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ABSTRACT

The present work aimed to evaluate the contaminatf&scherichia colin the surface waters and oysters from two
cultivations of Guaratuba Bay and to analyze theraation patterns among the concentrationskofcoli in the
waters and in the oysters with the local physidadmical parameters. Samples were collected inghiag of 2007
and summer, autumn and winter of 2008 from twotpadf the bay (internal point and external poirijom each
cultivation and sampling period, 18 oysters werdleoted. The samples of surface water were cokkéoe the
measurement of physical-chemical parameters (pHnisa temperature, dissolved oxygen, seston, ipalete
organic matter) and quantification &. coli. The surface water analyzed in the summer preddhtelargest most
probable number oE. coli, (1,659.22 MPN.100 mland 958,55 MPN.100 hlat external and internal points,
respectively. The oysters from the internal poimispnted mor&. coli, except in the winter sampling. The largest
contamination was observed in the spring, at theriral point (979,78 MPN:}). The Principal Components
Analysis showed direct correlation among the amaiift. coliin the oysters and in the surface water.
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INTRODUCTION population. Another problem is that these mollusks
are mainly consumed raw or slightly cooked. Due
Bivalve possess an efficient filtration mechanisnto their biocumulative capacity, the bivalve
that allows to accumulate, from the water in whamollusks are important  bioindicators  of
they are cultivated or extracted, countlesgnvironmental alterations, as well as biomonitors
microorganisms, thus storing a very rich microbiafor the monitoring of the aquatic environment
flora (Kinne 1983). Therefore, even though theycontamination (Liang et a2004).
do not get the bacterial diseases, the filter feedeHigh concentrations of. coli in the bivalve
mollusks can act as the carriers of microorganismiggested through the consumption of the mollusks,
pathogenic to humans (Villalobos; Elquezababesides indicative of possible contamination of
2000, Silva et al. 2003, Clayton 2006, Pereird.et athese  organisms  with  the  pathogenic
2006). These organisms can accumulate severalicroorganisms of hydric circulation may cause at
bacteria (when in polluted waters by dejections ofeast six types of intestinal infections (Vieira
homoeothermic animals) such aSalmonella, 2004). The number and type of microorganisms
Escherichia, Shigellanteric virus, protozoa, etc. found in the mollusk are influenced by several
This makes them a public health problemfactors, such as geographical location of the
affecting the prestige of those foods by thecapture (more populous places generate larger
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contamination), season and capture methoglain is included. The maximum depth of the
(Beirao et al. 2000). innermost area is of 5 m and its communication
The present study aimed to evaluate thevith the Atlantic Ocean is by a narrow outlet of
contamination ofE. coli in the water and of approximately 500 m of width, being limited in the
oysters of two cultivations in Guaratuba Bay andhorth by rocky points and in the south by the
to analyze the correlation patterns among th&uaratuba hill. In the outlet area the depth reache
concentrations oE. coli in the surface water and 27 m (Soares et. al. 1997). This estuary receives
in the oysters with the local physical-chemicalthe waters of Guaratuba hydrographic basin. The
parameters. basin has a density of drainage of 1.87 rivers by
km? and about 1,724 Kmof area. The two main
rivers are: S&o Jodo river and Cubatéo river.
MATERIALS AND METHODS Together they contribute with approximately 80
m¥/s of fresh water to the bay (Noernberg et al.
Guaratuba Bay (Fig. 1) that belongs to thexp04). Those rivers have upper course, located in
homonymous municipal district, possesses an arg@ge mountainous area, with great steepness, valleys
of 50.19 knf, with the main axis oriented in the densely fit and a pattern of straight channel. The
east-west direction. Its length is of approximateljow course, located in the plains, possesses a vast

16 km, and maximum width of 3 km, when lowyalley of level bottom and a pattern of winding
tide line is considered, and 10 km, when the tidgath (Angulo 1992).

Sdo Jodo
river

Figure 1 — A) Map of Brazil with Parana coast locatid) Map of Parana coast with Guaratuba Bay
location;C) Map of Guaratuba Bay with the location of the shmgpstations.

The flow of water of Guaratuba Bay is mainlySampling in spring (11/08/2007), summer
dominated by the tide regime in the area (Santo§)1/16/2008), autumn (04/23/2008) and winter
2003). The tide is semidiurnal with day (06/30/2008) were effected and oysters were
inequalities (Soares et al. 1995). Tide registratio acquired from two cultivations (one in the internal
made by Soares et.dl1997) for two months, in section, named "internal point — St1" and other in
the central body of the bay, indicated mediunthe external section, "external point — St2") of th

heights at spring and neap tides of 1.5 and 0.7 Muaratuba Bay. The internal point is located in a
respectively. tide channel, where the hydrodynamic is lower
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when compared to the external point that is locate@ihe results of physical-chemical parameters, the
in the outlet of the bay. At each sampling periodamount ofE. coli in the surface water and in the
18 oysters were removed from each cultivationsysters were submitted to a Principal Component
and conditioned in the isotherm boxes until arrivaAnalysis to verify which factors influenced the
in the Marine Microbiology Laboratory of the amount ofE. coliin the water and in the oysters.
Centro de Estudos do Mar/UFPR. In each period
and in each cultivations, samples of surface water
were collected for the measurement of physicaRESULTS
chemical parameters (pH, salinity, temperature,
dissolved oxygen, seston, particulate organidhe highest pluviosity value (129.5mm),
matter) and quantification d&. coli. accumulated for seven days, was observed in the
The tidal data of Guaratuba Bay were obtainedutumn, followed by the summer (109.4 mm), and
from the Marine Physic Laboratory of the Centrathe smallest in the winter (4.6 mm). The highest
de Estudos do Mar/UFPR. rainfall data observed in the day of sampling was
Daily pluviometric data of the six days thatof 7.8 mm in the summer, followed by 0.2 mm in
preceded the day of the sampling, including théhe spring and in the autumn, and the smallest was
day of the collection, were obtained through th® mm in the winter (Fig. 2). Only in summer, the
meteorological "Guaratuba station” from thesampling was accomplished in wining neap tide; in
Superintendéncia de  Desenvolvimento  dether periods (spring, autumn and winter), the
Recursos Hidricos e Saneamento Ambientadampling was made in flood spring tide.
(SUDERHSA). Water temperature was measured@he largest tide (100.2 cm in the external point) a
in the field, using a mercury thermometer, scal¢he time of sampling was observed on the
1/100°C. The salinity was measured with06/30/2008, and the smallest (26.1 cm in the
refractometer QA Supplies, LLC, model MT-100internal point) on 04/23/2008 (Table 1). There was
ATC. The pH was measured using the portable phittle temperature difference between the two
meter Analion. Dissolved oxygen was analyzed byoints along the four sampling periods, with low
the titration according to Strickland and Parsonsf 18.8°C in the third collection (winter) in the
(1968). The samples for seston determination weiliaternal point and maximum of 27°C in the second
filtered until the saturation of the filter and sampling (summer) in the external point (Table 1).
calculated through the weight difference betweeihe smallest salinity (12.6) was observed in the
the empty and the full filter. The concentration ofinternal point in sampling of 01/16/2008
particulate organic matter was determined by thésummer), and the largest (34.6) in the sampling of
ignition technique. For the analysis Bf coli, a 30/06/2008 (winter), in the external point. The
chromogenic substratum was used (IDEXX-salinities were higher in the external point than i
WP020-18) and for obtaining the most probablehe internal, except in autumn (Table 1). The pH
number (MPN) ofE. coli in 100 ml of water, a was almost constant among the sampled periods;
table supplied by the company Idexx Laboratoriediowever, there was a small increase (8.25) at the
Inc. was used. external point in the winter sampling. The smallest
For the microbiological analyses, the oysters werealue (7.31) was at the internal point in the
axenicaly opened and the soft parts (with theaummer sampling (Table 1).
intervalvar liquids) were placed in Petri dishes ofThere was little variation in the saturation
known weight and weighed in a Helmac HM 1000percentage of dissolved oxygen in the spring and
scale of 0.01g precision. After that distilled wate autumn sampling. However, at the external point,
was added up to 200 mL (weight/volume) and theyn autumn, the largest saturation percentage was
were softened during one minute in the blendergbserved (163.7%). The smallest was 59.5% at the
then filtered in nylon net with mesh size of 200internal point in the fourth sampling (Table 1).
um. For the dilutions, 10 ml of the filtered liquid Seston highest values, with a maximum of 261.9
were removed and mixed with 90 ml of distilledmg.I* were observed in the second sampling day
water and the methodology described above fdisummer) and the smallest ones, with a minimum
the analysis ofE. coliin the water was followed. of 17.7 mgt, in the winter sampling, both at the
Finally, the calculations to determine the MPN ofinternal point (Table 1).
E. coliin each gram of oyster meat were made  The particulate organic matter was higher at the
external point in almost all the samplings.
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Exception was in the summer, where the value waat the internal point and 72.32 MPN.100"'rat the
larger at the internal point. The smallest valuegxternal point). In spring and autumn, the values
were observed in the autumn sampling (0.1204f these microorganisms were intermediate;
mg.I"* at the internal point and 0.1210 rigdt the however, they were always higher at the internal
external point). The largest were registered in thpoint (124.88 MPN.100 rifland 340.55 MPN.100
fourth sampling (0.1236 md.lat the internal point ml™®, respectively). Its higher values were in
and 0.1255 mg] at the external point) (Table 1). summer (1.659.22 MPN.100 tiat the external
The surface water analyzed in the winter presentgabint and 958.55 MPN.100 fhlat the internal
the smallest MPN oE. coli (36.66 MPN.100 m!  point) (Table 1).

704
60 -
50
40
30
20

Rainfall (mm)

<

[ |
N~
N
S~
c
S
=

Jun/29
Jun/30

P~ 0
.2 -2
=
| A
<<

O
— NN
o] gl e
< <CI<C

Jun/23
Jun/24
Jun/25
Jun/26
Jun/28

Spring (2007) Summer (2008) Autumm (2008) Winter (2008)

Figure 2 — Pluviometric data for seasons of the year, ofdsdys that preceded sampling. Arrows
indicate the day of sampling.

Table 1 - Mean of three replicates of tide, temperatuadingy, pH, dissolved oxygen, seston, particulatganic
matter,E. coli values in surface water ard coli in oyster meat in the four samplings effectedhi@ internal and
external points of Guaratuba Bay.

Samples 11/08/2007 01/16/2008 04/23/2008 06/30/2008
Point Internal External Internal External Internal External Internal External
Tide (cm) 73.4 84.0 63.8 59.0 26.1 31.3 84.4 100.2
Temperature (°C  24.3 25.0 26.8 27.0 23.5 225 18.8 19.1
Salinity 20.0 22.3 12.6 14.6 22.3 18.0 28.0 34.6
pH 7.35 7.68 7.31 7.73 7.62 7.93 7.98 8.25
DO (%) 125.91 154.80 90.29 116.56 129.70 163.70 59.58 972.3

Seston (mg.f) 160.20 104.10 261.96 256.36 54.13 45.20 17.70 27.16

POM (mg.L™) 0.1230 0.1241 0.1220 0.1208 0.1204 0.1210 0.1236 1258.
E. coli water

(MPN.100mL™) 124.88 61.77 958.55 1659.22 180.22 340.55 36.66 3272.
E. coli oyster

(MPN.g™) 979.78 112.20 894.73 827.96 597.79 296.08 0.85 3.70

Oysters collected at the internal point presentedalue was observed at the internal point in winter
more E. coli, except in the winter sampling. The (0.85 MPN.g") (Table 1).

higher contamination was observed in the spring dthe first component of PCA results explained
the internal point (979.78 MPNYyy The smallest 66.4% of the data variation and showed a positive
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correlation among the salinity and pH, and alissolved oxygen and negative of the tide and of
negative correlation of pluviosity, temperature andhe organic matter at the two points during the

E. coli in the water and in the oysters at the twautumn. In the spring, positive correlation was

sampling points in the winter. Inverse results werebserved with the seston and temperature at the
observed at the two points during the summer (Fidnternal point. The values of the physical-chemical

3). and biological parameters registered at the externa
The second component explained 15.6% of thpoint in the spring did not change (Fig. 3).

variation and showed a positive correlation of
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Figure 3 — Principal Component Analysis of the studied jpdaischemical and biological parameters

DISCUSSION observation of Santos (2003) who reported equal
pH values (7.82) for both the stations, in thiglgtu

Salinity values, larger at the external point andalues were always higher at the external station.
smaller at the internal point, were similar to #os Differences were also noted in relationship to
reported by Santos (2003) who studied the&eston amount in the water. Santos (2003)
physical-chemical and microbiological parametersegistered much higher values at the internal
in July and August 2002 in the surface waters o$tation, which were similar when compared period
Guaratuba Bay at the same places as the preséatperiod in this work, and always smaller than
work. The salinities observed in this work wereobserved in the above mentioned work in the
inverse to those observed by Christo (2006), whilginter sampling.

this was the largest values in the summer samplé¥ssolved oxygen results were always higher at
in the present research they were registered in titee external station than at the internal. While at
winter. Such differences could be related to théhe external station, it was directly influenced by
low amount of rains in the winter of 2008.the adjacent continental platform water, more
Difference in tide height might have influencedsaline, poorer in nutrients and richer in dissolved
this result since the maximum tide height wa®Xxygen, the internal station was located in a tide
observed in the winter and only in summer the&hannel receiving great influence of adjacent river
sampling was accomplished in the wining tide. ~ waters, and according to Christo (2006), with
Seston and pH results differed from thesmaller transparency. Such characteristics
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indicated that the amount of dissolved oxygen wawaters of the area were still mainly considered
influenced directly by the local conditions. Itinappropriate for bathing by the Instituto
would be important to mention that the waters oAmbiental do Parana (IAP), what corroborated
the external point were more agitated than thwith the results obtained in this study. In spife o
waters at the internal point and therefore, fawgprinthe number of samples analyzed in this work, it
a larger introduction to the superficial waters, ofwas smaller than demanded by the Resolution no.
oxygen originating from the air. Still comparing 357 (Brazil, 2005), -‘the geometric average
the values of dissolved oxygen obtained in thi€oncentration of the density of fecal coliforms
work in the winter with those reported by Santogtermotolerants) from a minimum of 15 saline
(2003), it could be observed that at the twowvater samples collected in the same place, in
stations, values close to 100% of saturation andhich natural or intensive cultivation of organisms
around of 50% (in the present work) were verythat are to be consumed by humans, cannot exceed
smaller. Such results could be related with thd3 in 100 ml and the percentile 90% cannot exceed
absence of the rains and consequent reduction 88 termo-tolerant coliforms in 100 milliliters.
the water originating from the rivers in the daysThose indexes should be maintained in a minimum
previous to sampling in the winter of 2008. Itof five samples during an annual monitoring”. The
would be important to point out although that theamount ofE. coli in all the studied periods was
largest amount of particulate organic matter wakarger than the established limits by the referred
also registered in the winter. High amounts ofesolution, indicating that the studied points were
organic matter tend to favor an increase ohot proper for bivalve cultivation. The amount of
heterotrophic bacteria, thus contributing to &. coli was above than the allowed by the
quantitative reduction of the dissolved oxygen.  American legislation that evaluated the
Christo (2006) found higher values®f coliat the microbiological conditions of the cultivations
internal station and smaller at the external. Simil waters (NSSP, 2003).Many studies have shown an
characteristics were observed by Santos (2003) inverse correlation among the amounts of E. coli
the winter of the same year. Different results wer@n the water and in the oysters. Kolm and Absher
observed in this work where, in the spring, autumi2008) compared the amount of E. coli in native
and winter sampling, the values were low at thepecies (C. brasiliana and C. rhizophorae) and in
two places. However, in the summer samplingthe adjacent water where they were collected in
there was a significant increase®fcoli, mainly the Paranagua Bay and concluded that in the
at the external point. Different results weremonths with higher values of coliforms indexes in
expected as, between 2002 and 2008, a sewaysters (summer) the values were lower in the
treatment system was implanted in Guaratubavater. Faria (2002), studied C. gigas originating
However, according to Wilson Barion (personalfrom the cultivations in Babitonga Bay - SC found
comunication) from Companhia de Saneamento daigher values of E. coli in the water in the autumn
Parand (SANEPAR), the works of sewers ductand winter and in the oysters in summer. Siqueira
contemplated 45% of the city, at the time of thg2008) analyzed the oysters’ seed@fassostrea
present work, acting mainly in the central areagenus from the estuary of Vaza-Barris River — SE
and summer vacation neighborhoods. As the aremd found high values of thermo-tolerant
around Guaratuba Bay was still deficient incoliforms in the water and low in the seeds in the
collection and sewer treatment, good part of theainy period and an inverse relationship in the dry
served effluents were being spilled in thebay'eriod. Vieira (2008) analyzed total coliforms and
waters. Besides, there were deficiencies in th#hermo-tolerants in the waters a@d rhizophorae
collection system and treatment of sewefrom Rio Pacoti's estuary - CE showed that the
originating from Caioba, neighborhood of thecontamination of the cultivation water was larger
municipal district of Matinhos, located at thethan the one of the oysters. However, those
entrance of Guaratuba Bay and frequently visitedorrelations were not observed in the present
by summer vacationists. Additional problem wasstudy, where the amounts Bf coliin the oysters
caused by the high number of tourists that visitednd in the water were mainly larger in the summer.
the municipal districts of Guaratuba and Matinho#\ccording to Absher (pers. com.), the direct
during the summer, thus increasing the amount aorrelation found in this work could be related
served waters that should be treated and not juaith the increase in the amount of tourists in the
thrown directly in the bay. During this period, thesummer period that resulted an increase in the
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amount of sewers produced and possibly spilled iflayton WEL. Microbial Source Tracking- The use of
the Bay without any treatment. The winning tide new research tools for the identification and thagk
registered in the day of the summer sampling of bacterial pollution sources affecting shellfish
might also have influenced the amountEfcoli culture opportunitiesMar Ecoyss Aquacult2006;

found in the oysters and in the surface Water’esm(i:aria JM. Estudo da qualidade bacteriolégica da d&gu

according 10 'And.rews (19.79)' the oysters das ostrasQrassostrea giggscultivadas na Baia da
possessed a filtration capacity larger than 400 Babitonga e sua adequacdo para fins de consumo

liters/day. (Master Thesis). Joinville: Universidade da Regi&o
Silva et al. (2003) studied (between March and joinville: 2002.
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located in the estuary of Rio Coc0-CE and Biologische Anstalt Helgolan; 1983.
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