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Abstract

Photodegradation is an important process for aquatic metabolism, related to the dissolved organic matter (DOM) transformation in
water. For example, in a water supply reservoir, DOM is an important parameter since it can react and form disinfection by-products
during water treatment. Thus, the understanding and determination of photodegradation rates are especially relevant for water resources
management since they can influence DOM transformation in the water column. However, besides its relevance, few studies were
conducted in the southern hemisphere for photodegradation rates determination. Therefore, we carried out field experiments to
characterize and evaluate DOM photodegradation rate — at different depths and in two solar irradiation periods — through the application
of absorption spectroscopy techniques in the UV-Vis region and fluorescence excitation-emission matrices (EEM) combined with the
dissolved organic carbon (DOC) measurement. Low concentrations of natural DOM and nutrients in the aquatic environment were
measured during the field monitoring. Our results indicate that photodegradation rates for a temperate oceanic climate reservoir were
proportional to the availability of solar radiation, being more representative considering the time scale.

Keywords: DOM photodegradation; Aquatic organic matter; Water quality; Reservoirs.

Resumo

A fotodegradacio é um processo importante para o metabolismo aquatico, estando relacionado a transformacao da matéria organica
dissolvida (MOD). Em um reservatério de abastecimento de agua, por exemplo, a MOD ¢ um importante parametro, pois durante
o tratamento de agua pode ocorrer a formacao de subprodutos de desinfec¢do. Assim, a compreensio e determina¢do das taxas de
fotodegradacio siao especialmente relevantes em termos de gestdo de recursos hidricos, uma vez que este processo influencia na
transformacdo da MOD na coluna de 4gua. No entanto, apesar de ser um processo relevante, poucos estudos foram realizados no
hemisfério sul para a determinacao das taxas de fotodegradagio em reservatorios com tal caracteristica climatica. Sendo assim, realizamos
experimentos de campo para caracterizar a MOD e avaliar as taxas de fotodegradagao da MOD — em diferentes profundidades e em
dois periodos distintos de insolagio — por meio da aplicacio de técnicas de espectroscopia de absor¢ao na regiao UV-Vis e matrizes
de excitagdo-emissio de fluorescéncia (MEE) combinadas com o teor de carbono organico dissolvido (COD). Foram encontradas
baixas concentragbes de MOD natural e de nutrientes no ambiente aquatico. Nossos resultados indicam que as taxas de fotodegradacao
para um reservatorio localizado em clima temperado oceanico foram proporcionais a disponibilidade de radiacdo solar, sendo mais
representativas considerando a escala de tempo.

Palavras-chave: Fotodegrada¢io da matéria organica; Matéria organica aquatica; Qualidade da agua; Reservatérios.
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INTRODUCTION

The demand for drinking water has been growing as
supply is on the way to collapse in various regions of the planet,
conforming UN-Water estimates, which suggest that until 2025
almost two billion people will be in places with severe water
scarcity and about 66.7% of the world’s population may be living
in conditions of water stress (Lartigue et al., 2016; World Water
Council, 2021). Many studies discuss the quality of water bodies
used for public supply worldwide (Lamparelli, 2004; Busch,
2009; Motling et al., 2017; Parana, 2017; Santos, 2017; Godoy,
2017). Umpteen water sources have already become unfit for
consumption due to the water quality deterioration (Santos, 2017),
demonstrated by the different physical, chemical, and biological
parameters monitoring, as well as calculations of water quality
and trophic status indices (Lamparelli, 2004; Cunha et al., 2013).
There is a complex interaction between biotic and abiotic agents,
in which the quali-quantitative characterization of organic matter
plays an important role for a better understanding of the water
quality dynamics in a reservoir.

Dissolved organic matter (DOM) can be through
autochthonous, allochthonous, or anthropogenic sources.
Depending on its concentration, DOM can be a problem in water
supply reservoirs. In underdeveloped countries, organic loads are
a serious problem, because chlorination is usual water treatment
method (Instituto Brasileiro de Geografia e Estatistica, 2010), due
to its low cost and antimicrobial efficiency without adding color
to the water. However, DOM can react with chlorine, resulting
in unwanted disinfection by-products, such as trihalomethanes,
with carcinogenic effects (Meyer, 1994; Alegria et al., 1988; Brasil,
2006; Furtado, 2011).

Different factors contribute to the mineralization of aquatic
organic matter, and it is already known that refractory DOM
can be converted into substrates more susceptible to microbial
degradation (Moran & Covert, 2002; Azevedo, 2005). However,
studies on DOM photodegradation in water supply reservoirs
are scarce, especially in temperate oceanic climate (Cfb) in the
southern hemisphere, including Brazil (Table 1).

Previous DOM photodegradation research on aquatic
environments, generally, was conducted in water bodies with high
DOM concentrations. Therefore, it is relevant to assess if and how
photodegradation is a crucial process for low DOM concentration
environments, such as Passaina Reservoir.

In addition, our algae and solids (dissolved and
suspended) transportation, degradation, and assimilation
are different from the studies majority, which may result in
different organic matter sources and light attenuation in the
water column. Therefore, to know and understand DOM
concentration, composition, distribution, and transformation
is fundamental to complement water quality monitoring, as
well solar radiation effects on DOM transformation in the
water column — mainly in the case of river basins located in
large urban and their surroundings.

Thus, in this study, we investigated the solar effects
on DOM photodegradation and its impacts on the aquatic
organic matter dynamics at Passaina reservoir. For this
purpose, we performed a field experiment with water
incubation in different water depths (to simulate the light
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attenuation). Also, we analyzed the dissolved organic carbon
(DOC) variation combined with the organic matter signature,
obtained through spectroscopy techniques (fluorescence
and UV-Vis), to produce fluorescence excitation-emission
matrices (EEM) and identify some of the most common
components of DOM. The motivation for this approach
was to understand the process of solar transformation and
degradation of DOM in a temperate oceanic climate region,
focusing on a more detailed investigation of the water quality
dynamics in a water supply reservoir.

MATERIAL AND METHODS

Study area

The experiment was carried out at Passauna reservoir
located at Curitiba Metropolitan Region (CMR), South part
of Brazil, between the cities of Curitiba, Campo Largo, and
Araucaria (Figure 1). Both the Passatina reservoir and the river
stretch upstream are under pressure from urban and rural uses
(Rauen et al.,, 2017).

The reservoir is at the Iguacu River catchment and Passauna
River sub-basin. Its watershed has a drainage area of 153 km?. It
is mainly characterized by silt-clay sediments, carried by erosion
or fluvial transport (Carneiro et al.,, 2016; Rauen et al., 2017;
Oliveira et al., 2019). The reservoir and upstream fluvial section
are classified as class-1I freshwater (Rauen et al., 2017) according
to Brazilian legislation.

The Passatna reservoir has an average depth of
approximately 9 m, a surface area of 11 km? a water volume
of 71.6 hm® (Rauen et al., 2017), and average transparency of
2 m (Multidisciplinary Data Acquisition as Key for a Globally
Applicable Water Resource Management, 2019). It produces
between 1800 1s and 2000 Is™ of water that supplies about 20%
of the Curitiba population, in addition to Araucaria and Fazenda
Rio Grande population’s part (Parana, 2013).

The local climate can be classified, according to Képpen
(1936), as temperate oceanic, maritime temperate, or humid
mesothermal (Cfb). It is characterized by humid summer with mild
temperatures (average minimum and maximum temperatures are,
respectively, 14.5 and 20.5 °C and the annual average is 17.3 °C).
It does not have a well-defined rainy season that is rainfall is
well distributed throughout the year, with an average rainfall of
150 mm in the wettest month and 100 mm in the driest month
(Dias, 1997; Busch, 2009; Parana, 2017; Rauen et al., 2017; Instituto
Agronémico do Parana, 2020).

We chose the local for sampling and experimenting
(-25.5115711, -49.3716873) based on the following criteria:
purpose and use of the resource (intake of the water treatment
plant), ecological representativeness, the lentic regime of flow,
restricted access, greater and more stable depth in relation to
other sites of the reservoir, as well high transparency of the
water column. Figure 1 indicates the experiment site (the water
treatment plant intake).
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Figure 1. Passatina Reservoir: emphasis on the experiment site (left) and its location in the state of Parana and Brazil (in the middle,
top) and drainage basin delimitation (right) (Adapted from Barreto et al., 2019).

Photodegradation experiment and water sampling

Two field experiments sets were conducted: the first one
in April 2019, described by Souza et al. (2019), and the second in
October of the same year. To investigate the photodegradation
of natural DOM, in both the field experiments, borosilicate
tubes with approximately 20 mL of sample were incubated (i.c.,
kept submerged in the Passatna reservoir) with water previously
collected from the reservoir.

We collect water samples at the surface of the WTP intake
area using organic matter-free amber glass bottles (acid washing
with HCI 1M, at 200 °C, and calcination at 400 °C for 4 h). After
sampling, water samples were prepared as follows: 10% were
filtered through a 0.45 um membrane, for removing predators
of bacteria and coarse particles, and 90% filtered in 0.22 pm, for
removing bacteria (Azevedo, 2005).

The tubes were incubated for approximately seven days,
with a partial sampling approximately two days after the beginning
of the incubation period to investigate the DOM changes in the
initial step. We had constant incubation depths during all two
experiments (April and October 2019): surface (0.05 m); 0.50; 1.00;

RBRH, Porto Alegre, v. 27, e4, 2022

1.50 e 2.00 m and the dark control (tubes wrapped in aluminum
foil) incubated in 2.10 m (Figure 2).

For the second field experiment (October 2019), aliquots
of water sample (prepared with the same filtered proportions
adopted on the first field experiment) were supplemented with
DOM standard solutions: part with 40 mgl! humic acid (HA)
and part with tyrosine (Tyt) and tryptophan (Trp) — 20 mgl' of
each of the amino acids).

Solar radiation and water quality data

Water transparency was measured before starting the
experiment, during the experiment, and at the end of the field
experiment (1%, 2", and 8" April 2019 and 8™, 10™ and 15® October
2019). We also used water transparency measurements (approximate
value) observed in measurements performed by the Mudak-WRM
project over a year (prior to the start of the experiment).

At the field, we also analyzed turbidity, pH, and dissolved
oxygen (DO) data from Sanepat’s automatic monitoring station
(Parand, 2019a, 2019b) and the Mudak-WRM (Multidisciplinary
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Data Acquisition as Key for a Globally Applicable Water Resource
Management, 2019) project. In addition, water samples wete collected
and transported to the laboratory, to quantify total nitrogen and
phosphorus using the colorimetric method (American Public
Health Association, 1999) and dissolved organic carbon (DOC)
using carbon analyzer TOC-VCPH Shimadzu®. We analyzed
DOM through UV-Vis spectroscopy (Vatian Cary 50Conc®) and
fluorescence spectroscopy (Cary Eclipse®).

We obtained solar radiation data from the Curitiba
A807 automatic meteorological station (Instituto Nacional de
Meteorologia, 2019), and calculated the solar radiation at each water
depth (disregarding the flasks glass wall), during the incubation
period (Figure 3) from the equation I = o — %, where: I=radiation

at a given depth, Io=surface radiation, Z=depth in meters, and
k=vertical attenuation coefficient (Howard-Williams & Vincent,
1984). The vertical attenuation coefficient (k) was calculated from

the equation & = 1,7(2 SD’I), where: Z =transparency measured
with Secchi disk (in meters) (Poole & Atkins, 1929).

Characterization of organic matter based on peaks
of fluorescence intensity (FI)

While DOC quantifies the DOM, fluorescence spectroscopy
allows characterizing it. We treated the raw data from fluorimetry

readings, combining them with the UV-Vis spectroscopy readings

Figure 2. Sample fixing structure for photodegradation in different depths: photodegradation sets (a) on the surface; (b) every 0.5 m;
(c) dark control (d) start of incubation in the reservoir (Souza et al., 2019).
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and the DOC concentration, using the FEEMC 2.0 code
(Kozak et al., 2019).

Each FI peak, usually represent as A, C, B, T'1, and T2
labels, is produced from a specific wavelength and results from
different compounds, or to a substance analogous to it: peaks
A and C indicates refractory DOM (humic substances), as well
peaks B, T'1, and T2 indicate labile DOM presence (tyrosine and
tryptophan respectively) (Knapik et al., 2014). In other words, FI
peaks can be interpreted as a DOM fingerprint of the environment
analyzed. The ranges of the excitation-emission matrices (EEM)
that the different FI peaks are identified are summarized in
Knapik et al. (2014).

RESULTS AND DISCUSSIONS

Water quality parameters for environmental
characterization

On the 1st field experiment (April 2019), we verify the
2.1 m (£0.1 m) of average transparency, approximately 17.4%
of water intake average depth (Multidisciplinary Data Acquisition
as Key for a Globally Applicable Water Resource Management,
2019), and this amount was in accordance with the time series
recorded in the previous studies carried out the same reservoir
area (Multidisciplinary Data Acquisition as Key for a Globally
Applicable Water Resource Management, 2019; Dias, 1997).
Howevet, we found duting the 2™ field experiment (October
2019) higher transparencies than suggests by the measurements of
Dias (1997) and Mudak-WRM (Multidisciplinary Data Acquisition

as Key for a Globally Applicable Water Resource Management,
2019): 5.0 m on the first day of DOM incubation in the reservoir
and 7.0 m after in the next two days (Figure 4).

It is possible that the higher transparency observed in the
2 field experiment (October 2019) was due to a dry petiod before
the experiment, with less contribution of dissolved and suspended
sediments carried throughout the watershed, as suggested by
Oliveira et al. (2019) in a study conducted at Passauna reservoir.
Thus, with low turbidity, light penetration is facilitated in the water
column (Mostofa et al., 2013; Suhett et al., 20006). Also, greater
exposure to sunlight amplifies the bleaching of the colored DOC
(Kieber & Mopper, 1987; Moran et al., 2000; Suhett et al., 2000).

The turbidity (Figure 5) measures during the entire
experiment (April and October 2019) were very low compared
to the maximum limit of 100 NTU established for freshwater
class-1II of the water bodies classification (Brasil, 2005). We show
in Figure 5 the turbidity values (NTU) during the photoperiods
in which the samples incubated in the reservoir were irradiated
by sunlight.

The lower turbidities (Figure 5) and higher water transparency
(Figure 4) observed during the second field experiment, compared
to the first one, facilitated the light penetration into the water
column, improving the potential for DOM photodegradation
(Mostofa et al., 2013). Oliveira et al. (2019), found a satisfactory
correlation between turbidity and solids in the Passatina reservoir:
Pearson’s correlation coefficients (r) of 0.6844 (Spearman’s
e = 0.7283) for total solids and 0.9653 (Spearman’s o = 0.8264)
for total suspended solids.

The dissolved oxygen (DO) and the pH measured were
within the water quality standard established by CONAMA
— National Environment Council (Brasil, 2005): respectively,

. 2 . @ 3 - .
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Figure 4. Water transparency in the region water intake at Passatina reservoir, measured during 1st and 2nd field experiments, compared
to the time series verified in previous research (Dias, 1997; Multidisciplinary Data Acquisition as Key for a Globally Applicable Water
Resource Management, 2019) for the same area. The vertical bars indicate the measurements we made during the experiment.
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Figure 5. Variation of water turbidity at water intake area at Passauna reservoir during the field experiments photoperiods, measured
by the monitoring sensor fixed at the area where the DOM photodegradation experiment was carried out (Database: Multidisciplinary
Data Acquisition as Key for a Globally Applicable Water Resource Management, 2019).

6.0 mgl" and between 6 and 9 units. In aquatic environments,
most photochemical reactions involve DO, as it acts as an electron
acceptor and participates in secondaty reactions, i.e., under higher
concentrations of DO, there are higher rates of photodegradation
of the DOM. As well the water acidification (measured by the
pH decrease) also can accelerate the DOM photodegradation
(Mostofa et al., 2013).

Complementarily, total nitrogen (ITN), which does not
figure as a direct water quality parameter (Brasil, 2005), but
the nitrogenous fractions — nitrate, nitrite, and ammoniacal
nitrogen — have maximum tolerable values. However, the
quantified TN concentrations wete 0.61 mgl" (April 2019) and
0.07 mgl" (October 2019) — much lower than the maximum
recommended sum of the nitrogenous fractions mentioned by
the environmental regulation.

Total phosphorus (TP) was below the limit of quantification
(ie., <0.01mgl") (Ametican Public Health Association, 1999),
in the experiment carried out in April 2019. In October 2019,
TP concentration was 10.0% below the 0.03mgl" recommended
by CONAMA for freshwater lentic environments (Brasil,
2005). It is essential that the demand for nutrients, inherent
in each phytoplankton species, is properly supplied because
these organisms are responsible for a significant part of the
autochthonous DOC production. Also, DOC concentration
is inversely related to the water body trophic state, i.e.: in
environments with low nutrient concentrations, DOC excretion
by phytoplankton, as well as by macrophytes, is usually high
(Esteves, 1998).
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Quantification and characterization of dissolved
organic matter

In April (1* field experiment), only the natural DOM variation
(over time) significantly impacted the DOC concentration, both
among sample sets exposed to sunlight (variable along the water
column due to vertical attenuation) and dark controls (p>0.05). In
October (2™ field expetiment), there was no statistical difference
in temporal and spatial variations (Table 2).

In addition to DOC, peaks A, B, C, T'1, and T2 of fluorescence
intensity (FI), exhibit the transformations and decay suffered by
the natural DOM throughout the incubation time (Figure 6).

In April, after 2-days, low increases of FI were observed at
1.5m depth in bands A, C, T1, and T2; and only tyrosine-associated
FI decreased. At the end of the 7-days, all FI peaks decreased,
compared to the sample before incubation and irradiation, except
for the peaks associated with tryptophan in samplings incubated
at 0.5m depth.

In October, after 2 and 7-days, there was a significant FI
difference between water column depths (p=0.03 and p=4.10-7,
respectively): on the first moment, a FI growth at 1.0m; and later,
at the experiment end, greater degradability in the upper layers
and minor in dark control.

In general, the spectra showed low FI, indicating probably
a minor presence of anthropogenic allochthonous source, possibly
carried via catchment runoff and/ot the upstream fluvial section
stream. We discard leading DOM point sources because compounds
such as domestic effluents, leachate from sanitary landfills, etc.,
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Table 2. Dissolved organic carbon concentration (DOC) in the Passatina reservoir water intake area, at different times of the 1% and
224 field experiment: tO=start of the expetiment (incubation of the samples in the reservoir), t2=partial sampling carried out after
approximately 2-days and t7= the field experiment end, after circa 7-days.

. DOC (mgl™") ADOC (%)
Experiment Depth - : :
t0 2 t7 t,regarding t, t regardingt t, regardingt,
0.05 m (surface) 3.059 Bb 3.866 Cc 16.9 47.9 26.4
0.10 m (dark control) 3.183 BCb 3.386 Cc 21.7 29.4 6.4
1% field 0.50 m 3.099 BCb 3.537 Cc 18.5 35.2 14.2
experiment 1.00 m 2.616 Aa 3.049 Bb 3.701 Cc 16.6 41.5 21.4
(Apr. 2019) 1.50 m 3.006 ACb 3.279 Cc 15.0 25.3 9.1
2.00 m 3.105 BCb 3.557 Cc 18.7 36.0 14.6
2.10 m (dark control) 3.443 Bb 31.6
0.05 m (surface) 3.731 Dd 1.699 Dd 73.3 31.8 12.8
2 field 0.50 m 2.516 Dd 2.837 Dd 16.9 30.5 15.9
experiment 1.00 m 2153 Dd 2.424 Dd 2.810 Dd 12.6 20.8 9.8
1.50 m 2.369 Dd 2.601 Dd 10.0 30.9 -1.4
(Oct. 2019)
2.00 m 2.858 Dd 2.818 Dd 32.8 14.3
2.10 m (dark control) 2.460 Dd

Note: Concentrations identified with equal letters (uppercase in the columns and lowercase in the rows) do not differ statistically from each other by the Tukey test

(o = 0.05). Negative percentages indicate a decrease, and positive percentages indicate an increase in the DOC concentration in relation to the reference period value.
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Figure 6. FI peaks (A, B, C, T1, and T2) of natural DOM at different depths in the Passauna reservoir water intake area: (a) and (b),
respectively, 2 and 7 days after starting the 1st field experiment (Apr. 2019); (c) and (d), respectively 2-days and 7-days after starting the
2nd field experiment (Oct. 2019). Points plotted on triangle form represent dark control, and circles the samples incubated exposed
to solar radiation.

present higher FI, requiring sample dilution, which was not the (2005) found higher photodegradation rates for natural DOM than

case of our analysis. those observed for Passauna reservoir and higher concentrations
The higher degradation rates in the surface can be attributed ~ of nutrients and organic matter than those we verified in this study.
in part to photodegradation due to the lower solar radiation vertical Only the temporal variation of the DOC was significant
attenuation. However, in the case of the samples affected by solar ~ for the experiment where we observed the photodegradation
of DOM present on samples enriched with DOM standards
solutions. We do not observe statistically significant variation
between incubation depths (Table 3).

For both reservoir water solutions enriched with DOM
standards, there was a significant difference (p<0.05) between the
FIs, both as a function of the incubation conditions (position in the
water column and photoprotection), and between the peaks A, B,
C,T1,and T2 indicating DOM diversity and greater expressiveness

of one compound at the expense of another (Figure 7).

radiation, the FI variations can be related to the nanophytoplankton
activity due to the radiation saturation region that is the area with
the best lighting conditions for the primary production performance
(Esteves, 1998) — where the limiting factors are commonly the
presence of predators and shortages of nutrients.

Godoy (2017) also recorded significant seasonal vatiation
in the Fls peaks (p=0.03) for sampling performed in the water
intake in February 2016 (summer) and May 2017 (autumn). In
a similar experiment, realized in L.agoa dos Patos-MS, Azevedo
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Table 3. Variation of dissolved organic carbon dissolved (DOC) in reservoir water samples (from the intake) enriched with different
standard solutions of DOM, at different times: t0=start sample’s incubation in the reservoir, t2=partial sampling realized after circa
2-days, and t7=end of the experiment after circa 7-days
DOC (mgl™)
% Y L
Water sample from the Passasina intake area enriched with a humic acid solution (W+HA)

A DOC (%)
t, regarding t,

t, regarding t, t, regarding t,

0.05m (surface) 51a 2.8Db 7.2% -41.4% -45.3%

0.50m 5.6a 51a 17.6% 6.8% -9.2%

1.00m 482 5.8a 39b 20.5% -19.8% -33.4%

1.50m 5.7a 52a 19.6% 8.5% -9.2%

2.00m 5.5a 4.8a 15.1% -1.1% -14.1%

2.10m (dark control) 57a 43a 18.5% -10.6% -24.6%
Water sample from the Passasina intake area enriched with a tyrosine and tryptophan solution (W~+Tyr+Trp)

0.05m (surface) 204 c 153d 1.0% -24.2% -25.0%

0.50m 212 ¢ 17.4d 5.1% -13.6% -17.7%

1.00m 202 ¢ 204 ¢ 153d 1.0% -24.2% -25.0%

1.50m 214 c 17.1¢ 6.3% -15.1% -20.1%

2.00m 213 ¢ 15.6d 5.7% -22.6% -26.8%

2.10m (dark control) 20.0 ¢ 15.9d -0.6% -21.1% -20.6%

Note: Concentrations identified with equal letters do not differ statistically from each other by the Tukey test (@ = 0.05). Negative percentages indicate a decrease

and, positive percentages indicate an increase in the DOC concentration concerning the reference period value.
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Figure 7. FI peaks (A, B, C, T1, and T2) of DOM at different depths in the Passatina reservoir water intake area: (a) and (b), respectively,
2 and 7-days after starting incubation of water sample enriched with humic acid; (c) and (d), respectively, 2 and 7-days after starting
incubation of water sample enriched with tyrosine and tryptophan. Points plotted on triangle form represent dark control, and circles

the samples incubated exposed to solar radiation.

After 2-days, W+HA emitted fluorescence in peak T1,
associated with tryptophan and/or analogous compounds and
the other peaks’ FIs were smaller than the initial values (sample
before solar irradiation, i.e.: A=0.093, B=0.005, C=0.041,
T1=0.000, and T2=0.015 r.u.). After 7-days of incubation, only
peak A referring to the surface sample set did not exhibit higher
FI. Such variations probably resulted from the transformations
caused by photodegradation associated with biological activity
(nanophytoplankton remaining of the filtration procedure).

Samples enriched with amino acids (W+Tyr+Trp) showed
peak C minus expressive after 2 and 7-days of incubation on the
reservoir, compared to the samples before incubation, whose peaks
of Flwere: A=87.3,B=103.6,C=6.1,T1=111.8,and T2=113.4 r.u.

To A, B, T1, and T2, there were insignificant differences
between the incubation depths, including dark control. However,
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peak C (with dark control exception) the FI increased proportionally
to the depth increase in the water column, demonstrating the
vertical attenuation effect.

The results observed during the 1% field experiment
emphasize the strong dependence on the balanced interaction
of both microbiological agents and abiotic variables and the
difficulty of identifying the weights of each component in
the cycle of matter separately, according to report in the
literature (Leenheer, 1994; Geller, 1986; Lindell et al., 19906;
Jorgensen et al., 1998; Moran & Covert, 2002; Mostofa et al.,
2013).

The results observed during the 2™ field experiment,
especially those related to natural DOM enriched with DOM
standard solutions, enabled the determination of DOM degradation
in the aquatic environment. The results presented here highlight
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the occurrence and influence of the DOM photodegradation
process in a temperate oceanic climate reservoir.

FINAL CONSIDERATIONS

Reports on the dynamics of DOM with an emphasis on
photoinduced reactions are recent and scarce in Cfb and Cfa
climates (that have frequent interruptions in direct and abundant
natural light), mainly in the southern hemisphere. Therefore, the
variability in the amount of available solar radiation associated
with the intrinsic characteristics of DOM can severely influence
the respective rates of degradation in the water column.

Caution is essential when considering singly photochemical
transformations, principally in waters with low organic matter
levels, as the viability of degradation has been demonstrated
under the condition of strict interdependence between photo
and biochemical processes. This highlights the need to maintain
the best possible conditions to favor the healthy functioning
of the aquatic systems self-purification and the organic matter
and nutrients cycling, especially in complex systems such as
reservoirs.

Expanding the DOM contents at an experimental level
allows viewing a part of the complex process of DOM degradation,
demonstrating the feasibility of estimating the environment’s
response poor in nutrients and organic matter to possible — but
undesirable —increases in the anthropic DOM-allochthonous input,
given the proximity to urban, agricultural areas and important roads.
Given this, it is possible to conclude that for higher degradation
rates, in waters with high organic load, in reservoirs located in
regions of humid temperate climate, or temperate oceanic climate,
a longer time of exposute to solar radiation is necessary, also
considering the contribution of the others conditioning factors
for DOM photodegradation.

If the reservoir’s particularities are known and respected,
the contribution of DOM’s photodegradation to the water quality
of public supply reservoirs is satisfactory even in locations without
a precise definition between the dry and rainy season, thatis, with
many cloudy and rainy days throughout of the year.

The application of spectroscopic techniques, of absorbance
at wavelengths in the UV-Vis range and excitation and fluorescence
emission, is a great tool for the management of water resources
because, despite this study having used equipment residing in
laboratories, several of the consulted works report the use of
portable fluorimeters and photometers, as well other types of
sensors to measure other variables in situ - some of them, similar
to the monitoring system of vestments associated with quality,
usually monitored, already implemented in the Passauna Reservoir
water intake and several other reservoirs.

The research developed so far brings a complementary
point of view on the DOM dynamics in the reservoir in the
place that can be considered the most important because its
principal purpose is water supply to the population. Thus, the
satisfactory responses obtained in this study make promising
future studies focusing on the other facets of aquatic organic
matter and their photochemical transformations upstream
and downstream of the water intake region (in other usual
points of main reservoir sampling, in the pre-reservoir and at
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critical points in the river section), as well as to evaluate the
bioavailability photoproducts of Passauna reservoir natural
DOM for the microbial community.
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