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ABSTRACT: Effects of domestic sewage discharges in the estuarine region of the Itanhaém River basin
(SP, Brazil). The estuarine region of Itanhaém River (Sao Paulo coastal region) is surrounded
by the urban area of Itanhaém municipality. Some rivers from this region receive domestic
sewage discharges with no treatment. The estuary and mangrove tidal creeks have been
studied in order to evaluate the space and time variability of pollution levels in these
environments. The results indicated a spatial gradient of pollution, which higher levels
pollution were observed in the tributaries near the urban area and lower levels in the
estuary, as well as there being a temporal variability of these levels. The low levels of
pollution measured in the estuary of Itanhaém River, that receives the water from tributaries
with high levels of pollution, probably is the result of the dilution of the sewage due to the
seawater inflow at high tide and to the great volume of freshwater not polluted flowing
from the upper part of the basin, which receives a contribution of the Parque Estadual da
Serra do Mar.
Key-words: cstuary, aquatic pollution, limnology, salinity.

RESUMO: Efeitos de descargas de esgotos domésticos na regidao estuarina da bacia do Rio Itanhaém (SP,
Brasil). A regidao estuarina do Rio Itanhaém (litoral centro-sul paulista) € circundada pela
area urbana do municipio de Itanhaém e recebe lancamentos de esgotos domésticos sem
tratamento. O estudrio e canais de mangue foram estudados com o objetivo de verificar a
variabilidade espacial e temporal dos niveis de poluicao nestes ambientes. Os resultados
obtidos indicam um gradiente espacial de poluicao, com altos niveis de poluicao nos
tributarios proximos a area urbana e baixos niveis no estuario, assim como uma variabili-
dade temporal nestes niveis de poluicao. Os baixos niveis de poluicao medidos no estua-
rio do rio Itanhaém, que recebe a agua de tributdarios com altos niveis de poluicao, prova-
velmente € resultado da diluicao proporcionada pela entrada de aguas marinhas na prea-
mar € do grande volume de agua doce nao poluida proveniente da parte superior da bacia
hidrografica, localizada no Parque Estadual da Serra do Mar.

Palavras-chaves: cstudrio, poluicao aquatica, limnologia, salinidade.

Introduction

and increasing commercial and recreational
use of these environments, anthropogenic
impacts threaten the long-term viability and
health of these important ecotones
(Kennish, 1992). Estuaries and mangrove
swamps have long been regarded as

Estuaries are ecotones and, as
transition ecosystem, act like an interface
between freshwater and marine
environments, presenting themselves as
shelter, reproduction, nursery and recruiting

areas for numerous species (Kennish, 1992).
The environmental conditions in estuaries
are highly variable. As a result of rainfall,
overland runoff, meteorological conditions
and tidal variation salinity fluctuates in a
wider range (Day et al., 1989; Yusek et al.,
2006).

In function of the large human
populations often associated with estuaries,
rapid development in coastal watersheds

convenient sites for the disposal of sewage
and wastewater due to the tendency of
pollutants to be recycled within these
naturally eutrophic systems (Clough et al.,
1983; Laws, 2000). Domestic sewage
discharges in water courses increase the
concentrations of organic matter and
nutrients that can affect the productivity of
the system, increase particulate materials
and reduce the amount of dissolved oxygen,
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leading to excessive algal growth, increased
metabolism, and changes in community
structure (Day et al., 1989; Laws & Allen,
1996; Hall et al., 1999). Due to these impacts
on water quality the need for characterizing
environmental conditions and temporal
trends in these conditions is
correspondingly urgent (Jassby et al., 1997).

Over the past several decades there
has been a great deal of scientific study of
human impacts in estuaries (Day et al.,
1989). Hager & Schemel (1992) noted that
agricultural return flow drains and a munici-
pal wastewater treatment plant were the
largest sources of nutrients to northern San
Francisco Bay, U.S.A. Uncles et al. (1998)
estimate the water residence time of
Humber Estuary, U.K., and nutrient fluxes
to the coastal zone. Whitfield (1999) details
factors (among these the pollution effects)
influencing the ichthyofaunal community
structure in South African estuaries. Chen
et al. (2004) concluded that the ecosystem
of the Pearl River, China’s third longest river,
is being threatened because it receives
inflow from its tributaries, several of which
are heavily polluted. Garcia-Barcina et al.
(2006) evaluate the success of almost 20
years pollution abatement in the Bilbao
estuary watershed in northern Spain.
Yuksek et al. (2006) reported changes in
biodiversity of the extremely polluted
Golden Horn Estuary, Turkey. In Brazilian
estuaries some works were made. Carreira
et al. (2004) evaluate the space-time
variation of sewage inputs to Guanabara Bay
(Rio de Janeiro) during the last century
through the distribution of coprostanol and
other sterols in sediment cores of this
estuary, considered highly contaminated by
substances derived from domestic and in-
dustrial effluents as well as from agricultural
runoff. Braga et al. (2000) reported the
cutrophication and bacterial pollution
caused by industrial and domestic sewage
in the Baixada Santista estuarine system.
Camargo et al. (1995) verified the organic
sewage influence on the diurnal variation
of some limnological characteristics in the
estuarine region of Canancdia. Specifically
in the estuarine region of Itanhaém River
basin Camargo et al. (1994), Camargo et al.
(1996), Camargo et al. (1997), Camargo &
Florentino (2000), Souza-Pereira & Camargo
(2004) and Biudes & Camargo (2006)
reported aspects relative to pollution effects
in rivers and biota of the estuarine region.
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In this paper we presented some
limnological characteristics of the rivers and
tidal creeks in the estuarine region of
Itanhaém River basin that receives domestic
sewage discharges in order to determine
the spatial and temporal variability of
pollution levels. It would contribute to
prevent impacts to the biota of the related
environments and to human health of the
Itanhaém population.

Study area

The Itanhaém River basin (IRB) is
located on the southern coast of the Sao
Paulo State, southeastern Brazil (23° 50' and
24° 15' S; 46° 35' and 47° 00' W) and drains
a watershed of about 950 Kkm?, with
approximately 50 Km length and 15 km
width (Suguio & Martin, 1978; Pereira, 2002)
(Fig. 1). The climate of the region is Af -
Tropical (tropical super humid with no
defined dry season - but with a higher
rainfall during the summer), according to
Koeppen (Setzer, 1966). The meteorological
conditions present little variation due to its
latitude and proximity to the Atlantic Ocean.
Rain is abundant (annual mean of 2,183 mm),
with more rainfall in March (279.9 mm) and
less in August (84.7 mm). The atmospheric
temperature in the region is high, with a
maximum average of 26.2 °C (February) and
minimum average of 19.0 ‘C (July) (Lamparelli
& Moura, 1998).

The superior region of the basin is
located in a mountainous area (600-800 m)
that is covered by a well-preserved Atlantic
Pluvial Forest (Mata Atlantica) (conservation
area of the State Park of Serra do Mar). The
intermediate region is located on the coastal
plain and is covered by Coastal Plain
Transitional Forest (Mata de Restinga) in
which different types of anthropogenic
impact are observed (sand pits, banana
farms and deforestation). The lower region
(0-5 m) is covered with mangrove vegetation.
In this region, because of proximity of a
sizable urban center, the rivers are
impacted by deforestation, buildings and
domestic drains without previous treatment.
The basin shows a large diversity of water
types (white, black, clear and brackish)
(Camargo et al., 1996; Camargo et al., 1997;
Camargo et al., 2002).

Itanhaém River Basin (IRB) is the
second largest basin of the Sao Paulo state
coast, Brazil (being smaller in area than the
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Ribeira do Iguape River basin). The princi-
pal economic activity in the IRB is based
on tourism activity. The total population of
Itanhaém municipality was 71,995
inhabitants in the year 2,000, 97.27% in the
urban region and 2.73% in the rural region
(IBGE, 2004). The vacationers, however
normally increase this number to about
220,000, during summer. Even during winter

about 50,000 and during weekends about
2,000 people increase these total numbers.
Itanhaém has, in 1996, 461,408 m of water
supply system and 81% of municipality
population served, 13,84Im of sewer
network and 8.5% municipality population
served, 91.5% of houses have cesspit
(SABESP, 2005).
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Figure 1: Map of estuarine region of Itanhaém River. Sample stations in Itanhaém River (1 and 2), Volta
Deixada Meander (3), Campininha River (4 and 5), Guaud River (6), Poco River (7) and Bleudo

Stream (8).
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Material and methods

Eight sampling stations were
established in the estuarine region of the
IRB (Fig.1, Tab. I). Three replicate samples
of water were collected in October 1997,
February 1998, May 1998, August 1998,
November 1998, February 1999, May 1999
and August 1999. Water samples were
collected from the subsurface (10 cm) in
right, left river margins and in the center of
the river, in low tide. Approximately 0.5
litters of water were filtered (Whatman GF/
C filter) few hours after collected in the
laboratory of the Center of Research of
Itanhaém River. The samples were
conditioned in polyethylene bottles and
immediately frozen at -20° C. In the
Laboratory of Aquatic Ecology (Ecology
Department/UNESP/Rio Claro), from the
filtered samples, were measured the
concentrations of ammoniacal nitrogen
(ammoniacal-N) (Koroleff, 1976), nitrate (NO,-
N), nitrite (NO,-N), total dissolved nitrogen
(TDN) (Mackereth et al., 1978), ortho-

300 +
250 -
200 - —
150 -

100 -

Rainfall (mm)

50 A

0

phosphates (PO ,-P) and total dissolved
phosphorus (TDP) (Golterman et al., 1978).
Total inorganic nitrogen (TIN) was calculated
by the sum of NO,N, NO,-N and ammoniacal-
N. Samples of non-filtered water were used
to determine total nitrogen (TN) (Mackereth
et al., 1978) and total phosphorus (TP)
(Golterman et al., 1978). Dissolved oxygen
concentrations (DO) were determinate by
winkler method (Golterman et al., 1978).
Salinity levels (SAL) were measured using
a Water Quality Checker Horiba (model
U-10).

The results of the limnological variables
were confronted using the analysis of
variance and Tukey’s Honest Significant
Difference test (Zar, 1996) to verify
significant differences (p«0.05) among the
sampling stations in each sampling date.
Cluster analysis (unweighted pair group
Method - arithmetic average) was employed
to verify the dissimilarity level among the
sampling stations. The Statistica program
(version 5.5) was used for the statistical
analysis (Statistica, 2000).
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Figure 2: Total monthly rainfall averages (mm) from 1938 to 1999 in meteorological sampling station F3-

005, located 3 m of altitude in the Itanhaém River basin (Integrated System of Hydric Resources
Management of Sao Paulo State - Brazil) (http:/www.sigrh.sp.gov.br).

Table I: Sampling stations in the estuarine region of the Itanhaém River basin.

Sampling Stations

Coordinates

Location

1

B W N

® N O O

24°11'2]1 — 46°47'43
24°10'20 - 46°48'00
24°1025 - 46°4901
24°10'47 — 46°47'36
24°10'19 - 46°47°04
24°11'l8 - 46°48'06
24°12'26 - 46°49'58
24°11'40 — 46°49'44

Itanhaém River (mouth)
Itanhaém River (upstream)
Volta Deixada Meander
Campininha River (mouth)
Campininha River (upstream)
Guau River

PoOCO River

Bleudo Stream
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Results

The results of the limnological variables
presented significant differences (p«0.05)
among the sampling stations. Spatial
variations of the limnological variables were
observed, for instance, in TN average
values between sampling station 2 (0.3
mg.L!") and sampling station 4 (9.9 mg.L")
in August 1999, and in TP values between
different stations in the same river, for
instance sampling station 4 (247 nmg.L'!) and
sampling station 5 (1132 mg.L!Y) in
Campininha River in August 1999. Spatial

variations were observed in the same
sampling date, for instance in August 1998,
which the highest average value of DO
were observed in sampling station 2 (7.6
mg.L") and the lowest in sampling station
8 (0.3 mg.L"). In February 1999 the TIN
levels were higher in sampling station 8
(946 nmg.L') than in the sampling station 2
(55 mg.L'). In October 1997 TIN levels were
lower in sampling station 1 (70 ng.L') than
in the sampling station 5 (387 ng.L') and
TN were lower in sampling station 1 and 2
(0.5 mg.L") and higher in sampling station
8 (4.4 mg.L") (Tab. II).

Table II: Average values and standard deviation of the chemical variables measured in October 1997 (A),
February 1998 (B), May 1998 (C), August 1998 (D), November 1998 (E), February 1999 (F), May 1999
(G) and August 1999 (H). Distinct letters indicate significant differences (p«0.05) among sampling
stations.
A 1 2 3 5 6 7 8
TIN (nE.LY) 70+x0.5a 80+36.0a 148%+30.1a  325+39.0C 387+47.0C 162£19.0b  179.¥38.1b 361.%15.5C
TDN (mg.L") 0.2+0.1a 0.210.1a 0.8x0.1b 2.440.1c 2.4+03 C 1.0+0.1b 0.5+0.1a 3.320.2d
TN (mg.L") 0.5x0.1a  0.5%0.1a 1.2+0.2 b 3.3+0.3C 3.2+0.3C 1.3x0.1 b 0.7+0.1a 4.430.1d
PO,-P (nu.L") 5%0.1a 510.1a 24+12.2b 163+27.3C 167£37.9C 49+22.0b 41%21.2b 107+34.5d
TDP (nu.LY) 20+3.0a 26x12.7a 109+28.3b 182+8.3C 239+31.9d 158+8.8C 100+£22.9b  174+46.8C
TP (n@.LY) 11+4.9a 10£11.8a 146126.0b  928+236.6C 889+133.4C 206x46.2D 86+49.3b  216+23.1b
DO (mg.L) 5.5%0.la 5.5%0.2a 1.610.1b 0.5+0.1C 0.8+0.1C 0.8+0.2C 1.2+0.3b 0.8+0.1C
B 1 2 3 4 5 6 7 8
TIN (nE.LY) 47+4.8a 52+20.7a  54+15.5a 39+4.1a 123+13.0a 51+26.5a 221¥55.7C  183%26.2b
TDN (mg.L") 0.3+0.1a 0.410.1a 0.3+0.1a 0.3+0.1a 1.120.1b 0.4+0.1a 1.120.1b 1.2+0.3b
TN (mg.L) 0.610.1a 0.5%0.1a 0.6+0.1a 0.5+0.2a 1.40.1b 0.5+0.1a 1.3x0.1b 1.4+0.3b
PO,P (nu.L') 5+0.1a 5+0.1a 5+0.1a 15%13.8a 66+7.4a 27+32.3a 120£58.4b 58+9.0a
TDP (nu.LY) 19+t5.9a  25*10.8a 20+4.2a 48+17.1a 105+8.7b 50+25.7a 123+£48.3b 79t5.1a
TP (N@.LY) 34#]10.la 25%17.6a 137%x19.2a 198+390.1b 144#490.3a 136+x37.3a 292+68.3C 190%£56.2D
DO (mg.L) 5.0t0.2a 5.8%0.la 4.1#0.1a 5.0%0.1a 1.540.1b 4.5+0.2a 1.7+0.3b 3.4+2.5a
C 1 2 3 4 5 6 7 8
TIN (N 11448.7a 71+50.1a 51£31.1a 143£16.8a 300x14.3b  325+32.7b 49£11.9a 274+10.9b
TDN (mg.L") 0.2+0.l1a 0.2+0.1a 0.4+0.1a 0.3+0.1a 3.9+0.7¢C 2.520.1b 0.4+0.1a 3.6+0.1C
TN (mg.L") 0.3t0.1a 0.2+0.1a 0.4+0.1a 0.3+0.1a 4.7+0.3C 2.210.1b 0.4+0.1a 4.0+0.1C
PO,-P (n©.L") 5%1.0a 5+0.8a 5%l.1a 5+3.5a 46+7.0b 49+11.7b o*5.1a 52#5.1b
TDP (nu.L") 21+7.5a 13+0.6a 210+20.8d 26+4.8b 1414 .4C 129+16.9C 69+6.7b 152+9.3C
TP (n@.LY) 31%1l.7a 18+£3.3a 76%l11.1a 54+16.1a 168+9.8b 231£57.0C 139+490.3b  477+80.1d
DO (mg.L) 5.8+0.1a 6.4%1.0a 6.2+0.3a 5.9+0.3a 1.5+0.6C 0.7+0.1C 3.310.1b 2.310.1b
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Table 11: Cont.

D 1 2 3 4 5 6 7 8
TIN (ng.LY) 50%26.8a 29+5.2a 53%6.9a 137+.7.8C 73+9.3b 153+19.9C 59+3.7b 78+13.5b
TDN (mg.L") 0.33x0.1a  0.2%0.1a 0.5x0.1a 2.13£0.5¢C 2.5+0.3C 1.8+0.2b 1.3:0.4b 1.3+0.1b
TN (mg.L") 0.4#0.1a  0.5%0.2a 0.6+0.1a 2.5+0.5¢C 2.8+0.4C 2.0+0.2C 1.60.1b 1.5+0.1b
PO,P (mz.LY) 15+7.7a 14+6.7a 2242 44 106+23.6b 161+8.2b 124+12.5b  126+19.6b  227*0.1C
TDP (ne.L}) 43+6.2a  29+4.8a 71+10.7a 155+14.9b 231+1.2¢ 193+37.5Cc 20912.7c  511x0.1d
TP (nB.LY) 69+9.3a 51£5.8a  120#10.2a 379+76.5D 343x66.6D 319+27.3Db 340#48.1b  1348#0.1C
DO (mg.L") 7.3x0.2a  7.6%0.3a 7.120.1a 1.7£0.2b 0.7+0.3C 1.2+0.2b 0.530.1C 0.30.1C
E 1 2 3 4 5 6 7 8
TIN (nB.LY) 40+22.2a 105+33.8b 85*I15.1a  82*4.1a 179+7.6C 109+6.8b 131+15.1b 149+2 .4b
TDN (mg.L") 0.2%0.1a 0.1+0.1a 0.1¥0.1a  0.3%0.la 5.7+0.2C 1.3+0.3b 1.310.1b 6.6x1.0C
TN (mg.L") 0.3t0.la  0.2%0.la 0.4+0.1a  0.4%0.l1a 6.6+0.3C 1.7+0.2b 1.7+0.1b 7.5£0.8C
PO,-P(mz.L") 5%0.1a 5%0.1a 7+1.7Q 7+0.6a 301£90.9¢  103+37.9b 94+9.4b 134+97.0b
TDP (ne.LY) 7+1.0a 7+3.3a 10+5.8a 10t8.0a  482+30.9C 174%58.4b  126£13.8b 335t261.7C
TP (nB.LY) 20*16.2a  21*3.2a 42%10.5a 27t10.4a 6031210.4C 259+102.9b 307+159.9b 986+344.6d
DO (mg.L") 5.9+0.2a  6.1x0.2a 3.9+0.1b  5.7+0.1a 0.1£0.1c 0.4£0.1C 0.5%0.1c 2.3+0.3b
F 1 2 3 4 5 6 7 8
TIN (me.LY) 108t9.0a 55*19.8a 137+15.0a 318+28.3C 585+35.4d 204+49.8b 267+89.8Cc 946.1+89.8d
TDN (mg.L") 0.2x0.l1a  0.2%0.l1a 0.4%0.1a 0.7+0.1a 1.9%1.1c 0.6£0.1b 0.70.1b 3.2+0.1d
TN (mg.L") 0.9+0.2a 0.4#0.l1a  0.6*x0.2a 1.2+0.1b 2.9+0.3C 0.80.1b 1.120.2b 4.30.1C
PO,-P (nB.L") 5%1.8a 5+0.3a 5%0.1a 12+8.8a 14%5.7a 18+2.0b 16£3.0b 102+0.1C
TDP (ms.LY) 8+2.9a 5%1.0a 19+5.2a 50%3.3b 82+14.9C 37+18.5b 30+2.3b 122+0.1d
TP (ms.LY) 13+3.5a 7t1.6a 2612.8a  107+26.7C  128%32.0C 94+17.5C 4819.2b 49610.1d
DO (mg.L") 4.610.1a  4.6%0.l1a 2.1+0.2b 1.9+0.1b 0.210.1c 2.210.2b 1.420.1b 0.320.1c
G 1 2 3 4 5 6 7 8
TIN (me.LY) 73t18.4a 103%22.3a 630.l1a  340164.4C  224*18.7b 323*l17.4C  74%21.0b 309%12.7C
TDN (mg.L") 0.3%0.1a 0.2%0.1a 0.3%0.1a 0.80.1b 0.920.1b 0.70.1b 0.610.1b 1.620.1C
TN (mg.L") 0.4%0.1a 0.3%0.1a 0.4%0.1a 1.0£0.1b 1.210.1c 0.8+0.1b 0.8%0.1b 1.84+0.2C
PO,-P (me.L) 5%1.9a 512 .3a 24+0.1b 6618.1b 50+7.5D 43%5.0b 12+].4a 1015.1a
TDP (ms.LY) 14+3.1a 9+0.6a 700.1a 98+5.3C 98+49.2C 58+3.1b 92+7.0C 55+5.0b
TP (ms.LY) 25%4.4a 12+2.8a 42+3.8a 116£14.8C 8215.9b 73%5.3b 108%3.3C 72+1.6b
DO (mg.L") 5.8%0.1a 6.2+0.1a 4.5%0.1b 3.3120.4b 1.3£0.3C 2.9+0.1b 2.310.1b 1.8+0.1c
H 1 2 3 4 5 6 7 8
TIN (mg.LY) 61t24.6a 42+9.9a 33*2.9a 110+7.4b 283+21.5d 217¢890c  223*13.7C  206%10.1Cc
TDN (mg.L") 0.3+0.1a  0.2+0.la  0.2t0.1a 1.0%1.7b 8.1+0.5¢C 1.7+0.2b 2.3+0.2b 6.120.1C
TN (mg.L") 0.4#0.1a 0.3x0.la 0.3%0.la 1.1£1.9a 9.9+1.3C 2.1+0.1b 2.810.1b 7.210.1c
PO,-P (nu.L) 11+4.2a o+3.2a 1616.5a 47+83.3a 798%100.1C 6716.0D 109£20.4b 30%0.1a
TDP (ms.LY) 20+4.6a 19+1.3a 59+1.6a 110%10.2a 1098+233.3C  141+20.1b  166%12.0b 65+0.1b
TP (mg.L") 33+3.0a 20+7.3a 58t6.6a 247+254b  11324#236.0Cc  173%16.6b  221*15.4b 11520.1b
DO (mg.L") 6.2+0.1a 6.2+0.la 3.9+0.3a 1.61£3.2b 0.130.1c 1.3+0.5b 0.1£0.2C 0.2+0.1C
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Temporal variations of the variables
can be noted when were compared, for
instance, the TP value in sampling station
8 in August 1998 (1348 mg.L'") and in May
1999 (72 mg.L') and the TN value in
sampling station 8 in November 1988 (7.5
mg.L') and in February 1998 (1.4 mg.L").
Temporal variations were noted in the
same season but at distinct dates, for
instance autumn, which TP average value
at sampling station 6 in May 1998 (231 ng.L")
was higher than the value in May 1999
(73 mg.L') and TIN value at sampling station
5 in February 1998 (123 ng.L') was lower
than the value in February 1999 (585 ng.L!)
(Tab. 1I).

The Cluster analysis was applied with
the aim to establish a general view of the
differences of the limnological
characteristics measured in the eight
sampling stations in eight sampling dates
(Fig. 3). The dendrogram showed the
dissimilarity level among the sampling

stations, and a spatial gradient of pollution
could be noted from left to right on this
graph, which the unpolluted stations are
in the left side and polluted stations are
in the right side. By this way, three groups
were distinguished, group A, which
sampling stations 1, 2, and 3 presents less
impacted, group B, which sampling
stations 4, 6 and 7 presents medium
impacts and group C, which sampling
stations 5 and 8 presents severally
impacted.

The SAL levels were plotted against
TN, TP and DO values with the purpose to
infer the influence of seawater in the
pollution levels of the estuarine region
(Fig. 4). The figure shows that in higher
SAL levels the concentrations of TN and
TP were lower and the concentrations of
DO were higher. On the other hand in lower
levels of SAL the concentrations of TN,
TP and DO were both lower and higher.
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Figure 3: Dendrogram of classification of the sampling stations (I and 2: Itanhaém River, 3: Volta Deixada
Meander, 4 and 5: Campininha River, 6: Guau River, 7: Poco River and 8: Bleudo Stream) in the
estuarine region of Itanhaém River basin.
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Figure 4: Concentrations of (A) total nitrogen, (B) total phosphorus and (C) dissolved oxygen with respect
to salinity in the estuarine region of Itanhaém River basin.

Discussion

The results showed significant
differences of pollution levels in the eight
sampling stations in the estuarine region
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of IRB. The sampling stations more polluted
(5 and 8) have higher N and P concentrations
and lower values of DO. The higher levels
of pollution in the stations 5 and 8, probably
is related to the sewage launching in these
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rivers and the low rates of sewage dilution
due to the higher distance of the Itanhaém
River and the low water volume of these
rivers. On the other hand, sampling stations
I, 2 and 3 could be classified as unpolluted
or low polluted, probably due to sewage
dilution conditions in these locals. In fact,
stations 1 and 2 are located in the Itanhaém
River main course that receives seawater
and unpolluted freshwater from the upper
part of the hydrographic basin. Sampling
stations 4, 6 and 7 were considered median
polluted, because are located in tidal creeks
that receive wastes but with a short distance
to the Itanhaém River and, probably these
stations are subject to moderate dilution
process.

Other authors observed the same
pattern in other estuaries, that is, some
locals considered higher polluted and
others lower or unpolluted, and attributed
this pattern to dilution and mixing process.
Clough et al. (1983) and Laws (2000)
reported that the fate of nutrients and other
constituents of sewage effluent discharged
into mangrove systems is largely influenced
by hydrodynamic factors, such as tidal
inundation and patterns of water movement
and drainage, which affect effluent dispersal
and mixing. Washburn et al. (2003)
hypothesized that mixing processes would
reduce the gradient of pollution over time
as higher salinity, when ambient ocean
waters mixed into the storm water plumes
resulted from freshwater discharge in San-
ta Monica Bay, U.S.A.. Chen et al. (2004)
noted that the mixing of seawater with river
discharge and the accompanying
biogeochemical processes reduce the
pollution within the Pearl River estuary,
China. In the Baixada Santista estuarine
system (Brazil) Braga et al. (2000) reported
a gradient of dilution of pollution levels from
the estuary’s interior to its mouth along the
natural channels, which dissolved nutrients
reached higher values in the direction to
the estuary’s head. In the estuarine region
of Itanhaém River this gradient of pollution
is evident too, because the sampling
stations more distant from the estuary show
higher levels of pollution.

The influence of sewage dilution by
seawaters is evident in Figure 4, because
in higher salinity the concentrations of N
and P are always lower and DO higher. On
the other hand in lower values of salinity
N, P and DO can be higher or lower. The
difficulty of dilution of sewage in low tide
can explain the higher levels of pollution

and the entrance of freshwater from the
upper part of the basin can explain the
lower pollution levels. The water from the
upper part of the hydrographic basin has
low concentrations of nutrients, higher
values of DO, and pollution is absent
because there are not any urban centre,
small areas of agriculture and the presence
of the Parque Estadual da Serra do Mar
(Camargo et al. 1996; Camargo €t al. 2002).
The importance of the river flows in
the dilution of wastewater was observed in
the northern San Francisco Bay (U.S.A) by
Hager & Schemel (1992). These authors
noted that anthropogenic sources supply
most of the nutrients to northern San Fran-
cisco Bay during times of low river flows,
whereas freshwater inflows affect exchange
of water with other parts of the bay and
dilution of waste sources entering the bay.
Freshwater inflows also affect the residence
times of waters in the rivers and bay, which
influence the processing of the nutrients
and their eventual transport to the ocean.
Aquatic pollution levels are declining
in significance, for instance, in some U.K.
estuaries (Matthiessen & Law, 2002) and in
Bilbao estuary, Spain (Garcia-Barcina et al.,
2006), showing that legal controls over
direct sewage and industrial discharges and
legislative changes have brought about
some reductions in discharges and
improved environmental quality. Itanhaém
municipality has two wastewater treatment
plants, however only 4% of the produced
sewage were treated (SABESP, 2005). The
main factor responsible by the low levels
of pollution in the Itanhaém River (stations
1 and 2) is the freshwater inputs from the
headwaters. According Pereira (2002),
although the Itanhaém River estuary has
the same temporal and spatial dynamic of
others estuaries, the values of SAL are low
when compared with others estuaries
located in the southern coast of Sao Paulo
state probably due to the largest drainage
area of this basin, which permits a higher
freshwater inflow in the estuarine region.
This higher inflow of freshwater probably
is the main factor that determines the low
levels of pollution in Itanhaém estuary.
Temporal variation on the pollution
levels was observed in the estuarine region
of IRB. However, the distribution of rain
presents a seasonal pattern with higher
rainfall in summer and lower in winter and
add to that in summer the number of
habitants increase around 4 times, the
variation of pollution levels do not have a
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seasonal pattern. The increase of
population in summer promotes the levels
of pollution, but on the other hand, the
increase of rainfall promotes dilution of
wastes. In fact, Hager & Schemel (1992)
observed in Sacramento River (San Fran-
cisco Bay, USA) higher concentrations of
dissolved inorganic nitrogen and dissolved
reactive phosphorous during periods of
lower river flows. It is important to note that
in the region of Sacramento River there is
not a seasonal population density variation.
Another aspect that probably influences the
levels of pollution in the estuarine region
of IRB is the rainfall inflow regime due to
cold fronts entries that occur in all the year
seasons. These cold fronts promote high
levels of rainfall in short periods (2 or 3
days) in the coastal plain (Lamparelli &
Moura, 1998). Add to that, with exception of
sampling stations 1, 2 and 3, the others
sampling stations are located in small rivers
that increase the flows with a feel days of
rain. It has a result, if the samples were
made during or immediately again a period
of rain the levels of pollution probably were
lower due to dilution process.

Pollution in estuarine areas affects
biological communities, and in the estuarine
region of IRB other authors observed the
influence of pollution upon some biological
communities or species. Souza-Pereira &
Camargo (2004) observed a positive relation
between the density of nauplii of copepods
and organic pollution in Volta Deixada
Meander. Biudes & Camargo (2006) verified
that domestic sewage in the water of the
Guau River fertilize Spartina alterniflora that
have higher biomass, TN, TP, protein, lipids
and soluble carbohydrates than the biomass
of it species in Itanhaém River. Add to that,
an over-enrichment by anthropogenic
nutrients causes severe problems for the
recreational use of some beaches and for
human health (Braga et al., 2000).

We concluded that the pollution levels
in the estuarine region of the IRB showed
space and time variations. Both variations
are explained by the dilution process of
sewages. The dilution was made by
seawater and freshwater from the upper
region of the basin located in a conservation
area.

Acknowledgements

we would like to thank Dr. Roberto
Goitein for the English improving, Mr. Carlos

230 SANT'ANNA.E.B. et al.

Fernando Sanches for the precious
assistance in the field and laboratory work
and CNPqgq (Process 520592/97-2) that
supported this research.

References

Braga, E.S., Bonetti, C.V.D.H., Burone, L. &
Bonetti-Filho, J. 2000. Eutrophication and
bacterial pollution caused by industrial
and domestic sewage at the Baixada
Santista Estuarine System - Brazil. Marine
Pollution Bulletin, 40:165-173.

Biudes, J. FE V. & Camargo, A. E M. 2006.
Changes in biomass, chemical
composition and nutritive value of
Spartina alterniflora due to organic
pollution in the Itanhaém River Basin (SP,
Brazil). Braz. J. Biol., 3:781-789.

Camargo, A.EM., Bini, L. M., Schiavetti, A. &
Ferreira, R.A.R. 1994. Influencia de la
fisiografia y de las actividades humanas
em las caracteristicas limnoldgicas de rios
del litoral sur paulista - Brasil. Tankay,
1:275-276.

Camargo, A.EM., Bini, L.M. & Prado, S.E.R.
1995. Variacao nictemeral de alguns

parametros limnolégicos em dois
ecossistemas 1dticos do litoral sul
paulista. Oecol. Brasil., 1:75-85.

Camargo, A.FEM., Ferreira, R.A.R., Schiavetti,
A. & Bini, LM. 1996. Influence of
physiography and human activity on
limnological characteristics of lotic
ecosystems of the south coast of Sao
Paulo, Brazil. Acta Limnol. Brasil., 8:231-
243.

Camargo, A.EM. & Florentino, E.R. 2000.
Population dynamics and net primary
production of the aquatic macrophyte
Nymphaea rudgeana C.E. Mey in a lotic
environment of the Itanhaém River basin
(SP, Brazil). Rev. Bras. Biol., 1:336-343.

Camargo, A.EM., Nucci, PR., Bini, LM. &
Silva JR., U.L. 1997. The influence of the
geology on the limnological
characteristics of some lotic
ecosystems of the Itanhaém river basin,
SP-Brazil. Verh. Internat. Verein. Limnol.,
26: 860-864.

Camargo A.EM., Pereira, L.A. & Martins-
Pereira, A.M. 2002. Ecologia da bacia
hidrografica do rio Itanhaém. In:
Schiavetti, A. & Camargo A.EM. (eds.).
conceitos de Bacias Hidrograficas.
Editus, Ilhéus. p.239-256.

Effects of domestic sewage discharges in the estuarine...



Carreira, R.S., Wagener, A.L.R. & Readman,
J. W. 2004. Sterols as markers of sewage
contamination in a tropical urban estuary
(Guanabara Bay, Brazil): space-time
variations. Estuar. Coast. Shelf Sci., 60:
587-598

Chen, J.C., Heinke, G.W. & Zhou, M.J. 2004.
The Pearl River Estuary Pollution Project
(PREPP). Continental Shelf Research, 24:
1739-1744.

Clough, B.F., K.G. Boto, and PM. Attiwill.
1983. Mangroves and sewage: a re-
evaluation. In: H.J. Teas (ed.). Biology and
Ecology of Mangroves, Dr. W. Junk, The
Hague. p.151-161.

Day, J.W., Hall, C.A.S., Kemp. W.M. & Yanez-
Arancibia, A. 1989. Estuarine Ecology.
John Wiley & Sons, New York. 544p.

Garcia-Barcina, J.M., Gonzalez-Oreja, J.A. &
De-la-Sota, A. 2006. Assessing the
improvement of the Bilbao estuary water
quality in response to pollution
abatement measure. Water Research, 40:
951-960.

Golterman, H.L., Clymo, R.S. & Ohstad, M.A.M.
1978. Methods for Physical and Chemical
Analysis of Fresh Waters. Oxford: IBP.
213p.

Hager, S. W. & Schemel, L.E. 1992. Sources
of nitrogen and phosphorus to northern
San Francisco Bay. Estuaries, 15:40-52.

Hall, R. 1., Leavitt, P R., Dixit, A. S. & Smol, J.
P. 1999. Effects of agriculture,
urbanization, and climate on water quality
in the northern Great Plains. Limnol.
Oceanogr., 44:739-756.

IBGE, 2004. Resultados da Amostra do Cen-
so Demografico 2000 - Malha municipal
digital do Brasil: situacao em 2001. Rio
de Janeiro: IBGE. http:/www.ibge.gov.br/
cidadesat/default.php. Accessed in May,
21, 2007.

Jassby A.D., Cole, B.E. & Cloern, J.E. 1997.
The design of sampling transects for
characterizing water quality in estuaries.
Estuar. Coast. Shelf Sci., 45:285-302.

Kennish, M.J. 1992. Ecology of estuaries:
anthropogenic effects. Marine Science
Series, CRC Press. NY. 494p.

Koroleff, E 1976. Determination of nutrients.

In: Grasshoff, K. (ed.). Methods of
seawater analysis. Verlag Chemic
weinhein, New York. 117p.

Lamparelli, C.C. & Moura, D.O. 1998.

Mapeamento dos ecossistemas costei-
ros do Estado de Sao Paulo. Secretaria

do Meio Ambiente, CETESB, Sao
Paulo.108p.

Laws, E.A. 2000. Aquatic pollution: an
introductory text. John wiley & Sons, Inc.,
New York. 639p.

Laws, E. A. & Allen, C. 1996. Water quality in
a subtropical embayment more than a
decade after diversion of sewage
discharges. Pac. Sci., 50: 194-210.

Mackereth, EJ.H., Heron, J. & Talling, J.E 1978.
Wwater analysis: some revised methods
for limnologists. London: EB.A. 121p.

Matthiessen, P, Law, R.J., 2002.
Contaminants and their effects on
estuarine and coastal organisms in the
United Kingdom in the late twentieth
century. Environ. Pollut., 120:739-757.

Pereira, L.A. 2002. Analise ambiental da
bacia do rio Itanhaém baseada na rela-
cao entre 0s aspectos limnoldgicos com
fisiografia, uso da terra e sistema
hidroldogico. IGCE-Unesp, Rio Claro, SP,
78p (Ph.D. Thesis).

SABESP, 2005. Companhia de Tecnologia de
Saneamento Ambiental do Estado de Sao
Paulo. http://www2.sabesp.com.br/html/
asabesp/suaregiao/detalhes.asp?inic
Mmun=i&kMunicipio=120&x=5&y=9.
Accessed in May, 21, 2007.

Souza-Pereira, PE. & Camargo, A.EM. 2004.
Efeito da salinidade e do esgoto organi-
co sobre a comunidade zooplanctonica,
com énfase nos copépodes do estuario
do rio Itanhaém, Estado de Sao Paulo.
Acta Scientiarum - Biological Sciences.
26:9-17.

Setzer, J. 1966. Atlas climatico e ecoldgico
do Estado de Sao Paulo. Comissao Inte-
restadual da Bacia do Parana - Uruguai.
CESP, Sao Paulo. 15p.

Statistica. 2000. Version: 5.5. Series: 1000-
A-N4. StatSoft™,

Suguio, K. & Martin, L. 1978. Carta Geologi-
ca de Itanhaém. Fapesp, Sao Paulo. 25p.

Uncles, R.J., Wood, R.G., Stephens, J.A. &
Howland, R.J.M. 1998. Estuarine nutrient
fluxes to the Humber Coastal Zone, UK,
during June 1995. Marine Pollution
Bulletin, 37:225-233.

Washburn, L., McClure, K.A. Jones, B.H. &
Bay S.M. 2003. Spatial scales and
evolution of stormwater plumes in Santa
Monica Bay. Marine Environmental
Research, 56:103-125.

whitfield, A.K. 1999.
assemblages in estuaries: a

Ichthyofaunal
South

Acta Limnol. Bras., 19(2):221-232, 2007 231



African case study. Reviews in Fish
Biology and Fisheries, 9: 151-186.

Yuksek, A., OKkus, E., Yilmaz, I.N., Aslan-
Yilmaz, A. & Tas S. 2006. Changes in
biodiversity of the extremely polluted
Golden Horn Estuary following the
improvements in water quality. Marine
Pollution Bulletin, 52:1209-1218.

Zar, J.H. 1996. Biostatistical analysis. 4" ed.
Prentice Hall, New Jersey. 718p.

Received: 04 October 2006
Accepted: 03 August 2007

232 SANT'ANNA.E.B. et al.

Effects of domestic sewage discharges in the estuarine...



