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Editorial

The Editor proudly announces the new issue of EQJ in which readers will find several
original articles covering areas such as Inorganic Chemistry, Material Chemistry and
Environmental Chemistry. According to the editorial profile of EQJ, the following subjects are
presented: synthesis and characterization of chelating resins based on Schiff bases and the effect
of compositional ratio of chelating moieties and the degree of cross-linking on the uptake behavior
of the heavy metal ions; the stratification process at a reservoir of a hydroelectric power plant and
changes in quality of the water; developing of glasses containing protected nanoparticles
dispersed homogeneously which can be used to prepare new functional glasses useful for
magneto-optics devices; evaluation of ecotoxicity and phytotoxicity of the commercial
Malathion® 500 CE product using Aedes aegypti larvae and Lactuca sativa seed; evaluation of
the physicochemical parameters that express the water quality of a river and their influence on
aquatic life maintenance; spatial distribution of atmospheric pollutants biomonitored in tree barks
to determine the emission sources in a portuary context; water treatment systems and their ability
to remove pesticides residues and by-products.

The Editor is convinced of the high quality of the articles and thanks all authors for their
valuable contributions.

Assis Vicente Benedetti
Editor-in-Chief of EQJ
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Instructions for Authors

Preparation of manuscripts

 Only manuscripts in English will be accepted. British or American usage is acceptable, but they should
not be mixed.

* The corresponding author should submit the manuscript online:
http://revista.ig.unesp.br/ojs/index.php/ecletica/author

» Manuscripts must be sent in editable files as *.doc, *.docx or *.odt. The text must be typed using font
style Times New Roman and size 11. Space between lines should be 1.5 mm and paper size A4.

» The manuscript should be organized in sections as follows: Introduction, Experimental, Results and
Discussion, Conclusions, and References. Sections titles must be written in bold and numbered
sequentially; only the first letter should be in uppercase letter. Subsections should be written in normal and
italic lowercase letters. For example: 1. Introduction; 1.1 History; 2. Experimental; 2.1 Surface
characterization; 2.1.1 Morphological analysis

« The cover letter should include: the authors’ full names, e-mail addresses, ORCID code and affiliations,
and remarks about the novelty and relevance of the work. The cover letter should also contain the suggestion
of 3 (three) suitable reviewers (please, provide full name, affiliation, and e-mail).

« The first page of the manuscript should contain the title, abstract and keywords. Please, do not give
authors names and affiliation, and acknowledgements since a double-blind reviewer system is used.
Acknowledgements should be added to the proof only.

« All contributions should include an Abstract (200 words maximum), three to five Keywords and a
Graphical Abstract (8 cm wide and 4 cm high) with an explicative text (2 lines maximum).

* References should be numbered sequentially in superscript throughout the text and compiled in brackets
at the end of the manuscript as follows:

Journal:

[1] Adorno, A. T. V., Benedetti, A. V., Silva, R. A. G. da, Blanco, M., Influence of the Al content on the
phase transformations in Cu-Al-Ag Alloys, Eclet. Quim. 28 (1) (2003) 33-38.
https://doi.org/10.1590/S0100-46702003000100004.

Book:
[2] Wendlant, W. W., Thermal Analysis, Wiley-Interscience, New York, 3rd ed., 1986, chl.

Chapter in a book:

[3] Ferreira, A. A. P., Uliana, C. V., Souza Castilho, M. de, Canaverolo Pesquero, N., Foguel, N. V., Pilon
dos Santos, G., Fugivara, C. S., Benedetti, A. V., Yamanaka, H., Amperometric Biosensor for Diagnosis
of Disease, In: State of the Art in Biosensors - Environmental and Medical Applications, Rinken, T., ed.,
InTech: Rijeka, Croatia, 2013, Ch. 12.

Material in process of publication:

[4] Valente Jr., M. A. G., Teixeira, D. A, Lima Azevedo, D., Feliciano, G. T., Benedetti, A. V., Fugivara,
C. S., Caprylate Salts Based on Amines as Volatile Corrosion Inhibitors for Metallic Zinc: Theoretical and
Experimental Studies, Frontiers in Chemistry. https://doi.org/10.3389/fchem.2017.00032.
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including figures, tables, diagrams, etc.

« Articles in Education in Chemistry and chemistry-correlated areas: research manuscript related to
undergraduate teaching in Chemistry and innovative experiences in undergraduate and graduate education.
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for submitting and publishing.
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ABSTRACT: Two new chelating resins (Rciaa91 and Rciaa73)
with different compositional chelating groups and degree of cross-
linking were prepared by free radical copolymerization of Schiff
bases obtained from condensation reaction of cinnamaldehyde (ci)
with anthranilic acid (aa) and 1,4-phenylenediamine (pn)
monomers. The synthesized materials were characterized using
CHN analyses, FTIR, *H-NMR, and thermal analyses (TGA, DTA).
Batch technique was applied, and the contact time, pH and initial
concentration of the metal ions were investigated as factors
affecting the uptake behavior. The results obtained indicated that
the chelating resin with larger compositional ratio of chelating
moieties and lower degree of cross-linking showed lower optimum
reaction time and higher uptake affinity towards the metal ions
Cu(ll), Cd(l1), Co(ll), Zn(ll), Hg(ll), and Pb(Il), under the same
conditions. Both the chelating resins showed uptake behavior of the
metal ions in the following order Hg?* > Cu?* > Zn?*>Ph?*>Co?* >

Graphical Abstract
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A comparative result on the uptake of metal ions (Cu*, Cd**, Hg™*, Co™, Pb>* and
Zn**) by the resins Reiaa91 and Reiaa73.

Cd?* each metal at its optimum pH and at the same reaction time and ion concentration. The thermal degradation behavior and
stability of the resins were investigated by using non-isothermal thermogravimetric analysis (TGA/DTG/DTA), at 10 °C min-! heating
rate and under nitrogen. The Coats-Redfern method was used to evaluate the kinetic and thermodynamic parameters (4G", AH" and
AS") for the prominent degradation steps in the TGA curves at 450-660 °C range.

1. Introduction

The removal and separation of metal ions in
aqueous solution play an important role for the
analysis of wastewaters, industrial and geological
samples as well as for environmental
remediation® °. Chelating resins have been widely
utilized for the removal of the undesired metal ions
from these aqueous solutions® *. The development
of high performance chelating resins for removing
heavy metal ions from aqueous solution is
considered not only as research priority in the
environmental field but also as an area of interest
in inorganic catalyst and recovery of valuable trace

metal ions>®. These resins show greater selectivity
compared to the conventional types of ion
exchangers®™**. Besides, they show good physical
and chemical properties such as porosity, high
surface area, durability and purity****. Many
chelating resins with different functionalities like
quaternary amine** *?, sulfonamides™, Schiff base”
81620 sylfonic acid®’, hydroxamic acid®* and
amidoxime® ?* have been emphasized for
interaction with metal ions.

Schiff bases having multidentate coordination
sites are known to form complexes with transition
metal ions readily. Present in a polymer matrix,
they are expected to show affinity and selectivity

10 Eclética Quimica Journal, vol. 43, n. 2, 2018, 10-22
ISSN: 1678-4618
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towards the metal ions at an appropriate pH” % 02,
This led us to synthesize chelating resins, which
will show affinity for the metal ions at appropriate
pH.

In the present work Schiff base chelating resins
have been prepared. The adsorption behavior of the
resin obtained towards heavy metal ions (I1); Cu,
Cd, Co, Zn, Hg, and Pb have been studied. Both
kinetic thermodynamic parameters of the
adsorption process were also calculated. It also
reported the thermal behavior, degradation kinetic,
thermodynamic parameters and the thermal
stability of the Ricaa9l and Ricaa73 resin at a
single heating rate (10 °C min™).

2. Experimental
2.1 Chemicals

All starting materials were reagent grade:
solvents, indicators and metal ions (Cu®, Cd*,
Co*, Zn*, Hg?®*, and Pb®*) were purchased from
BDH chemical company - England, anthranilic
acid, and absolute ethanol from Fluka chemical
company-USA, 1,4-phenylenediamine and
benzoyl peroxide from Aldrich chemical company-
Germany, and cinnamaldehyde and 1,2
azobisisobutyronitrile (AIBN) were from HiMedia
laboratories- India.

Anthranilic acid was purified and recrystallized
before use from distilled water. 1,4-
Phenylenediamine  was  recrystallized  from
benzene. Cinnamaldehyde and 1,2
azobisisobutyronitrile were used as received.

2.2 Techniques

Melting points were determined on Stuart
Scientific Electro-thermal melting point apparatus.
FTIR spectra were recorded using the KBr disc
techniquee on a JASCO 410 FTIR
Spectrophotometer. Elemental analyses (CHN)
were performed on an elemental analyses system,
GmbH VARIOEL V31998 CHNS Mode. 'H-
NMR spectra were recorded in d¢ DMSO on
VARIAN 300 MHz FT-NMR Spectrometer (6 in
ppm) using TMS as an internal reference. The
TGA/DITGA, DTA/DrDTA thermo-analytical
curves were measured in a heating range (25-800
°C) and at a rate of 10 °C min™ under nitrogen
using Shimadzu TGA-50H and Shimadzu DTA-
50H thermal analyzers, respectively.

2.3 Synthesis of Schiff bases

2.3.1 Synthesis of cinnamaldehyde anthranilic acid
(ciaa)

The Schiff base ciaa was prepared by adding
cinnamaldehyde (0.05 mol, 6.38 mL) to solution of
anthranilic acid (0.05 mol, 6.86 gm) in 20 mL
absolute ethanol with stirring and gentle heating.
The formed precipitate was filtered, washed with
ethanol and then dried in air (Scheme 1). Color
yellow. Mwt. 251. Yield 85%. M.p. 140 °C.

Elemental analysis (% CHN): Calcd. (Found)
C: 76.47 (76.23), H: 5.21 (5.07), N: 5.57 (5.32).
'HNMR data (DMSO-ds): (ppm), 47 - 8.00 (m, CH
vinyl, CH arm), 9.65(d, CH=N). IR (KBr) v/cm™:
3100 - 2634 (broad band OHs), 3063, 3029 (=CH
vinyl, arm), 1704 (C=0), 1616 (CH=N), 1603,
1586, 1509 (C=C vinyl, arm), 747, 687 (=CHoop).

Scheme 1: Synthesis of the Schiff base ciaa

2.3.2 Synthesis  of
phenylenediamine (cipn)

cinnamaldehyde-1,4-

To a solution of 1,4-phenylenediamine (0.05
mol, 5.41gm) in 20 mL absolute ethanol, a
cinnamaldehyde (0.1 mol, 12.7 mL) was added
with stirring and gentle heating. The precipitate
obtained was filtered, washed thoroughly with
ethanol and then dried in air (Scheme 2). Color,
pale yellow. Mwt. 336. Yield 80%. M.p. 227 °C.

Scheme 2: synthesis of the Schiff base cipn.

Elemental analysis (% CHN): Calcd. (Found)
C: 85.68 (85.06), H: 5.99 (5.86), N: 8.32 (7.90).
'"HNMR data (DMSO-de): 8(ppm), 7.1 - 7.6 (m,
CH vinyl, CH arm), 8.4 (d, CH=N). IR (KBr) v/cm"
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13077, 3039, 3029 (=CHstr), 1626 (CH=N), 1603,
1599, 1586, 1572 (C=C vinyl, arm), 838, 745,
693(=CHoop).

2.4 Synthesis of (ciaa - cipn) copolymers
(chelating resins)

A general heterogeneous copolymerization
method was used in the preparation of the chelating
resins in this study”. Each of the comonomers,
ciaa and cipn, were mixed individually with AIBN
(1 mol/200 mol of common mixture) as a
polymerization initiator in 5 mL DMF. The radical
copolymerization was maintained by mixing
together the two comonomer mixture solutions,
then heating to 75 °C under reflux for 24 h. After
cooling the chelating resin was precipitated in
methanol, filtered off, washed several times with
methanol and finally, dried in air (Scheme 3). Since
the Schiff base cipn possess two vinyl
(-CH2=CH-) moieties on either sides of its
chemical structure, it was deliberately used as the
cross-linking agent in the preparation of the
chelating resins.

SRasY

HOOC
0

Scheme 3: Synthesis of Schiff base chelating resins,
Rciaa9l and Rciaa73.

The resin of (ciaa-cipn) copolymer was
prepared as crosslinked chelating resins in two
different ratios of ciaa and cipn mixtures®; a
mixture of ciaa (9 gm, 35.9x107 mol) and cipn (1

gm, 3x10°* mol) to form the resin Rciaa91, and that
of ciaa (7 gm, 27.9x10° mol) and cipn (3 gm,
8.9x10 mol) to form the resin Rciaa73.

2.5 Metal ion adsorption measurements using a
batch method.

Stock solutions of the metal ions were prepared
in distilled water. A stock solution of EDTA (5.0 x
10" mol L") was prepared and standardized against
a solution of MgSO47H.O using Eriochrome
Black-T (EBT) as an indicator®’. Buffers of acetic
acid/sodium acetate and ammonium
hydroxide/ammonium chloride were used for the
experiments carried out under a controlled pH.

The metal ion adsorption experiments using the
batch method were carried out at a controlled pH
by placing 0.05 g chelating resin with 50 mL metal
ion at initial concentration 5.0 x 10° mol L. The
contents of the flask were equilibrated on a
Gallenkamp flask shaker at room temperature for
60 min at 150 rpm. The pH of the solution was
adjusted using a suitable buffer. Then, 5 mL of the
solution (free of suspended solid) were taken at the
end of the experiment at different intervals. The
residual concentration of the metal ion solution was
determined via titration against 5.0 x 10° mol L*
EDTA using EBT indicator®” %,

2.6 Effect of pH on the uptake of metal ions

The effect of pH of the metal ion test solution is
an important parameter for adsorption of metal ions
because it affects the solubility of the metal ions,
concentration of the counter ions, on the functional
groups of the adsorbent and the degree of
ionization of the adsorbent”. Adsorption
measurements under pH control were carried out
following the above procedures of uptake
experiments. The pH was controlled using
NH4OH/NH4CI buffer solution to study the uptake
behavior at the alkaline mediums (pH 6-12) and
acetic acid/sodium acetate (AcOH/NaOAc) buffer
was used to study the uptake in the acidic medium

(pH 4).

3. Results and discussion

3.1 Synthesis and Characterization
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The Schiff bases, ciaa and cipn were prepared
as described in the experimental part, by the
reaction of cinnamaldehyde (ci) with anthranilic
acid (aa), and 1,4-phenylenediamine (pn),
respectively. The Schemes 1 and 2 display the
structures of the synthesized Schiff bases ciaa,
cipn, respectively. Two chelating resins, Rciaa91
and Rciaa73 were then synthesized using free
radical polymerization reaction of the synthesized
Schiff bases with different compositional weight
ratios (ciaa:cipn), 9:1 and 7:3, respectively,
(Scheme 3).

The synthesized Schiff bases were subjected to
elemental analysis (CHN) and their found values
were in good agreement with those of the
calculated values for the suggested formulas of the
prepared samples. The melting points were sharp,
indicating the purity of prepared Schiff bases.

3.2 Spectral analysis FTIR spectra

ciaa

.....

cipn

*T 20

‘”' i(?'"” |

10

0 A
4000 2000

The chemical structures of the synthesized
Schiff bases were confirmed by the IR and *HNMR
spectra. The FTIR spectra of the synthesized Schiff
bases, ciaa and cipn, showed sharp and strong
characteristic absorption peaks. Figure 1 displays
the FTIR spectra of the synthesized Schiff bases,
and their corresponding copolymer Rciaa91. The
disappearance of the aldehydic carbonyl v(C=0)
band and the amino v(NH») bands of the starting
materials, and the appearance of the azomethine v
(C=N) band confirmed the formation of the Schiff
bases. The v(C=N) stretching frequencies of the
Schiff bases, ciaa and cipn appeared at 1616, 1626,
respectively. Upon copolymerization of the Schiff
bases ciaa and cipn, the IR spectra of the chelating
resins showed broader and less intense peaks
compared to their corresponding comonomers. The
medium broad peak in the range of 3400 — 3200
cm™ could be due to the adsorbed water molecules
on the Schiff base chelating resin because of its
hygroscopic nature'®.

Figure 1: FTIR spectra of the Schiff bases, ciaa and cipn, and the chelating resin Reciaa91.
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Figure 2 shows the 'HNMR spectra of the Schiff
base, ciaa and cipn. The *HNMR spectra of the
Schiff bases, ciaa and cipn showed doublet signals
for the 6 (CH=N) protons at 9.65 and 8.45,

respectively. The multiple peaks in the range &
6.47 - 8.00 ppm were attributed to the vinyl and
aromatic protons of the conjugated structure of the

oo N8
gi"l.\
:xi't“l'.
883~
1

~hu
Y..l”
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Schiff bases. The singlet peak at 2.51 ppm in the
spectra of is due to the DMSO solvent used in the

analysis. The appearance of a broad signal at 6 3.2
ppm in *HNMR spectrum of the Schiff base cipn
could be attributed of the presence of traces of
unreacted NH in its chemical structure®.

50

1.1

- m
1w

Figure 2: THNMR spectra of the Schiff bases, ciaa and cipn.

3.3 Uptake of metal ions (Cu?*, Cd?*, Co?*, Zn?*,
Hg?*, Pb?*) by the chelating resins

3.3.1 Optimum pH of the metal ion uptake
The preliminary uptake experiments of the

metal ions; Cu?*, Cd*, Co?*, Zn?*, Hg** and Pb**
by the chelating resin Rciaa91 and Rciaa73 at

different pH values between 4 and 10 were
examined by batch technique for 60 minutes as a
reaction time®®. The results are shown in Table 1.
In general, the uptake of the metal ions increased
with increasing pH, until reaching a maximum
value and then followed by a decrease in the uptake
values at higher pH values, due to the precipitation
of the metal hydroxides in the basic solution®.
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Table 1. Effect of pH on the uptake of the metal ions (Cu?*, Cd**, Co?*, Zn**, Hg**, Pb?*) by the
chelating resins Rciaa91 and Rciaa73 after 60 minutes.

Capacity (mmol/g resin)
pH Rciaadl Rciaa73
Cu2+ Cd2+ HgZ+ C02+ Pb2+ Zn2+ Cu2+ Cd2+ Hg2+ C02+ Pb2+ Zn2+
4 |1 136|013 | 232|042 | 1.10 | 0.72 |} 1.08 | 0.13 | 2.17 | 0.15 | 0.70 | 0.54
5 | 144 | 027 | 292 | 042 | 1.13 | 1.02 | 1.28 | 0.20 | 2.60 | 0.57 | 0.97 | 0.87
6 - - 2.77 - 1.28 - - - 2.50 - 1.12 -
7 1.84 | 0.65 2.4 117 | 153 | 148 § 140 | 053 | 1.75 | 0.93 | 1.28 | 1.22
8 | 1.84 | 0.90 - 1.10 - 1.79 || 1.40 | 0.76 - 0.79 - 1.38
9 -- 1.00 -- -- -- 1.66 - 0.88 - - - 1.32
10 | 1.43 | 0.53 - - - - 1.28 | 0.50 - - - -

The optimum pH values obtained for the metal
ions under study; Cu?*, Cd**, Co*, Zn**, Hg**, Pb**
are 8,9, 7, 8,5, 7, respectively.

Table 1 showed that the chelating resins
Rciaa91 and Rciaa73 absorbed the metal ions in
the following order Hg** > Cu®* > zZn** > Pb** >
Co*" > Cd®* each metal at its optimum pH and at
the same reaction time and ion concentration. A
special feature seen in this study is that Hg®* ion
showed the highest uptake affinity at low pH
compared to the rest of the metal ions under study.
This allows separation of Hg** ions, selectively, in
the presence of other metal ions.

3.3.2 Effect of contact time

The interaction between the resin and metal ion
continues until most of effective sites of the resin
are occupied by the metal ion. At this point the
resin is said to have reached the equilibrium state
with the metal ions®*. The time required to reach
the equilibrium state for the uptake processes of
each metal ion with the chelating resins Rciaa91
and Rciaa73 was evaluated at their optimum pH
values. Table 2 and Figures 3 and 4 show the
relationship between the uptake processes of each
metal ion and the equilibrium reaction time, for the
chelating resins Rciaa91 and Rciaa73,
respectively. In the case of the chelating resins
Rciaa91, the equilibrium state was attained within
30 min for all the metal ions and the time required
for 50% uptake was about 10 min. On the other

15

hand, for the chelating resin Rciaa73, the
equilibrium state was attained within 60 min for the
metal ions under investigation and the time
required for 50% uptake was about 30 min.

——Cul+
=il i 2+

Hg 2+

—— P 2

Capacity (mmol 'z Reiaa 91

100 150 200

Tume (i)

Figure 3. Effect of the reaction time on the uptake of the
metal ion (Cu?*, Cd?*, Hg?*, Co?*, Pb?* and Zn?*) for the
resin Rciaa91. Resin; 0.05 g, metal ion; 0.005 mol L™
and solution volume 50 mL.

3

——Cul+

——Cd 2+

——Hg2+

——COld+
—— P2+

—Zn2+

100 150 200

Tune {min}

Figure 4. Effect of the reaction time on the uptake of the
metal ions (Cu?*, Cd?*, Hg?*, Co?*, Pb?* and Zn?*) for
the resin Rciaa73. Resin; 0.05 g, metal ion; 0.005 mol
L and solution volume 50 mL.

Eclética Quimica Journal, vol. 43, n. 2, 2018, 10-22
ISSN: 1678-4618
DOI: 10.26850/1678-4618eqj.v43.2.2018.p10-22



https://doi.org/10.26850/1678-4618eqj.v43.2.2018.p10-22

Original article

Table 2. Effect of reaction time on the uptake of the metal ions (Cu**, Cd**, Co?**, Zn*, Hg**, Pb*") by
the chelating resins Rciaa91 and Rciaa73 at optimum pH.

Capacity (mmol./g resin)

Time Rciaa9l Rciaa73

min

(min) Cu? | Cd® | HgZ | Co® | Pb* | zn® [ CuZ | Cd® | HgZ | Co* | Pb¥ | zn®
10 09 (054 | 157 | 065 | 069 | 0.83 ) 051 | 0.48 | 0.53 | 0.57 | 0.39 | 0.71
30 183|098 | 290 | 117 | 1.38 | 1.78 || 1.00 | 0.88 | 1.81 | 0.76 | 0.93 | 1.03
60 1831098 | 290 | 1.17 | 143 | 1.78 || 1.40 | 0.88 | 2.60 | 0.93 | 1.28 | 1.38
120 | 1.83 | 098 | 290 | 1.17 | 143 | 1.78 )| 1.40 | 0.88 | 2.60 | 0.93 | 1.28 | 1.38
180 | 1.83 | 098 | 290 | 1.17 | 143 | 1.78 )| 1.40 | 0.88 | 2.60 | 0.93 | 1.28 | 1.38

From the data obtained it could be concluded
that the uptake values depend on both the metal ion
and the pH values. The uptake capacity of the
chelating resins, Rciaa9l and Rciaa73 for
different metal ions showed a maximum value of
2.9 mmol g™ resin and 2.6 mmol g™ resin for Hg*
ions and a minimum value of 0.98 mmol g™ resin
and 0.88 mmol g™ resin for Cd** ions, respectively.
The uptake capacities of the rest of the metal ions
were in between for both the chelating resins
Rciaa91 and Rciaa73 as seen in Figures 3 and 4,
respectively.

The differences in the uptake capacities may be
attributed to i) the differences in the stability
constants of the formed complexes between the
different metal ions and the resin® *. For this
reason, the differences in the stability constants
may explain the high uptake capacities of Hg** for
both the chelating resins, in spite of the large ionic
radii of the mercury (I1) ion compared to the other
ions under investigation, ii) the differences in ionic

radii of the metal ions; the smaller the ion size the
easier it can penetrate through the network of the
resin®. This explains why, the smallest ion Cu?*,
(ionic radii 0.72A) showed high uptake capacities,
1.84 mmol g* and 1.40 mmol g?, whereas the
largest ion Cd?*, (ionic radii 0.97 A) showed low
uptake capacities, 0.90 mmol g* and 0.88
mmol g%, for Rciaa91 and Rciaa73, respectively.

3.4 The effect of compositional ratio of the
chelating groups and degree of cross-linking
between Rciaa91 and Rciaa73 on the uptake
processes.

Table 3 and the Figure 5 show the effect of
chelating group and degree of cross-linking ratio of
Rciaa91 and Rciaa73 on the uptake process of the
metal ions at the same pH medium, initial metal
concentration and reaction time.

Table 3. Effect of degree of cross-linking on the uptake of metal ions (Cu?*, Cd?*, Hg**, Co*",
Pb®* and Zn*") for the resins Rciaa91 and Rciaa73 at 60 min.

Chelating resin | Degree of cross- Capacity (mmol/g resin)
linking (%) by
weight
g Cu2+ Cd2+ H92+ C02+ Pb2+ Zn2+
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Rciaa9dl 10 1.84 0.98 2.9 1.17 1.43 1.78
Rciaa73 30 1.4 0.88 2.6 0.93 1.28 1.38
uptake difference (%) 24 10 10 21 10 22

IFE SR

cu* | cd- | Hg Pb Zno*
Rcina9l | 1.83 | 0.8 29 117 | 143 | 178
Reima73 | 14 | 088 26 093 128 | 138

Capacity(mmol/g resin)

Figure 5. A comparative result on the uptake of metal
ions (Cu?*, Cd?*, Hg?*, Co?*, Pb?* and Zn?*) by the resins
Rciaadl and Rciaa73.

The results obtained indicated that the resin
Rciaa91 has higher uptake efficiency than Rciaa73
at the same conditions. This is due to the difference
in the compositional ratio of chelating groups and
degree of cross-linking of the chelating resins
Rciaa91 and Rciaa73. The resin Rciaa9l with
ratio (9:1) by weight, has about 20% of
coordinating groups RCH=N-CgHs-COOH more
than the resin Rciaa73 with compositional ratio
(7:3) by weight. Therefore, the low metal ion
uptake capacity of the chelating resin Rciaa73
could be attributed to its higher degree of cross
linking. This presumably hinders the approach of
the metal ions to the polymeric matrix and, hence,
limits the chelating reaction®.

The uptake of the resin Rciaa91 was about 20%
more than that of the resin Rciaa73 for the small
metal ions under investigation (Cu*, Co?*, Zn*"
whose ionic radii was nearly 0.7 A. This ratio is
nearly close to the theoretical ratio of chelating
groups between the two resins. On the other hand,
the uptake of the large ions (Cd*", Hg*"and Pb*")
with ionic radii of about 1 A, by the resin Rciaa91
was about 11% more than that of the resin Rciaa73.
This shortage in uptake capacity maybe due to the
larger ionic volume of metal ions (Cd**, Hg**and
Pb**) and the increasing of degree of cross linking
in the resin Rciaa73”® .

3.5 The effect of the degree of cross linking on the
optimum reaction time for the uptake processes.

The data in the Table 2 and Figures 3 and 4
showed that the resin Rciaa91 with a lower degree
of cross linking reached the optimum reaction time
for the uptake process at half time period compared
to the resin Rciaa73. For example, the equilibrium
state for the uptake of Cu®* ions by Rciaa91 at the
optimum pH 8 was attained after 30 min, whereas
the equilibrium state for the uptake of Cu®* ions by
Rciaa73 was reached after 60 min. Also, it was
calculated from the data obtained that the time
required to achieve 50% of the metal ion uptake
was within 5 min for Rciaa9l, whereas, it was
within 20 min for Rciaa73.

The comparison between the optimum reaction
time for the resins, Rciaa91 and Rciaa73, which
have the same chemical structure, but different
degree of cross-linking proved that, the higher the
degree of cross-linking the higher the optimum
reaction time, at the same pH medium.

The resin Rciaa73 has about 200% more cross
linking through RCH=NC6H4N=CHR than the
resin Rciaa9l. A high degree of cross-linking
makes the polymer chains more rigid and more
hindering for the metal ions to penetrate the
network of the resin in order to act with the active
sites. This in turn, will lead to a decrease in the rate
of uptake process and increase in the time required
to reach the equilibrium state during the uptake®®
33

3.6 Thermal Studies

The TGA and DTA curves of the prepared
Rciaa91 and Rcaa73 resins are given in Figures
6.1 and 6.2. These curves characterize and compare
the thermal degradation of these two resins at
10 °C min™ heating rate, under nitrogen and over
the range 20-800 °C. For the evaluation of the
thermal degradation Kinetics parameters at a single
heating rate (10 °C min™), the activation energy
(Ea) and pre-exponential factor (Z) are determined
by using the Coats-Redfen method® for the
reaction order n#1. When the Coats-Redfern
method is linearized for a correctly-chosen order of
reaction (n) yields the activation energy (E.) from
the slope of the equation:
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where: o = fraction of weight loss, T =

temperature (K), Z = pre-exponential factor, R
molar gas constant, g = heating rate and n
reaction order; estimated by Horovitz-Metzger
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Figure 6.1. TGA thermograms of Rciaa91 and
Rciaa73 in nitrogen at 10 °C min* heating rate.
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Figure 6.2: DTA thermograms of Rciaa91 and
Rciaa73 in nitrogen at 10 °C min™ heating rate.
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The thermodynamic parameters of the thermal
degradation step; enthalpy (4H"), entropy (4S"),
and Gibbs energy (4G") of activation are calculated
using the following standard equations:

AS* =RlIn Zh
kT

max

AH* =E_, —RT,_
AG" =AH" -T  AS’

The characteristics of the thermal degradation
of these two resins recorded on the TG/DTG/DTA
curves, their Kkinetics and thermodynamics
parameters extracted from these curves are given in
Tables 4 and 5.

The thermal degradation TG curves of Rciaa91
and Rciaa73 resin (Figures 6.1 and 6.2) showed a
very slow and continuous mass bleeding (i.e. no
plateau from the start up to about 450 °C) of about
37.7% and 27.8%, respectively. Consequently,
very small and weak DTG peaks are observed on
the DTG curves of these resins and this is indicative
to the very slow degradation process in both resins

at the about 35-450 °C range. Therefore, the
prominent steps of these two resins that occur at
about 470-641 °C range with large and strong DTG
peak at 580 °C (Rciaa91) and 584 °C (Rciaa73)
are considered as characteristic steps for which the
thermal degradation, kinetics and thermodynamics
parameters are determined and hence compared
(Tables 4 and 5).

The Rciaa91 resin showed a mass loss (61.3%)
at the prominent step (470-634 °C) with strong
Tore at 584 °C and exothermic Tpra peak at
580 °C. The calculated activation energy E, of the
Rciaa91 resin for this prominent step is
184 kJ mol™, while -167 J K™ mol™, 83 kJ mol™
and 226 kJ mol™ are the values of entropy (45",
enthalpy (4H"), and Gibbs energy (4G") changes.
The prominent step (480-641 °C) of the Rciaa73
resin showed also exothermic mass loss (64.7%)
with strong Tore (580 °C) and Tpra (592 °C). The
activation energy E,, entropy (45"), enthalpy (4H"),
and Gibbs energy (4G") changes are 180 kJ mol?,
-211 J K* mol?, 49 kJ mol™? and 226 kJ mol?,
respectively.

Table 4. Characteristic parameters of the thermal degradation of the resins Rciaa91 and Rciaa73.

TGA DTA Ea
Resin Am Ti T Tore | Tora | Peak kJ mol*
% °C °C °C °C
Rciaadl 61.3 | 470 634 584 580 exo 184
Rciaa73 64.7 | 480 641 580 592 exo 180
Table 5. Kinetic and thermodynamic parameters of the thermal degradation of the resins Rciaa91land Rciaa73
Resin r n Tmax z Ea AS* AH* AG*
°C st kJ mol™ kJ mol™ klmol™ | kJmol

Rciaa91 | 0.997 | 0.9 584 2.9x10" 184 80.6 176.9 108.3
Rciaa73 | 0.998 | 0.7 580 8.3x10"° 180 70.3 172.9 112.9

If the initial molecular structure destruction
temperature (T;) of the Ricaa91 and Ricaa73 resin
is taken as a measure of the thermal stability, these
two resins are of similar thermal stability for their
similar T; (35 °C). It can be concluded that although
the two resins Ricaa91 and Rciaa73 are of similar
chemical structure but different degree of cross-
linking, their TGA curves and the data extracted
from them (Tables 4 and 5) indicate almost similar
thermal degradation behavior, Kkinetics and
thermodynamics parameters as well as similar
thermal stability regardless the difference in the
degree of the cross-linking 1:3 (Rciaa91:Rciaa73).
The resin Rciaa91l losses 37.7% of its mass slowly
and 61.3% rapidly with 1% residue, while Rciaa73

losses 28% slowly and 64.7% rapidly with 7.5%
residue. This difference in mass loss degradation
process may be due to the cross-linking variation.

4. Conclusions

The effect of the compositional ratio of the
chelating groups and the degree of the cross-
linking of the Schiff base chelating resins, Rciaa91
and Rciaa73 on the uptake behavior of the heavy
metal ions (Cu?*, Cd**, Hg**, Co**, Pb?* and Zn*")
was the main aim of this research. A special feature
observed in this study was that Hg** ions showed
the highest uptake affinity at low pH compared to
the rest of the metal ions under study for both
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resins, Rciaa91 and Rciaa73. The difference in the
uptake affinity of the chelating resins maybe due to
i) the ionic radii of the metal ions; the smaller the
ion size the easier it can penetrate through the
network of the resin, ii) the stability constants
which explains the high uptake capacities of Hg®*
for both the chelating resins, in spite of the large
ionic radii of the mercury (1) ion compared to the
other ions under investigation.

When comparing between the uptake affinity
and the optimum reaction time for the chelating
resins Rciaa91 and Rciaa73, which have the same
chemical structure, but different degree of cross
linking, one concludes that the higher the degree of
cross-linking the higher the optimum reaction time
and the lower the uptake affinity towards the heavy
metal ions.

The chelating resins showed good thermal
stability. The thermal degradation behavior and the
kinetic parameters of the resin Rciaa91 and
Rciaa73 are almost similar, indicating that the
differences in the degree of cross-linking are
almost of no significant effects.
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ABSTRACT: The study of the stratification processes in reservoirs is
important because they happen along with several physical and chemical
changes in the water, as in the distribution of dissolved gases and
nutrients. The aim of this work was to study the stratification process of
the Capivari-Cachoeira Hydroelectric Power Plant reservoir, based on the
data of the vertical profiles of dissolved oxygen and temperature, as well
as the comparison of them with the calculation of Densimetric Froude
Number, and reservoir residence time. The data used are part of the self-
monitoring program carried out by COPEL. These data were collected
quarterly between 2005 and 2016. The hydraulic and operational data

from the reservoir were used to calculations. Warm monomictic circulation pattern of the Capivari-Cachoeira HPP Reservoir
According to the measurements of dissolved oxygen and temperature, the reservoir was considered to be stratified during almost all
the year, with a trend of circulation in the colder months, this behavior characterizes lakes with warm monomictic circulation pattern.
Therefore, the result of Densimetric Froude Number corresponded correctly with the observed. Regarding the residence time, this
was not consistent with the results obtained from the models. The use of different methodologies in evaluating circulation in reservoirs

should be used to make the best management decision.

1. Introduction

The differences in temperature in lakes and
reservoirs generate layers with different densities,
forming a physical barrier that prevents circulation.
This situation happens especially when the wind
energy is not sufficient to mix the layers, therefore
the heat is not evenly distributed through the water
column, generating long lasting thermal
stratification’ .

Epilimnion is the upper, hotter and less dense
layer of water, being very homogeneous by the
action of wind and thermal heating that occurs
during the day, and thermal cooling at night.
Hypolimnion is the bottommost, dense, lower-

water layer. The layer of water between epilimnion
and hypolimnion is the metalimnion. The
thermocline is the layer in the metalimnion region
that exhibits a temperature drop gradient of at least
1 °C**. The layers that are formed are often
physically, chemically and  biologically
differentiated from each other®.

In most water bodies that have thermal
stratification, there is also chemical stratification,
in which oxygen and other dissolved compounds
may, in general, have an inhomogeneous
distribution in the water column®®. Thermal
stratification is considered the most important
limnological characteristic in deep lakes and
reservoirs, since it affects from the heterogeneity
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and distribution of the chemical elements in the
water column until the composition of its
biological community® #“®,

The study of the stratification processes in
reservoirs is important because they occur together
with several physical and chemical changes in the
water body, such as, distribution of dissolved gases
and nutrients in the water, accumulation of
substances and chemical elements in the
hypolimnion, as reducing substances and the
consequent deoxygenation of hypolimnion. These
changes may favor eutrophication events, due to
the accumulation of internal charge””.

The study of Governador Pedro Viriato Parigot
de Souza hydroelectric power plant (HPP)
reservoir, located in Bocaiuva do Sul, in the state
of Parana, Brazil, is very relevant due to the fact
that the reservoir is part of the future planning of
sources for water supply in the metropolitan region
of Curitiba, being important the knowledge of its
dynamics of circulation, that directly reflects in its
characteristics and quality of its waters’.

The Densimetric Froude Number is an
indicator, calculated by an equation that tries to
predict the possibility of a reservoir being
stratified. The Densimetric Froude number
equation is based on the comparison between the
force of inertia of the flow through the reservoir
and the gravitational force that tends to maintain
the density stability as established by®°.

This equation was used to evaluate the tendency
of stratification in 30 reservoirs of small and
medium-sized hydroelectric plants planned for the
Taquari-Antas river basin®. The stratification
processes were also studied in four reservoirs of the
Iguacu Basin by the evaluation of dissolved oxygen
and temperature profiles, as well as the calculation
of the Densimetric Froude number and the
residence time’. This model was also used to
determine the possibility of stratification and or
circulation in the Santo Hipélito reservoir, in Minas
Gerais™. The behavior of physical, chemical and
biological stratification in the Rio das Pedras
reservoir, located in Sdo Bernardo do Campo, Séo
Paulo, was studied®.

Other studies were also carried out in Brazil.
The thermal behavior of the S&o Pedro reservoir
used for water supply, located in the city of Juiz de
Fora, Minas Gerais, was studied through
mathematical modelling to evaluate the surface
water temperature, based on meteorological and
hydrological data'*. The stratification of the water
column of the Poxim reservoir was also studied

from the vertical profiles of temperature,
conductivity, total dissolved solids, dissolved
oxygen and pH'Y“. A reservoir located in the
Brazilian Pantanal was studied to understand the
seasonal variations in the vertical structure of the
water column and to quantify the importance of
physical forces, radiation, wind and hydraulic
retention time in the mixing processes in the water
column®,

In this concept, the effect of thermal
stratification on the water quality of the Tahtali
reservoir, Turkey®®, was also evaluated. Thermal
stratification conditions of Heihe Reservoir, Shanxi
Province, 2008-2010" were studied as well. In
addition, studies that evaluate the influence of
stratification on physical and chemical parameters
in reservoirs, showed its influence on the microbial
community. These researches were all performed
in Chinese reservoirs®® ',

Chinese reservoirs Guanjingkou and Fengdou,
that are still under construction, were previously
studied using numerical methods with Delft3d
software package in order to simulate the water
temperature profile in the reservoirs, the water
temperature released by the future spillways and
the temperature effect of the water released’. The
stratification of small temperate lakes of the
Cérpados basin, in Turkey, and its biological
consequences were also studied®. Three lakes in
the United States of America were studied in order
to investigate the response of water temperature
and stratification in different morphometry (water
depth and surface area) due to changes in
temperature and wind speed®.

The objective of this study was to evaluate the
Governador Pedro Viriato Parigot de Souza
hydroelectric power plant reservoir, known as
Capivari-Cachoeira, based on the stratification
processes, from the data collected in the field from
vertical profiles of dissolved oxygen and
temperature, and comparing these results with the
Densimetric Froude number and the reservoir’s
calculated water residence time.

2. Materials and methods
2.1 Study area and analyzed variables

The study area was the Capivari-Cachoeira HPP
reservoir, in which the Capivari River was barred
for the construction of the reservoir. The reservoir
is located in the Ribeira basin, located in the cities
of Bocaiuva do Sul, and Campina Grande do Sul,
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in the state of Parana, shown in Figure 1. From the
reservoir, waters are transposed to the Litoranea
basin, flowing into the Cachoeira River, through an
underground adduction tunnel®. The analyzed data
were collected quarterly between 2005 and 2016,
at a sampling station located in the reservoir near
the dam and the bottom dump, at the geographic
coordinates 25°08'25.7 "'S 48°52'19.0" W. In order
to carry out a seasonal investigation, the samples
were collected in the spring (September, October
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and November), summer (December, January,
February and March), autumn (April, May) and
winter (June, July and August). These data belong
to the program of self-monitoring of water quality
of hydroelectric reservoirs, carried out by
Paranaense Energy Company (COPEL) and
developed by the Institute of Technology for
Development (LACTEC Institutes).
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Figure 1. Capivari-Cachoeira HPP reservoir’s location.
Source: Adapted from ref. 23.

Since 2005, COPEL has been systematically
monitoring the water quality of its hydroelectric
power plants in Parand, aiming to meet the
environmental  licensing  conditioners.  The
LACTEC Institute manages this monitoring
activity, conducting and managing laboratorial
analysis and maintaining the water quality database
of reservoirs and related rivers'® .

The studied variables were those related to the
thermal structure and the distribution of dissolved
oxygen in the water column. For this analysis
vertical profiles were created, meter by meter,
using data of temperature and dissolved oxygen.

Due to the accesses to the sampling station,
changes in the coordinates of the collection site
may have occurred during the monitoring. The
measurements of dissolved oxygen and water
temperature were performed in the field by a YSI
PRO ODO multiparameter probe, which measures
dissolved oxygen from 0-50 mg L™ (from 0 to
20mg L™ + 0.1 mg L™), and temperature from -
5°C to 70 °C (+ 0.2 °C)**. Through these results,
the oxygen and temperature profiles were
determined using the Microsoft Excel software?,
for the analysis of thermal and chemical
stratification in the studied reservoir.
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Table 1 presents the hydraulic and operational
data of the analyzed reservoir, from the power
plant’s original project”. These data were used to
perform the calculation of the residence time and
the Densimetric Froude number.

Table 1. Capivari-Cachoeira reservoir’s
hydraulic and operational data.

Characteristic Capivari-
Cachoeira HPP
Reservoir
Altitud next to the 837.50
damn (m)
Medium long term 19.40
dischard (m*s™)
Volume (hm®) 186.00
Flooded area (km?) 13.20
Lenght (km) 21.25
Medium Deepth (m) 13.60
Maximum Deepth (m) 45.00

Source: [23]
2.2 Water Residence Time (RT)

The evaluation of the stratification tendency of
a reservoir can be calculated using several indices
and parameters. The residence time is one of the
simplest, which classifies the reservoirs based on
the mean water holding time, the average time a
reservoir takes to renew its entire volume™ "°, It is
expressed by Equation 1:

RT = 11.57% 1)

Where RT: residence time in days; V: reservoir
volume in cubic hectometers (10° m®); Q: average
long period flow in cubic meters per second.

The classification adopted for the Capivari-
Cachoeira reservoir was made considering the
volume ratio of the reservoir / average flow affluent
to it and the residence time® °. The classification is
the following: a) Reservoirs with RT > 1 year:
small seasonal variations are observed in the water
volume and the outflow is withdrawn from the
surface; b) Four months < RT < 1 year: present
stratification and great variation in water volume;
and c) Reservoirs with RT < 4 months:
stratification is difficult to establish, and
longitudinal temperature variation may occur.
However, this equation should be used only as an

indicator of general conditions of the reservoir,
because, for example, there are deep-water
reservoirs with a short residence time®.

2.3 Densimetric Froude Number (Fd) calculation
method

The Densimetric Froude number (Fd) is
considered the best parameter to evaluate the
thermal stratification trend of a reservoir because it
brings together the main characteristics of
stratification and morphometry. Its expression
relates the forces of inertia responsible for mixing
the reservoir water mass and the gravitational
force, a consequence of the stratification
(Equation 2)°°:

Fd=0.322 =2 )
H*V

Where Fd: Densimetric Froude Number; L:
reservoir length (km); Q: flow (m®s?); H: mean
depth (m); V: volume (10° m®).

In this method, the tendency of stratification in
a reservoir is classified as following: A) strong: Fd
less than or equal to 0.1; b) medium: in which
stratification occurs, but horizontal temperature
gradients may also occur (Fd greater than 0.1 and
less than 0.3); and c) weak: Fd greater than or equal
to 0.3 and less than 1.0. Fd values greater than 1.0
indicate mixed regime and, therefore, no
stratification®”.

3. Results and discussion

The results of the calculation of the residence
time and the Densimetric Froude number are
presented in Table 2 and were compared with the
dissolved oxygen and temperature profiles made by
the collected data (between 2005 and 2016). In the
Figure 2, as an example of the vertical profiles of
the monitoring cycle of 2005-20086, is represented
the stratification pattern identified in the reservoir.

Table 2. Densimetric Froude number
and water residence time results.

Reservoir | RT (days) Fd
Capivari- 110.90 0.052
Cachoeira

Legend: RT: water residence time; Fd:
Densimetric Froude number.
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Figure 2. Dissolved oxygen and temperature profiles in Capivari-Cachoeira reservoir, examples from 2005 and 2006 data?®,

The measurements of dissolved oxygen and
temperature reflected the behavior of these
variables in the vertical profile of the reservoir of
the Capivari-Cachoeira HPP. In the evaluation of
the temperature profiles it can be observed that the
reservoir was stratified predominantly in the
warmer months, with a significant drop in surface
temperature towards the bottom. While in the
months of lower temperatures, the thermal
stratification was absent or not very pronounced,
with a tendency to water circulation. The change in
density of the water molecule varies as a function
of temperature, however, this change is not
uniform, and with the increase in water
temperature, the differences in water density
become higher".

A pattern can be observed, in which thermal
stratification occurs in most of the annual cycle and
the de-stratification and mixing along the water
column, once a year, around the month of July and
August. This behavior characterizes lakes with
warm monomictic circulation pattern. The
stratification process in warm monomictic lakes
occurs due to the thermal heating of the surface?.
The warm monomictic circulation pattern was
observed in different reservoirs in the state of
Parand, where circulation occurs once a year,
predominantly in winter” >+,

This stratification pattern was considered a
tendency since it occurs in almost every monitored
year, as observed in Figure 2. For example, the
thermocline was superficial in October’05 and
February’06, between 4 meters and 10 meters (m)
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reflecting the depth of mixing of the water column
on those months, that is, surface circulation, in the
first 4 m. In May’05, the thermocline started at 16
m, and presented a second thermocline in 24 m,
approximately, showing circulation of the upper
layers and in June’05, no stratification occurred.
Similar behavior was also observed in a reservoir
in the Pantanal, Brazil. The Ponte de Pedra
reservoir presented a long stratification period with
complete mixing in winter. The vertical structure
showed that during the stratification period, the
upper layers of the reservoir are homogeneous and
that the physical and chemical composition only
changes at greater depths®.

Evaluating profiles from the years 2005 to 2016,
in warmer months (Summer and Spring) it was
recorded temperature drops from 3.5 °C to 10 °C,
and the thermoclines started near the surface with a
depth of around 2 meters to 15 meters, reflecting
the depth of mixing of the water column in these
months. To illustrate these stratification events, in
the months of October’06 and January’07,
temperature dropped of up to 5 °C in the first 15 m
of the water column. In October’10, the surface
temperature loss to the bottom was approximately
10 °C. In January’11, the difference between
surface and bottom temperature was almost 6 °C.

In the summers and springs temperatures
usually presented a great difference between the
surface temperature and the background
temperature. A similar situation was observed in
three Parand reservoirs, being the reservoir of the
Jorddo, Segredo and Foz do Areia, in which
thermal stratifications were more pronounced in
the months of higher temperatures’.

Corroborating these findings, a paper produced
in the Rio das Pedras reservoir showed evidences
of thermal stratification mainly due to temperature
differences, followed by chemical and biological
stratification”.

Deep reservoirs generally form thermal
stratification due to uneven vertical heat
distribution. Thermal stratification can hinder
vertical water exchange, causing stratification of
water quality’.

The evaluation of the vertical profile of
dissolved oxygen in the Capivari-Cachoeira
reservoir showed that it presents stratification
during most of the annual period, following the
thermal stratification pattern (Figure 2). Similar
behavior was found in the reservoir of the HPP
Segredo, HPP Salto Caxias, when its stratifications
processes were studied’. Also, similarities between

the present results and other researches were also
verified. In Poxim reservoir, in Sergipe, a decrease
of the temperature along the water column was also
identified, usually accompanied by a decrease of
dissolved oxygen, with more stratification
occurring in periods with higher temperatures®?.
The vertical distribution of dissolved oxygen in
lakes in the Tisza valley demonstrated a chemical
stratification characteristic in summer*,

Comparing the results found in other studies,
there were also significant differences in the
physical and chemical parameters, as well as
differences in the microbiological parameters
between epilimnion and hypolimnion™. Results
that indicated that the stratification of the reservoir
had great effects on the temperature and oxygen
profiles, and both the functional diversity and the
composition of the bacterial community strongly
reflected the significant vertical stratification were
also found in the reservoir studied*®.

As for the distribution of dissolved oxygen in
the Capivari-Cachoeira reservoir: events of
hypolimnetic hypoxia, when there are marked
deficits of dissolved oxygen in the bottom layer,
were recorded in several sampling events. In
May’05 and October’05, hypolimnetic hypoxia
was observed, with concentrations below 1.0 mg L
! from 15 m in the first case and below 25 m in the
second (Figure 2). Also, in October’07 and
February’08, oxyline was recorded between 2 m
and 3 m depth, with hypoxia from 25 m and also
from 12 m, respectively. Hypoxia in the bottom
region can stimulate eutrophication processes by
internal loading, since it makes phosphorus
retention difficult in sediments, making it available
for the assimilation of living beings®>.

Events of anoxia were also observed in the
Capivari-Cachoeira reservoir, as in April’07, when
oxyline was recorded in 6 m, with a decrease of 5.5
mg L™ in the concentration of dissolved oxygen
towards the bottom and observation of anoxia from
9 m deep. In October’14, anoxia occurred from 10
m depth with dissolved oxygen values below 0.7
mg L™ and January’15, from 8 m, dissolved oxygen
values were observed below 0.3 mg L™.

During the studied period, in summer the
stratification was evident, and the observed
concentrations of dissolved oxygen fell well below
the standard limit in the thermocline, leading to the
development of anoxia®™.

Lakes of tropical regions have their dissolved
oxygen profiles influenced mainly by the
morphometry of the lake and by high temperatures,
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once the influence of the winds act in the
distribution of dissolved oxygen in the water body.
Thus, it is common for these lakes to present a
strong oxygen deficiency in the water column,
especially in the lower bottom®.

The results of the calculation of the residence
time, 110.9 days (Table 2), considering the
classification of WRE (1969)% °, suggests that the
Capivari reservoir has little possibility of
stratification, due to the great relation flow
rate/volume. Thus, because the Capivari-Cachoeira
reservoir has a small residence time’, less than 4
months, it is suggested that stratification is difficult
to be stablished.

However, according to the result of the
Densimetric Froude number, which was equal to
0.052, (Table 2), the Capivari reservoir presents a
tendency to strong stratification®®, because for the
stratification to be developed, low flow velocities
are necessary associated with morphology of the
reservoir’,

According to the measurements of dissolved
oxygen and temperature carried out in the
Capivari-Cachoeira HPP reservoir during the
studied period, the reservoir was considered to be
stratified during most of the year, with a circulation
trend in the coldest months, especially in the
winter, therefore, the result of the Densimetric
Froude number, suggesting tendency to strong
stratification, corresponded correctly with the
observed. In relation to the residence time, its
classification was not consistent with the results
obtained in the field and with the calculation of
Froude number, because according to the result
(110.9 days), and the classification proposed® ?, it
would be difficult for the reservoir to stratify.

The calculation of residence time does not take
into account some important features such as depth,
thus allowing a general view of the reservoir. The
Densimetric Froude number represents the
environment with greater accomplishment, since it
considers more factors®. Thus, several factors must
be taken into account in the studies of the
stratification and mixing processes of water
columns®. For example, it has already been
identified that larger surface area lakes have a
greater mix do to the wind. And larger lakes tend
to have more variability in temperature and
stratification than smaller lakes, and this variability
increases with higher wind speeds®.

In another study, in small temperate lakes of the
Carpathian basin, it was concluded that depending
on their depth and wind shelter, the lakes could be

characterized by various stratification patterns'®. In
the S&o Pedro reservoir, Juiz de Fora, because it is
a small and shallow reservoir, the temperatures are
more limited to the flows of the tributaries,
characterizing, therefore, a low capacity of this
reservoir to regularize its temperatures.

4. Conclusions

The thermal and dissolved oxygen stratification
pattern observed in the Capivari-Cachoeira HPP
reservoir is of a warm monomictic lake, in which
stratification occurs almost throughout the year,
with a higher intensity in summers and tendency to
circulate, de-stratification, in the winter. Hypoxia
and even anoxia events have been recurrent in the
reservoir, in the hipolimnion, and it is also
characteristic of warm monomictic environments
within periods of reduced circulation.

The calculated Densimetric Froude number
corresponded correctly with the stratification trend
observed in the monitoring of the oxygen and
temperature profiles for the Capivari-Cachoeira
reservoir.

On the other hand, the classification adopted for
residence time as indicative of the trend of
stratification was not consistent with the values
obtained in the profiles of temperature and
dissolved oxygen and in the calculation of the
Densimetric Froude number. In this sense, the use
of different methodologies and approaches in
evaluating circulation patterns in reservoirs should,
whenever possible, be used to make the best
management decision.
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ABSTRACT: The development of glasses containing nanoparticles
dispersed homogeneously with controlled size and optimum parameters
for functionality is a big challenge. In the present work, the ternary
system 60ShP04-30Zn0O-10PbO containing CdFe204-SiO2
nanoparticles was studied. CdFe204 nanoparticles, with average size of
3.9 nm, were synthesized using the coprecipitation method and, in a
second step, protected by a silica layer. Different mass percentages of
nanoparticles were mixed to the glass precursors and then transformed
into glasses by melt-quenching method. Thermal and structural
properties were evaluated by differential scanning calorimetry, Raman
spectroscopy, scanning electronic microscopy and transmission
electron microscopy. While the optical properties were studied by M-
Lines spectroscopy and UV-Vis spectroscopy. The glasses obtained
were completely transparent, with yellow color and showed no sign of
crystallization according to the techniques used. Scanning and
transmission electron microscopy confirm that the methodology used
for the incorporation of nanoparticles was efficient. The methodology
used to protect the nanoparticles prior to incorporate them to glasses,
strongly contributes towards the development of new functional glasses
useful for magneto-optics devices.

1. Introduction

Antimony phosphate glasses containing heavy
metal oxides™ ? have been studied due to their
interesting characteristics like high linear and non-
linear refractive indexes® *, large transmission
window?®, low phonon energy® ', which make them
promising materials for several technological
applications in photonics®*° and plasmonics™ *2.

Another emerging field is related to
nanophotonic technologies by incorporating metal,
semiconductor or magnetic nanoparticles into such
dielectric materials and further to study using

/Nanoparticles Glass precurstﬁ
CdFeZO,, Siloz

\ Melt-quenching ,

o & Vidrg

R B \
5 25

%of NPs 0 04 0.5 1. !
SbPO,-ZnO-PbO-CdFe,04-Si0, glasses

femtosecond lasers, in order to understand the
fundamental properties of the interaction of light
with this new kind of materials***®,

How itis a very new field it should be noted that
several fundamental aspects must be considered, as
for example, what size range of nanoparticles can
lead to satisfactory results, what is the amount of
nanoparticles supported without crystallizes and
what is the influence of the glass matrix nature on
the properties of the nanoparticles.

In the case of glasses containing magnetic
nanoparticles, the functionality of magneto-optical
devices and magnetic sensors can be greatly
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improved, but the development of magnetic glasses
with nanoparticles dispersed satisfactorily remains
a major challenge™ .

For this reason, finding high refractive index
matrices that are good hosts for magnetic
nanoparticles is important. Despite intensive
efforts to study antimony-based glasses, to our
knowledge, there is no studies in the literature
dedicated to the incorporation of magnetic
nanoparticles in these glasses.

The  melt-quenching  process for the
incorporation of nanoparticles has been reported in
the literature’>**, by mixing the glass precursors
and nanoparticles powders before melting the
material. As the melting process occurs at high
temperatures, it is interesting to protect the
nanoparticles to ensure that they do not dissolve
after the process.

Cadmium ferrite nanoparticles (CdFe,O4) have
been studied due to excellent chemical stability and
applicability in magneto-optical devices and
semiconductor sensors®?, These nanoparticles
can be further functionalized by adding layers of
silica, which can act as a protective layer of the
nanoparticles during the melting®**.

In this context, the proposal of this work was to
incorporate  cadmium  ferrite  nanoparticles,
synthetized by co-precipitation and coated with
silica (CdFe204-Si0,) into the glass composition
60SbP04-30Zn0-10PbO using the melt-quenching
technique. A structural, thermal and optical
investigations were performed in the glasses
containing the nanoparticles by means of,
transmission electron microscopy (TEM), scanning
electronic microscopy (SEM), atomic force
microscopy (AFM), Raman  spectroscopy,
differential scanning calorimeter (DSC), M-Lines
spectroscopy and UV-Vis spectroscopy.

2. Experimental

2.1 Synthesis of cadmium ferrite nanoparticles
protected by a silica layer (CdSiNPs)

The CdFe,O4 nanoparticles were synthesized by
the coprecipitation method, using equal volumes
(62.5 mL) of a 0.005 mol L™ solution of cadmium
nitrate tetrahydrate (Sigma-Aldrich 99%) and
0.01 mol L™ solution of iron nitrate nonahydrate
(Sigma-Aldrich  99%). Then, under stirring,
125mL of a 1 mol L™ solution of sodium

hydroxide (P.A. Synth) was added slowly. The
system was kept under a N atmosphere at a
controlled heating rate of 10 °C min™* up to 100 °C
and was maintained at this temperature for 2 h to
complete the reaction. The nanoparticles were
washed and then dispersed using ultrasound in
250 mL of ethanol 99%. Subsequently, 3.6 mL of
tetraethylorthosilicate (TEOS) (Sigma-Aldrich)
and 1.3 mL of 25% ammonium hydroxide solution
(P.A Synth) were added in the dispersion of the
nanoparticles. The system remained under
mechanical stirring for 24 h under N, atmosphere.
Then, a heat treatment at 600 °C, at room
atmosphere, for 5 h was performed to eliminate any
organic residue.

2.2 SbPO.-PbO-ZnO glasses (SPZ) containing
CdSiNPs

Glass samples were prepared by melt-
guenching process. The precursors used in the glass
preparation for the 60SbPO4-30Pb0O-10Zn0O
system were SbPO, (prepared as reported
previously by Nalin et al.**), PbO and ZnO (grade
purity 99%). A sample without nanoparticles (SPZ)
and four samples containing 0.1, 0.5, 1.0 and 2.5%
in mass of CdSiNPs (SPZ-0.1CdSiNPs, SPZ-
0.5CdSiNPs, SPZ-1.0CdSiNPs and  SPZ-
2.5CdSiNPs)  were prepared. The glass
composition was weighed (sufficient to prepare
25 g of glass) and subsequently homogenized using
an agate mortar. The powder mixture was
transferred to a Pt-Au crucible and melted in a
furnace at 1100 °C for 30 min. Later, the melt was
poured into a brass mold and crushed. The mother
glass was separated into 5 portions of 5 g each one
and then, the different percentages of nanoparticles
(0, 0.1, 0.5, 1.5, 2.5) were mixed. The melting
process was repeated for the 5 samples at 1100 °C
for 7 min and poured in a brass mold heated at
340 °C and left at such temperature for 2 h for
annealing. This procedure is used to eliminate the
internal residual stresses of the glass, resulted from
the rapid cooling of the liquid and aims to increase
the mechanical resistance. The finishing of the
samples was obtained by polishing the glasses with
SiC sandpaper with different grades. Figure la
illustrates the silica modification of cadmium
ferrite nanoparticles and Figures 1b and c the
preparation of glasses by melt-quenching process.
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Figure 1. lllustration of: a) silica modification of CdFe,O4, b) mixture of nanoparticles and
glass precursors and c) preparation of glasses containing nanoparticles.

2.3 Nanoparticles and glasses characterization

X-ray powder diffraction were carried out for
the CdSiNPs with a Bruker D8 Advance
diffractometer operating with a Ni filtered CuKa
radiation source at 20 angle ranging from 10 to 80 °
with a step pass of 0.02 ° and a step time of 2 s.
Transmission electron microscopy TEM were
carried out using a Philips CM200 equipment
operating at 200 kV and equipped with X-ray
energy dispersive spectroscopy (EDS) Bruker
model XFlash 6T130. Samples were prepared using
0.1 mg of CdSiNPs or SPZ samples containing
CdSiNPs. After grounding, the powder was
dispersed in 1 mL of isopropyl alcohol using
ultrasound. Some drops of this suspension were
applied on a copper grid coated with carbon film.
Reflectance spectrum for the CdSiNPs and
transmission spectra (in the spectral range from
200 to 800 nm) for the SPZ-CdSiNPs glasses were
recorded using a Varian Cary 5000 UV-Vis-Near
infrared (NIR) spectrophotometer from the
polished samples with 2 mm in thickness. Scanning
electron microscopy images were obtained in a
high-resolution Scanning Electron Microscope
(SEM-FEG HR) — FEI Inspect F50 equipped with
Energy Dispersive X-ray Spectroscopy (EDS)
Probe (Inca Energy-Oxford) in the bulk sample
covered with carbon film and in the powder
dispersed in isopropyl alcohol by dripping the
suspension onto a silicon substrate. Topography
images of SbPO4-PbO-ZnO glasses (SPZ)
containing CdSiNPs were obtained using a Park
NX-10 Atomic Force Microscope. PPP-MFM

probes (NanoWorld) with spring constant of
2.8 N/m and resonance frequency within 75 kHz
were used for measurements. Topography were
acquired in air by single pass scanning at room
temperature and humidity between 74.5 and
75.5%. Topography was measured using the
intermittent contact mode setup, slightly below the
frequency of resonance. Analysis and processing of
the AFM images were carried out with
Gwyddion®*. Raman scattering spectra were
recorded at room temperature in a frequency range
from 200 to 1150 cm™ in a HORIBA Jobin Yvon
model LabRAM HR micro Raman apparatus
equipped with a 632.8 nm laser, delivering 17 mW.
Differential ~ scanning  calorimetry  (DSC)
measurements were carried out using the DSC
Q600 equipment from TA Instruments to study the
thermal properties of glasses. Small pieces of
glasses, with typically 15mg, were heated in
aluminum crucible from 150 to 600 °C at a heating
rate of 10 °C.min™, in N, atmosphere (70 mL min®
1). The estimated errors are + 2 °C for Ty and Tx.
The refractive index of the samples was measured
at 632.8 nm using a Metricon model 2010
equipment. The estimated error is + 0.0001.

3. Results and discussion
3.1 CdFe,04 and CdSiNPs

The X-ray diffraction pattern of the synthesized
powder is consistent with a cubic phase of spinel
structure (space group: Fd-3m) (Figure 2). The
major peak located at 34.4 ° corresponds to the

34 Eclética Quimica Journal, vol. 43, n. 2, 2018, 32-43
ISSN: 1678-4618

DOI: 10.26850/1678-4618eqj.v43.2.2018.p32-43


https://doi.org/10.26850/1678-4618eqj.v43.2.2018.p32-43

Original article

(311) plane which can be readily ascribed to the
characteristic peaks of the spinel ferrites. Except
for the low intensity diffraction peak at 42.5 °
assigned to the Fes0. plane (400) according to the
standard (JCPDS 19-0629) the remaining
diffraction peaks match well with standard (JCPDF
22-1063). The broadening of diffraction peaks
indicates the nanocrystalline nature of the
synthesized powder®.

311 — CdF9204
* cdFe,0, (JCPDS 22-1063)
FejO, (JCPDS 19-0629)

200 *

Intensity (a.u.)

20 (degree)
Figure 2. XRD pattern of CdFe;O,.

A TEM image, obtained for the CdSiNPs, is
shown in Figure 3. The upper inset displays the
histogram obtained from several TEM images,
with size distribution of 3.9 £ 0.1 nm. Moreover, is
observed that the nanoparticles present a spherical-
like morphology. Plocek et al., prepared
nanoparticles of CdFe.0.@SiO,, via sol gel
methodology, with average size of 3.4 nm, and the
TEM profile obtained is very similar to those
obtained in this work®.

39+0.1nm

Figure 3. TEM and histogram with the size distribution
of CdSiNPs.

The nanoparticles were synthesized by
coprecipitation method and was used a surfactant-
free synthesis in order to avoid remaining organic
compounds, that can induce bubbles during the
synthesis of the glass and react with the Pt-Au
crucible during the melting process. After coating
the CdSiNPs with silica, the nanoparticles were
heated at 600 °C for 5 h. For this reason, the
nanoparticles are not isolate and monodisperses,
but rather in the form of silica agglomerates.

Figure 4a shows the diffuse reflectance
spectrum for the CdSiNPs. This technique allows
to obtain the band gap energy of the material. The
Kubelka-Munk remission function is the most used
for interpreting diffuse reflectance data. The
absorption coefficient close to the edge of the
absorption band is a function of the frequency
according to Equation 1:

1
(ahv)n = K'.hv — K'. E}, (@))

In which K' is the absorption constant that
depends on the properties of the material and hv is
the photon energy of the incident radiation; the
exponent n can have values of 1/2, 2, 3/2 and 3
corresponding to direct transition, indirect
transition, prohibited direct transition and
prohibited indirect transition, respectively®®.

60

50

——CdSiNPs

40 |

304

20

Reflectance

10

T T T T T
300 400 500 600 T00 800

Wavelength (nm)

(F(R).hv)A 172,

: b)

16 1‘.8 2I.I] 2:2 2.‘4 2:5 28
E (eV)
Figure 4. a) Diffuse Reflectance Spectra of CdSiNPs,
b) (F(R).hv)*2 as a function of the photon energy.
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The absorption coefficient (a) is related to the
reflectance (R) measured by means of Equation 2:

a=F(R) )

where F(R) is the Kubelka-Munk function which
has the form expressed in Equation 3:

F(R) = (1-R)?/2R ?)

If F(R).hv= is plotted as a function of the
energy of the incident photon and the straight-line
1

portion is extrapolated to F(R).hvn =0 , with
n =% or 2, the band gap energy can be estimated.

1
In Figure 4b is shown the graph of F(R).hv
as a function of photon energy (E) for n=2, which
provided lower deviation in the linear regression,
the indirect band gap obtained was 1.8 eV. Miao
et al.*® calculated an indirect gap for a thin film of
CdFe,040f 1.97 eV and Shi et al.*’ also obtained a
band gap of 1.97 eV for nanoparticles of CdFe;O4
with 24 nm of diameter. Naseri*® obtained in his
work a band gap of 2.06 eV for nanoparticles with
a size of 47 nm treated at 673 °C. Based on these
results, and due to the reduced size of the
nanoparticles the band gap value obtained is in
agreement with the literature.

3.2 SPZ glasses containing CdSiNPs

Figure 1c showed the profile of the matrix and
vitreous samples  containing  nanoparticles
obtained. The matrix color is light yellow and when
the nanoparticles were incorporated to the samples,
they became darker with intensification of the
tonality with increasing the percentage of
CdSiNPs. The color is characteristic of the
presence of iron ions in the glasses®. The obtained
samples are totally transparent and visually
homogeneous. For compositions containing
concentrations higher than 3.0% of nanoparticles
the total crystallization of the samples occurred,
indicating that the limit of nanoparticles supported
by the SPZ matrix is between 2.5 and 3.0% in mass
of CdSiNPs.

By means of the TEM image of the sample SPZ-
2.5CdSiNPs it is seen in Figures 5a and 5b that the
sample presents regions with different contrast
from the glass without nanoparticles. When these
regions were analyzed closely, the presence of the
CdSiNPs were confirmed, showing that the

incorporation occurred satisfactorily, although it
did not occur homogeneously in the nanoscale.

The Figures 5¢c and 5d were obtained in two
different regions in which the nanoparticles present
average diameter of 3.5 nm (histogram inserted in
Figure 5d, obtained from images 5c and 5d),
showing that silica coating was efficient to protect
nanoparticles during melting at high temperatures.
The smaller size with respect to the nanoparticles
prior to incorporation can be explained by the low
count number of nanoparticles in the glass, and also
due to a possible dissolution of the silica layer at
the edges of the agglomerates, consequently
causing the dissolution of part of the nanoparticles.
In this way, iron ions were dispersed into the matrix
and explains the dark yellow color.

Figure 5. TEM images of SPZ-2.5CdSiNPs sample in
different regions: a), b), ¢) and d). The insert in d)
shows the histogram made from TEM images for the
sample including images c¢) and d).

The morphology of the SbPOs-PbO-ZnO
glasses (SPZ) containing 2.5% CdSiNPs were
studied by SEM and AFM microscopy, Figure 6
and Figure 7, respectively. Figure 6a and 6b
displayed silica agglomerates containing CdFe;O4
nanoparticles with different formats in the glass
surface. Figure 6¢ shows the energy dispersive
spectra (EDS) of the general area of Figure 6b. The
Cd, Fe, Si peaks were clearly visible in EDS
showing the presence of NPs within the glass. The
Figure 6d shows the image of a suspension
obtained from the sample deposited on a silicon
substrate. Agglomerates are observed with
different sizes and forms concentrated in certain
regions of the sample, and these results are in
agreement with the images obtained by TEM.
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Figure 6. SEM-HR images of SPZ-2.5CdSiNPs sample covered with carbon film a)
20.000x; b) 500.000x, c) EDX spectra of the general area of image (b) and d) SEM-
HR image for SPZ-2.5CdSiNPs suspension deposited on silicon substrate (20.000x).

14 nm
0nm

Figure 7. AFM topography images of 4 x 4 um? (a) 3D surface topography associated
with the region (1 x 1 um?) square draw on (a).

Figure 7 shows AFM images corresponding to
the SbPOs-PbO-ZnO glasses (SPZ) containing
2.5% CdSiNPs. The topography of the SPZ-
2.5.0CdSiNPs sample and 3D AFM image clearly
reveals the presence of different sizes of
agglomerates containing the nanoparticles (30 nm
until 0.3 um) uniformly disperses on glass,
corroborating with TEM and SEM images. We
assign the presence of the silica agglomerates to the
low melting time (7 min), which was not enough to

dissolve all the silica in the sample, protecting the
nanoparticles.

3.3 Thermal analysis

Figure 8 shows the DSC curves for the matrix
and for the samples containing nanoparticles in
different percentage in mass. It is observed that the
profile of the curves is the same for all samples.
The values found for characteristic temperatures of
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glass transition (Tg), onset of crystallization (Tx)
and maximum crystallization (T,) of each sample
are resumed in Table 1. The addition of
nanoparticles leads to a small increase in the value
of Tq and Ty, attributed to the increase in the degree
of structural rigidity due to the incorporation of the
silica in the matrix. The parameter Tx-Tg, referring
to the thermal stability of the glass, remains
constant, showing that the addition of the
nanoparticles to the glass did not destabilizes the
composition. This behavior is important for
applications when glass pieces with different sizes
(for example, 10 x 10 cm) are required.

SPZ
w

SPZ-0.5CdSiNPs

Heat flow (a.u.)

SPZ-2.5CdSiNPs \ Tg
T T x T

v T v T v T v T T T
250 300 350 400 450 500 550 600
Temperature (°C)

Figure 8. DSC curves of the SPZ and SPZ-CdSiNPs
glasses.

Table 1. Characteristic temperatures of the SPZ-CdSiNPs glasses.

Samples T, (°C) Ty (°C) T, (°C) Ty-Tg (°C)
SPZ 375 515 573 140
SPZ-0.1CdSiNPs 379 519 571 140
SPZ-0.5CdSiNPs 380 518 574 138
SPZ-1.5CdSiNPs 381 523 582 142
SPZ-2.5CdSiNPs 385 530 588 145

3.4 Raman Spectroscopy

The prepared samples were analyzed by Raman
spectroscopy (Figure 9). Due to the higher
proportion of SbPO, in the glasses studied, the
curves predominantly present bands characteristic
of the phosphate groups, and can be attributed as
published by Nalin et al.*

SPZ-0.1CdSiNPs

SPZ-0.5CdSiNPs

SPZ-1.5CdSiNPs

SPZ-2.5CdSiNPs

Raman Intensity (a. u.)

T T T T T T T T T
300 400 500 600 700 800 900 1000 1100 1200

Wavenumber (cm'1)

Figure 9. Raman spectra of the SPZ and
SPZ-CdSiNPs glasses.

The band at 300 cm™ is assigned to group
modes.! The bands at 461 and 404 cm™ are
assigned to symmetrical deformation of the PO4
and the asymmetric deformation of Sb-O,
respectively. While the bands at 617 and 551 cm™
are assigned to the asymmetrical stretches of
vibrational modes P-O-Sb and asymmetrical
stretching Sh-O. Finally, the bands at 1100 and
972 cm™ can be assigned to asymmetrical stretches
of the PO, and symmetrical stretching of PO,
respectively.

Assignments for samples containing CdSiNPs
are shown in Table 2. The positions of the bands
remain constant and no evidence that the addition
of the nanoparticles is modifying the structure of
the glass was found.
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Table 2. Assignments of the bands observed in the Raman spectrum for the glasses studied.

Raman/cm™

Samples GM* 635 Sb'o 65 P04 Vas Sb'o Vas P'O'Sb Vs P04 Vas P04
SPz 300 404 461 546 617 972 1100
SPZ-0.1CdSiNPs | 298 404 465 547 617 973 1097
SPZ-0.5CdSiNPs | 299 405 467 547 619 972 1098
SPZ-1.5CdSiNPs | 300 405 465 547 617 973 1198
SPZ-2.5CdSiNPs | 298 405 467 549 619 972 1198

G.M.: Group Modes

3.5 Optical measurements percentage of nanoparticles, higher is the

The refractive index values for glasses were
obtained using the prism coupling technique, M-
lines spectroscopy and the values can be observed
in the Table 3.

The increase in nanoparticle concentration
slightly reduced the refractive index, which can be
attributed to the contribution of silica and the
substitution of PbO and SbPO4 in the matrix, which
have much higher polarizabilities, leading to a
decrease in refractive index values. While
Siqueira® found to the same vitreous matrix a
behavior of increase of refractive index with
increase of the concentration of Fe,Os, which was
attributed to the ability of iron ions to polarize
neighboring atoms.

Table 3. Refractive Indexes obtained for the SPZ
and SPZ-CdSiNPs glasses.

Samples Refractive Index
SPZ 1.887
SPZ-0.1CdSiNPs 1.886
SPZ-0.5CdSiNPs 1.885
SPZ-1.5CdSiNPs 1.883
SPZ-2.5CdSiNPs 1.880

Spectroscopy in the UV-Vis region was used to
obtain transmission spectra of the matrix and
samples containing CdSiNPs. Figure 10 shows that
it occurs a red shift of the absorption edge with the
increase in the percentage in mass of CdSiNPs. The
decrease of the transmittance is due to light
scattering from scratches on the surface of the
glasses and also due to the scattering coming from
the presence of agglomerates. Higher is the

agglomerates and, as consequence, lower is the
transmission of the glasses.
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Figure 10. a) Transmittance spectra obtained for the
SbPQO4-PbO-Zn0 containing CdSiNPs and b) (ah1)?
as function of the energy of the photon (E).

The absorption limit in the visible region is
called band gap energy and involves optical
transitions between the valence and conduction
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bands. Its value can be obtained from the
transmission spectra using the PARAV software in
which the transmission spectra of the glasses is
inserted and also the values of the refractive
indexes and thicknesses of the glasses are supplied
to the software, which then generates the graph of
(ahv)¥2 versus E.

As already mentioned above, the absorption
coefficient is a function of the frequency, so
plotting a graph of (ahv)'? as a function of the
energy of the photon (E), is possible to obtain the
band gap energy values of the glasses (Figure 10Db).

The Figure 11 shows the values of the optical
band gap (Eop) of the glasses (which were
determined from a tangent drawn in the
intercession of the curve (ahv)*? versus E). Band
gap energies decrease with increasing percentage
in mass of CdSiNPs and it can be attributed to the
fact that the nanoparticles and iron ions introduce
new energy levels between the valence band and
the conduction band of the matrix, showing that
Eopt the of the SPZ glass is strongly sensitive to the
presence of CdSiNPs.

27

2.6 ;
2.5 :
24 —
23 4
2.2 :

+

2.0+

Eopt (eV)

0.0 l 015 ' 110 ' 115 2:0 ‘ 25
% of CdSINPS (in mass)

Figure 11. Optical band gap energy values obtained for
the SPZ and SPZs containing CdSiNPs.

The results obtained in this work are important
from the fundamental point of view because
demonstrate the possibility to use glass as a
medium to disperse nanoparticles without
dissolves them. Glasses containing nanoparticles
are interesting system for several applications in
photonics, however the nanoparticles usually are
growth from the vitreous phase by means of a
controlled heat treatment. The main drawback of
such method is linked to the fact that most of
glasses crystallize heterogeneously leading to non-
homogeneous optical properties.

The innovation in this paper is related to the fact
that we proved that nanoparticles with controlled
sizes can be dispersed into glass matrix. Such
results open the possibility to explore new
functionalities for such materials in the field of
photonics and magneto-photonics. It is important
to remember the reader that conventional glasses,
like those used for optical fibers, are not suitable to
changes in the electromagnetic fields close to them,
however, using this new hybrid glasses the
magnetic properties of the nanoparticles may play
a very interesting role on the manipulation of the
light by means of changes in the magnetic field.
Applications such as, sensors may be idealized
using such new materials. These possibilities are
currently under investigation in our laboratory.

4. Conclusion

In this work, the 60SbP0O4-30Zn0O-10PbO glass
system was used as host for incorporation of
CdSiNPs using melt-quenching process. We have
shown that the method of protection of the
nanoparticles with a silica layer is efficient and the
incorporation in the vitreous matrix occurred
satisfactorily, as presented in TEM and SEM
images, although it is still necessary to improve the
quality of the silica coating in order to obtain
monodisperse nanoparticles and more
homogeneous glasses. The DSC analysis showed
that the matrix acquired greater thermal stability
while Raman spectroscopy did not present
evidence that the presence of the CdSiNPs
modified the glass structure. This is interesting
because nanocrystals were added in an amorphous
matrix without causing crystallization of the
sample. The presence of the nanoparticles induced
a decrease in the refractive index and Eop Of the
glass, showing that the CdSiNPs have influence on
the optical properties of the material. The results
obtained in this work may contribute towards the
development of glasses containing nanoparticles
useful for magneto-optics devices. In addition, it is
important to emphasize that this methodology can
be used for other types of nanoparticles such as
bimetallic nanoparticles or nanoparticles with
plasmonic properties, for example, thus expanding
the range of possibilities of studies in the area of
nanoparticles containing glasses.
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ABSTRACT: Since 2008, Brazil has been the largest consumer of
agrochemicals in the world, using pesticides to combat pests and
vectors, impacting both microbiota and human health. Aiming at the
degradation of the contaminants present in the environment, treatments
by advanced oxidative processes are based on the synthesis of free
radicals that allow the degradation of the pollutant. Among these
processes are included UV/H202. By evaluating the ecotoxicity and
phytotoxicity of the commercial Malathion® 500 CE product, using
Aedes aegypti larvae and Lactuca sativa seed, the high toxicity of this
formulation was observed. ECso values for A. aegypti being equal to 0.4
pg Lt and for L. sativa equal to 550 pg L. The commercial
agrochemical degradation was carried out by UVC radiation and
UV/H202, and the toxicity was evaluated after 30 and 120 min. After
both treatments, the percentage of immobility was zero for A. aegypti,
inferring the efficiency of the processes. However, for L. sativa, no
treatment was able to remove or reduce initial toxicity.

1. Introduction

Recently, epidemics of dengue, chikungunya,
yellow fever and zika caused by the vector Aedes
aegypti affected a large part of the Brazilian
population. From this, government campaigns and
control measures were adopted, providing large
guantities of malathion insecticide to the
environment™*, Malathion is an organophosphate
type C widely used in rural and urban areas to
control of aphids, flies. It is formulated as
household sprays and being sprayed in areas with
high proliferation rate of Aedes aegypti® *. It
presents the advantage of not being persistent in the
environment and does not bioaccumulate.

However, it presents high toxicity in animals due
to its action mechanism, which inhibits the enzyme
acetylcholinesterase, forming a complex with the
esterase center of the enzyme. This results in
accumulation of the neurotransmitter
acetylcholine, interrupting the breakage of this
substance in choline and acetic acid, causing
geveral symptoms, such as nervous hyperactivity>

Aiming at the degradation of this pesticide as an
alternative to make it less available in the
environment, it is possible resort to simple and
effective treatments, which includes advanced
oxidative processes (AOPs). These processes are
based on the generation of highly reactive and
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oxidizing species such as hydroxyl radicals, it can
be obtained in various forms, including
heterogeneous and homogeneous systems, with or
without radiation. The main objective is to generate
at the end of the process species less toxic such as
water and carbon dioxide'®*?. Recent works have
shown the efficiency of AOPs, as photo-Fenton
process®, UVC/H,0,** and others™, in the
degradation of malathion in aqueous solutions.
However, for the degradation of malathion, it is
possible to obtain several by-products of the
oxidation reaction, including substances like
phorate sulfoxide, diethyl phosphate, pharatoxon
sulfone and malaoxon, the latter being very toxic,
which inhibition power under the enzyme
acetylcholinesterase is 40 times higher than the
parent compound*® %',

Like pesticides, their treatment products can
also cause effects on the environment, which
highlights the need for ecotoxicological
assessments that can demonstrate and quantify
possible adverse effects to organisms exposed to
these substances® *°. In this sense, the present
work evaluated the acute ecotoxicity of malathion
before and after degradation by UVC radiation and
UV/H,0; using Lactuca sativa seeds and Aedes
aegypti larve as bioindicators. Lettuce seed
(Lactuca sativa) was chosen as the indicator
organism, using the observation of interferences in
seed germination and root growth??*, The species
Aedes aegypti was also chosen for toxicity and
larvicide evaluation because it is the target
organism of malathion?®.

2. Experimental

For ecotoxicity evaluation, samples were
collected at initial (O min), intermediate (30 min),
and final treatment times (120 min) in previously
washed glass flasks. The pH was adjusted to 6~7,
and when necessary, bovine catalase (Sigma-
Aldrich) was added for residual H2O, removal.
Samples were analyzed immediately or, when this
was not possible, they were kept frozen at —20 °C
for a maximum of 20 days until the tests were
performed. Two tests were selected: Aedes aegypti
(acute toxicity) and Lactuca sativa seeds
(phytotoxicity).

2.1 Ecotoxicological tests with Aedes aegypti

Aedes aegypti tests were performed according
to methodology described by the World Health

Organization*’. Healthy eggs (Rockfeller variety)
were used, provided by the Laboratory of
Physiology and Control of Arthropod Vectors of
the Oswaldo Cruz Foundation — RJ. Egg hatching
was performed in a 1 L Becker containing 500 mL
of mineral water with the addition of a small
amount of fish feed. Packing was carried out in a
B.O.D. incubator, with photoperiod of 16 h clear
and 8 h dark, maintained at a temperature of 28 °C.

Commercial product Malathion® 500 CE were
used for the test solutions preparation, which were
diluted with ultrapure water. In all of them, there
were three preliminary tests (data not show). The
concentration in focus refers to that recommended
by the manufacturer, which indicates the dilution
of 30 mL of the pesticide in 10 L of water®®.

Preliminary tests were performed in order to
determine the concentration range necessary to
determine the effective concentration at 50% of the
organisms (ECso), being the range of 0.05; 0.1; 0.2;
0.4; 0.8 and 1 pg L', Tests were performed in
triplicate, the definitive ones and the treated
samples were done in quadruplicate, in each
replicate, containing 25 mL of solution and 20
organisms, whose life stage is between the 3™ and
4™ larval stage, approximately 96 h of life. The
assays were maintained in B.O.D. at 23 °C, without
photoperiod, for 24 h. After that, the number of
immobile organisms was counted, thus obtaining
the percentage of immobility.

2.2 Phytotoxicity with Lactuca sativa

In order to obtain the ECsp, solutions of the
commercial product Malathion® 500 CE were
prepared for the realization of the bioassay with L.
sativa. Preliminary tests were performed with
concentrations ranging from 1 pg L™ to 400 pg L™,
and the concentration range selected for the final
test was 250, 350, 450, 550, 600 and 700 pg L™,
where adverse effects were observed.

The seed germination/root  elongation
phytotoxicity assays were performed according to
the methodology described by Sobrero and
Ronco? and Young et al.”®. Tests were carried out
in Petri dishes lined with filter paper (Unifil,
weight 80 g m?) and with 15 seeds each (cv.
Boston), containing 4 mL of sample dilution or
negative/positive control, with osmosis water and
commercial glyphosate 3% (Dipil), respectively.
The assay was done in triplicate. Seeds were
incubated at 22 + 2 °C, in the dark, for 120 h. At
the end of the test, the number of germinated seeds
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and the root elongation data were used to calculate
the germination index (GI1)*® and the relative
growth index (RGI)?*. The RGI values were
divided into three categories according to the
observed toxicity effects: (a) inhibition of the root
elongation: 0 < RGI < 0.8; (b) no significant
effects: 0.8 <RGI < 1.2; and (c) stimulation of the
root elongation: RGI > 1.2%,

2.3 Statistical analysis

Statistical data evaluation was performed with
the BioEstat 5.3 software (BioEstat Software,
Belém, Brazil). The effective concentrations 50%
(ECso) were calculated using the Probit method.
When the ECsy was not reached by the tested
effluent samples, toxicity was expressed as
percentage of toxic effect. For L. sativa tests, data
were subject to Kolmogorov-Smirnov normality
test. As data were normally distributed, they were
submitted to one-way analysis of variance
(ANOVA) and Tukey test (p < 0.05). Significance
values are indicated as follows:

*p < 0.05 and **p < 0.01.

2.4 Treatment of Malathion® 500 CE by UVC
radiation and UV/H,0,

Photolysis (UVC radiation) and UV/H;0;
treatments of the commercial product Malathion®
500 CE were performed using the concentrations
that gave rise to 50% of test organisms (ECso),
which were 550 pg L™ for L. sativa and 0.4 pg L™
for A. aegypti. The experiments were conducted in
a borosilicate bench photoreactor with 300 mL
capacity, equipped with a water-cooled system and
a magnetic stirrer. Artificial radiation was provided
by a high-pressure mercury vapor lamp (125 W,
Philips) placed in the solution through a quartz
jacket. The initial concentration of H,O, was 1000
mg L™ and the residual hydrogen peroxide was
determined by UV-Vis spectroscopy, using method
based on ammonium metavanadate?’.

3. Results and discussion

3.1 Determination of ECsp of Malathion® 500 CE
to A. aegypti and L. sativa

When it is intended to determine ECs of one (or
more than one) substance to organisms that have
not been reported yet, preliminary tests are of great

value to explore and determine it correctly.
Preliminary concentrations to A. aegypt were based
on ECs of Malathion 500 CE to Daphnia magna,
which ranges between 0.36-3.8 ng L™ 2%,

After preliminary results, new limits of
concentration were settled down and this new
range of values (0.05; 0.1; 0.2; 0.4; 0.8 and 1 pg L~
1y allowed determine a reliable ECso to A. aegypti
larvae. In the definitive assays, ECso value obtained
was 0.4 pg L™,

From data obtained at definitive assay (250,
350, 450, 550, 600 and 700 pg L %) with Lactuca
sa;civa, it was possible to calculate the ECs (550 pg
L™).

Comparing both organisms, it is possible to
recognize their sensibility difference. L.sativa is
about one hundred times more resistant than
A.aegypti. This result was already expected once A.
aegypti is a target organism, but comparing with
literature, species like D.magna are two times more
sensible than the target larvae showing the
importance to treat this compound before achieve
aquatic ecosystems'®.

Brazilian and American legislation indicates
maximum permissible values of pesticides in
drinking  water, but malathion is not
contemplated®> *2. In Brazil, resolution ne.
357/2005 stipulates the maximum concentration
range of organophosphates in water, which ranging
from 0.1 pug L™ (freshwater, saline and brackish
class 1) to 100 pg L™ (freshwater class 3). This
means that the higher values would bring acute
toxicity effects, according to the value of ECso
determined in this work®,

Preliminary tests are of great value when it is
intended to determine the ECso of organisms when
exposed to one or more substances, therefore,
preliminary tests with A. aegypti have been carried
out using the ECso value of known organisms, such
as Daphnia magna, which effective concentration
varies between 0.36-3.8 ng L™ for Malathion 500
CE28_30.

3.2 Ecotoxicity of Malathion®500 CE to A. aegypti
and L. sativa after treatment by photolysis and
UV/H,0,

It was observed in both treatments that there
was no immobility for A. aegypti (Table 1),
inferring that the degradation of Malathion 500 CE
was efficient, losing its larvicidal property, besides
that; the byproducts generated were not toxic to the
organisms*’.
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Table 1. Evaluation of the ecotoxicity of Malathion®500 CE (0.4 ug L™) using Aedes aegypti before and after

treatment with UVC radiation and UV/H-0,

Negative TO UVC uvc UV/H0, UV/H,0,
control 30 min 120 min 30 min 120 min
Average” 0 10 0 0 0 0
Immobility (%)" 0 50 0 0 0 0

*Three replicates with 20 organisms.

Comparing the results obtained before and after
treatment, the toxicity of the commercial product
reduced 100% when tested on A. aegypti,
demonstrating that it is a viable alternative on the
treatment of this organophosphate. This process
has the advantage of no needing high pressures,
temperatures, elevated times of exposure and the
oxidizing agent (hydrogen peroxide) can be
removed through catalase abatement®* .

The values of p (probability of significance) for
ANOVA followed by Tukey's test, obtained from
L. sativa bioassays (Table 2), indicate that in all
samples there was statistical significance and RGI
(Relative Growth Index) less than 0.80, it means
that all treatments inhibited root growth. The
Germination Index (GI) was greater than 90% in all
samples, indicating that there was no inhibition of
germination.

Table 2. Evaluation of the phytotoxicity of Malathion®500 CE (550 ug L) using Lactuca sativa seeds before

and after treatment with UVC radiation and UV/H.0,

Mean root o
Sample length (cm) RGI Gl1% Effect
Control 2.50+0.7° -- 1000 0 -
TO 1.25+0.1°" 0.5 97.8 I
UVC 30 min 1.98+0.3%" 0.7 100 I
UVC 120 min 1.62+0.1°" 0.6 100 I
UV/H202 30 min 1.39+0.3" 0.5 100 I
UV/H20; 120 min 1.9240.5%" 0.7 100 I

Three replicates with 15 seeds. Abbreviations: G1%, germination index; I, inhibition; RGI, relative growth index. Mean
values with different letters (a, b, c, d) are significantly different (Tukey’s test, p < 0.05). *p < 0.05; **p < 0.01.

It can be verified that the treatments showed an
efficiency in reduction of effects on root growth of
lettuce seedlings in comparison to pre-treatment
sample (TO = 550 pug L, with RGI = 0.50), since
after UVC and UV/H;O; processes all samples had
RGI higher than 0.50.

However, UVC 120 min photolysis likely
generated toxic degradation byproducts for lettuce,
once in 30 min of radiation exposure there was 21%
of inhibition in root growth (RGI = 0.79), while at
120 min the percentage of inhibition growth
increased to 36% (RGI = 0.64). Even though there

were no significant differences between them, this
increase of the toxicity can be associated to the
formation of inorganic anions such as sulfates and
phosphates due to cleavage of the P-S bonds'” *%,
For UV/H,0,, rootlets growth had high
inhibition at 30 min of treatment (RGI = 0.55) and
in 120 min was observed decrease of toxic effects
(RGI =0.76). Itis possible that at the initial 30 min
were formed intermediates by sulfur oxidation and
generation of molecules from the combination of
phosphorus, sulfur, carbon, hydrogen and oxygen,
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for example, phorate sulfoxide and phoratoxon
sulfone'” 2,

The influence of concentration of treated
compound on processes efficiency is evident when
comparing treatments carried out based on
ecotoxicity of Malathion to A. aegypti, since
concentration used was ten times lower in relation
to L. sativa and after both treatments no toxic
effects were obtained, it shows that, despite the
objective of the treatment was to degrade the
pesticide and eliminate sources of toxicity, the
concentration of treated compound may interfere in
the efficiency of the process and even increase
toxic effects'’*°,

4. Conclusions

As an insecticide, Malathion® 500 CE was
shown to be more toxic to Aedes aegypti larva,
evidenced by ECso, which is much lower than that
obtained for L. sativa. As regards phytotoxicity, it
was found that the L. sativa seed presented
moderate resistance to the pesticide studied, with
an ECs value of 536.11 pg L, however; it was a
low concentration, inferring that lower
concentrations of Malathion® 500 CE can cause
damage to terrestrial plants.

Degradation of the commercial product in both
treatments was efficient and the byproducts
generated were not harmful to A. aegypti larvae.
However, in the phytotoxicity assays, it was
evidenced that there was inhibition of root growth.

This compound is present in agriculture for
biological control and in urban areas being used in
the fight against vectors of several diseases like
dengue requiring several ecotoxicological and
toxicological studies of this insecticide. In the
present work, it is possible to see that low
concentrations can cause harmful effects to target
and non-target organisms.
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ABSTRACT: This study was to evaluate the physicochemical
parameters that express the water quality of the Verde River, in the
city of Ponta Grossa, Parana. Multivariate Analysis was used, and
quality indexes were obtained, such as the Trophic State Index
(TSI) and the Water Quality Index for Aquatic Life Protection
(WQIavp). River samples were collected at 4 points along the Verde
River for 12 months. The results indicated that, at point 4,
downstream from the Sewage Treatment Plant (STS), the aquatic
environment is very poor for the biota. The calculation of the
WQIaLr showed BAD to VERY BAD quality, and the disposal of
the effluent was indicated as the cause. It was also concluded that
points 1 and 2 correspond to more preserved sites but are not totally
favourable to aquatic life either because they receive surface
drainage from agricultural areas in the basin. Point 3, of urban
character, suffers an impact caused by irregular connections of

sewers, and contribution of streams that flow into the river. For all sampling points, TSI > 67 for more than 90% of the samples, indicating
hypereutrophic environments throughout the river. The quality indexes applied in this work were faithful to the reality found for the

water of the Verde River.

1. Introduction

Even if water is considered a renewable natural
resource, the growing impact on natural sources,
due to the disordered increasing population density
and the many interferences resulting from it, have
made the degradation of water resources a public
health problem. Improper disposal of domestic and
industrial effluent, large-scale use of agricultural
input and destruction of riparian forests are
examples of anthropogenic pressure which
contribute to their degradation. However, when a
water body is monitored, there is a great number of

parameters to be analyzed, and the interpretation of
this data set requires technical knowledge as well
as awareness of the current law. Therefore, aiming
to help disseminate water quality data, indices can
be employed, which represent the consolidation of
information from different analyses’. Among the
quality indices, this work employed WOQIlaLp
(Water Quality Index for Aquatic Life Protection),
based on ammoniacal nitrogen and dissolved
oxygen (DO), and the TSI (trophic state index)
based on phosphorous and chlorophyll
concentrations. The integrated evaluation of Verde
River also included the determination of 14
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physicochemical parameters, studied individually,
and their set submitted to multivariate analysis.

Verde River is one of the main tributaries of
Pitangui River, a source of water supply to Ponta
Grossa, and is in an area classified as “high to
extremely high” importance for conservation®, with
its course including the Environmental
Preservation Area (EPA) of the Devonian
Escarpment and the National Park of Campos
Gerais. Therefore, it plays a relevant role in the city
of Ponta Grossa. However, it still suffers with the
disposal of raw sewage, STS effluents, domestic
waste irregular disposal, degradation of the riparian
forest and intensive farming activities on its
margins. All these activities potentially affect
water quality and biodiversity, they decrease the
diversity of ecological niches available in the
environment and provoke serious damage to the
ichthyofauna.

The objective of this work was to express the
water quality of the Verde River through quality
indexes, calculated from the physicochemical
parameters obtained experimentally. We also
promote simplified data dissemination and
encourage environmental protection actions.

1.1 WQ|A|_P and TSI

The commonly adopted surface water quality
indicators are not directed to the aquatic life
maintenance, they usually refer to drinkability
criteria and the different uses of water by the
population. Taking into consideration the
importance of parameters such as DO and
ammoniacal nitrogen, Silva and Jardim* proposed
the WQIaLp in which the numerical value of the
index is the lowest normalized value of such
parameters. Ammoniacal nitrogen, for example,
presents concentrations accepted by the regulations
which can be lethal to many aquatic organisms,
since legal limits do not consider toxicity to the
biota. On the other hand, the biota requires
minimum DO levels. According to the United
States  Environmental  Protection  Agency
(USEPA), a 0 to 2 mg L™concentration is not
enough to keep aquatic life and between 2 and 4 mg
L™* DO few fish species can survive®. In Brazil,
according to the Resolution CONAMA n° 357/05°
the minimum DO concentration set forth for water
Class 2 is 5 mg L™, which is not enough for many
species of the ichthyofauna.

TSI is an indicator of -eutrophication, a
phenomenon that is characterized by the increase

in the nutrient concentration, mainly phosphorous
and nitrogen, in aquatic ecosystems, resulting in
problems such as algae growth, increase in the
organic matter decomposition rate with reduction
of dissolved oxygen, and, consequently, water
quality deterioration”-®. This index is obtained from
the total phosphorous and chlorophyll analyses and
was developed to evaluate water quality regarding
its enrichment by nutrients and the consequent
effect, revealed by the growth of algae or
macrophytes, obtaining a classification in different
degrees of trophic status. The TSI determination
might aid the management of hydric resources,
favouring the control of eutrophication, a
phenomenon that is of global concern’ ®°,

1.2 Physicochemical parameters and Multivariate
analysis

The physicochemical parameters that are used
to characterise water quality present great
variability over time and space, and it is necessary
to keep a continuous monitoring program when the
actual quality of superficial water is to be
evaluated. From monitoring programs, data sets
containing several parameters are obtained, which
are measured in different scales and units, which
makes their interpretation complex. The
Multivariate Analysis is made up by a set of
statistical methods able to analyse simultaneously
the measures of n variables, providing useful
results for the understanding of large and complex
data sets. Among the multivariate analysis
techniques, the Principal Component Analysis,
PCA, is widely used in environmental data base
analyses*” **. The PCA objective is to reduce the
complexity of data making its interpretation easier.

2. Experimental

Searching for differentiated characteristics
along the Verde River, this study established four
sampling points. Monthly collection of surface
water was carried out from May 2016 to April
2017. Polyethylene bottles (1 L) were used and
three bottles were collected in each point. The
bottles were packet in plastic bags, in portable cool
box with ice and transported to the laboratory
where they were stored at 4 °C. Aliquots of water
samples were immediately filtered in a reduced
pressure device, using 0.45 um cellulose acetate
membranes. Analyses regarding DO, temperature,
conductivity and turbidity were carried out in situ,
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with a portable analyser Lutron, and in the
laboratory, following the techniques described in
the Standard Methods for the Examination of
Water and Wastewater'?, the analyses performed
were: total alkalinity, dissolved chloride, total
suspended solids (TSS), chlorophyll-a, oxygen
biochemical demand (OBD), total phosphorous,
total nitrogen and ammoniacal nitrogen. Analytical
grade reagents and ultrapure water were used in all
analyses.

3. Results and Discussion

The data analysed covered 14 physicochemical
parameters, obtained monthly for one year from 4
monitoring points, resulting in 48 samples.
Initially, the principal component analysis of the
monitored data was carried out aiming at
identifying which water quality parameters were
more significant in the characterization of the water
quality in Verde River.

Table 1. Eigenvalues and total variance explained by the principal components.

Principal component | Eigenvalue | Explained variance (%) | Accumulated explained variance (%)
1 5.956 42.540 42.540
2 1.946 13.900 56.439
3 1.462 10.440 66.879
4 0.995 7.108 73.987
5 0.819 5.851 79.837
6 0.681 4.868 84.705
7 0.576 4115 88.820
8 0.446 3.186 92.006
9 0.423 3.019 95.025
10 0.247 1.764 96.789
11 0.228 1.626 98.415
12 0.120 0.854 99.269
13 0.064 0.454 99.723
14 0.039 0.277 100.000

To calculate the principal components, the
Kaiser criterion was employed, in which the
components with eigenvalues higher than 1 were
retained”. Eigenvalues obtained from the
correlation matrix are presented in Table 1 in
descending order and define the importance of the
principal components, since they correspond to the
variance explained by each of them. When the
variables present different units and/or when they
present magnitude difference, self-scaling is
recommended to minimize the dominant effect that
one variable might have'. Data pre-treatment is
fundamental for the success of the multivariate
analysis and, it seems relevant to emphasise that for
PCA when the correlation matrix is employed, self-
scaling can be dismissed. The Program Statistica,
version 13 was used to analyse the data.

The number of principal components to be
retained according to the Kaiser criterion
(eigenvalues higher than 1 are retained) were four
and, together they explain approximately 74%
variance. It seems important to highlight that for
the fourth component the eigenvalue 0.995 was

considered as 1. This study considered that a
correlation equal or over 0.5 would be reasonable
to state that the parameters correlated, since this
type of data presents natural variability.

The variables influencing each of the 4 principal
components are shown in Table 2. The table also
shows the total variance explained by the
components, so that the evaluation of the
importance of each one is presented when
explaining the data set collected. When considering
one important variable for the composition of the
component, the numerical value of the correlation
is recommended to be over 0.7.

In the first component, the outstanding variables
were total nitrogen, ammoniacal nitrogen, OBD,
TSS, alkalinity, total chloride and conductivity, all
with a negative signal. This component reflects the
water quality for these parameters, lower values
indicate better quality. In this component, DO did
not reach a correspondence value over 0.7
presenting 0.525 with a positive signal. However,
this opposition of signals is justified by the fact that
an increase in the OBD and ammoniacal nitrogen
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variables is associated to the presence of organic
matter, that is, higher DO consumption. The DO
concentration is important for the self-clearing
capacity, which is the recovery of balance in the
aquatic environment through natural mechanisms.

In this sense, the self-clearing capacity of Verde
River is related to the characteristic relief, which
includes several rapids. Component 1 can be
considered an indication of aspects related to
organic matter degradation.

Table 2. Weight of the variables in the composition of principal components.

Variable Factor | Factor | Factor | Factor

1 2 3 4

Water temperature -0.207 |-0.548 | 0.575 | 0.093
DO 0.525 (-0.478(-0.092 | 0.251

Cond -0.825(-0.091| 0.163 | 0.032
Environment temperature| 0.175 | 0.100 | 0.833 |-0.054
Chl -0.879 ] 0.163 |-0.142| 0.123
Alkalinity -0.951 (-0.062 | 0.005 | 0.030
Turbinity -0.440|-0.385|-0.430|-0.106

TSS -0.705[-0.156 | 0.356 | 0.001
OBD -0.855| 0.071 |-0.097 | -0.118
Chlorophyll -0.185| 0.614 | -0.004 | -0.558

P -0.073| 0.719 | 0.231 | 0.115

Total N -0.946 | -0.046 | -0.010 | 0.129
Ammoniacal N -0.941 (-0.079 | -0.016 | 0.005
pH 0.075 [-0.538| 0.079 [-0.733
eigenvalue 5.956 | 1.946 | 1.462 | 0.995
Explained variance (%) | 42.5 | 13.9 | 104 | 7.1

Component 2 was only formed by the total P
content following the correlation criterion over 0.7
and positive. If a value over 0.6 is to be accepted,
the variable chlorophyll-a can be aggregated to this
component. Component 2 can be considered to
express the influence of the farming activity in the
neighbourhood of the river and the higher the P
content is, the higher the resulting impact is. In
component 3, there is also a single variable with
correlation over 0.7, which was the environmental
temperature. In this component, the hypothesis of
accepting a value over 0.6 can also be considered,
which would mean that the variable water
temperature would also be aggregated. The fourth
component presented moderate influence of the
variable pH. However, since the data set under
analysis involved parameters of natural variability
it does not seem reasonable to affirm that the
relations between the parameters are strong or
weak.

Figure 1 presents the scores for the components
1 and 2 and the samples collected from 4 distinct
monitoring points and the formation of some

groups as a function of these components can be
observed. In component 1, the growing impact in
the quality of the Verde River water was verified in
all points in the spring-mouth direction. Point 1 is
located closer to the spring, in a place called
“Capao da Onga”, and point 2 in a place called
“curva do cemitério”, both present preserved
margins and clear water. Samples 1-24 (Figure 1)
collected from these points, generally presented the
highest DO concentrations (> 6 mg L™) and the
lowest dissolved chloride concentrations (< 8 mg
L"), total nitrogen and ammoniacal nitrogen, as
well as the lowest OBD, conductivity and total
alkalinity (< 24 mg L™) values, exactly as indicated
in the data obtained from the PCA. These are in fact
less impacted when compared to points 3 and 4, but
still present total phosphorous concentration above
the limit set forth in the law, which is 0.1 mg L™
Despite the river presenting margins apparently
preserved in these points, the basin is characterized
by farming activities, suggesting that the input of
this nutrient in the water body occurs via surface
drainage.
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Figure 1. CP1 x CP2 scores of the samples collected in Verde River.
@®Collection point 1; ® Collection point 2; ® Collection point 3 and®

Collection point 4.

Point 3 (samples 25-36, Figure 1) is located in
the place called “Passadouro”, in the urban area,
after Verde River receives the input of the stream
Pildo de Pedra, which crosses the city centre,
through an underground gallery, but where
irregular links provoke leaking resulting in high
pollution indices. This point, according to the
parameters, is only less impacted than point 4. It
presented, for example, OBD over 3mg L™ in more
than 50% of the collections, that is, over the legal
limit CONAMA 357/05 for rivers Class 2, in
addition to higher turbidity and conductivity than
points 1 and 2. The analysis shows that component
1 can differentiate from them by the parameters
that indicate the worse quality of the river,
considering the way the samples from Point 3 were
distributed in the score graph presented in Figure 1.
Sample 27 in point 3 was collected in July 2016 and
presented high chlorophyll-a content (52.45 pg L
Y, for this reason it was separated from the
remaining samples of this point in relation to
component 2.

Point 4 is located downstream to the Verde
River effluent treatment station, around 50 m from
the local where the effluent flow into the river, and
close to the river mouth which is tributary to the
Pitangui River. It is, undoubtedly, the most
impacted place in the whole course, with DO below

5 mg L™ in most of the samples and organic matter,
represented by the ODB, over 4 mg L™, even
reaching 11.5 mg L™ in December 2016 (sample
44, Figure 1). For the same point 4, the samples
collected from June 2016 and September 2016
(samples 38 to 41, Figure 1) presented total P
content three times higher on average than samples
(42-48, Figure 1) collected in the period from
October 2016 to April 2017, being grouped in
higher scores in relation to component 2, which
represented exactly the P content in the samples.

One characteristic of Verde River, throughout
its course, is the presence of rock paved bottom and
small rapids, factors that dissimulate the impact
when analysed regarding parameters such as DO,
turbidity and TSS, and which can also interfere
when used to calculate quality indices. Numerous
studies have shown that multivariate statistical
analysis is useful for the assessment of the spatial
water quality variations in a river* *>*7,

3.1 TSI — Trophic state index calculation

Considering the trophic status of its aquatic
ecosystem, Verde River is classified, practically in
all its points, as eutrophic or superior, with
predominance of hypereutrophic features (Table
3). Undoubtedly, the presence of phosphorous was
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determining for this condition. The total
phosphorous concentration was mainly above the
regulations (0.1 mg L™) for lotic environments,
such as the Verde River. This fact is due to the
characteristics of the neighborhood of this river. In
points 1 and 2, the presence of farming activities in
the basin, and the surface drainage carrying

phosphorous into the water. While for the urban
area, corresponding to points 3 and 4, the raw
sewage and the treatment station effluent in a
volume that supersedes its flow and dissolution
capacity.

Table 3. Trophic state index for Verde River within 12 months (May-2016 to April-2017).

Points 2016 2017
May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | Jan | Feb | Mar | Apr
P1 70 | 75 | 72| 76 | 79 | 69 | 70 | 68 | 56 | 64 | 60 | 68
P2 66 | 73 |37 | 77 | 79 | 69 | 68 | 69 |49 | 63 | 68 | 71
P3 78 | 66 |80 | 75 | 75 | 69 | 67 | 69 [ 67 | 66 | 70 | 64
P4 76 | 77 | 73| 80 | 81 | 71| 72 | 73 |67 | 71 | 76 | 75

Legend: Ultra oligotrophic TSI <47; Oligotrophic 47 < TSI < 52; Mesotrophic 52 < TSI <
59; Eutrophic 59 < TSI < 63; Super eutrophic 63 < TSI < 67; Hypereutrophic TSI > 67.

As well as the phosphorous, the chlorophyll-a
concentration is high in Verde River, close to the
limit value 30 pg L™, or even higher than this limit
set forth by the Resolution CONAMA n° 357/05.
The results corresponding to chlorophyll-a are
considered as a measure of response from the water
body to the causing agent, therefore, indicating the
level of algae growth in the place. According to
Cunha et al.'®, eutrophication in would be unusual,
due to the characteristics of this system, such as the
turbulence, low residence time and continuous
community transportation phytoplankton
downstream.

3.2 WQIlap— Water Quality Index for aquatic life
protection

When evaluating the parameters used to
calculate the WOQIlap, the ammoniacal
concentrations of all points were seen to be within
the legal limits set forth for rivers Class 2 (3.7 mg
L para pH < 7.5), since they were below 1.3 mg
L. However, even in low concentrations, this
compound might cause impacts to the biota,
regarding chronic toxicity with effects on the
reproduction capacity, growth as well as
biochemical and physiological changes. In this
study, the ammoniacal nitrogen was seen to
increase along the river, in the spring-mouth
direction, mainly after the STS, where it was up to
100 times higher than the concentrations in Point 3.
It is possible to promote the biological removal of
nitrogen in treatment systems; however, the
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efficacy of the removal depends on the efficiency
of the STS treatment. Regarding DO, it is a variable
whose reduction might affect significantly the
aquatic biota, and that in surface waters suffers
influence of factors such as temperature and natural
oxygenation, as well as the impact of organic
matter'®. The reduction in DO concentrations in
point 4 is related to the input of the STS, which
impacts the river both for its organic charge and for
the disparity between the effluent flow and the river
capacity. Despite Verde River having small rapids
throughout its course, which increase OD
concentration, some  samples presented
concentrations below 5 mg L™, that is, this fact can
be associated to oxidation processes that consume
oxygen, indicating the presence of organic matter
associated to the impact in the water body.

The calculation of the WQIaLp (Table 4), where
100 represents the best environmental quality,
showed between EXCELLENT and REGULAR
quality for points 1 and 2, which were less
impacted, but also for point 3, since despite several
parameters having pointed its low quality, it
presented increased DO qualities due to the river
oxygenation. On the other hand, downstream the
STS, point 4, presented variation from BAD to
VERY BAD, clearly indicating the effluent impact
even after treatment. The case study of Wu et al.”
confirmed the hypothesis that water remediation
pollutants based on replanting vegetation can
alleviate increased pollution and enable
rehabilitation of the degraded aquatic ecosystem.
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Table 4. Water quality index for aquatic live preservation in Verde River (May-2016 to Apr-2017).

2016 2017
POINTS May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | Jan | Feb | Mar | Apr
P1 90 60 | 90 | 100 | 90 90 90 100 | 100 | 100 | 100 | 100
P2 100 | 60 | 70 | 100 | 80 90 90 100 | 100 | 100 | 100 | 100
P3 90 80 [ 40 80 70 90 70 100 90 100 70 70
P4 30 30 | 40 90 30 20 10 20 20 20 10 10

The critical situation of Verde River, at this Laboratérios Multiusuarios) for grants and
point, in terms of aquatic life maintenance capacity scholarships.
should be highlighted. Its ranking as a Class 2 river
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ABSTRACT: Several studies have shown that tree barks can absorb air
contaminants, therefore, trees can be used as biomonitors to identify the distribution
of atmospheric pollutants. The city of Paranagud, located at the coast of the Parana
State in Brazil, hosts the largest bulk cargo port in Latin America and an elevated
number of fertilizer processing industries. In this study we used tree barks coupled to s A
X-ray fluorescence spectrometer analysis to biomonitor the distribution of air
pollutants in the city of Paranagua. We identified correlation between the levels of
the elements K and CI, with high levels detected near fertilizer warehouses. High
levels of Fe were detected near railways and train stations. The low levels of Zn, Al,
Ba and Mg detected in a traffic restricted zone confirmed that these elements are good
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1. Introduction of living organisms, a process known as
biomonitoring. A biomonitor is an organism that

It is estimated that air pollution-related diseases
killed seven million people in 2012 worldwide, and
air pollution it is known to be the single largest
environmental risk today’. In Latin America,
approximately 35,000 people die annually because
of air pollution. The air pollution is the result of
urbanization and industrialization processes along
with a heavy dependence on fossil fuels and* >,

Traditional methods for monitoring air quality
are generally time consuming and expensive, an
alternative method for air quality surveys is the use

accumulates pollutants in its tissues, acting as a
sampler of pollutants®. Several studies have shown
that tree barks can absorb air contaminants. Hence,
trees can be used as biomonitors to identify the
distribution of atmospheric pollutants®”’. In Brazil,
studies have validated the use of tree barks as air
biomonitor for urban traffic®, industrial activities®
and environmental injustice assessment®.

The operation of ports relay on the use of
several equipments contribute to air pollution
including ships, trucks, and train engines™. Diesel
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is widely used in port activities and is directly
related to asthma, rhinitis, and the development of
cancer'* **, A recent study has estimated the annual
environmental costs of the Port of Kaohsiung in
Taiwan at approximately 123 million dollars™.

The city of Paranagud, located at the coast of the
Parané State in Brazil, hosts the largest bulk cargo
port in Latin America. Most of the soybean
produced in Brazil is exported at the Paranagua
port, this port is also a stream for the import of
fertilizers that supply Brazilian crops. The
Paranagua port also attends demands of other
general cargo and chemical products®®. The
transport of goods in and out the port is achieved
mostly by the use of heavy trucks and by a railway
service. The city of Paranagua also hosts a number
of fertilizer processing industries. The portuary and
industry activities are the main sources of
atmospheric pollution that can negatively impact in
human health in the region. In this study we used
tree barks coupled to X-ray fluorescence
spectrometer  analysis to  biomonitor  the
distribution of air pollutants in the city of
Paranagua.

2. Experimental

A map of the Paranagua city is depicted in
Figure 1. The map shows the location of the port,
major roads, railway, fertilizer industries, terminals
and the location where samples were collected.

744000 745500 747000 748500 750000 751500

- Sample Points
& Train Station

ﬁ Large Fertilizer
Warehouses

B Fertilizer Ind.
A Terminals
— Highways

& Harbor ~—— Railroad

744000 745500 747000 748500 ﬁOOD 751500
Figure 1. Sample points and location of the potential
air pollution emission sources in Paranagua.

Due to their wide distribution and importance,
elementary schools were used as references to
determine the sampling areas, 20 sampling points
were selected (A-N and P). The (O) sample was
lost due to sampling problems (Figure 1).
Additional samples were collected in the front of
the port (X1); in the center of the port area (X2); in
a residential area next to the city access (X3); in the
fertilizer industrial area (X4).

Due to its wide use in tropical urban
environments, the barks of the tree Terminalia
catappa, also know in Brazil as “Sombreiro”
(shadow maker), were used as a bioindicator of air
pollutants. The samples of the tree barks were
collected using an ultrapure titanium knife at a
height of 1.5-2.5 m from the soil. At each sampling
site, two bark samples were collected located on
different regions of the tree. To minimize the
possible effects of variation due to different
patterns of accumulation, these barks were mixed
into a single sample for analysis. Each sample was
stored in a paper bag. Information concerning the
sampling site, such as the geographical coordinates
and the land use around the sampling site were
registered.

The tree barks were cleaned using disposable
white dental brushes with nylon soft bristles to
remove loosely attached particles, and then, barks
were manually ground using a titanium grater until
samples of 3-mm thickness were obtained. Each
sample was then ground to powder using a
vibratory micro mill with an agate mortar (Frisch
Pulverisette 0). To ensure the homogeneity of the
particle sizes, all bark samples were sieved using a
400-mesh sieve. Approximately 0.5 g of each
powdered sample was transformed into 20-mm
diameter tablets by applying 15 tons of pressure for
60 s. A duplicate tablet was made for each
sampling site.

The content of the prepared sample was
measured using an energy dispersive X-ray
fluorescence  spectrometer (EDX  700-HS,
Shimadzu Corporation Analytical Instruments
Division, Kyoto, Japan). The instrument employed
a low-power Rh-target tube, at a voltage of 5-50
kV and a current of 1-1000 uA. The characteristic
X-ray radiation emitted was detected using a Si(Li)
detector. X-ray fluorescence emission spectra were
collected for 240 s for the elements Na—Sc and 400
s for the elements in the range of T-U on a 10 mm
surface area of the samples in a vacuum. Each tree
bark sample tablet was analyzed twice. The sample
intensities were  converted into element
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concentrations (ug g') according to fundamental
parameter calibrations using the NIST Standard,
SRM 1547 Peach Leaves (National Institute of
Standards, Gaithersburg, MD, USA). Finally,
carbon, in the form of cellulose, was used as the
mass balance. The sampling and analysis method
was validated by Carneiro et. al.”.

A geographic information system was used to
spatialize the results obtained using X-ray
fluorescence. The method of “Pretty Breaks”,
traditional in geospatial software and geospatial
analysis was used to create a pollutant scale. Using
this method, a sequence of equally spaced and
rounded values in the range of the values obtained
in the samplings is calculated. The values are
chosen to be 1, 2 or 5 the power of 10.

3. Results and discussion

The levels of the chemical elements in tree bark
are shown in Table 1. In order to differentiate the
pollutant emission sources in the city the following
indicators were used: Cl, K and P, as indicators of
the manufacture of fertilizers; Zn, Al, Ba and Mg
indicators of traffic> '°, S as heavy oils burn
indicator'® and Fe as indicator of railway activity"’.

Potassium is one of the most used elements for
crops fertilization. It is commonly applied in the
salt form KCI, the association with CI" makes the
K* less leachable when applied to the soil*®. The
results depicted in Figure 2A shows that K and CI
have the same distribution profile, both more
abundant in sites next the major fertilizer
warehouses (Figure 2A). Crop chemical fertilizers
are usually manufactured as a mixture of K, N and
P to give the so called NPK fertilizer mixture. The
results obtained showed that P has a less clear
distribution than K, however, in one sample, high
values of P were detected near a fertilizer
warehouse (Figure 2A).

It was not possible to identify patterns for
traffic-related elements (Zn, Al, Ba and Mg), the
exception occurred in the sampling point I, which
presented low values for all traffic-related
elements. This particular sampling site is located
on an Island (Ilha dos Valadares) which is a traffic
restricted area with access only to emergency
vehicles™. This data corroborates the use of Zn, Al,
Ba and Mg as traffic indicators (Figure 2B).

Table 1. Sample points with coordinates and the results of the elemental tree bark analysis in ppm.

Id Lat Long. Ba Fe In Mg Al P 5 K Cl
A 749925 T175230 944 - 1517 323 1840.0 1156 910.0 19300 18200 855.5
B 747858 7173679 333 - 104.7 289 2050.0 - 781 880.0 18900 2480.0 19456
C 750800 7175816 280.7 - 3533 - 205 - 3150.0 - 3055 810.0 - 18800 - 4200 - 1780
D 747891 7174497 1448 +221 5736 +870 269 +08 17150 +1061 1414 35 13250 +3354 19850 +71 14300 +141 4178 +283
E 746954 7175143 3304 - 202.4 - 20 - 2300.0 - 168.0 - 930.0 - 1660.0 - 45400 20834
F 744613 7169931 1432 +3559 1842 +64 988 +I25 14400 +141 1510 +73 7800 +00 19700 +141 21650 +71 9552  +26
G 748303 7174402 1065 +399 2918 =71 339 +17 20900 +00 1891 +182 9800 +283 25700 +141 73650 +4935 53047 +721
H 750376 7173575 723 +51 1177 +156 205 +10 28150 +212 976 +188 10050 +354 19150 +212 7800 +283 1882  +303
I 750913 TI74270 385  +1098 499  +356 134  +09 14000 +141 436 +24 7900  +141 16550 +71 0800 +141 1651 +428
I 740156 TITE6074 574 +247 1302 +30 418 +29 16450  +212 1431 =119 8650  +212 17650 +354 17700 +840 14731 +682
K 748600 T174131 1032 - 1227 275 1200.0 - 9.0 990.0 1790.0 16100 297.0
L 748138 7173980 1213 - 2280 436 2430.0 - 1372 950.0 1860.0 420.0 1258
M 745180 TI71020 22.6 - 377 113 1770.0 - 417 840.0 1670.0 17600 1415.0
N 746240 TIT1T27 1064 - 2262 - 368 - 1910.0 - 1509 - 860.0 - 15200 17300 - 1119.1 -
P 747957 TIT2433 1603  +-303 2346 =05 2156 +26 24000 566 1799 =150 0830 +-334 18250 +212 10100 +424 1687 +10.0
X1 749827 7176824 1860 +633 3020 +376 280 +08 10900 141 1805 +34 9300 400 24950 +71 24900 +141 11831 +334
X2 749610 7173844 791  +81 1016 +2835 120 +00 12500 +141 679 +38 9850 +T1 13550 #7101 14300 +283 3605  +290
X3 745498 7170781 2243 +2222 713 +80 159 +09 23300 141 1099 +74 8000 +141 18900 +141 6600 +141 2062  +33d
X4 745278 7172728 1657 - 2406 327 2070.0 - 203.0 1140.0 22200 77800 51556
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Figure 2. Maps of the analyzed elements according to the classification of probable emission source. (Fertilizers: Cl, K
and P; Traffic: Zn, Al, Ba and Mg).

Sulphur is related to crude oil burn; this element shows the distribution of Fe. The higher levels of
is present in naval fuel and in low quality this element were identified in sampling sites near
commercial diesel'®. The distribution of S indicates the railway and train stations, hence, confirming
that this element is abundant in sites near the relationship between Fe levels and railways
crossroads of heavy truck traffic and in the described in the literature®”.

sampling site near the port (Figure 3A). Figure 3B

O
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O 500 - 574 )
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Figure 3. Maps of the analyzed elements according to the classification of
probable emission source (A — Crude Oil and B — railroads).
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4, Conclusions

In this work we investigated the use of tree
barks as an atmospheric pollution bioindicator
aiming to determine the emission sources in a
portuary context. We identified that high levels of
K and CI were detected near fertilizer warehouses.
Furthermore, high levels of Fe were detected near
railways and train stations. The low levels of the
elements Zn, Al, Ba and Mg detected in a traffic
restricted zone confirm the use of these elements as
markers of wvehicles traffic and validate the
approach of using tree barks for air pollution
biomonitoring.
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ABSTRACT: Water is of extreme importance to living creatures.
However, due to the actions of humans, water resources have been
contaminated by many different compounds, including pesticides.
Pesticides in water sources can cause damage to aquatic environments
or to those who consume it. On this basis, it is important that water
treatment systems can remove these pollutants from water. In this
perspective, the objective is to investigate whether conventional water
treatment can remove several pesticides, namely, atrazine, ametryn,
malathion and chlorpyrifos. According to the results, it was observed
that conventional treatment after filtration was not capable of removing
these pesticides efficiently, with the organophosphorus pesticides
(malathion and chlorpyrifos) removed in a higher percentage than the
triazines (atrazine and ametryn). Post-chlorination reduced the
pesticide levels, however, malaoxon and ametryn sulphoxide by-
products were generated, which caused greater acetylcholinesterase
inhibition.

1. Introduction

Due to its physical and chemical properties,
water was essential for the emergence of the first
living organisms, as well as their evolution. It is the
most abundant compound in living systems,
accounting for ~70% or more of the weight of most
organisms, and it plays important roles in their
metabolisms. Because it is an essential compound
for survival, any contamination can cause damage
to humans and the environment'.

The indiscriminate use of pesticides to
accelerate food production, especially in
developing countries, has resulted in contamination
of natural waters, causing a serious threat to the
environment in many parts of the world?.
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Pesticide removal, by-products generated and acetylcholinesterase inhibitory after conventional water treatment simulation.

Pesticides are chemical compounds used to kill
different kinds of pests that cause damage to crop,
such as insects, fungi and undesirable plants
(weeds)®, as well as being used to protect food
products during processing, storage and transport’.
Pesticides, due to their nature, are potentially toxic
to other organisms, including humans®.

Acute exposure to pesticides can lead to death
or serious illness®. Chronic exposure can impair the
function of the endocrine, nervous, renal, immune,
reproductive, respiratory and cardiovascular
systems®. From this perspective, there is evidence
relating pesticide exposure and the incidence of
chronic human diseases, including cancer’,
Parkinson's  disease®,  Alzheimer's  disease’
asthma®,  multiple  sclerosis*,  diabetes™,
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premature aging?, s

cardiovascular disease’®
disease’.

Brazil is the world's largest consumer of
pesticides and is responsible for ~20% of the
total’®. In 2014, 317 active ingredients were
commercialized in Brazil, consuming ~500
thousand tons of pesticides™.

Only 0.1% of the pesticides reach the target
during application, while the remaining 99.9% has
the potential to move to the environment, including
surface and groundwater®’. Thus, there is concern
whether conventional water treatment systems can
efficiently eliminate these contaminants. Only a
few studies have been carried out with organic
compounds in treated waters, and most of these
studies are with pharmaceuticals and endocrine
disrupters®,

Brazilian  conventional water treatment
facilities typically use coagulation, flocculation,
sedimentation and filtration for the removal of
suspended solids and dissolved organic carbon,
followed by chlorination for disinfection. This
system has been shown to be largely ineffective in
removing emerging  micropollutants  (e.g.,

reproductlve disorders,
and chronic kldney

\s

LAN
H

Atrazine Ametryn

CI

endocrine-disrupting compounds,
pharmaceuticals, personal care products and
pesticides) and the addition of chlorine can result
in the reaction and transformation of these
compounds® %, Advanced treatment technologies,
such as ozonation and advanced oxidation
processes, activated carbon adsorption, reverse
osmosis and nanofiltration, are effective in
removing these compounds?. Despite this, due to
their high cost, advanced processes in water
treatment facilities are still limited, especially in
developing countries, like Brazil®.

Therefore, the main objective of this work is to
verify, by means of simulations, whether a
conventional Brazilian water treatment system
could remove some selected pesticide, namely,
atrazine and ametryn, which belong to the class of
triazines, and the organophosphorus pesticides,
malathion and chlorpyrifos (Figure 1). These
pesticides were chosen because they have recently
been reported in the literature due to their high
concentration in Brazilian surface waters, above
the tolerable limit for aquatic life'®.

J\fg\/ njOJ

Malathion Chlorpyrifos

Figure 1. Pesticides used in this research.

2. Experimental
2.1. Materials and reagents

Atrazine (98.8% purity), ametryn (98.5%
purity), chlorpyrifos (99.2% purity) and
Mmalathion (99.1% purity) were purchased from
Sigma-Aldrich. Aluminium sulfate
(Al2(S04)3.18H,0, analytical grade) and calcium
hydroxide (Ca(OH),, analytical grade) were
obtained from VETEC Quimica Fina Ltda. Kaolin
was purchased from Prominérios Comércio de
Minérios Ltda. and commercial sodium
hypochlorite was obtained from Industrias
Anhembi Ltda. The concentration of the sodium
hypochlorite solution was confirmed by a standard
sodium thiosulfate titration®”.

Stock solutions of 800 mg L™ of the individual
pesticides were prepared in pure acetone. All the

stock solutions were stored in amber glass bottles
at 4 °C.

The experimental artificial sample was prepared
by adding a kaolin suspension with 100 £ 5 NTU
turbidity (TB100p MS Tecnopon) and 450 uH
apparent color (Alfakit equipment)®’. Organic and
inorganic compounds were not added to artificial
water because the aim was to isolate the variables
and verify the treatment without interferents. The
effect of a real matrix will be investigated in the
next step of this work.

2.2. Experimental procedures
2.2.1 Analytical method and recuperation tests
The method of analysis used to quantify the

pesticides and to identify the by-products was
based on the extraction/concentration of these
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substances by means of solid phase extraction.
Samples of 50 mL were submitted to solid phase
extraction employing OPT 3 mL x 60 mg. Agilent
cartridges were conditioned with 6.0 mL of
methanol and 6.0 mL of ultrapure water in a 12-
port vacuum manifold system. The analytes were
then eluted using 7.5 mL of ethyl acetate with
subsequent quantification by GC-MS.

Parent compound quantification

The extracts were analyzed by GC-MS
(Shimadzu GC - 17A and MS - QP 5050) using
selected ion monitoring mode. In the experiments,
the injection volume was 1 puL and a VF-5ms
capillary column (Varian, 30 m, 1.D. 0.25 mm, 0.25
um) was used. A flow rate of 1 mL min™ of helium
gas, with a constant pressure of 203 kPa and a 1:10
split ratio was used. The oven temperature started
from 100 °C then increased at 25 °C min® to
250 °C and finally increased at 15 °C min™ to
270 °C. Temperatures were set at 240 °C in the
injector and 230 °C in the interface to the detector.
The ions monitored for atrazine detection were:
m/z 215, 200 and 173; for ametryn: m/z 227, 212
and 170; for malathion: 173, 125 and 93; for
chlorpyrifos: 314, 197 and 97. Quantification was
performed by external standardization, with the
area obtained compared with the appropriate
analytical curve (Table 1)%.

By-product identification

The by-products of the pesticides were also
analyzed by GC-MS using similar conditions as
described for the parent compounds. A split ratio of
1:10, an injection volume of 1 pL and scan mode
were used for this analysis. Compounds were
identified using fragmentation analysis, and
isotope clustering patterns were found with the aid
of the NIST library.

Preliminary tests were carried out to evaluate
the recovery of the pesticides in the aqueous
matrixes used in the experiments to determine the
efficiency of the extraction method. The pesticide
recovery ratio was determined (in triplicate) by
comparing peak areas from water samples spiked
with a known amount of non-extracted pure
standards. The linearity of the method, calibration
equation, limit of detection (LOD) and limit of
guantification (LOQ) were also determined
(Table 1). The detection and quantification limits
were calculated using the standard deviation of the
blank (synthetic water extract after simulated water
treatment without pesticides) from the following
equations”’:

LOD = 3.3 x (blank standard deviation)/slope
(Equation 1).

LOQ = 10 x (blank standard deviation)/slope
(Equation 2)

Note: Slope: Angular coefficient of the
analytical curve.

Table 1. Detection (LOD) and quantification (LOQ) limits, mean percentage recovery (% R), calibration
equation* and coefficients of correlation (r?) for the experimental solutions.

Pesticide Calibration equation r2 % R LOD (ngL?) LOQ (ngL?)
Atrazine y=9.96.10°x-1.16.10* 0.997 99+1 8.11 24.58
Ametryn y=1.20.10°x-2.83.10* 0.998 95+2 6.76 20.49
Malathion y=1.88.10°x-3.63.10* 0.998 11243 4.29 13.02
Chlorpyrifos y=1.14.10°x-1.51.10* 0.997 7912 7.08 21.44

*Calibration equation was obtained by mixing the pesticides in synthetic water (100 NTU of turbidity) at
concentrations of 0.48, 0.40, 0.32, 0.24, 0.16 and 0.08 mg L.

2.2.2 Determining optimum operating conditions
for jar test

The tests were carried out with the artificial
sample mentioned in Section 2.1 using jar test

Trade Lab Ambiental equipment to obtain the ideal
condition of turbidity removal. Then, the pair of
values "coagulant dosage % coagulation pH" was
varied.
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An aluminum sulphate solution (1% w/v) was
used to facilitate the coagulation in the water and a
calcium hydroxide solution (0.5% w/v) was used
for adjusting the pH values®.

2.2.3 Jar test procedures

Bench tests were performed in triplicate using
the jar test method to reproduce the conventional
water treatment systems, i.e.,, coagulation-
flocculation and decantation, followed by
filtration. The pesticides were added to synthetic
water (pH corrected according to Section 2.2.2) at
a concentration of 0.48 mg L™ for each compound,
and their removal was verified according to Section
2.2.1.

The jar test was performed according to
Brazilian standard NBR 12.216: 1992 and by the
Practical manual of water analysis from the
National Health Foundation to better represent the
operations of the treatment plants of water, as
follows:

Rapid mixture: dispersion of aluminum
sulphate in 1 L of water sample to be treated, with
a maximum speed of 100 rpm for 3 min;

Mechanized flocculation: total time of 10 min,
with agitation speed of 50 rpm;

Decantation: the sample was left to decant for
~15 min, which corresponds to a sedimentation rate
of 1.74 cm min™ (treatment plant with capacity of
up to 1,000 mé day™).

Filtration of the samples was done by gravity
using 125 mm diameter filter paper. In the last step,
chlorination, sodium hypochlorite was added in a
dosage that resulted in 5 mg L™ of chlorine, a
concentration as indicated by the Ministry of
Health Ordinance N° 2914 of 12/12/2011. After
this process, an aliquot of each test was removed
and submitted to the analysis, as described in the
following sections.

2.2.4 Acetylcholinesterase inhibitory activity

Determination of the AChE inhibitory activity
was carried out according to the Ellman method,
modified as follows®. This method is based on the
amount of thiocholine released when AChE
hydrolyses the substrate acetylthiocholine iodide.
The product thiocholine reacts with Ellman’s
reagent (DTNB) to produce a yellow compound [5-
thio-2-(nitrobenzoate)], which can be detected at
405 nm. In each well of a 96-well plate, 65 puL of
PBS (0.2 mol-L™" phosphate buffer, pH 7.2), 10 uL

of sample* and 10 pL of AchE (1300 U mg™") were
added. The mixture was kept at 37 °C for 3 h.
Subsequently, 65uL  of 1.00  mmol
L™" acetylcholine iodide and 65 uL of 1.00 mmol
L™" Ellman’s reagent (DTNB dissolved in 0.2 mol
L™ phosphate buffer pH 7.2) were added. Then, the
absorbance was measured at 405 nm using a
microplate reader (ELX800 Biotec) in triplicate
experiments. The enzymatic activity was
calculated as a percentage of the velocities of each
sample compared to the control. The inhibitory
activity was calculated from one hundred
percentage subtracted by the percentage of enzyme
activity.

*Control - 10 uL of ultrapure water. Chlorine -
10 pL chlorine solution (5 mg L™). After filtration
- 10 uL solution after filtration. Postchlorination -
10 uLL solution after 30 min reaction time with
chlorination.

3. Results and discussion

3.1 Determining optimum operating conditions for
jar test

The optimal conditions for the treatment of 1 L
of water at 100 NTU were using 20 mL of
aluminum sulphate solution (1% w/v) and pH 10.5,
or 15 mL of calcium hydroxide solution (0.5%
w/V), conditions which provided a turbidity of 0.24
NTU and 0.0 uH apparent color. All results
considered in this study meet the standards for
turbidity and apparent color, set forth in Brazilian
legislation from the Ministry of Health for drinking
water standards. Therefore, these were the
parameters used in the pesticide removal test in the
simulation of conventional water treatment.

3.2 Pesticide removal

As shown in Figure 2, it was observed that after
filtration, the pesticides were not removed
efficiently. The organophosphorus compounds
were removed in a higher percentage (malathion:
62.21 £ 0.01%, chlorpyrifos: 43.8 £ 0.9%) than the
triazines (atrazine: 10.8 £ 0.6%, ametryn:; 14.8 +
0.3%). As the flake formation phenomenon in the
treatment of water is carried out by electrostatic
attraction, it is inferred that the organophosphorus
compounds have been removed in greater
percentage due to the presence of the phosphate
group, which would allow a greater attraction to the
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particles, and consequently, greater efficiency in
the decantation/filtration process.

% Remaoval

EZ7A Atter filtration
[IFaostchierination

Festicides

Figure 2. Average percentage of pesticide removal after treatment.

After the chlorination, the removal of pesticides
increased, and lower and higher percentages were
found for atrazine (15 + 1%) and ametryn (87.7
0.5%), respectively. The organophosphorus
malathion and chlorpyrifos were eliminated by
73.2+0.2% and 62.9 + 0.8%, respectively. Despite
the increased removal of pesticides, according to

Figure 3, two by-products were detected in the
post-chlorination step. According to the NIST
library, the first by-product is malaoxon and the
second is an ametryn-derived compound, as shown
in Figure 3B. Li et al.”® reported that the oxidation
of malathion by chlorination generates malaoxon.
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Figure 3. GC-MS chromatogram scan mode: A — After filtration; B — Post-chlorination.

Using the ametryn-derived fragmentation
analysis (Figure 4), we found the molecular ion
with a mass to charge ratio of 243, the molecular
ametryn ion is m/z = 227, resulting in an increase
equal to 16 in its mass value. This difference is
consistent with the oxidation product of ametryn,
derived from the reaction with sodium

69

hypochlorite, generating ametryn sulfoxide, as
reported by Lopez and collaborators®. This by-
product formation justifies the marked difference
in the removal of ametryn compared with atrazine,
due to the methyl sulfide group (R-S-CHs), which
is susceptible to reaction with sodium hypochlorite.
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Figure 4. GC-MS mass spectra for ametryn by-product.

There are other studies on water treatment plant
simulation that note that the conventional model is
not efficient for the removal of pesticides, such as
Soares et al.”*, whose objective was to verify the
removal of endosulfan, ethylenethiourea and 1,2,4-
triazole. At the end of the experiments, they
verified that 54% of endosulfan, 11% of
ethylenethiourea and 18% of 1,2,4-triazole were
removed®’. Li et al.” also found that after the
treatment process, the organophosphorus diazinon
and tolcoflos-methyl (initial concentration of
50 ug L) were removed by ca. 63% and 49%,
respectively, after filtration. These results are very
similar to those found in the removal of the
organophosphorus  pesticides malathion and
chlorpyrifos presented here.

3.3 Acetylcholinesterase inhibitory activity

According to Table 2, it is observed that the
sample containing chlorine did not show
significant difference to the control, in other words,
chlorine was not the capable of inhibiting the
acetylcholinesterase enzyme. Alternatively, it is
known that organophosphates have the ability to
inhibit such enzymes® **, which explains the
inhibition generated after filtration, i.e., this
treatment was not effective in removing such
compounds. There are not studies demonstrating
that atrazine and ametryn alone are capable of
inhibiting AChE. However, during toxicity
bioassays, the atrazine in combination with
chlorpyrifos  decreased  significantly  the
acetylcholinesterase activity as compared to
chlorpyrifos only treatments®. Studies show that
atrazine enhances the uptake and facilitates the
biotransformations of chlorpyrifos to chlorpyrifos-
oxon®.

Table 2. Acetylcholinesterase activity (AChE).

Sample % AChE activity
Control 100+ 2
Chlorine 100+ 1
After filtration 9% +1
Post-chlorination 51+2

After chlorination, 50% enzyme inhibition was
found, which is an indication that the compounds
formed were more toxic than their parents. Based
on Figure 3B, we observed the formation of two
by-products, malaoxon and ametryn sulfoxide. It is
known that the oxidation of organophosphorus
generates more toxic products, the oxons, which
are more efficient in inhibiting AChE?"?°. In this
perspective, we expected that the enzyme
inhibition would be accentuated, since malaoxon
was generated after the chlorination. The effect of
ametryn sulfoxide is still unknown, however this
will be investigated in the next step of this work.

4, Conclusions

Based on the results, we verified that the
conventional water treatment was not effective in
removing atrazine, ametryn, malathion and
chlorpyrifos pesticides. Organophosphorus
compounds were removed in higher percentages
than the triazines.

It was observed that the post-chlorination water
became more toxic, because the enzyme
acetylcholinesterase activity reached at 50%,
indicating that the malaoxon was one of the
responsible by-products. It is not yet known if the
ametryn oxidation by-product, ametryn sulfoxide,
is capable of inhibiting this enzyme, this action will
be verified in future experiments by testing only
this by-product.
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Based on the toxicity of pesticides and their
post-chlorination  by-products, water quality
control measures and treatment  systems
improvement are necessary to allow further
removal of these contaminants at levels that are not
a hazard to the population.
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