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ABSTRACT

Urban development in coastal areas is intense eadklIto the increase of sewage outfall and other
negative impacts as consequences. Thus, stringegulations establishing limits to the
microbiological contamination of water and seaf@yd needed. The objective of this study is to
evaluate the usefulness of Enterococci and Theterartt Coliform densities in the flesh of mussels
Perna pernaas an alternative tool for monitoring the micrdbgical quality of coastal waters. The
study also considers allometric relations appliectlearance rates to understand rates of bacterial
concentration. Bacterial loads obtained in musdlelsh were from 50 to 4,300 times greater than in
the water sampled in the vicinity of the musselsl @ome were considered inappropriate for
consumption even when the water presented noatstis. The mean clearance rate obtained for
Enterococci retention was 317.7 mt bnd this rateG@R) is related to the mussels” sig py the
equationCR = 28.3228"%?! The results showed that bacterial densities énntlussels’ tissues may
reflect chronic contamination of the environmend &émat clearance rates are important for taking the
best decision in situations where, for examplés desired to introduce mussels for aquaculture and
the evaluation of the water concerned is required.

Resuwmo

O desenvolvimento urbano em &reas costeiras émtem aumento das descargas de esgoto é uma
das conseqiiéncias. Assim, leis especificas quéeradimites para a contaminagdo microbiolégica
das aguas e de alimentos de origem marinha sdssdeias. O objetivo deste estudo é avaliar a
utilizacdo de Enterococos e coliformes termotolemma carne de mexilh68&rna pernacomo
alternativa para o monitoramento da qualidade rhioldgica de aguas costeiras. O estudo também
considera relagdes alométricas aplicadas as taxdslearance” para entender a concentragdo de
bactérias pelo molusco. As densidades bacteridotgdas no molusco foram de 50 a 4300 vezes
maiores do que nas amostras de agua coletadaspogios moluscos e alguns foram considerados
improprios para consumo, mesmo quando as aguasiostoaram restricdes. A taxa de “clearance”
média obtida para retencdo de Enterococos foi 3. 1! e essas taxa<CR) puderam ser
relacionadas com o tamanho dos mexilhdgspgela equaca€R = 28.3229%%%? Os resultados
mostram que as densidades bacterianas nos teadomekilnbes podem refletir a contaminacéo
cronica do ambiente e que as taxas de “clearareefnd ser consideradas para a tomada de deciséo
em situagdes onde, por exemplo, se deseja implargethdes para cultivo.

Descriptors: Perna perna Fecal bacteria, Enterococci, Thermotolerant Coliformseatance,
Biomonitoring.

Descritores:Perna perna Bactérias fecais, Enterococos, Coliformes Teriectntes, Clearance,
Biomonitoramento.

INTRODUCTION directly into the sea. Such outfalls transport setg
of pathogenic microorganisms (WHO, 1998) and thus

Coastal regions are complex and usuallFOnstitute a public health concern.
concentrate high population density and intensaurb  1"€  contamination ~ of = waters and
development. This development is not alway€nvironmental degradation may also harm the

associated with infra-structure and sanitary petici €conomy of coastal cities and negatively affect
and results in the discharge of untreatEage tourism and ‘compromise flsherl.es (COLLINS.et al.,
1998). In this context, monitoring the pollution of

coastal sea waters by chemical and/or microbio&gic

() Paper presented at the Brazilian Symposiumadaography, 4. pollutants is a highly important task (OLIVEIRA et
Sao Paulo, IOUSP, 08-12 December, 2008. al., 2007).
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In the approach to monitoring, it must be In the light of these implications, alternatives
admitted that it is inconceivable that allto monitoring safe levels of microorganisms
microorganisms that might be carried by sewage intmtroduced into sea water may be of value. We ssigge
coastal areas should be analyzed. Hence, an diternathat Enterococci densities in sessile filtrating
is to search for microorganisms whose very presen@gganisms, such as the mus$®rna perna might
indicates fecal contamination and the possibleepresent an interesting approach for evaluating
presence of pathogens (CETESB, 2006). chronic sea water contamination and seafood quality

It has been observed (DE DONNO et al., P. pernawas chosen for this study because
2008) that shellfish may contain high densitiefegfll  of its abundance and wide distribution and becduse
indicator bacteriaeven when the surrounding watersis frequently commercialized and consumed as food
are, apparently, of good quality. This suggests thalong the Brazilian coast and may represent an
bivalves such as mussels may concentrate pathogeimgportant economic and nutritional resource for som
microorganisms in their tissues and that bactedg m low income populations living in coastal areas loé t
have higher survival rates inside the bivalves (EDL country (JORGE et al., 2002).
et al., 1999). So the first objective of this study is to

Bacterial concentration by mussels is thedeterminate fecal bacteria (Thermotolerant coliform
result of physiological processes that controtdtibn and Enterococci) densities in mussels and in the
rates, retention and excretion (SOLIC et al.,, 1999surrounding water simultaneously, in an attempt to
Physiological rates, such as that of filtratiorg aiso correlate them and also to compare the bacterial
related to the size of the organism. It is, thussible densities found  with  those of Brazilian
to establish allometric equations relating thesenicrobiological guidelines. The second objectiveéois
variables. determine, experimentally, allometric relations hwit

The knowledge of bivalves” filtration rates clearance rates for the mussels collected off itiesc
allows the clearance rates, variables which measuoé Santos and Sao Vicente, Sdo Paulo — Brazil.
how many particles (including bacteria) are removed

from water over time by the filtration process,lie MATERIAL AND METHODS
calculated. These clearance rates may also bedelat
to a biometric variable such as size or weight Samples were collected monthly, from May

(RESGALLA JR. et al., 2006). Knowledge of thisto September, at low tide, on two rocky shores of
relation could be important for preventive actians ¢pastal islands of the Baixada Santista region
public health, particularly in respect to thewrubuquegaba and Porchat Island), off the cities o
consumption of mussels as seafood. S&o Vicente and Santos, Sdo Paulo — Brazil (Fig. 1).
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Fig. 1. Map showing the cities of S&o Vicente aadt8s, marks show Porchat and Urubuquecaba Islands.
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Mussels were collected during the same tid&his value was used because it is the usual
at both locations. Water samples were collecteithén bacterioplankton density found in coastal waters.

vicinity of the mussels, in sterile flasks. All the The experiments were conducted for a
samples were placed in isothermic boxes and taken period of three hours. Immediately after the additi
the laboratory. of the bacterial suspension, 15 ml was taken fraohe

For Dbacteriological determinations, theflask with a sterile pipette and dispensed in ailste
mussel samples were homogenized with a sterilizethsk containing formaldehyde (5% of final
blender with the addition of sterile buffered waterconcentration) for bacterial number determinatign b

solution in the proportion of 1:10. direct counting under the epifluorescence microscop
Enterococci were determined by the fin accordance with Hobbie et al. (1977).
Membrane Filtration Method (MF) (APHA, 2005) This was taken as the initial time of the

using mEnterococcus media (Difco). For the wateexperiment (t0). Each subsequent hour, 15 ml was
samples, the filtered volumes were of 5 and 50mi. F taken again from each flask and fixed in
the mussels, the homogenized samples were seriaftyrmaldehyde, thus constituting the subsampleshier
diluted, to 1@, in sterile buffered water and then experiment times 1, 2 and 3 (t1, t2 and t3).

volumes of 1 and 5 ml were filtered. Clearance rates were calculated with the equation

The confirmation of the genlEnterococcus (RESGALLA JR. et al., 2006):
was made by using Enterococosel Broth (Becton
Dickinson) (APHA, 2005).

The results were expressed as Colony v (LnCtd - LnCtl) |
Forming Units per 100 ml (CFU 100l and as CR =v = {[ AT _fj'

Colony Forming Units per g (CFU™y for water and
mussel samples, respectively.

Thermotolerant coliform determinations inynere: CR = clearance rate (mhh Ct, = initial
water and mussel samples were made by the Moghcterial concentration; ¢t = final bacterial
Probable Number method (MPN) (APHA, 2005) usingoncentration; V = flasks volume (ml); N = numbér o
as culture media Lauryl Tryptose Broth, Bri“iantorganisms per flask; T = experiment time (h)=

Green Bile (2%) Lactose Broth (BRILA) and the corection factor calculated using the same equatio
Escherichia coli Broth (EC). for the control flasks.

The results are expressed as the Most Results underwent logarithmic
Probable Number per 100 ml (MPN 100%nand as  yansformation and were related to the mussels siz

the Most Probable Number per gram (Mpﬂ,‘)'g with a least square regression to obtain an alldcnet
Regression analysis was carried out 1Qg|ation between these variables.
evaluate the relationship between the bacterial

densities obtained from the water and those froen th
mussel samples over the period of the study, using
BioEstat 5.0 software.

For the determination of the clearance rates, . .
the methods of Resgalla Jr. et al. (2006) were used. Thermotolerant coliform densities of the

Mussels were collected, measured (length of the, sheater samples collected on Urubuquegaba Island
L) and then classified in five size classes: L& @m; varied from zero to 11 MPN 100 i with a mean

35<L<40mm 40<L <45mm 45 L <50 Vvalue (x standard deviation) of 4.02 (+ 4.5), wite

mm and > 5.0 mm. h mussel samples presented densities of zero to 140
Experiments were carried out in duplicate. MPN @" . with a mean value of 54.8 (+ 73.3) (Fig. 2a).

Mussels of each size class were placed in flasks In the Porchat Island  samples,

containing 500 ml of sterile sea water, filteretbtigh Thermotolerant coliform densities in the water gdri

ResuLTs

was placed in each flask and these were maintdared >-11 (£3.65). In the mussels, bacterial densitarsed
two days under constant aeration, temperature arf™M Z€ro to 49 MPN g with a mean value of 17.3
salinity (20 + 2 °C and 35, respectively). Two othed*22-43) (Fig. 2b).

flasks, under the same conditions but without masse In general, mussels from Urubuquegaba
were used as controls. Island showed higher Thermotolerant coliform

After the acclimation period, a bacterial densities than the mussels from Porchat Island.
i g However, in the water samples collected in June and

suspension of fEnterococci per milliliter was adde > .
the Thermotolerant coliform densities were

to each flask. These suspensions were obtained ﬂyly'
culturing Enterococci isolated from sea water sampl Nigher on Porchat Island.
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Fig. 2. Thermotolerant coliform densities obtaimkeding the

from Porchat Island. Lines represent the resultswater

densities above the indicative limit for inappreype sample,
according to Resolution ANVISA RDC n° 12/01.

Fig. 3. Enterococci densities obtained during thalyw a)
study. a) Samples from Urubuquecgaba Island. b) &smp Samples from Urubuquegaba Island. b) Samples from
Porchat Island. Lines represent the results foemsamples
samples (MPN 100 i) and the bars represent the results fo(CFU 100 mif) and the bars represent the results for the
the mussels (MPN Y. * = Thermotolerant coliforms mussels (CFUJ.

In this study, the densities of Enterococci
were always higher than those of Thermotolerant
Based on microbiological contamination, nocoliforms. Also, the bacterial densities obtaineahf
water sample showed any restriction for recreationahe mussel samples were 50 to 4,300 times higlagr th
use or for bivalve culturing, according to the Bliani  those obtained from the water (Table 1).
regulations (CONAMA n° 274/00; CONAMA n°
357/05). One should note, however, that these lawsable 1. Relative fecal indicator bacteria obtaimkeding
recommend the analysis of 15 samples and annudk values of bacterial densities found in the risssamples
monitoring, so the results shown here should oely bby the densities in the water samples. Pl and &tdst for
considered indicative. Porchat Island and Urubuquegaba Island, respegtivel
Despite these results for the water, the‘Subscrlptsw and m indicate water and mussels sample,

Thermotolerant coliform densities of the musserespectively. -: No fecal bacteria detected. *:yOmdcurrence

i of water’s bacterial density higher than the mussel
samples collected in August and September on ! ity hig

Urubuquecaba Island were considered inapproprgate a

they exceeded the indicative limit in force (resiol
ANVISA n° 12/01). " Thermotolerant Enterococci
. s onths coliforms

Enterococci densities in the water samples PI/PL. UIJUI PI/PL. UIJUI
from Urubuquecaba Island varied from 23 to 79 CFU e e mw e
100 mi, with a mean value of 43.8 (¢23.41), while ~May - - 363.10 2847.27
the samples from Porchat Island varied from 3000 8 * 29292 30062 1917.34
CFU 100 mt, with a mean value of 369.36 (+507,93).
The mussels samples showed Enterococci densities Jul 54.95 100.00 6113 72.00
varying from 17 to 1 515 CFUgfor Urubuquegaba Aug 117857 201550 54871 1307.37
Island, with a mean value of 858.6 (+658,12) andnfr Sep 80328 1302.33 4310.85 2589.11

49 to 1 272 CFU é for Porchat Island, with a mean
value of 369.36 (+507.93) (Fig. 3).
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Discussion

there was no statistically significant relationship

between the bacterial densities of the water ansksiu

samples from Porchat Island; such a relationshig, wa

however, found for Urubuquecaba Island,

The results obtained in this study showed

forhatp. pernahas the potential for accumulating many

Enterococci (p = 0.0438) and also for Thermotoleran,;ieria due to filter feeding, although phytoplank

coliform densities (p = 0.0138).

is considered the most important item in bivalve

For the clearance rate determinationteeding (CHARLES et al., 1999). Despite of bacterial

experiments, results showed that
removed more efficiently between the time intendls
two to three hours after they had been inoculatetie
mussels’ flasks. Clearance rates calculated for th
time interval ranged from 468.31 mth for the
biggest size class, to 162.98 il Hfor the smallest
size class (Table 2). The mean clearance rate w
317.7 mL.R.

Table 2. Clearance rates and retention efficiermy the
different size classes during the period when hiadte
numbers decay was higher.

) Clearance Retention
Mussels’ size (cm)

rates (ml.hY)  efficiency (%)

<35 162.98 27.82
35-4.0 318.04 47.06
4.0-45 380.09 53.24
45-5.0 259.09 40.44

>5.0 468.31 60.81

Mean 317.7 45.87

bacteria  Werlgtention ability ofP. perna the relationship between

the number of bacteria in the water column and the
bacteria accumulated by the mussel is not
Straightforward and depends on many factors, diltfic

to evaluate.

The bacterial densities found in mussels are
the result of complex interactions related to the
physiology and morphology of the bivalve such as
size, filtering, excretion, and metabolic rates (&Gt
al., 2000) and also depend on prey characteristich
as size, specific composition and density of the
bacteria in the water. These latter are affected by
several environmental conditions such as solar
irradiation, temperature, salinity, and nutrient
availability (SINTON et al., 2002).

The higher levels of fecal contamination in
mussels obtained from Urubuguegaba Island may be
explained by the size of the mussels from this area
since they were usually bigger than those from IRairc
Island. In fact, the clearance experiments showed t
bacterial retention is positively correlated witte tsize
of the mussels. On the other hand, it is probate t
the waters of Urubuquecaba Island are chronically
more contaminated, thus presenting higher densifies
fecal bacteria due to the location of this sampéiig.

Applying the least squares regression tOrpe jsjand’s proximity to the coast and, consedyent

these results, an allometric relation was obtaifeg.
4), the parametera andb for the equations of which

were, respectively, 28.3229 and 1.6421. Hence, thg;

clearance rate<CR) was related to the mussels’ size
(L) by the allometric equatioBR = 28.32291642

500 -
450 -
400 -
350
300
250
200
150 -
100 -
50 4

0

y=28.3229x16421
r2=0.58

Clearance Rate (ml h?)

35 4 4.5 5.5

Size classes (cm)

Fig. 4. Exponential curve adjusted to the clearaates data
(ml.hY in relation to the mussels’ size classes (sleeityih,
in cm).

to the city, means that these waters are subject to
contamination by illegal sewage discharge and/or by
ban drainage waters, considered to be the main
causes of the contamination of coastal waters,
especially after periods of rain (DWIGHT et al.,020
OLIVEIRA; PINHATA, 2008).

This may also explain the statistically
significant relationship found between the fecal
bacteria densities of the water and those of theselg
at Urubuquecaba, while the contamination at Porchat
Island, where the mussels’ contamination levels
suggests that this site is, on a chronic time sdess
polluted, must be related to isolated events.

The analysis of fecal indicator bacteria in
sessile filtering organisms such as the muBs@erna
may reveal chronic contamination, differently frome
determination of the extremely variable fecal baate
densities in water samples which point only to acut
contamination. In fact, De Donno et al. (2008) ain
study of the musseMytilus galloprovincialisas an
indicator of microbiological pollution, suggestduat
the biological characteristics of the mussel maxcad
contamination events that might be missed by water
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monitoring. Guillon-Cottard et al. (1998), who stedli according to their contamination levels, such as th
the presence of fecal contamination in mussels fromresolution CONAMA n° 274/00, of the national
harbor area, also suggest that mussels may beagsedenvironmental council.
fecal contamination monitors. Some of these laws, such as the CONAMA
Alternative ways to evaluate the pollution ofresolution n® 357/05, however, consider oBly coli
water and biological matrices seem promising andnd Thermotolerant coliforms and do not adopt
should be better assessed. The microbiologic&interococci as a parameter, even though this gioup
quality of mussels of the speci®s pernamay be a considered to be a better indicator than coliforfos
useful tool for helping in the monitoring of the marine environments (CABELLI, 1983).

microbiological quality of water, the management of The normative instruction that regulates
the uses of coastal waters and the evaluation aficrobial standards in foodstuffs, including seafp
sanitation programs. is the resolution from the national agency of sawit

However, to achieve this objective, futurevigilance, ANVISA, RDC n° 12/01. Although
research should focus on the processes that leth@ to belonging to the marine environment, fish, mussels,
accumulation of fecal bacteria in a mussel’s tissuecrustaceans and other organisms used as food
This study attempts to provide another contributign have their microbiological quality evaluation based
investigatingP. pernaclearance rates when bacteriaonly on densities of coliforms, staphylococci and
were offered as food. Salmonellasp.

The clearance rates obtained Rarpernain Considering the presence of the high
this study (from 0.16 to 0.47 Ihper mussel), were bacterial densities observed in this study in some
lower than those obtained by Resgalla Jr. et aDg20 mussel samples even when the surrounding waters
however, these latter authors offered phytoplarikton presented no restrictions, the classification otewa
organisms to the mussels, so it was already expectappropriate for shellfish culture becomes a pressin
that the clearance rates obtained by the use ¢éfi@lc concern. In Brazil, this classification is basedyonih
cells would be lower since the size of the fooctiatl the presence of fecal bacteria in the water, bist th
greatly affects the results, as showed by Lucaal.et may not be sufficient to guarantee tipeoduct’s
(1987). quality. Wilson and Moore (1996) have shown that

The parameters of the equation that explainthis criterion is not enough to ensure safety rdigar
the allometric relation between the clearance ratgzathogenic bacteria and, especially, the accunoulati
(CR) and the size of the mussels (L) were ratheof viruses. The present study corroborates these
different from those obtained by Berry and Schleyeauthors” conclusions. In our view, safe limits wailily
(1983). While in this present study the valuessf@nd be truly established when the formulation of the
b were 28 and 1.6, respectively, the authors quodeld respective laws takes biological processes and the
obtained values of a = 0.0027 and b = 1.86. Agairgharacteristics of the organisms involved into
methodological differences are involved, since ¢hosconsideration and when they are in fact based on
authors did not use bacteria, along with othescientific risk assessment.
differences that may be related to the muss Moreover, another worrying fact is that the
population. specific laws in Brazil do not consider Enterocogsi

Assuming that the bacterial concentration ira microbiological criterion for the assessment of
a mussel (Cm) is, primarily, a function of the leaiztl  shellfish culture waters or for shellfish consurapti
concentration in the water (Cw) and of the rate ¢Considering that this group of bacteria can cause
which bacterial cells are removed by the musstdiseases and that they are considered to be better
(measured by CR), it may be established @rat=Cw indicators of fecal contamination in sea waters
(28.3229L.1-64Y, (CABELLI, 1983) and in shellfish and other kinds of

We are aware that this relation is also {food (MARINO et al., 2005; TURANTAS, 2002), new
function of time and that the equations shown laeee limits for the densities of Enterococci in harvegti
still too simple to account for all the procesdeat are  waters and in mussel flesh should be elaborated.
involved in the accumulation of bacteria in musse Although the demand for the establishment
tissues, but future research may allow the devedoppm of specific microbiological parameters exists, Hiert
of more refined algorithms for the extrapolationQyh  attention should be given to this question as aalequ
from Cw, which may also be very important forstandards will only be achieved with the advance of
establishing new health safety limits for waters itknowledge on how bacteria are accumulated by
which shellfish are harvested. mussels. This means that, besides clearance rates,

In Brazil, the densities of Thermotolerantother biological processes, such as excretion and
coliforms, Escherichia coliand Enterococci are used digestion of bacterial cells by the filtrating onisms
as parameters for specific normative instructidret t should be the topics of future research.
determine the classification of recreational waters
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