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ABSTRACT

The aim of this wat was to evaluate the water dquaii four tidal creeks of Parand, Brazil, with féifent anthropic
influences. Samples were collected every three moffemperature, salinity, pH, alkalinity, total g@issolved
O,, nitrite, nitrate, N-ammoniacal, phosphate, sitiea particulate suspended matter, humic matteraltot
chlorophyll, total and fecal coliform bacteria airface water were measured in each sample and coedp&or all
the stations water temperature was lower in winkert ranged within typically subtropical values.liSgy (7 - 25)
and pH (7.08 — 7.91) were higher in Perequé tidekk indicating that only this tidal creek was sigty influenced
by the nearby ocean waters. Lower dissolveg r@aching anoxic levels along with higher phosghahd N-
ammoniacal concentrations and higher total (<20060,000 MPN 100 i) and thermotolerant coliforms (<200 —
50,000 MPN 100 ri1) in Olho d"Agua suggesteslithrophication, especially in summer when rainfedls higher
and tourism was at its peak. Perequé, Penedo amchBeo Creeks were characterized as meso- and wbgbic
environments.

Key words: tidal creek, eutrophication, coast of Parana.

INTRODUCTION Almeida (1984) reposted that the release of sewers
in natura besides the harmful effects on water
The landscape of the Brazilian coastal areas arpiality and population health, presented a risk to
being altered due to the growth in consequence dfie tourism and to marine natural resources.
the tourist demand, increase of harbor activitie€Extreme situations in aquatic ecosystems can be
extraction and transport of petroleum along theepresented by alterations in nitrogen and
coast, as well as due to a gradual implementatigshosphorus concentrations, due to the contribution
of aquaculture increasing water pollution andf organic matter from domestic sewers. These
euthrophication. may determine the unbalance in the
Controlled release of organic wastes can provokehytoplanktonic population, because they favor
an increment in the local primary productivity, butmicroalgae and cyanobacteria blooms whose
its excesses are harmful as it may causexins constitute a risk to public health. Alsoisth
euthrophication of the ecosystems (Bishop, 1985).
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may affect the areas for bivalve cultivation ford'Agua (G4), all located in Pontal do Parana, were
human consumption (José, 1996). investigated.
Rivers and tidal creeks of coastal environments arehe Perequé tidal creek, 2.6 km long, is typically
important because they serve as the liaisomeandrous with outlet in the DNOS Channel,
between the terrestrial and marine environmentlose to the entrance of Paranagua Bay. Part of its
accomplishing the transport of fresh water, organiextension divides Pontal do Sul in two sections
matter, nutrients and contaminant from thgKolm and Andretta, 2003). Along its margins,
continent to the sea. Tidal creeks are meandrolmnks ofSpartina alternifloraand mangroves are
water courses, characteristic of littoral plains ofound. In the highest and driest parts of the tidal
great estuarine complexes. In these water courseseeksHibiscus tiliaceusand restinga vegetation
the contribution of fresh water comes from theoccurs. Close to the outlet marinas of small and
rainfall and, mainly, from the surfacing of shallowmedium size are established. The most internal
water (Marone et al., 1997) and in the areaseclostation, that is, the nearest to the origin of the
to cities and towns, of domestic and/or industriatirainage zone (St. 1) is located close to the main
sewers. This way, tidal creeks, differs from thestreet of Pontal do Sul. In its margins there are
rivers because they do not have a nascent. The lompacted mangroves and commercial and
inclination of littoral plain allows intrusion of residential houses. The median station (St. 2) is
brackish waters, originating from the estuariesocated in a curve of the tidal creek with typical
(Lana et al. 1997), and saline waters from therestinga thickets on its margins. The external
continental platform constantly modifying the station (St. 3), located close to the outlet, ecptl
salinity values with the change of the tides. in a marinas’ area with accentuate traffic of fighi
The objective of the present study was to evaluatend tourism boats (Fig. 1D).
the water quality in relation to the trophic statdis Penedo tidal creek, with 3 km long ends in the
four tidal creeks located in Pontal do Parana (PRection of high energy of Paranagud Bay, is
Brazil) that have bean under different anthropienvironmentally preserved. In the external section,
influences, through the study of spacial andwamp vegetation dominates. In the internal,
temporal dynamics of physical, chemical andestinga thickets prevails. The internal station (S
biological variables. 4) is located amid a thicket. The median station
(St. 5) has restinga arboreal vegetation little
impacted in its margins. Close to the outlet, an th

MATERIAL AND METHODS beach, in an area with mangroves of small size, the
external station is located (St. 6) (Fig. 1E).
Studied area Barranco tidal creek, with approximately 2.6 km

Parana coast is located in the south of Brazil.(Fidong, does not receive served waters directly from
1A and B) and extends from the Ararapira villagehe town located on its margins, which, according
(25°12'44"S - 48°01'15"W) to the mouth of Saito the inhabitants' information, possesses septic
Guacgu (25°58'38"S - 48°35'26"W). In the 105 kntanks system. Restingaegetation prevails along
of oceanic coast, a great contrast is observats margins, with typical dunes vegetation in the
among the areas of the south coast, quicklgutlet proximities of the exposed beach. The
urbanized in the recent decades in function of thimternal station (St. 7) is located amid the arbbre
tourist flow during the summer and preservatiorvegetation.Lemna sp. and grass dominates the
areas in the north (Environmental Protection Areavater surface. Station 8 (St. 8) is located closa t

of Guaraquecaba and the National Park dlbridge in the highway PR-412 that interconnect the
Superagui) (Soares et al., 1997). balnearies of the municipal district. It is
Pontal do Parand is inserted in the coastal plain enarginated by restinga vegetation, mainly grass.
Parand State (Fig. 1A). Its beaches extend from tlen the surface of the water, there are aquatic
DNOS Channel (Departamento Nacional de Obramacrophytes, mainlyMyriophyllum aquaticum

e Saneamento - artificial drainage channel), in th€he most external station is located close to the
outlet of the Paranagua Bay to Monc¢des balneargutlet (Est. 9) and it is marginated by typical
south limit of the municipal district (Fig. 1B and vegetation of restinga and dunes. Between the
C). In the present work physical, chemical andnedian and external stations is located the
biological variables of the tidal creeks Perequ@arranco balneary (Fig. 1F).

(G1), Penedo (G2), Barranco (G3) and Olho
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Olho d’Agua tidal creek, 2.7 km long, is located insanitary landfill of the region. The internal ($€)
urbanized areas of the Ipanema balneary. A seriesid median (St. 11) stations differ from each other
of artificial channels run into this tidal creek.in relations to the vegetation that covers its wgate
According to information of the City Hall of While the first is hidden by the grass, the sedsnd
Pontal do Parana this tidal creek receives wafers by Pistia stratiotes The most external station (St.
the Peri River located upstream and receiver of thE2), located near the outlet, has characteristics
leachates originating from of the third pond of thesimilar to the median station (Fig. 1G).

Pontal do Parana
G4

Atlantic
Ccean

45°25"

48T

D Ay Penedo E

tidal
creeck

Atlantic
Ocean

25°34'20"

26°36'33"

Barranco
tidal
creeck

2573845

Atlantic Ocean
Atlantic Ocean

Figure 1 - A) Map of Brazil with location of Parana coast; Bap of Parana coast with location of
Pontal of Parang; C) Location of the studied ar&sPerequé tidal creek (G1); E)
Penedo tidal creek (G2); F) Barranco tidal creeR)(@&1d G) Olho d"Agua tidal creek
(G4). The four maps of the tidal creeks show tleation of the sampling stations.
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Sampling design and analyses RESULTS

Samplings were accomplished in low-water of

spring tide, in four tidal creeks of Pontal doThere was a temperature gradient, with values
Parand. Surface waters were collected from thre@gnificantly lower in the winter, intermediate in
points in each tidal creek: 1, 2 and 3 - Perequé; #he autumn and spring and high in the summer
5 and 6 - Penedo: 7, 8 and 9 - Barranco and 10, $ong the period studied (Fig. 2A). In relation to
and 12 — Olho d’Agua. Due to the long distancd€ salinity, significantly high values were
between one tidal creek to the other, the samplin %glster_ed in Perequé's tidal creek (Fig. 2B)hin t
were done on consecutive days. The samples we, be?vr\/etelz(?]alzcraer?gs’lgg}w) Srﬁg?r;tlgfsinwfr:g gi:gﬁgﬁ
obtained every three months: in autumn (April),.. .. e oo .
winter (July) and spring (October) of 2003 an tations. Similar results were observed for higher

. H values in Perequé tidal creek (Fig. 2C).
summer (January) and autumn (April) of 2004. 1, vever, unlike the salinity that did not vary

The water temperature was determiireditu with P : -

a mercury thermometer (1/16C), salinit_y with fA%nggr?:élyaﬁ?ggufSrig eoe;r,zghoellp(ﬂié\./ astr;l'gC\%”lg
refratometer (ATAGO, S/MILL), pH W'Fh. PH- the pH values of Perequé and Olho d"Agua tidal
meter (HANNA HI 8424) and the alkalinity by croeks were similar at all the stations, in Penedo
Gran ftitration (Carmouze, 1994). Total carbory,q garranco a gradient with higher values in the

gioxide l(C.Q) was ((:jalcltlall_te_d fr(c:)m temperaggeextemal stations was observed. In spite of the

aﬁga' ?j?sjggﬁlv'egH aozyg?ena"(]lgé)( a\l/r/rgsuza?r;allyz:émalleSt values of total GO calculated in
: ; erequé's three stations, little temporal varighbili

according to the Winkler method (Grasshoff et al d P f3b

‘was observed in the most part of the period and

1983). For the other analyses, water samples Welg.iions However, extremely high values found in

fiIterqu through GF/F (Whatman) filters after each anuary of 2004, in the internal (33,700%) and
Z?mpl"”gd and stored at -18°C. énalyses 0fnedian (69,250%) stations of Penedo tidal creek,
ISSolved Inorganic n'tergeE (DAN - ng[”t‘_)l_ * contributed to the significant variation in the

nitrate + N-ammoniacal), phosphate and silicatg,,\mer (Fig 2E). Figure 2F shows a clear gradient

were carried out according to Grasshoff et al. : ; ; ;
: the concentration of DO, with higher values in
(1983). The particulate suspended matter (PSMpe eyternal stations of the tidal creeks Perequé,

was determined by gravimetric method (Stricklan enedo and Barranco. The same was not observed

and Parsons, 1972). The concentration of h“”,“'r’ﬁ the tidal creek Olho d”Agua, where DO values
substances ~ (HS) ~ was  determined  iNyere extremely low, up to anoxic level in all

s_pectrophotometer (SHIMADZU UV - 1601 PC) - stations in the winter. It was worth to comment
light = absorption Xsso ) according to the 5 ho PO value surpassed the 80% of saturation.
methodology described by Kirk (1994). For total|, ojation to the concentrations of dissolved
chlorophyll analysis, the samples were pré-fiItereqinorg(,imC nitrogenous nutrients, temporal and

in a net with 0.5 mm of mesh size, before thehacial variation of nitrite and nitrate as for tie
filration. Total chlorophyll was extracted with gmmoniacal was observed. Nitrite concentrations
acetone (90% v/v) and analyzed fluorimetricallyyere significantly lower in Barranco tidal creek
(TURNER AU-10) according to Parsons et al.(Fig. 3A) mainly during the autumn of 2003 (0.03
(1984). Total and thermotolerant coliforms were M), However, in most of the stations, low
determined by the method of the multiple tubegoncentrations of this nutrient were registered in
(Greenberg et al., 1985). the autumn of 2003, increasing gradually until
Statistical ~evaluation of the results wassummer and again lowering in the autumn of 2004
accompllshed_ through the Analysis of Varlance(Fig_ 3B). The median Barranco tidal creek
(ANOVA), using the program STATISTICA 6.0 stations and the external of Perequé tidal creek
(StatSoft, Inc. 1999). When temporal and/ORyere exceptions where there was no reduction of
spacial variation was significant, the results werenis nutrient in autumn of 2004. The maximum

of F and p inserted. The level of significance Waperequé's internal station.

95%.
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Figure 2 - Spatial and temporal variation with average amohdadrd deviation: A) Temperature
during the studied period; B) Salinity in the twelgtudied stations; C) pH in the
twelve studied stations; D) pH during the studiedtiqd; E) Total CQ during the
studied period and F) Dissolved oxygen in the teedtudied stations.

The largest concentrations of nitrate, with ammoniacalwere found in Olho d’Agua_tidaI

maximum of 7.95 puMn the winter, were found in creek, with a maximum of 75.33 uM, in the

Perequé's internal station (Fig. 3C). In Penediternal station in the summer and autumn of 2004

tidal creek, the values were intermediary, varyin%lnOI in the external station in the summer.
t

between 0.14 pM in the autumn of 2003 and 3.7§termediary values, varying among 62.90 UM in
UM in the spring, both in the median station. Inthe mtsrnallstftttl_on n E[Ee SU.'”t‘mef and 255: _ul\/(ljm
. e external station in the winter were registene
Barran(io i andf thQIhOt .d ;Agua, bthe (IjowetitPerequé tidal creek, followed by Penedo (Fig. 3E).
concentrafion of this nutrient was observed in Perequé tidal creek, an increase of this nutrien

external  station of Olho ~d'Agua. ~ The a5 ghserved in the spring and in the summer and
concentrations of nitrate were higher in the wintej,  ojho d'Agua tidal creek the largest
and in the spring (Fig. 3D). _ _ concentrations occurred in spring, summer and
While nitrite and nitrate were higher in Perequé&utumn of 2004 (Fig. 3F).

tidal creek, the largest concentrations of N-
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Figure 3 - Spatial and temporal variation with average amhdard deviation: A) Nitrite in the
twelve studied stations; B) Nitrite during the sadperiod; C) Nitrate in the twelve
studied stations; D) Nitrate during the studiediqgmbrE) N-ammoniacain the twelve
studied stations; F) N-ammoniacal during the suidieriod; G) Phosphate in the
twelve studied stations; H) Phosphate during thelisd period; 1) Silicate in the
twelve studied stations and J) Silicate duringstuglied period.

The variability of phosphate concentration was3.55 UM in the internal station in summer, were
also significant, as in space and time (Fig. 3G ancegistered in the stations of Olho d"Agua.
H). Its largest concentrations, with a maximum of
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Intermediary concentrations were registered in th® the outlet, in Penedo the inverse was observed.
Perequé and Penedo, and lower in Barrancén Barranco, the values were similar at all the
Along the studied period, a gradual increasstations. In relation to the temporal variability,
between the autumn of 2003 and summer and @ho d'Agua, Perequé and Barranco the
reduction in the autumn of 2004 was observed inoncentrations were larger in the summer and
most stations. The median stations of Penedo amditumn of 2004 whereas in Penedo they were
Olho d"Agua, presented the largest values in thiarger in the autumn of 2003 and in the spring.
autumn of 2004. Such results confirmed the significantly larger
The largest silicate concentrations, with maximunvariability in summer and autumn of 2004 shown
of 208.11 puM in the internal station in the autumrin figure 3J.

of 2004, was observed in Olho d'Agua tidal creekKThe largest concentrations of PSM, with a
followed by Barranco and Perequé, and thenaximum of 76.87 mg'iregistered in the median
smallest (8.11 uM) in the internal station duringstation in winter, were found in Perequé tidal kree
the winter in Penedo (Fig. 31). However, while inand the smallest, with a minimum of 0.73 riigd
Perequé and Olho d"Agua tidal, creeks presentedifae median station in the winter in Penedo (Fig.
decrease of this nutrient from the internal sectiodA).

F(11,48) = 7,55; p<0,0000 F(11,48) = 5,73; p<0,0000
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Figure 4 - Spatial variation with average and standard dewiatA) Particulate material in
suspension B) Humic substances and C) Total chihythpin the twelve studied
stations; D) Total coliforms and E) Thermotoleraaliforms, in the four studied tidal
creeks.

The amounts of HS in the water variedPerequé, Penedo and Barranco tidal creeks. Of
considerably from a tidal creek to another. Whileghese, only the ones of Barranco's internal station
in Penedo and in the external station of Perequ&jth a maximum of 90.03 ug-lin the summer,
the largest values were registered, in Barranco th@resented significant variability (Fig. 4C).

smallest was observed (Fig. 4B). Total and thermotolerant coliforms were higher in
There was little variability in total chlorophylhi Olho dAgua tidal creek (Fig. 4D and E), mainly
most of the studied stations. However, higheduring the summer, when they reached a
values were observed in the internal stations ahaximum of 160,000 and 50,000 MPN 100 mi-1
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in the internal station respectively. High valués oHigh pH values were registered in Perequé,
total coliforms could still be observed in theBarranco and Olho d”Agua tidal creeks. However,
median stations of Penedo and Perequé tidal credke low values observed in Penedo's internal
during the summer. In relation to thermotoleranstation, seemed to be directly related to the amoun
coliforms, larger values were observed in Perequéf SH. Great part of this tidal creek is locatedhin
than in Barranco and Penedo tidal creeks. thicket with little anthropic alteration, slow wate
flow and high input of organic matter from the
adjacent vegetation. The low amount of rainfall
DISCUSSION and consequent increase of the residence time of
the water, registered in the spring (29.72 mman si
The climate of Pontal do Parana region has beefays that preceded the sampling day inclusive),
defined, as tropical of transition, with hot andand mainly in autumn of 2004 (4.32 mm in six
rainy summers (Maack, 1981). Thesedays that preceded the sampling day inclusive)
characteristics are reflected in the lowseemed also to corroborate these results.
temperatures of the water observed during th&he values of total COwere relatively constant
winter in all the stations of the studied tidaleke. along the studied period for all the stations.
However, it is important to observe thatHowever, higher values were observed in Penedo's
temperature increases, registered in Olho d"Aguexternal stations during the summer. This may be
tidal creek, in the autumn and winter of 2003 wergjue to the largest rate of decomposition of organic
related to the sampling period, around midday.  matter favored by the temperature elevation in this
The significant intrusion of saline waters from theperiod.
continental shelfvas only observed in the PerequéSignificant DO variations were registered in
tidal creek. Kolm and Andretta (2003) studied the&sampling stations of Penedo, Perequé and
salinity of this tidal creek and observed highBarranco tidal creeks, where a clear gradient, with
marine influence along significant part of itshigher values in the external stations was
extension. Part of the Perequé's bed was artificial observed. The largest flow, due to the introduction
altered in the past and ended in the DNOS channet water through the water table and consequent
dredged artificially in the 1950°s decade. Close tintroduction of oxygen of the air, seemed to be the
the outlet of this channel lateral promontorieseverdecisive factor. Totally different characteristics
installed with the intension of reducing shoalingwere found in the tidal creek Olho d”Agua, where
All these characteristics facilitate the entranée oDO was low in the three stations. These results,
saline waters in this tidal creek and consequent pelccompanied by high concentrations of N-
increase. In the other tidal creeks the influente cammoniacal, phosphate, total and thermotolerant
marine waters in the periods of low tide wascoliforms, were related to the low renewal of the
reduced. The results showed that the intrusion afater, to the contribution of great amount of
saline water in the tidal creeks varies from one torganic matter originated, not only from the
another and depended mainly from the profileegetation (formed mainly of  aquatic
configuration of the adjacent beach. Howevermacrophytas), but also from domestic sewers.
considering that brackish waters are classified a@Besides, the existence of a film of superficialifat
those whose salinity varies between 0.5 and 30 %he internal station, that could hinder the
(CONAMA, 2005), the waters studied in thisinteraction water/air, should be considered. In
research could be considere in such category.  none of the studied tidal creeks, the DO reached
The largest values of PSM were observed mainlyalues equal or above 100% of saturation,
in the tidal creek Perequé's median area. In thigequently found in the waters of Paranagua Bay
tidal creek, the largest salinity values were alsgMachado et a).1997 and Kolm et g12002). The
registered. This suggested that it was influencelévels of DO under 100% of saturation together
directly by the flow and ebbing of the tides andwith values of super saturated total C€diggested
consequent ressuspension of the sediment. Fifieat the metabolism of the investigated tidal ceeek
sediments could be carried during the tide ebbingzas predominantly heterothrofic (Carmouze,
to the tidal creeks” bed. This confirmed the1994).
observations of Marone et al. (1997) about théccording to Taniguchi (2004), the availability of
entrance of particulate material from the estuary tDO affected nitrate concentration, determining
the tidal creek. nitrification and denitrification rates. This
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correlation was only observed in Perequé tidahigher in this study. The analysis showed that, in
creek, where a reduction of nitrate from theagreement with the Resolution 274 of CONAMA
internal to the external station was found. In th€000, the water of Olho d'Agua tidal creek
others tidal creeks, this nutrient was low, in epit followed by Perequé was classified as
of the variations of DO. However, there wereunsatisfactory for balneability.

indications that the variability of this nutrierm i Brickner et al. (2003) classifed the waters quality
the tidal creeks could be related to the aquatifrom concentrations of chemical and biological
vegetation that differs from one to another. Thivariables. Following that, it was concluded that
was corroborated by the fact that in the stationduring the studied period, only in the summer
and in different months of sampling, the N:P ratéPerequé's internal station presented euthrophic
was lower than 16, showing that nitrogen was theharacteristic. =~ Similar  characteristics  were
potentially limiting element as it usually happe observed in the internal and external stations of
in estuarine and coastal ecosystems (Thom gt aPenedo tidal creek in the summer and in the
1994 and Baumgarten et,d995). The low nitrite  median station in the autumn of 2004. Barranco
values in relation to the nitrate registered intladl  tidal creek only presented euthrofization
stations confirmed the findigs of Marques' (2003)characteristics in the internal station in the aint
who reported that among the forms of dissolve@nd Olho d"Agua presented higher euthrofication
inorganic nitrogen, nitrite was difficult to detant  characteristics, reaching a maximum in the
natural waters because of its instability. summer.

Chlorophyll concentration was higher in the

internal stations of the tidal creeks Perequé,

Penedo and Barranco. However, it should be nottlCKNOWLEDGEMENTS

that the high values observed in Barranco's interna

station could have been influenced partly byrhis work was supported by a grant from CNPq
Lemnasp. which have not been retained by thg¢Conselho Nacional de Pesquisa e
pre-filtration process. Desenvolvimento Tecnoldgico). We thank Prof.
The highest values of total and thermotoleranDr. Marco Fabio Maia Corréa for the comments,
coliforms were observed in Olho d"Agua tidalsuggestions and corrections of the first version of
creek, which were similar to those registeredhe manuscript.

annually in the summer period by the

Environmental Institute of Parand , that find

waters not proper for balneability in the RESUMO

proximities of its mouth. The high values of total

coliforms and low values of therm0t0|erant|:0i objetivo da presente pesquisa, avaliar a
coliforms in Penedo tidal creek Conﬁrmedqua”dade da égua de guatro gamboas do Parang,
previous observations of Kolm et al. (2002) thaBrasil, que sofrem influéncias antrépicas distintas
the part of the total coliforms were autochthonousEm cinco coletas trimestrais’ foram Obtidas’ as
The analyses of total coliforms, aCCOmp|iShed b%eguintes variadveis em é_guas superficiais:
Higuti et al. (1998) in Penedo tidal creek, showedemperatura, salinidade, pH, alcalinidade, di6xido
similar results during the winter and spring. Thede carbono, oxigénio dissolviduitrito, nitrato, N-
present work showed that during the summer angimoniacal, fosfato, silicato, material particulado
autumn of 2003, they were significantly higher,em suspensao, substancias htmicas, clorofila total,
whereas thermotolerant coliforms were moresoliformes totais e coliformes termotolerantes. Os
elevated in the summer. These results showed ”ttl@su]tados mostraram que a temperatura da égua

anthropic influence during the last years, excepipresentou caracteristicas tipicamente subtropicais
for the summer time in which the tourism increasecom valores ~significativamente menores no

Kolm and Andretta (2003) studied total C0|if0rm3inverno em todas as esta(;ﬁesl A salinidade (7 -
and E. coli in two spring-tide in July 1999 in 25%) e o pH (7,08 - 7,91) mais elevados,
Perequé tidal creek. The average of the values @dgistrados na Gamboa Pereqirdicaram que
total coliforms found by the authors was, in thesomente este curso d"agua é influenciado pelo mar
external station, similar to the ones found in thi%djacente_ As quantidades baixas de Oxigénio

stydy in July 2003. However, in the median stationjissolvido, chegando a anoxia, altas de fosfato
the values of total coliforms were significantly

Braz. Arch. Biol. Technol. v.52 n.2: pp. 483-492aiApr 2009



492 SiqueiraA. et al.

(8,11 - 208,11uM), N-amoniacal (0,90 - 75,33 do Sul, Parana, BraziBraz. J. Microbiol, 34, 97-
uM), coliformes totais (<200 - 160.000 NMP 100 103. o

mL™) e coliformes termotolerantes (<200 - 50.00d-2na&, P. C.; Angulo, R. J. and Ribeiro, D. (1997),
NMP 100 ml;l) observadas na Gamboa Olho Estudo do impacto ambiental de uma usina

d’Agua indicam que esta apresenta caracteristicadSMO€l€trica na Baia de Paranagua e do porto de
desembarque, sub-estacdo e linha de transmisséo

tipicas de eutrofizacdo, principalmente no Verdo, , <. iados GETEP/COPEL/CHILGENER/INEPAR,
época de maior pluviosidade e maior fluxo de citiba 3° vol.

turistas na regido. As gamboas Perequé, Pened@gack, R. (1981),Geografia fisica do Estado do
Barranco podem ser caracterizadas como gamboag®arana 2 ed., J. Olympio/Curitiba, Secretaria da

meso- e oligotrdéficas. Cultura e Esporte do Estado do Parand, Curitiba,
Brasil.
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