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Exercise 3:  Diagnostics of oil in water with fluorescence spectros-
copy and neural network analysis 

Introduction 
Diagnostics of oil pollution (OP) in natural waters is a very topical problem in environmental moni-
toring. One of possible methods of such diagnostics is fluorescence spectroscopy possessing all 
the well-known advantages of spectroscopic methods. 
However, it has been found that at OP concentrations in water from several µg/l to tens of µg/l the 
intensity of the fluorescent band of OP is considerably lower than that of aquatic humic substance 
(AHS), typical of coastal waters. In the general case, the fluorescence bands of OP and AHS over-
lap. Therefore, it is necessary to solve the problem of separating the small contribution of OP to the 
fluorescence of water sample. 
This problem can be solved with the help of artificial neural network (ANN) as the method of data 
processing. The results of the ANN-based processing of the fluorescence spectra of water samples 
have demonstrated the possibility of estimating OP concentrations in coastal waters down to a few 
μg/l. This holds also when the contribution from other organic compounds, primarily AHS, to the 
fluorescence bands of the environment exceeds the OP contribution by two orders of magnitude 
and more. 
During execution of this exercise, the students are suggested to obtain similar results on laboratory 
made water samples prepared by dissolving synthetic AHS and crude oil in distilled water. 

Methods 
The suggested algorithm of data processing assumes that there is no interaction between AHS 
and oil, and that the resulting spectrum is a linear superposition of the so-called base spectrum of 
AHS (spectrum recorded from a sample containing AHS solution without any oil present), and base 
spectrum of oil (spectrum recorded from a sample containing dissolved oil without AHS). Although 
this is not always the case, this assumption provides a satisfactory estimation of the amount of oil 
in the sample if the concentrations of AHS and oil are not too high. 
Moreover, the spectrum intensity in each channel is supposed to be linearly dependent on the fluo-
rescent parameter Φ0 proportional to concentration of the fluorescing substance. The sense of the 
Φ0 parameter is the ratio of the square under the fluorescence band to the square under the band 
of water Raman scattering present in the same spectrum (the internal benchmark technique, 
Fig.1). Thus, the intensity of the resulting spectrum in each channel is a linear superposition of the 
intensities of the two base spectra in this channel, with Φ0

AHS and Φ0
oil as weight coefficients. Cali-

bration of the Φ0 parameters, that is, transfer from the values of Φ0 to actual concentrations, is a 
separate procedure lying beyond the scope of this exercise. For example, for light oil Φ0

oil = 1 cor-
responds to oil concentration 5 μg per liter; for fulvo acid, Φ0

oil = 1 corresponds to fulvo acid con-
centration 0.15 mg per liter (for spectra measured at excitation wavelength 337 nm). 

However, the inverse problem of determination of Φ0
AHS and Φ0

oil values from the shape of the total 
fluorescence spectrum is hampered by the following factors. First, real spectra may have a sub-
stantial level of noise, different from experiment to experiment. Second, the shapes of fluorescence 
spectra of AHS and oil can be somewhat different from those used as base ones, if the types of 
AHS and oil are different from those that the base spectra were obtained for.  
ANN are a class of mathematical algorithms trained by examples. The procedure of training lies 
beyond the scope of this exercise. However, there may be two different approaches. In the first 
one (utilized in this exercise), the network is trained on simulated spectra obtained by linear com-
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bination of the base spectra, as described above. Any interaction of the components is disre-
garded, but only two experimental spectra are enough to form the training set of data and to obtain 
an ANN capable to make a reasonable estimation of the parameters. In the second approach, it is 
necessary to record a large number of experimental spectra to train the network. For any ap-
proach, the error of the determined values can be determined only statistically by applying the net-
work to a separate examination set with known values of the determined parameters. 
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Fig. 1. The internal benchmark technique. Φ0 = Sfl/SR. 

A correctly trained ANN possesses the properties necessary for stable solution of the problem, 
including high resistance to noise and resistance to reasonable change in the shapes of the base 
spectra. Application of a pre-trained ANN to the analyzed experimental spectrum results in the re-
quired values of Φ0

AHS and Φ0
oil. However, it is necessary that the sought values of Φ0

AHS and Φ0
oil 

fall in the ranges of these parameters that were used to train the ANN. 
For ANN training, the following fluorescence spectra have been recorded: 

• spectra of distilled water (including Raman band, for reference purposes and for control of 
purity of the distilled water), of Aldrich humic substance (at Φ0

AHS = 4), and of crude oil from 
the North See (Hamburg oil) (at Φ0

oil = 0,8), that were used as base spectra for calculation 
of model spectra used to train the ANN; the calculation was performed by linear combina-
tion of model spectra, as described above; 

• spectra of mixtures containing Aldrich humic substance and North See oil in the following 
ranges of measured parameters: Φ0

AHS 0.5÷10 and Φ0
oil 0.1÷2; these spectra (total 15 spec-

tra) were used as the examination set to estimate the error of the results. 
All spectra were recorded with a Perkin Elmer LS50 luminescence spectrometer with the following 
instrumental settings: excitation wavelength 337 nm; excitation bandwidth 7 nm; emission band-
width 7 nm; scanning speed 120 nm/min. 

Experiments 
The following operations shall be performed: 

1. Measure fluorescence spectra of solutions of humic substance (AHS) in distilled water and 
of Hamburg oil in distilled water with a Perkin Elmer LS50 luminescence spectrometer. Cal-
culate the Φ0 values. 

2. Known quantities of the oil and AHS solutions are mixed in a separate vessel to prepare a 
sample containing both substances. Calculate the actual values of Φ0

AHS and Φ0
oil. Thesel 

values should fall within the ranges Φ0
AHS: 0.5÷10, and Φ0

oil: 0.1÷2.  
3. Measure the fluorescence spectrum of the mixed sample. 
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Measurements of all spectra are done with a Perkin Elmer LS50 luminescence spectrometer with 
the same instrumental settings as used for records of spectra for ANN training, i.e. excitation wave-
length 337 nm; excitation bandwidth 7 nm; emission bandwidth 7 nm; scanning speed 120 nm/min. 

Data processing 

Feed the recorded spectrum into the ANN, to restore the values of the parameters Φ0
AHS and Φ0

oil. 
Obtain values of the parameters and compare them to those estimated when the samples were 
prepared, taking into account the known errors of determination with the ANN. Make a conclusion. 

Further reading 
T.A.Dolenko, V.V.Fadeev, I.V.Gerdova, S.A.Dolenko, and R.Reuter. Fluorescence Diagnostics of 

Oil Pollution in Coastal Marine Waters by Use of Artificial Neural Networks. Applied Optics, 
2002, v.41, No.24, pp.5155-5166. 

Contact 
Dr Tatiana Dolenko, Prof. Victor V. Fadeev, Dr. Rainer Reuter & Dr. Frank Terjung  
Dr. Dmitri Maslov & Sergey Burikov Carl von Ossietzky Universität Oldenburg 
Moscow State University Institute of Physics  
Moscow 119992, Russia D-26111 Oldenburg, Germany  
tdolenko@radio-msu.net rainer.reuter@uni-oldenburg.de  
fadeev@lid.phys.msu.su  frank.terjung@uni-oldenburg.de 
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