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Abstract 
Egypt is a highly populated country of about 85 million inhabitants that are concentrated on the 
Nile Delta and on the flood plain of the Nile River. More than 90% of this population relies on the 
Nile River in their water demand for domestic use. Currently, Egypt is facing a problem with the 
trans-boundary water budget coming from the Nile basin. This urges for managing the water 
quantity and quality to secure the water needs. This paper discusses the potential use of airborne 
hyperspectral data for water quality management in the form of detecting the oil contamination in 
the Nile River in integration with in-situ measurements including ASD spectroradiometer and 
eco-sounder multi-probe devices. The eco-sounder multi-probe device measured most of the wa-
ter quality parameters and detected the existence of oil contamination at 1200 bb downstream of 
the study area. The airborne hyperspectral images were analyzed and calibrated with the spectral 
library determined from the in-situ spectroradiometer to map the patches of the oil contamination. 
The details of the findings and learning lessons are fully discussed in the paper. 
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1. Introduction 
The Nile River is the main source of fresh water resources in Egypt for domestic use and agricultural purposes 
[1]. The Egyptian water budget is limited to 55 billion m3 from the transboundary Nile River water course. 
Egypt is currently facing the problem of water shortage due to the development of some mega projects on the 
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catchment of the Nile River, which consequently created some political conflicts on the Egyptian transboundary 
water budget. This might create a future threat on the population [2]. Therefore, there is a need to manage the 
quantity and quality of the water resources to secure the population needs.  

Important issue is the water quality such as the flush of agricultural wastes and human wastes and unforesee-
able pollution crisis. Generally, the water quality of the Nile River, including the delta, is fragmentary and there 
is an absence of long-term data that could be used to establish trends. For example, in the industrial estates of 
Cairo suburbs, Helwan and Alexandria, oil spills are frequent due to river-navigation accidents [3]. Recently in 
November 2012, an accident of oil contamination from unknown source discharged a huge quantity of hydro-
carbons to the Nile River. Unfortunately, this is the case, where unknown source of nearly 10 tons of oil hydro-
carbon discharged into the upstream of the Nile River within the Egyptian Territory. The treatment plants for 
drinking water are taking the water from the River Nile; this, indeed, made a serious national worry about the 
health of the people. This kind of pollution will probably create a major damage to the aquatic environment and 
the people’s health, which requires an urgent response from the government to a) determine the size and expan-
sion of the oil slick; b) identify the point-source of this oil slick; and c) determine its environmental implications 
on the water quality. This requires an effective and synoptic tool to provide quick response to the decision mak-
ers that is not applicable using conventional methodologies. This challenged us for adopting the advanced re-
mote sensing technology such as hyperspectral imaging that offer such capabilities for monitoring and mapping 
the contamination in a synoptic and comprehensive approach [4]. 

New approaches and methodologies of remote sensing, including active and passive, are available for the de-
tection and monitoring of environmental parameters, particularly oil slicks in the marine environment [5] [6]. 
However, radar sensors showed extensive applications in open marine pollution with oil slicks, there is a lack in 
this technology in developing countries and it is probably not applicable in small water mass. Recently, hyper-
spectral sensors have started to be used for oil slick monitoring purposes [7]. Key advantage of hyperspectral 
imaging is that it provides sufficient spectral information to identify and distinguish between spectrally similar 
objects. This is due to the fact that it measures the reflected solar signal at very narrow band width up to 5 or/and 
10 μm with wide range from visible to the infrared electromagnetic radiation. This enables for the ability to 
make proper distinctions among materials with only subtle signature differences [8] [9]. Hyperspectral images 
show hence potentiality for proper discrimination of oil slicks from the surrounding environmental parameters.  

The National Authority for Remote Sensing and Space Sciences (NARSS) has recently been equipped with 
airborne hyperspectral HySpex camera that is used to capture images for the Nile River in response to this acci-
dent of oil pollution. To precisely analyze, interpret and validate the airborne hyperspectral data, two types of 
in-situ measurements were carried out including 1) spectroradiometer and 2) eco-sounder of water quality para-
meters. This paper aims at testing the efficiency of detecting oil slick pollution and manages such environmental 
crisis using our resources of airborne hyperspectral camera and ASD spectroradiometer and multi-probe 
eco-sounder. It is anticipated that the outcomes of this research will be the baseline for crisis management in 
Egypt in similar environmental problems. 

2. Area of Study 
The area of study is part of the Nile River between 29˚55ꞌ to 30˚25ꞌN and 31˚10ꞌ to 31˚15ꞌE, which lies between 
Central Cairo and El-Hawamdya suburb area (few kilometers from the city of Cairo). This region of the Nile 
River is particularly investigated due to its closure to Cairo city and the existence of a water treatment station. 
The setup of sampling profile was for about 20 km length and about 10 sampling sites within the Nile River. 
Figure 1 shows the study area (left) and the in-situ sampling sites (right) that measured both spectral behave us-
ing the spectroradiometer and the water quality parameters using the eco-sounder multi-probe device. 

3. Materials and Methods 
3.1. Materials 
For the purpose of mapping the oil slick contamination, a combination of airborne derived hyperspectral imag-
ing and near-real time in-situ measurements, of hyperspectral signatures using the ASD spectroradiometer and 
the water quality parameters using the multi-probe eco-sounder devices, was used.  
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Figure 1. Area of study (left = over view of the area of study, right = sampling sites of the in-situ for the ASD 
spectroradiometer and eco-sounder multi-probe device for water quality.                                  

3.1.1. Airborne Hyperspectral 
Hyperspectral imaging is based on a highly advanced HySpex camera, which acquires the light intensity (ra-
diance) for a large number of contiguous spectral bands (up to 270 channels). It is potentially capable to spec-
trally characterize objects at good level of accuracy. The HySpex camera was used in this study, which is capa-
ble for acquiring data from 400 nm to 2500 nm including a large portion of the infrared spectrum. The HySpex 
camera has largely been used for previous studies and has shown its usability to monitor water quality. The 
spectral line of HySpex camera comprises of VNIR model operating in the range from 400 to 1000 nm, and 
SWIR models operating in the range from 900 to 2500 nm. The altitude of the camera was 800 meter above sea 
level (ASL) and the Field of View was 16˚ for the VNIR and 13.5˚ for the SWIR, which provided spatial resolu-
tion of 35 cm for the VNIR and 70 cm for the SWIR images. For many applications such as the oil slick conta-
mination the reflection and absorption properties in the infra-red (IR) bandwidth are essential to characterize, 
quantify or classify the objects in the scene.  

The imaging system should have an IMU-GPS (Inertial Measurement Units) system for auto georeferencing 
of the images based on the continuous logging of the position and attitude data for the camera. Unfortunately, 
this system was not fully functioned during this flight, which generated arbitrary images that are not georefe-
renced to the real world coordinate. 

3.1.2. In-Situ Spectroradiometer 
The ASD spectroradiometer was used to measure the spectral characteristics of water and any other contami-
nants in the spectral range from 350 nm to 2500 nm. The technical specification of this device is shown in Table 
1 below. It was planned for real time measurements at the same time of capturing the airborne hyperspectral 
imaging (Figure 2—Right) [10]; but due to accessibility issues there was little time lap of about 6 - 8 hours. 

3.1.3. In-Situ Water Quality–Eco-Sounder Device 
Water Quality multi-probe device (Manta 2™) was used to measure directly some of the water quality parame-
ters including temperature, turbidity, pH, Oxidation Reduction Potential, Conductivity, Crude Oil and Chloro-
phyll. The sensor has a built-in GPS system (Global Positioning System) that enables for obtaining the real  
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Figure 2. Field picture of the in-situ measurement devices (right = ASD spectroradiometer, 
left = eco-sounder multi-probe).                                                   

 
Table 1. Technical specifications of the ASD spectroradiometer.                                      

Variable Technical Specs 

Spectral Range 350 - 2500 nm 

Spectral Resolution 3 nm @ 700 nm 8 nm @ 1400/2100 nm 

Sampling Interval 1.4 nm @ 350 - 1050 nm 2 nm @ 1000 - 2500 nm 

Scanning Time 100 milliseconds 

Wavelength reproducibility 0.1 nm 

Wavelength accuracy 0.5 nm 

Maximum radiance VNIR 2X Solar, SWIR 10× Solar 

Channels 2151 

Calibrations Wavelength, absolute reflectance, radiance*, irradiance*.  
All calibrations are NIST traceable. (*radiometric calibrations are optional) 

 
geographic location for the sampling sites (Figure 2—Left). The device is designed to directly measure these 
parameters while it is in the water and directly store the results into the connected laptop. The advantage of the 
existence of the GPS system is that enabled for automatic transfer of the data into a GIS format for geographic 
information analysis. 

3.2. Methodology 
Unfortunately, it is discovered, during the flight, that the IMU system (Inertial Measurement Units) was not ful-
ly functioned, which resulted in the airborne hyperspectral images were not geometrically referenced. The at-
tempts to rectify these images using GCPs or other sources of geographic coordinates failed due to a) the obli-
queness of the images, and b) the GCPs that are not correctly aligned. Therefore, it was decided to use these 
hyperspectral images in an arbitrary manner to identifying the occurrence and the spatial extent of the oil conta-
mination and more importantly not to waste the time and efforts spent on the airborne data. Besides there was an 
urgent need to provide response to the decision makers about the oil slick contamination. 

Basic image processing techniques including filtering (e.g. convolution filters), enhancements (e.g. stretching) 
were used to discriminate the patches of the oil spill contaminations. This was based on the spectral absorption 
windows of oil slicks in the electromagnetic radiation and using the spectral signature taken by the spectroradi-
ometer. A classification of the hyperspectral channels were carried out to extract and identify the oil spills.  

Left Right
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4. Results 
The interaction between the oil slick and the optical electromagnetic radiation is governed by the light transmis-
sion and reflection through the oil slick [11]. This light includes down-welling solar radiation and upwelling re-
flected light and scattered light from the underlying water and the oil itself. Four recognizable windows of ab-
sorption of electromagnetic radiation with oil contamination, which are 1) visible range from 400 - 800 μm; 2) 
near infrared range from 1100 μm to 1220 μm; 3) near infrared range from 1600 μm to 1760 μm; and 4) short 
wave infrared range from 2200 μm to 2350 μm [12]-[14]. Figure 3 shows the spectral response of the 10 in-situ 
sampling sites in the Nile River in correlation with the predefined four absorption windows. 

Basically, in the visible spectrum range the optical behavior of oil is governed by the light transmission and 
reflection through the oil slick. Identification of the oil layer in contrast with the under-laying water is almost 
successful where sub-surface upwelling radiance is higher relative to specular sky radiance water reflection in 
the range of 480 - 570 nm [15]. However, thin layer of up to 10 μm generated a steeper fall off in the reflectance 
(i.e. great absorption) towards blue for spectra spanning from 470 to 800 nm [16]. This behavior of oil slick with 
optical radiation was clearly observed with the in-situ measurements in the range from 580 μm to 800 μm 
(Figure 4). The high absorption of this electromagnetic window increases downwards to the direction of the 
source of the oil contamination in the Nile River, which might indicate for increasing the thickness of the oil 
layer in the south direction to the point-source (Figure 4—Arrow Line). 

The second absorption window is in the near infrared spectrum range, the appearance of the oil slick in this 
range is controlled by the carbon-hydrogen bond, which is clearly generate an absorption window in the range 
from 1190 nm to 1210 nm [11] [12]. Figure 5 shows the occurrence of an absorption window in the range from 
1120 μm to 1160 μm. It is highly correlated with the previous findings by [12], however there is minor shift of 
the spectral response. Since the controller in this electromagnetic radiation behave is the Carbon-Hydrogen bond, 
it might be the difference between the type of the crude oil, or its interaction with fresh water rather than sea 
water has created such shift of the absorption window. However, the spectral response maintained the same 
shape of fall down of reflectance (i.e. absorption window—Arrow Line). 

The behavior of electromagnetic radiation with the oil contamination in the other ranges of the shortwave 
infrared was not almost clear and not corresponding to the exact central wavelength determined in earlier re-
search by [13]. The spectral behave showed the occurrence of series of absorption windows in this spectrum 
range but not well centered and correlated with the previous research outcomes. However, the short wave infra-
red range showed clear absorptions with little shift of the central wavelengths. This shift might be due to a) the 
variability of the thickness of the oil layer, and b) the spectral behave of the oil layer within the aquatic fresh 
water environment that includes flora. 

 

 
Figure 3. The ASD hyperspectral curve of the Nile River overlaid with the known four absorption windows of crude oil 
pollution.                                                                                             
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Figure 4. The reflectance of the ASD hyperspectral visible range from 480 - 800 nm in response to the oil contamination.  

 

 
Figure 5. The reflectance of the ASD hyperspectral in the range from 1100 - 1160 nm in response to the oil 
contamination.                                                                              

 
The ASD field spectroscopy showed considerable high absorption window in the range from 1120 to 1140 nm, 

which is more indicative for the presence of the oil hydrocarbons contamination. This was confirmed with the 
in-situ measurements, where scattered oil slicks in dark patches were recorded moving on the surface water of 
the Nile River. The longitudinal cross section of the in-situ measurements showed thicker oil slicks towards the 
upstream of the Nile River in the direction of the point-source of the oil hydrocarbons contamination. This was 
clearly recorded at El-Hawamdya station, which is getting closer to the source of the oil pollution (Figure 6).  

However, the airborne images were not geometrically corrected due to the malfunction of the IMU system, 
they were used arbitrarily to determine the extension of the oil slicks and pathway. The most recognizable area 
for oil hydrocarbon contamination using the ASD in-situ spectroradiometer was at El-Hawamdya area (station  
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Figure 6. The reflectance of the ASD hyperspectral in the shortwave Infrared in response to the oil contamination. 

 
10). This site was used to test the airborne images, the spectral analysis of the airborne hyperspectral image at 
this site showed a nearly similar behave to the obtained from the in-situ measurements. Figure 7 shows the 
spectral curve obtained from the hyperspectral image showing particular absorption windows at near infrared 
between 1000 and 1200 μm.  

There were other absorption windows that are recorded at the shortwave infrared between 1550 and 1700 μm. 
However the shortwave infrared between 2000 and 2500 mm was showing some oscillation of the curve that 
looks like absorption windows but it could not precisely interpreted as a response to oil hydrocarbon contamina-
tion. 

Applying the digital image processing of enhancement and classification on the airborne hyperspectral image 
at El-Hawamdyasite has clearly showed patches of oil slicks. Figure 8 shows an enhanced hyperspectral image 
for El-Hawamdya site, which clearly shows an oil contamination, patches outlined by yellow color lines and 
moving downstream to the north direction. 
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Figure 7. The reflectance of the airborne hyperspectral image at El-Hawamdya site.                                

 

 
Figure 8. Enhanced airborne hyperspectral image showing the detected oil hydrocarbon contamination 
outlined in yellow color.                                                                       

 
Finally, correlation between the two methodologies of hyperspectral measurements using the in-situ and the 

airborne were validated against the in-situ measurements of water quality using the eco-sounder multi-probe de-
vice. The correlation between the two types of in-situ measurements showed positive correlation between the 
absorption window of the spectroradiometer and the presence of oil slicks recorded by the eco-sounder. The in-
crease of the oil slicks thickness, which supposed to be in the range of 10 - 50 μm, was in the direction of the 
point-source. In the same direction, the water quality device recorded an increase of the CO-rfu parameter, 
which is indicative for the occurrence of oil hydrocarbons contamination.  

The rest of the measured water quality parameters including the conductivity or Raw Fluorescence Units 
(CO-rfu) and the Oxidation Reduction Potential (ORP) which recorded with high values are correlated with the 
occurrence of the oil contamination. Figure 9 shows the significant increase of the CO-rfu towards the upstream  
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Figure 9. Curve of the in-situ measurements of CO-rfu and ORP using the eco-sounder multi-probe device.     

 
(the direction to the point-source of the oil contamination); which significantly increased from 200 at station 1 
(downstream) to 1300 at station 10 (upstream). Comparatively, the higher the CO-rfu the lower the ORP (oxida-
tion reduction Potential); which is the case where there is a decrease of ORP from north to south in the direction 
to the point-source of oil hydrocarbon pollution [17]. 

The longitudinal cross section of the in-situ water quality measurements indicated for a significant increase of 
the concentration of the CO-rfu downstream in the direction of the source of contamination from station 1 to 10. 
It is found that the ORP-mV parameter is showing concentration decrease compared to the CO-rfu in the same 
direction (i.e. in the direction to the point-source of the oil contamination). This is the typical negative correla-
tion between ORP and CO-rfu. Indeed, this confirms and agrees with the spectral findings in the same direction 
of absorption windows related to oil hydrocarbons contamination. 

5. Discussion and Conclusion 
Oil slick contamination in fresh water supplies, such as the Nile River, is more dangerous on the domestic use of 
water creating health problem as well as other threats on the aquatic resources. It might also negatively impact 
the living organisms particularly the fish, which is one of the main resources for securing food in the country. 

This research was in response to an incident of oil slick contamination in the Nile River, which is the main 
domestic water supply to the country. The research plan was to operationally manage the oil slick contamination 
using the airborne hyperspectral data and in-situ measurements of spectroradiometer and water quality eco- 
sounder multi-probe devices. The main objective was to develop full synergy of these data sources to enable for 
synoptic and precise mapping of the contaminant and create possible action plan for mitigation measures. The 
outcomes of this research confirmed that the hyperspectral technology is very useful for detecting and mapping 
oil slick contamination, however, the planning was not as optimum as supposed to be in such or similar crisis 
management. Figure 10 shows the correlation between the hyperspectral response obtained from the airborne 
system and the same pixels obtained from the ASD spectroradiometer on-site. It shows linear positive correla-
tion with r2 of 0.55, which is indicative of the conformity between the two systems. This provides a concept for 
future use of the in-situ spectroradiometer measurements as the spectral signature for the airborne system. 

The use of water quality eco-sounder multi-probe was important to identify the relevant water quality para-
meters that are directly correlated with the spectral response of oil contaminations such as ORP. Since the aqua-
tic fresh water of the River Nile is dominant by flora (halophytes) that probably create influence on the disper-
sion, patching or/and scattering of the oil contamination within the fresh water environment. This might not be 
the same as sea water, since the sea water is an open mass of water. 

Continuous data acquisition is considered as an important factor for understanding the response from the Nile 
River surface water to different phenomena and frequent changes. The use of such in-situ spectroradiometer 
sensor in conjunction with the airborne hyperspectral imaging is becoming an efficient and reliable data source 
to detect and monitor oil slicks. The airborne hyperspectral imaging system is making potential use of larger in- 
cidents due to the advantages of obtaining larger area coverage and the efficiency of detecting and mapping the  
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Figure 10. Correlation coefficient between the spectral reflectance obtained 
from both the airborne hyperspectral and the in-situ ASD spectroradiometer.   

 
oil contamination slicks based on the absorption windows. 

This is the first action plan to test and examine such advanced techniques in Egypt to manage pollution crisis, 
which created learning lessons and findings for future plans. The argument case here is that there was a failure 
to achieve full synergy between the airborne hyperspectral imaging system and the in-situ measurements that 
lead to the potential needs for: 
 Full checkup of the airborne system before starting to fly over or implementation process, 
 Procuring more advanced planning package for flights to enable getting flight line as quickly as the crisis 

needs, which makes maneuver and saving time, effort and success of capturing the images, 
 Testing the IMU system for georeferencing the captured images to the real-state plan. This is an important 

step towards obtaining information for the right location to enable for the correct measures to mitigate the 
crisis. 

Finally, in developing countries, there is a need for practicing more on the best fit scenario for crisis man-
agement and planning and interactive dealing with the crisis particularly the synergy between multi-sources of 
data in an urgent matter and short-time. 
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