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HIGHLIGHTS

* High levels of some water parameters were found at both sampling sites.
» Higher genotoxic potential was found in fish from the source of the river.
+ Gill histopathological alterations were found in fish from both sites.

» Levels of some metals in fish muscle were above the limits for safe human
consumption.

Brazilian Archives of Biology and Technology. Vol.62: €19180523, 2019 www.scielo.br/babt


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4
http://orcid.org/0000-0003-1095-9111
https://orcid.org/0000-0002-3471-6758
https://orcid.org/0000-0002-8580-6243
https://orcid.org/0000-0002-0077-1468
http://orcid.org/0000-0002-9501-3802

2 Dalzochio T.; et al.

Abstract: The Paranhana River, located in Southern Brazil, is one of the major tributaries of
the Sinos River basin and receives mainly industrial and domestic effluents. In the present
study, water physicochemical and microbiological analyses, condition factor, micronucleus
test, gill histopathology and metal bioaccumulation in the muscle of the native fish
Bryconamericus iheringii collected at two sites (S1 and S2) of the Paranhana River under
different degrees of anthropogenic pressures were assessed in four sampling campaigns.
Data from water quality parameters, condition factor, mucous cells proliferation in fish gills
and bioaccumulation of chromium and manganese in muscle evidenced higher impacts at
S2, whereas a higher genotoxic potential was observed at S1. Gill histopathological
alterations were found in fish captured at both sampling sites. Temporal variations in all
biomarkers analyzed and bioaccumulation of manganese and nickel were observed at S1,
whereas only variations in condition factor, gill alterations and bioaccumulation of
manganese and aluminum were found at S2. Our study evidences that S1 is under minor
anthropogenic impacts and that the high urbanization at S2 reflects in a poor water quality.
Nonetheless, the human consumption of fish from the Paranhana River should be avoided
given the high concentrations of cadmium, chromium and lead.

Keywords: biomarkers; Paranhana River; bioaccumulation; histopathology; micronucleus.

INTRODUCTION

Discharges of industrial, domestic and agricultural contaminants into water resources,
combined to the elimination of riparian vegetation, erosion, terrestrial runoffs, irregular
landfills, and so forth, contribute to the poor water quality and loss of biodiversity [1]. Hence,
there is a need to use early warning signs of impairment to assess the health of aquatic
ecosystems.

The use of biomarkers in fish, combined to water physicochemical analyses and metal
bioaccumulation in tissues, constitute in an important approach to assess water quality [2-4].
Fish play a major ecological role in aquatic food webs as carriers of energy from lower to
higher trophic levels [5-8]. Among other biomarkers, morphometric indices, the
micronucleus (MN) test and gill histopathology evaluation are the main biomarkers used to
assess the health of aquatic ecosystems in Brazil [9]. Another important aspect to be
considered in the biomonitoring of water resources is the metals bioaccumulation, given
their toxicity, persistence and their potential of biomagnification [10].

The Bryconamericus genus belongs to the Characiformes order and includes
small-sized species presenting omnivorous behavior [11]. The Bryconamericus iheringii
(Boulenger, 1887) occurs in Brazil, Uruguay and Argentina [12] being widely distributed in
the Sinos River basin [13].

The Paranhana River is located in the middle section of the Sinos River basin and is one
of the main tributaries of the Sinos River. The Paranhana River drains an area of 575 km [14],
representing 16% of the basin. The main industrial activities in the area are based on leather
confections, footwear, beverages and agricultural activities (mainly cattle breeding) [14].
However, municipalities near the river do not count on domestic sewage treatment. So far,
most studies have focused only on the Sinos River, evidencing its poor quality using a
variety of bioindicators, but studies on the Paranhana River are still scarce. Thus, this study
aimed to biomonitor the water quality of the Paranhana River using different biomarkers and
metal detection in native fish, combined with water physicochemical and microbiological
analyses.

MATERIAL AND METHODS

The Paranhana River is located in the lower part of the Northeastern Slope, at the south
boundaries of the Serra Geral (a major mountain range in Southern Brazil) in Rio Grande do
Sul state, with altitudes varying from 20 m to 773 m. The Paranhana River has its source
formed by small streams and also receives water from the Cai River basin (11.6 m®/s)
through the water transposition from the Salto, Divisa and Blang dams. The river waters flow
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into the Sinos River — considered as the fourth most polluted river in Brazil [15]. Two
sampling sites were selected in the Paranhana River (Fig. 1). Site 1 (S1) is located in Trés
Coroas municipality near the source of the river (29°2529.39”S; 50°46’17.05"W) and
upstream the urban area, 8 km downstream the Cai river water transposition. The local is
used for recreational purposes, especially in the summer. Site 2 (S2) is located in Taquara
municipality near the mouth of the river, approximately 38 km downstream S1 and 4 km
upstream the local where the river flows into the Sinos River. The potential sources of
pollution at this site include the domestic sewage and industrial effluents from the
municipalities previously mentioned.

Four sample collections of water and fish specimens were conducted in April (autumn),
July (winter), and December (spring) of 2014 (Apr/14, Jul/14 and Dec/14) and March
(summer) 2015 (Mar/15). Water samples were collected, transported, stored and analyzed
according to recommendations of Standard Methods for the Examination of Water and
Wastewater [16]. The following parameters were analyzed: biochemical oxygen demand
(BODs), chemical oxygen demand (COD), total phosphorus, ammoniacal nitrogen, total
suspended solids, total and thermotolerant coliforms, aluminum, copper, iron, lead, total
chromium and zinc. The results were analyzed according to the CONAMA Resolution
357/2005 for class 1 waters — water intended to human consumption after simplified
treatment, recreational purposes and protection of aquatic communities [17].

Specimens of B. iheringii were collected using fish traps and nets. In the field, fish were
weighed and measured, then sacrificed by medullar sectioning and blood samples were
immediately taken via caudal vein to obtain blood smears. Gills were removed and fixed in
Bouin solution, while muscle was also sampled, stored in ice and then kept under -20°C until
analysis. This study was approved by the Ethics Committee for Animal Experimentation of
Universidade Feevale (protocol n. 02.13.022) and fish collections were authorized by the
Brazil’s federal environmental protection agency (SISBIO n. 40376-2). Additionally to water
and fish samplings, data on local rainfall were obtained from a meteorological station located
in Taquara (29°38'21.43”S; 50°47°16.65"W), considering the total precipitation in 10 days
prior to each collection at each site [18].

The relative condition factor (CF) was calculated for all fish following the equation: CF =
100(BWI/L3), where BW = body weight (g) and L = total body length (cm) [19]. For the MN
test, blood samples were smeared onto microscopic slides, fixed in absolute ethanol and
stained with Giemsa 5% (NewProv). The slides were coded and a total of 3000 erythrocytes
was analyzed for each fish using optical microscopy. Micronuclei identification followed the
criteria: MN should be small, non-refractive, circular or ovoid chromatin bodies presenting
the same staining pattern as the main nucleus [20]. Other nuclear anomalies in peripheral
erythrocytes, as invaginations, buds and binucleated cells were scored and grouped as
nuclear abnormalities (NA) [21]. For histopahological analysis, after fixation, gills samples
were dehydrated and embedded in paraffin. Samples were then sectioned (5 pm) using a
rotatory microtome (Leica®, Germany) and stained with hematoxylin-eosin (H&E) (Merck.
Darmstadt, Germany) and with Periodic Acid Schiff (PAS) — for the identification of mucous
cells. The analyses were performed using optical microscopy according to the protocol
previously described [22].

The dry washing method was performed to determine concentrations of aluminum,
cadmium, chromium, lead, manganese, nickel and zinc in fish muscle [23]. For processing,
samples were weighed and approximately 0.25 g of muscle per animal was used. Samples
were digested in a solution of 10% NHsNO; (Sigma-Aldrich®), using a ratio of 2 mL/g of
sample. Then, they were dried at 110°C for two hours. Samples were then calcined at 500°C
for two hours and the ashes were mixed with 1 to 2 mL of 65% HNO3; (Merck. Darmstadt,
Germany) using a ratio of 2 mL/g of sample. The samples were dried at 500°C again for two
hours and the residues were treated with 10 mL of 0.1% Triton (Baker Analyzed®) and 1%
HNOs. Samples were analyzed using a Perkin Elmer Analyst 600 graphite furnace atomic
absorption spectrometer (GFAAS), following standard procedures according to each metal.
Muscle samples of fish collected in Jan/14 were not obtained. Metals concentrations in fish
muscle were compared to the limits considered safe for human consumption, according to
the National Health Surveillance Agency (Agéncia Nacional de Vigilancia Sanitaria) [24,25].
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Data of biomarkers responses were analyzed using the Mann-Whitney and
Kruskal-Wallis tests followed by the Dunn’s multiple comparisons test. Metals
concentrations in fish muscle were analyzed using the Student’s t test and one-way analysis
of variance (ANOVA) followed by the Tukey’s posttest. The Spearman correlation analysis (r)
was used to verify the influence of precipitation in the biomarker’s responses and metal
concentrations in the water and in fish muscle. The reference values that classify the
correlations were 0 > r < 0.3 (weak), 0.3 < r < 0.6 (moderate) and r > 0.6 (strong) [26].
Significant differences were considered when p<0.05. Data are expressed as mean =
standard deviation.

RESULTS

Data from water physicochemical and microbiological parameters are summarized in
table 1. The mean values of total phosphorus, iron and lead exceeded the limits at S1,
whereas BODS5, total phosphorus, thermotolerant coliforms, aluminum, iron and lead
exceeded the limits at S2. At S2, all water samples presented values of thermotolerant
coliforms, iron and lead above the limits. In general, higher values were found at S2. Copper
and total chromium were not detected in any sample, whereas ammoniacal nitrogen and
aluminum were only detected at S2.

Table 1. Mean, standard deviation, minimum and maximum values of physicochemical and
microbiological parameters of water samples collected at the source and mouth (S1 and S2,
respectively) of the Paranhana River in four sampling periods.

Parameter S1 S2 RV*
Mean min  max Mean min Max
BODs” 15+1.7 n.d. 3.0 7.3+10.6 n.d. 23.0 3
CoDA 15.7+9.6 10.0 30.1 129 +8.1 7.6 25.0 -
Total phosphorus® 0.15+0.09 0.04 0.23 0.17 £0.10 0.08 0.31 0.1
Ammoniacal nitrogen® n.d. 1.3+£25 n.d. 51 3.7
Total suspended solids® 57+24 3.6 9.0 36.0+ 32.0 8.2 69.8 -
Total coliformsc 2271 +1370 980 4100 41257 +23995 24000 77010 -
Thermotolerant 179 + 57 97 231 9947 + 6225 5200 17230 200
coliforms®
AluminumB n.d. 0.9+0.7 n.d. 1.6 0.1
Copper® n.d. n.d. 0.009
IronB 0.6+0.3 0.4 1.0 1.6+1.2 0.7 3.1 0.3
Lead®B 0.04 £ 0.04 nd. 0.09 0.05+0.04 0.02 0.10 0.01
Nickel® 0.002+0.004 n.d. 0.008 0.006+0.007 n.d. 0.015 0.025
Total chromium®8 n.d. n.d. 0.05
ZincB 0.06+0.05 0.03 0.13 0.06 £ 0.01 0.01 0.02 0.18

A expressed in mg Oz L1; B expressed in mg L-1; °NMP/100 mL. n.d.: not detected by the method.
Detection limits: BODs: 5 mg Oz L1; ammoniacal nitrogen: 5 mg L*%; aluminum: 0.5721 mg L"1; copper:
0.0107 mg L%; lead: 0.0065 mg L-1; total chromium: 0.0106 mg L*. *Reference values according to
CONAMA resolution 357/2005 for Class 1 waters. Mean values above the limits are highlighted in
bold.

Fish captured at S1 in the four sampling periods weighed 10.41 £+ 0.72 g and the total
body length corresponded to 9.00 + 0.17 cm, whereas fish captured at S2 weighed 4.97 +
0.87 g and total body length corresponded to 7.16 = 0.22 cm. Sample size, CF, MN and NA
are presented in table 2. Fish collected at S2 in Dec/14 presented significant lower CF than
fish collected at S1 (p=0.044). A significant temporal variation in CF was observed at both
sampling sites. At S1, fish collected in Apr/14 presented higher CF than fish collected in
Dec/14 (p=0.042). At S2, higher CF was found in fish collected in Apr/14 and Mar/15 in
comparison to Dec/14 (p=0.001). For MN, significant differences between sites were only
observed in Mar/15, when fish collected at S1 presented higher frequencies (p=0.047). The
frequencies of MN were higher in Mar/15 in comparison to Apr/14 and Dec/14 (p=0.003) at
S1, whereas no significant temporal variation was observed at S2. Fish collected at S1
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presented significant higher frequencies of NA in Jul/14 and Dec/14 than fish collected at S2
(p=0.022 and p=0.03, respectively). Similar to MN, significant temporal variation in the
frequencies of NA was only observed at S1, where higher frequencies were observed in
Jul/14 and Mar/15 in comparison to Apr/14 and Dec/14 (p=0.046).

Table 2. Sample size (N), condition factor (CF), micronucleus (MN) and nuclear abnormalities (NA)
frequencies in B. iheringii collected at two sampling sites (S1 and S2) of the Paranhana River in four

sampling periods.

Site N CF MN* NA*
Apr/14 S1 11 1.51 +0.14%A 0.03 £ 0.0924 2.22 £1.84%4
S2 11 1.51 +0.18% 0.00 £+ 0.0034 257 £1.79%4
Jul/14 S1 12 1.43 £ 0.19%8 0.18 £ 0.15348 5.92 + 3.8238
S2 12 1.28 £0.17348 0.08 £0.213A 2.00 + 1.09bA
Dec/14 S1 10 1.33+0.14%8 0.03 £0.10%4 2.77 £2.13%4
S2 7 1.18 £ 0.17%8 0.09 £0.1634 214 +1.77%4
Mar/15 S1 9 1.35+ 0.1238 0.41 £ 0.5238 5.59 + 3.7428
S2 12 1.22 +0.1728 0.08 £+ 0.15b4 2.28 + 1.590A

*Frequencies expressed in %o.. Means with different lower case letters are significantly different when
comparing sampling sites in the same period. Means with different upper case letters are significantly
different when comparing a sampling site in different periods.

Representative images of the histopathology analysis of gills are found in figure 2 and
guantitative analysis of histopathology alterations is presented in table 3. Lamellar
alterations such as hypertrophy and hyperplasia of epithelial cells were the most frequent
lesions found in fish collected at both sampling sites, whereas lamellar fusion and epithelial
lifting were the less frequent. Fish collected at S1 presented significant higher frequencies of
hyperplasia of epithelial cells and epithelial lifting in Jul/14 (p=0.006 and p<0.001,
respectively), whereas fish collected at S2 presented higher frequencies of hypertrophy of
epithelial cells also in Jul/14 (p<0.001). No significant spatial differences were observed in
the frequencies of lamellar fusion, aneurysm and necrosis. A significant temporal variation in
the frequencies of hypertrophy and hyperplasia of epithelial cells and epithelial lifting was
observed. At S1, higher frequencies of hypertrophy were observed in Dec/14 and Mar/15 in
comparison to Apr/14 and Jul/14 (p<0.001) and higher frequencies of hyperplasia were
observed in Jul/14 in comparison to Dec/15 (p=0.048). Additionally, higher frequencies of
epithelial lifting were observed in Jul/14 in comparison to other sampling periods (p<0.001).
At S2, higher frequencies of hypertrophy of epithelial cells were observed in Dec/14 and
Mar/15 in comparison to other sampling periods (p<0.001). No significant temporal variation
was observed for other alterations.

Table 3. Frequencies of lamellar alterations (%) in B. iheringii collected at two sampling sites (S1 and
S2) of the Paranhana River in four sampling periods.

Hipertrophy of Hyperplasia of

L L Lamellar fusion
epithelial cells epithelial cells

Epithelial lifting

Apr/14 S1 13.0 + 8.0%4 2.3+ 2.6%8 0.3+1.03 0.0+ 0.0
S2 14.7 + 8.034 0.3+0.5% 0.3+£1.0% 0.3+£1.0%
Ju/14 S1 1.2 +2.0%4 2.8+2.3% 0.0 £0.0%4 4.1+24%
S2 4.0+6.3% 0.0 + 0.0~ 09+1.8*% 0.0 + 0.0°*
Dec/14 S1 32.5+9.238 0.3+0.728 0.05 + 0.014 0.4+0.9%
S2 46.1 +7.138 0.3+0.8% 0.0+ 0.034 0.4+0.7%4
Mar/15 S1 37.5+10.738 0.8 + 1.424B 0.0+ 0.034 0.3+0.5
S2 43.8 + 9.628 0.3+1.2%4 0.0 £0.0%4 0.4+£0.7%4

Different lower-case letters indicate significant difference between sites. Upper case letters indicate
significant difference between sampling periods.

The frequencies of lamellae with alterations and mucous cells are presented in figure 3
(A and B, respectively). Significant higher frequencies of lamellae with alterations were
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observed in fish collected at S1 in Jul/14 (p=0.04). On the other hand, significant higher
frequencies of lamellae with alterations were observed in fish collected at S2 in Dec/14
(p=0.005). A significant temporal variation in lamellae with alterations was observed at both
sampling sites, where fish collected in Apr/14 and Jul/14 presented significant lower
frequencies of lamellae with alterations than fish collected in Dec/14 and March/15 (p<0.001,
for both sites). Considering mucous cells proliferation, significant higher frequencies were
found in fish collected at S2 in Jul/14 and March/15 (p=0.02 and p=0.01, respectively). A
significant temporal variation was observed only at S1, where higher frequencies of mucous
cells were observed in fish collected in Dec/14 in comparison to Jul/14 (p=0.03).

Metals concentrations found in fish muscle are presented in figure 4. For aluminum, no
significant difference was found between sites in all sampling periods, whereas a temporal
variation was observed at S2, where significant higher concentrations were observed in
Mar/15 in comparison to Jul/l4 and Dec/14 (p=0.01; Fig. 4A). Significant higher
concentrations of chromium were observed in muscle of fish collected at S2 in Mar/15
(p=0.02), whereas no significant temporal variations were found at both sampling sites (Fig.
4B). The mean concentrations of chromium exceeded the limits for human consumption (0.1
Kg g-1) in both sampling sites and all sampling periods. For manganese (Fig. 4C), significant
higher concentrations were found at S2 in Dec/14 (p=0.004). For this metal, significant
temporal variations were observed at both sampling sites. At S1, higher concentrations were
observed in Apr/14 in comparison to Jul/14 and Dec/14; and in Dec/14 in comparison to
Jul/14 (p<0.001). At S2, significant lower concentrations of manganese were observed in
Jul/14 (p<0.001). Concentrations of nickel did not differ between sampling sites, however, a
significant temporal variation was found at both sampling sites (Fig. 4D). At S1, higher
concentrations of nickel were observed in Apr/14 in comparison to Jul/14 (p=0.04). At S2,
higher concentrations were observed in Apr/14 and Dec/14 in comparison to Jul/14 and
Mar/15 (p=0.04). Values of nickel in fish muscle were within the limits for human
consumption (5.0 pg g-1). Significant spatial and temporal variations were not found in
concentrations of cadmium (Fig. 4E), lead (Fig. 4F) and zinc. Zinc concentrations ranged
from 10.5 to 15.0 pug g-1 at S1 and from 2.2 to 8.6 pug g-1 at S2 and did not exceed the limits
for human consumption (50.0 ug g-1) (data not shown). However, concentrations of
cadmium exceeded the limits for human consumption (0.05 ug g-1) at S1 in Jul/14 and at S2
in Jul/14 and Mar/15. In addition, concentrations of lead were also above the limits (0.3 pg
g-1) at S1 in Mar/15.

Similar precipitation data were recorded at both sites in all sampling periods, except for
Dec/14, when a total of 59.2 mm was recorded at S1 and 81.2 mm at S2. Such difference
may be attributed to the interval of three days between sampling collections. Total
precipitation at both sites corresponded to 14.2, 38.5 and 57.1 in Apr/14, Jul/14 and Mar/15,
respectively. The correlation analysis carried out between precipitation and other variables
analyzed in the present study, revealed a significant strong negative correlation between
precipitation and CF (r = -0.817, p=0.01) and a strong positive correlation between
precipitation and frequency of lamellae with alterations (r = 0.715, p=0.05).

DISCUSSION

The Paranhana River has an important role in the water availability for the Sinos River
basin, being one of its main tributaries [14]. The results obtained by the present study for
total phosphorus, thermotolerant coliforms, aluminum and lead at S2 classify the river as
class 4 in a ranking of four classes (on a scale from one, indicating pristine conditions, to four,
indicating heavily polluted), according to CONAMA resolution 357/2005 [17]. Class 4 waters
are intended only to landscape harmony and navigation. Nonetheless, water is used for
public supply, since a water treatment plant is located near this sampling site. The impact
due to the lack of treatment of domestic sewage was more evidenced at S2, where high
values of thermotolerant coliforms and BODs were found, which can be explained by the
higher urbanization in this area. Thus, water quality of the Paranhana River decreases from
S1 to S2 possibly as a result of higher urbanization.

In general, pollutants seem to have a negative effect on CF by reducing food availability
and/or by increasing the energy required to maintain homeostasis [27]. In the present study,
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differences between sites were observed only in Dec/14, with fish from S2 exhibiting lower
CF, which could indicate more environmental stress in this area during this period. In
addition, the temporal variation in each site evidenced lower CF at both sampling sites in
Dec/14, which could be related to the reproductive period of the species (spring and
summer), when there is a depletion of energy reserves [27,28] or to some unidentified
factors with sporadic/occasional effect.

The genotoxic results evidenced occasional higher impacts at S1, despite the higher
urbanization at S2. This fact might be attributed to the water transposition from the Cai River
— where the main activities upstream the transposition are based on cattle farming and
silviculture [29]. Chronic exposure to pollution may result in an acclimatization process with
the subsequent decrease in organism susceptibility [30]. Significant temporal variation
observed in both MN and NA frequencies at S1 may be attributed to variations in
contaminants and also to natural causes, such as seasonality [31].

Histological alterations were observed in fish collected at both sites in all sampling
periods, indicating environmental stress. Previous studies have demonstrated significant
differences in gill alterations of fish captured at impacted and clean areas [32]. However,
data obtained by the present study do not allow a clear discrimination between sampling
sites according to land uses, suggesting that both sites are under some type of impact. The
mucus secretion by mucous cells represents a defense mechanism against toxic
substances [33]. Furthermore, the most frequent gill alterations in the present study,
hypertrophy and hyperplasia of epithelial cells, are also recognized as defenses against the
pollutants entrance in the bloodstream [34].

Metal concentrations in fish muscle were similar between sites, with exception of
chromium and manganese, whose concentrations were significantly higher at S2 in one
sampling period. These metals are linked mainly to leather tanning and agricultural practices,
respectively, and also to rock erosion [35,36]. Thus, S2 seems to present some occasional
environmental conditions that increase the uptake of these metals by the fish. In the Sinos
River, chromium concentrations (0.1 to 0.6 pug g*) have been found in the liver of two fish
species captured in the upper and lower sections of the river. Nonetheless, it is well known
that higher concentrations of metals may be found in the liver since it is the main site of
accumulation, biotransformation and excretion of pollutants in fish [23]. Temporal variations
in metal concentrations were observed for aluminum, manganese and nickel. In general,
lower concentrations were found in fish collected during the cold season (Jul/14). Similarly,
previous studies have also reported lower metal content in cold seasons, being a reflection
of lower feeding rate and respiratory rate during this period [37,38]. In addition to pollution,
spatial and temporal variations in metal bioaccumulation may be a result of several factors
such as sex, size, age, species and feeding behavior [39,40]. However, the influence of such
variables in metal bioaccumulation was not assessed in the present study.

Concentrations of cadmium were above the threshold for safe human consumption [25]
(0.1 and 0.05 ug g2, respectively) at both sites in at least one sampling period, whereas lead
was above the limits (0.3 pg g?) at S1 in Mar/15. Chromium concentrations exceeded the
limits (0.1 pg g?) in all samples [24]. These metals are toxic and can pose health risks to
humans, leading to gastrointestinal disorders, anemia, ulcers and so forth [41]. Data from
our research group have also pointed to metals concentrations above the limits for safe
human consumption in other sampling sites of the basin [22].

The precipitation plays an important role in the river dynamics. Rainfall may cause the
dilution of pollutants present in water but also lead to surface runoff, providing a diffuse
source of pollutants from agricultural (pesticides) and urban areas (oil, grease, polycyclic
aromatic hydrocarbons and heavy metals) [42,43]. The negative correlation found between
precipitation and CF suggests that pollutants from runoffs may impair nutritional status of
fish and thus, decreasing the CF. However, there are no previous data in the literature
indicating that precipitation of 10 days may significantly influence the CF. Furthermore, the
positive correlation between precipitation and the frequency of lamellae with alterations also
indicates that rainfall contributes to the transport of pollutant loads into the rivers and/or to
the mobilization of contaminants present in the sediment. Nonetheless, this effect was not
evidenced for other variables analyzed in the present study.
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CONCLUSION

In general, more severe damages were expected to be found in fish collected at S2, as
a result of the higher urbanization and industrial activities. However, this study demonstrates
that fish from both sites are under environmental stress, despite S1 is located in an area
under minor anthropogenic disturbances. In addition, the variation in biomarker responses
combined with metal bioaccumulation in fish muscle reflects the complex dynamics of biotic
and abiotic factors in water resources. Thus, the development of monitoring studies to
provide a diagnosis of the Paranhana River and to help in the improvement of water
conditions for public supply should be encouraged. Furthermore, given the high
concentrations of some metals in fish muscle, the consumption of fish from the Paranhana
River should be avoided. Considering the water analyses, we suggest the Paranhana River
contributes negatively to water quality of the Sinos River.
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