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Abstract 
 
Oil spills are one of the major environmental challenges affecting urban coastal cities 
globally. A critical industrial area, known as El-Suez refining plant, located in the Suez city 
in the northwestern Gulf of Suez, was chosen as a case study. 
Therefore, this study aims to detect spatial-temporal contaminated soil from oil seepage 
events to understand the role of human activities and the physical condition of the study 
area. This was achieved using maximum likelihood classification, using multi-spectral 
satellite data of Sentinel-2 integrated with field sampling and previous studies on the same 
area. Analyzing Sentinel-2 data from 2015 to 2021 revealed a potential increase in 
contamination, coinciding with darker areas observed in the images. Additionally, spectral 
reflectance analysis confirmed the presence of hydrocarbons, with the 1700nm wavelength 
being the most reliable for detection. The resulting Land use Land cover (LU-LC) shows 
acceptable accuracy, with 83.33% overall and 80% for detecting contaminated soil, 
showcasing its potential for large-scale monitoring. The study successfully identified 
contaminated areas near pipelines and deactivated land farms, suggesting past 
bioremediation attempts. This study can be applied in similar areas to mitigate the oil spills 
from storage tanks and oil transfer pipelines, enhancing the environmental management 
strategy of oil pollution. 

Introduction 

Hydrocarbon micro-seepage is a common 

environmental issue occurring due to onshore oil 

tanks and transferring pipelines in urban coastal 

areas.  Oil spills, when they occur in this environment, 

display a different spectral appearance that 

distinguished them from the surrounding land covers. 

Usually oil spills with the presence of characterized by 

the abnormal natural surface spectral landscape 

characteristics of mineral alteration features and 

geobotanic anomalies like formatting dark spots that 

can be detected by satellite imagery [1]. Multispectral 

remote sensing, i.e., Landsat and Sentinel-2, stands 

out as a vigorous technology, offering cost-effective 

spatiotemporal monitoring of contaminated soils 

compared to traditional methods [2].  

 

Traditional soil assessment methods often rely on 

raster sampling, necessitating numerous sample 

collections and intricate laboratory procedures like 

separation and preconcentration [3]. This can be 

burdensome for large-scale mapping of contaminated 

areas. Therefore, there's a growing demand for faster, 

environmentally friendly, and cost-effective sensing 

technologies. Fortunately, these modern techniques 

offer significant advantages over their predecessors, 

including portability, rapid data acquisition, broader 

detection ranges for elements, minimal sample 

preparation needs, and user-friendly operation [4]. 

By utilizing proximal and remote sensing 

technologies, we can gain valuable insights for both 

pollution detection and ecological risk monitoring [5]. 

[6] conducted research using multi-temporal Landsat 

imagery scenes to study the quantity of polluted area 

at Burgan Oil field, Kuwait. They used algorithms to 

estimate Land Surface Temperatures (LST) from 

emitted radiance to detect contaminated areas and 

correlate them with polluted areas at field. Using 

electromagnetic radiation for collecting information 

of an object or phenomenon without physical contact 

is the definition of remote sensing according to [7] as 

well as [8]. 
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Figure 1 Sources of spilled oil in Suez Gulf [9]. 

 

[10] used WorldView-3 super spectral satellite 

images for direct hydrocarbons detection in 

contaminated soils. The study utilized multiple 

datasets of spectral signatures libraries collected from 

several simulation experiments; data of hyperspectral 

imaging instrument for distinctive hydrocarbons 

measured in the laboratory and an imagery acquired 

by airborne instrument with VNIR and SWIR bands. In 

addition to WV-3 data. It was clear that hydrocarbons 

absorption feature in WV-3’s band 12 is resilient 

enough and persists under various conditions to 

detect contaminated soils with hydrocarbons. 

 
While both (Sentinel-2 and Landsat-8) offer 
multispectral data, Sentinel-2 boasts a higher spatial 
resolution (10m vs. 30m for Landsat 8), enabling 
precise characterization of individual refinery features 
like storage tanks and potential leakage zones. 
Furthermore, Sentinel-2's inclusion of red-edge and 
near-infrared bands facilitated accurate 
differentiation between healthy and potentially 
contaminated vegetation, crucial for our assessment 
of environmental impacts [11]. Finally, the 5-day 
revisit time of Sentinel-2 compared to Landsat 8's 16-
day revisit time allowed for more frequent monitoring 
of potential temporal changes in the refinery 
operations and its environmental dynamics. 
Therefore, Sentinel-2 satellite imagery was chosen 
due to its superior capabilities compared to Landsat. 
This combination of enhanced spatial resolution, 
targeted spectral bands, and improved temporal 
resolution made Sentinel-2 the optimal choice for our 
comprehensive study of the hydrocarbon refining 

plant in urban coastal areas.  
In Egypt, according to the data from the 

Environmental Management Units (EMU’s) of Suez 

Governorate, the total number of vessels passing 

through Suez Canal amounts to 16,000 vessels every 

year, with transferring around 125 million tons of oils 

and oil products yearly. Besides, approximately 3,000 

vessels sail to ports located in Suez. Tanker vessels are 

considered the main source of oil pollution offshore. 

Regional environmental management improvement 

project reports released in July 2008 powered by 

Japan International Cooperation Agency (JICA), 

mentioned that 19% of spilled oil in Gulf of Suez area 

caused by the breakdown or wrong operations in 

pipelines or storage tanks (Figure 1). Onshore oil spills, 

if not promptly addressed, can pose significant 

environmental and socioeconomic threats. 

Contamination of soil and groundwater can harm 

sensitive ecosystems and disrupt agricultural 

activities. Furthermore, oil spills can negatively impact 

coastal resources, affecting fisheries and tourism, vital 

sectors for the local economy. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 Airborne image of El Suez refinery plant area 

generated by google earth, showing dark spots inside 

studied area. 

 

Consequently, El-Suez refinery plant, located in 

northwestern Gulf of Suez, was chosen as a case 

study. Suez governorate houses six industrial zones, 

encompassing diverse industries, notably 26 oil-

related enterprises. Among these: El Nasr Petroleum 

company and Suez Oil Processing company both of 

them produce various petroleum derivatives 

(asphalt, kerosene, gasoline). Darker areas near their 

tanks (Figure 2) potentially indicate prior hydrocarbon 

spills. The targeted companies holding a prominent 

position in Egypt's refining sector, they are not only 

processes oil but also stores exported products in 

extensive tanks. Additionally, SAVOLA operates in 

food oil production with compliant wastewater 

treatment, while CALTEX, CO-OPERATION, ESSO, and 

MISR PETROLEUM provide marine fuelling services 

from El-Zaytyat Port storage facilities [9]. 

To this end, the aim of study is to monitor 

spatiotemporal hydrocarbon contaminated soil using 

Sentinel-2 between 2015 and 2021 in urban costal 

area. 

 

Study Area 
 

The survey was carried out at two Suez refinery 

companies located between 29° 59' 30" N 32° 27' 0" 

and 29° 55' 30" N, 32° 34' 0" E, at the western top of 

the Gulf of Suez shoreline as shown in (Figure 3).  The 

chosen study area comprises Suez Oil Processing 

Company and El-Nasr Petroleum Company, 

represents a significant hub for oil operations within 

Egypt. The heavily industrial activities including oil 

refining, storage, and transportation, while 

contributing to the region's economy, also entails 

inherent risks of environmental contamination, 

particularly through potential oil spills onshore [12]. 

For example, the combined processing capacity of 

these companies approximately 68,000 barrels per 

day (BOPD). Moreover, the presence of El Nasr 

Petroleum Company further expands the range of 

petroleum derivatives produced and handled within 

the vicinity. Additionally, numerous companies  
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Figure 3 Geographic location of the studied area. 

 

like Misr and CO-OPERATION operate storage tanks 

adjacent to El-Zaytyat Port for marine vessel fueling. 

With such a dense concentration of oil 

infrastructure and operations, the potential of 

onshore spills arises from various sources. Various 

unexpected events, including leaks from aging 

pipelines, storage tank malfunctions, human error 

during transportation, and even accidents during 

refinery operations, can all contribute to oil releases 

onto land. Studies have highlighted the vulnerability 

of coastal areas to onshore spills, emphasizing the 

need for robust containment and mitigation strategies 

([13]; [14]; [15]). 

 

Data Collections and Methods: 

 The field ground truthing points were collected in 

the soil contamination areas within the Suez refinery 

plant (Figure 4). The location of samples was stored 

using GPS device to be used in extracting spectral 

signatures from satellite images for related soil 

contaminated class, as shown in (Figure 5). Initially we 

observed contamination levels at five points around 

the Suez Refinery Plant (Table 1). Two points inside 

the plant represented low and heavy contamination, 

while three points outside represented clear soil, soil 

with groundwater contamination, and soil near 

buildings.  

 
Table 1 Coordinates of some reference points 

 

Then we repeated this method using optical 

observation of contamination and previous studies on 

the same area to get more reference points. These 

points are reassigned on aerial image to be used as 

dataset to generate Region of Interest (ROI’s). 

Choosing pure ROIs from field georeferencing in situ 

point for every feature on satellite images then 

extracted the values from image pixels and integrated 

to be used in classification method using ENVI 

program. 

 
Figure 4 Showed ground truthing points on green 

colour located on Sentinel-2 image. 

 

The current study utilized two different satellite 

image datasets. The first dataset consisted of 

Sentinel-2 images with varying spatial resolutions 

(10m, 20m, and 60m) covering the Suez governorate 

region. Sentinel-2A and Sentinel-2B satellites provide 

data in 13 bands through their Multispectral 

Instruments (MSI). Level-1C products, offering ortho-

rectified top-of-atmosphere reflectance, were 

downloaded from the USGS website and used from 

2015 to 2021.  The second dataset included 

Planetscope imagery with four visible and near-

infrared spectral bands at 3-meter pixel resolution. 

This dataset was acquired on October 21, 2021, 

through collaboration with NARSS (National Authority 

for Remote Sensing and Space Science). 

 

 
Figure 5 Site images showed contaminated soil inside Suez 
refinery plant (Hydrocarbons at liquid phase & mixed with 
soil phase, using Sentinel-2 in 2015). 

 

Data processing workflow included pre-

processing, processing, accuracy assessment, and 

integration with field data. Pre-processing involved 

radiometric calibration to convert digital numbers 

(DN) to top-of-atmosphere (TOA) spectral radiance. 

This was achieved by multiplying corrected image 

pixels by the calibration factor and dividing by the 

effective bandwidth. 

Accuracy assessment employed a confusion 

matrix, a table with reference (observed) class 

categories as columns and classified (mapped) 

categories as rows. Each cell represents the number 

of observations mapped to a particular category that 

were actually observed in a different category. 

Diagonal cells indicate agreement between the map 

and ground truth, while off-diagonal cells represent 

misclassifications ([16]; [17]; [18]). 

LattitudeLongitudePoint

29.9610637732.50059591Light Contaminated

29.962282532.49980907Heavy Contaminated

29.9562555932.50842699G-water

29.9547543432.51810818Clear

29.9627293932.51928045Buildings
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Then by using confusion matrix data Kappa 

statistics were calculated to show the difference 

between actual agreement and the agreement 

expected by chance [19]. 

 

 

Results and Discussion 

This study compared Sentinel-2 and Planetscope 

images to assess their suitability for precisely 

identifying contaminated soil (Figure 6). The results 

revealed that Sentinel-2's superior multispectral 

capabilities make it more sensitive to identifying oil 

spills compared to the Planetscope sensor. 

Sentinel-2 observations from 2015 to 2021 were 

used to analyse changes in the intensity of darkness in 

potentially contaminated areas, revealing a peak in 

the year 2021. These observations also captured 

variations in sea colour across different locations, 

reflecting changes over time potentially resulting 

from oil leak activities in the gulf (Figure 7). 

 

 
Figure 6 Planetscope and Sentinel-2 images of El Suez 
refinery plant in 2021 showed the high resolution of 
PlanetScope over Sentinel-2 to select ROIs and produce 
clustering map. 

 

 
Figure 7 Sentinel-2 image of Suez refinery plant from 2016 
to 2021. 

Two samples each of contaminated and bare soil 

were collected and their spectral signatures were 

measured at the NARSS laboratory using an ASD Field 

Spec 4 instrument (Table 2). The resulting spectra are 

plotted in (Figure 8). These results were compared 

with those of Asadzadeh and de Souza Filho [10] and 

Correa Pabón, Souza Filho and Oliveira [20] in (Figure 

9). Consistent with previous research, our spectra 

revealed distinct hydrocarbon absorption features at 

1700nm (indicated with arrows). This feature, along 

with absorptions at other wavelengths, is 

characterized by a sharp left-side shoulder and a 

broader right-side shoulder, making the 1700nm 

wavelength the most reliable indicator of 

hydrocarbon contamination. 

Additionally, These curves show that reflectance 

generally decreases as soil pollution increases. Heavily 

contaminated soil exhibits nearly constant reflectance 

across the entire wavelength range, while unpolluted 

soils have higher reflectance. This analysis reveals a 

correlation between reflectance value and soil type, 

suggesting the possibility of estimating soil oil 

pollution levels based on reflectance data. The current 

findings align with those of Orlov et al. [21].  Zawrah 

et al. [14] succeeded to estimate the organic 

hydrocarbons that threaten shallow Quaternary 

sandy aquifer Northwestern Gulf of Suez, Egypt using 

gas chromatography (GC). Samples were collected 

from Suez Refinery plant in Suez. According to Richard 

O. Gilbert [22] and Abdel-Moghny et al. [13], using an 

American auger, with total samples reach 40 samples 

from 8 different points, between 29° 57′ 33″ N and 32° 

30′ 40′′ E, covering (1/15) of the total polluted area. 

Total petroleum hydrocarbon (TPH) extracted from 

eight samples then analyzed using gas chromatograph 

and data consisting of carbon distribution and 

percentage of paraffines for each sample were 

acquired. Sources can vary between vandalism, 

equipment failures, or accidents that cause direct 

pollution or discharge into the gulf and soil surface, 

[14].  

Snousy et al. [15] recently conducted a study on 

micropollutants spread and movement behaviour 

through heterogeneous environment of Suez Gulf and 

found that dense anthropogenic activities particularly 

petroleum processing cause huge damage to 

ecosystem. Mixed pollutants like Fe, Pb, HOCs were 

found with high concentrations which may lead to 

degradation of environmental quality and chain of 

negative impacts on the environment 

 
Table 2 samples collected from the studied site. 

 

K =
𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑  𝑎𝑐𝑐𝑢𝑟𝑎𝑐𝑦 −𝑐ℎ𝑎𝑛𝑐𝑒  𝑎𝑔𝑟𝑒𝑒𝑚𝑒𝑛𝑡

1−𝑐ℎ𝑎𝑛𝑐𝑒  𝑎𝑔𝑟𝑒𝑒𝑚𝑒𝑛𝑡
            

  

  

  
 

Sample description Lattitude Longitude Photos captured for soil samples 

Contaminated sample 1 29.95451 32.52889 

 

Contaminated sample 2 29.95451 32.52889 

Bare soil sample 1 29.9616 32.51165 

 

Bare soil sample 2 29.9616 32.51165 
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Figure 8 Reflectance spectra of collected soil samples, 
measured in NARSS laboratory using ASD Field Spec 4 
instrument, by authors, 

 
Figure 9 Reflectance spectra of HC-bearing compounds 
acquired from a variety of samples from Iran and Brazil, 
after Asadzadeh & de Souza Filho, (2016), 

 
 

Supervised classification results from 2015 to 2021 

reveal various land and water classes within the study 

area (Figure 10). The Suez Refinery Plant covers 

approximately 3.250 km2. Georeferenced data 

pinpoints contamination as red areas concentrated 

around storage tanks and pipelines within the plant. 

This contamination has increased from 2016 to the 

present day, indicated by the growth of the red 

polygon. While contamination decreased in 2017, red 

areas appeared in new locations within the plant for 

the first time. No significant changes were observed in 

2018, but contaminated areas were reduced in 2019, 

likely due to soil replacement. In 2020 and 2021, 

contamination reached its peak, potentially linked to 

an increase in the refinery's production capacity. 

 During field investigations, thirty reference points 

were recorded for later use in validating the accuracy 

of the supervised classification map. The classified 

map's resulting classes were compared to the 

originally designated reference classes for each point, 

and this comparison was used to construct the 

classification table (Table 3). The overall accuracy of 

the map, considering all classed areas, was 83.33%, 

and the Kappa statistic (K) was 0.8. Notably, the 

detection accuracy for contaminated soil was 80%, 

indicating good results for identifying contaminated 

areas in the final map. 

 

Figure 10 Supervised classification of Suez refinery plant 
from 2015 to 2021. 

 

 
Table 3 Accuracy assessment table for the unused points. 

 

Conclusion: 

This study demonstrates the potential of remote 

sensing techniques, particularly Sentinel-2, for 

monitoring and mapping hydrocarbon-contaminated 

soil in urban coastal areas. Compared to traditional 

methods, these techniques offer advantages like rapid 

data acquisition, minimal sample preparation, and 

cost-effectiveness. The analysis of Sentinel-2 data 

from 2015 to 2021 revealed an increase in the 

intensity of darkness in potentially contaminated 

areas, potentially linked to oil leak activities. 

Additionally, the study confirmed the effectiveness of 
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spectral reflectance analysis in identifying 

hydrocarbon contamination, with the 1700nm 

wavelength proving most reliable. Furthermore, the 

supervised classification achieved an overall accuracy 

of 83.33% and a detection accuracy of 80% for 

contaminated soil, highlighting its potential for large-

scale monitoring. This study revealed that 

contaminated soils with PHC were primarily located 

near pipelines and within deactivated land farms, 

suggesting industrial bioremediation techniques were 

previously used in these areas. The presence of 

hydrocarbon contamination in the Suez region was 

detected and confirmed using Sentinel-2 satellite 

spectral data. Ground truth validation demonstrated 

a strong correlation between maximum likelihood 

algorithm classification accuracy and field 

observations. The outlines of contaminated areas 

were successfully marked using the unique spectral 

patterns of contaminated soil. This evidence suggests 

potential hydrocarbon micro-seepage from Suez 

refinery plants. These findings highlight the 

effectiveness of remote sensing technologies for 

environmental monitoring and management in 

coastal regions, particularly for detecting and 

mapping hydrocarbon contamination.  
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