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The organic matter (OM) contained in a natural aquatic environment, located in a tropical region in Notheastern Brazil, was

characterized using synchronous fluorescence spectroscopy and UV-Vis absorbance. The synchronous fluorescence spectra did not
show qualitative differences for samples collected during dry and rainy seasons. They also revealed two peaks, one at 390 nm and
other at 460 nm, associated with humic substances. The lack of peaks with significant fluorescence intensity at 270 — 300 nm and at
320 — 370 nm confirms it is an environment with natural OM. The A,;,/A 4, ratios obtained during the dry and rainy seasons (13.55
to 14.97) indicate the presence of allochthonous OM of terrestrial origin, with high level of aromatic carbon associated with humic

substances. The OM photodegradation by natural sunlight was more pronounced in the first five days, with a decrease of FI, from

23.6 to 55.4%. Also, titration with Cu(Il) ions was used to determine the complexation ability of the two fluorescent sites, obtaining

log K values of 4.26 and 4.27.
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INTRODUCTION

Natural organic matter (NOM) is a complex mixture of
organic compounds that occurs in natural waters. It is derived
from decomposition of land plants and from by-products of
bacteria, algae and aquatic plants.'” An aquatic NOM holds both
hydrophobic and hydrophilic compounds. The hydrophobic NOM
is mainly comprised of aromatic carbon, with phenolic structures
and conjugated double bonds; while hydrophilic NOM contains
a higher proportion of compounds derived from carbohydrates,
proteins, sugars and amino acids. Mostly of aquatic NOM is made
of hydrophobic acids (~ 50 — 90 %), which represents more than
half of the dissolved organic carbon (DOC) and are often described
as humic substances.®!°

The NOM composition varies according to its origin and
aquatic compartment. The origin of allochthonous organic matter
is predominantly terrigenous and it comes from organic matter
leaching to aquatic systems by the wind, surface runoff, and rivers.'":!?
On the other hand, autochthonous organic matter is formed by
photochemical and bacterial degradation of biologic material in the
aquatic environment.'

The NOM characteristics can also vary seasonally and
temporally. In the rainy period, the NOM input into water resources
can increase; and, in periods of higher daily solar irradiation, the
NOM characteristics can change as a result of photodegradation.'*!3
Another process that can change NOM in the aquatic system is the
biodegradation. These two processes can lead to the conversion of
dissolved organic matter (DOM) to inorganic compounds (i.e. CO,),
which contributes to CO, emission from creeks, rivers, and lakes.!'*!”
It is particularly important to springs, once they are more closely
linked to the terrestrial environment. '8!

The characterization of DOM regarding its origin, composition,
concentration, and sources has attracted the attention of many
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researchers due to its wide distribution in the various environmental
compartments (lakes, rivers, soils, and oceans). In addition, it plays
a critical role in the global biogeochemical cycle of carbon; in
the maintenance of aquatic food chain; in the interaction between
hydrosphere, biosphere, and atmosphere; besides affecting the
behavior and destination of inorganic pollutants, such as trace metals,
this way changing its solubility , toxicity, mobility, bioavailability
and final destination.>'*?>» One example is the DOM influence on
copper speciation in natural waters, because, according to literature,
the formation of the complex Cu-DOM decreases the activity of
Cu(Il) ions, the most bioavailable copper specie, and therefore it
also decreases the toxicity to aquatic organisms.?*?” This interaction
between DOM and metal ions is particularly important, because
regulatory authorities began to realize that DOM is an important
factor for water quality assessment.?

The assessment of DOM characteristics is often carried out
by fluorescence spectroscopy and UV-visible absorbance, and the
measure of dissolved organic carbon (DOC) reveals its quantity
in the environment.!7?>%- In general, absorbance is measured at
the wavelength of 254 nm and it is considered a measurement of
humic substances contribution, rich in aromatic compounds.*” The
UV-visible index (A,s,/A 43) has also been used for source analyses and
historical transformations of NOM in many aquatic environments.*-*
Fluorescence spectroscopy has been widely employed for DOM
characterization in natural waters, with respect to its sources,
degradation, and transformation.’>**4-3 Besides presenting greater
sensitivity when compared to absorbance measurement (10 to 1000
times), fluorescence measurement is also simple, fast, non-destructive,
versatile, and it allows to discriminate different chromophores that
absorbs similar wavelengths 304446

This type of characterization is possible because of natural waters
optical properties presented by the optically active fraction of the
DOM, usually named colored dissolved organic matter (CDOM),
which strongly absorbs in the ultra violet region of the spectrum. The
CDOM directly affects the light spectral quality in the water column
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and it indirectly affects the primary production (by stimulation or
inhibition), the exposure of aquatic organisms to the hazardous UV
radiation, and the thermal stratification.?

The main objective of this work is to present the characteristics
of organic matter in an aquatic environment located in a tropical
region which is still unaffected by anthropic activities. Synchronous
fluorescence spectroscopy and UV-Vis absorbance were used for
characterization of dissolved organic matter. Photodegradation
experiments were performed to evaluate the NOM photodegradation
potential when exposed to light. The complexation ability of
fluorescent sites with Cu(Il) ions was also determined by titration.

MATERIALS AND METHODS
Study area, sampling and chemical analyses

The study area is located in Serra de Itabaiana National Park
(PARNASI), in the State of Sergipe, Northeastern Brazil. The
PARNASI is a Conservation Unit formed by the mountains of
Cajueiro, Comprida, and Itabaiana, covering an area of 7,966 hain a
perimeter of 87.25 km. It covers the cities of Itabaiana, Areia Branca,
Itaporanga D’ Ajuda, Campo do Brito, Riachuelo, and Malhador. It is
located in a transition zone from Caatinga to Atlantic Forest (Brazilian
ecoregions), where climate is predominantly semi-arid, with annual
precipitation ranging from 1100 to 1300 mm in well-defined seasons,
and monthly average relative humidity of 84.6 %. The many creeks
that flows through the mountains are, in general, associated with
areas of forest formation, where shrub vegetation is predominant,
and they are important for supplying surrounding communities and
cities, because they are springs of rivers such as Poxim, Jacarecica,
and Coringuiba.*’ On the other hand, Cipé Waterfall holds intertwined
roots through its entire extension and it is located at Gruta da Serra,
in the Itabaiana Mountains.

Samples were collected from surface water, in two sites (Al and
A2) in Cip6 Waterfall/Gruta da Serra (Figure 1). The water of Al
site had a longer residence time of protection from direct sunlight
(shaded area), while the water of A2 site received direct influence
from sunlight. Sampling was carried out in October 2009 and April
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2010. In each site, water was collected in polyethylene containers
and samples were kept in ice and in absence of light until it reached
the laboratory. In the laboratory, pH and electrical conductivity
(EC) analyses were taken, using pH meter and EC meter (Digimed,
Brazil); and part of the samples were immediately filtered in glass
fiber filter (porosity 0.45 um) and stored at 4 °C in the dark until
analyses were completed. All of the used containers were cleaned
with ultra pure water (18.2 MQ.cm, Millipore) and cleansing was
tested using fluorescence.

UV - visible measurements of the water samples were performed
with a FEMTO spectrophotometer (model 700 plus) in two
wavelengths: 254 nm and 436 nm, using 1 cm quartz cells. Ultra pure
water was used as a reference.

Synchronous fluorescence analysis

Synchronous fluorescence spectra of the water samples were
obtained with a Perkin Elmer spectrofluorimeter (model LS45)
equipped with a xenon lamp as excitation source. All measures were
taken at a constant offset between excitation and emission of 30 nm
and slit width of 10 nm,*“® at a scanning range of 250 — 550 nm.
Spectra were corrected according to ultra pure water blanks and
fluorescence intensity was expressed in arbitrary units (u.a.).

Dissolved organic carbon analysis

Dissolved organic carbon (DOC) concentration was measured
by sample combustion at 950 °C, using a Shimadzu TOC-5000A
total organic carbon analyzer. Calibration was conducted with a
potassium hydrogen phthalate standard solution, diluted to different
concentrations as estimated DOC content of the sample. For each
sample, values were obtained by the average of at least three
satisfactory injections, regarding the coefficient of variation (<2 %).

Photodegradation experiments

The glass fiber-filtered samples, both A1 and A2 collected in the
dry period (Oct 2009), were incubated to investigate photochemical
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transformation of DOM.¥! Each sample was placed in three 30 mL
borosilicate flasks (for 5; 10; and 15 days of incubation), leaving no
upper space, and, afterwards, they were exposed to natural sunlight.
Borosilicate glasses do not transmit light below 300 nm, therefore
these samples are not exposed to far UV light. Each sample was
analyzed before and after 5; 10; and 15 days of incubation, in order
to obtain the synchronous fluorescence spectrum.

Fluorescence quenching titration

Titrations using fluorescence quenching were performed to study
complexation between DOM and Cu(Il), based on the modified Stern-
Volmer equation. From the filtered A1 samples (collected in the dry
period, Oct 2009), aliquots of 20 mL were taken and transferred
to a series of glass flasks. Then, it was added at different volumes
(10to 80 uLL) a0.01 mol L' Cu(II) solution which was prepared from
a Specsol 0.016 mol L' standard solution. Titration was performed
in triplicate at the natural sample pH (4.3). During the titration the
pH was maintained at 4.3 + 0.1 and the total sample volume did not
exceed the limit of 20.08 mL. The flasks were agitated and left to
stand in the dark for 24 hours at room temperature, so that it could
reach complexation equilibrium. The fluorescence intensity after
each copper addition was measured using synchronous fluorescence
spectroscopy. The titration was performed in triplicate in the natural
sample and final volumes of each sample did not exceed the limit
of 20.08 mL. Complexation parameters were calculated using the
modified Stern-Volmer equation, assuming the formation of a 1:1
complex between DOM and Cu(II).*

RESULTS AND DISCUSSION

Water quality variables and optical properties of the collected
samples are shown in Table 1. Values of pH and electrical conductivity
(EC) ranged from 4.1 to 4.4, and from 32.91 to 40.08 uS cm’,
respectively, indicating a fresh water with acid characteristics and
low ionic content.

Dissolved organic carbon parameters (DOC), UV (A,s,)
and visible (A,;,) absorption and specific ultraviolet absorbance
(SUVA) are used to represent the quantitative measurement and
NOM characteristics. COD concentrations ranged from 15.05 to
19.74 mg L. For the same sample period, differences between pH;
EC; and DOC, among Al and A2 sites, were not significant, but
values were significantly lower to the samples collected in Apr 2010,
reflecting the greater dilution in the rainy period.

The wavelengths from 220 to 280 nm are considered the
most suitable for NOM measures, with each different wavelength
identifying different chromophores. A,s, has been suggested for
measurement of the colored dissolved organic matter (CDOM)
contribution which is rich in aromatic constituents, i.e., A,s, represents
the aromatic character of the NOM.>
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The A,5,/A,; ratio has been used as DOM source indicator.
Values between 4.37 and 11.34 are typical to allochthonous DOM
of terrestrial origin’; higher values (10.28 — 19.74) were obtained
for humic fractions of the river Itapanhaii/Sdo Paulo.”! The obtained
values for A,;,/A ;¢ for both periods (Table 1) were characteristic to
allochthonous DOM of terrestrial origin, which has a higher aromatic
carbon level associated with humic substances derived from superior
plants and soil organic matter.>’

The specific ultraviolet absorbance (SUVA) is calculated dividing
A,5, by DOC concentration, in other words, it represents the absorption
at 254 nm per unit carbon. The SUVA describes NOM nature in the
water in terms of hydrophobicity and hydrophilicity, a SUVA higher
than 4 indicates NOM with predominant hydrophobic characteristics,
while a SUVA lower than 3 stands for a predominantly hydrophilic
NOM.#1 In surface waters, the typical SUVA variation is from 1.0 to
6.0L mg C!' m''; however, higher than 6.0 L mg C!' m™! values have been
obtained for waters with a strong NOM of terrestrial origin presence.*?

For the waters of Cipé Waterfall, SUVA values ranged from 5.90
to 7.65 L mg C' m’!, with higher values for the rainy period, due
to the higher terrestrial organic matter input by surface runoff. The
high SUVA values confirm the presence of DOM predominantly
terrestrial in origin. The organic matter of terrestrial origin has
relatively low nitrogen content, but large quantities of aromatic and
phenolic compounds and, for this reason, it also presents a higher
reactivity (Fabris et al., 2008). For the waters of the same region,
Santos et al.>® obtained pH values (3.76), DOC (22.5 mg L), A5,
(0.954), and SUVA (4.24 L mg C' m™") similar to the values obtained
in this work. They also mentioned that this data set indicates a highly
humified NOM.

Fluorescent characteristics and DOM photodegradation

In the synchronous fluorescence method, excitation and
emission wavelengths are continuously varied, keeping between
them a constant offset value AN (A, o — M ), obtaining as a
response a spectrum with a set of peaks related to DOM fluorophore
composition. The synchronous fluorescence spectrum for fresh water
samples usually shows four wide peaks attributed to the presence
of the following constituents: (i) compounds with characteristic
structure of aromatic amino acids (at 270 — 330 nm wavelengths),
associated with fluorophores derived from primary microbial
production®; (ii) compounds with two tryptophan-like condensed
rings (320 — 370 nm), which have been related to the presence of
anthropogenic organics; and (iii) compounds with two condensed
rings, associated with fulvic acids (370 — 400 nm) and with humic
acids (420 — 480 nm), constituted by humic substances, derived from
chemical and biological processes, in terrestrial and aquatic media,
from soil and plant matter.>

Fluorescence spectra (Figure 2) did not revealed qualitative
differences for the samples A1 and A2 collected in the dry period (Oct

‘excitation.

Table 1. Water quality and optical properties of samples collected in Cipé Waterfall — Serra de Itabaiana National Park

Sites pH EC ! DOC»] A, Ay UV/Vis Index SUV_/I\ !
(uS cm™) (mg L") (nm) (nm) (Aysa/Ause) (Lmg C'm")
Dry Period (Oct 2009)
Al 43 39.82 19.74 0.859 0.062 13.85 5.90
A2 44 40.08 18.64 0.881 0.065 13.55 6.09
Rainy Period (Apr 2010)
Al 4.1 3291 15.05 0.868 0.058 14.97 7.65
A2 4.1 33.51 15.75 0.872 0.059 14.78 7.28
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2009) and rainy period (Apr 2010), and they predominantly indicated
the presence of two peaks, one at 390 nm and other at 460 nm, typical
of humic substances. According to Miano and Senesi*¢, peaks that are
revealed in shorter wavelengths represent the fulvic acid fractions with
lower degree of aromaticity, while peaks that are revealed in longer
wavelengths (460 nm or longer) are associated to polycondensed
phenolic aromatic compounds, such as humic acids. Although the
samples collected in April presented lower DOC concentration (Table
1), they also presented higher fluorescence intensity, indicating that
the fluorescent material represents only a fraction of total DOC, as
observed by Arguelho et al.” for the Sal River. The lack of peaks
with significant fluorescence intensity at 270 — 300 nm and at
320 — 370 nm suggests an environment with natural organic matter
(with no anthropogenic input), where allochthonous organic carbon
predominates over autochthonous carbon derived from primary
producers.

Meng et al.*, using natural organic matter sample (SRDOM,
International Humic Substance Society), obtained similar results,
with considerably higher fluorescence intensity peaks for the
humic-like components and substantially lower fluorescence
intensities for the tryptophan-like (320 — 370 nm) and protein-like
(270 -300 nm) components. For them, this confirms that the natural
dissolved organic matter is dominated by humic-like constituents
of terrestrial origin.

As organic matter molecules are photoreactives, photodegradation
is an important mechanism of DOM transformation in aquatic media,
which can entail the reduction of molecular size and variation in the
optical properties.>>#!7 According to Meng et al.*!, photodegradation
can assist identification of NOM origin, provided that NOM
characteristics are associated to its origin sources.

The water samples from Cipé Waterfall collected in Oct 2009
were exposed to natural sunlight for a period of 15 days. Figures 3
and 4 show the variation of synchronous fluorescence spectra and
fluorescence intensities (FI,,,,) during photodegradation experiments,
respectively. The exposure to solar radiation (w/S) resulted in
a decrease in the FI , of peaks at 390 nm and 460 nm, and it
generated two peaks, one charactheristic of aromatic amino acid-like
components (275 nm) and other associated to compounds with two
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tryptophan-like condensed rings (355 nm). For the samples with no
sunlight exposure (w/0S), the FI,, at 390 nm (Peak III w/oS) and
at 460 nm (Peak IV w/0S) remained almost invariable (Figure 4),
indicating that, during the period of 15 days, the fluorescent organic
matter was not degraded by solar radiation.

The photodegradation process was more pronounced in the first
five days, with a decrease in the FI,, of 23.6% (at 390 nm) and
55.4% (at 460 nm). From the sixth day until the end of the experiment
(15 days), FI,,, remained stable, not presenting any significant
variation. For the two peaks generated by photodegradation (Peak I
and Peak II), FI, showed a larger increase in the first five days,
but a significant increase occurred until the end of the experiment.

Photodegradation results (Figure 4) show that the most “sensitive”
fluorescent DOM (FDOM) was almost completely degraded in five
days, while the FDOM that stood by after the five days was relatively
resistant to photodegradation. The decrease in FI,, for the humic-like
constituents was considerably lower than those observed for DOM in
anthropogenically impacted environments*#%¥, showing that DOM
of natural origin has a lower photodegradation potential than those
present in impacted environments.

Complexation of DOM with Cu(II)

Considering the relevance of DOM as a water quality parameter
that can affect metal toxicity **, the complexation ability of fluorescent
sites of DOM in Cip6é Waterfall was assessed, using fluorescence
quenching, based on the modified Stern — Volmer equation®,
described by Equation 1:

L)L, -D=1/(FK[Cul)+1/f (1)

where / and /o are the fluorescence intensities of DOM in the sample,
with or without addition of Cu(Il) solution, respectively. K is the
conditional constant of complexation and f is the DOM fraction
which participates in the complexation. The values of K and f can
be estimated through the plot of I /(I, — I) versus 1/[Cu]. In this
procedure, it is considered that only the fluorescent sites participate
in the complexation. Therefore, the complexation of non-fluorescent
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Figure 2. Synchronous fluorescence spectra for water samples of Cipé Waterfall — Itabaiana Mountains, collected during dry period (Oct 2009) and rainy

period (Apr 2010)
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sites is not assessed. Even so, this method has been used in several
studies.*>#*%6 The model also considers a stable quenching, leading
to the formation of a metal-fluorophore complex which is stable and
non-fluorescent.*?

Copper is a metal that has been widely used in this type of
experiment, once it is not only an effective quencher of humic
substance fluorescence, but also it shows a strong association with
colloidal molecules.®

Figure 5 shows the decrease in the fluorescence intensity in the
peaks at 335 nm and 460 nm, as a function of the increase in Cu(Il)
concentration, indicating that fluorescence quenching occurred on
account of the electronic structural change in the DOM fractions

with time of sunlight exposure (wW/S) compared to FI,,, without sunlight exposure (w/0S), for the A1 water samples of Cipo Waterfall
— Serra de Itabaiana National Park, collected during the dry period (Oct 2009)

(fulvic and humic), due to the formation of complexes with copper. In
the beginning of titration, Cu(II) ions concentration is low and there
is excess of ligands. Thus, these ions tend to preferably occupy the
strongest complexation sites and, as copper concentration increases
and the strongest sites are occupied, Cu(Il) ions start to occupy the
weakest sites. Itis observed that the decreases related to fluorescence
intensity were not identical, which reflects the different complexation
ability of the fluorophores.

The FI,,, of each peak related to Cu(II) concentration was used
to determine complexation parameters. For the two fluorophores,
the relation I./(I, — I) versus 1/[Cu] was linear, with R? values
aproximately equal to 1 (Figure 6). The calculated complexation
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Figure 5. Decrease in intensity of peaks Il and IV for DOM in the Cipé Waterfall waters as a function of the addition of 0,01 mol L' Cu(Il) solution

parameters for the two peaks are presented in Table 2. Similar log K
values are mentioned in the literature for DOM in reservoir waters
(log K 4.37 — 4.83)®, in surface river waters (log K 4.67 — 5.21)
and for soil humic substances (log K 5.49 — 5.66)%.

The results found showed that the values for the complexation
constant were similar the main DOM constituents, fulvic acid
(Peak III) and humic-like (Peak IV). This indicates that possibly
the two identified fractions of DOM present in the waters of Cipd
Waterfall — Gruta da Serra have binding sites of Cu(Il) ions with
similar strength and that the strongest sites are distributed both in the
fulvic acid (Peak III) and on the humic acid (Peak IV). Nevertheless,
the fluorophore fraction available for complexation was 42.3% for
fulvic acid-type constituents (Peak III) and 59.5% for humic-type
constituents, confirming the different amount of copper (II) bound
to the fulvic and humic fractions.

12

The bonding of metal ions to the humic material occurs through
“specific” interactions with the functional groups (-COOH and
phenolic OH) and “non-specific” ones resulting from the electrostatic
interaction between the negatively charged humic molecule and the
positively charged cations. The carboxylic and phenolic groups are
mainly responsible for the binding capacity of humic substances and
due to the difference in acidity, carboxylics are more involved in
lower pH values and phenolics in higher pH values.®** The amount
of Cu (II) bound to the humic fraction is greater than the amount
bound to the fulvic fraction, this has been attributed to the presence
of phenolic and carboxylic groups adjacent to the aromatic ring, such
as phthalic or salicylic acids, capable of forming strong complexes
with Cu (II). These groups are present in greater quantities in humic
acids than in fulvic acids.®
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Figure 6. Stern — Volmer plot for the peaks IIl and IV for DOM in the Cipo Waterfall waters as a function of the addition of 0,01 mol L' Cu(II) solution
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Table 2. Complexation parameters (n = 3, average + standard deviation,
pH=4.3 +0.1) calculated using the Stern —Volmer equation for the fluorescent
peaks of DOM in the waters of Cip6 Waterfall — Serra de Itabaiana National
Park

Peak Em (nm) Log K f (%) R?
1 390 426+0.04 423+09 0.99
v 460 427+0.09 59.5+0.9 0.99
CONCLUSIONS

The techniques of synchronized fluorescence spectroscopy and
UV - Vis absorbance were used successfully to characterize the
organic matter dissolved in the water of an environment not affected by
anthropogenic activities, identifying the sources and main components.

The synchronous fluorescence spectra did not show qualitative
differences for the samples collected during dry and rainy seasons.
One of these peaks is associated with fulvic acids fraction, while the
other one is related to polycondensed phenolic aromatic compounds,
such as humic acids, which demonstrates that organic matter in the
waters of Cip6 Waterfalls (located in Serra de Itabaiana National
Park) is predominantly from natural sources. From the behavior
of fluorescence quenching after copper addition, it was possible to
assess the complexation ability of Cu(Il) ions with the two fluorescent
sites (fulvic and humic acids) in the DOM, being the humic acid the
component with larger fraction of fluorophores available for copper
complexation. Photodegradation experiments showed that natural
DOM has alower photodegradation potential than DOM of impacted
environments.
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