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ABSTRACT: Hydrochemistry of two small estuaries: Cururupe and Acuípe River, Ilhéus, Bahia. In
this work the effect of leachate waste from the I lhéus garbage dump on the water
quality of Cururupe River estuary was focused. Sampling was carried at the estuaries
of Cururupe River and Acuípe River (assumed as natural background). pH, temperature,
d isso lved oxygen,  e lec t r ica l  conduct iv i ty  and sa l in i ty  were measured in  s i tu .
Dissolved inorganic nutrients, total alkalinity, biochemical oxygen demand and Fe2+

were a lso ana lyzed.  The presence o f  dump does not  a f fec t  s ign i f icant ly  these
variables. Both estuaries are dystrophic and Cururupe River and Acuípe River can
be classi f ied in class 7 and 8, respect ively (CONAMA no. 20) .  According the new
CONAMA reso lu t ion nº  357 the c lass i f ica t ion is  conf l ic t ing ,  but  Cururupe R iver
exhibited a better water quality.  This fact can be explained by depuration of leachate
wastes in mangrove of Cururupe River, and the greater area covered by wetlands in
Acuípe River. The BOD results also stressed the limitation of this test as an indicator
of organic pollution, and suggest that correlation analysis can be used as an indirect
method to evaluate environmental disturbance.
Key-words:  Leachate waste, biochemical oxygen demand, dissolved inorganic nutrients,
water quali ty, environmental regulation.

RESUMO: Hidroquímica de dois pequenos estuários: Rio Cururupe e Rio Acuípe, Ilhéus, Bahia.
Este trabalho teve como objetivo avaliar a influência da drenagem do depósito de
lixo de Ilhéus sobre a qualidade da água do Rio Cururupe. Amostras foram coletadas
neste estuário e no Rio Acuípe (nível de base natural ) .  pH, temperatura, oxigênio
dissolvido, condutividade elétrica e salinidade foram determinados no campo. Tam-
bém foram anal isados nut r ientes inorgânicos d issolv idos,  a lca l in idade tota l ,  de -
manda bioquímica de oxigênio e Fe2+.   A presença do l ixo parece não inf luenciar
significativamente estas variáveis. Os estuários foram classificados como distróficos,
e suas condições atuais podem ser inseridas nas classes 7 e 8 da Resolução CONAMA
nº 20, respectivamente. A aplicação da nova Resolução CONAMA nº 357 gera resul-
tados confl i tantes, porém com o Rio Cururupe apresentando melhor qual idade da
água. Este fato pode ser explicado pela autodepuração do chorume no manguezal
do Rio Cururupe, e pela maior área de alagados presente na bacia do Rio Acuípe.
Estes resultados também enfatizam a l imitação da uti l ização da DBO como indica-
dor de poluição orgânica, e sugerem que a análise de correlação pode ser emprega-
da como um método indireto de avaliação de perturbações ambientais.
Palavras-chave: Chorume, demanda bioquímica de oxigênio, nutr ientes inorgânicos
dissolvidos, qual idade da água, legislação ambiental .

Introduction

Clean water with quality enough to allow multiple uses is still a crucial need in
several countries. In developing countries, estimates account that 80% of the diseases
and about 33% of death cases are related to the use and consume of contaminated
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water .  The main cause of  groundwater  contaminat ion is  the seepage of  organic
compounds ,  heavy meta ls  and o ther  tox ic  compounds f rom the leachate  o f
inadequately disposed garbage.  There are estimates that the concentration of these
compounds reaching the water table double every fifteen years (Banco Mundial, 1992).

Brazil produces about 20 mill ion tons of garbage per year. According Cavinato
& Rodrigues (1997), there is an average generation of 0.5 kg . day - 1 of solid wastes
per capita. A significant amount (~ 65 %) of solid wastes produced in Brazil correspond
to organic matter, which decompose and form the leachate waste (chorume; Pereira
Neto, 1996; 1999). The percolation of pluvial precipitat ion through the waste dump
containing decomposing organic matter produce this dark acid liquid, with high organic
matter and heavy metal  content der ived from the leach of bat ter ies and metal l ic
packages.  M ic rob ia l  con taminan ts  and  m ic ropo luen ts  such  as  to luene ,
d ich loromethane and carbon d iox ide are a lso found in  th is  l iqu id waste (Ba i rd ,
2002 ) .  Bocanegra  e t  a l .  ( 1998 )  found tha t  the  b io log ica l  oxygen demand range
between 465 and 1,000 mg . L - 1 ,  and a total  leachates waste loading from 730 to
1 ,700 m 3 .  ha - 1  .  year - 1  in a garbage dumping near Mar del Plata, Argentina.  When
these leachates reach aquatic ecosystems there is a decrease of dissolved oxygen
levels and an increase of biochemical oxygen demand, result ing in environmental
damages (Lima, 1991; Baird, 2002).

The accelerated growth of population and economic activit ies in cit ies placed
in the coastal zone promote an increase of the volume of produced garbage. Several
of these cities solved the problem of the destination of these wastes by the dumping
in mangroves. The county of Ilhéus is located in the cocoa production area, south of
Bahia State. Cururupe and Acuípe Rivers comprehend two small watersheds in the
coastal zone southward from the city of Ilhéus (Fig. 1). The garbage produced by the
city of I lhéus is placed near the mangrove of Cururupe River estuary, a permanent
preservation area. Local inhabitants and tourists intensively use the estuarine waters
as recreation.  The estuarine zone of Acuípe River is not subject to any significant
anthropogenic impact.

The Conselho Nacional do Meio Ambiente (CONAMA, 1986), by the Resolution
no. 20 of June 18, 1986, regulated the water quality standards establishing classes
accord ing the i r  mul t ip le  uses .  These norms were substant ia l ly  modi f ied by the
Resolution no. 357 of March 17, 2005 (CONAMA, 2005).  This work aimed at evaluating
the water quality of two estuaries, exploring the potential effects of the liquid leachate
from the garbage dump near Cururupe River estuary. The estuary of Acuípe River
was assumed as a natural background level for the analyzed variables. A preliminary
classification of CONAMA classes and actual condition, and trophic state according
dissolved nutrients and chlorophyll -a concentration were also our purpose.

Material and methods

The study site
The Cururupe and Acuípe River are two small basins at south Bahia, northern

Brazil  (15º 10’/ 14º 55’ S and 39º 00’/39º 05’ W; Fig. 1) draining terrains of the Tertiary
(Formation Barreiras) that cover the crystal l ine basement. The approximate area of
the watershed of Cururupe and Acuípe River is 65 and 160 km2,  respectively. The
annual average temperature is 24.5 ºC, with annual precipitation of about 2,200 mm.
The typical rainy season comprise the months from May to July. Data obtained from
CEPLAC reveal an anomalous pluvial  distr ibut ion in 2002. Precipi tat ion exceeded
200 mm from January to March, 100 mm in May – September and December. April ,
October and November presented less than 100 mm, with a minimum of 54 mm in
November.   Mangroves covers an area of 3.9 km2 in Cururupe River  (Martins, 2004),
while the estuary of Acuípe River present about 9 km2 of this vegetation. In addition
to this greater mangrove area, large wetlands are conspicuous to Acuípe River estuary.
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Sampling and chemical analysis
Sampling was carried out at a station near the mouth of the estuaries of Cururupe

River (RC) and Acuípe River (RA) along 2002 (N = 15). The sampling station of Cururupe
River is  about 1  km distant  f rom the garbage-dumping s i te .  Water  samples were
collected in the morning during the low water slack tide. This tidal stage was selected
to avoid the effect of dilution by mixing with seawater, and maximize the effect of the
input of leachate waste.

The pH, temperature,  d issolved oxygen (DO) ,  conduct iv i ty and sal in i ty were
measured in situ with portable digital meters (Hanna HI-9143 and WTW Multil ine P3).
Samples were s tored in  po lye thy lene f lasks and d isposable  syr inges wi th  no
headspace ( fo r  to ta l  a lka l in i ty  determinat ion )  and main ta ined on ice  dur ing
transportation to the Laboratório de Oceanografia Química, UESC, to further chemical
analyzes. Al l  mater ials used in sampling were washed in HCl 1 :1  and r insed with
distilled water to avoid contamination. In laboratory the samples were filtered through
fiberglass filters (GF/C; 1.2 µm), pre-combusted  (450 oC; 4 h.) and weighed (precision
0.00001 g) .   The same type of f i l ter was used to collect samples for chlorophyll -a
determinat ion by the spectrophotometr ic method in an acetone 90 % v.v.  extract
(Parsons et al., 1984). Dissolved inorganic nutrients (ammonia, nitrite, nitrate, phosphate
and sil icate) were analyzed in the fi l trate by spectrophotometric methods (Grashoff
et  a l . ,  1983) .  Biochemical  oxygen demand (BOD5)  was determined in t r ip l icate by
dilution method (APHA, 1985). Total alkalinity was analyzed in unfiltered samples by
titration with HCl as described in Carmouze (1994). Fe2+ concentration was measured
using a colorimetr ic ki t  (Merck Ionoquant) .  The concentrat ion of dissolved organic
carbon (DOC) was est imated applying the absorbance at 254 nm to the equat ion
proposed according Pagès & Lemoalle (1995).

Non paramet r ic  methods were used to  s ta t is t ica l  ana lyses ,  s ince these
environmental samples rarely exhibit a normal distribution, and they are more suitable
to smal l  samples .  The normal i ty  tes t  o f  Shapi ro -Wi lk  conf i rmed the non normal
distribution. The difference between variables was assessed by the Wilcoxon matched
pairs test. To determine the relation between the variables the Spearman correlation
coef f ic ient  was used.  A s igni f icance level  of  1  % was establ ished.  Al l  s tat is t ica l
analyses were performed with the SPSS (Statistical Package for Social Science, version
6.0; Norusis, 1993).

Results
The hydrochemistry of r ivers Cururupe and Acuípe is summarized in Tab. I .

Average values of salinity and electrical conductivity of water were very low and the

Figure 1 : The study area:  The Acuípe River and Cururupe River .
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samples were s l ight ly  ac id ic .  The Wi lcoxon tes t  revea led that  the mean of  pH,
dissolved oxygen, nitrate and silicate for these estuaries were significantly different
(p < 0,01).

Table I :  Mean, range of concentration and standard deviation of the physico-chemical variables. < d.l . =

below detect ion l imit .

Cururupe River presented the lower concentrat ions of total suspended solids
(Tab. I, Fig. 2). The higher values of total suspended solids were observed in January
and September (Cururupe River) and January, March and April (Acuípe River).

Dissolved oxygen concentration was significantly higher in Cururupe River along
the year (Fig. 2, Tab. I). The mean of dissolved oxygen saturation was also higher in
Cururupe River (Tab. I). The mean concentrations of BOD were similar in both estuaries.
Acuípe River exhibited highest concentrations of BOD in several samplings (Fig. 2).

Total Alkalinity was very low during most of the year (Fig. 2). Values above 400
µM were only observed in two initial samplings (RC and RA) and June 27 (RA). In the
period from the end of March to early May concentrat ions of total alkal ini ty were
between 200 – 400 µM. When pluvial precipitation decreased (from July to November)
the total alkalinity was below 200 µM.

Mean concentrat ion of  ammonia was s l ight ly greater  in Cururupe River ,  but
with no signif icant di f ference. Acuípe River exhibi ted a higher standard deviat ion
(Table I, Fig. 3). Except during January and June when high concentrations were found
in both rivers, Acuípe River presented lower concentrations of ammonia. Samplings
of June, July and December showed greater concentrat ions of ni trate in Cururupe
River (Fig. 3) .  The concentrat ions of nitr i te were low in both estuaries. Phosphate
concentrations were lower than 0.5 µM (Table I, Fig. 3). Both estuaries showed the
same mean and standard deviation. Fe2+ concentrations showed small variation along
the year in both estuaries (Fig. 3).

Chlorophyl l - a  determinat ions were not  detectable by the used method.  The
detection l imit was indeed high since i t  depends on the volume of f i l t rated water
(Parsons et  a l . ,  1984) ,  and the f i l ters become clogged af ter about 0.2 L addi t ion.
Acording with these authors, we can assure that chlorophyll -a concentrations were
lower than 2 µg . L - 1.

The highest concentrat ions of DOC were recorded in January and July, months
of great  pluvia l  input (F ig .  3 ) .   Except by sampl ings of  July and December,  wi th

  Acuipe R.   Cururupe R.  
Variables mean Range SD mean Range SD 
T º C 24.9 22.1 – 26.7 1.23 24.9 22.7 – 26.8 1.21 

pH 6.52 5.9 – 7.0 0.33 6.79 6.1 – 7.7 0.34 

Electrical conductivity  (µS . cm-1) 781.3 93 – 2830 690.9 710.8 118 – 2060 596.9 

Salinity (p.s.u.) 0.81 0 – 3.1 1.14 0.85 0 – 3.7 1.02 

BOD (mg . L-1) 2.43 0.8 – 7.0 1.84 2.48 0.3 – 9.3 2.59 

Dissolved oxygen 
(mg . L-1) 

5.6 4.5 – 6.6 0.69 6.2 4.9 – 7.1 0.58 

Dissolved oxygen  
(% saturation) 

68.11 52.5 – 80.8 8.79 75.8 57.6 – 83.7 7.54 

Total alkalinity (µM) 253.4 4.5 – 733.9 215.8 283.1 23 – 953.9 217.8 

Total suspended solids (mg . L-1) 14.14 3.5 – 59.0 15.52 7.41 3.3 – 16.5 3.65 

Fe2+ (mg . L-1) 0.21 0.1 – 0.6 0.15 0.25 0.1 – 0.5 0.15 

N-NH3/NH4
+ (µM) 2.94 1.2 – 10.1 2.15 3.42 2.0 – 5.8 1.05 

N-NO2
- (µM) 0.29  < d.l. –  0.9 0.26 0.30 0.1 – 0.6 0.15 

N-NO3
- (µM) 5.22 2.0 – 8.8 2.01 7.70 4.6 – 13.6 2.06 

P-PO4
3- (µM) 0.18 < d.l. –  0.3 0.10 0.18 < d.l.  –  4.3 0.13 

H3SiO4
- (µM) 85.07 6.4 – 124.6 38.31 113.6. 57.6 – 135.3 23.1 

Dissolved organic carbon (mM) 1.57 0.5 – 3.8 0.92 1.63 0.6 – 2.7 0.67 
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Figure 2:  pH, salinity and concentrations of total suspended solids, dissolved oxygen, total alkalinity,

biological  oxygen demand and ferrous i ron.  Blank columns = Acuípe River ;  Gray columns

= Cururupe River.

values lower than 1.0 mM, the concentrations were high in both estuaries and reach
more than 3.5 mM in June (CR).

Cururupe River showed signif icant correlat ion coeff icients for eight variables
(Tab. II I ) ,  against 22 in Acuípe River (Tab. IV). In both rivers were found significant
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Figure 3:   Concent ra t ions of  ammonium, n i t r i te ,  n i t ra te ,  phosphate ,  s i l ica te and d issolved organic

carbon.  Blank columns = Acuípe River ;  Gray columns = Cururupe River .
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corre la t ion for  Fe2+  x  PO 4
3- ,  Fe2+  x  DOC,  sa l in i ty  x  DOC and PO 4

3 -  x  DOC.  I t  was
observed an inverse correlation of DO concentration and saturation and Fe2+.  Nitrate
and DOC were negatively correlated in Acuípe River.

Discussion

The salinity values allow the classification of these water samples as brackish
(class 7)  according the ear l ier  CONAMA resolut ion no. 20.  Most samples were of
fresh water according Resolut ion no. 357, with brackish water being recorded at
both estuaries in only five occasions. Brackish water was observed in one and two
occasions, for Acuipe and Cururupe River, respectively. In the init ial samplings the
high concentrations of total suspended solids seems to be related with rain fall.  In
situ observations of Acuípe River samples showed that there was a great amount of
colloidal aggregates in the water.

The concentrations of DOC were high, typical of tropical black waters (Drever,
1997). The results of DOC were comparable to those found in larger estuarine systems
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draining great extents of salt marshes (Cai & Wang, 1998) and mangroves (Pagès &
Lemoal le ,  1995) .  There was no signi f icant di f ference between the concentrat ions
observed in Acuípe River and Cururupe, which could be attr ibuted to the chorume
leakage in the later.

Dissolved oxygen in Cururupe River was in the lower range observed in the
small unpolluted estuary of Picinguaba River (Sartori  & Nogueira, 1998) and a non
pol lu ted course of  Cachoei ra  River  (P inho,  2001 ) .  The average concent ra t ion of
dissolved oxygen in Acuípe River is similar to those found in stretches of Cachoeira
River which receives high organic loading (Pinho, 2001). Despite the lack of important
sources of pollution, there were three samples of Acuípe River in which dissolved
oxygen values were below the late CONAMA no. 20 class 7 standards. According the
new CONAMA resolution no. 357, six samples of Acuipe River were in the range of
freshwater class 2 and 3 samples in class 3. Only one sample of Cururupe River was
not included in the freshwater class 1 (5.0 mg/L; upper limit of class 3). All brackish
water samples were in the range establ ished for class 1 .   The concentrat ion and
saturation of dissolved oxygen are evidence that Acuípe River receives high natural
inputs of organic carbon.

The values of BOD were much lower than the observed in the polluted Cachoei-
ra River (Pinho, 2001). There are some concerns about these results, since BOD is a
key var iable to assess water  qual i ty  in the envi ronmental  legis la t ion.  In fact  i ts
determination is subject to sample manipulation and artificial conditions which imply
that it can not express what actually happens in nature. Other point is that the natural
inputs of organic matter from wetlands and mangroves can result in high values not
related to anthropogenic impacts, as seems to be the case of Acuípe River. Most
freshwater samples exhibited BOD below the limit of class 1 of CONAMA no. 357 in
the two estuaries. Acuípe and Cururupe River presented two samples in class 2 and
only one in class 3. This new legislation conveniently substituted the BOD variable
for  tota l  organic carbon (TOC)  in  brackish and sal ine waters .  Al l  brackish water
samples exceeded the l imit of class 3 only considering with the concentrations of
dissolved organic carbon (DOC). This classification differs from that based in DO in
brackish water samples, resulting in all samples included in class 1. These estuaries
present great concentrations of organic matter, but this is in a great extent refractory
to oxidat ive degradat ion.

I t  can be noted a  decrease o f  ammonia  concent ra t ions whi le  n i t ra te
concentrations increase. This can be the result of nitrification, especially in Cururupe
River.  Nitr i te concentrat ion was also low, as expected to wel l  oxygenated waters
with an efficient nitr if ication/denitrif ication coupling (Carmouze, 1994). The temporal
change observed in phosphate concentrations seems to be influenced by precipitation.
The temporal distribution of sil icate was similar in both estuaries, and also related
to ra in .  There was an osc i l la t ion f rom h igh va lues in  the dr ies t  months to  low
concentrations (< 20 µM) in the rainy period. High concentrations of Fe2+ were found
in June and Ju ly ,  when precip i ta t ion exceeded 150 mm. The forms of  d issolved
inorganic nitrogen (ammonia, nitr i te and nitrate) and chlorophyll -a were included in
the new legislation. The concentrations observed were much lower than the l imits
proposed in the CONAMA n. 357. The new resolution stil l does not establish values
for  ch lorophy l l -a in  brack ish /sa l ine  waters ,  desp i te  the  ser ious prob lems o f
eut rophica t ion in  the coasta l  ecosystems.  The nut r ien t  and ch lorophyl l -a
concentrations suggest that these humic waters were dystrophic.

Cururupe River showed a lower number of signif icant correlat ion coeff icients
than Acuípe River. Though this kind of interpretation was not found in the literature,
this can suggest that the expected estuarine processes involving these variables are
being disturbed, possibly by the leachate waste seeping.  The inverse correlat ion
between sal inity and DOC can be explained by the input from wetlands, including
mangrove and in Cururupe River, the chorume. Fe2+ concentrat ion, phosphate and
DOC were well correlated. These variables enter in the estuaries mainly by the drainage
of low oxygen water of adjacent wetlands, rich in organic matter, dissolved nutrients
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and Fe2+ .  The iron ions inf luence the phosphorus dynamic in aquatic ecosystems,
depending on dissolved oxygen concentration, i ts oxidation state and pH. The iron
(I I )  compounds can be easily oxidized to Fe3+ ions, reducing the Fe2+ concentration
whi le  oxygen can be rep laced by phys ico -chemica l  and b io log ica l  processes
(Kleerekoper, 1990; Lee, 1996). Ferric monohydrogen phosphate (FeHPO 4)

+ is one of
the soluble forms of phosphate (Esteves, 1988). The neutral and oxic condition of the
water favors the formation of ferric ions, especially oxyhydroxides which precipitate
carrying phosphate ions adsorbed (Schäefer, 1985; Esteves, 1988).

The CONAMA no.  357 c lass 1  l imi t  to dissolved i ron was exceeded in both
Acuipe (2 )  and Cururupe River  (3 ) .  In  the brackish samples only Cururupe River
presented two values higher than the proposed to class 1 .  Despi te the estuar ine
processes result ing in iron removal (Liss, 1976)  this variable strongly ref lects the
lithological influence (Drever, 1997), rather than the effects of the leachate waste in
Cururupe River.

The pH show strong direct correlat ion with sal ini ty and inverse with DOC in
Acuípe River, as a result of the freshwater input, mineralization of organic matter and
increased buffering effect of seawater. The inverse correlation exhibited by DO and
DOC ref lect the oxidat ive degradat ion of these organic compounds. The negat ive
correlation between nitrate and DOC suggests that the former compound was being
used as acceptor of electrons in the oxidative degradation of organic matter at oxic/
anoxic interfaces.

Based in these results we conclude that the presence of the municipal waste
dump do not affect significantly the variables measured in these dystrophic estuaries.
The variable that are significantly different (pH, DO and nitrate) were lower in Acuípe
River, and this can not be related to the garbage deposit. Cururupe River conditions
can be inserted in the early CONAMA no. 20 class 7 while Acuípe River, that exhibited
three samples in which DO do not agree with this standard, can be classified in class
8.  The DO concentrat ions in s ix   samples of  Acuípe River  were below the l imi t
establ ished by c lass 2 and three samples below class 3 of  the new CONAMA´s
resolution. BOD concentrations exceeding the limit established by CONAMA resolution
were observed in both estuaries. The depurat ion of leachate within wetlands and
mangrove of Cururupe River, and the greater area covered by mangroves and brackish/
freshwater wetlands in Acuípe River can explain this paradoxical conclusion. These
results also stressed the limitation of DO and BOD as indicators of organic pollution,
and suggest that a comparative correlation analysis can be used as an indirect method
to eva lua te  env i ronmenta l  d is tu rbance .  I t  would  be a lso impor tan t  to  assess
microbiological  and heavy metal  contaminat ion, s ince Cururupe River waters are
widely used to primary contact (e.g., recreation) and fisheries.

Acknowledgments

The authors acknowledge to DCET/UESC and GERLAB staffs, especial ly Prof.
Luiz A. Matos, by laboratory supply; to the Sector of Cl imatology of CEPLAC that
provided the pluvial  precipi tat ion data. Dr.  I rene Cazzorla (UESC) helped with the
statistical analysis. We also acknowledge to Dr. Alexandre Schiavetti (UESC) and Dr.
Eduardo M. da Silva (UFBA) for the valuable critical review of an earlier draft of this
article. Two anonymous reviewers are also greatly acknowledged for their comments.

References

Amer ican Publ ic  Hea l th  Assoc ia t ion –  APHA.  1985.  S tandard methods for  the
examination of water e wastewater. 14 th ed.  APHA, Washington. 1193p.

Baird, C. 2002.  Química ambiental. 2a ed. Bookman, Porto Alegre.  622p.
Banco Mundial. 1992. Relatório sobre o desenvolvimento mundial. Desenvolvimento

e meio ambiente. FGV, Rio de Janeiro. p.48-53.



 ALVES, C.P. &  SOUZA, M.F. L.        Hydrochemistry of  two smal l  estuar ies:  Cururupe . . .418

Bocanegra, E., Martinez, D.E. & Massone, H. 1998. Hidrogeologia aplicada a la getion
de sitions de disposicion final de residuos en el partido de Genereal Pueyrredon.
II Evaluacion de volumenes y carga contaminante de lixiviados.  Actas, 2:133-139.

Cai, W.J. & Wang, Y. 1998. The chemistry, fluxes, and sources of carbon dioxide in the
estuarine waters of the Satil la and  Altamaha Rivers, Georgia. Limnol. Oceanogr. ,
43:657-668.

Carmouze, J.P. 1994. O metabolismo dos ecossistemas aquáticos: fundamentos teó-
ricos, métodos de estudo e análises químicas. Edgard Blücher/FAPESP, São Pau-
lo. 253p.

Cavinato, V.M. & Rodrigues, F.L. 1997. Lixo: de onde vem? para onde vai? Moderna,
São Paulo. 79p. (Coleção desaf ios)

Conselho Nacional do Meio Ambiente -  CONAMA. 1986. Resolução nº 20 de 18 de
Junho de 1986. CONAMA, Brasíl ia.

Conselho Nacional do Meio Ambiente - CONAMA. 2005. Resolução nº 357 de 17 de
Março de 2005. CONAMA, Brasí l ia.

Drever ,  J . I .  1997.  The Geochemist ry of  natura l  waters .  Sur face and groundwater
environments. 3 rd ed. Prentice Hall, Upper Saddle River. 436p.

Esteves, F.A. 1988.  Fundamentos de limnologia. 2a ed. Interciência, Rio de Janeiro.
602p.

Grasshoff, K.,  Erhardt, M. & Kremling, K. 1983.  Methods of seawater analysis. Verlag
Chemie, Weinhein.  419p.

Kleerekoper, H. 1990.  Introdução ao estudo da l imnologia. 2a ed. Ed. da UFRGS,
Porto Alegre. 327p.

Lee, J.D. 1996. Química inorgânica não tão concisa. Edgard Blücher, São Paulo. 452p.
Lima, L.M.Q. 1991. Tratamento de lixo. 2a ed. Hemus, São Paulo. 240p.
Liss, P.S. 1976. Conservative and non-conservative behaviour of dissolved constituents

during estuarine mixing. In:  Burton, J .D. & Liss, P.S. (eds. )  Estuarine chemistry.
Academic Press, London. p.93-130.

Martins, P.T.A. 2004. Manguezal do estuário do Rio Cururupe, Ilhéus (Bahia – Brasil):
dinâmica da paisagem e status atual da conservação. Ilhéus, UESC, 33p (Graduate
monograph) .

Norusis, M.J. 1993. SPSS for windows base system user’s guide release 6.0. SPSS,
Ch icago .

Pagès, J. & Lemoalle, J.  1995. Distribuition of carbon in a tropical hypersaline estuary,
the Casamance (Senegal, West Africa). Estuaries, 3:456-468.

Parsons,  T.R . ,  Ma i ta ,  Y.  & La l l i ,  C .M.  1984.  A manual  o f  chemical  and b io log ica l
methods for seawater analysis. Pergamon Press, Oxford. 173p.

Pereira Neto, J.T. 1996. Manual de compostagem. UNICEF, Belo Horizonte. 56p.
Pereira Neto, J .T. 1999. Quanto vale nosso l ixo. Projeto Verde Vale. Universidade

Federal de Viçosa, Viçosa. 70p.
Pinho, A.G. 2001. Estudo da qualidade das águas do Rio Cachoeira – Região Sul da

Bahia. I lhéus, UESC, 101p (Master thesis) .
Sartori , L.P. & Nogueira, M.G. 1998. Estudo limnológico na região estuarina dos rios

Fazenda e Picinguaba, Parque Estadual da Serra do Mar (Ubatuba, SP), com ênfa-
se na dinâmica de nutrientes químicos.  In: Anais do IV Simpósio de Ecossistemas
Brasi leiros. Águas de Lindóia, p.296-305.

Schäefer, A. 1884. Fundamentos de ecologia e biogeografia das águas continentais.
Ed. da UFRGS, Porto Alegre. 532p.

Received: 20 September 2004
Accepted: 23 February 2006


