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Abstract: Most studies evaluating the impacts of river pollution in the semi-arid region of Brazil have been 
geared towards physiochemical analyses, and investigations of the adverse effects of water pollution on 
associated organisms are scarce. This study aimed to evaluate the water quality in the Poxim river estuary 
in Aracaju, Sergipe throughout the dry and rainy season by evaluating the survival of the microcrustacean 
Mysidopsis juniae and physicochemical analyses. The evaluation of physiochemical parameters revealed 
a decrease in dissolved oxygen content in the rainy season. However, there was a significant reduction in 
microcrustacean survival in samples during the dry season, when the river flow is reduced and effluents 
become concentrated. These results suggest that pollutants received and carried by the waters of the 
Poxim River contribute to the reduction of environmental quality in the estuary, and this impact may 
vary according to dry and rainy patterns, that are uncertain considering the impacts of climate change on 
tropical regions.
Key words: Poxim River, Sergipe, Mysidopsis juniae, basic sanitation, acute toxicity, brackishwater 
pollution.
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INTRODUCTION

estuaries are transition zones between the 
continental and marine aquatic environments, 
and are fundamental for maintaining ecological 
processes in adjacent ecosystems. Tropical 
estuaries are threatened by the development of 
shrimp aquaculture (Hatje et al. 2016, Suárez-
Abelenda et al. 2014), deforestation of mangroves 

and adjacent forests for aquaculture, real estate 
construction (Ferreira and lacerda 2016, Nguyen 
et al. 2013), and input of industrial and domestic 
effluents (Maciel et al. 2015). 

eight of the nine state capitals in northeastern 
Brazil are located in the coastal zone, contributing 
significantly to the degradation of estuarine 
environments. Sergipe, the smallest Brazilian state, 
has six drainage basins that flow to a 163-km area 
of coastline, forming estuaries and mangroves. 
The capital of Aracaju is delimited by two of 
these basins, the Vaza-Barris River in the south 
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and the Sergipe River in the north; the area is also 
permeated by the Poxim River, which is a tributary 
of the Sergipe River. In addition to ecological value, 
the Poxim River has fundamental socioeconomic 
importance through supplying approximately 30% 
of the drinking water for inhabitants in the state 
capital city; this proportion has reached up to 70% 
in the past (Silva et al. 2004). 

The Poxim River estuary lies completely 
within the urban area of Aracaju, passing through 
several neighbourhoods with ongoing real estate 
expansion. This further stresses water resources, 
particularly via the discharge of domestic effluents 
and surface runoff (Silva et al. 2004). Studies of 
the environmental quality of this important river 
have so far been limited to the evaluation of abiotic 
variables in the freshwater portion (Britto et al. 
2012, De Aguiar Netto et al. 2013, Vasco et al. 
2011). Although some of these studies indicate that 
the greatest degree of contamination occurs near 
the capital, studies of the estuarine region are still 
scarce (Araújo et al. 2008, Souza et al. 2018). The 
National Policy on Water Resources (Brasil 1997) 
oversees the integration of river basin management 
with estuarine systems and coastal zones; however, 
in practice, studies for basin management are often 
restricted to waters used for human consumption 
and watering livestock.

The degradation of surface and groundwater 
quality in Brazil is mainly linked to poor 
sanitation, especially in the urban centers. Studies 
evaluating water quality have often been based on 
physiochemical and microbiological parameters 
and have often ignored the possible biological 
effects on resident biota. Brazilian legislation was 
introduced in 2005 to include ecotoxicological 
tests for classification of water bodies, in addition 
to the evaluation of effluents in fresh, saline, and 
brackish waters (CONAMA 2005). However, 
ecotoxicological studies in Brazil still face 
major challenges regarding the standardization 
of protocols, the use of native species, the 

development of assays with different groups of the 
local rich biodiversity, and the lack of studies in 
representative aquatic environments, particularly 
in the northeast (Martins and Bianchini 2011).

ecotoxicological studies in marine and 
estuarine environments in Brazil are commonly 
carried out using Mysidopsis juniae (Crustacea: 
Mysidae, Silva 1979) that is the only protocol 
standardized by the Brazilian Association of 
Technical Standards (ABNT) for the evaluation 
of acute toxicity (ABNT 2011). Mysids have 
been used for more than three decades in toxicity 
bioassays, because they are considered one of the 
most sensitive groups in the marine community 
and occupy the bottom level of the trophic chain 
(OeCD 2006). 

So, environmental quality in this area 
should be assessed through the measurement of 
physiochemical and ecotoxicological parameters 
in order to provide information for the public 
management and conservation of aquatic 
environments. In this context, this pioneering 
research aimed to investigate the water quality of 
the Poxim River estuary throughout the dry and 
rainy seasons.

MATERIALS AND METHODS

The Poxim River drainage sub-basin covers an 
area of approximately 400 km2 and is composed 
of the Poxim-Açu, Poxim-Mirim and Pitanga 
rivers (Aguiar Netto et al. 2013). The Poxim River 
extends about 45 km (between latitudes 10°55’S 
and 10°45’S, and longitudes 37°05’ W and 37°22’ 
W) from the main spring located in the Serra dos 
Cajueiros in Itaporanga d’Ajuda until reaching its 
confluence with the Sergipe River near the Atlantic 
Ocean (Fig. 1). This region presents typical 
climate characteristics of the Brazilian northeast 
with tropical weather divided into the dry season 
(August to March) and rainy season (April to July); 
the temperature varies between 23 ºC and 31 ºC 
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Station 3 is near a shopping center and faces a 
channel mouth that drains effluent and rainwater 
and dampens high tides.

Surface water samples were collected using 
ropes and ballasts and stored in 1-l polyethylene 
flasks that were rinsed with 10% nitric acid and 
distilled water. Dissolved oxygen (D.O.), pH, 
temperature, and salinity were measured in situ by 
means of oximeter with thermometer, pH meter and 
refractometer, respectively. Water samples were 
always collected during low tide and the sample 
flasks were kept in a thermal box until arrival at the 
laboratory (about 2 h later).

The M. juniae specimens were provided by 
the ecotoxicological Studies laboratory (leSe) 
at the Federal University of Sergipe, and both the 
organism maintenance and acute toxicity tests 
(96 h) followed NBR 15.308 (ABNT 2011). The 
health of the organisms was monitored with zinc 
as a reference substance (ZnSO4.7H2O) prepared 
in artificial seawater, with plain seawater used as 
a control. Seawater (salinity: 35) was produced 
by dissolving commercial sea salt (Red Sea) in 

(INMeT 2016). The Poxim estuary is located 
in the densely populated urban area of Aracaju 
(3,140.65 inhabitants/Km2) (IBge 2010) and has 
an approximate extension of 9 km, a maximum 
width of 100 m, and an average depth of 2 m.

Water samples were collected bimonthly 
between August 2014 and July 2015 at three 
sampling stations: e1 (10°57’25.01”S  37° 
4’9.37”W), the Ponte gilberto Vila Nova de 
Carvalho, Inácio Barbosa; e2 (10°57’33.09”S 37° 
3’13.95”W), the Parque dos Cajueiros, Farolândia; 
and e3 (10°56’30.89”S 37° 2’58.01”W), Ponte 
godofredo Diniz, 13 de Julho. Stations e1 and e2 
were separated by a distance of 1.2 km, and stations 
e2 and e3 were separated by a distance of 2.2 km. 
These sites were chosen due to ease of access for 
sampling, which was done from the top of bridges 
and piers. Situated on the right side in the direction 
of the river mouth, Stations 1 and 2 lie within 
two municipal parks (the Parque Natural do Rio 
Poxim and the Parque dos Cajueiros); however, 
they are marked by the intense human occupation 
and include residences and commercial buildings. 

Figure 1 - Study area showing the sampling stations in the Poxim River, Sergipe, Brazil.
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distilled water. Commercial sea salt was also used 
to correct the salinity of the river samples with 
values lower than 35.

Water samples were stored in a freezer for 
seven to fifteen days prior the test, slowly thawed 
in a refrigerator 24 hours prior to assays, and 
acclimated to room temperature (25 ± 2 °C) on the 
experimental days. After thawing, the physical and 
chemical parameters were re-measured (salinity, 
pH, D.O., temperature), and total/toxic ammonia 
and nitrite were assessed using a colorimetric 
kit (Alcon labcon test). Organism exposure to 
the environmental samples and the reference 
substance followed the same procedures (ABNT 
2011). One to seven-day-old juvenile M. juniae 
were exposed to either the water samples or the 
reference substance continuously for 96 h without 
aeration in a controlled environment with a 12 
h:12 h photoperiod and a temperature of 25 ± 2 ºC. 
Ten juveniles were added to each 300 ml beaker 
(in triplicate) and fed daily with Artemia sp. (48 
h). The physiochemical parameters were measured 
again at the end of the experiment.

M. juniae mortality (i.e., the number of dead 
individuals) at the end of exposure period for 
the reference substance was used to calculate the 
median lethal concentration (lC50) using the 
Trimmed Spearman-Karber method (Hamilton 
et al. 1977). Normal distribution with logarithm 
transformed data was analyzed with the Shapiro–
Wilk’s test, and then one-way analysis of variance 
(ANOVA) followed by a Dunnett’s test was used 
to evaluate the survival of mysids after exposure to 
water samples from the Poxim river estuary using 
graphPadPrism version 5.01. 

RESULTS AND DISCUSSION

Current legislation characterizes the study area as 
brackish, which indicates a salinity range between 
0.5 and 30 (CONAMA 2005). However, this 
water body has not been properly classified by the 

responsible environmental agency and is generally 
considered as Class 2, which means that it is reserved 
for amateur fishing and recreation and is excluded 
for use in the protection of aquatic communities, 
aquaculture and fishing activities. Schneider 
et al. (2016), after four years of monitoring this 
area, concluded that the estuarine region (located 
near e2) has physiochemical and microbiological 
characteristics that are non-compliant for this 
class and concluded that the water characteristics 
more closely match the more severe classification 
(Class 3), indicative of water to be used only for 
navigation and landscape harmony.

The variation in salinity was within the range 
expected for the region with values increasing from 
e1 to e3 (Table I). The lowest salinity values were 
observed in July, which is expected considering the 
increase of the river flow rate due to the rainy season 
(April to July). It is important to point out that 
pluviosity in 2015 was more intense (690 mm) than 
the previous year (280 mm) (INMeT 2016), and 
this could alter substances distribution, transport 
and bioavailability. The water temperature varied 
within the expected range for the region with an 
average of 30.3 ± 1.3 °C. The pH of the Poxim 
River was in compliance with the legislation for 
Class 2 at all stations surveyed (CONAMA 2005).

Dissolved oxygen was the parameter that 
showed the greatest seasonal differences, especially 
in the months of April and July (rainy season), 
when values were below those expected for Class 3 
(> 3 mg l-1) at stations e1 and e2, and for Class 2 ( 
> 4 mg l-1) for station e1 (in April) (Table I). These 
results agree with those of other studies showing 
that values below 2 mg l-1 were associated with 
release of domestic and industrial effluents. This 
has contributed to critical pollution levels in the 
Poxim River in recent decades, not only in the 
estuarine region but also in the freshwater portions, 
including the catchment containing water for 
human consumption (Aguiar Netto et al. 2013, 
Vasco et al. 2011). 
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The freezing process altered the physiochemical 
characteristics of the samples; thus, the parameters 
(salinity, pH, D.O., temperature) were measured 
again prior to the ecotoxicological assays to verify 
the minimum conditions for mysid survival. The 
physiochemical parameters were measured at the 
beginning and end of each experiment (including 
controls), and were within the acceptable range for 
the assays (ABNT 2011). The mean pH was 8.0 ± 0.3 
(CV=3.12%, n=40), the mean D.O. concentration 
was 6.6 ± 0.6 mg l-1 (CV=9.09%, n=40), the mean 
temperature was 25.2 ± 0.5 °C (CV=1.83% n=40), 
and mean salinity (corrected before freezing) was 
34.8 ± 0.6 (CV=1.86%, n=40). 

Ammoniacal nitrogen (NH4+ + NH3) and 
non-ionized ammonia (NH3) levels, measured after 
thawing of samples, were highest at stations e1 and 
e2, independent of sampling time (Table II). This 
supports the hypothesis that domestic effluents 
in the inland portion of the estuary contribute 
to water degradation. The values were above 
those recommended in the CONAMA resolution 
357/2005, in which the maximum values allowed 

for brackish waters are 0.40 mg l-1 (class 1) 
and 0.70 mg l-1 (class 2), in all months with the 
exception of e3 in October 2014 and April 2015. 
The high levels of nitrogen in the Poxim River are 
associated with agricultural activity and effluent 
discharge and concentrations increase as the river 
permeates the urban zone, mainly in the estuarine 
region (Alves et al. 2007, Vasco et al. 2011). High 
levels of ammoniacal nitrogen are indicative of 
recent effluent release, and depending on biotic and 
abiotic environmental conditions, organic nitrogen 
may be converted into non-ionized ammonia 
(NH3), which is highly toxic to aquatic animals. 
Untreated and wastewater-treated domestic sewage 
carries several types of substances, namely cationic 
surfactants as quaternary ammonium compounds 
that can persist in receiving waters after sorption 
by sediment particles, which essentially serve as a 
reservoir for these pollutants (li and Brownawell 
2010). 

Assays evaluating the sensitivity of M. juniae 
to the reference substance resulted in an lC50 of 
0.35 ± 0.04 mg l-1, which is in accordance with 

TABLE I
Physiochemical parameters of in situ water samples from the Poxim River estuary in Sergipe (E1 – Inácio Barbosa; E2 – 

Parque dos Cajueiros; E3 – 13 de julho) from August 2014 to July 2015.
  Reference valuesa

Parameters Stations Aug14 Oct14 Dec14 Feb15 Apr15 Jul15 Class 2 Class 3

D.O. e1 7.35 7.15 9.78 6.51 2.21 1.41

(mg L-1) e2 7.15 7.40 8.23 6.10 2.81 1.58 >4.0 >3.0

 e3 7.65 7.83 8.42 6.34 3.20 4.51   

pH

e1 7.6 7.8 7.0 7.0 6.9 7.0

e2 7.4 7.4 8.0 8.0 7.1 7.0 6.5 to 8.5 5 to 9
e3 7.1 7.1 8.0 8.0 7.4 8.0

Salinity

e1 5 5 7 10 0 5   

e2 16 15 18 20 5 5

e3 18 32 30 35 25 13   

Temperature e1 29.9 30.4 31.3 31.1 31.5 28.1   

(°C) e2 29.8 29.2 32.8 31.7 30.1 28.3

 e3 30.0 29.5 30.4 32.3 29.7 29.1   
a According to Brazilian legislation for water quality (CONAMA 2005).
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values reported in the literature (Badaró Pedroso et 
al. 2002, Figueredo et al. 2015) and shows that the 
mysids were healthy and sufficiently sensitive for 
assessment of the Poxim River water quality. 

exposure to water samples from the e1 and e2 
stations of the Poxim River estuary in August 2014 
and February 2015 resulted in acute toxicity for 
mysids, as did exposure to water from December 
2014 in all stations (Fig. 2). According to the 
CONAMA resolution nº 357, brackish water in 
Class 2 should not present acute toxicity. However, 
our data clearly show acute effects, demonstrating 
that water quality in the Poxim estuary is lower than 
it should be for Class 2 categorization. There were 
no significant differences in the physiochemical 
parameters of water samples from station e1, 
which suggests that high pollution levels are more 
or less constant in this station area. Although there 
was no significant difference in mysid survival, 
in October and July there was reduction to 53.3 ± 
28.8% and 56.5 ± 11.6%, respectively, compared 
to the controls. The stations with lower salinity 
values (in situ) had the lowest mysid survival 
rates, indicating that the agents causing pollution 
in the estuary enter through the river. In addition 
to domestic effluents, the river receives industrial 
effluents (e.g., food, textile, plastic, ceramics, and 
metallurgic) associated with the presence of metals 
in the sediment in low concentrations (e.g., Cu, 
Ni, Pb and Zn) (Alves et al. 2007, garcia et al. 
2009). Recently, it was recorded a presence of 16 
priority polycyclic aromatic hydrocarbons (PAH) 
along the estuary (Souza et al. 2018), mainly 5–6 
rings compounds that are more toxic (benzo(b)
fluoranthene, benzo(g,h,i)perylene, indeno(1,2,3-
c,d) pyrene and benzo(a)pyrene), and also 4 rings 
compounds (fluoranthene and pyrene), including 
in the same sites researched in this present study. 
These findings were associated to a pyrogenic 
origin like as a fossil fuel combustion (vehicle 
traffic and biomass burn), and although the PAH 
concentrations were below the threshold effect level 

(Tel) for single substance toxicity, determined by 
Buchman et al. (2008), it is important to consider 
that compounds mixtures can be more toxic than 
single exposures (Engraff et al. 2011). 

Oxygen concentrations were lower in the rainy 
months, but this did not negatively affect the mysids 
due to changes in D.O. during the salinization and 
freezing processes.  It is, however, possible that the 
substances contributing to water toxicity are diluted 
by rain (Vasco et al. 2011). The first flushing from 
the rainy season tends to transport large amounts 
of nitrogen compounds from urban rivers into 
the direction of the coastal areas, and results in 
ammonia storage in the sediment during the dry 
season (Rosenzweig et al. 2008). The contribution of 
rainfall to contaminant dilution or increased runoff 
seems to be dependent on the sources of pollution 
(Kayhanian et al. 2008). In another urban estuary 
located in the northeast (state of Ceará), diffuse 
sources contribute to the increase in chronic water 
toxicity, mainly in the rainy season due to surface 
runoff (Nilin et al. 2007). Instead, the point sources 
in the Poxim river estuary are strongly concentrated 
around the margins. These effluents contribute to 
increased toxicity due to decomposing organic load 
especially in the dry season, as do other domestic 
products such as surfactants, pharmaceuticals, and 
personal care products. We highlight that tropical 
and semi-arid regions such as the Poxim river sub-
basin suffer long droughts, and the water resources 
are becoming less abundant, which can worsen 
the quality of urban rivers in combination with the 
environmental pressure caused by the increasing 
human population, including flow manipulation for 
catchment (Nilsson and Renöfält 2008). 

ecotoxicological studies of estuarine areas are 
still scarce in the Brazilian northeast (Buruaem et 
al. 2013, Nilin et al. 2013, Oliveira et al. 2014), and 
most of them evaluate sediment quality. In this study, 
the acute toxicity test using M. juniae was found to 
be appropriate for evaluation of water quality in 
an urban estuary. Mysids are used worldwide to 
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TABLE II
Ammoniacal nitrogen and non-ionized ammonia of water samples (after thawing) from the Poxim River estuary – Sergipe 

(E1 – Inácio Barbosa; E2 – Parque dos Cajueiros; E3 – 13 de julho), from August 2014 to July 2015.

  Reference Valuesa

Parameters Stations Aug14 Oct14 Dec14 Feb15 Apr15 Jul15  

Ammoniacal nitrogen Control 0.25 0.25 0.25 0.25 0 0.25

(mg l-1) E1 3.00 3.00 3.00 3.00 3.00 1.50 <0.40 Class 1

E2 1.50 3.00 1.50 3.00 3.00 3.00 <0.70 Class 2

 E3 1.00 0.25 1.00 3.00 0.50 1.50  

Non-ionized ammonia Control 0.009 0.014 0.014 0.0 0.0 0.009

 (mg l-1) E1 0.557 0.164 0.164 0.164 0.034 0.557

E2 0.230 - 0.168 0.164 0.067 0.557

 E3 0.127 0.055 0.108 0.018 0.034 0.009  
a According to the Brazilian legislation for water quality (CONAMA 2005).

Figure 2 - Survival of Mysidopsis juniae 96 hours after exposure to water samples from the Poxim River estuary in Aracaju, 
Sergipe (E1 - Inácio Barbosa; E2 - Parque dos Cajueiros, E3 - July 13). *ANOVA followed by Dunnett’s test (p≤0.05)
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monitor estuarine and marine water quality, as well 
as to determine the levels of a variety of substances 
that can impair water quality such as crude oil and 
dispersants (echols et al. 2015, Hemmer et al. 
2011), pesticides (Delorenzo et al. 2014, Noppe 
et al 2007, Perez et al. 2015); surfactants (Hirano 
et al. 2009) and metals (Burgess et al. 2007, erk 
et al. 2008). Beyond the acute effects that can 
affect the food chain structure by decreasing a 
specific population or an entire community, this 
group has been highlighted as a useful model for 
the assessment of chronic effects (e.g., growth, 
weight, fecundity, and other factors used as 
biomarkers), mainly for M. juniae (Figueiredo et 
al. 2016, gurgel et al. 2016, US.ePA 2002, Vaz et 
al. 2013, Verslycke et al. 2007). This reinforces the 
relevance of the use of representative and sensitive 
zooplankton for monitoring urban estuaries 
that receives a complex mixture of compounds, 
including micropollutants such as pharmaceuticals, 
personal care products, hormones, surfactants and 
domestic pesticides. These biological effects should 
be promptly included in monitoring practices for 
north-eastern water bodies, which, combined with 
physiochemical assays, can help to better describe 
and evaluate the associated environmental impacts 
(Martins and Bianchini 2011).   

Our results from the ecotoxicological assay of 
the estuarine waters of the Poxim River showed 
that the pollutants contributing to the degradation 
of environmental quality in this important water 
resource are transported from the basin to the 
mouth. Significant acute toxic effects were found, 
especially for water collected during the dry season, 
that reinforce Schneider et al. (2016) statements 
about Poxim river quality non-compliance with 
legislation. Undoubtedly, domestic and industrial 
urban effluents are the main cause of the observed 
deterioration. given this situation, we must 
adopt active measures to support environmental 
restoration for the maintenance of biodiversity, 
ecological functions and ecosystems services, and 

public policies must be established to control and 
treat effluents in water bodies while considering the 
effects of climate change on water management and 
mangrove conservation (lee et al. 2014, Nilsson 
and Renöfält 2008). 
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