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Abstract: Anthropogenic activities along the  river  have  severe  impact  on  the  water  quality  parameters.
The present study was carried out to test effect of topographic variables on predicting of changes of
physicochemical water parameters in the Atrak River (in the southeast  of  the  Caspian  Sea).  For  this  goal,
12 water quality parameters were measured from 10 points along the Atrak River during July 2007 to June 2008,
monthly. Also, catchment-scale attributes were derived by geographical information system. Results showed
that watershed attributes are affected on chemical water characteristics. Principal Component Analysis indicated
that total solids and total nitrogen are the main parameters in this ecosystem. Moreover, there is a positive
relationship between drainage density and slope with total nitrogen and turbidity and negative one between
elevation and these parameters. Results of the water quality index in the Atrak River revealed that the water
quality ranges from being bad to medium conditions along the river. Regard to limited information available on
Atrak River watershed and nutrient load values related to water quality issues in the Caspian Sea and natural
wetlands, this study will help decision makers for effective management.
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INTRODUCTION [2-5]. Water quality degradation due to anthropogenic

Streams and rivers like other  ecosystems  have activities have been mentioned in many literatures [6-9].
complexity and vulnerability structure. In order to obtain Anthropogenic activities by point (industrial effluent) and
better understanding of their functions and their non-point sources (agriculture and rural runoff) influence
relationships with  the surrounding areas it is necessary on water quality parameters [10] define influence of land
to study extensively [1]. Rising of knowledge about use activities on chemical water parameters; nitrate (NO ),
ecological process of streams and rivers make a good total suspended solids (TSS) and dissolved oxygen (DO)
understanding in structure and function of these that has a strong correlation with land use index.
ecosystems [2]. In theoretic, physical, chemical and During recent decades several methods has been
biological structure of rivers are related to the function of provided for definition of water quality threats.
landscape and catchment attributes. However, effective Determination of pollution sources and cycle periods,
management and investigation on streams ecosystems characterization of quality status of rivers in downstream
need to define ecosystem components of river-landscape areas, definition of point and non-point contamination
[3]. Physiochemical characteristics of water, hydraulic sources are the most basic steps in water quality studies.
attributes and morphology of channel, riverbed Implementation of ecosystem management requires basic
constituents and biological communities are related to information about nature and definition of ecosystem
many factors at temporal and local scales  of  landscape elements.  Moreover,  knowledge  of   ecological  patterns

activities such agriculture, urbanization and industrial
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and process, inter-relationship between social, physical
and biological elements help us to make a suitable
decision about ecosystems [11].

The United States National Sanitation Foundation
(NSF) used some guidelines for defining of water quality
based on a weighted manner [12]. Transferring of
preliminary data into  the  understandable  and  useful
data will help to the increase of public knowledge and
defining of respectable strategies for decision makers.
Water quality index (WQI) expresses water quality by
integrating complex measurements of nine water quality
variables [12]. Results can be used to show spatially and
temporally water quality variations, providing a good
understandable interpretation of water quality conditions
and trends. Finally it provides a tool for simplifying the
reporting of water quality data.

Regard to limited information available on Atrak River
watershed and nutrient load values related to water
quality issues in the Caspian Sea and natural wetlands,
the aim of this study was to test whether topographic
variables can predict changes of chemical water
parameters in the Atrak River.

MATERIALS AND METHODS

Atrak River catchment is located in the southeast of
the Caspian Sea. Ten sites of sampling were selected
according to point and non-point contaminations
(household, agriculture and industries). The sites were
also selected based on spatial representation of each
municipality through which the Atrak passes According
to Table 1, in the downstream sites, industrial, agricultural
and rural sewages are discharged into the Atrak River.

Water quality parameters were measured in the 10
points during July 2007 to June 2008 monthly. The pH was
measured in the field, total dissolved solids (TDS) was
measured based on gravimetric process, while the total
hardness (TH) was analysed by EDTA complex metric
titration method [13] Analysis of DO and biological
oxygen demand (BOD ) was carried out by Winkler’s5

method [13]. Chemical oxygen demand (COD) was
measured  by  DR  3900  Benchtop  spectrophotometer.
For nutrient analyses water samples were collected below
the water surface and kept at 4°C prior to analysis and
transported to the laboratory. Nitrate plus, nitrite nitrogen
(NO NO ) and ammonia (NH ) were analysed following3 2 4

+

standard method [13].
GIS-derived morphological attributes including

drainage density, average slope and elevation were
determined. Mean slope of sub-basins was  extracted  by

Table 1: Sampling sites in the Atrak River
Sampling site Longitude Latitude Description
1 37°26'46'' N 57°40'30'' E Cement factory
2 37°28'14'' N 57°35'57'' E Rural area
3 37°31'26'' N 57°28'42'' E Rural area
4 37°31'10''N 57°29'55'' E Petrochemical factory
5 37°31'50'' N 57°29'11'' E Rural area
6 37°38'00'' N 57°19'35'' E Agriculture area
7 37°39'15'' N 57°00'45'' E Agriculture & rural areas
8 37°41'44'' N 56°55'08'' E Rural area
9 37°42'23'' N 57°46'35'' E Agriculture & rural areas
10 37°51'38'' N 56°22'44'' E Agriculture area

Table 2: WQI parameters and weights.
Parameter Weight
Dissolved Oxygen (% saturated) 0.2297
Ph 0.1487
BOD (mg.L ) 0.14875

1

Nitrates (mg.L ) 0.13511

t (°C) 0.1351
Turbidity (NTU) 0.1081
Total Solids (mg.L ) 0.09461

Table 3: Descriptor words and WQI value ranges 
Descriptor words Numerical Range
Very Bad 0-25
Bad 26-50
Medium 51-70
Good 71-90
Excellent 91-100

spatial analysis from  digital  elevation  data  obtained
from the regional Natural Resources Organization.
Drainage density was calculated by drainage volume in
sub-basins based on digital elevation models in
geographical information system. Wetness index (WI)
developed by Beven and Kirkby [14] was calculated
based on digital elevation model in Terrain Analysis
System software (TAS).

Water quality index has a scale from 0 up to 100 for
qualifying the water quality. The method to calculate the
quality of any given water is that first of all some crucial
parameters such as DO, TDS, pH, etc. are measured at the
sampling sites. A Q-value was determined for each
parameter based on Table 2.

The Q-value is then multiplied by the weighing factor
and all of the totals are summed together giving an overall
water quality rating for each site. Finally according to
Table 3, the numerical range is paraphrased into
descriptor words. The variability of WQI index was
calculated for Atrak River, seasonally.

Data were checked for normality distribution using
the Shapiro-Wilk test in the probability level of 0.05.
Pearson  correlation  analysis  was completed to determine
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relationship between variables. A multivariate factor belonged to site 9 (joining point of the Gogol-chai Stream
analysis was performed using principal components to the Atrak River, 9.023 mg. L ). Maximum and minimum
analysis (PCA) to determine if a reduce set of factors value of NO was also measured after Khorasan
could be used to explain the variation in the  water  quality petrochemical factory (average 3.62 mg. L ) and
variables. All multivariate analysis was completed using Bojnourd cement factory (average 1.45 mg. L ),
statistical package SPSS. respectively. Moreover, highest values of NH  and NO

RESULTS AND DISCUSSION Pearson correlation analysis between water quality

Water quality data collected from July 2007 to June significant correlation (p<0.05) with total hardness (r=0.92)
2008 at 10 stations in the Atrak River were summarized in and total dissolved solids, r=0.99 (Table 5).
Table 4. The spatial variations of EC, TDS and TH showed Variables in the sampling sites fell into two groups
high values in site 6 near the agriculture and downstream measured at different spatial scales. Watershed variables
of urban areas, while low values occurred in site 7. Water (elevation, slope, wetness index, drainage density) and
temperature varied from 0.3° to 25°C during February and physicochemical variables for a site averaged across
May, respectively. High values of COD (46.5 mg. L ) and sampling sites. In physicochemical variables; TDS and1

low DO were measured in site 5 (near a residential area, so NH  were very strongly skewed and were transformed to
received  urban   waste   water).   Highest    value    of   DO log .

1

2
1

1

4 3

occurred in site 4 and 10, respectively.

parameters showed that electrical conductivity has a high

4

10

Table 4: Physicochemical characteristics of selected sites water samples collected in the Atrak River.

Site Temp Ph E.C DO COD BOD TDS No No NH Turb T.H5 2 3 4

S1 1.10-21 7.5-8.02 1845-2300 7.32-8.9 0-6 0-2 1181-1469 1-2 28-60 0.04-0.06 20-54 550-665y

12.52±7.74 7.77±0.2 2177.04±137.32 7.73±0.46 3.5±1.65 0.8±0.58 1396±86.14 1.45±0.47 53.32±9.66 0.046±0.006 27.2±10.41 642.95±35.51z

S2 1.2-20 7.73-8.07 2490-2930 7.81-9.4 6-14 1-2 1598-2220 1-3 54-59 0.05-0.09 35-45 640-740
12.53±7.4 7.91±0.14 2685±193.37 8.1±0.24 10.27±3.24 1.5±0.47 1846.6±289.57 2.1±0.8 56.6±2.03 0.063±0.016 40.62±4.006 686.87±42.68

S3 1.2-20.5 7.67-8.03 2980-3290 6.05-7.88 25-141 2-3 1890-2110 2-3 58-71 0.05-0.11 45-60 635-790
12.96±7.6 7.85±0.14 3106.25±123.89 6.76±0.86 79.75±49.8 2.54±0.47 1951.75±95.7 2.25±0.45 63.37±5.9 0.07±0.025 48.75±6.78 686.87±63.95

S4 1.1-23.6 7.72-9.02 4120-4530 6.76-7.45 21-50 2-4 2050-2900 3-4 53-65 0.07-0.19 35-40 788-830
13.17±8.3 8.22±0.62 4271.25±165.58 7.09±0.29 34.62±12.46 2.91±0.94 2450±345.09 3.62±0.48 59.5±5.2 0.134±0.05 36.25±2.26 804.87±16.79

S5 1.4-21 7.66-7.95 2810-3800 6-6.54 38-60 2-3 1570-3050 2-3 63-79 0.05-0.09 35-55 530-985
13.63±8.12 7.77±0.13 3203.75±396.1 6.26±0.22 46.5±10.4 2.54±0.47 2120±596.99 2.62±0.48 69±7.72 0.075±0.02 45±8.53 739.37±183.74

S6 1.3-23 7.69-8.04 5820-8470 4.87-7.9 19-62 3-7 4110-5420 2-3 55-74 0.05-0.08 40-180 1070-2540
14.11±8.4 7.93±0.14 6760±1078.36 6.95±1.27 41.375±18.4 4.82±1.88 4471.25±573.4 2.62±0.48 67.75±7.87 0.06±0.014 135.62±58.6 1445±660.36

S7 1.4-25 7.53-8.01 1726-2520 8.04-8.45 5.5-15 3-3 1105-1439 2-3 71-77 0.05-0.06 84-175 518-846
14.2±8.98 7.84±0.17 2018±307.29 8.3±0.13 10.4±4.56 3±0 1261±157.6 2.5±0.5 73.2±2.3 0.054±0.005 131.8±43.28 666.05±149.1

S8 1.2-24.9 7.52-7.93 2200-4890 8.25-9.05 6-140 2-4 1405-3140 2-3 71-77 0.05-0.07 180-185 505-880
14.01±9.01 7.81±0.14 3533.7±1332.74 8.63±0.38 73±67 3±1 2258.16±852.31 2.5±0.5 73.4±2.83 0.06±0.009 182.3±2.3 691.05±185.92

S9 0.5-22.4 7.93-8.07 2540-5920 8.98-9.05 20-37.6 2-5 1633-3820 2-3 69-73 0.04-0.06 75-185 575-1055
13.88±8.84 8.008±0.065 4214.4±1673.06 9.023±0.03 29.02±8.57 3.6±1.41 2692.05±1059.09 2.8±0.3 70.6±1.87 0.054±0.007 129.5±54.5 808.8±233.64

S10 0.3-21.4 8.1-8.2 3070-3140 8.17-8.41 24-63.9 2-3 1896-2020 2-3 72-76 0.05-0.06 275-288 629-642
12.08±8.04 8.1±0.03 3110.5±32.64 8.35±0.1 44.5±19.38 2.6±0.48 1984.8±41.95 2.5±0.5 75.05±1.23 0.051±0.003 282.5±4.6 637.83±4.63

Temp: temperature, EC: Electrical Conductivity, DO: Dissolved Oxygen, COD: Chemical Oxygen Demand, BOD: Biological Oxygen Demand, TDS: Total Dissolved Solids, NO : Nitrite, NO :2 3

Nitrate, NH : Ammonium, Turb: Turbidity, T.H: Total Hardness4

Table 5: Correlation matrix between chemical water parameters
Parameter PH EC DO COD BOD TDS NO NO NH TN Turb TH5 2 3 4

PH 1 0.341 0.144 -0.013 0.290 0.336 0.712 0.073 0.504 0.131 0.292 0.119
E.C 1 -0.236 0.289 0.819 0.975 0.487 0.156 0.276 0.192 0.151 0.925* * *

DO 1 -0.265 -0.029 -0.213 -0.088 0.320 -0.524 0.298 0.541 -0.310
COD 1 0.361 0.379 0.238 0.411 0.220 0.423 0.255 0.074
BOD5 1 0.778 0.612 0.608 0.155 0.640 0.408 0.759* * *

No2 1 0.331 0.747 0.407 0.117 0.266*

No3 1 -0.245 0.997 0.804 0.066* *

NH4- 1 -0.170 -0.426 0.117
TN 1 0.787 0.086*

Turb 1 0.048
T.H 1
*Significantly different (p<0.05). Temp: temperature, EC: Electrical Conductivity, DO: Dissolved Oxygen, COD: Chemical Oxygen Demand, BOD:
Biological Oxygen Demand, TDS: Total Dissolved Solids, NO : Nitrite, NO : Nitrate, NH : Ammonium, Turb: Turbidity, T.H: Total Hardness.2 3 4
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Table 6: Eigenvalues and variances of first four components from chemical
variables

Component com Com com com1 2 3 4

Eigen value 4.865 3.103 1.703 1.297
Variance% 40.542 25.862 14.195 10.808
Cumulative% 40.542 66.404 80.598 91.406

Table 7: Eigenvectors of first four components from chemical variables
Variables com com com com1 2 3 4

pH 0.216 -0.081 0.507 -0.384
EC (ìmos.cm ) 0.384 -0.207 -0.243 -0.1571

DO (mg.L ) -0.031 0.401 0.105 -0.4791

COD (mg.L ) 0.216 0.044 0.006 0.6491

BOD (mg.L ) 0.428 0.024 -0.131 -0.0305
1

TDS (mg.L ) 0.384 -0.189 -0.216 -0.0981

NO (mg.L ) 0.327 -0.124 0.469 -0.0212
1

NO (mg.L ) 0.270 0.420 0.040 0.1983
1

NH (mg.L ) 0.136 -0.393 0.458 0.1824
1

TN (mg.L ) 0.289 0.395 0.080 0.1951

Turbidity (mg.L ) 0.217 0.448 0.022 -0.1191

TH (mg.L ) 0.314 -0.219 -0.413 -0.2031

Table 8: Factor loadings after varimax rotation from chemical variables.
Variables F1 F2
pH 0.494 0.058
EC (ìmos.cm ) 0.923 0.0001

DO (mg.L ) -0.343 0.6221

COD (mg.L ) 0.407 0.2611

BOD (mg.L ) 0.849 0.4135
1

TDS (mg.L ) 0.909 0.0301

NO (mg.L ) 0.749 0.0852
1

NO (mg.L ) 0.254 0.9153
1

NH (mg.L ) 0.550 -0.5174
1

TN (mg.L ) 0.310 0.8921

Turbidity (mg.L ) 0.127 0.9141

TH (mg.L ) 0.789 -0.0801

Results of factor analysis showed that first four axes
are significant (using the general rule of thumb that axes
with eigenvalue is lower than ones are not significant),
explaining 92% of variation in the water quality variables
(Table 6).

Eigenvectors of four PCA axes indicated that axis 1 is
highly correlated with EC (+), BOD  (+), TDS (+), NO  (+)5 2

and TH. Axis 2 was mostly correlated with DO (+), NO3

(+), TN (+) and Turb (+). Axes 3 and 4 had a correlation
with pH (+) and COD (+), respectively. The loadings
(correlations) of each variable on each component
revealed a similar pattern to the coefficient of the
eigenvectors (Table 7).

The distribution of stations in ordination space
aligned with first two axes, beside the alignment of water
quality variables along the same axes (Figure 1), gave a
graphical representation of the factor analysis results
which was  shown  in  Table  7.  Specific  groups of  water

Fig. 1: The distribution of sites and chemical variables in
ordination space 

quality along the first axis were influenced by
measurement that mostly related to EC, BOD , TDS, NO5 2

and TH, while sites along second axis were mostly related
to DO, NO , TN and Turb. These results indicated3

important variables and differences between sites.
Moreover, applying a varimax (orthogonal) rotation

to these eigenvectors got better simple structure for
components (Table 8). Component scores for each site
were based on the rotated solution and correlated the first
two components with watershed variables calculated.
Elevation was negatively correlated with component 1
(DO, NO , TN and Turb) and indicating that sites with3

high elevations also had low concentrations of nitrate,
total nitrogen, turbidity and dissolved oxygen. Drainage
density and slope had a positive correlation with
component 1(DO, NO , NH , TN and Turb).3 4

-

Values of seasonal WQI based on 7 factors were
shown in Figure 2. Results showed that in summer only
sites 1 and 8 have a medium condition and other sites
have a bad condition. In autumn, sites 1, 2, 3 and 4 had a
medium condition and other sites had  a  bad  condition.
In winter and spring all of them had a medium condition.
Comparison of monthly WQI indexes showed that in late
of winter and early spring sites 7, 8, 9 and 10 have good
conditions.

Present study is one of the very limited studies
carried out on the Atrak River. It is one of the important
rivers which discharge solid materials and nutrients into
the southeast region of the Caspian Sea.

Results of PCA indicated that values of TDS and
total nitrogen (TN) are the main elements for
differentiation and recognition between sample sites
along the Atrak River. For example sampling sites 6 and 10
are different from other sites by having the maximum value



World Appl. Sci. J., 22 (7): 926-932, 2013

930

Fig. 2: Changing of WQI index values in different months: a) summer, b) autumn, c) winter and d) spring.

Fig. 3: Variability of total nitrogen (TN) in the Atrak River.

of TDS and TN respectively. It seems that the site 6 has Anthropogenic activities along the Atrak River have
highest TDS because of presence of a traditional dam on high impact on the water quality of the river. According to
the Atrak River in that region. The dam reduces the water the  results  relationships  between   watershed   attributes
current considerably  and  the  particles  have  enough and chemical parameters of the river water is dependent
time to settle down on the river bed. The highest TN and on the elevation, slope and drainage density. The amount
turbidity in site 10 might be due to input of material of TN and turbidity was decreased by increasing the
derived   from    erosion   of   agricultural   lands  upstream. elevation  level.  Also  by raising of slope and quantity of
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