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Spectral signature of Egyptian crude oils
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Abstract. Crude petroleum oils are complex mixtures of diverse hydrocarbons, in widely
varying compositions, that originate from a variety of geological sources. Fluorescence
emission spectra have been measured for two types of Egyptian crude petroleum oil, its light
and heavy products over a broad range of excitation and emission wavelengths. Both types of
crude oil products are characterized by spectral signatures with a differing topography: the
number of fluorescent peaks, their coordinates (Aex, Aer) On the plane of the three dimensions
spectrum, and the shape of the bands formed by the contour line density, changeable in either
direction. The refined light oil shows emission spectra at A, between 350 and 500 nm
according to the excitation wavelength. The refined heavy oil shows very broad unstructured
emission spectra with A, >400 nm. As a group, they could certainly be distinguished from
the light oil samples and most of the crude oil.

1. Introduction

Physical methods are now used widely in environmental science to analyze environmental data,
estimate environmental impact of production and consumption, investigate the consequences of policy
measures and help prepare government regulations [1]. Accurate quantitative analysis of the
composition of the surface water, the soil or the atmosphere is crucial in our assessment of the quality
of the environment and our judgment of the relative success of measures taken to reduce pollution.
Fluorescence techniques represent one of the most powerful and promising tools for the monitoring of
aquatic media [2-6]. Crude petroleum oils (CPOy) are complex mixtures of diverse hydrocarbons, in
widely varying compositions, that originate from a variety of geological sources [7-11]. The ultimate
fate of the majority of this oil to a large extent remains an unresolved mystery. Accordingly, the final
impact of this oil on the environment and mankind is an unsettling and anxious question [12]. The
extensive pollution of the seas by oil has resulted in an increasing demand for an accurate teledetection
system. The information that such a system should provide can be summarized as: is the water
polluted with oil, and if it is, with what kind of 0il? [13-19]. In this work, we demonstrate the total
luminescent spectroscopy (using different wavelength for excitation) for representative fingerprint of
different types of oil and its products.

2. Material and method

Two types of crude petroleum oil Samples (Balaaiem and West Desert oil), its light (Triptane, Jet A,
and Kerosene) and heavy (Balaaiem and West Desert Solar) products were provided by Alexandria
Petroleum Company. Fluorescence measurements of samples under study were carried out by using
Spectrofluorometer LS 55 (Perkin Elmer). Excitation and emission slits were set to 10 nm width. All
measurements were made using the real, non—degassed samples in quartz cell. Each sample was
excited at different wavelengths and fluorescence emissions were recorded for each excitation.
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3. Results

3.1. Fluorescence spectra of crude oil samples

The fluorescence spectra of crude oil samples were recorded. For example, Figure 1 shows the West
Desert crude oil spectra, its shown that the broad unstructured emission spectra with maximum
intensity at wavelength (An.) between 400 and 530 nm according to the excitation wavelength.
Generally, emission intensity of crude oil increases with increasing of excitation wavelength up to 440
nm and its emission spectra shift to right with increasing excitation wavelength. Spectra of the two
types of crude oil show a relatively small difference through the spectral range considered here. Thus
under field conditions, the two crude oil samples would not be distinguished by means of their
fluorescence emission spectra. As an example, Figure 2; show the corresponding three dimensions
fingerprints and contour lines of West Desert crude oil. The contour lines of West Desert crude oil has
two maximum emission peaks around an excitation - emission pair of (393, 450 nm) and (440, 500
nm), while the contour lines of Balaaiem crude oil has one maximum emission peak around excitation-
emission pair of (410, 470 nm).
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Figure 1. Fluorescence spectra of West Desert crude oil at different excitation wavelengths.
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Figure 2. Three dimensions fingerprint and contour lines of West Desert crude oil.
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3.2. Fluorescence spectra of oil products

3.2.1. Light products. The three dimensions fingerprints and contour lines of triptane, Jet Al, and
kerosene were constructed. As an example Figure (3) shows the three dimensions fingerprints and
contour lines of triptane. The contour lines of triptane has one maximum emission peak around (320,
390 nm), Jet Al also has one maximum peak around (340, 370 nm), and kerosene has two maximum
emission peaks around (320, 355 nm) and (347, 407 nm).
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Figure 3. Three dimensions fingerprint and contour lines of Triptane.

3.2.2.  Heavy products. The three dimensions fingerprints and contour lines for West Desert and
Balaaim solar were constructed. Figure (4), shows the corresponding three dimensions fingerprints and
contour lines of West Desert solar. The contour lines of West Desert solar has two maximum emission
peaks around an excitation — emission pair of (400, 450 nm) and (440, 520 nm). The contour lines of
Balaaiem solar, has two maximum emission peaks around (400, 457 nm) and (440, 505 nm).
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Figure 4. Three dimensions fingerprint and contour lines of West Desert solar.
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4. Discussion

In the present work, the various crude oil, light and heavy products are characterized by spectral
signatures with a differing topography: the number of fluorescent peaks, their coordinates (Aex , Aem )
on the plane of the three dimensions spectrum, and the shape of the bands formed by the contour line
density, changeable in either direction. By counting the coinciding coordinates of peaks, it is possible

to differentiate between the various samples as shown in Table (1).

Table 1. Catalog list of maximum coordinates (Aex, Aem) On three dimensions diagrams

NO. Matter (}"exs )\'em); (nm)

1 West Desert crude oil (393; 450) and (440; 500)
2 Balaaiem crude oil (410; 470 nm )

3 Triptane (320; 390)

4 Jet A, (340; 370)

5 Kerosene (320; 355) and (347; 407)
6 West Desert solar (400; 450) and (440, 520)
7 Balaaiem solar (400; 457) and (440; 505)
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