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Abstract: In countries that produce petroleum, waste streams and petroleum
hydrocarbons have deteriorated host towns, contaminated the environment, and
Due to the difficulty of
obtaining large volumes of samples and the high cost of laboratory research to evaluate

negatively impacted human health and socioeconomics.

element concentrations, it has been difficult to determine the level of contamination from
a limited number of samples, especially at oil sites. Finding hotspots of contaminated air,
developing geospatial risk maps of petroleum industry pollution, and determining which
locations need urgent attention because they are most affected by petroleum activities are
the goals of the project. Total suspended particulate matter (TSP), PM10, carbon
monoxide (CO), carbon dioxide (CO2), hydrogen sulphide (H2S), sulphur dioxide (502),
nitrogen dioxide (NO2), and hydrocarbon content were measured once a month for six
months at 14 locations in the Al-Gharraf oil field. The threshold values for some
components, such PM10 and H2S, were 0.1 mg/m3 and 0.5 ppm, respectively, and were
exceeded at many locations, even if the bulk of the concentrations were under the set
level. Several strategies and tactics were employed to accomplish the aforementioned
goals, one of which was the Inverse Distance Weighting (IDW) methodology combined
with GIS (to create geographical maps of the observed values).The distribution of the
several environmental characteristics throughout the oil field was accurately and
efficiently mapped using the IDW technique. Every month, the analysis is conducted
and contrasted with the limit value. For the oil industry, this study has produced a
valuable database that should be utilised consistently to track ecosystem health

Keywords: petroleum hydrocarbon, geographic information system (GIS), concentrations;
inverse distance weighting (IDW), air contamination, oil field.

1. Introduction

The petroleum hydrocarbon contamination of ecosystems is a significant global
environmental issue that has garnered public attention in recent decades. One of the
primary factors contributing to the release of hydrocarbons through agricultural or
industrial products is human activities. Although petroleum is a primary energy source
that contributes to the economic and social developments of a nation, it has become one of
the most significant organic pollutants. This is due to the crude oil combustion emissions
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to air, primary leakage of underground storage tanks and accidental spills during
transportation and disposal [1]. The environmental pollution, adverse environmental
and/or human health problems, negative impacts on the terrestrial ecosystems,
detrimental impacts on the regional economy, socio-economic problems, and degradation
of oil-producing host communities in these countries have been caused by the inadvertent
discharges of petroleum hydrocarbons and chemical-derived waste streams resulting from
petroleum exploration and production [2]. The unintended release of petroleum
hydrocarbons into the environment results in several repercussions, including (i)
atmospheric pollution resulting from natural gas flaring and venting, potentially
exacerbating the global climate change; (ii) marine ecosystem pollution, likely leading to
detrimental effects on wildlife and adverse consequences for tourism, fishing, and related
industries; (iii) contamination of soil and regulated water sources (both surface and
groundwater); (iv) socio-economic challenges and degradation of cultural heritage in
affected oil-producing host communities; (v) land contamination, compromised food
quality, and diminished agricultural output [3].

Because geographic information systems (GIS) seamlessly combine geographical
and temporal variables, they are proving to be indispensable tools for holistic air quality
evaluation [4]. This technology provides scientists and resource managers with a strong
platform for analysis and simulation, aiding in the visualization of complex linkages [5].
GIS software is no longer limited to managing and processing geographic data. These
days, it includes the administration and processing of many kinds of geographic data [6].
Geographic information systems (GIS) have been demonstrated to be invaluable tools for
comprehensive air quality evaluation since they effectively incorporate spatial and
temporal variables [7].

The investigation aims to: (i) appraise and characterise the petroleum
contamination hotspot within the oil field; (ii) Visualise spatial and temporal fluctuations
of these characteristics using GIS-based interpolation and overlay analysis methods; and
(iii) assess which areas require immediate care since they are most impacted by petroleum
activity. Furthermore, this study demonstrates the accuracy of the (IDW) approach with
a small sample size, which presents a problem for many pollution management-focused
institutions because they must collect more samples and invest more time.

2. Materials and Methods

This research focuses on the Garraf oil field in southern Iraq, located approximately
31°38' 15" to 31° 40 53" N and 45° 51' 20" to 46° 2' 54" E. Fourteen stations were chosen at
the Al-Garraf oil field in the Thi-Qar governorate to monitor gaseous emissions seasonally
from March 2022 to August 2022 Figure . The selected stations
continue to monitor the ambient air quality and gaseous emissions from nearby industrial
facilities. In this study, the following gases were measured: total suspended particulate
(TSP), PM10, carbon monoxide (CO), carbon dioxide (CO2), hydrogen sulphide (H2S),
sulphur dioxide (SO2), nitrogen dioxide (NO2), and hydrocarbon content. CO2, SO2, NO2,
and hydrocarbon content concentrations are measured using the portable detection
instrument of Drager Chip-Measurement System, Germany, while CO and H2S
concentrations are measured using the portable detection instrument of RK1 Gas
Monitoring Eagle II, United States. Lastly, TSP and PM10 were measured using Clarity's
Sensing's Particulate Monitor ( Table 1).
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Figure 1. Geographic location and distribution of air quality sampling sites in

the Garraf oil field

Table 1. Details of air sampling in the Al-Garraf oil field.

Location ID GPS Coordinate
Longitude Latitude
A-1 31°47'54.58” N 46°00'57.32” E
A-2 31°47'36.40” N 46°03'32.70” E
A-3 31°47'30.10” N 46°02'08.50” E
A-4 31°49°09.20” N 46°04'59.40” E
A-5 31°46'13.60” N 46°03'41.50” E
A-6 31°46'16.90” N 46°03'46.20” E
A-7 31°46'29.70” N 46°03'47.40” E
A-8 31°45’56.50” N 46°04'19.80” E
A-9 31°45'10.50” N 46°05'53.40” E
A-10 31°45'44.60” N 46°05'04.20” E
A-12 31°45'51.97" N 46°04'35.18" E
A-13 31°46'25.20” N 46°03'50.80” E
A-14 31°46'19.70” N 46°03'37.30” E

ArcGIS, developed by ESRI, was used extensively for data entry, analysis, and
mapping. Thi-Qar Oil Company (TOC) provided the basic map depicting the Garraf
oilfield's borders. The raster data from the base map was transformed to vector data, and
the sampling spots' coordinates were captured using a GPS. ArcCatalog was used to
construct an air quality database for all observed stations, while ArcGIS 10.7
enhancements aided in analysis, interpolation, and mapping.

The IDW technique, which was applied using ArcGIS 10.3's Extension for Spatial
Analyst, was based on laboratory experiments performed at 14 different places along the
oil field. The extra data collected at the measurement stations for each parameter was
used to create the interpolated cells used in the air site construction.
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3. Results

Monitoring and Spatial Interpolation of Air Contamination

Contamination in the air comes from both natural and human sources. Automobiles,
power plants, and industrial activities are some of the main sources of air pollution that

are caused by humans. Compared to other industries, oil industrial activities, such as

power plants and oil refineries, produce a high number of emissions of smoke, solid
particulates, and toxic gases [8]. The presence of these industries within the city limits or
urban areas, such as the Garraf oil field, will make them more hazardous. The oil industry
is regarded as a significant contributor to air pollution, and the volumes of the pollutants

that are released into the air by these industries are estimated to be in the millions of tons
per year [9], [10]. The following gases were measured: total suspended particulate (TSP),
PMuo, carbon monoxide (CO), carbon dioxide (COz2), hydrogen Sulphide (H2S), sulphur
dioxide (SO2), nitrogen dioxide (NO2), and hydrocarbon content. Furthermore, the
concentrations of these elements will be displayed by stations and months during the
duration of the study, in addition to the average concentrations of these components, as
depicted in Figure 2. The results of assessing the quality of the air within the Al-Garraf oil
field, and chemical element measurements to identify hot spots and those most affected by
pollutants to achieve the first objective of the study are also shown [11]. The mean
concentrations recorded over six months, from March to August 2022, are presented in

Table 2. Utilizing the requisite apparatus and instruments, the values were acquired before

undergoing the laboratory analysis.

Table 2 . Results of parameters measured on air quality samples from the Al-Garraf

oil field.
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Figure 2. Monthly concentrations of (a) Temperature, (b) NO2, (c) Hydrocarbon
Content, (d) SO, (e) CO, {-HzS, g- CO2, h-PMuy, i- TSP,) at Al-Garraf oil field

An increase in concentrations can be seen for August, as seen in Figure 3. This figure
encompasses the components that were used to examine the distribution of station
concentrations over the months. As a result of the investigation into this subject, it was
discovered that the number of production activities rose during this month in comparison
to the subsequent months. The mean of Nitrogen Dioxide (NO2) levels in the 14 sampling
locations for 6 months ranged from a minimum of 0.036 ppm in location (A-5) to a
maximum of 0.09 ppm in location (A-1). The results did not exceed the maximum
acceptable Iraqi National Limit of NO2 (0.1 ppm) Figure 4.3(b) illustrates all recorded data
[12].

The mean of hydrocarbon content levels in the 14 sampling locations for 6 months
ranged from a minimum of 0.068 ppm in location (A-12) to a maximum of 0.16 ppm in
location (A-1). The results did not exceed the maximum acceptable Iraqi National Limits
of Hydrocarbon Content (0.24 ppm), and Figure 4.3(c) illustrates all the recorded data. The
mean of Sulphur Dioxide (SOz) levels in the 14 sampling locations for 6 months ranged
from a minimum of 0.029 ppm in location (A-10) to a maximum of 0.154 ppm in location
(A-8). The results of the maximum acceptable Iraqi National Limits of SOz (0.15 ppm) in
locations (A-7, A-8), can be seen in Figure 3(d).

The mean of Carbon Monoxide (CO) levels in the 14 sampling locations for 6 months
ranged from a minimum of 1.556 mg/m? in location (A-4) to a maximum of 2.511 mg /m3
in location (A-8). The results did not exceed the maximum acceptable Iraqi National Limits
of PMuo (35 ppm), and Figure 4.3(e) illustrates all recorded data. Additionally, the mean of
hydrogen sulphide (H:S) levels in the 14 sampling locations for 6 months ranged from a
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minimum of 0.15 ppm in location (A-1) to a maximum of 0.508 ppm in location (A-14). The
results exceed the maximum acceptable Iraqi National Limits of H2S (0.5 ppm) in location
(A6 — A14), and Figure 3(f) illustrates all the recorded data

The mean of carbon dioxide (CO:) levels in the 14 sampling locations for 6 months
ranged from a minimum of 0.475 % in location (A-4) to a maximum of 0.493 % in location
(A-8). The results did not exceed the maximum acceptable Iraqi National Limit of CO:2
(2.5%). Figure 4.3(g) illustrates all of the recorded data. The mean of Particulate matter 10
(PMo) levels in the 14 sampling locations for 6 months ranged from a minimum of 0.072
mg/m3 in location (A-14) to a maximum of 0.107 mg /m3 in location (A-1). The results
exceed the maximum acceptable Iraqi National Limits of PM1o (0.100 mg /m?3) in location
(A-1, A-7). Figure 4.3(h) illustrates all of the recorded data. Finally, the mean of TSP levels
in the 14 sampling locations for 6 months ranged from a minimum of 0.178 mg/m? in
location (A-14) to a maximum of 0.225 mg /m? in location (A-11). The results did not exceed
the maximum acceptable Iraqi National Limits of TSP (0.350 mg /m?3), and Figure 3(i) shows
all the TSP data [13]. Stations (A-1) and (A-8) were the stations that were most affected.
This is because Station (A-1) is the region where waste from oil activities is disposed of,
which is the source of pollution. On the other hand, Station (A-8) is a gathering station for
many of the fluids utilized in extraction activities. As a result, pollutants are emitted from
it, and it is located near the flare of the oil tower.

GIS is employed as a vehicle for the spatial-temporal data analysis or for creating a
joint GIS database environment that drives stand-alone modelling tools. This creates a
huge problem because air data is usually a mess because there is a high degree of
correlation among many pollutants [14]. The outcomes of these techniques were almost as
diverse as the techniques themselves, showing once again that the complex phenomenon
of air quality management calls for methods and tools that are not only sensitive but also
capable of such high degrees of accuracy and probability. Additionally, numerous studies
have been conducted regarding the GIS component of the spatio-temporal analysis of
urban air quality [15].

The GIS technology development opens up the possibility of applying spatial
numerical interpolation everywhere. Primarily Original Kriging, Spline (Cubic Spline
Interpolation), and IDW are the most employed interpolation methods [16]. Among these
three approaches, IDW is very convenient to use, with a data integration rate higher than
75% through spatial interpolation, hence resulting in the prediction accuracy of normal
data that can be improved by applying analytical tools for data exploration [17]. This was
illustrated through numerous experiments performed within the research, which revealed
that the IDW method yielded the most accurate and optimal map. All measured
atmospheric components were subjected to the IDW method, as illustrated in Figure 3. The
risk maps below are presented as a result of the second objective of this study [18].

s
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Figure 3. Spatial distribution of physico-chemical parameters (air) at the Al-Garraf oil field

From Figure 4, the highest amounts of nitrogen dioxide (NO,) (0.0815-0.09 ppm) are
seen in the vicinity of station A1, which is consistent with combustion processes like flaring
or vehicle emissions. The middle zone exhibits moderate concentrations, while the eastern
and southwestern zones, particularly those close to stations A4 and A9, show the lowest
NO; values (0.0385-0.0471 ppm). The spatial pattern indicates that NO, is concentrated
near areas of operational activity. Hydrocarbons (HC), mostly from oil operations and
incomplete combustion, peak in the northeast around station A4 (0.146-0.16 ppm). Given
that the majority of other stations displayed moderate levels, this is a noteworthy oddity.
The regions near stations Al, All, and A9, where the lowest HC concentrations (0.0682-
0.0835 ppm) were found, had less influence [19]. The elevated HC around A4 may indicate
fugitive emissions or leaks from nearby pipelines or processing plants. The higher
concentrations (0.0976-0.112 ppm) near station A5 on the SO, map indicate that the
emissions of sulphur dioxide (50,) are caused by burning fossil fuels or the release of
sulfur-bearing gas. On the other hand, the northeast and southern periphery close to
stations A4 and A9 exhibit lower amounts (0.0274-0.0414 ppm). The trend shows that the
operational zone has the highest concentration of industrial gas emissions [20].

Given that the majority of other stations displayed moderate levels, this is a
noteworthy oddity. The regions near stations Al, All, and A9, where the lowest HC
concentrations (0.0682-0.0835 ppm) were found, had less influence. The elevated HC
around A4 may indicate fugitive emissions or leaks from nearby pipelines or processing
plants. The higher concentrations (0.0976-0.112 ppm) near station A5 on the SO, map
indicate that the emissions of sulphur dioxide (SO,) are caused by burning fossil fuels or
the release of sulfur-bearing gas [21]. On the other hand, the northeast and southern
periphery close to stations A4 and A9 exhibit lower amounts (0.0274-0.0414 ppm). The
trend shows that the operational zone has the highest concentration of industrial gas
emissions.These hotspots are crucial for mitigation since H,S is a major indicator of sour
gas leaks and presents a health risk at high levels [22]. The range of concentrations in the
CO; distribution is somewhat limited. The central-east area next to station A5 had the
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highest values (0.491-0.493%), suggesting combustion processes and potential CO,
emissions from machinery or flaring. The northeastern area close to station A4 has lower
CO; readings (0.475-0.478%), indicating cleaner air there. Although small elevations may
suggest localised anthropogenic sources, the spatial homogeneity reflects the well-mixed
nature of CO; in the atmosphere [23].

The central-west zone has moderate to elevated PMy levels, with a peak range of
0.102-0.107 mg/m3 close to station Al. This is probably caused by open waste burning,
machinery movement, and dust from unpaved roads. Station A4 and other peripheral sites
reported lower PM;, values (0.0723-0.0781 mg/m?3), suggesting that the ambient air was
cleaner further from the operations centre. Because of flaring and petroleum operations,
TSP levels in the central zone, especially close to stations A2 and A3, peak between 0.2170-
0.2247 mg/m®. Near station A4, the lowest TSP values (0.1782-0.1860 mg/m2) were
recorded, indicating that less disturbed areas had lower levels of airborne dust and
contaminants.

4. Conclusion

The major aim of this inquiry is the full assessment of the air quality in the entire
Garraf oil field from March 2022 up to and including August. Through suitable sampling
and laboratory analysis, we were able to estimate the physicochemical parameters such as
total suspended particulate (TSP), PM10, carbon monoxide (CO), carbon dioxide (CO2),
hydrogen sulfide (H2S), sulphur dioxide (SO2), nitrogen dioxide (NOz), and hydrocarbon
content. After monitoring the concentrations of these components over a six-month
period, the findings were compared to the acceptable limits, and the chemically polluted
stations were determined. Using GIS and inverse distance-weighted interpolation (IDW),
the temporal-spatial distribution of these contaminants was examined. The resulting
chemical-physical pollution maps demonstrate that the most significant potential future
source of pollution in the study area is the epicentre of oil activity, particularly the vicinity
of the oil wells. There are several potentially harmful indications in the air around this
location. In order to improve air quality, satisfy Iraqi standards and regulatory
requirements, and safeguard the environment and public health, proactive methods like
pre-treatment and air filtering are crucial.
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