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Abstract

Objective of this study is fractionation of geogenic and anthropogenic share and also determination of
contamination level of trace heavy metals in surface soil of Pars Special Economic Energy Zone in southern
Iran. Soil sampling in 14 points for two depths of 0-10 and 40-50 cm across a 395.4 km? located in
Asalouyeh county Pars Special Economic Energy Zone along coastal strip of Bushehr Province in southern
Iran was conducted in 2020. Geogenic and anthropogenic share of heavy metals of Cd, Se, As, Co, Pb, Cr,
Ni, Cu, Zn in surface soil were determined using concentration differences of them between the two depths
of 0-10 and 40-50 cm compared to the three reference elements of Fe, Nb and U. The results showed that the
highest anthropogenic content of the measured heavy metals was found in the middle of the study area just
beside the refineries and petrochemical installations. Dominant wind blow direction of west to east resulted
in a shift of accumulation of anthropogenic share of elements in surface soil with an eastward tendency but a
decreasing of content with increasing distance from refinery and petrochemical installation was seen. As a
whole anthropogenic share of the studied heavy metals in the surface soils of the region was less than their
geogenic share. Contamination level of these elements based on Integrated Pollution Index was non to mild
pollution in 11 points (less than 1), mild pollution in 2 points (1.06 and 1.22) and mild to strong pollution in
1 point (2.38).
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Introduction

Nowadays environmental pollution is a common problem that human being is facing mostly because of
mankind recent forms of life which contain many environmentally degrading actions including industrial
activities. Economic and industrial development projects within Pars Special Economic Energy Zone located
in southern Iran are being conducted for exploiting the gas and oil reserves of South Pars Gas field.
Consequently, these activities have resulted in the entry of some contaminations into the environment
threatening ecosystems of the area (Raeihagh et al., 2020). An important part of the related contaminations
are the heavy metals released by the refineries and petrochemical complexes into the surrounding
environment. Accordingly, specification of the content as well as the contribution of each heavy metal to
soil contamination of the area is very important. Therefore, this study is going to figure it out that how much
of the heavy metals emitted into the area are from geogenic sources particularly inherited from soil parent
materials and how much of them are resulted from anthropogenic activities especially refineries and
petrochemical installations in the study area (Guedron et al., 2006; Souri & Watanabe, 2013).

Material and Methods
The study area in the present research covers 395.4 square kilometers located inside Pars Special Economic
Energy Zone on the northern edge of the Persian Gulf in the coastal strip of Bushehr province (Fig. 1).
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Figure 1. Geographical location of Pars Special Economic Energy Zone (right) and
the study area in South Pars (left)

In this area, according to the soil assessment guide (Soil Survey Staff, 1993) and by a random-systematic
method corresponding to the land units, a total of 14 soil sections each at two depths of 0-10 cm and 40-50
cm were sampled within Pars Special Economic Energy Zone. Subsequently, the prepared samples were
transferred to the laboratory and measured in terms of physicochemical characteristics including pH,
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electrical conductivity (Page et al., 1982), soil texture (Day, 1965), organic matter (Hopkins, 2006),
phosphate (Olsen et al., 1954), sulfate and nitrate (Page et al., 1982). Furthermore, the amounts of nine
heavy metals amongst the trace elements including cadmium, selenium, arsenic, cobalt, lead, chromium,
nickel, copper, and zinc, besides three reference elements of Fe, Nb, and U (Guedron et al., 2006) were
measured in the samples after acid digestion through ICP-MS method (Falciani et al., 2000).

Geogenic and anthropogenic amounts of heavy metals were categorized using equations (1) and (2)
(Guedron et al., 2006).

[MGeogenic]s = [MTotal]p/[E]p X [E]s (1)

[MAnthropogenic]S = [MTotal]s - [MGeogenic]S (2)

Whereas Maeogenic, Manthropogenic, Miotal @re geogenic, anthropogenic and total amounts of the related heavy
metal, respectively. E, and Es are also contents of the reference elements in the parent material and the
surface soil.

At the next stage, the levels/scope of the aforementioned metals’ contamination in the studied soil samples
were assessed by the Integration Pollution Index (Hakanson, 1980).

Results and Discussion
Table (1) represents the physicochemical characteristics’ values measured for surface soil in 14 sampled

points.

Table 1. Physico-chemical characteristics measured for the top soil at the 14 sampled points

sample o CEAZCJS?\%IW Oh;g;r;irc Phosphate | Nitrate | Sulfate | Sand | Silt | Clay
NO. dS/m % mg/kg soil %
1 7.87 15.89 1.70 30.81 0.0011 | 532.88 65 11 23
2 7.11 2.85 2.79 5.05 0.0052 | 432.45 65 13 21
3 7.76 2.24 1.36 8.18 0.0078 | 452.88 67 15 17
4 7.85 13.22 0.51 8.69 0.0168 | 935.15 67 9 23
5 7.97 17.58 1.84 4.37 0.0822 | 833.2 65 15 19
6 7.69 42.20 1.53 3.66 0.0389 | 727.49 73 9 17
7 7.39 45.20 2.18 12.89 0.0097 | 549.33 63 9 27
8 7.21 22.8 3.06 18.86 0.0441 | 801.82 75 9 15
9 7.22 4.32 3.27 17.44 0.0815 | 503.38 71 13 15
10 7.11 16.93 1.09 9.20 0.0116 | 632.74 69 13 17
11 7.75 3.84 3.33 16.20 0.1913 | 1025.36 | 69 13 17
12 7.80 6.31 2.72 10.61 0.0486 | 969.76 63 17 19
13 7.85 5.89 1.02 12.03 0.1760 | 555.57 71 11 17
14 7.86 1.56 2.04 13.03 0.0161 | 88.11 65 9 25
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Figure 2. Estimated concentrations of geogenic and anthropogenic shares of Cd, Se and
As for the 14 surface soils using three reference elements of Fe, Nb and U
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Figure 3 illustrate illustrates Integrated Pollution Index results for the studied heavy metals at 14 sampling

sites.
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Fig. 3. Estimated values of Integrated Pollution Index using the
studied trace elements for surface soil at the 14 sampling points

Conclusion

The present study proved the effectiveness of the method presented in this study to catagorize the geogenic
and anthropogenic shares of the heavy metals in surface soil of the industrial regions. The results showed
that in Pars Special Economic Energy Zone in southern Iran, content of geogenic and anthropogenic shares
of the nine heavy metals studied were following refineries and petrochemical complexes distribution
patterns and the dominant wind direction throughout the study area and the presence of high altitudes in the
northern strip of South Pars Special Zone. Hence, taking the necessary measures are needed to prevent
further emission of pollutant heavy metals in the surface soil.
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