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1-Introduction

Environmental contamination is a significant concern that affects human health, ecosystems, and natural
resources. Industrial contamination has significantly increased in recent years, posing severe environmental
challenges, particularly in Iran. Soil and groundwater play a crucial role in economic, social, and
environmental sustainability, yet they are highly susceptible to contamination due to anthropogenic
activities.

Numerous studies have demonstrated that industrial emissions, particularly VOCs and PAHs, have a
significant impact on soil and groundwater quality. For example, Gupta et al. (2020) analyzed BTEX
concentrations in soil from five sites in Kanpur, India, and found that vehicular emissions and industrial
activities were the primary sources. Similarly, groundwater quality assessments have identified industrial
pollution as a major risk factor for sustainable development (Ravindra et al., 2019). VOCs have been
recognized as key groundwater contaminants worldwide, with billions of dollars spent on their assessment
and remediation since the 1970s (Pankow & Cherry, 1996).

One of the primary challenges is the high mobility of VOCs, which enables them to infiltrate
groundwater as Light Non-Aqueous Phase Liquids (LNAPLs) or Dense Non-Aqueous Phase Liquids
(DNAPLSs), facilitating their deep penetration and gradual dissolution (Lerner et al., 2003). Studies by
Nambi et al. (2017) in Chennai, India, have demonstrated that oil spills initially infiltrate the soil,
accumulate in the capillary fringe, and subsequently reach groundwater. Additionally, Zhang and Chen
(2017) highlighted that PAHs undergo dry and wet deposition after being released into the atmosphere,
leading to their accumulation in soil organic matter.

2-Materials and methods
A systematic approach was implemented to assess potential contamination in a petrochemical site lacking
exploratory wells. Six exploratory wells were drilled in a triangular pattern to ensure maximum coverage
of high-risk areas, including locations near storage tanks, industrial flares, and operational units. VOC
measurements in unsaturated zones were conducted using portable gas chromatography (GC) devices,
while soil samples were analyzed to determine hydrocarbon composition and texture.

The study also considered atmospheric washout as a key mechanism in the transport of contaminants.

Given the industrial nature of the region, with multiple flares continuously releasing contaminants, wet and
dry deposition processes were investigated to determine their role in soil and groundwater contamination.
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3-Results and discussions

Analysis of soil samples indicated significant hydrocarbon contamination in S10 (0—-30 cm depth), with
benzene concentrations exceeding groundwater protection limits. Other samples contained varying levels
of aliphatic hydrocarbons, PAHs, and BTEX compounds. The highest Total Petroleum Hydrocarbon (TPH)
concentration was recorded in S6 at depths of 0—-30 cm.

Atmospheric washout was identified as a major factor influencing hydrocarbon transport.

Aliphatic hydrocarbons accumulate in soil through dry and wet deposition processes.

PAHs were primarily transported via particle washout, where rainfall washed out airborne particles
containing PAHs and deposited them into the soil.

BTEX compounds were transferred from the atmosphere to the soil through vapor washout, wherein
these volatile compounds dissolved in raindrops and infiltrated the soil.

Groundwater samples from exploratory well EN-SP-005, located downstream of the petrochemical
facility, revealed hydrocarbon contamination, while other wells remained uncontaminated. This finding
suggests that atmospheric washout, combined with the soil's permeability, facilitated pollutant migration
into deeper layers, eventually reaching the groundwater table.

Additionally, seasonal rainfall played a significant role in diluting contaminants in surface soil.
However, in areas with high permeability, pollutants may have infiltrated deeper layers, posing a long-term
risk of contamination. Variations in pH and electrical conductivity (EC) among the wells further indicated
potential industrial influences on groundwater chemistry.

4-Conclusion
The findings of this study indicate that atmospheric washout is a crucial process in transferring hydrocarbon
pollutants from air to soil and groundwater in the Assaluyeh petrochemical zone. The detection of high
benzene concentrations in soil, the presence of hydrocarbons in groundwater downstream of industrial sites,
and the influence of precipitation on the mobility of contaminants highlight the significance of atmospheric
deposition mechanisms.

Dry and wet deposition contributed to the accumulation of aliphatic hydrocarbons in soil.

PAHs were transported through particle washout, leading to their deposition in the topsoil.

BTEX compounds migrated via vapor washout, thereby increasing soil contamination and potential risks
to groundwater.
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Table 1. Results of hydrocarbon pollutant analysis in soil (ng/kg

TPH PAHs Aliphatic Xylene Toluene Benzene Sample
602.1 ND 602.1 ND ND ND S1(30-60cm)
84.8 ND ND ND ND ND S2(30-60cm)
953.5 853.5 100 ND ND ND S1(0-30cm)
133.8 ND 133.8 ND ND ND S2(0-30cm)
31.5 ND 31.5 ND ND ND S5(0-60cm)
1279.9 849.9 430 ND ND ND S6(0-30cm)
460.5 ND ND ND ND ND S3(0-1m)
53.2 ND 53.2 452 ND ND S4(0-1m)
28.9 ND ND ND ND ND S3(1-2m)
57.2 ND 57.2 455 ND ND S4(1-2m)
80 ND 80 ND ND ND S7(70-90cm)
ND ND ND ND ND ND S7(90-110cm)
277 ND 277 ND ND ND S8(0-50cm)
256 ND 256 ND ND ND S8(50-100cm)
91.3 ND 91.3 ND ND ND S9(0-1.5m)
38 ND 38 ND ND ND S9(1.5-3m)
168 ND 168 ND 345.5 96 S10(0-30cm)
70 ND 70 ND ND ND S10(30-60cm)
80 ND 80 ND ND ND S11(0-1.5m)
40 ND 40 ND ND ND S11(1.5-3m)

*N/D. Not detected
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Fig. 4. TPH concentration in soil samples from the area.
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Fig. 5. concentration of Aliphatic compounds in soil samples from the study area.
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Table 2. Results of soil texture analysis
Texture Silt% Clay% Sand% Sample
Loamy sand 16 6 78 S1(0-30cm)
Loamy sand 17 6 77 S1(30-60cm)
Loam-Silt 62 10 28 S2(0-30cm)
Sandy Loam 13 9 78 S2(30-60cm)
Loam-Silt 70 7 23 S3(0-1m)
Silt 93 7 0 S3(1-2m)
Silt 83 5 12 S4(0-1m)
Sandy Loam 20 14 66 S4(1-2m)
Loam-Silt 75 7 18 S5(0-60cm)
Loam-Silt 67 10 23 S6(0-30cm)
Loamy Sand 18 8 74 S7(70-90cm)
Sandy Clay Loam 21 29 50 S7(90-110cm)
Sandy Loam 23 13 64 S8(0-50cm)
Sandy Loam 28 11 62 S8(50-100cm)
Sandy Loam 33 3 64 S9(0-150cm)
Sandy Loam 33 6 61 S9(150-300cm)
Sandy Loam 13 8 78 S10(0-30cm)
Sandy Loam 20 7 73 S10(30-60cm)
Sandy Loam 31 11 58 S11(0-150cm)
Sandy Loam 28 13 58 S11(150-300cm)
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Table 3.Concentration of hydrocarbons in Groundwater samples (png/L).

G GS5a PAH
N/D N/D
N/D N/D
N/D N/D
N/D N/D

26 22
N/D N/D

TPH Well ID
N/D EN-SP-001
N/D EN-SP-002
N/D EN-SP-003
N/D EN-SP-004
48 EN-SP-005
N/D EN-SP-006

*N/D. Not detected
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Table 4.pH and EC values from six excavated wells.

Well ID
EN-SP 001
EN-SP 002
EN-SP 003
EN-SP 004
EN-SP 005
EN-SP 006

pH EC(uS/cm)
10.39 395
9.69 695
8.03 4090
7 25900
7.16 24600
9.21 3370
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