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Real-time fluorescence monitoring has been mostly performed in marine systems, with
little progress being made in the application of fluorescence excitation—emission matrix
(EEM) spectroscopy, especially for freshwater monitoring. This paper presents a two weeks
experiment where real-time fluorescence EEM data have been obtained for Bourn Brook,
Birmingham, UK, using an in-situ fibre-optic probe. Fluorescence EEMs were measured
every 3 min for two weeks, with control ‘grab’ samples every hour analyzed for fluores-
cence EEMs as well as pH, conductivity and dissolved organic carbon. Comparison of real-
time and control samples showed an excellent agreement, with no evidence of fibre-optic
probe fouling. EEMs of different character were identified using self-organizing maps,
which demonstrated seven clusters of fluorescence EEMs which related to the intensity of
fluorescence and relative intensities of peak T; and T, vs. peak C and peak A fluorescence.
Fluorescence intensity of peaks A and C were observed to increase with rainfall, and

a diesel pollution event was detected through an increase in T, fluorescence.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Fluorescence spectroscopy has been intensely used in recent
decades for the analysis of dissolved organic matter (DOM) in
water. The fluorescent DOM fractions, which are typically
observed in fresh waters and which provide water quality
information are tryptophan-like and tyrosine-like, indicators
of microbial activity and humic-like, derived from both
allocthonous and autochthonous sources. The excitation/
emission wavelength pairs are specific to each component
and are A and C for humic substances (lexcitation/Aemission
~225/400—500 nm corresponding to A, 300—350/400—500 nm
corresponding to C) and T; and T, for tryptophan (Aexcitation/

* Corresponding author. Tel.: +40 724116388; fax: +40 21 457 45 22.

Aemission ~280/~350nm — Ty, ~225/~350nm — T,), B for
tyrosine (Aexcitation/Aemission ~225/~305nm). These fluo-
rophores are reviewed, in more detail, in Hudson et al. (2007).

Many studies have shown that this technique can char-
acterize natural organic matter (Baker and Spencer, 2004;
Winter et al,, 2007) and detect different types of aquatic
pollutants, like sewage (Baker, 2001; Reynolds, 2002), oil
(Bugden et al., 2008; Patra and Mishra, 2002) or pesticides (JiJi
et al., 1999, 2000). Furthermore, DOM fluorescence data
correlate with water quality parameters such as total organic
carbon (Vodacek et al., 1995), aquatic plankton (Mopper and
Schultz, 1993) and biological oxygen demand (Reynolds and
Ahmad, 1997; Hudson et al., 2008). Based on fluorescence
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spectroscopy capabilities, Ahmad and Reynolds (1999) have
suggested applying this method for on-line process control in
sewage treatment plants. Subsequently, other studies have
implied the use of fluorescence spectroscopy as a potential
monitoring tool for recycled water (Henderson et al., 2009),
drinking water treatment processes (Cheng et al., 2004;
Bieroza et al., 2009a) and urban watersheds with sewage
effluents (Hur et al., 2008). Despite these implications, few
continuous real-time fluorescence experiments have been
performed on freshwater, mostly due to the lack of proper
instrumentation.

Until now, real-time fluorescence data have mostly been
obtained for seawater with instruments specifically designed
for this application (Chen, 1999; Barbini et al., 2003; Conmy
et al., 2004; Drozdowska, 2007). Similar equipment has been
used for freshwater studies in order to obtain continuous real-
time data (Spencer et al., 2007; Downing et al., 2009). However,
the continuous DOM monitoring was limited by the fixed
excitation and emission wavelengths, allowing the measure-
ment of only the terrestrial components. Another limitation
was the clogging of pre-filters which required frequent filter
replacement. Continuous monitoring has also been per-
formed by Carstea et al. (2009) who collected water samples at
hourly scale, but the measurements were made within 24 h
and not in real-time. These studies revealed that dissolved
organic matter varied at a daily timescale, depending on the
river type, and was highly influenced by precipitation.
However, this study raised many topics for further research
such as: does dissolved organic matter exhibit variability at
a higher frequency; is there different behavior in the protein-
like and humic-like components; if and for how long can
on-line measurements be performed without any cleaning
procedure; whether there are interferences in the fluores-
cence signal from biofilm formation; what is the optimum
measurement frequency? To attempt to answer these points,
here we continuously monitor, in-situ and real-time, the
water quality of a small urban catchment using a standard
bench-top fluorometer and fibre-optic probe. Also, the fluo-
rescence properties of a diesel pollutant, which was been
detected during the real-time monitoring, is presented and
analyzed using both peak-picking techniques and the expert
system approach of self-organizing map (SOM). SOM enables
robust pattern recognition of continuous fluorescence data
based on the information from the entire EEMs and not only
on arbitrary selected peak values.

SOMs are unsupervised neural network algorithms, which
represent an excellent tool for fluorescence data analysis
(Rhee et al.,, 2005; Bieroza et al., 2009a). Usually, EEM data
analysis is done with other multiway techniques, Principal
Component Analysis (PCA) and Parallel Factor Analysis
(PARAFAC), but SOM offers some important advantages over
these methods: high tolerance to noise and less time-
consuming interpretation and validation of final components
(Bieroza et al., 2009a). The SOM algorithm explores the input
data to find and extract fluorescence features, describing an
elementary pattern of information that represents the pres-
ence and spectral properties of particular fluorophores or
groups of fluorophores (Kohonen, 2001). The fluorescence
feature extraction involves nonlinear transformation of the
EEMs onto a two-dimensional map. Samples containing

fluorophores of similar quantitative (intensity) and qualitative
(emission and excitation wavelengths) properties are clus-
tered in the same regions of the SOM. When applied to anal-
ysis of continuous fluorescence data like in this study, a SOM-
based expert system can provide on-line evaluation of fluo-
rescence properties and detection of diesel pollution.

Recently, a robust SOM technique was successfully used to
examine the fluorescence data characterizing drinking water
quality and to reveal spatial and temporal patterns in organic
matter and fluorescence properties (Bieroza et al., 2009b).
Aymerich et al. (2009) showed that SOM method can effec-
tively classify phytoplankton fluorescence spectra and Rhee
et al. (2005) could discriminate between fermentation
processes using SOM analysis of 2D fluorescence spectra. A
more detailed description of the SOM algorithm can be found
in Kohonen (2001).

2. Materials and methods
2.1. Site description

Measurements were performed on a small urban river, the
Bourn Brook, from Birmingham, UK, which has a catchment
area of 27.91 km? (52°26.51 N; 1°55.49 W; Fig. 1). Apart from the
natural catchment sources, the river receives water only from
storm sewer systems and combined sewer overflows. The UK
Environment Agency most recently classified the river
chemical water quality as “good” (grade B) and biological
water quality as “fair” (grade D). During the period 2005 and
2007, Environment Agency routine chemical water quality
monitoring yielded the following mean values: ammonia
0.11 mgN/], dissolved oxygen 91.3%, nitrate 9.6 mg/l, phos-
phate 0.12 mg/1. Biological water quality using invertebrates
scored an observed 11 taxa (against an expected 24.7) with an
average score per taxa of 4.27 (against an expected score
of 5.73).

2.2.  Experimental design

The experiment was performed on 4—14 August 2009. Fluo-
rescence EEMs were recorded every 3 min using a Varian Cary
Eclipse spectrofluorometer, housed in a mobile laboratory that
was left bank-side to the river. The spectrofluorometer was
equipped with a fibre-optic probe and 1 cm path length probe
tip. The probe was inserted into a 50 mL sample chamber, into
which river water was continuously pumped at a flow rate of
~30 ml/min. Pre-filtering occurred in the river with three
parallel filter screens: a course mesh to screen for course
debris and then filters of 2 and 0.5 mm pore size. In order to
test the reliability of this design, no cleaning was performed of
any part of the apparatus. No clogging of the filters occurred,
although significant discolouration was observed along with
some fine sediment accumulation on the outer filter. Biofilm
fragments were visually observed in the tubing and sample
chamber, continuously increasing over the experimental
period. The system ran for 11 days until a power supply failure
occurred, with some small gaps in the data due to software
crashes.
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Fig. 1 — Sampling site on the Bourn Brook catchment.

Fluorescence spectra, in the form of excitation—emission
matrix (EEM), were recorded in the excitation wavelength
range 225-400nm and wavelength range
280—500 nm, with scan rate of 9600 nm/min. Bandpass was
set at 10 nm and 5nm for excitation and emission, respec-
tively, the former wider than conventionally used on our
instrument to account for the lower optical efficiency of the
fibre-optic system. In case fine turbidity affected the fluores-
cence, an emission filter between 295 and 1100 nm was used
to remove any scattered light. Instrument stability was tested
daily by inserting the fibre-optic probe into a bottle of deion-
ised water to measure the Raman peak at 348 nm excitation
wavelength and 395 nm emission wavelength. Raman values
were almost constant throughout the experiment, having an
average value of ~7 a.u. and standard deviation of ~1.5 a.u.
The fluorescence intensity of all spectra was corrected to the
average Raman value of 7 a.u. and normalized to a maximum
value of 1000 a.u. Apart from this, no other excitation or
emission corrections were applied.

Peak-picking method implied the use of Excel macros
(Office 2003), whereas SOM calibration was carried out in
Matlab 7.7 with the Statistics Toolbox 7.0 and Neural Network
Toolbox 6.0.1, generating a map of size 20 by 13 units. SOM
training was carried out based on a procedure described
elsewhere (Bieroza et al., 2009b). In essence, SOM training is an
iterative process in which, for each input sample comprising
an unfolded EEM, the neuron with reference vector weights
most similar to the input vector is first identified (winner or
best-matching unit, BMU). Thus, for each input EEM presented
to the SOM network, the output neuron with the reference
vector most similar to the vector representation of EEM is

emission

selected. Once the best-matching reference vector for each
input EEM vector is found, its weights and the weights of its
neighbouring neurons are modified and moved towards the
input vector (self-organization feature of the algorithm)

(Ea. (1)):
wi(k +1) = wi(k) + e(k)hy (i, k) {x;(k) — wi(k)} (1)

where: wi(k) is the previous weight of neuron, wi(k + 1) is the
new weight of neuron, ¢(k) is the learning rate, hy(i, k) describes
the neighbourhood of the winning neuron, k is the number of
epochs (a finite set of input patterns presented sequentially)
and p is the index of the winning neuron. The learning rate
describes the speed of the training process (0 < e(k) < 1) and
decreases monotonically during the training phase. The topo-
logicalneighbourhood can be described as a neighbourhood set
of array points, Nc, around the given node c. During the training
of the map, the radius of the Nc (a size of the neighbourhood
set) decreases monotonically to enable the global ordering of
the map. Thus, the projection of the input data is done in two
phases: the main training (large Nc radius) and fine adjustment
of the map (small Nc radius) (Kohonen, 2001).

The trained network activates the appropriate output
neurons of the network according to the input samples
without prior knowledge of the process that produced the data
and its distribution. Consequently, the analysis of the
networks’ output provides the basis for extraction of rela-
tionships and regularities from the original data.

Conductivity and pH were measured using a Myron meter.
Also, several samples were tested for DOC with Shimadzu
TOC — Vcpn analyzer. Samples selected for DOC measure-
ments were previously filtered and acidified to pH 2, by adding
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Fig. 2 — River stage and precipitation amount during
4th—14th August 2009.

hydrochloric acid. Rainfall data were obtained from Winter-
bourne climate station (52.455 N—1.924W, 131 m), managed by
the University of Birmingham. River stage height was recor-
ded several times a day by manual observations. The daily
averaged values of all recorded parameters are presented in
Table 1. The standard deviation for fluorescence intensity, on
the 10th, is very high because of the pollution in the evening
which increased the signal compared to previous values.

Control “grab” samples were taken every hour during the
daytime, from the river, and measured for fluorescence and
physical and chemical parameters (pH, conductivity and
DOC). Both real-time and grab samples were measured using
the same bench-top fluorometer coupled with a fibre-optic
probe. The grab samples were not filtered or diluted prior to
measurements. The samples were measured immediately
after collection by extracting the fibre-optic probe from the
real-time sample chamber, rinsing it with deionised water
and inserting it into the grab sample bottle. Also, hourly grab
samples were taken from the sample chamber and measured
for absorbance, pH, conductivity and dissolved organic carbon
(DOC). These samples were collected in order to check for
possible interferences due to the experimental design such as
clogging of the filter system or biofilm build-up on the fibre-
optic probe or tubing.

3. Results and discussion

The experimental period was characterized by two major
precipitation events and one significant pollution event.
Between August 4th and 7th there were repeated short-
duration rainfall events, with stage varying from 20cm to
8 cm, within the normal range for this river. On August 12th
there was a heavy short-duration rain event with precipita-
tion quantities of 7 mm. The precipitation amount and river
stage for the entire sampling period, 4th—14th August 2009,
are presented in Fig. 2. The pollution event was recorded on
the 7th day of measurements (August 10th). According to the

Environment Agency, an unknown quantity of diesel oil was
dumped ~ 1.5 km upstream. This pollution generated a visible
odour and patches of oil were visible on the water surface for
the first ~24 h.

Diesel pollution appeared in the same optical space, on the
EEM, as tryptophan (peaks T; and T,), but slightly shifted to
lower emission wavelengths (~340 nm). Laboratory studies
performed by Divya and Mishra (2008) on commercial diesel
and by Li et al. (2004) on EPA refined oils showed that diesel
presents fluorescence emission between 350 nm and 400 nm,
but as demonstrated by Divya and Mishra (2008) the emission
wavelength is highly dependent on concentration due to inner
filter effects and also on the composition of the specific diesel
product. Diesel fluorescence is given by the naturally fluo-
rescent compounds polycyclic aromatic hydrocarbons (PAHS)
(JiJi et al., 1999) and the higher the number of aromatic rings
contained, the higher the emission wavelength. So, according
to Pharr et al. (1992) and Abbas et al. (2008) two aromatic ring
compounds, like naphthalene, show a fluorescence peak
between 310 and 330 nm and three aromatic ring components,
like phenanthrenes, between 345nm and 355 nm. Studies
made by Giamarchi et al. (2000), Baker and Curry (2004) and
Selli et al. (2004), lead us to the conclusion that the fluores-
cence at Aexcitation/ Aemission ~ 225/ ~340 nm (T,) is given by the
PAH, naphthalene. The second peak at Aexcitation/Aemission
~280/~340nm (T,) may correspond to phenanthrenes, as
shown by Pharr et al. (1992) or, according to Giamarchi et al.
(2000), the peak can relate to the presence of fluoranthene.

3.1. Comparison of real-time and control samples

For data validation and quality control, real-time measure-
ments have been compared with measurements performed on
grab samples collected directly from the river. Good correlation
coefficients (Pearson’s product correlation) had been calcu-
lated for the measured parameters, between control and real-
time samples: peaks T, — 0.95, T, — 0.88, C — 0.79 and A — 0.59;
pH — 0.52; conductivity — 0.92; DOC — 0.83. Real-time fluores-
cence data exhibited intensity values the same as the control
samples, apart from the period with the pollution event, when
the fluorescence intensity of peaks T; and T, in the control
samples were higher than real-time. The control samples were
integrated grab samples which therefore contained a greater
proportion of the surface diesel film compared to the
submerged filter. Good agreement occurred between control
andreal-time samples for electrical conductivity and DOC, and
DOC was observed to increase at the same time that fluores-
cence peaks A and C intensity increased. For pH samples,
control and real-time samples started to diverge after about 7
days. Sample chamber pH was 1—1.5 pH units more alkaline
than theriver sample by the end of the experiment, but we note
that this does notlead to a divergence of fluorescence intensity
data over the same time period. This fact was concluded from
the similarity in fluorescence values for the control and real-
time samples (as seen in Fig. 3).

3.2. Real-time fluorescence results

During the course of the continuous fluorescence measure-
ments, 2597 fluorescence excitation—emission matrices were
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Fig. 3 — Fluorescence real-time data for peaks T4, T,, A and C. Grey squares — real time data; black triangles — grab samples.

collected. Only the humic substance components, peaks A
and C, and tryptophan-like fluorescence maxima, T; and T,
were clearly visible in the fluorescence spectra. Peak B pre-
sented very low intensity and poor discrimination from noise.
Therefore the fluorescence intensity for peaks A, C, T, and Ty,
measured using semi-automated peak-picking software, are
presented in Fig. 3, together with the hourly control samples.
In the period 4th—9th of August a decrease in intensity in
peaks A and C can be observed. The first rain event flushed
fluorescent organic matter into the river which gradually
reduced until 9th of August. The same trend can be observed

to have started after the second rain event, on August 12th.
The results are consistent with Carstea et al. (2009) findings
which showed high influence of the precipitation on the dis-
solved organic matter characteristics, specifically on humic-
like components. High peaks A and C fluorescence was also
detected on 11th but without any rainfall; the timing coincides
with upstream physical inspection of the river for the pollu-
tion source which likely stirred up river sediment and released
humic-like material.

Continuous fluorescence measurements enabled the real-
time detection of the diesel pollution event. The first sign of

T21’T , ratio

1-<— T T T T
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) T ¥ T * T
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Fig. 4 — Ratio between peaks T,/T, evidencing the diesel pollution.
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pollution, at our sampling point, was recorded at 18:00 on the short-term fluctuations in intensity which correlated with the
10th August and the signal increased until 22:00. The fluo- second rain event and also with the upstream river inspection,
rescence intensity of diesel pollution showed an initial made by the Environment Agency.

increase followed by a decreasing intensity trend until the end The fluorescence from the diesel pollution overlapped with

of the experiment (Fig. 3). The trend was superimposed by the tryptophan-like fluorescence excitation/emission region
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Fig. 6 — The SOM map of the continuous fluorescence data.
The first number in the cell indicates the date, whereas the
second number (after dot) indicates the number of the
sample for a particular date (e.g. 4.41 indicates 41st sample
collected on 4th August). Data clusters numbered with
Roman numerals.

(indicator of sewage pollution), potentially making it difficult
to separate the two pollutants. Two lines of evidence that the
observed fluorescence was different from that expected from
sewerage pollution are: firstly, fluorescence peak B did not
increase during the pollution event and secondly, the ratio
between T, and T, is different for the two contaminants.
Hudson et al. (2008) observed, from ~300 freshwater and
sewerage samples, and using the same instrumentation, that
the T,/T; ratio is ~3 for samples collected from sewage
effluents and ~2 for surface water samples. In our study, the
values recorded before the pollution event varied between 1.7
and 3.5, whereas the fluorescence ratio during the diesel
pollution was between 4 and 5. The values for T,/T; ratio are
presented in Fig. 4.

Closer inspection of the real time data suggest that the
measurements before the diesel pollution event and outside
the periods of rainfall, fluorescence intensity also show day
night contrasts and hourly pulses (Fig. 5). Higher intensities and
more variable fluorescence intensity can be observed during
the day, and less variable data and slightly lower fluorescence
intensities at nighttime. This trend is observed daily, during the
study period. We speculate that these minor pollution pulses
can be attributed to cross-connections with sewer systems:
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Fig. 7 — Hit histogram. The size of the marker and the
number indicate the number of hits for particular SOM
unit. Map units with the highest number of hits denote the
most typical fluorescence properties in the dataset.
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upstream from our sample site cross-connected storm sewers
are visible which connect to the adjacent University and
hospital. These likely discharge more frequently during the
working day and suggest a powerful application of real-time
fluorescence monitoring in pollution monitoring. A daily trend,
in the fluorescence of dissolved organic matter, was also
observed by Spencer et al. (2007) and Downing et al. (2009) on
measurements performed at 30 min intervals. They recorded
higher fluorescence intensities during the day and lower values
at nighttime, but no hourly pollution pulses were noticed.
Contrary to these studies, Carstea et al. (2009) found no
significant daily variability on samples collected from the
Bourn Brook, but it must be noted that their fluorescence
measurements were made at hourly scale and during a rainy
period. Thereby, our study shows that on-line fluorescence
monitoring should be performed at higher frequency scale in
order to detect daily variability, short pollution pulses and the
location and time of major pollution events.

3.3.  Exploratory analysis of EEMs using self-organizing
maps

To explore the large dataset for the key EEM properties, we
undertook a novel approach from neural computing, that of
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Fig. 8 — Fluorescence excitation—emission matrices for the seven SOM clusters: (a) cluster I unit 220, (b) cluster II unit 251,
(c) cluster III unit 248, (d) cluster IV unit 59, (e) cluster V unit 16, (f) cluster VI unit 32, (g) cluster VII unit 8.

the SOM (Kohonen, 2001). SOM analysis was used as an
alternative to peak-picking method to discriminate between
fluorescence components, especially when dealing with
overlapping multi-fluorophore solutions.

Distribution of fluorescence samples collected during the
experiment on the SOM map is presented in Fig. 6. Based on
the fluorescence features of the samples, the SOM map has

been divided into seven clusters, each with different pecu-
liarities. The borders of the clusters are differentiated by bold
lines. The SOM map shows that the samples located at the
bottom of the map have higher organic matter content and
fluorescence intensities compared to the samples located in
the upper part. Moreover, vertically the SOM map can be
divided into two time periods: the first period between 4th and
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9th August in the right-hand side of the map, and the second
period between 10th and 14th August in the left-hand side of
the map. The first period corresponds to measurements made
before the diesel pollution event whereas the second one
belongs to the pollution event.

To correlate these quantitative changes in the sample
distribution with the presence of particular fluorescence
peaks and distinctive spectral properties, the distribution of
samples on the SOM map can be portrayed with hit histo-
grams (Fig. 7; Kohonen, 2001). For each map unit the hit
characteristic is calculated on the basis of the map response to
the input data. The map units with higher number of hits
represent greater number of fluorescence samples. Therefore,
the map units with the highest number of hits demonstrate
the most typical fluorescence properties observed during the
study. From Fig. 7 it can be seen that the most important map
units are located at the edges of the map: unit 32 — 53 hits, unit
220 — 53 hits, unit 221 — 78 hits, and unit 248 — 82 hits. For each
map unit its spectral properties can be inferred from numer-
ical characteristics called the reference vectors. Thus the
spectral properties derived from the reference vectors of those
units can provide important information on the dominant
fluorescence features of the dataset.

The EEMs typical for the seven map clusters generated by
SOM are given in Fig. 8. In the right-hand side of the EEMs
from Fig. 8a—c the predominance of the humic-like fluores-
cence (peak A and peak C) is an indicative of fluorescence
properties before the pollution event. In contrast, Fig. 8d—g
shows that tryptophan-like fluorescence dominated samples
are typical for the diesel oil pollution event. As can be
observed in Fig. 8e for cluster V fluorescence intensities for
the peak T, are distinctively higher compared to the neigh-
bouring clusters (2 times higher compared to cluster VI
(Fig. 8f) and 4 times higher compared to cluster IV (Fig. 8d)
and cluster VII (Fig. 8g)). The EEM of unit 220 compared to
unit 248 (Fig. 8a and c) shows higher fluorescence intensities
in all fluorescence regions. The fluorescence signature of the
clusters II and III (Fig. 8b and c) demonstrates more degraded
character of both peak A and peak C fluorophores compared
to the cluster I (Fig. 8a).

SOM technique demonstrated here is a robust fluorescence
analysis approach. In SOM analysis fluorescence data is pro-
jected onto two-dimensional lattice while preserving all
topological and geometric properties of the original data.
Therefore, SOM enables direct comparison between fluores-
cence samples. The main advantage over commonly used in
fluorescence studies techniques for fluorescence data
modelling, e.g. PCA or PARAFAC is lack of time-consuming
pre-processing and validation procedures. While peak-picking
approach characterizes only small portion of fluorescence
EEM and in arbitrary manner selects the components of
interest, SOM is an entirely data-driven approach and no
assumptions have to be made regarding spectral location of
fluorophores. Analysis of the entire EEMs in the SOM approach
enables detection of regularities in complex mixtures of flu-
orophores that could be overlooked by simple analysis of
selected peaks. High noise and fault tolerance of SOM makes it
adequate tool for on-line analysis of fluorescence data
without pre-processing, i.e. removing of the scatter. An expert
system based on SOM can provide on-line quantitative and

qualitative evaluation of fluorescence data and effective
detection of organic pollutants, e.g. diesel pollution.

4, Conclusions

e Continuous real-time fluorescence and water quality
measurements were performed on samples collected for 11
days through a tubing and filter system from the Bourn Brook
River. This was the first study of on-line and in-situ moni-
toring of an urban river. The study proved that the system
can run continuously without any cleaning for at least two
weeks. Further studies are needed to test how long the
system can measure before significant fouling issues arise.

e Apart from increased observations of biofilm fragments, as
well as a gradual increase in sample chamber pH, no major
problems were encountered and the system ran until
a power supply failure occurred. The increased biofilm and
pH values had no effect on the real-time fluorescence
analyses, showing similar values with control samples.

e Fluorescence peak-picking method showed that humic-like
fluorescence (peak C) had high intensities in the first days of
the experiment, generated by the precipitation events in
that period, compared to protein-like fraction. Peaks A and C
also seemed to be more variable in samples measured
during the day and hourly pollution pulses were recorded
due to cross-connections with the sewer system.

e One diesel pollution event was detected with fluorescence
spectroscopy, but it overlapped the fluorescence of the
tryptophan-like component. Despite this, it formed
a distinctive SOM unit and with peak-picking only the T»/T;
ratio distinguished diesel pollution (ratios of 4—5 for diesel
pollution compared to values from 1.75 to 3.5 at other
times).

e This study proved that fluorescence monitoring at high
frequency, of less than 30 min, is preferred for dissolved
organic matter variability assessment and for quick detec-
tion of a particular contaminant, like sewage or petroleum
derived products. In case of data analysis, peak-picking
method can be applied very well together with SOM analysis
in order to evaluate the daily characteristics of dissolved
organic matter components and discriminate between
overlapping fluorophores. An expert system incorporating
SOM can be applied for the on-line evaluation of fluores-
cence data and early warning system of failure of water
quality in natural and engineered water systems.
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