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Extended abstract

Introduction

Nowadays, due to industrial human activities, the contamination of water
resources, particularly groundwater, by various types of pollutants has
become one of the most significant environmental issues worldwide. The
impacts of such contamination, especially in industrial areas, may gradually
manifest and adversely affect human health, economic activities, and
agriculture (Hassanzadeh, 2011). After being released into the subsurface, a
portion of these pollutants is adsorbed by sediments, some remain in the
unsaturated zone, and the remainder enters the groundwater, referred to as
NAPLs (Non-Aqueous Phase Liquids). Groundwater contaminants are
classified into two categories based on their density relative to water:
LNAPLs (Light Non-Aqueous Phase Liquids) and DNAPLs (Dense Non-
Aqueous Phase Liquids).

Among the most hazardous petroleum-related contaminants are the BTEX
compounds (Benzene, Toluene, Ethylbenzene, and Xylenes), which can
infiltrate groundwater through various pathways. Considering the critical
importance of assessing groundwater quality, extensive studies have been
conducted worldwide, including in Iran, to evaluate groundwater quality and
identify potential pollution sources.
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For instance, Alden et al. (2023) investigated the challenges in assessing and remediating petroleum
hydrocarbon-contaminated sites (PHCs), particularly in the presence of NAPLs Vaezihir et al. (2019)
studied the extent and origin of contamination in well No. 7 at the Shazand Petrochemical Complex.
In their study, seven locations were selected for monitoring well drilling, and samples were collected
from these wells for further analysis.

Materials and Methods

In the study area, to assess groundwater quality and identify petroleum-contaminated sites, the
thickness of the LNAPL phase in each well was initially measured using an Oil-Water Interface
Meter. Subsequently, groundwater sampling was conducted in the existing monitoring wells in the
area (65 wells), as well as in six agricultural wells and a rural drinking water well located near the
refinery, over four sampling campaigns from September 2022 to November 2023. Groundwater
samples were collected in 120 mL glass bottles and stabilized by the addition of sodium azide (NaNs).
The bottle caps were sealed with PTFE tape, and the samples were immediately transported to the
laboratory at 4 °C, following the procedures outlined in APHA (2017) standards.

Results and Discussion

By evaluating the contamination status across the refinery area, conducting field investigations, and
examining the monitoring wells, three wells were identified as contaminated with insoluble LNAPLs.
According to the analysis of samples collected in September 2022, 22 wells within the study area were
found unsuitable for drinking purposes based on EPA standards.

Based on petroleum sample analyses, comparison of fingerprint profiles, calculation of the Xylenes to
Ethylbenzene ratio (X/E), and consideration of the groundwater flow direction in the study area, the
contaminated sites were classified into eight contamination plumes, and the source of leakage for each
plume was determined (Table 1).

Another aspect addressed in this study was the evaluation of contamination in the rural drinking water
and agricultural wells adjacent to the refinery. Initial sampling indicated no detectable hydrocarbon
contamination in these wells. Due to the significance of this issue, a second round of sampling was

conducted, which confirmed the absence of contamination in these wells as well.

Table 1: Identified pollution plumes in the study area and the source of contamination leaks

Tvpe of Contaminant Contaminated Benzene
ype Concentration Concentration Source Pulme Number
Contaminant Wells
(PPb) at the source
717.7 RB48
Benzene 1699 RB49 13788 Tank 2026 Plume Number 1
75 RB61
Benzene 900 RB62 1811.6 Samp sw62 Plume Number 2
472 RB53
Benzene 649 RB54 96538.5 Samp SW 54 Plume Number 3
1275 RB75
Benzene 989.8 RB122 1608.7 Plume Number 4
5873 RB124 Tank 2080
86 RB79
Benzene 783 RBS1 5711.2 Samp SW81 Plume Number 5
480 RB13
Benzene 150.8 RBS 1682.5 Samp SW2072A  Plume Number 6
Benzene 26778.3 RB41 26778 Samp SW2089 Plume Number 7
11 RB22 Tank 20072008 ¢
Benzene 218 RB23 ) 2009 Plume Number 8
Conclusion

The findings of this study indicate that the groundwater in the refinery area is contaminated with
petroleum compounds, particularly Benzene and LNAPLs. Although the rural drinking water and
agricultural wells showed no signs of contamination, the proximity of some contaminated wells to the
refinery boundary poses a potential threat to drinking water and agricultural resources in the future.
The investigations suggest that the primary source of contamination is associated with the refinery's
OSW system (Oil Sewage Water transfer system). Furthermore, the Xylenes to Ethylbenzene ratio
(X/E) can serve as a useful tracer indicator for identifying the contamination source. Immediate
remediation of the OSW system and initiation of aquifer cleanup in critical areas are recommended to
prevent further spread of contamination and mitigate associated environmental and social impacts.
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Table 1. Results of groundwater sample analysis to determine petroleum concentration (September 2022)
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RB14 ND ND ND ND ND ND ND ND ND
RBI15 ND ND ND ND ND ND ND ND ND
RB16 ND ND ND ND ND ND ND ND ND
RB30 ND ND ND ND ND ND ND ND ND
RB45 67.5 324 ND ND ND ND ND ND ND

RB124 587.3 ND ND ND ND ND ND ND ND
RBI19 ND ND ND ND ND ND ND ND ND
RB21 ND ND ND ND ND ND ND ND ND
RB40 ND ND ND ND ND ND ND ND ND
RB42 ND ND ND ND ND ND ND ND ND
RB38 1 ND 43 ND ND ND ND ND ND
RB58 46 20.5 77 46.1 ND ND ND ND ND
RB61 75 ND ND ND ND ND ND ND ND
RB62 900 82 40 ND ND ND ND ND ND
RB67 2.3 ND 6.8 ND ND ND ND ND ND
RB69 0.8 ND 8.1 ND ND ND ND ND ND
RB73 ND ND ND ND ND ND ND ND ND
RB74 ND ND ND ND ND ND ND ND ND
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RB105 ND ND ND ND ND ND ND ND ND
RB79 86 ND ND ND ND ND ND ND ND
RBS1 783 11.7 13.3 ND ND ND ND ND ND
RB82 2.45 ND ND ND ND ND ND ND ND
RB83 ND ND ND ND ND ND ND ND ND
RBS88 ND ND ND ND ND ND ND ND ND

RB108 21 ND ND ND ND ND ND ND ND
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RB114
RB122
RB123
RB137
RB138
RB149
RB150
RB152
RB175
RBY%4
RBg9
RB75
RB54
RB53
RB52
RB49
RB48
RB44
RB23
RB22
RB13
RB8
PBI11
PB2
PBS5
PB1
PB3
PB6
DB3
DB6
DBS8
DB1
DB2
DB4
DBS5
DB7
w3
Wil
w2
w4
W5

W6
WSH

95
989.8
ND
ND
ND
ND
ND
ND
4.1
26.3
ND
1275
649
472
294.2
1699
717.7
21
218
11
480
150
ND
ND
ND
ND
ND
ND
ND
ND
ND
3.5
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
ND

ND
11.3
ND
ND
ND
ND
ND
ND
ND
104
ND
198
320
318
499

3068
692
0.3

129.5
ND

45
1
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
ND

203.8
ND
ND
ND
ND
ND
ND
ND
ND

73
ND
31
141
301.2

2105.6
634
447
75
130
12.7

40
ND
ND
ND
ND
ND

22
ND
ND
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ND
ND
ND
ND
ND
ND
ND
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ND
ND
ND

ND
ND

ND
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ND
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ND
ND
ND

57
127
1376
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943
ND
22
ND
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ND
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ND
ND

ND
ND

ND
ND
ND
ND
ND
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ND
ND
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ND
ND
ND
ND
ND
ND
47.5
ND
ND
ND
ND
ND
ND
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ND
ND
ND
ND
ND
ND
ND
ND
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ND

ND
ND

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
ND

ND
ND
ND
ND
ND
ND
0.14
11.25
11.75
ND
1.4
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
ND

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
ND

ND
ND
ND
ND
ND
ND
ND
11.25
11.75
ND
1.4
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
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ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
ND

TPHs= Total petroleum hydrocarbon, ND=not detect

1pg/Li=1ppb=0.001ppm
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