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ABSTRACT

The Una River and its basin constitute an important water source for public supply in the
municipality of Taubaté (SP, Brazil). The present work aimed to investigate biochemical
markers of environmental pollution in the Una river basin using enzymes extracted from the
kidneys, gills and brains of Astyanax bimaculatus, a fish commonly found in this basin. Tissue
levels of superoxide dismutase (SOD), catalase (CAT), malate dehydrogenase (MDH), lactate
dehydrogenase (LDH) and acetylcholinesterase (AChE) were determined in tissues of A.
bimaculatus collected in water bodies localized at Fazenda Piloto of the University of Taubaté
(P1), the Remédios municipal road (P2) and at a small lake near the neighborhood of Ipiranga
(P3), all located in the municipality of Taubaté. The lowest activities of renal and gill SOD were
found in fish collected from P2 and P3, respectively. Renal and branchial CAT, renal MDH and
LDH, as well as the activity of cerebral LDH were not affected by collection site. The activities
of brain MDH and AChE were higher in fish from P3 in comparison with P1. These results
along with earlier published findings, indicate that the hepatic SOD and CAT, gill SOD and
LDH, muscle MDH and brain MDH and AChE are sensitive to contamination in the
environment and hence can be considered as good candidate biomarkers of environmental
change in the Una River basin.

Keywords: biomarker, enzymes, water pollution.

Enzimas dos tecidos renal, branquial e cerebral de Astyanax
bimaculatus (lambari) como biomarcadoras do impacto ambiental na
Bacia Hidrografica do Rio Una

RESUMO
O rio Una e sua bacia hidrografica constituem importante fonte de agua para o
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abastecimento publico no municipio de Taubaté (SP, Brasil). O presente trabalho teve como
objetivo investigar marcadores bioquimicos de poluicdo ambiental da Bacia Hidrografica do
Rio Una, utilizando-se enzimas extraidas dos rins, brénquias e cérebro de Astyanax
bimaculatus, um peixe comumente encontrado nessa bacia. Niveis teciduais das enzimas
superoxido dismutase (SOD), catalase (CAT), malato desidrogenase (MDH), lactato
desidrogenase (LDH) e acetilcolinesterase (AChE) foram determinados em A. bimaculatus
coletados em corpos d’agua localizados na Fazenda Piloto da Universidade de Taubaté (P1),
Estrada Municipal de Remédios (P2) e numa pequena lagoa proxima ao bairro Ipiranga (P3),
todos localizados no municipio de Taubaté. Os niveis de atividade de SOD dos tecidos renal e
branquial foram os mais baixos nos peixes provenientes de P2 e P3, respectivamente. As
atividades de CAT renal e branquial e de MDH e LDH renais n&o foram afetadas pelo local de
coleta, bem como a atividade de LDH cerebral. Os niveis de atividade de MDH e de AChE
cerebrais foram maiores nos peixes provenientes de P3 em compara¢do com os de P1. Esses
resultados, juntamente com os dados publicados anteriormente, indicaram que SOD e CAT
hepaticos, SOD e LDH branquial, MDH muscular e MDH e AChE cerebrais foram sensiveis a
contaminacdo ambiental, podendo ser utilizados como marcadores bioquimicos de alteracdo
ambiental na bacia do rio Una.

Palavras-chave: biomarcador, enzimas, polui¢éo da agua.
1. INTRODUCTION

Early detection of environmental pollution is important because by the time the alteration
in the environment is evident, it may be too late to take corrective action, or it may be
economically infeasible. Biomarkers could be used for early detection of sublethal levels of
pollutants. Since fish live their entire life cycle in water, their cellular enzymes are considered
good biomarkers for monitoring water quality. Enzymes may be classified as biomarkers of
exposure, that are defined as “markers which indicate an early biochemical response has
occurred following exposure of an individual or organism to a contaminant” (Kroon et al.,
2017). Frequently used biochemical markers are antioxidative enzymes such as catalase (CAT)
and superoxide dismutase (SOD), enzymes that are related to energy metabolism such as lactate
dehydrogenase (LDH) and malate dehydrogenase (MDH) and enzymes related to
neurotransmission such as acetylcholinesterase (AChE) (Kumar et al., 2017).

SOD is the first line of defense against oxidative stress and converts superoxide radicals
into hydrogen peroxide, whereas CAT converts hydrogen peroxide into water and oxygen. LDH
catalyzes the reversible reaction between pyruvate and lactate coupled with oxidation-reduction
of NADH-NAD" and is considered an indicator of anaerobic capacity of the cell. MDH
catalyzes the reversible oxidation of malate into oxaloacetate, using NAD as a co-factor. There
are cytosolic and mitochondrial isoforms of MDHSs and they participate in the malate-aspartate
shuttle system, Krebs cycle, and malate-oxaloacetate interconversion during gluconeogenesis
and lipogenesis-related reactions (Nelson and Cox, 2014). AChE is a serine hydrolase that
converts acetylcholine into acetate and choline for termination of nerve impulse transmission,
and is essential to normal behavior and muscular function (Colovi¢ et al., 2013). AChE has
been used as a specific biomarker for pesticides, and cerebral AChE of the fish Poecila
reticulate showed dose-dependent inhibition by chlorpyrifos, an organophosphate insecticide
(Deb and Das, 2013).

The Una River basin occupies 442.85 kmz2, and 84% of this area is in the municipality of
Taubaté (Sdo Paulo state). Its main river, Una, is used as a water source for public supply of
drinking water and for farming activity in this municipality. The Una river is also one of the
important tributaries of the Paraiba do Sul river, whose waters run through the states of Sdo
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Paulo, Minas Gerais and Rio de Janeiro (Una River Basin Environmental Database -
http://www.agro.unitau.br/una).

Astyanax aff. bimaculatus (locally called lambari-do-rabo-amarelo) is the most abundant
species of the Una river. It is a small fish with a high reproduction rate and rapid growth. The
fish feeds on zooplankton, detritus, higher plants and sometimes fish scales, being an
opportunistic feeder (Honorio and Martins, 2018). Levels of enzymatic activity of SOD and
CAT of liver, and MDH and LDH of hepatic, muscular and branchial tissues of A. bimaculatus
were previously investigated as candidate biomarkers of environmental changes in the Una
River basin (Batista et al., 2014; Ribeiro et al., 2015; de Almeida et al., 2016). In this context,
this work investigated the activity of SOD and CAT of renal and branchial tissues, MDH and
LDH of renal and cerebral tissues, as well as brain AChE of A. bimaculatus. The aim was to
show which enzymes from these tissues are suitable candidates as biochemical markers of
pollutants in the Una River basin. We also compared present and previous published results.

2. MATERIALS AND METHODS

2.1. Sample collection

The fish collection sites were: (1) Fazenda Piloto (P1) in the Itaim stream located on the
property of Fazenda Piloto (an experimental farm) of the University of Taubaté (S 23°01° 38.3”
W 45°30°31.6”); (2) Remédios (P2), a stream which flows to the Una River, located along the
Remédios municipal road (S 23°03°26.4” W 45°30°23.5”), close to rice cultivation; (3) Ipiranga
(P3), a lake near a pasture for cattle and close to the Dr. José Luiz Cembranelli municipal road
(23°01°49.4” S and 45°30°16.7” W). The map of sampling sites was published in previous
studies (Batista et al., 2014; Ribeiro et al., 2015). The specimen sampling was approved by
MMA — SISBIO (authorization No. 41097-1) and by the Committee for Ethics in Animal
Research of the University of Taubaté (CEUA/UNITAU, No. 013/2013). The specimens of the
fish Astyanax bimaculatus were collected at each of the three locations between December 2013
and March 2014. A size 20 nylon fishing net, as well as line and hook were used for collection
as described by Batista et al. (2014) and Ribeiro et al. (2015). The fish were anesthetized with
benzocaine 0.1%, dissected on an ice tray, and the tissues were stored at -86°C for further
analysis.

2.2. Biochemical analysis

2.2.1. SOD, CAT, MDH and LDH extraction from kidney and brain.

The tissues were homogenized in a Potter-Elvehjen homogenizer, in the proportion 1:5
(w/v) of tissue in 50 mM Tris-HCI buffer (pH 7.4). The subcellular structures were broken
down with a sonic dismembrator (Model 100, Fisher Scientific) and then centrifuged at 14,000
x g (5810 R, Eppendorf) for 10 minutes at 4°C, and the supernatant was used for biochemical
analysis.

2.2.2. SOD and CAT activities

SOD activity was determined using a reaction system containing 100mM sodium
carbonate buffer (pH 10.2), 17.5 uM EDTA and 1 mM NBT (nitrotetrazolium blue chloride).
The reaction was initiated by the addition of hydroxylamine for a final concentration of 3.7
mM. The increase in absorbance was measured at A=560 nm by a microplate reader (Fluorstar
Optima, BMG Labtech) (Kono, 1978). One unit of SOD was expressed as a quantity of enzyme
that inhibited 50% of NBT reduction. CAT activity was determined in a reaction system
containing 100 mM sodium phosphate buffer (pH 7.0), and 12 mM of H2O>. The reduction in
absorbance was determined at A=240 nm (spectrophotometer DU 640, Beckman) (Regoli et al.,
1997). The total protein concentration was determined by the bicinchoninic acid method (BCA)

using the Sigma-Aldrich reagent kit and bovine albumin serum as a standard (Smith et al.,
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1985). CAT activity is expressed in International Units (U), indicating the quantity of substrate
in umol transformed into product per minute (umol min') and normalized as a function of the
total protein concentration in the homogenate (umol min™ mg™ protein; U/mg protein).

2.2.3. MDH and LDH activities from kidney

MDH activity was determined by mixing the supernatant with 50 mM Tris-HCI buffer (pH
7.4), containing 0.4 mM oxaloacetate, 20 mM MgCl, and 150 pM NADH (Childress and
Somero, 1979). For LDH activity the supernatant was mixed with 50 mM Tris-HCI buffer (pH
7.4), containing 1 mM sodium pyruvate, 100 mM KCI, and 250 uM NADH (Thuesen et al.,
2005). The reaction velocity was determined by a decrease in absorbance at 340 nm (e= 6.22
mM-*cm™?) resulting from the oxidation of NADH. The temperature was maintained at 25°C by
the Peltier system and absorbance was read using a Beckman DU640 spectrophotometer. The
activities of MDH and LDH were expressed in pmol of substrate transformed into product per
minute (U). Activities were calculated as a function of total protein concentration and expressed
as U mg* protein. Total protein was determined by the Bradford method (1976) using bovine
serum albumin (BSA) as standard.

2.2.4. MDH and LDH activities from brain tissue

The same methods described above for MDH and LDH from kidney tissue were used for
brain tissue. However, the spectrophotometer Jenway 6715 UV/Vis was used, at 25 °C, L = 340
nm (e= 5.70 mM*cm?, for LDH and £=6.93 mMtcm™ for MDH).

2.2.5. AChE extraction and activity

The brain was homogenized in a Potter-Elvehjen homogenizer, with 0.1M Tris-HCI buffer
(pH 7.4) containing 0.1% Triton X-100 in the proportion 1:12.5 (w/v) of tissue:buffer. The
homogenate was sonicated (Model 100, Fisher Scientific) and then centrifuged at 14,000 x g
(5810 R, Eppendorf) for 10 minutes at 4°C, and the supernatant was used for determination of
AChE activity. The reaction mixture contained 24 mM Tris-HCI buffer (pH 7.4), 1 mM CaCl>
and 0.35 mM 5,5’-dithiobis-2-dinitrobenzoic acid (DTNB) and the diluted sample (Bonacci et
al., 2009). The reaction was started by adding 2 mM acetylthiocholine. The absorbance was
determined at 405 nm (e= 13.3 mM*cm™) (Weber apud Eyer et al. (2003) by using a Beckman
DU640 spectrophotometer maintained at 25 °C by the Peltier system. AChE activity was
expressed in umol of substrate transformed into product per minute (U). Activities were
calculated as a function of total protein concentration and expressed as U mg™ protein. Total
protein was determined by the Bradford method (1976) using bovine serum albumin (BSA) as
a standard.

2.3. Data analysis

Statistical analysis was done using GraphPad Prism for Mac, version 8.3.0. The results are
presented as mean + SEM (standard error of the mean). Statistical comparison between the
groups was done using one-way ANOVA, followed by the multiple pairwise Tukey comparison
test. Differences were considered significant for p < 0.05. The sample size is described in Table
1.

Table 1. Number of fish used for analysis.

o Kidney Gills Brain
Sampling site
SOD CAT MDH LDH SOD CAT MDH LDH AChE
P1 5 5 5 5 5 5 5 5 5
p2 5 5 5 5 5 5 4 5 5
P3 5 5 3 3 5 5 3 3 5
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3. RESULTS AND DISCUSSION

The results show that fish collected at P2 had lower levels of renal SOD when compared
to fish from P3 (Figure 1A). The levels of CAT, MDH and LDH were similar in the three
collection sites (Figure 1B, 1C and 1D). These results indicate that only SOD was sensible to

environmental conditions present in P2.
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Figure 1. Activities (mean + SEM) of superoxide dismutase — SOD (A),
catalase — CAT (B), malate dehydrogenase — MDH (C) and lactate
dehydrogenase — LDH (D) from kidney of A. bimaculatus collected at 3 sites
(P1, P2 and P3). Different letters above error bars indicate significant

differences (p < 0.05).

The physicochemical analysis of the water of sites P1, P2 and P3 at the time of fish capture
has already been published, as well as the map with the location of these sites (Batista et al.,
2014, Ribeiro et al., 2015). These data from the physicochemical analyses indicated that: (1)
the less impacted site was P1, although its total phosphate level (0.3 mg L™) was slightly
elevated in relation to reference values (0.1 mg L™1); (2) the conductivity of the P2 aquatic
environment (198.7 uS cm™) was 1.9 times higher than in P1, and 1.6 times higher than in P3,
showing that P2 fish were exposed to high levels of electrolytes from an impacted environment
(CETESB, 2009); (3) P3 presented the highest values of chemical oxygen demand (COD),
indicating abundance of organic matter in the water.

The present study showed that specimens from the P2 site had lower levels of renal SOD,
while lower levels of this enzyme occurred in gills in fish from P3. Batista et al. (2014) showed
that the activity of hepatic SOD was higher in fish from P3, in comparison with that of P2.
Therefore, SOD from liver, kidney or gills of A. bimaculatus could be used as a biomarker.
Other suitable biomarkers are MDH from brain because the activity of brain MDH was elevated
in fish from P3, as well as muscle MDH in fish from P2 (de Almeida et al., 2016). LDH from
gills could also be a biomarker because the activity of gill LDH was lower in fish from P3, in
comparison to those of P1 (Ribeiro et al., 2015).

The activities of CAT, MDH and LDH from kidney tissue were not influenced by the sites
where the fish lived. Therefore, these enzymes are apparently not sensitive to environmental

conditions present in P1, P2 and P3.
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Decreased levels of SOD activity in fish can be caused by chlorpyrifos, a broad-spectrum
organophosphate insecticide (Kavitha and Rao, 2008). The activity of muscle MDH was
elevated in P2 fish (de Almeida et al., 2016) and because MDH activity in fish can be increased
by chlorpyrifos (Narra et al., 2015), the presence of this pesticide may be suspected in P2.
Moreover, the activity of liver CAT is elevated in the fish from P2 (Batista et al., 2014),
suggesting an increase of oxidative processes that CAT action aimed to neutralize in these
specimens. However, chlorpyrifos and carbamates also inhibit fish AChE (Kavitha and Rao,
2008; Deb and Das, 2013) but this enzyme was not inhibited in the fish from P2. Although P2
is close to agricultural areas, and insecticides might be present there, it is possible that lower
levels in kidney and liver SOD (present work and Batista et al., 2014), as well as the higher
levels in muscle MDH (de Almeida et al., 2016) and liver CAT (Batista et al., 2014) were not
caused by chlorpyrifos or carbamates.

SOD activity was lower in gills of A. bimaculatus from P3 in comparison with fish from
P1, but CAT activity was not significantly affected by sampling sites (Figure 2).

2
b

A Gill

SOD activity
(U/mg protein)

P1 P2 P3

<o

|8 Gill

CAT activity
(U/mg protein)
F -

0- T T
P1 P2 P3

Figure 2. Activities (mean = SEM) of superoxide
dismutase — SOD (A) and catalase — CAT (B),
from gills of A. bimaculatus collected at 3 sites
(P1, P2 and P3). Different letters above error bars
indicate significant differences (p < 0.05).

The activities of MDH and AChE were higher in fish from P3 than in those from P1
(Figures. 3A and 3C). The activity of LDH was also the highest in the fish from P3, however,
the difference was not statistically different in comparison with fish from P1 or P3 (Figure. 3B).

Attempts to determine SOD and CAT activities in brain tissue were done using the methods
described in the Material and Methods section; however, the results were inconsistent, and these

methods are not suitable for determination of SOD and CAT from brain tissues of A.
bimaculatus.
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Figure 3. Activities (mean £ SEM) of malate
dehydrogenase - MDH  (A), lactate
dehydrogenase — LDH (B) and Acetyl

cholinesterase — AChE (C) from brain tissue of A.
bimaculatus collected at 3 sites (P1, P2 and P3).
Different letters above error bars indicate
significant differences (p < 0.05).

The levels of MDH and AChE of brain tissue were elevated in the fish from P3 in
comparison with P1. Moreover, Batista et al. (2014) also found increased levels of liver CAT
in the fish from P3 when compared to P1. Levels of SOD and LDH from gill tissue were lower
in P3 in comparison with P1 (present work and Ribeiro et al. (2015)), and we conclude that
environmental conditions in P3 also caused several changes in enzyme levels. However, the
nature of the contaminants that specifically causes these modifications is still uncertain.
Nevertheless, metal ions in water, such as aluminum and manganese decreased the activity of
gill SOD of Astyanax altiparanae (Abdalla et al., 2019). The activity of brain AChE increased
in the fish Danio rerio exposed to aluminum for 96h at pH 5.8 (Senger et al., 2011). Activity
of MDH from porcine heart was also increased by aluminum (Yang et al., 2011).
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Further analysis of water from P1, P2 and P3 was done in December 2016. The water
collected at these sites was analyzed in the laboratory of SABESP (Laboratorio da Divisao de
Controle Sanitério - Vale do Paraiba, SABESP - Companhia de Saneamento Basico do Estado
de S&o Paulo), located at Rua Paulo Setubal, 19, Vila Adyanna, Sdo José dos Campos, S.P.

Although the water composition changes continuously and the results of these analysis
cannot be used to explain the enzyme activities presented in this work, they can indicate lines
for future investigations. The concentration of 51 organic compounds were analyzed in waters
from the three places (Table 2). The level of all compounds were lower than the maximum
admissible concentration established by CONAMA Resolution 357 (Brasil, 2005) for Class |
water.

Table 2. Organic compounds quantified in waters from sites P1, P2 and P3 in December 2016. The
concentration (ug L™) of each compound is shown in parentheses and the values were the same in waters

from the three places.

Compound (ug L)

Compound (ug L)

Compound (ng L)

Acrylamide (< 0.1)
Alachlor (< 0.05)
Aldrin+Dieldrin (< 0.001)

Atrazine (< 0.05)
Benzene (< 0.44)

Benzo[a]anthracene (< 0.01)
Benzo[a]pyrene (< 0.025)
Benzo[b]fluoranthene (< 0.01)
Benzo[k]fluoranthene (< 0.025)
Carbon tetrachloride (< 1.03)
Chlordane (isomers) (< 0.01)

Chrysene (< 0.01)

DDT
(p,p’-DDT+p,p’DDE+p,p’DDD) (<
0.001)

Demeton (Demeton-O+Demeton-S)
(<0.1)

Dibenzo[a,h]anthracene (< 0.01)

Dichloromethane

(< 0.66)

Endosulfan (1+I1+sulfate)
(<0.01)

Endrin (< 0.001)
Ethylbenzene (< 0.48)
Glyphosate (< 8.0)

Gution (< 0.005)

Heptachlor+Heptachlor epoxide
(< 0.003)

Hexachlorobenzene (< 0.001)
Indene[1,2,3-cd] pyrene (< 0.025)
Lindane (< 0.005)

Malathion (< 0.05)

Metolachlor (< 0.05)
Metoxychlor (< 0.01)

Monochlorobenzene (< 0.4)

Parathion (< 0.01)

PCBs (Polychlorinated biphenyls)
(< 0.0005)

Pentachlorophenol

(<0.05)

Pentacyclodecane dodecachloride
(< 0.0005)

Simazine (< 0.02)
Styrene (< 1.28)
Surfactants (< 0.05)

Tetrachloroethene (< 0.48)
Toluene (< 1.24)

Trichlorobenzene (< 0.7)
Trichloroethene (< 0.51)
Trifluraline (< 0.01)
Xylenes (< 1.51)
1,1-Dichloroethene (< 0.72)
1,2-Dichloroethane (< 1.95)

2-Chlorophenol (< 0.05)

2,4-Dichlorophenol (< 0.05)

2,4-Dichlorophenoxyacetic acid (< 0.1)

2,4,5-Trichlorophenoxy acetic acid (<
0.1)

2,4,5-Trichlorophenoxy propionic acid
(<0.1)

2,4,6-Trichlorophenol

(<0.1)

Total coliforms were elevated (Table 3), but there are no limits for these in fresh waters.

The count of Escherichia coli, a thermotolerant bacteria, was elevated in P1 and P3, suggesting
that there may be fecal contamination at these sites. The limit of E. coli in water for recreational
use is 800 100mL* (Brasil, 2000) and waters from P1 and P3 would be inappropriate for this
purpose, and the water from P3 may be also inappropriate for use as drinking water for confined
bred animals (Brasil, 2005).
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Table 3. Total coliforms and E. coli in the water from sites P1, P2 and P3 analyzed in

December 2016.
Sampling sites
Coliforms P1 P2 P3
Count (most probable number 100mL™)
Total coliforms 24196 24196 24196
E. coli 920.8 183 1515*

* The limit of 1000 thermotolerant coliforms 100mL* may not be exceeded in water
for confined bred animals in > 80% of 6 samples, collected every two months for 1
year (Brasil, 2005).

The results for inorganic components of sampled water were analyzed and are shown in
Table 4. Aluminum (Al) is considered insoluble at pH 6 to 8 because it forms AI(OH)z3 in this
pH range, but episodes of rapid acidification due to events such as acidic rain and other
ecological changes could solubilize the insoluble forms of Al in water, and this solubilized Al
could be toxic for fish populations (Abdalla et al., 2019). On the other hand, when water pH
increases and Al-solubility decreases in an acidic water body, Al starts to polymerize
accumulating on the gill surface and causes toxicity in fish (Poléo et al., 2017). Determination
of dissolved Al in waters from the three places was not performed, however, total aluminum in
P3 was elevated (Table 4); therefore, the pH and dissolved Al should be monitored at these
sites. Previous data indicate that pH from P1, P2 and P3 were 6.5, 6.4 and 6.2, respectively
(Batista et al., 2014), indicating that P3 presented the most acid water among the sampling sites.

Total iron is elevated in P2. This metal is predominantly found as colloidal hydrous iron
oxides that are not biologically available in freshwater or seawater. However, the reduction of
the iron of Fe (I1) oxyhydroxide colloids in reducing environments of anoxic zones or
sediments slowly leaches Fe (1) to the water. The diet is probably most important source of
iron in aquatic environments, but iron uptake also occurs by fish gills (Bury and Grosell, 2003).
Physical clogging of gills and gill damage occurred during lethal and sublethal exposure to iron
(Dalzell and Macfarlane, 1999).

P2 also presented high levels of manganese. The toxicity of manganese in fish depends on
species and, within a species, depends on the tissue, and this metal decreased the activity of
CAT and SOD in the brain of some species of fish (Vieira et al., 2012; Arndt et al., 2014).

4. CONCLUSIONS

Liver, gills, muscle and brain tissues of A. bimaculatus are good sources of enzymes to
evaluate environmental impact in the Una River basin. Hepatic SOD and CAT, gill SOD and
LDH, muscle MDH, and cerebral MDH and AChE were sensitive to different environmental
conditions of the 3 sampling sites of the Una River basin. The main difference among these
environments appears to be the composition of metal in water. Future studies should investigate
the effect of the predominant metals in water on fish enzymes or enzymes of other organisms
to monitor environmental risks for water ecosystems of the Una River basin.
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Table 4. Inorganic components of waters from sites P1, P2 and P3 in December 2016.
The maximum admissible values refer to Class | water, intended for human consumption
after simplified treatment, for protection of aquatic communities and for recreation as
defined in CONAMA Resolution 357 (Brasil, 2005).

Sampling sites

Inorganic parameters Maximum admissible values (mg/L) P1 P2 P3

Concentration (mg L™)

Aluminum (total) Dissolved aluminum = 0.1 * 0.33 0.08 1.40
Ammonia NE** 0.49 0.48 0.16
Antimony (total) 0.005 <0.005 <0.005 <0.005
Avrsenic (total) 0.01 <0.01 <0.01 <0.01
Barium (total) 0.7 0.04 0.29 0.05
Cadmium (total) 0.001 <0.001 <0.001 <0.001
Calcium (total) NE 7.67 16.79 8.98
Chloride 250 5.25 8.25 <1
Cooper (total) 0.05 <0.01 <0.01 <0.01
Chromium (total) 0.05 <0.01 <0.01 <0.01
Cyanide (free) 0.005 <0.03 <0.03 <0.03
Cyanide (total) NE <0.03 <0.03 <0.03
Fluoride 14 <0.2 <0.2 <0.2
Iron (total) Dissolved iron = 0.3* 4,57 10.98 4.58
Lead 0.001 <0.01 <0.01 <0.01
Magnesium (total) NE 3.18 8.95 451
Manganese (total) 0.1 0.17 5.16 0.12
Mercury (total) 0.0002 <0.0002 <0.0002 <0.0002
Nitrate 10 0.75 0.11 0.22
Nitrite 1 0.03 <0.01 <0.01
Selenium 0.01 <0.005 <0.005 <0.005
Silica NE 20.0 11.3 21.1
Sodium (total) NE 4.57 3.94 3.88
Sulfate 250 <2 <2 <2
Sulfide 0.002 <0.02 <0.02 <0.02
Zinc (total) 0.18 <0.01 <0.01 <0.01

* There are no reference values for total aluminum or total iron, only for dissolved

forms in Brasil (2005).

** NE = not established in Brasil (2005).
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