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1-Introduction

Groundwater contamination with hydrocarbons is a serious environmental issue, particularly in oil-
producing countries. This pollution mainly arises from oil and gas exploration, extraction, transport
activities, leaks from pipelines, storage tanks, refineries, and chemical and industrial wastewater infiltrating
the soil and groundwater (Ogolo, 2022). Pollutants enter groundwater as point and non-point sources
(Stefanakis et al., 2017). When pollutants leak into the ground, some are absorbed by sediments, while
others can infiltrate groundwater. These pollutants are known as NAPL and are divided into two categories:
LNAPL (lighter than water) and DNAPL (denser than water). LNAPL remains afloat on the water's surface,
whereas DNAPL penetrates deeper into the groundwater aquifers and accumulates at their bottom (Vaezihir
et al., 2021). Hydrocarbon contaminants are categorized as either aliphatic or aromatic. Aromatic
compounds, which include BTEX (benzene, toluene, xylene, and ethylbenzene) and PAHs (such as
naphthalene, phenanthrene, and anthracene), are particularly hazardous due to their toxicity and
environmental impact. BTEX compounds are highly volatile and soluble, while PAHs are known to be
mutagenic and carcinogenic (McCain & Worth, 1990). This type of pollution has been reported in the lands
surrounding the Tabriz railway station, located in Tabriz, East Azerbaijan, where hydrocarbon substances
have been released from its reservoirs. Contamination has been detected in the wells of nearby agricultural
lands. Alarmingly, no official measures have been taken to investigate the nature and source of this
pollution in the Tabriz railway area. This study aims to explore the hydrogeological characteristics of the
aquifer and identify the type of pollution by establishing a network of monitoring wells. Additionally, the
research will determine the sources of detected pollution to prevent further spread and clarify existing
uncertainties regarding the nature of the pollution.

2-Materials and methods

The Tabriz plain has a multi-layer aquifer, separated by a marl layer at a depth of approximately 25.5
meters, based on the information obtained from the logs of exploratory wells. A monitoring network of 10
exploratory-monitoring-remediation wells was established across the region to identify contamination
sources and define possible plume movement. After well completion and water level measurements, a
groundwater contour map was created for September 2024. The head of water level in the southeast, east,
and northwest areas indicated groundwater flow from these zones toward the west and southwest. The
highest water levels recorded were 1337, 1337.8, and 1336.6 meters in these respective areas. Subsequently,
groundwater sampling was conducted from 22 wells to detect potential pollutants and the thicknesses of
LNAPL (light non-aqueous phase liquids) resulting from Mazut, diesel, and Used oils for pollution
determination. The samples were analyzed for hydrocarbon content at the central Lab, University of Zanjan,
using GC-MS instrumentation.
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3-Results and discussions

The analysis of groundwater samples from the Tabriz region assessed BTEX and PAH compounds, which
are significant for their health impacts. Concentrations of these compounds were compared to [ran's national
standards (ISIRI 1053, 1388) for maximum levels of toluene, benzene, ethylbenzene, and xylene. BTEX
levels exceeded standards only in well BH3. Total petroleum hydrocarbons (TPH) were highest in W1 and
BHS, while PAH levels also showed similar elevations. Contaminant sources were identified through
various analytical methods, including comparisons with potential sources (Mazut, diesel, and Used oils)
and chromatographic fingerprinting. Analysis revealed that Well BH3 was similar to diesel, and Wells W1,
BHS, and BH8 share a common source of contamination related to diesel and Mazut storage tanks. The
contamination source for well BH7 originates from diesel and Used oil storage. Wells W4 and W12 have
a similar contamination source, which includes diesel, Mazut, and used oil. The pollution of some wells,
BH2, W8, and W9, was caused by Atmospheric washout. The plume, driven by groundwater flow, was
found to originate from fuel storage and has spread toward wells W1, W4, W12, BH3, BHS5, BH7, and
BHS.

4-Conclusion

In this study, out of 22 groundwater samples analyzed for hydrocarbon contamination, 10 contaminated
wells were identified, with four located within the railway area and six outside of it. Unauthorized levels
of BTEX compounds were found in well BH3 (toluene at 1.85 mg/L). Some levels of other BTEX
compounds, such as toluene (in well BH2 with 0.03 mg/L concentration) and xylene (in wells W8, W9, and
W12 with 0.0122, 0.0133, and 0.413 mg/L concentrations, respectively), were also observed in some wells.
However, their concentrations did not exceed the permissible limit set by the ISIRI1053 standard. The
highest TPH and PAH concentrations were recorded in well W1, outside of the railway properties ( 33.79
and 1.05 mg/L, respectively), and in well BH5, within railway properties ( 0.76 and 0.46 mg/L,
respectively). Based on the comparison of fingerprint chromatograms, the quantity and type of hydrocarbon
compounds in the pollutant sources and samples, it was observed that the source of contamination in wells
W1, BHS, and BHS8 was related to the Diesel and Mazut tanks. Wells W4 and W12 had the same origin of
contamination, and some concentrations of Mazut, Diesel, and Used oil were in them. Well, BH3 is
contaminated due to the Diesel tanks, and finally, the contamination is well, BH7 is a mixture of Diesel and
Used oil. Also, the contamination plume, resulting from Diesel, Mazut, and deposit's storage as
contaminants, is spreading westward and has reached monitoring wells BH3, BHS5, BH7, and BHS8, as well
as agricultural wells W1, W4, and W12,
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Fig 4. Drilling logs of exploratory wells in the area.
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Fig 5.(a) Iso groundwater level map for the study area (September 2024), and (b) Iso groundwater depth map for the study
area (September 2024).
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Table 1. Thickness of LNAPL in wells within the study area (April 9, 2024).

Thickness of LNAPL (cm) Water level (m) Well ID

59 10.83 Wi

0 10.17 W12
0 9.04 BH1

0 10.62 BH2
0 11.76 BH3

0 10.97 BH4
0 11.62 BHS5
0 10.30 BH6
0 10.13 BH7
0 10.62 BHS
0 11.69 BH9
0 12.69 BHI10

) g2 oS e e adlllan 390 0350 55 esiny ol (S5 Slge Ul @l Y Jgar
Table 2.Results of groundwater hydrocarbon analysis in the study area in terms of milligrams per liter.

Well  Benzene Toluene Xylene Ethyl Tri Methyl  Poly Aromatic Aromatic Total Petroleum
ID Benzene Methyl Tertiary  Hydrocarbons  Hydrocarbons Hydrocarbons
Benzenes Butyl
Ether
BH1 N/D N/D N/D N/D N/D N/D N/D N/D N/D
BH2 N/D 0.03 N/D N/D N/D N/D N/D N/D N/D
BH3 N/D 1.846 N/D N/D 0.456 N/D N/D N/D N/D
BH4 N/D N/D N/D N/D N/D N/D N/D N/D N/D
BHS5 N/D N/D N/D N/D N/D N/D 0.46 0.2966 0.7566
BH6 N/D N/D N/D N/D N/D N/D N/D N/D N/D
BH7 N/D N/D N/D N/D N/D N/D N/D 0.3886 0.3886
BHS N/D N/D N/D N/D N/D N/D 0.6 21.433 22.033
BH9 N/D N/D N/D N/D N/D N/D N/D N/D N/D
BH10 N/D N/D N/D N/D N/D N/D N/D N/D N/D
W1 N/D N/D N/D N/D N/D N/D 1.05 7.373 33.794
W2 N/D N/D N/D N/D N/D N/D N/D N/D N/D
W3 N/D N/D N/D N/D N/D N/D N/D N/D N/D
W4 N/D N/D N/D N/D N/D N/D 0.465 14.5732 15.0382
W5 N/D N/D N/D N/D N/D N/D N/D N/D N/D
W6 N/D N/D N/D N/D N/D N/D N/D N/D N/D
w7 N/D N/D N/D N/D N/D N/D N/D N/D N/D
W8 N/D N/D 0.0122 N/D N/D N/D N/D N/D N/D
W9 N/D N/D 0.0133 N/D N/D N/D N/D N/D N/D
W10 N/D N/D N/D N/D N/D N/D N/D N/D N/D
Wil N/D N/D N/D N/D N/D N/D N/D N/D N/D
Wwi2 N/D N/D 0.413 N/D 0.444 N/D 0.21 1.9163 2.1263

*N/D. Not detected

YA



\ O)Lou:: N0 O)5d AF-¥ )Le).

a

wns ., . e
W i )5 (ol e I ikl

yid r:/fu’J..A o>y dxlllae 0,90 00gdxe 4O oa.;i‘{l égl.bz Gq;j)%m lge },:JUT @L_: =Y Jeu
Table 3. Results of the hydrocarbon material analysis of pollutant sources in the study area are expressed in milligrams

per liter.

Well Benzene Toluene Xylene Ethyl Tri Methyl Poly Aromatic Aromatic Total
ID Benzene Methyl Tertiary Hydrocarbons Hydrocarbons Petroleum
Benzenes Butyl Hydrocarb

Ether ons

Mazut N/D 1.13 20.765 N/D 60.644 N/D 0.287 154/238 154.5208

Gasoil N/D 14.97 16.53 7.999 18.75 N/D 0.32 70.081 70.396

Ugield N/D 0.658 0.554 N/D 1.475 N/D 0.325 75.174 75.499

*N/D. Not detected
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Table 4. Results of LNAPL hydrocarbon analysis in well W1 within the study area in terms of milligrams per liter.

Well  Benzene  Toluene Xylene Ethyl Tri Methyl Poly Aromatic Aromatic Total
ID Benzene Methyl Tertiary Hydrocarbons  Hydrocarbons Petroleum
Benzenes  Butyl Ether Hydrocarbons
Wi N/D N/D N/D N/D N/D N/D 1.55 49.293 50.943
*N/D. Not detected
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Fig 6.(a) Concentration of compounds Toluene, and (b) Xylene in sampled wells within the study area.
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Fig 9. Area under the chromatogram curve for certain wells and pollution sources, expressed as a percentage.
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Table 5. Origin of groundwater samples in the study area.

Well ID Pollution Source Well ID Pollution Source ~ Well ID Pollution Source
W1 Gasoil-Mazut BH3 Gasoil
W4 Mazut-Used Oil BHS Gasoil-Mazut BHS Mazut-Gasoil
WI12 Gasoil-Mazut-Used oil BH7 Gasoil-Used Oil
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