and Wastewater Engineering Company 
(NWW), were used to evaluate the water quality of the 
Jajrood and Karaj rivers [32]. These data consist of 9 
parameters, based on NSFWQI method, which were mea-
sured based on standard methods for the examination of 



G.B. Gholikandi et al. / Desalination and Water Treatment 37 (2012) 8–2010

 water and wastewater: dissolved oxygen (DO) (2810-B), 
pH (4500-H), Biochemical oxygen demand (BOD5) (5210-
B), Temperature (To) (2550-B), Turbidity (2310-B), Total 
solids (TS) (2540-B), Nitrate (NO3)(4500-NO3-B), Phos-
phate (PO4)(4500-P) and Fecal coliforms (FC) (9221-E) [33]. 
In this study, the quantities of total suspended solids (TSS) 
were missed and quantities of total dissolved solids (TDS) 
were just in data, but the TSS parameter was gained by 
multiplying the 1.3 to turbidity quantity and then the TS 
parameter was gained by adding TSS and TDS [34].

To monitor water quality, Tehran Water and Waste-
water Company has selected 20 and 24 stations along 
Karaj and Jajrood rivers, respectively. Analyses and 
water quality data interpretations of these rivers was 
carried in a period of three years (from April 2006 to 
March 2009) were applied by Excel and SPSS softwares. 
Data of this period were available monthly except in 
spring and summer of 2007 that are seasonally. Some of 
samples (113 and 224 stations), due to their importance, 
have been carried out more than once in a month. In this 
study, to simplify analyses of data, stations have been 
numbered; Karaj as 100 and Jajrood as 200. These sta-
tions are listed in Table 1. Figs. 1 and 2 show the study 
areas and the sampling stations of rivers.

NSFWQI method was used to determine water qual-
ity of considered rivers. For analyzing WQI parameters, 
all multiple comparisons were fi rst subjected to statisti-
cal analyses of variance (ANOVA) and signifi cant differ-
ence between mean values of all subjects was determined 
using Scheffe and Sidak tests. Independent T-test also 
used to analyze comparison between two groups. The 
statistical analyses were done by SPSS software. Accord-
ing to water quality data, WQI of each sample was calcu-
lated by NSFWQI software, otherwise 536 WQI for Karaj 
river and 479 WQI for Jajrood river were obtained [35].

The weight factor for NSFWQI was developed using 
an equation of Brown et al. (1970) [36].

NSFWQI =
=
∑ W Ii iW IW
i

n

1

 (1)

where Ii = the quality of the ith parameter (a number 
between 0 and 100 read from the appropriate sub-index 
graph) 
And Wi = the weight factor of the ith parameter 

To investigate correlation between parameters cor-
relation test is used, correlation coeffi cient state the 

Table 1
Sampling stations of Karaj (100) and Jajrood (200) rivers

No. Station No. Station No. Station No. Station

101 Before Hotel 
Gachsar

112 Hotel varyan 203 After 
Zaygan

214 Outlet of 
Hajiabad

102 After Hotel 
Gachsar

113 Outlet of 
Tanzimi Dam

204 After Rute 
conjunction

215 After 
Roodak

103 Deh e 
Emamzade 
Hasan

114 Pol e Kamp 205 Shemshak 216 Outlet of 
Zarband

104 Restaurant
loshato

115 Abshar 206 After 
Darbansar

217 After Pol e 
Lashkarak

105 Outlet of 
Shahrestanak

116 Baq 
kanevadegi 
ziba

207 Before 
Meygoon

218 Latyan inlet-
kandrood

106 After Pol e 
Shahrestanak

117 Above Malek 
Qotbi

208 Outlet of 
Meygoon

219 Latyan inlet-afje

107 Hotel pamchal 118 Restaurant 
ladan

209 Doab 220 Befor 
Rasnan

108 Goosht e 
Mahan

119 Bilaqan inlet 210 Outlet of 
Ahar

221 Outlet of 
Rasnan

109 Deh asara 120 Outlet of 
Bilaqan

211 Eigol 222 Outlet of 
Kalan

110 Before Pol e 
Khab

201 After 
Garmabdar

212 After Eigol 223 Latyan 
Inlet-Dar e 
Lorak

111 Inlet to Karaj 
Dam

202 Mixture of 
Garabdar 
and Abenik

213 After Oushan 224 Outlet of 
Latyan
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Fig. 1. Karaj river plan and monitoring stations location.

Fig. 2. Jajrood river plan and monitoring stations location.

importance of correlation, the possible values of the 
coeffi cient range from –1 to +1. If two variables are 
independent the coeffi cient would be zero. Values 
approaching +1 or –1 indicate a strong correspondence 
of two variables [37].

3. Results and discussion

3.1. Water quality of Karaj and Jajrood rivers

Tables 2 and 3 shows averages and standard devia-
tions of quality parameters considered in NSFWQI 
and sub-index and weight factor of NSFWQI for Karaj 
and Jajrood rivers, respectively. The average values of 
considered parameters of NSFWQI method along with 
summary statistics results of Karaj and Jajrood rivers 
during 2006–2009 has been presented in Tables 4 and 5, 
Skewness shows abnormality of data. Box plots were 
created with Minitab software to permit the comparison 
of WQI in different sites on that duration (Fig. 3). Mean, 
median, standard deviation (SD), confi dence level and 
outliers of WQI for each station have been shown in the 
Box plot. The results of station 106 (SD = 7) and station 
222 (SD = 6.1) along Karaj and Jajrood rivers had the 
most signifi cant variance during the studied period. 
Along the Karaj and Jajrood rivers, the WQI was varied 
between 57–89 and 57–86, respectively; thus in accor-
dance to NSF classifi cation, two rivers has good and 
mostly intermediate quality. 

Independent t-test results in Table 6 show that water 
quality of Karaj river (average WQI = 76) is better than 
that of Jajrood river (average WQI = 71), although this 
test did not show any difference in the water quality of 
intake points of two rivers; station 224 of Jajrood river 
and stations 113 and 120 of Karaj river (Pvalue<0.05). 

3.2. Water quality changes of two rivers

To evaluate water quality along Karaj river, 6 stations 
(106, 107, 108, 109, 113, 114, 115, 116, 117, 119 and 120) was 
selected. The One-way ANOVA analysis showed differ-
ence along various stations duo to station 113 (Pvalue< 
0.001), and WQI of other stations did not have signifi cant 
difference with each other. To survey this trend along 
Jajrood river 8 stations was undertaken. WQI along this 
river varied (Pvalue< 0.001) and average of WQI along 
these stations was at: 224>202>203>216>215>217>213>
214, although station 224 played the main role in this 
difference, similar to station 113 in Karaj river. Jajrood 
river has four infl ow sites (Fig. 2); the water quality of 
total entrance branches to Latyan dam including stations 
217, 218, 219 and 223 and output point of this dam, 224, 
also investigated separately. Among of these fi ve sta-
tions, water quality of station 224 was different and the 
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 Table 4
Descriptive statistics for the Karaj river water quality data

 N T FC EC pH Turb. TS NO3 BOD5 PO4 DO

Max 536 23 92000 605 8.84 562 892.93 15.3 4.4 0.5 11.5
Mean 536 9.1 1215 357.45 8.30 22.54 259.69 3.32 1.67 0.04 8.64
Min 536 0 1 231 7.84 0.6 137.46 0.7 0.5 0 5.6
Mode 536 11 23 300 8.31 3 213.67 2.29 1 0.02 8.4
Median 536 10 110 344.5 8.3 3.6 233.76 3.2 1.6 0.03 8.6
Std. Deviation 536 3.78 5936 71.18 0.13 72.06 100.49 1.33 0.67 0.03 1.10
Kurtosis 536 0.14 135 0.23 1.42 30.18 15.85 20.96 0.83 88.93 –0.33
Skewness 536 –0.22 10.55 0.81 –0.02 5.35 3.55 3.28 0.86 6.89 0.20

Table 5
Descriptive statistics for the Jajrood river water quality data

 N T FC EC pH Turb. TS NO3 BOD5 PO4 DO

Max 477 24 160000 1036 8.95 1979 2778.4 16.3 6.6 0.5 11.3
Mean 477 9.05 3094 404.48 8.35 43.23 305.37 5.06 1.78 0.04 8.55
Min 477 0 1 195 7.6 0.2 149.89 1.7 0.4 0.01 5.4
Mode 477 8 350 320 8.4 3 279.57 3.7 1 0.03 8.4
Median 477 9 240 366 8.35 7.8 250.39 4.59 1.7 0.04 8.6
Std. 
Deviation

477 4.85 12684 142.96 0.18 180.4 240.24 2.31 0.80 0.03 1.21

Kurtosis 477 –0.50 109.05 2.65 1.30 63.56 51.12 6.77 3.51 68.83 –0.44
Skewness 477 0.25 9.59 1.57 0.01 7.63 6.47 2.33 1.30 5.79 0.04

Fig. 3. Box plot of WQI of two rivers from 2006 to 2008: (a) Karaj river, (b) Jajrood river.
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best; differences between other stations are insignifi cant 
at 95% confi dence interval (Pvalue<0.05).

Moreover, WQI trends along stations of two rivers 
indicate improvement in the water quality in stations 
113 and 224 due to transformation of river into dam, 
which acts as sedimentation or may be degradation 
pond. Also Fig. 4 demonstrates average of WQI along 

total stations during two study periods (2006 and 2008). 
WQI of two rivers had varied during three years. They 
have had a least quality during 2006.

Fig. 5 demonstrates time-series chart of annual aver-
ages of changes trends of WQI parameters in last 10 years 
of Latyan and Bilaghan effl uents. The DO and Phosphate 
parameters hadn’t considerable changes to show.
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Table 6
Independent samples test for comparing WQI of Karaj and Jajrood rivers

 River N Mean Std. 
deviation

Std. 
error 
mean

Levene’s test 
for equality 
of variances

t-test for equality of means

WQI 400 536 76.126 5.3480 .2310 F Sig. t Df Sig. 
(2-tailed)

Mean 
difference

Std. error 
difference

95% confi dence interval 
of the difference

401 477 71.763 5.3933 .2469             Lower Upper

WQI Equal variances assumed .003 .954 12.911 1011 .000 4.363 .3380 3.7002 5.0267
 Equal variances not assumed   12.904 995.39 .000 4.363 .3381 3.6999 5.0270

Fig. 5. Time Series plot of some parameters in about recent 10 years.
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 Annually water quality changes may be resulting of 
changes in climate and precipitation or pollutants load-
ings, Precipitation can dilute chemical pollutants. The 
effect of season on the water quality of Karaj and Jajrood 
rivers also was detected. Seasonal trends of WQI and 
other parameters show that the best quality of water 
occurs in winter and the worst quality occurs in spring, 
in the view of DO and WQI. Two rivers have experi-
enced maximum turbidity and PO4 in spring, although 
minimum of FC and water temperature has occurred in 
winter. In springs, due to high rainfall rates and fl ow-
ing runoff over the land surface, the water can cause soil 
and other materials to erode, which may content miner-
als like phosphate, which results in increased turbidity 
and also PO4. In winter, due to low weather tempera-
ture and therefore river temperature, the accumulation 
of FC would be decreased, because of low tolerant of 
FC against coldness [38]. Precipitation and fl ow rate 
of most rivers were maximized in winter and contrary 
water recreational activities and other usages of water 
were minimized in this season. These subjects and 
changes in water temperature may be attributed to sea-
sonally changes of water quality. Although BOD5 had 
not changed during varies seasons. It seems that organic 
contaminants with different sources such as domestic, 
agricultural, industrial and natural which have entered 
to the banks of Karaj and Jajrood rivers cause BOD5 to be 
more stable during various seasons.

3.3. Quality parameters effects on WQI

In accordance to NSF classifi cation that the best 
quantity for WQI has been 100, parameters related to 
WQI have been shown in Fig. 6. As can be seen, the 
Phosphate parameter had less effect on WQI changes, 
however FC and Temperature had the most and the 
least changes in studied rivers, respectively. The impor-
tance of the phosphate in water quality studies is its role 
in algeal blooming in water resources. However, the 
weighting factor of this parameter is 0.1 which caused 
to be less considerable than for instance DO (0.17) or FC 
(0.16). The concentration of the phosphate in the Karaj 
and Jajrood rivers were less than 1 mg/l (inhibitor con-
centration) which could not support algeal blooming.

3.4. Correlation coeffi cient analysis  

In this study, Bi-variant correlation was used to 
delineate relationships between WQI parameters; the 
correlation matrixes of water quality parameters of 
Karaj river in Table 7 and of Jajrood river in Table 8 have 
been abstracted. There has been rarely strong correlation 
between parameters, except to DO with temperature 

and TS with turbidity. Although most of the parameters 
have signifi cant association with others, DO and tem-
perature have maximum correlation with other parame-
ters, in Karaj river. Moreover, TS correlate with turbidity 
which is due to the relation between them in occurrence 
in water resources. However, the correlation between 
DO, BOD and FC has not been considerable. As noticed 
above, external sources may cause Karaj and Jajrood 
rivers to be contaminated and due to high amounts of 
water intake from these two rivers, the self-purifi cation 
capacity of rivers has been decreased justifi ably. The 
temperature of water determines how much oxygen can 
be held in solution. Everything else being equal, cold 
water contains more oxygen than warm water due to 
more oxygen dissolved capacity of water. As tempera-
ture increases, dissolved oxygen decreases [38].

Fig. 6. Factors vs. WQI weighting factor: (a) Karaj river, (b) 
Jajrood river.
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In spite of the fact that when two variables are inde-
pendent, value of coeffi cient approach is zero, if two 
variables are also functionally related, the computed of 
the correlation coeffi cient (r) is not likely to approach ±1. 
A scatter plot of the data reveal whether a low value of 
r result from large random scatter in the data, or from a 
nonlinear relation between the variables [37]. The scat-
ter plot of data (Fig. 6) shows no nonlinear correlations 
between WQI parameters (FC parameter has been in log-
arithmic scale) and it could be discussed that the correla-
tion between parameters is due to random distributions 
of data. As mentioned above, the Phosphate quantity 
and its changes were low that this issue caused the Phos-
phate line, unlike other parameters, being straight. 

4. Conclusions

Collection and data analysis of 9 quality variables of 
water along Karaj and Jajrood rivers during 2006–2008 
revealed that, water quality along Karaj river is better 
than that of Jajrood river. Furthermore WQI had varia-
tion along two rivers, 113 and 224 stations are respon-
sible for these variation along Karaj and Jajrood rivers 
respectively. Dams on this rivers cause better WQI. Water 
quality of two rivers varied seasonally and annually.

Results imply that on the basis of NSFWQI the best 
and worst quality of Karaj and Jajrood rivers occur in 
winter and spring respectively. 

Investigation on annual variation of WQI average in 
three years shows that the Karaj river and the Jajrood 
river in 2006 have the lowest quality. Most of studied 
parameters of two rivers have correlation to each other; 
but except to DO and temperature, there is not a strong 
linear correlation between parameters. From all consid-
ered parameters of WQI, the phosphate quantity had 
no considered effects on water quality of studied rivers; 
however, the BOD5 parameter had most changes. 
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[28] C.F. İçsçen, Ö. Emiroglu, S. Ilhan, N. Arslan, V. Yilmaz and 
S. Ahiska, Application of multivariate statistical techniques in 
the assessment of surface water quality in Uluabat Lake, Tur-
key, Environ. Monit. Assess., 144 (2008) 269–276.

[29] H.L. Boyacioglu and H. Boyacioglu, Water pollution sources 
assessment by multivariate statistical methods in the Tahtali 
Basin, Turkey, Environ. Geol., 54 (2008) 275–282.



G.B. Gholikandi et al. / Desalination and Water Treatment 37 (2012) 8–2020

 [30] A. Sabetraftar, Water demand management, conservation and 
pollution control in the islamic republic of Iran, in: First regional 
conference on water demand management, Conservation and 
Pollution Control, Joint WHO/UNEP, Amman, Jordan, 2001.

[31] S. Isazadeh, N.S. saborimanesh, M. Pourabdollah and A. 
Karaji, Investigation of water quality improvement option in 
Jajrood river, in:  24th eastern canada symposium of CAWQ, 
McGill University, USA, 2008.

[32] NWWEC, Quality assessment of Tehran province rivers, in, 
Iranian Ministery of Energy, 2009.

[33] APHA, Standard methods for the examination of waters and 
wastewaters, 21 ed., American Public Health Association 
(APHA) Washington, DC., 2005.

[34] S. Kawamura, Integrated design of water treatment facilities, 
John Wiley & Sons, 2000.

[35] Center for Environmental Quality Environmental Engineer-
ing and Earth Sciences, Calculating NSF Water Quality Index, 
in, Wilkes University.

[36] R.M. Brown, N.I. McClelland, R.A. Deininger and R.G. Tozer, 
A Water Quality Index – Do We Dare?, Water Sewage Work, 11 
(1970) 339–343.

[37] P. Berthouex and L. Brown, Statistics for environmental engi-
neers, Lewis Publishers, 2002.

[38] Z.G. Ji, Hydrodynamics and Water Quality: Modeling Rives, 
Lakes and Estuaries, John Wiley & Sons, Inc, New Jersey, 
2008.




