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ABSTRACT

The microbiological quality of beaches on the coast of Piaui State, Brazil was evaluated and the results compared
with standards established by Brazilian legislation. No statistical correlation was found to exist between the rate of
thermotolerant coliforms and rainfall indices. Low levels of thermotolerant coliforms were found in most samples so that
most beaches can be ranked as excellent for bathing activities during the studied period.
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RESUMO

A qualidade microbioldgica da dgua do mar de praias na costa do Piaui-Brasil foi avaliada e os resultados
comparados com o padrio estabelecido pela legislacio brasileira. Ndo foi observada correlagio entre os niveis de coliformes
termotolerante e indices pluviométricos. Niveis baixos de coliformes termotolerantes foram encontrados na maior parte
das amostras categorizando as praias como excelentes para balneabilidade no periodo analisado.
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INTRODUCTION

Water is a resource essential to life. Allliving
organisms need water to survive and all metabolic
processes occur with its direct or indirect action.
In contrast, water is also an important vehicle for
the transmission of a great number of diseases
(Ponde, 2005).

Marine waters have been used for a variety of
recreational purposes in different cultures. Doing
physical activities or simply relaxing in marine
waters promote great well-being. It is estimated
that worldwide, local and foreign tourists spend
US$ 2 billion per day in coastal recreational
environments (Shuval, 2003). Moreover, in recent
years, several epidemiological studies have
pointed out the relationship between bathing in
marine waters and the occurrence of infectious
diseases such as gastroenteritis, conjunctivitis and
skin-, ear- and respiratory infections (Dwight et
al, 2005; Fleisher et al, 2010). Data-based studies
indicate that, each year, 120 million cases of
gastrointestinal diseases and 50 million cases
of severe respiratory illnesses in swimmers and
sunbathers using polluted coastal waters occur in
the world (Shuval, 2003).

The water quality in coastal and oceanic
ecosystems allows a rational exploitation of living
and non-living resources, ensuring the maintenance
of the environment with the conservation of
biodiversity and human health. Thus, the continuous
monitoring of water quality of seas and oceans is
not only an essential factor for public health, but
also necessary to assess the environmental impact
arising from anthropogenic activities on aquatic
environments throughout time.

Piaui is the only state in Northeast Brazil
whose capital is not located on the coast. Moreover,
its coastline is the narrowest in the country, only 66-
km wide, encompassing the counties of Parnaiba,
Luis Correia and Cajueiro da Praia. Despite this
apparent disadvantage, tourism in Piaui has grown
in recent years owing particularly to the increased
advertising of tours to the coast and the Parnaiba
Delta, chosen in 2009 by the Brazilian Ministry of
Tourism as one of the best destinations in Brazil
(Brasil, 2009). Currently, this economic activity has
been intensified through the wide dissemination
of ecotourism in that state, (Brasil, 2011), although
surveying of the quality condition of its beaches is
not supposed to be a common practice and, hence,
there is no data on the microbiological quality of the
water off its coastline.

All things considered and given the trends
in population growth and local development, this
study was meant to evaluate, during one year, the
microbiological quality of waters of three of the most
visited beaches in the state: Atalaia, Peito de Moga and
Coqueiro in Luis Correia county which has the largest
stretch of coastline, about 46 kilometers, and 28,422
inhabitants (Brasil, 2010).

Therefore, two sampling points were
determined on every beach, which are respectively,
ATA1 (2°52'55”S, 41°38'09”W) and ATA2 (2°53'19”S,
41°37'37”W) in Atalaia Beach; PM1 (2°53'54”S,
41°36'38”W) and PM2 (2°53’55”S, 41°36'36”W) in
Peito de Moga Beach; COQ1 (2°54'32”S, 41°45"10”" W)
and COQ2 (2°54'10”S, 41°34'17”"W) in Coqueiro
Beach (Figure 1), where seventy-two samples were
collected early in the morning, on random days. The
rainfall data was collected monthly using technical
information from the meteorological station of the
Institute of Meteorology (INMET). Thus, in the
survey region, the period from December, 2010
through July, 2011 was considered as the rainy
season, and the month of November, 2010 and the
period from August, 2011 through October, 2011 as
the dry season. Water samples were collected with
sterile flasks at the 1 meter isobath- line and about 30
cm below the surface in the opposite direction of the
waves, and kept on ice until laboratory analysis was
started within 24 hours.

The quantification of total and thermotolerant
coliform bacteria was made through the standard
most probable number (MPN) method according
to Clesceri et al. (2005). Coliforms were enumerated
using lactose broth for the presumptive phase. In the
confirmatory phase, brilliant green bile 2% broth was
incubated at 35.5+0.5°C for the quantification of total
coliforms, and EC broth was incubated at 44.5+0.5°C
for thermotolerant coliforms. The software GraphPad
Prism wversion 5 was used to perform statistical
analyses of the values obtained during the dry and
rainy seasons.

Values of MPN per 100 mL for total and
thermotolerant coliforms in monthly water samples,
and rainfall data, are laid out in Table I, whence it
can be seen that the higher counts of thermotolerant
coliforms were 300 MPN per 100 mL and 900 MPN
per 100 mL in the dry and rainy seasons, respectively.
The correspondent values of dispersion are as follows
for standard deviation and standard error: 144.50
per 100 mL and 20.85 per 100 mL (rainy season),
and 72.85 per 100 mL and 14.87 per 100 mL (dry
season). In addition, the 95% confidence intervals
for thermotolerant coliforms had values of 14.31 -
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96.06 per 100 mL in rainy season and
5.10 - 63.39 per 100 mL in dry season.
Considering the seasonality of the
results of the three beaches examined,
we observed that the mean of rainy
season of the data set is higher than
in the dry season for both total and
thermotolerant coliforms. However,
there was no statistically significant
difference between them (p = 0.8233,
Wilcoxon-Mann Whitney’s U-test).

LUIS CORREIA

PIAI ;

the sampling points (source: Google Maps, 2012).

Figure 1 - A: Map showing the location of Piaui State and Luis Correia;
B: Satellite images of coastline showing Luis Correia, Parnaiba Delta and

Table I - Most Probable Number (MPN) of total and thermotolerant coliform per 100 mL of water sampled at Luis Correia

Beach, Piaui State.

Counts in MNP per 100 ml
ATA1 ATA2 PM1 PM2 COQ1 COQ2
Rainfall | Total | Fecal | Total | Fecal | Total | Fecal | Total | Fecal | Total | Fecal | Total | Fecal
Month/year (mm) coli- | coli- | coli- | coli- | coli- | coli- | coli- | coli- | coli- | coli- | coli- | coli-
form | form | form | form | form | form | form | form | form | form | form | form
November, 2010 3.5 2 2 4 4 4 4 4 <2 11 9 30 4
December, 2010 92.6 <2 <2 2 2 300 4 <2 <2 2 <2 2 2
January, 2011° 82.8 11 4 140 110 23 8 14 6 27 22 350 8
February, 2011" 2256 | 130 | 80 13 8 30 13 50 17 4 2 240 | 220
March, 2011° 194.1 80 50 70 50 130 30 80 14 26 280 4
April, 2011° 264.7 14 4 34 8 22 4 22 9 70 70 14 8
May, 2011" 745 | 900 | 21 240 7 140 30 170 13 300 | 280 | 900 | 900
June, 2011 63.7 17 <2 7 4 1600 | 280 23 23 80 2 900 | 280
July, 2011° 60.9 23 23 11 2 6 4 2 <2 12 2 6 2
August, 2011 53 50 50 2 2 350 300 9 4 26 4 20 13
September, 2011 - 30 23 140 34 900 220 280 80 17 2 17 4
October, 2011° 444 33 14 33 9 26 22 14 6 11 8 4 2

Convention: * rainy months.

It is noticeable that these seasonal standard
deviation values are high because of dispersion of
data about the mean, as shown by a few outliers
which stand out in the statistics summary of each
season’s group (Figure 2).
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The Brazilian legislation enacted through
the National Council for the Environment's
Resolution N°. 724 of November, 11, 2000 (Brasil,
2000) classifies as excellent, recreational swimming
waters presenting a maximum of 250 thermotolerant



coliforms per 100 mL in 80% or more of the samples
taken at the same location, once a week, during the
five previous weeks. Monthly samples were collected
in each point and, according to the pollution-related
management, the results of this study indicate that the
surveyed beaches may be correctly classified as excellent
for bathing, since 93% of the samples presented values
below the maximum recommended target.
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Figure 2 - Boxplots of the counts of Most Probable Number (MPN)
of thermotolerant coliforms per 100 mL, in water samples from
Luis Correia, Piaui State, during the dry and rainy seasons.

Time-space variations should be reckoned
with when doing beach-monitoring since rainfall is
an important cause of interference in the seawater
quality as it carries sewage, garbage and other
debris onto the coastal region through stormwater
galleries, streams and drainage channels, thereby
producing considerable increase in the bacteria
density (CETESB, 2004). But sunlight and ultra-
violet (UV) light are known to inactivate microbes
in water, and the solar insolation level is among one
of the most potent abiotic factors on the inactivation
or death of bacteria such as thermotolerant coliforms
and enterococci (Fujioka ef al, 1981; Sinton et al, 2002;
Noble et al, 2003; Whitman et al 2004; Abdelzaher
et al, 2010; Zhu et al, 2011). The coast of Piaui has
temperatures ranging from 25°C to 37°C, with a hot
tropical climate presenting high UV index during
most of the year. These environmental characteristics
may contribute to the low counts of coliforms in all
months of the year, even during the rainy season.

Quantification of enterococci in marine
waters is suggested due the tolerance in hypertonic

environments, but there have been found to be
consistent relationships between enterococci and
thermotolerant coliform, E. coli and Clostridium
perfringens, implying that environmental condi-
tions affect their survival. Some recent studies
have shown no statistically significant correlation
between Dbacterial indicators (thermotolerant
coliform and Enterococcus faecalis) and enteric
viruses, which are supposed to be the most reliable
for environmental monitoring due to its prolonged
persistence in aquatic environments (e.g., Ngazoa,
Fliss and Jean, 2008; He et al 2012; Kishida et al.,
2012; Yang et al., 2012).

In most coastal Brazilian capital cities
sewerages are connected to ocean disposal of
their effluents so as to lower chances of costal
water pollution (Vieira, 2000), despite the power
of stormwaters to this effect (Lourengo et al., 2006;
Vieira et al., 2011). In Luis Correia county, only the
Atalaia Beach is urbanized with a few medium-
sized buildings and a sidewalk. Peito de Moga and
Cogueiro, like the most other beaches in Piaui State,
are not urbanized and boast only a few buildings.
The sewer system used along the state’s coast is
septic tank, therefore, without direct discharge
into the ocean what probably accounts for the low
thermotolerant coliforms counts in most water
samples throughout the year.

Summing up, the low thermotolerant
coliforms counts in this period ranks the coast of
Piaui as excellent as far as microbiological quality
is concerned according to the standards adopted by
CONAMA. However, some factors may influence
these results such as the inactivating sunlight on
coliforms and the fact that the coast is sparsely
populated. The complexity of beach systems needs
more innovative and comprehensive approaches to
assess water quality in order to protect the bathers’
health (Abdelzaher et al, 2011) and to help enhancing
a fast-growing growing economy with the aid of
a tourism industry, on-coming installations of a
marine harbor, export processing zone and other
projects. The continuous monitoring of the quality of
these environments is crucial for the conservation of
local biodiversity and human health.
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