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ABSTRACT: The quality of water is related to how it is used and how its physical, chemical and 
biological conditions are evaluated. The use of different evaluation tools can therefore provide accurate data 
about the environmental quality of aquatic ecosystems. The objective of the present study was to evaluate the 
aquatic contamination of the Laguna da Jansen Ecological Park in São Luís, in the state of Maranhão, Brazil, 
using different tools (physical variables, microbiological analysis and erythrocytic and gill alterations in 
Oreochromis niloticus). The microbiological analysis of the water was based on the identification of the most 
probable number (MPN) of total and thermotolerant coliforms using a chromogenic and fluorogenic enzymatic 
substrate test (MUG), while the physical-chemical parameters determined were temperature, pH, turbidity and 
dissolved oxygen. The fish were captured and then anaesthetized for the blood collect by gill puncture. Blood 
smear slides were prepared and stained with modified Rosenfeld staining for the evaluation of erythrocyte 
alterations. For histopathological analysis of the gills, the second left branchial arch was removed from each 
specimen and fixed in 10% formaldehyde for 24 hours. These were subsequently decalcified in 10% nitric acid 
and histological protocols in paraffin. Large numbers of erythrocyte alterations, notably micronuclei, were 
identified. Among the most common branchial alterations were lamellar epithelium lifting, blood capillary 
dilation, aneurysms, and total and partial lamella fusion. The result of the microbiological analysis of the water 
revealed a quantity of thermotolerant coliforms than is permitted under current legislation. These results 
indicate that the health of the animals has been damaged, pointing out the poor quality of the water in the 
Laguna da Jansen.   
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INTRODUCTION 
 
The use of aquatic organisms as a tool to 

evaluate environmental quality allows the 
assessment of the effects of pollutants, as well as the 
potential toxic consequences following their 
interaction with the environment (JESUS; 
CARVALHO, 2008). The condition of such 
organisms is therefore related to physical-chemical 
and microbiological parameters. 

Aquatic environment bioindicators are 
widely used in environmental analysis 
(BOLOGNESIE; HAYASHI, 2011). Research 
employing different forms of analysis can help 
identify the effects of contaminants on the health of 
organisms and the environment (RIBEIRO et al., 
2016).  

The abiotic parameters associated with 
microbiological analysis have been successfully 
used in many environmental quality studies 
(FONTÚRBEL-RADA, 2005; ALVES et al., 2008; 
MORESCO et al., 2012; KELLER et al., 2013; 
OLIVEIRA et al., 2017; SEISDEDO et al., 2017). 
These tools alone, however, do not allow the 
identification of the effects of environmental 
contamination on the biota.  

The use of fish as bioindicators can reveal 
changes to biological organization on a biochemical, 
cellular, tissue and behavioral level, and these 
changes can be used as biomarkers of environmental 
contamination (AMARAL et al., 2006). The 
mobility and lifestyle characteristics of the fish and 
their position near the top of the food chain can also 
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rlflect disturbances on different scales (FREITAS; 
SIQUEIRA-SOUSA, 2009).  

Among the main biomarkers of 
contamination are those based on changes at 
molecular and cellular levels, which provide 
information about the first signs of stress in the 
environment (NIGRO et al., 2006).  

The use of genotoxic biomarkers has been 
proposed as a method which can be used in 
environmental quality assessment, and therefore 
represents an effective warning tool for measuring 
biological effects in the environment 
(CAJARAVILLE et al., 2000).   

Histological biomarkers are also widely 
studied in environmental quality assessment. Organs 
in direct contact with toxic agents, such as the gills, 
can indicate changes to the acute or chronic toxic 
actions of these agents (LINS et al., 2010). The gill 
epithelium plays an important role in the osmotic 
and ionic maintenance of fish, and cells that act in 

such maintenance respond directly or indirectly to 
environmental factors and the internal changes of 
the body (BERNET et al., 1999; LUPI et al., 2007). 

The objective of the present study was to 
evaluate the aquatic contamination of the Laguna da 
Jansen Ecological Park, in São Luis in the state of 
Maranhão, Brazil, using different tools, physical 
variables, microbiological analysis and erythrocytic 
and gill alterations in Oreochromis niloticus. 

 
MATERIAL AND METHODS 

 
Two samples were collected in the dry 

season of 2015 and two samples were collected in 
the rainy season of 2016 for the physical-chemical 
and microbiological analysis of the water. The 
samples were taken at the same point in the Laguna 
da Jansen, at coordinates 2°30'03" S and 44°18'17" 
W (Figure 1).   

 

 
Figure 01. Sample collection area of Laguna da Jansen Ecological Park, São Luís – Maranhão. 
Source: Campos (2016). 
  

The analysis of the physical-chemical 
parameters was carried out in the Cernitas 
Laboratory LTDA. The pH was determined 
electronically, while turbidity and dissolved oxygen 
were assessed by the titrimetric method. The 
temperature was registered in situ with a mercury 
thermometer. 

For microbiological analysis, the water 
samples were taken to the Food and Water 
Laboratory of the Veterinary Medicine Course of 
Maranhão State University. The chromogenic 
(ONPG) and fluorogenic (MUG) enzymatic 
substrate test, which simultaneously quantifies total 
and thermotolerant coliforms, was used to determine 
the most probable number (MPN) of thermotolerant 
coliforms (APHA, 2005).  

A total of 26 specimens of Oreochromis 

niloticus (Linnaeus, 1758) (Pisces, Cichlidae) were 
collected with a casting net from the Laguna da 
Jansen Ecological Park, located in the metropolitan 
area of São Luís, in the state of Maranhão (Figure 
01) between August and December 2015 (dry 
season). Fish collection was carried out in the dry 
period only because the species disappeared from 
the collection area in the rainy season. The fish and 
water samples were simultaneously collected at the 
same point.  

Blood slides were prepared for erythrocyte 
analysis after the fish were anesthetized. Blood was 
collected by gill puncture using disposable insulin-
type syringes (1 ml). The slides were then prepared 
using the blood smear technique, dried for 24 hours, 
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and fixed and stained with modified Rosenfeld 
staining at the Animal Morphology Laboratory of 
Maranhão State University (TAVARES-DIAS; 
MORAES, 2003). 

To evaluate the frequency of micronuclei 
and other alterations, 2000 cells per fish were 
analyzed by optical microscopy (100X 
magnification). The micronuclei were identified in 
accordance with the criteria proposed by Fenech et 
al., (2003), and other nuclear abnormalities were 
identified in accordance with Carrasco et al. (1990). 

Following this, the fish samples were stored 
in ice and each sample was euthanized at the 
collection site. Thermal shock by freezing consists 
of submerging the fish in ice water at a temperature 
of around 5° to 1° C until death. The anesthetic 
power of such a shock at low temperatures causes 
the fish to suffer less stress and pain, as well as 
facilitating the conservation of the organs. It does 
not interfere with the natural condition of their 
systems or tissues (ASHLEY, 2007). 

For the histopathological analysis of the 
gills, the second left branchial arch was removed 
from each sample and fixed in 10% formaldehyde 
for 24 hours in the laboratory. The arches were 
subsequently decalcified in 10% nitric acid for six 
hours to facilitate histological sectioning. They were 
then dehydrated in increasing concentrations of 
alcohol, diaphanized in xylol, impregnated and 
included in paraffin. The 5µm thick sections were 
stained with hematoxylin and eosin (LUNA, 1968) 
for histological description.   

Gill histological alterations were evaluated 
semi-quantitatively using the Histological Alteration 
Index (HAI) calculation, adapted from Poleksic and 

Mitrovic - Tutundzic (1994), based on the severity 
of each lesion. The alterations were classified into 
progressive stages of tissue damage: Stage I 
alterations, which do not impair the functioning of 
the organ; Stage II alterations, which are more 
severe and impair the normal functioning of the 
organ; and Stage III alterations, which are extremely 
severe and irreversible.   

The HAI value for each fish was calculated 
using the formula: HAI= 1×∑ I + 10×∑ II + 100×∑ 
III, with I, II and III corresponding to the number of 
I, II and III stage alteration, respectively. The mean 
HAI value was divided into five categories: 0-10 = 
normal tissue functioning; 11-20 = mild to moderate 
tissue damage; 21-50 = moderate to severe tissue 
damage; 51-100 = severe tissue damage; ˃100 = 
irreparable tissue damage.   

   
RESULTS AND DISCUSSION 
 
Physical analysis – water chemistry  

Analysis of physical and chemical 
parameters is an essential element of monitoring the 
water quality of an aquatic ecosystem 
(MATSUZAKI et al., 2004). According to 
CONAMA Resolution nº 357 (BRAZIL, 2005), the 
Laguna da Jansen is characterized as a brackish 
water body intended to protect aquatic communities 
and establish a variation in abiotic parameters. The 
temperature, pH and turbidity values were within 
those considered normal by National Environment 
Council resolution Nº 357/2005. The abiotic 
variables registered in the Laguna da Jansen are 
shown in Table 01. 

 
Table 01. Abiotic parameters of the water in the Laguna da Jansen and values recommended by CONAMA 

Resolution nº 357 dated March 17, 2005.    

Parameters 
Dry season 

(Sept and Nov/2015) 
Rainy season 

(Mar and May/2016) 
Values 

(CONAMA, 2005) 
pH 8.28 8.30 8.11 8.18 6.5 to 8.5 

DO (mg/L O2) 
Turbidity (NTU) 

2.90 
8.47 

0.80 
19.50 

3.40 
13.80 

3.40 
15.60 

≥ 5 mg/L 
< 100 

  
The dissolved oxygen level, however, was 

below the values recommended by the 
aforementioned resolution. According to Von 
(1996), dissolved oxygen is the main parameter of 
the characterization of the effects of water pollution 
from organic waste. Latuf (2004), meanwhile, 
emphasized that dissolved oxygen is an important 
parameter for analysis, as all aerobic aquatic 
organisms depend on such an element.  

The decrease in the dissolved oxygen values 
of the Laguna da Jansen may therefore indicate 

pollution and increased organic matter 
decomposition, affecting the physiology of the 
aerobic organisms in this aquatic environment.   
 
Microbiological analysis of water 

 
The results of the microbiological tests of 

the water of the lagoon revealed the presence of 
thermotolerant coliforms (Table 2).  
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Table 02. Most Probable Number (MPN) of thermotolerant coliforms per 100 mL of water sampled from the 
Laguna da Jansen and value recommended by CONAMA Resolution nº 357 for brackish water 
dated 17 March 2005. 

Parameter 
MPN/100ml 

Dry period 
(Sept and Nov/2015) 

Rainy period 
(Mar and May/2016) 

Values  
  (CONAMA, 2005) 

Thermotolerant coliforms 489 515 24.196 1.621 <1.000 

 
The data obtained in the present study 

shows that the amount of thermotolerant coliforms 
(Escherichia coli) ranged from 489 to 24,196/100 
ml, with the highest concentration obtained in the 
rainy season. According to CONAMA Resolution 
357 dated March 17, 2005, of the National 
Environmental Council, the analyzed water samples 
exhibit poor hygienic-sanitary quality for 
Escherichia coli during the rainy season, and do not 
meet the standards defined by current legislation.  

The presence of coliforms in the water 
appeared to be directly related to the intensity of the 
rainfall. Higher rainfall appears to be related to the 
amount of human and animal excreta carried into 
the Laguna da Jansen, probably via untreated 
sewage, thus explaining the higher concentration of 

thermotolerant bacteria in the lake in the rainy 
season.   

Bastos et al., (2006) stated that increasing 
urbanization around the Laguna da Jansen 
Ecological Park increases the volume of waste 
released into the watercourse, often without proper 
treatment, resulting in the elevation of the organic 
load content and the multiplication of 
microorganisms.  

 
Erythrocyte alterations  

Erythrocyte analysis revealed erythrocytic 
alterations, mainly micronuclei, for all samples of 
the Oreochromis niloticus species, as shown in 
Table 03. 

 
Table 03. Mean and standard deviation of frequency of altered erythrocytes and other nuclear alterations in 

Oreochromis niloticus in dry period (September and November 2015). 
                         Genotoxic alterations 

Sample 
(Sept and Nov/2015) 

N=26 
Micronuclei Notched Lobed Blebbed Binuclear 

1 4.33±2.10 1.83±1.21 0.66±3.18 0.91±3.49 0.5±3.37 
2 1.64±1.32 2.57±1.41 0.5±1.41 2.35±1.51 0.42±2.28 

N: number of specimens sampled  
 

The occurrence of micronuclei and other 
nuclear substances can be considered a warning of 
structural or numerical chromosome anomalies 
caused during cell division (CARRANO; 
NATARAJAN, 2002). The presence of micronuclei 
in the sampled fish reflects a complex response to 
the aggressive agent by the physiological defense 
mechanism of the microorganism (MERSCH et al., 
1996).  

According to Bombail et al. (2001), an 
increase in the frequency of micronucleate cells is a 
marker of genotoxic effects, which may reflect 
exposure to different toxic agents. The frequency of 
micronuclei found therefore suggests that the 
individuals of the studied species have been affected 
by the action of a genotoxic agent, impairing their 
physiological mechanism. 

An average of 2.88 micronuclei per fish was 
observed in the erythrocytes of Oreochromis 

niloticus, with an average of 4.33 in the dry season 
sample.  

Souza and Fontanetti (2006), when 
analyzing field studies, established a baseline MN 
frequency of 0.65% for O. niloticus. In similar 
studies, Russo et al., (2004) and Bortoluci et al. 
(2015) identified micronuclei as a response to  
xenobiotic action in other fish species and at other 
sites. Russo et al., (2004) evaluated biological 
damage in Gambus holbrook and found an average 
of 1.2 micronuclei. Bortoluci et al., (2015) found 3.5 
micronuclei per specimen when evaluating the 
genotoxicity of the elements present in the water of 
a Brazilian stream. 

Oreochromis niloticus has been used and is 
considered a bioindicator for the evaluation of 
environmental quality in many studies due to its 
established ecological characteristics and wide 
geographic distribution (ARIAS et al., 2007; 
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SOUZA; FONTANETTI, 2007).  In the Tietê River 
in the state of São Paulo, sediment increase induced 
significantly higher micronucleus frequencies in 
erythrocytes of indigenous tilapia sampled from 
highly contaminated sites (ROCHA et al., 2009). 
Micronuclei frequencies in the peripheral blood of 
Nile tilapia and African catfish were significantly 
higher in fish collected from highly polluted sites 
than in clean locations along the River Nile in Egypt 

(OSMAN et al., 2011). A significant increase in 
micronucleus frequency was observed in 
erythrocytes of Nile tilapia collected from the 
polluted sections of Lake Qaroun in Egypt in 
comparison with those from the reference site 
(OMAR et al., 2012). Normal and altered 
erythrocytes of Oreochromis niloticus are shown in 
Figure 02. 

 

 
Figure 02. Normal cells (red arrows) and Micronuclei (black arrows) in Oreochromis niloticus erythrocytes. 

Rosenfeld. Magnification 100x. 
 

Matsumoto et al., (2006) found that the 
presence of nuclear abnormalities is related to 
effluent discharge, meaning that aquatic 
environments receiving domestic or industrial 
effluents without proper treatment have a higher 
frequency of cellular abnormalities. As the Laguna 
da Jansen is known to have a history of effluent 
contamination (PEREIRA et al., 2014), the 
frequency of nuclear alterations was considered high 
for the species studied when compared with the 
baseline O. niloticus MN frequency established by 
Souza and Fontanetti (2006) and that found by 
Bortoluci et al. (2015) in a contaminated area.   
 These nuclear abnormalities are frequently 
observed in fish erythrocytes due to their exposure 
to chemical, toxic, genotoxic, mutagenic or 
carcinogenic contaminants in the environment 
(PALHARES; GRISOLIA, 2002; MATSUMOTO 
et al., 2006). Grisolia et al., (2009), in a study of 
different fish species from Lake Paranoá in Brasilia, 
found a higher frequency of micronuclei and 
binucleate cells in Oreochromis niloticus. Studies 

have shown that significant micronuclei frequency 
may reflect the occasional genotoxic effects of 
increased urbanization and agricultural activities in 
the area, combined with unknown diffuse pollution 
sources (DALZOCHIO et al., 2017). 

The micronucleus test for the biomonitoring 
of aquatic environments has been used by several 
authors in different species due to its practicality 
and effectiveness. Bombail et al., (2001) applied the 
test in Pholis gunnellus along a pollution gradient in 
the Firth of Forth, Scotland, UK; Galindo and 
Moreira (2009) used it on species of tropical marine 
fish (Bathygobius soporator); and Galindo et al., 
(2012) evaluated the potential of sewage to cause 
genetic alterations in blood cells in Bathygobius 

soporator populations from the coast of Salvador, 
Bahia, Brazil. 

 
Branchial Alterations 

The gill lesions observed in the 
Oreochromis niloticus specimens collected are 
shown in Figure 3. 
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Figure 3. Percentage of branchial alterations in Oreochromis niloticus specimens collected in the Laguna da 

Jansen in the dry season. 
 

The Histological Alteration Index (HAI) per 
individual ranged from 10 to 137, with a mean of 
58.6, meaning that the gills of the individuals 
sampled from Oreochromis niloticus exhibited 
severe tissue alterations. Although the presence of 
serious lesions was confirmed, some specimens had 
a very high index of histological alteration, 
classified as irreversible damage.  

Among the branchial alterations found, 
there was a prevalence of hyperplasia, epithelial 
lifting and lamellar fusion (Figure 4).  

The same changes prevailed in the study by 
Dalzochio et al. (2017) of native fish from southern 
Brazil. Thophon et al. (2003) stated that the lamellar 
epithelium exhibits the first signs of gill pathology, 
characterized by lifting away from the pillar cell 
system, thereby increasing the distance between the 
external environment and the blood, impairing 
respiratory function. 

The secretion of mucus by the mucosal cells 
in the gills is known to be a defense mechanism 
against toxic substances (BOSI et al., 2005, 
COVELLO et al., 2009, MARCATO et al., 2014). 
Mucosal cell proliferation has been observed in 
different species of fish exposed to metal and 
herbicide contamination in situ (PAULINO et al., 
2012; 2014). 

Hyperplasia is an initial response of the gill 
apparatus, characterized by an increase in the 

functioning of cells and tissues caused by altered 
physiological activities (SMART, 1976). Different 
stressors, such as ammonia, phenols, parasites, 
infectious microorganisms and effluents from 
domestic and industrial sewage may cause 
alterations such as hyperplasia and epithelial 
detachment (NOGUEIRA et al., 2008). 

Of the total of sampled individuals, 35% 
exhibited a lamellar aneurysm, which is a stage 
three abnormality (irreversible damage), indicating 
the exposure of these individuals to severe 
environmental stressors. According to Hinton and 
Laurém (1990), the origin of an aneurysm is related 
to the depletion of the pillar cell system, which 
impairs vascular integrity through the release of 
large amounts of blood, pushing the lamellar 
epithelium outwards. 

Cantanhêde et al. (2014), in a histological 
biomarker study using gills of the Centropomus 

undecimalis species from the Laguna da Jansen, 
found gill alterations which were classified as 
moderate to severe. Most of the histological changes 
observed in the present study, such as epithelial cell 
hypertrophy and hyperplasia, epithelial lifting and 
mucosal cells, lamellar fusion and aneurysms, can 
be interpreted as nonspecific responses to stress and 
have been described in fish exposed to a broad 
spectrum of pollutants (LUKIN et al., 2011). 
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Figure 4. Photomicrograph of gills of O. niloticus collected from the Laguna da Jansen Ecological Park, São 
Luís, Maranhão; In  A,  a normal unchanged secondary lamella was observed; in B, there is lifting 
of the lamellar epithelium; in C hyperplasia of the filamentous and lamellar epithelium (*) with 
incomplete fusion of several lamellae; in D congestion of blood vessels; in E mucosal cell 
hyperplasia; while in F there is a warning of aneurysm (*). Magnification 400X, Staining in HE.  

 
The results of the present study corroborate 

earlier findings by suggesting that the organisms of 
the Oreochromis niloticus species from this aquatic 
environment have been exposed to pollutants, 
including those with genotoxic potential, causing 
individuals to develop health problems that lead to 
erythrocytic and branchial abnormalities. The water 
of the Laguna de Jansen is poor in quality. 

Given that the Laguna da Jansen Ecological 
Park represents an important aquatic ecosystem 
located in the urban region of São Luís, in the state 
of Maranhão, the findings of the present study can 
assist biomonitoring programs for the management 
of the area, since methodologies using fish 
biomarkers have numerous advantages, such as their 
speed of use and low cost. 
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All the parameters discussed here are 
required for a more complete and detailed view of 
the reality of the water body. The water analysis 
data, together with the biomarkers, highlights the 
state of contamination of the Laguna da Jansen.  

All the abnormalities found in the present 
study indicate the presence of contaminants in the 
ecosystem of the individuals studied, with the level 
of harm depending on the time of exposure and 
trophic level (BRITO; LUZ, 2015).  

The micronucleus test, using Tilapia fish 
(Oreochromis niloticus), proved to be a quick and 
practical test for the monitoring of the pollution of 
aquatic environments. There was a high frequency 
of micronuclei in the fish analyzed from the Laguna 
de Jansen, and the physical-chemical and 
microbiological data revealed the presence of 

polluting substances capable of causing damage to 
the genetic material of the fish living in this aquatic 
environment. 

 However, further studies are necessary to 
establish the micronuclei frequency reference values 
of fish from different species in the Laguna da 
Jansen. In this way, erythrocytic and gill alterations 
in O. niloticus can be validated as biomarkers for 
the aquatic contamination of the lagoon. 
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RESUMO: A qualidade da água está relacionada ao tipo de uso da água e à avaliação de suas 

condições físicas, químicas e biológicas. O uso de diferentes ferramentas pode, portanto, fornecer dados 
precisos sobre a qualidade ambiental dos ecossistemas aquáticos. O objetivo do presente estudo foi avaliar a 
contaminação aquática do Parque Ecológico Laguna da Jansen, em São Luís, no estado do Maranhão, 
utilizando diferentes ferramentas (variáveis físicas, análises microbiológicas e alterações eritrocíticas e 
branquiais em Oreochromis niloticus). A análise microbiológica da água envolveu a identificação do número 
mais provável (NMP) de coliformes totais e termotolerantes utilizando um teste enzimático cromogênico e 
fluorogênico (MUG), enquanto a análise dos parâmetros físico-químicos determinou temperatura, pH, turbidez 
e oxigênio dissolvido. Os peixes foram capturados e em seguida anestesiados para coletada do sangue por 
punção branquial. As lâminas de esfregaço de sangue foram preparadas e coradas com coloração de Rosenfeld 
modificado para a avaliação das alterações eritrocitárias. Para análise histopatológica das brânquias, o segundo 
arco branquial esquerdo foi removido de cada espécime e fixado em formaldeído a 10% por 24 horas. Esses 
foram subsequentemente descalcificados em ácido nítrico a 10% e foram realizados protocolos histológicos em 
parafina. Alterações eritrocitárias, notadamente micronúcleos, foram identificadas em grandes quantidades. 
Entre as alterações branquiais mais comuns foram a elevação do epitélio lamelar, dilatação capilar sanguínea, 
aneurismas e fusão total e parcial da lamela. O resultado da análise microbiológica da água revelou uma 
quantidade de coliformes termotolerantes maior do que é permitido pela legislação vigente. Esses resultados 
indicam que a saúde dos animais foi danificada, apontando a má qualidade da água na Laguna da Jansen. 

 
PALAVRAS-CHAVE: Brânquias. Coliformes. Lesões. Micronúcleo. Oreochromis niloticus. 
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