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Abstract

Dissolved organic matter affects optical characteristics of water in rivers, effluent wastewater and coastal sea water. It is a major part
of carbon and nutrient cycles. This study investigated the temporal variations of fluorescent organic matter from Gapeau river water (RW),
effluent wastewater (WW) and sea water (SW) using excitation-emission matrices (EEM) fluorescence spectroscopy coupled with Parallel
Factor Analysis (PARAFAC). Three campaigns using an autosampler collected samples of RW in Sept. 2016, SW in Oct. 2016 and WW in Nov.
2016. EEMs were collected on nonfiltered and filtered water sources and a t-test was used to investigate the impact of presence/absence of
particulate organic matter. Moreover, t-test was used to investigate the impact of sunlight on fluorescence signal of these water sources. Two
fluorescent components C1 and C2 of visible and UV terrestrial humic-like were found from PARAFAC analysis of EEMs of RW, WW and SW. The
study revealed statistically significant differences of the impact of sunlight on C1 and C2 in nonfiltered SW; C1 nonfiltered RW and C2 filtered
RW and C1 and C2 in filtered WW suggesting photo-refractory character of fluorophores from particulate organic matter from WW which is in
agreement with previous multilinear regression model. In addition, seawater fluorophore was the most photo-labile compared to fluorophores
from RW and WW. Mean values of C1 and C2 for both nonfiltered and filtered RW, WW and SW can be used as entry parameters in the multilinear
regression model we developed previously and as boundary conditions for this model.

Keywords: Temporal variations; Dissolved organic matter; Fluorescence Excitation Emission Matrix, Effluent Wastewater; Parallel Factor
Analysis (PARAFAC)

Abbreviations: RW: River Water; WW: Wastewater; SW: Sea Water; PARAFAC: Parallel Factor Analysis; CDOM: Chromophoric Dissolved Organic
Matter; FDOM: Fluorescent Dissolved Organic Matter; EEM: Excitation-Emission Matrix

Introduction

o ) ) d to desi h d ‘ matter CDOM, which impacts water quality in aquatic systems.
rgl_;;iimc matte'r IIS a tfe;m :se to efSIglnate the pro uCt}f ° Fluorescent dissolved organic matter FDOM, are subset of CDOM
natural decomposition of dead matter of plant (e.g. macrophyte which have the ability to emit light energy at longer wavelengths
and algae) or animal origin together with biota which is the living , . .
when itself had absorbed light energy of shorter wavelengths (i.e.

i d b tural th ic [1-3]. O i
organisms and can be natural or anthropogenic [1-3]. Organic higher frequency hv). Fluorescence spectra of FDOM brings forth

matter is found in all terrestrial and aquatic systems particularly
surface waters and considered to play an important role in the
global carbon cycle. In addition, it constitutes a very complex
mixture of compounds which can be of aliphatic or aromatics
nature [4-7]. Chromophores constitute a main part of dissolved

organic matter known as chromophoric dissolved organic

information about the origin and sources of DOM and enables
linking DOM with various sources of pollution [8].

Theoptical propertiesof organicmatter (i.e. UV-VISabsorbance
and fluorescence spectra) can provide an indication of its quantity
in water since the brownish yellow color (aka. Gelbstoff) in
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surface water is caused by the presence of this organic matter
[9]. Fluorescence is a physical method used for chemical analysis
of analytes in water samples where the analyte of interest is
irradiated and excited at a given wavelength and the emitted light
is measured at a different and longer wavelength. The sensitivity
and selectivity of fluorescence spectroscopy is very high compared
to UV-Vis absorbance spectroscopy which makes its suitable for
the online monitoring of water quality in natural and engineered
aquatic systems and that’s why much attention has been given to
it in the water industry [10-11]. The spectrophotometric method
of three-dimensional fluorescence excitation-emission matrix
(EEM) has been widely used to characterize dissolved organic
matter in environmental compartments in which fluorophores in
DOM can be visualized by merging emission scans over a range of
excitation wavelengths between 200 nm and 500 nm of excitation
and emission wavelengths [8,12].

Multivariate data analysis especially parallel factor analysis
(PARAFAC) have been used to analyze and dismantle the
convolution and high dimensionality of EEMs datasets and to
separate the existing fluorophores into unique components which
are found in water samples from various sources. Effluent organic
matter contains refractory organic compounds which resisted the
biological treatment of urban wastewater where its molecular
structure can be classified in accordance with their functional
groups and cannot be characterized exactly [13]. The spatial
and temporal variations of dissolved organic matter in aquatic
systems have been the focus of several studies recently [14-16].
The climatic and hydrological conditions among many other
factors have a considerable impact on the quality of dissolved
organic matter in aquatic systems which affect the spatial and
temporal variations of this DOM [17].

It has been shown that the spatiotemporal variability of
chromophoric and fluorescent dissolved organic matter is
of utmost importance for many research areas such as the
biogeochemical studies in addition to geological and remote-
sensing studies for the changes that occur in the coastal zone
between land-water interface and for the management of
this coastal zone and marine sciences [18]. In our previously
published articles, we developed a multilinear regression model
for the prediction of mixing composition based on fluorescence
measurements and PARAFAC analysis as follows:

ww ww ww
Cr=A" "0+ A inSsw + A7 i Trw
where : C¥ is the PARAFAC component and f and f,, are the
mixing composition with more details and explanations given in
[19,20]. The temporal variations of the mixing composition can
impact the results therefore, more developments on this model are
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warranted so that this model can be used and developed for global
aquatic environments. Temporal variations of river water, effluent
wastewater and seawater are affected by the diurnal light/dark
cycle where photodegradation may occur to the dissolved organic
matter therein [21-23].

The aim of this work is to understand and evaluate the
temporal variations due to solar irradiation of three water types
(RW, effluent WW, SW) which in turn provide information for the
multilinear regression model for fluorescence prediction based
on mixing composition developed in previously published articles
[19,20]. The hypothesis of this study is that diurnal light/dark
cycle and solar irradiation has an impact on the fluorescence
characteristics of dissolved organic matter found in river water,
effluent treated wastewater and sea water which in turn have
an impact on the multilinear regression model. The second
hypothesis of this work is that Filtration may have an impact on
the temporal variations of fluorescence signal of RW, WW and SW.
Our focus is on how the fluorescence signal ;not any additional
parameter; varies with time.

Materials and Methods

Study area

The three sites mentioned in our previous works [1,19] were
investigated to understand and evaluate their temporal variations
of fluorescence. These sites were Gapeau river, effluent treated
wastewater of wastewater treatment plant of La Crau city and
the sea water at Hyeres city which is the mouth of the Gapeau
river. Gapeau river is found in the southeastern part of France in
Provence region in a department named VAR and is considered to
be the second largest river in the VAR department with a length
of 47.5 km and a watershed area 544 km? The second site was
the outlet of the wastewater treatment plant WWTP of La Crau
city. Secondary and tertiary technologies is used in this WWTP for
wastewater treatment generated by 50,086 inhabitants. Effluent
treated wastewater is denoted as WW in this study. The last
site was sea water (denoted as SW) at L'ayguade site in Hyeres
city which receives the runoff of Gapeau river and is subject to
recreational activities. Exact GPS locations of the studied sites are
presented in Table 1 and a map for the sampling sites is given in
Figure 1.

Field sampling and laboratory measurements

Preparation of autosampler bottles and sample collection of
three water sources (RW, WW, SW)

Twenty-four plastic bottles (1L each) were cleaned with nitric
acid (10%, Analytical Grade) to remove all microorganisms then
they were rinsed with MilliQ-water (18.2 MQ-cm at 25°C) . These
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twenty-four bottles were numbered from 1 to 24 serially and in this study (RW, WW and SW). The autosampler was transferred
inserted inside the autosampler. The autosampler shown in Figure  to the sampling sites and it was programmed to collect one sample
2 was used to collect samples from the three water sources used every two hours there for 48h cycle.
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Figure 1: Sampling sites map. RW, WW, SW are the points from left to right colored in red.
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Figure 2: Photos of the autosampler and its position in situ. From left to right, at the river bank of Gapeau river (RW), the outlet of WWTP
of LA Crau (WW) and at the sea (SW) at 'ayguade site in Hyeres city.
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Table 1: Sampling points of three water sources (RW, WW and SW) in this study with detailed latitude and longitude and dates of sampling of

each source.

Sampling point GPS coordinates Date of Sample collection
Gapeau river (RW) (43°09°07.2"N 6°04’52.4"E) 19-09-2016 to 21-09-2016

La Crau WWTP (WW) (43°08'43.1"N 6°05’35.4"E) 15-11-2016 to 17-11-2016
Sea water at Hyeres city (SW) (43°06'14.5"N 6°10°42.97E) 17-10-2016 to 19-10-2016

The autosampler has a long tube for sucking the water from
the sampling sites at a depth of 1 meter of surface. At the end of
each sampling, the autosampler was transferred to our laboratory
and the plastic bottles were put outside of it. Then immediately
after the return to laboratory, 3ml from each plastic bottle were
taken inside 1cm cuvette for further fluorescence measurement as
described below. Gapeau river (RW) was sampled on September
19" 2016 and ended on September 21™ 2016, effluent treated
wastewater (WW) at the outlet of La Crau city WWTP was
sampled temporally by the autosampler starting from November
15" 2016 and ended on November 17" 2016 whereas, the twenty-
four samples of Sea water (SW) were sampled from October 17
2016 and ended on October 19" 2016. These sampling dates were
chosen arbitrarily in our study where we recommended to repeat
this study for different seasons. There was precipitation event
during the sampling of seawater SW.

Laboratory analysis of the 24 plastic bottles of the
autosampler

Filtration/Non-filtration of samples: Twenty-four samples
were measured on raw (NF) and filtered (F) states to investigate
the effect of presence/absence of particulate organic matter in
samples.

i. Non-filtered (NF) raw samples: Immediately upon
the return of autosampler to the laboratory from each sampling
campaign in Table 1, the 24 plastic bottles in the autosampler
were taken out. No turbidity nor particulate matter was observed
in the sampled water. Then sixty milliliters (60 mL) were taken in
amber glass vials from each 1L plastic bottle in the autosampler.
Then, 3 mL aliquots were sampled and transferred to fluorescence
spectrophotometer for measurements of Excitation emission
matrices as described in detail in the following sections. Then,
these amber glass vials were kept in the dark at 4 °C for 24 hours
for further processing (i.e. filtration) for the next day.

ii. Filtered (F) samples: In the following day immediately,
the amber glass vials of 60 ml were taken out from refrigerator
and left for an hour to be at room temperature. Sartorius 0.45
micrometer was used to get 3ml filtered samples of each vial.
Then these filtered 3 ml were put in 1cm cuvette and put inside
the fluorescence spectrophotometer as described in detail in the

following sections.
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pH measurement: Upon the return of autosampler to the
laboratory, pH measurements were taken using pocket pH meter
kits which were previously calibrated by pH standards.

Measurements of UV-Vis spectra: UV-VIS spectra between
250 and 800 nm were gathered on PerkinElmer UV/VIS
spectrophotometer using quartz 1 cm cuvette and the reference
sample was filled with MilliQ water. A check has been conducted
to scan for inner filter effect on the same 1L plastic bottles of RW,
WW and SW in accordance with previous report [24].

Excitation Emission Matrix EEM fluorescence

spectroscopy

The fluorescence maps expressed as excitation emission
matrix (EEMs) of the non-filtered (NF) and filtered (F) samples
were measured by means of a 1-cm quartz cuvette and Hitachi
F-4500 spectrofluorometer (Hitachi High-Technologies Corp.,
Tokyo, Japan) with PMT voltage of 700 V, at 25 °C room
temperature. No particulates were present in the raw nonfiltered
nor in the filtered samples during the fluorescence analysis. EEMs
were gathered by the measurement of fluorescence intensity
through the ranges of excitation wavelengths (Ex) spectra and
emission wavelengths (Em) spectra between 200 nm and 400
nm at 5 nm-increment, and between 220 and 420 nm at 5 nm-
intervals respectively with scan speed of 2,400 nm.min. Slit
width of 5 nm was set for wavelengths of excitation and emission.
EEM datasets of non-filtered (NF) and filtered (F) samples were
processed separately using Matlab 2013a (Math Works Inc., USA).
EEMs of sealed ultrapure Perkin Elmer deionized water cell blank
were subtracted from all the EEMs dataset in order to remove
water Raman scatter peaks and hence Raman units (RU) are used
for fluorescence intensities.

Parallel factor analysis (PARAFAC) of EEM datasets

EEMs datasets can be decomposed in unique individual
fluorescence components through Parallel Factor Analysis
(PARAFAC) which is an advanced multiway technique [25,26].
PARAFAC analysis was done on EEMs datasets of non-filtered
and filtered samples of each water source (RW, WW and SW)
separately for 72 EEMS for nonfiltered water soures (RW, WW and
SW) and 72 EEMs for filtered (RW, WW and SW) through MATLAB
R2015b program coupled with NWAY and DOMFluor toolbox
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(http://www.models.life.ku.dk) [27,28]. 25 nm cutoff filter was
used in accordance with previous report [29] to remove Raman/
Rayleigh scattering from EEMs datasets. In addition, each EEM
was corrected for instrument optics and the inner filter effect was
corrected as previously described elsewhere [30] prior to PARAFAC
analysis. The appropriate number of PARAFAC components was
chosen and validated according to CONCORDIA score, split- half
analysis [31-33]. Variations of PARAFAC components in this
study represents the temporal variations of fluorescent dissolved
organic matter FDOM from each water source (RW, WW and SW).

Statistical Analysis

Student t-test was performed on the filtered and nonfiltered
RW, WW and WW to check for statistical significance using
Microsoft Excel 2016. In addition, t-test was conducted between
daylight and dark night PARAFAC Components to check for the
impact of sunlight. Statistical significance was evaluated a p-value
of < 5%.

Results and Discussions

Temporal variations of RW, WW and SW were investigated to
understand how the fluorescence signal of the dissolved organic
matter of each varies during light and dark hours. Twenty-four
samples of WW were collected in November 2016 and RW was in
September 2016 whereas for SW were sampled in October 2016.
Exact dates for temporal field experiment could be consulted in
methodology section.

pH variations in RW, WW and SW

The data in Figure 3 clearly show the temporal (48 h cycle)
variation of pH values of RW, WW and SW. Concerning pH, SW
present a constant value. There is no pH change due to the rain
for sea water. It seems that there is a tendency for pH to decrease
during day and increasing during night. This could be explained
by the buffer role of carbonate system. For RW, it can be seen that
there is a higher variability and a slight decrease during night, pH
is around 8. WW on the contrary, is more often below 8 during
48H of sampling.
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Figure 3: Temporal (48 h cycle) variation of pH values of RW, WW and SW.
N J

pH of RW showed an average 8.05 + 0.17 whereas pH of SW
is quite constant and around 8.29 + 0.02. For WW, pH is the lower
one as expected 7.82 + 0.16 which is more neutral compared to
others. In addition, range of pH of WW is in the normal range which

How to cite this article:

2022; 14(5): 555898. DOI: 10.19080/OFOAJ.2022.14.555898

is consistent with the results of [34] who found that pH values
ranged between 6.8 and 8.3 in an urban municipal wastewater
effluent. For RW, the first twelve samples showed a maximum at
sample number S04, and a minimum at S10. After this, there is an
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increase to pH=8 and no more detectable variation. During night,
pH of RW is constant and started to increase in the beginning
of morning because there is other wastewater treatment plant
effluent upstream of RW which impact and contribute to this
slight increase of pH of RW and it remain a little bit constant
(around 8.1) till noon where there is a slight decrease then it
returns back to its higher constant value in the night till midnight.
pH of WW shows the highest variability starting from morning
till noon because wastewater treatment plant has its higher load
during the morning which influence its pH value by decreasing it.
Slight decrease of pH value of the sea water could be attributed to
the rainfall event on the day of sampling. Spatial variation of pH is
as following WW<RW <SW.

Here below we discuss the acidity sources that may have a
critical rule in pH changes in aquatic ecosystem:

Reaction of different sources of CO, (e.g respiration,
combustion of fuel, biodegration reactions, and geochemical
reactions) with water systems (RW, SW, WW) result in formation
of Carbonic acid as in eq (1). Then the activities of phytoplankton
and zooplankton maintain the acidity as in eqs (2) and (3)
respectively. These rules are key issues in the changes of pH
values in RW, WW, SW. Phytoplankton and zooplankton are active
in the ocean and river and less active in WW due to low sunlight
penetration, accordingly a stable pH values as observed during
day and night in the ocean.

+
COy +Hy0 — H' + HCOy )

During the day the phytoplankton use HCO,- after converting
it to CO, inside their cell to form carbohydrate and oxygen
throughout normal photosynthetic activity according to reaction

(2)

HCO3_ +H,0+ phytoplankton + light — CH,0+0, 2)

Additionally, the zooplankton, calcifying organisms, can use
bicarbonate to for their shells according to equation (3)

HC037 +2Ca + zooplankton(shell fish) — CaCO3 3)

Accordingto Eq (2) phytoplankton role and Eq (3) zooplankton
role, the acidity in RW and SW may be maintained and the pH
value may slowly change due light intensity and other factors such
as the high buffering capacity of the ocean. These reactions are
in accordance with McLaskey et al. [35] who found quite similar
role of phytoplankton on the ocean. Additionally, Kohlbach et al.
[36] reported the role of antarctic zooplankton species on the sea
acidity. In contrast, ocean acidity has been shown to cause certain

damage to phyto-and zoo-plankton in the ocean [37].
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Biodegradation of dissolved organic carbon

like
compounds and protein like compounds may undergo biochemical

Dissolved organic carbon such as carbohydrate
degradation reaction as in Equation 4 & 5. These degradations

may occur in all aquatic systems specially with different rates.

— + —
CeHp0g +2H,0 —2C0O, +2CH5COO0  +10H e “4)

RlCH(NH2 )CONHCH (COOH)CH (SH)R2 + 3H,0 —» CO, +

RICH,COO™ + R2CH,COO —+2NHy + H,S + 2T (5)

As obvious reactions (Eqs 4-5) produced considerable fraction
of H* ion, hydrogen sulfide and ammonia, very soluble inorganic
compounds produced by degradation of dissolved organic carbon.
This is in agreement with Wang et al. [38] who revealed that
photo-degradation of DOM may produce even larger amounts of
dissolved inorganic carbon in global freshwater and seawater.
Produced hydrogen ion contributes to ocean acidity. The other
ionic fragments (CO,, H,S and NH,) contribute to the geochemical
cycles of carbon, nitrogen and sulfur.

Oxidation of inorganic molecules of dissolved organic carbon

The degradation products of carbohydrate and protein like
compounds in equations 4 and 5 undergo oxidation reaction
to produce H+ ion that contribute to the pH changes in aquatic
systems. These reactions may occur in surface water, photoactive
zones as in river and oceans wastewater treatment plant specially
oxidation ponds,

+

H,S+20, — S0, +2H (©6)

H,0+0,+NHy — NOy +5H" +4¢" (7)

—+ -
2CH4 +3H202 - 2HC03- +12H +10e  (8)

It can be concluded that all equations except eqs 2 and 3,
produce hydrogen ion that contribute to pH changes. Additionally,
reactions 2 and 3 maintain the acidity in river and sea water.
Our explanation is in accordance with [39] who reported the
contribution of ammonia oxidation to chemoautotrophy in
Antarctic coastal waters. Additionally, Findlay et al. [40] reported
the oxidation of hydrogen sulfide by phototrophic bacteria in the
anoxic zone of the Chesapeake Bay.

Verification of Inner filter effect in RW, WW and SW

The absorbance at the wavelength of 200 nm of 100% (no
dilution), 50% (50% dilution), 25% dilution and 12.5% dilution of
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the three water sources RW, WW and SW in this study are shown
in Figure 4. This dilution of RW, WW and SW has been conducted
to check for the presence/absence of inner filter effect. It can be
seen from Figure 5 that uv-vis absorbance at 200nm for all the
three water sources (RW, WW and SW) decreases linearly as the
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Figure 4: Absorbance at 200nm of RW, WW and SW at 100% concentration, 50%, 25% and 12,5% concentrations showing no Inner filter
effect as shown by the decrease of Absorbance with decreasing concentration dilution.
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Figure 5: Validation of two PARAFAC components model as shown by Concordia analysis in the lower right figure.
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concentration of (RW, WW and SW) decreases from 100% to
50% and 25% and 12.5% in a linear negative correlation which
indicate the absence of the inner filter effect in either of these
water sources in addition EEMS were corrected mathematically
for inner filter effect according to Tucker et al. [24]; Ohno [30].

PARAFAC analysis is a more advanced method in comparison
to the peak-picking method which enables the decomposition
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of large EEM datasets into individual components existing in
each EEM of the dataset with different and varying pseudo-
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concentrations whereas the analysis of EEM datasets using A, C,
M, T, peak picking methods yield a very large number of graphs
for each peak. 72 EEMs and another 72 EEMs of 24 samples from
the 48 hours sampling of three water sources (RW, WW and SW)
for both the nonfiltered and filtered states have been decomposed
by PARAFAC for a total of 144 EEMs. PARAFAC decomposition
derived from spectral deconvolution of 144 EEMs resulted in
two PARAFAC components (Figure 6) representing the whole
EEMs dataset with varying contributions. These two PARAFAC
components represent two unique spectra in 144 EEMs with
varying pseudo-concentrations. These PARAFAC components
have loadings which are fluorescence spectra of these components
shown in Figure 6. Split-half analysis has been conducted on the
EEMs dataset of nonfiltered EEMs (72 EEMs) and filtered EEMs
(72 EEMs) separately and validated the two PARAFAC components
found from the decomposition of 140 EEMs dataset which is
a good indication that the selected two-component PARAFAC
model exhibits and represents a true least square fit. Moreover,
this two PARAFAC components model has also been validated by
Concordia analysis [25] which gave a value of 87.91 % as can be

seen in Figure 5.

Two components were successfully found by PARAFAC
modelling on EEM datasets of RW, WW and SW after the removal
of the 1*tand 2" order Rayleigh and Raman Scattering. The above
Figure 6 shows contour plots of two PARAFAC components as
well as their corresponding loadings for both the excitation
and the emission wavelengths. These two fluorescent PARAFAC
components have been previously identified (Table 2). The
1t PARAFAC component, C1 component showed an excitation
maximum at 360 nm and an emission maximum at 450 nm
and a range of excitation emission wavelengths (Ex=200-400
nm, Em=400-500 nm). Previous studies have associated this
component to visible humic-like fluorescent PARAFAC component
and Peak C [8]. The 2" PARAFAC component, C2 showed an
excitation maximum at 360 nm and an emission maximum at 405
nm and a range of excitation emission wavelengths (Ex=200-400
nm, Em=300-500nm). These two PARAFAC components C1 and C2
greatly resembles PARAFAC components C1 and C2 found in our
previous studies of irradiation experiments published recently
[19,20]. In addition, spectra of C2 component resembles Peak M
which is marine humic like fluorescence [8].

Table 2: Characterization of C1 and C2 and comparison with the literature and open fluor database for PARAFAC components.

Comparison with Liter- Characterization of . .
Component Max A, /A, (nm) ature Component Comparison with Openfluor.org database
Gao_AF4 C3; FDOM_Danshuei_River C1;
0osPARAFAC_Lillsjoen C4; MOSAIC C3; Neuse-
Cc1 360/450 Peak C (1) visible humic-like POMDOM Cé6;
Meuse River C2; RecycleStM C1; TropicalRivers
C4
c2 360,405 Peal M (1)63%)(2)‘ C43); Fluvic like Congo River C5
Coble [18];
Murphy et al.
[28]; Stedmon
etal. [32]; Ishii
& Boyer [48]

Temporal variation of PARAFAC components C1 and C2

The temporal variation of C1 and C2 for both nonfiltered and
filtered samples of RW, WW and SW were generated based on the
scores and loading of two-components PARAFAC model and are

shown in the following Figures.
RW

The 48 hours variations of C1 and C2 of RW for both
nonfiltered and filtered samples (S1-S24) are shown in Figure 7.
It can be seen from Figure 7 that for the non-filtered samples, the
contribution of PARAFAC component C1 fluctuates around a mean
value of about 88.15 # 5.08 arbitrary units and shows a fluctuation
with a constant trend. Values of contribution of PARAFAC C1

component in the filtered samples (graph (b)) are less than those
in the nonfiltered samples. Effect of filtration of samples on the
first PARAFAC component can be seen in graph (b) which shows
a diminution of contribution of this PARAFAC component and
there is a diminution and decline of contribution of this C1 during
night while during day there is an increase of contribution of C1
from morning till noon and then a decrease can be seen from
afternoon till the end of day. For second PARAFAC component C2,
its contribution is constant during the first hours of day then it
started to decrease till noon and after that it increased till night
in the nonfiltered samples. Effect of filtration on contribution of
this C2 could be noticed as a slight diminution of its variations.

Component C2 is related to vascular plant or terrestrial origin.
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Figure 6: Contour plots of PARAFAC components identified from PARAFAC decomposition of all EEM datasets of the of RW, WW SW.
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Paired two samples t-test of means has been conducted for
the nonfiltered C1 and filtered C1 and nonfiltered C2 and filtered
C2 at a level of significance of 5%. P-value for a two-tailed test for
C1 (nonfiltered and filtered) was 0.10 which is greater than 0.05.
Therefore, there is no statistically significant differences between
nonfiltered C1 and filtered C1. Whereas a p value of 4,10x10-
06 was calculated for Nonfiltered C2 and filtered C2 which is
less than 0.05. Accordingly, there was statistically significant
differences between nonfiltered C2 and filtered C2 which lead
to the conclusion that particulate organic matter POM from RW
contribute to the fluorescence of this component C2. Furthermore,
a t-test was done to compare between day variations and night
variations for the nonfiltered RW during daylight compared to
nonfiltered RW during dark night hours. The same was done for
the filtered RW day vs filtered RW dark night. A p-value of 0,0006
was found for the daylight-night comparison of C1 in nonfiltered
RW indicating statistically significant differences. This suggest
that photodegradation has a measurable effect on this visible
humic like fluorescent component C1. On the other hand, no
statistically significant differences were found for C1 in filtered
RW during light hours vs dark hours. This finding suggests that
photodegradation affect the fluorophores in nonfiltered RW and
has no effect on the filtered RW. In contrast, there were statistically
significant differences for C2 in only the filtered RW during light
hours compared to dark hours (p-value = 0.01) and no statistically
significant differences in the nonfiltered RW (light vs dark).

The explanation of these results is that exposure to
sunlight during the day expose the dissolved organic carbon to
photochemical degradation and/or oxidation reactions as in the
equations mentioned above, resulting in production of a new
fragment or metabolite that shift the fluorescence intensity of
the dissolved organic carbon or losing the fluorescence intensity.
The differences of fluorescence intensity of C1 or C2 during the
day is probably due to the fact that light intensity is the highest
during the middle of the day because the sunlight is perpendicular
to the surface of the ocean or river, at this case most of sunlight
penetrate the water body resulting in maximum absorbance. On
the other hand, early in the morning and late in the afternoon the
incident light may be reflected due to the angle of incident light.
At this case, part of the light may penetrate the water body and
caused a small fluorescence intensity to the dissolved organic
carbon as shown in Figure 7. On the other hand, the reaction
rates of dissolved organic compounds in water is affected by the
intensity of sunlight.

Thisisinaccordance with Wangetal. [41] who found enhanced
photochemical degradation of nebivolol in different natural
organic matter solutions under simulated sunlight irradiation.

Furthermore, Gornik, et al. [42] revealed the photodegradation
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of sertraline in aqueous systems due to exposure to sunlight.
Moreover, Sun et al. [43] reported the degradation of N,N-diethyl-
3-methylbenzamide and caffeine, by ultravioletlight and simulated
sunlight in different water matrices. In contrast, fluorescence
intensity during night may appear due to the phosphorescence
phenomena that may occur due to the formation of some
molecules due to photochemical degradation of dissolved organic
compounds. Furthermore, exposure to sunlight may generate
heat the enhance the chemical reactions in aquatic systems. Our
explanation is in accordance with previous reports [44,45] which
revealed losing biological activities of pesticides due to direct
exposure to sunlight and changes of maximum absorption due
indirect exposure to sunlight. The indirect exposure to sunlight
may produce thermal energy that may cause thermochemical
degradation to the organic molecules. Additionally, exposure to
sunlight may enhance metal DOC reaction resulting in formation
of organometallic compounds that may shift the fluorescence
intensity to different wavelength. This suggestion is in agreement
with Wiatrowska & Komisarek [46] who reported changes in
DOC concentration due to possible reaction between DOC and
metals and with Cai et al. [47] who used an array of absorbance,
fluorescence, for characterizing property and treatability of

effluent organic matter from 12 wastewater treatment plants.

Effluent treated wastewater WW

Temporal variation of PARAFAC components C1 and C2 for
WW for both the filtered samples and the nonfiltered samples
are shown in Figure 8. It can be seen from Figure 8 that both of
PARAFAC components C1 and C2 have bigger variations compared
to variations of C1 and C2 in (Gapeau river, seawater) since
fluorescence intensity of C1-C2 of WW varied between 600-800
arbitrary units whereas fluorescence intensity of C1 and C2 varied
within a range of values below 80 arbitrary units in RW and SW.

These results can be explained by the fact that the advanced
wastewater treatment technologies used in La Crau WWTP
cannot get rid completely of dissolved fluorescent organic matter.
T-test for nonfiltered C1 and filtered C1 gave a p-value of 2,24x10-
09 (< 0.05 level of significance), therefore there is statistically
significant differences between nonfiltered C1 and filtered C1 of
WW. P-value of paired t-test for nonfiltered C2 and filtered C2 was
0.013 (< 0.05), accordingly there are also statistically significant
differences between nonfiltered C2 and filtered C2 of WW.
These statistically significant differences between (nonfiltered
C1, filtered C1) and (nonfiltered C2, filtered C2) indicate that
fluorophores of POM of WW has an impact and a measurable
effect on the fluorescence. The fluorescence intensity of C1 and
C2 of nonfiltered and filtered WW was higher and greater than
those coming from RW and SW. This agrees with our previous
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studies on mixing these water sources (RW, WW and SW)
and the irradiation experiments therein in which the residual
fluorescence was coming from WW even after irradiation which
was represented by AYW*, in the multilinear regression model
[19,20]. The comparison using t-test between daylight and dark
night hours resulted in statistically significant differences only
in the filtered WW for both C1 and C1 with p-values of 0.02 and

0.03 respectively. This suggests that sunlight impacted the filtered
WW and not nonfiltered WW indicating the photo-resistance and
refractory nature of the fluorophores from treated wastewater
and this emphasized the above-mentioned finding related to the
multilinear regression model. The explanation of these results is
similar to those given above. Moreover, similar observation was
recently reported [47].
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Sea Water SW humic-like fluorescence as indicated by this fluorescence peak of

Temporal variation of PARAFAC components C1 and C2
(terrestrial humic-like fluorescence); for SW for both filtered and
nonfiltered samplesareshownin Figure9.ItcanbeseenfromFigure
9 that there is a peak at sample number S14 which corresponds
to rainfall event which started to occur at 5 pm and stopped at
8 pm. This suggests that rainfall event inputs some of terrestrial
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PARAFAC components C1 and C2. The t-test of paired samples of
C1 of SW for nonfiltered samples and filtered samples resulted in
a p-value of 0.004 < 0.05 which lead to the rejection of the null
hypothesis that there is no statistically significant difference in the
means of nonfiltered C1 and filtered C1; therefore, POM of SW has
a measurable impact on the fluorescence of C1 of SW. On the other
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hand, there was no statistically significant differences between
the means of nonfiltered C2 and filtered C2 (p-value = 0.77 >
0.05), hence there is no impact of POM of SW on C2. Statistically
significant differences were found in the comparison between
daylight samples and dark night samples for both C1 and C2 only
in the nonfiltered SW at p-values of 0.015 and 0.019 respectively

[48,49]. This finding was in contrast to the filtered SW samples
where no impact of sunlight was detected in C1 and C2. This
suggest that sunlight only affects the nonfiltered SW indicating
the photo-labile nature of chromophores and fluorophores of
nonfiltered SW.
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Conclusion statistically significant differences between the nonfiltered and

The rationale of this work comes from the need to know
how do the fluorescence signal from three water sources (i.e.
RW, WW and SW) vary with respect to diurnal variations and
diurnal solar irradiation. In addition to the need to improve the
multilinear regression model developed in our previous studies
for the prediction of fluorescence signal depending on mixing
composition and solarirradiation. The finding of this study showed

filtered RW, WW and SW. C1 and C2 were statistically significant in
the nonfiltered and filtered WW indicating the refractory nature
of fluorophores of effluent treated wastewater. Whereas, only C2
in RW was statistically significant in comparing the filtered and
nonfiltered RW using a t-test and the same was for C1 in SW.

The mean values of C1 and C2 for both nonfiltered and filtered
RW, WW and SW can be used as entry parameters in the multilinear
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regression model we developed previously and as boundary
conditions for this model. Sunlight exposure has an effect on C1
and C2 in nonfiltered SW showing that seawater fluorophore was
the most photo-labile compared to fluorophores from RW and
WW. More research studies are needed to have a 48-hour cycle of
these water sources in several seasons. Or several 48-hour cycle
with higher resolution in each season, in order to have a global
idea about temporal variations of these water sources and effects
of photodegradation in presence or absence of particles.
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