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Introduction

In recent years, the accumulation of heavy metals in the environment mostly due to its adverse
impact on human health and wildlife has become a main concern (Al-Yemni et al., 2011).
Meanwhile, sediments are the main storing heavy metals accumulations and serve as tools for
assessing the status of river pollution (Taghinia Hejabi et al., 2010). At the same time, to using
geographic information systems and Geostatistic methods is desirable. Many studies have been
conducted by researchers such as Mortazavi and Saberi nasab (2017) in Meigan, and Islam et al.
(2015) in the water and sediments of the Korotoa River in Bangladesh. The purpose of this study was
to investigate the concentration of lead, zinc, copper and chrome metals in surface sediments of
GharehSo River and zoning of sediments of the region with Potential Ecological Risk Index and
Muller's Geo-accumulation Index.

Methodology

The Ghareh So river is located in the Kermanshah city in geographical coordinates 2° 47" to 7°
47 E and 4° 18" to 34° 25, In the spring 2017, according to land use of the surrounding area of
GharehSo River River, it was divided into 6 sections and from each part 4 samples were collected in
a three plots After drying, the sediment samples were digested with a ratio of 1: 3 for three hours
with a combination of 65% nitric acid (Merck, Germany) and 70% perchloric acid (Merck, Germany)
(Madrid et al., 2008).The contents of each tube were filtered from Wattman No. 1 paper, and then
distilled with 25 ml of deionized water. Concentration of metals in the samples was determined by
the Analytic Jena atomic absorption spectrometer ContrAA 700.

Kriging method: The Kriging method, which is called the best unbiased linear estimator (Journel
and Huijbregts, 1987), is an advanced interpolation method suitable for data that has a localized
trend.

Cokriging method: When a variable is not sufficiently sampled and based on which the estimate
cannot be made with a desired accuracy, the Cokriging method is used (Hasani Pak, 2005). Two
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methods of kriging and Cokriging are compared with the relations (1 and 2) (Webster and Oliver,
2000).

ME = %z’iv =1[Z(x) = 2(xy)] 1)

RMSE = \/%Z?’:I[Z(xi) —20)] @)

Potential Ecological Risk Index: Potential Ecological Risk Index of aqueous sediments is
expressed as follows (Hakanson, 1980).

RI=y™, Er 3

ER: Represents ecological risk potential of each of the elements and the RI represents the
ecological risk potential of the total metals

Muller's Geo-accumulation Index: The sediment contamination rate is calculated using Muller's
Geo-accumulation Index molar (Igeo) according to equation (4) and table (2):

Igeo=log2[(cn/(1.5 x Bn))] 4)

Cn: pollutant concentration in sediments with a diameter of less than 63 microns per milligram
per kilogram

Bn: pollutant concentration in the shale rock or the initial concentration of the elements when no
contamination was present in milligrams per kilogram

Findings
The results of heavy metal measurements in surface sediments samples of GharehSo River bed is
presented in Table (1).

Table 1- Average, maximum and minimum values of heavy metals measured in Qarasu river

Metals Average Maximum Minimum Standard deviation Global average of
(M9/9) (Mg/9) (Hg/9) (Mg/9) precipitation (ug/g)
Cu 41.2 122 17.1 24.7 33
Zn 21.6 67.3 14 19.5 95
Cr 12.4 24.1 1 6.3 72
Pb 20.3 40.7 13.2 7.5 19

According to the data, it can be said that copper and lead metals have higher average values than

global mean sediments and probability of contamination of Qarasu River sediments with these
metals. In the concentration distribution of heavy metals concentration, the results of the Cokriging
method with Kriging with the help of RMSE and MAE criteria that indicate degree of accuracy
revealed that the Kriging method was superior to the Cokriging method.
According to the zoning results, it can be said that the eastern part of the Qarasu River has more
amounts of copper, zinc, chromium and lead metals. Based on existing land uses, this part of the river
is affected more than other parts of urban and agricultural wastewater. Also, parts of the southeast of
the river showed large amounts of copper. In addition, concentration of chromium metal in most
parts of river has high values.

The results of computing geochemical index for classification of sediments in terms of the
severity of contamination with elements, was showed in table (2).



3
Evaluation of heavy metals ... Vol. 46, No. 1, 2023

Table 2- Calculated values of Muller index and classification of the sediments of the Qarasu River in
terms of the intensity of pollution with the evaluated heavy elements

Igeo Area Mean Degree of pollution Average severity of pollution in all stations
Cu 0.1 1 Non-polluted — moderate polluted
Zn -2.38 0 Non-polluted

Cr -3.6 0 Non-polluted

Pb -0.76 0 Non-polluted

The severity of the contamination with heavy elements is evaluated. Figure (1) shows the
qualitative zoning of Qarasu river sediments using the ecological risk and the geochemical index.
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Fig. 1- Qualitative zoning of Qarasu river sediments using Muller ecological and geochemical risk
indicators

Conclusion

In the present study, the distribution pattern of toxic metals was modeled using geo-statistics
methods. Ultimately, simple kriging was selected as the best estimate with the least error. Taheri et
al. (2014) also selected Kriging as their best model for drawing the pattern of toxic metals dispersion.

The results of calculating the contamination severity of Qarasu river sediments using the Muller
index indicated that the sediments had a moderate severity of contamination of lead, chromium and
zinc elements in non-polluted floor, which is consistent with results of Mortazavi and Saberinasab
(2017). However, average severity of copper element contamination in this study was categorized in
non-contaminated to average contaminated soils. Also, the results of ecological risk index showed
that value of this index varied from 5.92 to 198.2. In total, the value of this index was 317.4, which is
considered to be at the ecological risk level. Also, the ecological risk index zoning map showed that
the eastern parts of the river have more contamination than other parts of the river. In addition to
zoning and Hot Spots analysis, each of the elements studied also showed eastern part as the most
polluted part. This also confirms the growing presence of human pollution sources and agricultural
drainage in this Sector.
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Table 1- Ecological risk classification based on RI calculation (Hakanson, 1980)

Ecological risk status

RI value

Low
Medium
High
Very high

RI<150
150<RI<300
300<RI<600

RI>600

(Muller, 1969) a0 (olosdigl qood sl wlol 3 Olgw) Cudss” Sadad -F oo
Table 2- Sediment quality classification based on Muller (1969) geochemical accumulation index

Pollution status Pollution degree Igeo value
Unpolluted 0 <0
Unpolluted- Moderate pollution 1 0-1
Moderate pollution 2 1-2
Moderate pollution- high pollution 3 2-3
High pollution 4 3-4
High pollution- heavily polluted 5 4-5
Heavily polluted 6 >5
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Table 3- Average, maximum and minimum values of heavy metals measured in Qarasu river

Metals Average Maximum Minimum Standard deviation Global average of
(Mg/9) (Mg/9) (Hg/9) (Mg/9) precipitation (ug/g)
Cu 41.2 122 171 24.7 33
Zn 21.6 67.3 14 19.5 95
Cr 124 24.1 1 6.3 72
Pb 20.3 40.7 13.2 7.5 19

2908 Sl gy oBS 2L -t Jsu
Table 4- The results of evaluating the accuracy of interpolation methods

Metals RMSE MAE
Kriging Co-kriging Kriging Co-kriging
Cu 11 1.15 0.98 2.43
Zn 1.33 1.67 2.02 4.85
Cr 0.87 1.47 0.68 3.4
Pb 1.36 1.44 1.93 5.73

g ) (Swmod 50 —0 Jou>
Table 5- Pearson correlation coefficients
Metals Cu Zn Cr Pb

Cu 1

Zn 0.632" 1

Cr 0.615"  0.205" 1

Pb 0.532" 0497 0214 1
** Correlation at the 0.01 level
* Correlation at the 0.05 level
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Fig. 2- Zoning distribution of heavy metals in Qarasu river sediments (concentration in mg/kg)
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Fig. 3- Hot spot analysis results
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Table 6- Results one- way ANOVA analysis

Metals  Number  Average difference from standard P-value
Cu 24 23117 0
Zn 24 1149™ 0.001
Cr 24 150.3™ 0
Pb 24 147.3” 0.006

** Significance at the 0.01 level
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Table 7- Calculated values of Muller index and classification of the sediments of the Qarasu River in
terms of the intensity of pollution with the evaluated heavy elements

Igeo Area Mean Degree of pollution Average severity of pollution in all stations
Cu 0.1 1 Non-polluted — moderate polluted
Zn -2.38 0 Non-polluted
Cr -3.6 0 Non-polluted
Pb -0.76 0 Non-polluted
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N
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Fig. 4- Qualitative zoning of Qarasu river sediments using Muller ecological and geochemical risk
indicators
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