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1-Introduction

Brine is defined as saline or salty water, especially a highly concentrated solution of common salt, including
sodium chloride (Onwuka et al., 2019). Khuzestan Province, located in the Zagros Fold and Thrust Belt (ZFTB),
is characterized by the widespread occurrence of brine springs hosted mainly in Dez2, Karoun Pain, Jarrahi,
Marghab, and Souhr-e-Dashtbozorg basins (Rezaei et al., 2021). The present work deals with the concentration
and dispersion of heavy metals (i.e., Pb, Cd, Zn, Ni, Co, Cr, and As) in the sediments of 13 brine springs (i.e.,
Pirmusa, dual springs of Gare-Bardi, triple springs of Ghale-Madreseh, Batvand, Kuhzar, Aghili, Haftanan,
Ghasem-Abad, Ispareh, and Dobalutan) in the Khouzestan Province.

2-Geological setting

The Khouzestan Province is located in the Zagros Fold and Thrust Belt (ZFTB). Regional geological
considerations revealed that Tertiary to recent sediments of ZFTB was deposited in a proforeland basin (Alavi,
2007). In the proforeland basin of ZFTB, the Gachsaran Formation dominated by evaporates, marl, shale, and
gypsum, is considered the primary cap-rock lithology of oil reservoirs (e.g., Bahroudi and Koyi, 2004).
Geologically, most of the studied springs have emerged in the Lower Miocene Gachsaran Formation. Field
observations show that the emergence of springs follows three main geological features: i.e., exposure in the
fault zone between the grey and red marls, which are associated with gypsum lenses in the upper parts of the
Gachsaran Formation (e.g., Ispareh spring), emergence in the landslides of Gachsaran Formation, containing red
and grey marls as well as masses of anhydrite fragments (e.g., Pirmusa, Gare-Bardi, Ghale-Madreseh, Batvand,
Kuhzar, Aghili, and Dobalutan springs), and exposure in the upper contact of the Gachsaran Formation with
Aghajari Formation (e.g., Ghasem-Abad and Salen springs; Rezaei et al., 2021). The maximum discharge of
studied springs ranges from 2 L/Sec in Ghale-Madreseh to 75 L/Sec in Salen spring.

3- Material and methods

Surficial samples (20 cm > depth) were collected in the vicinity of the outlet of springs to determine sediments'
heavy metal contents. Also, background composition was determined by analyzing the samples taken from the
marl lithology of the Gachsaran Formation. Subsequently, the collected samples were drained at room
temperature. In addition, to completely removing the moisture, samples were stored in an oven (70 °C) for over
2 hours. Finally, heavy metals (i.e., Pb, Cd, Zn, Ni, Co, Cr, and As) were determined using ICP-OES analysis in
the chemical laboratory of Geological Survey and Mineral Exploration of Iran Tehran. The data were interpreted
using geo-environmental parameters including contamination factor (Cf), enrichment factor (Ef), potential
ecological risk (Eri), and modified ecological risk index (MRI) with statistical methods including Principal
Components Analysis (PCA).
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4- Results

The analytical results show that Pb contents vary between 25-49 ppm, which belongs to Haftanan and Gare-
Bardi 2 springs samples, respectively. The Cd contents of samples are analogous to each other ranging between
2-4 ppm. In the studied samples, Ni, Zn, Cr, and Co concentrations decrease on average from 49.07 ppm to
42.14 ppm, 18.07 ppm, and 14.19 ppm, respectively. The highest content of As (11 ppm) is obtained in the
sample of Ghale-Madreseh 1 spring, while the lowest values (6 ppm) belong to the samples of Ispareh and
Ghale-Madreseh 3 springs. Also, the average background content of Gachsaran Formation for Pb, Cd, Zn, Ni,
Co, and Cr is 25.75 ppm, 2.5 ppm, 47 ppm, 62.5 ppm, 30 ppm, and 24.25 ppm, respectively.

5- Discussion and conclusion

Most of the studied samples represent Cf <1 and 1< Cf <3, indicating low to moderate (for Cd, Pb, and As)
degrees of contamination. The majority of studied samples represent Ef >1 and Ef < 3.53, suggesting minimum
to moderate enrichment degrees. Except for Cd contents in the Ghale-Madreseh 3 and Gare-Bardi 2 samples, the
rest of the other samples exhibit low potential ecological risk levels. Also, the modified ecological risk index
values for all studied springs are categorized in low-risk fields. Principal component analysis (PCA) implies that
there are two components with higher eigenvalues (i.e., >1), representing 70.2 % of cumulative variance. In
PC1, the highest loading factor is seen in the Ni, Cd, As, Cr, and Pb variables; on the contrary, PC2 shows the
highest loading factor for Co contents. Combining the geological features, it seems that As, Ni, Cr, Pb, and Cd
are most probably related to the contribution of oil-field-related brines. In contrast, cobalt contents of selected
samples were sourced from the Gachsaran Formation lithology.
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Fig. 1. (a) Geological map of Khouzestan Province showing the association of brine springs with Ghachsaran
Formation, (b) Exposure of Pirmusa spring in the landslide surface of the Gachsaran Formation (view to west), (c)
Aghili spring emerged in the landslide surface of the Gachsaran Formation, (d) Salt deposition with hydrocarbon
materials in the outlet of Ghale-Madresehl spring, (e) Tradition salt colleting for food consumption in the Ghasem-
Abad spring, (f) Heavy salt deposition in the exposure of Batvand spring in the Gachsaran Formation.
Abbreviations: Is; Ispareh, Ag; Aghili, Kz; Kuhzar, B; Batvand, Gu; Garu, Gb; Gare-Bardi, Pi; Pirmusa, Gl; Ghale-

Madreseh, Do; Dobalutan, Ga; Ghasem-Abad, and R; Ramshir.
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Table 2. Contamination factor (Cf) values in the sediments of studied springs.

Spring Pb Cd Zn Ni Co Cr As
Dobalutan 1.15 1.2 0.68 0.89 0.48 0.51 1.48
Ghale-Madreseh 2 0.97 0.8 0.76 1.07 0.45 0.59 1.33
Ghale-Madreseh 1 1.36 0.8 1.02 1.03 0.52 0.66 1.62
Pirmusa 1.00 0.8 1.14 1.36 0.52 0.81 1.48
Batvand 1.29 1.2 0.74 1.14 0.55 0.70 1.03
Ghasem-Abad 1.29 1.2 1.04 1.07 0.55 0.62 1.48
Ghale-Madreseh3 1.44 1.6 0.85 0.83 0.55 0.62 0.88
Gare-Bardi 2 1.76 1.6 0.74 0.77 0.52 0.51 1.03
Gare-Baredil 1.29 1.2 1.14 1.01 0.48 0.62 1.18
Haftanan 0.90 1.2 0.91 0.83 0.52 0.74 1.48
Aghili 0.93 1.2 0.97 1.18 0.52 0.85 1.33
Kuhzar 1.00 1.2 0.78 1.01 0.48 0.74 1.18
Ghale-Madreseh1-2 1.04 0.8 1.02 0.99 0.55 0.74 1.48
Ispareh 1.29 1.2 0.70 0.73 0.52 0.59 0.88
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Fig. 2. Comparison of contamination factor (Cf) in the sediments of studied springs.
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Table 3. Enrichment factor (Ef) values in the sediments of studied springs.

Spring Pb Cd Zn Ni Cr As
Dobalutan 2.47 2.57 1.45 1.50 1.23 3.17
Ghale-Madreseh2 2.24 1.84 1.76 1.95 1.52 3.07
Ghale-Madresehl 2.73 1.60 2.04 1.63 1.48 3.25
Pirmusa 2.01 1.60 2.29 2.14 1.81 2.96
Batvand 2.43 2.25 1.39 1.68 1.46 1.94
Ghasem-Abad 2.43 2.25 1.95 1.59 1.31 2.77
Ghale-Madreseh3 2.70 3.00 1.59 1.23 1.31 1.66
Gare-Bardi 2 3.53 3.20 1.48 1.21 1.15 2.07
Gare-Bardi 1 2.77 2.57 2.46 1.71 1.50 2.53
Haftanan 1.80 2.40 1.82 1.31 1.64 2.96
Aghili 1.87 2.40 1.95 1.85 1.89 2.66
Kuhzar 2.16 2.57 1.68 1.71 1.76 2.53
Ghale-Madreseh1-2 1.95 1.50 1.91 1.47 1.54 2.77
Ispareh 2.59 2.40 1.40 1.15 1.31 1.77
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Fig. 3. Comparison of enrichment factor (Ef) in the sediments of studied springs.
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Table 4. Values of potential ecological risk factor (Er') in the sediments of studied springs.

Spring Pb Cd Zn Ni Cr As
Dobalutan 12.35 77.14 1.45 7.54 2.47 31.74
Ghale-Madreseh2 11.22 55.38 1.76 9.78 3.04 30.76
Ghale-Madresehl 13.69 48.00 2.04 8.16 2.96 32.59
Pirmusa 10.09 48.00 2.29 10.72 3.62 29.62
Batvand 12.16 67.50 1.39 8.40 2.93 19.44
Ghasem-Abad 12.16 67.50 1.95 7.95 2.62 27.77
Ghale-Madreseh3 13.51 90.00 1.59 6.15 2.62 16.66
Gare-Bardi 2 17.65 96.00 1.48 6.08 2.30 20.74
Gare-Bardi 1 13.89 77.14 2.46 8.57 3.00 25.39
Haftanan 9.00 72.00 1.82 6.56 3.29 29.62
Aghili 9.36 72.00 1.95 9.28 3.79 26.66
Kuhzar 10.81 77.14 1.68 8.57 3.53 25.39
Ghale-Madreseh1-2 9.79 45.00 1.91 7.35 3.09 27.77
Ispareh 12.97 72.00 1.40 5.76 2.63 17.77
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Fig. 4. Comparison of potential ecological risk factor (Er') in the sediments of studied springs.
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Fig. 5. Comparison of modified ecological risk index (MRI) in the sediments of studied springs.
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Table 5. Pearson correlation matrix for heavy metal contents of studied samples.

Pb Zn Cr As Cd Ni Co
Pb 1 -0.2 -0.64 -0.47 0.57 -0.45 0.3
Zn 1 0.52 0.5 -0.4 0.55 0.2
Cr 1 0.29 -0.37 0.64 0.24
As 1 -0.67 0.44 -0.1
Cd 1 -0.58 0.22
Ni 1 -0.02
Co 1
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Table 6. Principal Component Analysis (PCA) on the heavy metal contents of sediment samples in studied

brine springs.

PC1 PC2
Eigen value 3.48 1.42
Total variance (%) 49.8 20.3
Cumulative variance (%) 49.8 70.2

Co -0.041 -0.757

Ni 0.438 -0.120

Cd -0.432 -0.258

As 0.401 0.160

Cr 0.406 -0.324

Zn 0.366 -0.370

Pb -0.401 -0.281
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