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ABSTRACT

Anthropic actions in rivers and urban lakes are a cause for concern to our ecosystem. The effects
on fauna and flora of substances discharged into waterways have become a focus for investiga-
tions globally. Biodegradable detergents are widely used in residences and small industries, but
little is known regarding the consequences on fish fauna. The objective of the present study was
to identify modifications in gill structure in two fish species, Astyanax altiparanae and Prochilodus
lineatus, after treatment with water obtained from an urban lake and an exposure to 1 ppm
diluted biodegradable detergents (linear alkylbenzene sulfonate). Data demonstrated exposure to
urban lake produced various alterations in gill functions such as lamellar fusions, aneurysms,
mucous, and chlorine cell proliferation, which may be attributed to the presence of detergents in
the water but may also be a consequence of synergetic actions of detergents with other
pollutants. Results showed that the levels of NO™,, Na, F~, CI, and Fe were significantly higher
in urban lake water but in the presence of detergents Ni was also detected. Evidence indicates
that biodegradable detergents produce damage to gill functions, which subsequently alters the
fish physiology and reduces the ability to cope with stress and survival.
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Introduction in fish physiology (Reis et al., 2009). Moreover, gills

The rapid increase in domestic, agricultural, and
industrial activities in developing countries contri-
butes to water pollution and reflects the presence
of chemical compounds derived from human
activities (Silva et al., 2003; Strbac et al., 2015;
Vaz et al,, 2016). Aquatic ecosystems are fragile
and fish species are under different types of
threats, including loss of fish habitat due to poor
water management practices, release of effluents
into the natural water bodies, and several anthro-
pogenic activities (Aich et al., 2015; De Campos
et al., 2016; Hawkins et al, 2015; Kaur & Dua,
2015; Strbac et al., 2015; Wolff et al., 2016).

In fish, organs such as gills are in direct contact
with water and consequently morphological altera-
tions reflect reversible or irreversible disturbances

are vital structures to fish health because in addition
to being the main location of gas exchange, these
organs are also involved in osmoregulation, acid-
base balance, and excretion of nitrogenated com-
pounds (Leonardo et al., 2008). In addition to
mucous cells, mitochondria-rich cells also respond
to physical and chemical alterations in water, which
stimulate either hypertrophy or hyperplasia (Silva
et al., 2003). These cells are larger than mucous cells
and carry a large number of mitochondria that fuel
maintenance of homeostasis in fresh water teleostei
that compensate ionic loss and water gain (by
osmosis) by absorbing active forms of Na*, Cl”
and Ca’(Camargo et al., 2009).

Teleostei have five pairs of gill arches consisting of
numerous gill filaments and secondary lamellae
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(Leonardo et al., 2008). The lamellae are situated at a
right angle to the filamental axle and represent func-
tional respiratory surface through which oxygen is
absorbed and diffused into tissues and blood
(Jobling, 1994; Leonardo et al., 2008). These lamellae
are covered by epithelial cells and formed by pillar,
mucous, and mitochondria-rich cells (Leonardo
etal., 2008; Takashima & Hibiya, 1995). Many patho-
logical and chemical agents are known to produce
histological alterations in gills including edema and
epithelial hyperplasia of secondary lamella, epithelial
cell infiltration, lamellar fusion, and in some cases
death of mucous cells induced by hypersecretion
(Hawkins et al., 2015; Leonardo et al., 2008;
Takashima & Hibiya, 1995). Morphological gill mod-
ifications are commonly recognized as a response to
environmental changes (Monteiro et al., 2008) and
are linked to physiological dysfunctions and endo-
crine system depending upon ionic concentration of
chemicals in the water (Fernandes & Perna-Martins,
2001). In addition to mucous cells, mitochondria-
rich cells also respond to physical and chemical
alterations in water, which stimulate either hypertro-
phy or hyperplasia (Silva et al., 2003). These cells are
larger than mucous cells and carry a large number of
mitochondria that fuel maintenance of homeostasis
in fresh water teleostei that compensate ionic loss and
water gain (by osmosis) by absorbing active forms of
Na*, CI", and Ca" (Camargo et al., 2009).

Fresh water environments may serve as a source
of environmental pollution and contaminants may
be transported to fish and subsequently humans
(Adeogun et al, 2016; Amundsen et al., 2011;
Wolff et al, 2016). Industrial mining activities,
metal processing, and industrial and domestic
waste hat are released in water bodyes can increase
the concentration of various heavy metals in natural
environments (Abel, 1996; Domingos, 2006) that
than can be bioaccumulated by several organisms
and incorporated into the trophic chain, reaching a
large part of the aquatic ecosystem, including fish
that serve as biomarkers for these types of contami-
nants (Abel & Skidmore, 1975; Baraj et al., 2011).

Among these contaminants are surfactants used
in industrial processes and residences that have
one of the highest rates of industrial production
among all the organic products (Ogeleka et al,
2011). The ability to form pseudo micellar struc-
tures that absorb other organic pollutants results

in complexes that are subsequently released into
the environment and may thus be responsible for
adverse biological effects (Ogeleka et al., 2011).
Linear alkylbenzene sulfonate (LAS) is a common
surfactant used in commercial detergents that
induced morphological gill alterations in several
fish species (Ogeleka et al., 2011).

Due to the current concern with impacts of
contaminants in urban rivers and lakes, the pre-
sent study aimed to identify changes in gill mor-
phology and mucous and mitochondria-rich cells
as well as lysosome numbers in two largely dis-
tributed (throughout South America) and com-
mercially important fish species, Prochilodus
lineatus and Astyanax altiparane after exposure
to urban pollutants present in urban lake water
and with a focus on detergent contamination.

Materials and methods

Sixty specimens of each species, age-standardized
(4 months) to avoid differences in results due to
developmental stage, were obtained from the Fish
Reproduction Laboratory of ICMBio/CEPTA,
Pirassununga, Sao Paulo, Brazil. The animals were
kept in 500 L fish tanks until 3 months old for P.
lineatus and 4 months old for A. altiparanae. These
individuals were divided into three groups: control,
kept in pure water from the artesian well at UNESP,
Campus de Rio Claro, Sao Paulo, Brazil; detergent,
kept in a 1 ppm (demonstrated by Pereira et al.,
2012, as level that can be found in Brazilian lakes)
commercial biodegradable detergents; and lake, kept
in water obtained from a lake that receives sewage
from residences, small industries, and gas stations.
Two sampling periods were determined: the first
after 1 month and the second after 5 months.
These periods were selected to simulate a long-per-
iod exposure to these pollutants, as the acute experi-
ments were previously reported by Pereira et al.
(2012). All experiments were performed in duplicate
(each one with 30 specimens of each specie, and 5
fish sacrificed from each sampling period.)

Sampling for morphologic analysis

Before sampling, fish were anesthetized with ben-
zocaine (0.1 g benzocaine in 1 ml ethyl alcohol for
each 100 ml deionized water). After anesthesia, six
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individuals were euthanized per group in each
sampling period. The gill arches were removed
and fixed in aqueous Bouin solution for 48 hr at
4°C. All samples were buffered in sodium phos-
phate solution pH 7.4, dehydrated in alcohol,
embedded in Leica HistoResin, and sectioned in
a Leica RM224micotome.

Analyses of gill morphology

Five 6-um sections were obtained from each indivi-
dual under study and mounted on glass slides that
were submitted to hematoxylin and eosin (HF)
according to Becak and Paulete (1976). Six gill fila-
ments in each section were analyzed to identify mor-
phological alterations in secondary lamellae.
Morphologic changes were counted and an arithmetic
mean obtained for each treatment in both sampling
periods. The results were statistically analyzed and are
shown in Figures 1 and 2 with % from each group in
each sampling period to demonstrate which type of
morphological alteration was the most frequent.

Mucous cell count

Six um sections per individual were mounted on
glass slides and submitted to PAS technique
according to Becak and Paulete (1976). Mucous
cells between secondary lamella of six gill fila-
ments were counted on five sections for each indi-
vidual. Arithmetic means were calculated for
individual of each group in both sampling periods
and statistically compared.
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Figure 1. Percentage of each morphological modifications pre-
sent in each group for Astyanax altiparanae. The number in
front of the group represents the month where the data were
collected.
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Figure 2. Percentage of each morphological modifications
detected in each group for Prochilodus lineatus. The number
in front of the group represents the month where the data
were collected.

Mitochondpria-rich cell count

Mitochondria-rich cells were identified according
to Pereira and Caetano (2009). Seven pum sections
were obtained from each specimen, mounted on
glass slides, and submitted to Von Kossa stain. Six
filaments per section in five sections per individual
were analyzed, and mitochondria-rich cells
counted at every interval of 10 secondary lamellae
in each filament. Arithmetic means were calcu-
lated and statistically analyzed for each group.

Lysosome identification

Five 7-um sections were obtained from each indi-
vidual mounted on glass slides according to
Gomori (1950) technique. The measurements
were made using the program Image] (NIH,
USA), with the plugin Counter Cell, considering
each brown point as a positive result for the
technique.

Chemical analysis of water

Water samples from all treatments were sent to the
Water Analysis Laboratory of the Department of
Applied Geology at the Institute of Geosciences
and Exact Sciences UNESP, Campus de Rio
Claro. Analyses were carried out following norms
of the Standard Methods for the Examination of
Water and Wastewater, for the following para-
meters. Metal concentration was determined by
ICP-AES (equipment precision guaranteed at
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concentrations between 1 and 10 ppb) for the
following elements: Mg, Ca, Sr, Ba, Cr(t), Mn, Fe,
Co, Ni, Cu, Zn, Cd, Si, P(t), and Pb.

Concentration of anions: F~, CI", NO,, NOs, PO,,
SO, ClO,", acetate and oxalate plus cations Li, Na,
NH, and K was determined by ionic chromatography.
Conductivity, pH, total alkalinity, and concentration
of carbonates were also analyzed by potentiometric
titration. Samples from all groups were taken for this
analysis, cooled immediately at 4°C, and taken to the
lab (Pereira et al., 2012).

Although constant detergent concentrations were
used, it was still necessary to assess true LAS concen-
tration, as it is the main component of domestic
detergents. Chromatographic analyzes were carried
out in an Agilent Tecnologies 1200 series HPLC,
with fluorescence detector. This test was performed
by Global Andlise & Consultoria, Sdo Carlos, Sao
Paulo, Brazil. The same test was carried out with
water from the urban lake to identify possible LAS
concentration. Samples from all the groups were taken
for HPLC analysis diluted in 300 ml and then frozen at
—20°C before analysis (Pereira et al., 2012). The HPLC
analysis determined pollutant concentrations with
precision in solutions with concentrations higher
than 0.002%.

Statistical analyses

All obtained data were analyzed with BioEstat 5.0.
Shapiro-Wilk normality test was applied to iden-
tify variations among results and ANOVA/Tukey
or Kruskal-Wallis/Dunn variance tests were used
on parametric and nonparametric data, respec-
tively. The criterion for significance was set at
p < 0.05.

Results
Survival

In the experiment with A. altiparanae, the mortal-
ity was zero in all three treatments throughout the
experiment. With P. lineatus control and detergent
groups, there was no mortality throughout the
experiment, but individuals from urban lake
groups only survived up to 35 days, and therefore
only the first group of samples was taken.

Morphological alterations

Four types of morphological changes were found:
lamellar fusion, secondary lamella pavement cell
hypertrophy, aneurysm, and hyperplasia of gill
filament epithelium (Figure 3). In the experiments
with A. altiparanae, groups treated with detergent
and lake water showed a significant high incidence
of lamellar fusion and aneurysm in both sampling
periods (Figure 1). Significant differences were
found between contaminated and control groups
in structural changes (Table 1),

In the case of P. lineatus, similar patterns of mor-
phological changes were noted (Figure 4 and Table 2).
Individuals exposed to detergent, similar to A. altipar-
anae, showed a greater incidence of lamellar fusions
and aneurysms (Figure 2). On the other hand, indivi-
duals exposed to urban lake water developed lamellar
fusions an epithelial cell hyperplasia in gill filaments
more frequently and, in some cases, hyperplasia cov-
ered all the space between secondary lamellae.

Mucous cell analysis

In A. altiparanae, both groups exposed to pollutants
exhibited significant large amounts of mucous cells
compared to control. These cells were found in sec-
ondary lamella and far from it (Figure 5). In addition
to an increase in mucous cell number, lamellar fusion
was sometimes initiated by mucous cell fusion
(Figure 5). Lamellar fusion between two adjacent fila-
ments displayed greater numbers of mucous cells. The
same results found for P. lineatus A. (Figure 5,

Table 2).

Mitochondria-rich cell analysis

Mitochondria-rich cells of A. altiparanae were
strongly reactive to Von Kossa stain, with several
cytoplasmic granulations and in some cases,
intense  perinuclear and nuclear reaction
(Figure 6). These cells responded antagonistically
in polluted groups compared to control. Detergent
decreased the number of mitochondria-rich cells,
while urban lake waters increased the number of
cells (Table 1). Mitochondria-rich cells in both
groups exposed to pollutants were significantly
reduced compared to control in P. lineatus. Not
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Figure 3. A — normal morphology of the gill in Astyanax altiparanae, showing the gill filament (F) and the secondary lamellae (SL); B
— gill of A. altiparanae, showing aneurysms (A) in secondary lamellae; C — gill of A. altiparanae, showing lamellar fusion (LF); D - gill
of A. altiparanae, showing cell hypertrophy, note the cytoplasmic dilatation (*).

Technique: H-E.

Table 1. Average of mucous cells, chloride cells, and total morphological alterations found in the gills of Astyanax altiparanae. Note
the increase in the number of mucous cells and morphological changes in the groups exposed to detergent and the urban lake
water, compared to the control and the reduction in chloride cells in the exposed detergent and increase in this parameter above
the lake water during the entire experiment.

Detergent Urban Lake
Control 1st month 5th month 1st month 5th month

1st month  5th month  Average p Average p Average p Average p
Mucous 0.6600 0.9200 14.8800 < 0.05 8.7200 < 0.05 247800 < 0.05 32.9400 < 0.05
Cells (SD-1.3940) (SD-1.5097) (SD-6.0496) (SD-9.9715) (SD-7.0285) (SD-10.2189)
Chloride 11.7000 11.4667 17333 < 0.05 21333 < 0.05 234839 < 0.05 25.5667 < 0.05
Cells (SD-3.1200) (SD-2.5962) (SD-1.4840) (SD-2.1613) (SD-7.5448) (SD-7.0500)
Morphological Modifications 1.0000 1.2500 22.5000 < 0.05 16.7500 < 0.05 45.5000 < 0.05 27.8750 < 0.05

(SD-1.1952) (SD-1.5811) (SD-6.3920) (SD-5.1478) (SD-7.7644) (SD-5.5918)

SD - standard deviation and p - statistical results obtained in comparison with the control group.

only were there fewer cells but they were hyper-  Discussion

trophied in contaminated exposure (Figure 6). Several studies identified morphological alterations

in fish gills after exposure to pollutants. Arellano
et al. (2001) exposed Sparus aurata to 2,3,7,8-tet-
Lysosome presence raclorodibenz-p-dioxin and found hyperplasia,

o o hypertrophy, and lamellar fusion as well as chlor-
Epithelial cells in gill filaments and secondary lamellae ;o o] hyperplasia. Cerqueira and Fernandes

of cont.rol groups contained lysosomes. that were ot (2002) reported that copper (Cu) in P. scrofa pro-
found in exposed groups for both species (Figure 7). j,ced hypertrophy of the pavement and chlorine
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Figure 4. A - gill of Astyanax altiparanae, note that there is no positive reaction for mucous cells; B - gill of A. altiparanae, after explosion
to pollutants, note the positive reaction for mucous cells in the secondary lamellae (arrow) and between them (arrowhead); C — lamellae
fusion of two gill filaments (highlighted area), after explosion to pollutants, note the presence of many mucous cells; D — beginning of the
lamellae fusion process, note that it starts with two mucous cells. The same pattern presented here was found for Prochilodus lineatus.

F — qill filament; SL — secondary lamellae. Technique: PAS

Table 2. Average of mucous cells, chloride cells, and total of alterations found in the gills of the species Prochilodus lineatus. Note
the increase in the number of mucous cells and morphological changes in detergent and the urban lake groups, compared to the
control and the reduction in chloride cells in these same groups. No P. lineatus were found on lake on 5th month due the exposition
to the pollutants.

Detergent Urban Lake
Control 1st month 5th month 1st month 5th month
1st month ~ 5th month Average p Average p Average p Average p
Mucous 1.2600 1.1800 16.4400 < 0.05 18.5400 < 0.05 30.6800 < 0.05 N/R
Cells (SD-2.0184) (SD-1.3656) (SD-12.4968) (SD-16.8186) (SD-9.4187)
Chloride 9.2667 9.6667 1.6667 < 0.01 1.2667 < 0.01 35333 < 0.01 N/R
Cells (SD-1.3629) (SD-1.6678)  (SD-1.2910) (SD-1.3113) (SD-0.5074)
Morphological Modifications 1.0000 1.5000 28.1250 < 0.05 22.7500 < 0.05 36.7500 < 0.05 N/R
(SD-1.0000) (SD-1.4142)  (SD-7.0394) (SD-7.6298) (SD-11.3232)

SD - standard deviation, p - statistical results obtained in comparison with the control group and N/R - no results due the death of Prochilodus
lineatus.

cells, epithelial detachment, lamellar fusion, and
aneurysms. Ortiz-Ordonez et al. (2011) exposed
Goodea atripinnis to herbicide concentrations and
found hemorrhages and hypertrophy in the gills.
Monteiro et al. (2008) in studies on Oreochromis
niloticus with several Cu concentrations showed
the development of aneurysms and cell hypertro-
phy. Mazon et al. (2002) demonstrated that

exposure of P. scrofa to Cu led to pavement and
chlorine cell hypertrophy and lamellar fusion. The
present study noted that lamellar fusion and
aneurysm were most frequent with both contami-
nant treatments, except for exposure of P. lineatus
to urban lake water that led to higher indices of
lamellar fusion and hypertrophy. The latter result
was corroborated by Haaparanta et al. (1997) in
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Figure 5. A — qgill of Astyanax altiparanae, note the chloride cell distribution in the control group (arrow). The same pattern
presented here was found for Prochilodus lineatus, in the control group; B — gill of P. lineatus exposed to pollutants, note the
hypertrophy in the chloride cells (arrow); C — gill of A. altiparanae exposed to the urban lake, note the proliferation of chloride cells
(highlighted area); D — gill of A. altiparanae exposed to detergent, note the low number of chloride cells (arrow).

Technique: Von Kossa.
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Figure 6. A — gill of Astyanax altiparanae, note the positive reaction for lysosomes (highlighted area). The same pattern presented
here was found for Prochilodus lineatus, in the control group; B — gill of A. altiparanae after exposure to detergent, note the absence
of lysosomes, the same pattern presented here was found for the urban lake and the exposed groups in P. lineatus.

F — qill filament; SL - secondary lamellae. Technique: Gomori.

fish in four lakes in Germany. Our data demon-  remodeling such as lamellar fusion, epithelial,
strated that both waters tested contained a com-  mucous and chlorine cell hypertrophy and hyper-
plex of contaminants and produced morphological ~ plasia, and in some cases aneurysms.
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Figure 7. A — normal morphology of the gill in Prochilodus lineatus, showing the gill filament (F) and the secondary lamellae (SL); B -
gill of P. lineatus, showing aneurysms (*) in secondary lamellae and lamellae fusion (LF); C — gill of P. lineatus, showing lamellae
fusion between two different filaments (LF); D — gill of P. lineatus, showing hyperplasia of the gill filament epithelium (H).

Technique: H-E.

Amundsen et al. (2011) reported that heavy
metals present in water enter the body of fish
through the gills or digestive tract and metals
such as Cu, nickel (Ni), and zinc (Zn) are
retained more in the gill tissue than in the liver
in fish. Baraj et al. (2011) noted the presence of a
mixture of metals resulted in a greater uptake of
these elements in the gills. Domingos (2006)
reported that some heavy metals such as iron,
Cu, Zn, and cobalt are considered elements
essential to the biological processes, but may be
toxic at higher concentrations. There are several
studies regarding the action of metals in fish,
such as Pane et al. (2004) who carried out tests
with aluminum, Camargo et al. (2009) who
worked with this element, and Franchini et al.
(1999) who tested lead, but reports of their
effects combined with other elements are still
rare in the literature. Todd et al. (2010) showed
the negative impact of mixture of contaminant
pollutants on marine fauna. The chemical ana-
lyses of the waters tested here indicated that the
heavy metals present in the contaminated water

in the highest concentration were iron and nickel
in the lake and detergent. These elements alone
at the concentrations found might be accounted
for fish tissue alterations, but the effects observed
may have been associated with those of other
elements such as chlorine, fluor, nitrate, and
the LAS surfactant.

There are a few studies on the effects of LAS in
the gills and most are concentrated from the 1960s
to the 1980s. Misra et al. (1985) exposed
Cirrhinam rigala to LAS and showed lamellar
fusion and chlorine cell proliferation. Abel and
Skidmore (1975) found that trout-exposed deter-
gent presented chlorine cell proliferation and cell
hypertrophy. Roy (1988) also reported variation in
the quantity of mucous cells in Rita rifa after
exposure to the same pollutant. Our results also
showed mucous cell proliferation, but a high inci-
dence of lamella was identified that was not
demonstrated in previous studies. This was due
to the presence of Ni that enhances the damage.
Brown et al. (1968) found that when trout were
exposed to a mixture of metals and detergents the
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effects were enhanced as compared to the same
effect of the separate pollutants.

Pereira et al. (2012) demonstrated that lamella
epithelium hypertrophy and chloride and mucous
cell proliferation are examples of defense mechan-
isms against toxic agents that prevent the chemical
from entering the organism but these mechanisms
alter water-blood balance and hinder the effective-
ness of gas exchange. Data showed that lamellar
fusions are formed to mechanically isolate the
blood from the water, increasing their distance.
However, the results of the present study indicated
that in some cases these fusions also played a
chemical protection role as evidenced by forma-
tion of these modifications by mucous cell diffu-
sion and proliferation.

Reis et al. (2009) noted that fish gill surface is
covered by mucus which serves to protect fish
against fluctuations in the physical, chemical, and
biological parameters of the aquatic environment.
This form of protection is assessed by the number
of glycoprotein producing cells (mucins) that make
up this mucus and by analyzing the chemical char-
acteristics of their components (Reis et al., 2009).
Mucous cell proliferation and hypersecretion in the
gills in stress situations are regarded as a defense
mechanism in function in situations of gill damage.
Mucous cell proliferation found in the present study
indicated that both contaminant complexes gener-
ated hypersecretion in the gills of the species tested.
This event was generated for chemical defense but
together with the structural modifications in the
filament and lamella, resulted in not only isolating
the contaminant agent but also in hindering oxygen
passage to the blood.

It is known that chlorine cells are the active sites of
ion transport regulation in marine and freshwater fish
(Perry, 1997). This regulation, especially in marine
fish, represents a substantial part of the energetic
budget due to adenosine triphosphate (ATP) hydro-
lysis by several ion-ATPase transporters. These
include high-affinity Na* /K*-~ATPase Ca® *~ATPase
and perhaps the poorly defined CI'/HCO; -ATPase.
In unfavorable ionic conditions or in contact with
toxic agents, chlorine cells proliferate in the gills and
on the lamella surface of the gills (Perry, 1997). Perry
and Walsh (1989) found that chlorine cells have a
higher metabolic rate than other cells in the gills and
thus the metabolic rate of the rest of the gills directly

affects the chlorine cell population and stimulates
proliferation. Alberto et al. (2005) demonstrated that
fish of the A. fasciatus species collected in rivers with
sewage disposal showed an increase in the chlorine cell
density in order to optimize Fe regulation, but these
variations diminished oxygen absorption capacity
because they increased the distance between blood
and water. Our results demonstrated and in the case
of detergent solution, the damage caused are regard-
less of the species, the number of chlorine cells fell. In
the case of exposure to lake water proliferation of
chlorine cells in A. altiparanae occurred while in P.
lineatus decreased on it's number was noted. Data
showed that the contaminants directly affected the
ionic-regulation-stimulated cell proliferation and hin-
dered oxygen absorption.

Malicdan and Nishino (2012) reported that
lysosomes are responsible for digestion and meta-
bolism, especially the intra-cell components, or act
in cell recycling. However, these constituents also
act in the metabolism of external components
absorbed by the cell. Gernhofer et al. (2001) in
rivers in Germany found lamellar fusion, mucous
and chlorine cell, and lysosome proliferation in
gills. Bearing in mind the action of digestion of
exogenous materials absorbed by the cell, lyso-
some proliferation was expected in the present
experiment. However, the urban water tested
inhibited formation of the structures.

Conclusion

This study showed that biodegradable detergents
are pollutants that produce several morphological
alterations in fish gills and when combined with
other substances, as occurring in nature, their
effects are enhanced further adding to the damage
to the fauna in rivers and urban lakes. This study
demonstrated that the morphological approach is
a way to identify pollutant effects and may be used
as a biomonitor for physiological responses to
environment in fish.
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