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ABSTRACT

Dissolved inorganic nutrient concentrations and physical-chemical variables were determined in the lower reaches of the
Cachoeira River watershed, from November 2003 to October 2004. Concentration of nutrients were high and highly variable. Mean
concentrations and standard deviation of ammonium, nitrite, nitrate, phosphate and silicate were 25.4 £ 25.1; 3.9 £ 3.9; 62.2 + 54.9;
15.8 + 9.0 and 129.0 £ 5.6 (umol L), respectively. Nutrient retention was observed mainly during the dry season. Chlorophyll-a
concentrations were especially high in those periods. The Cachoeira River can be considered eutrophicated, and such condition
becomes more intense with low fluvial flow during the dry months. Despite the spatial/temporal changes of the species of inorganic
nitrogen, a removal of dissolved inorganic nitrogen was observed in relation to dissolved silicon and to phosphorus, with
consequences for estuarine biogeochemistry. The basin exports annually about 3.5, 2.2 and 0.3 t y"' of dissolved silicon, nitrogen,
and phosphate to the estuary, respectively. The eutrophication and growth of macrophytes is responsible for most of these changes in

nutrient fluxes to the estuary and coastal waters.
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1. INTRODUCTION

Anthropogenic activities over drainage basins have
been continuously increasing the point and diffuse
sources of nitrogen and phosphorus to rivers around the
world. Such activities include intensified use of fertiliz-
ers in crops, and deposition of domestic and industrial
effluents. Determination of dissolved inorganic nutrients
(such as nitrogen, phosphorus and silicon) has been
used in the evaluation of eutrophication in aquatic eco-
systems, since these substances are closely related to the
system’s degree of pollution (Carmouze 1994;
O'Donohue & Denisson 1997).

Eutrophication implies changes of biogeochemical
cycling of aquatic ecosystems, leading to several eco-
logical consequences, such as increase of the biomass of
certain kinds of algae and aquatic macrophytes. The
occurrence of such flourishing harms the water quality
and may thus reduce concentration of dissolved oxygen,
changing the competitive balance among species, which
results in loss of biodiversity (Cooper et al. 2002). In
addition to the increase of algae density there are also
other significant changes, such as the appearance of new
species and the disappearance of others (O'Donohue &
Denisson 1997). The growth of aquatic macrophytes
may also influence the transportation of nutrients,
favoring their retention and providing an additional
substratum for peryphiton and its biochemical transfor-
mations (Kronvang et al. 1999; Peterson et al. 2001,
Merriam ef al. 2002).

The nutrient loading by the rivers influences the
biotic activity in estuaries and coastal seas and may be
an important indicator of changes in the condition of
such waters (Sawidis & Tsekos 2004). The fluvial dis-
charge also influences the capacity to dilute the exces-
sive amount of nutrients and pollutants that reach the
estuaries, minimizing the impact in these areas. Other-
wise, a short residence time may not allow maximum
removal through absorption, as usually occurs when
there is low water flow (Sanders ef al. 1997).

The purpose of this study was to quantify nutrient
(ammonium, nitrate, nitrite, phosphate and silicate)
retention at the lower basin of Cachoeira River and its
export to the estuary.

2. METHODS

The hydrographic basin of the Cachoeira River cov-
ers a total area of around 4600 km? in the south of Bahia
State, Northeastern Brazil (BAHIA 2001; Fig. 1). The
river crosses the cities of Itabuna and Ilhéus, from
which receives input of domestic and industrial efflu-
ents. Average regional temperature is 24.6 °C; precipi-
tation is 1500 mm y™' in Itabuna and 2000 mm y™' in
Ilhéus. The Atlantic Forest and shaded cacao crops
(cabrucas) cover large areas of the river basin. This
kind of culture has prevented soil erosion; however, the
increase of coffee plantations and pasture has intensified
this process (Klumpp et al. 2002). The Cachoeira River
is characterized by extreme irregularity, with ill-defined
dry and rainy seasons. Annual average pluvial discharge



Fluvial export and retention of nutrients

e

s » '\'
e Brazil )

139

~ ;‘Billia
. .
4 N 14° S
|I l‘
P Y
% F | \
v N
L N
—eel150 S
Itabuna
city B‘;
ANA station ¥ R?l .
(531800(:0) / RI \.C
/
0 3.5 7 Km
—_
T ' 15° S
40°'W 39°W

Fig. 1. Map with the localization of the sampling points in the Cachoeira River Basin, Bahia, Brazil: RI (Itabuna Reservoir); RCU
(Cachoeira River near UESC, Universidade Estadual de Santa Cruz); VC (Cachoeira Village); BV (Vitoria Bank).

is 24.1 m’ s, although 0.2 and 1.460 m® s have
already been recorded. During the dry season its rocky
bed is mostly exposed, remaining only small residual
streams of water that are completely covered by floating
macrophytes, mainly Eicchornia crassipes (BAHIA
2001). A small clear overflow weir in Itabuna (~1.5 m
height) increases stagnation and growth of macrophytes
during the dry season. Plants are transported towards the
estuary during rainy season, and large amounts can
reach coastal waters and beaches 14 km southward
during peak discharges (Souza 2005).

Sampling was carried out between 2003 (November
and December) and 2004 (January, February, March,
April, August and October) in four stations (Fig. 1)
between the small dam on Itabuna city (RI) and the
upper estuary limit (BV). Sampling was also done about
5 km downstream the dam, after a stretch of rapids
(RCU) and after a natural 6 m depth reservoir created by
geological faults (VC). One sample was collected in
each station, from the upstream station till the upper
estuary boundary, comprising a total of 30 samples.
Physical-chemical parameters such as pH, temperature,
conductivity and dissolved oxygen (DO) were deter-
mined in the field with a WTW Multiline P4 and a
Hanna HI 9143 portable meters, respectively. Samples
were collected in polyethylene bottles previously
washed with HCI 1:1 and distilled water, and kept under
refrigeration during transportation. In the laboratory,
samples were filtered in GF/C type fiberglass filters
used further to chlorophyll-a analysis by the spectro-
photometric trichromatic method on a 80% acetone
extract (Parson et al. 1984). Aliquots of filtered samples

were frozen until analysis of dissolved inorganic nutri-
ents. Concentration of nutrients was determined by
spectrophotometric methods according Grasshoff et al.
(1983) and dissolved silicate (orthosilicate) as described
in Carmouze (1994). Nitrite was determined using the
diazotation method (detection limit 0.02 puM); nitrate
was determined by cadmium reduction into nitrite
(nitrite limit plus a coefficient of variation £3% in the
range 0-10 pM); ammonium was measured spectro-
photometrically by the indophenol blue method (detec-
tion limit 0.05 pM); orthophosphate by the ascorbic acid
molybdate method (detection limit 0.01 pM); dissolved
silicate was determined by the ammonium molybdate
method (detection limit 0.1 pM).

Daily fluvial discharge data (O, m® s™") for a station
located in Itabuna was obtained at ANA Hidroweb
(Agencia Nacional de Aguas, National Water Agency;
www.hidroweb.ana.gov.br/hidroweb, station no.
53180000). This station is located upstream from our
sampling stations, and the total increment of the area
drained by the station is about 220 km”. A correction of
the total monthly outflow for each drained area of the
basin (Qs,) was done according to (equation 1):

Qs =(Quna % As))/ Auna (1

where Qg and Ag, respectively mean total monthly flu-
vial outflow and drainage area of each station; and Q 4y,
and A, represent fluvial discharge and drainage area at
the ANA gauging station, respectively.

Flux of dissolved inorganic nutrients was obtained
by multiplying concentration values of each dissolved
inorganic nutrient in the sample by the calculated fluvial



140

M. Lima et al.

Tab. 1. Mean values of electrical conductivity, temperature, pH, dissolved oxygen (DO) concentration and saturation
percentage in the Cachoeira River stations. Mean + standard deviation; minimum and maximum in parenthesis. N = 4
except in * (N =3) and ** (N =1).

Conductivity Temperature pH DO DO
(uS cm™) (°C) (mg L™ (% saturation)
November 2003 0.553 £0.036 29.5+0.1 7.3+0.1 41+1.5 542+19.5
(0.505 — 0.582) (29.4 -29.7) (7.2-17.4) (2.3 -5.6) (30.2-73.1)
December 2003 0.572 +£0.024 293+0.8 7.6+0.5 122+134 158.8+172.4
(0.555 — 0.606) (28.5-30.4) (72-83) (2.7-31.2) (35.0 - 402.2)
January 2004 0.603 +0.024 27.9+0.3 7.2+0.1 23+1.2 294+ 15.7
(0.585 — 0.638) (22.4-282) (7.1-173) (12-3.7) (15.4 -47.3)
February 2004 0.722%%* 26.9%* 8.1%* - -
March 2004 0.208 £ 0.015 255+03 72+02 72+02 88.0+2.6
(0.196 — 0.228) (25.1-25.8) (7.0-17.5) (6.9-7.4) (84.5-90.1)
April 2004 0.433 +£0.039 * 262+0.8 7.8+0.2 6.7+0.5 82.7+£5.6
(0.389 — 0.462) (25.3-27.0) (7.6-17.9) (6.3-7.4) (78.0 - 90.4)
August 2004 0.570 + 0.042 21.3+£3.1 79+1.2 6.2 ** 75.1%*
(0.531 —0.609) (17.1-24.7) (7.1-9.7)
October 2004 0.609 +0.015 23.8+0.6 * 7.0£0.3
(0.595 — 0.630) (23.4-24.5) (6.8-7.4) . y
discharge values of each station on monthly basis. For 900-
nutrient concentration (Y) below detection limit, a value
immediately below was used for monthly flow estima- 750+
tion. Fluxes were normalized dividing them by the area
of each drainage basin, according to equation 2: . 600+
Fyy=Fy/ As (2 o 450+
S
where Fyy represents normalized flow of dissolved 5’ 300-
inorganic nutrients, Fy represents actual flow of nutri-
ents and Ag,. represents drainage area of each sampling 150+
station. 0 i JM \_IL/\M i

We assumed that changes of nutrient concentrations
in the river water during time scales lower than a month
became insignificant when the actual concentration of
the sample was multiplied by total monthly discharge
values higher by 5-8 magnitude order, when fluxes were
significant.

3. RESULTS
3.1. Fluvial discharge

Runoff ranged from 0 to 826 m® s during the period
studied (Fig. 2). Sampling during the dry season were
represented by November and December 2003, and
October 2004, with an average flow under 4 x 10° m’
month™. December was the driest month, with the rainy
season starting in January 2004. Maximum fluvial dis-
charge occurred in March 2004.

3.2. Physico-chemical variables

Physico-chemical variables are shown in table 1.
The conductivity varied from 722 pS cm” when the
runoff begins to increase to <196 pS cm™ at peak dis-
charge. Temperatures were higher between November
and December, and decreased until August. The higher
concentration of DO it was found at RI (12 mg L'/160%
saturation) in December. Most samples presented oxy-
gen subsaturation. The pH presented only small changes
among the sampling sites.

A A AN G S A
o288 ¢P=223523802
2003 2004

Fig. 2. Daily runoff at the ANA (Agéncia Nacional de Aguas;
National Water Agency) station No.53180000 during the
study period.

3.3. Dissolved inorganic nutrients

The highest concentrations of ammoniacal nitrogen
and phosphate were observed at station RI; nitrite and
nitrate reached maximum concentrations at station
RCU. Silicate presented small changes along sampling
stations, without a marked spatial pattern (Fig. 3e).

Maximum concentrations of ammoniacal nitrogen
(Fig. 3a) and phosphate (Fig. 3d) occurred in January
2004 (beginning of the rainy season) while minimum
values were observed in March 2004 (rainy season). For
nitrite and nitrate (Figs 3b and 3c, respectively), the
lowest concentrations were observed in November 2003
and March 2004 (rainy season). There was a decrease of
the mean concentration of silicate (Fig. 3e) during Janu-
ary, February and March of 2004.

3.4. Chlorophyll-a

The highest concentrations were found at station RI
during the dry and beginning of the rainy season (Fig.
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Fig. 3. Distribution of concentrations of dissolved inorganic nutrients (umol L) and of chlorophyll-a (ug . L") in the Cachoeira

River. * = months in which data was not gathered.

3f). Lowest concentrations were observed in March and
April. At stations BV, VC and RCU, the highest con-
centrations were recorded in April and October. Lowest
concentrations at these points were observed in January
and March. Chlorophyll-a was not detected in the sta-
tion VC in March.

3.5. Nutrient fluxes and inputs to estuary

Nutrient fluxes through sampling stations and inputs
to the estuary can be observed in figure 4 and table 2,
respectively. The highest values of nutrient fluxes

occurred in March 2004, period of greatest fluvial dis-
charge (Fig. 2; Tab. 2). Despite the low fluvial dis-
charge observed in November 2003, nutrient fluxes
were higher than in December. There was an overall
increase of nutrient transport along this stretch of the
river (RI to BV) during March 2004 and retention dur-
ing the other months (Fig. 4f). December, January 2003
and October 2004 was marked by an increase of nitrate
fluxes. Inputs of dissolved inorganic phosphorus, nitro-
gen and silicon (DIP, DIN and DSi, respectively) to the
estuary ranged from 0.1 — 110 kg month™, 0.1 — 830 kg
month™, and 0.6 — 1100 kg month™, respectively.



142

M. Lima et al.
a) d)
Coss [ IRl 3,51
z 24 Mve “. &8>
% B 373_ Al : 25]-_
£ g £
s £ 22 1 gl
g E = =
Z 211 220,71
KOO‘ 1 |LE xOO";o:j?[@* *?DQ-
Qoo B o %k ook g ] o] 25222258
E8EBEELEL 253 2SSEERgEER S
= — 721 -
b 0.60- €) 34,0
y %0,48' _Ov é 27,21
S Eo36 7, B2
5 20.24] s £
- X E
E 220,12- s .= 68
= = =
‘; 0.0-
) ~
—'5 5 2000+ -Ammonium
‘ = m E Nitrite
om 8 ~ 1500 [ Nitrate
S E % Il Phosphate
2 g é 1000- [ Silicate
5 E £
= = g 5004
o _ N 0 To=pew M.Eu i)
o o k]
38 c2E8ERY 5 E5 8
2003 2004 -
Period

Fig. 4. Fluvial fluxes (x10° mmol month™) of dissolved inorganic nutrients into the Cachoeira River (a = ammonium, b = nitrite, ¢ =
nitrate, d = phosphate and e = silicate); f = Increase/retention of the normalized fluxes of dissolved inorganic nutrients in the

Cachoeira River between RI and BV (%). * = months in which data sampling were not performed.

Tab. 2. Inputs of dissolved inorganic nutrients to the estuary of the Cachoeira River through station BV,

normalized by the drainage basin area (10° mol km” month™), and molar ratios.

Nov/03

Dec/03

Jan/04

Feb/04 Mar/04 Apr/04 Aug/04 Oct/04
NH3/NH,* 42 0.1 72 9.1 1200 180 42 0.3
NOy 1.3 ~0 1.1 72 130 33 2.4 0.1
NOy 1.1 0.3 0.4 490 1400 110 130 4.7
PO> 14 0.4 0.3 78 810 71 19 0.9
H3Si0” 160 3.7 200 460 7500 2300 480 7.1
DIN:DIP 8.4 1.0 0.3 6.5 3.4 9.2 9.2 6.0
DIN:DSi 0.7 0.1 0.04 1.1 0.4 0.1 0.4 0.7
DSi:DIP 11.8 8.4 7.1 59 9.2 29.9 252 8.2
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4. DISCUSSION

The high water residence time during the dry period
increased the relevance of the autochtonous biogeo-
chemical processes, which can act as important sinks or
sources of dissolved nutrients for photosynthesis, in
addition to external fluxes. During dry months high
concentrations of ammonium nitrogen and phosphate
were observedat the reservoir in Itabuna (RI), which
receives several inflows of urban sewage, the leachate
waste of a garbage dumping site,a butchery and other
smaller industrial effluents. Additionally, high rates of
organic matter degradation might be responsible for the
high concentrations observed at this point (Goller et al.
2006). These conditions allowed a development of
phytoplanktonic biomass, reaching high concentrations
of chlorophyll-a. (up to 261 pg L™). High primary pro-
duction rates of phytoplankton should be responsible for
the elevated values of pH and DO observed.

This river flows over an irregular and rocky bed and
the rapid water current virtually ceases during the dry
season, forming lentic environments (Souza 2005).
From November to January, these ponds formed at
sampling stations BV, VC and RCU become completely
covered by floating macrophytes. Growth of such plants
can block light and thus growth of phytoplankton,
causing the low concentrations of chlorophyll-a
observed. Colonization and accumulation of macro-
phytes at the dam (station RI) was slower, allowing
phytoplankton to flourish. In the rainy season dilution
of nutrients, water renovation, turbulence and turbidity
leaded to lower concentrations of chlorophyll-a.

The nutrient fluxes were higher during the period of
enhanced runoff (March and April 2004; Figs 4a - 4e¢).
High nutrient concentrations observed in November
2003 and August 2004 resulted in an expressive mass
transport of dissolved constituents, despite low water
flow. During the rainy season the increment of basin
area between the sampling points resulted in a general
increase of dissolved material fluxes towards the estu-
ary. However, in some months (such as August 2004,
low fluvial discharge) a reduction of such fluxes at the
RI point was probably due to the retention of such nutri-
ents by macrophytes (Merriam et al. 2002). The long
water residence time favors removal of nitrate by bio-
logical consumption by photoautotrophic/ heterotrophic
organisms (Peterson er al. 2001). Reduction of inor-
ganic nitrogen can also be explained by denitrification
in biofilms in the root surface of floating macrophytes
(Kronvang et al. 1999).

The percent of nutrient increase/retention at the RI-
BV segment is shown in figure 4f. A general increase in
the fluxes was only observed in March 2004. Removal
processes account for a retention of 37 — 97% of the
DIN along this stretch. All retention percentages must
be underestimated, since there is an unaccounted inputs
from two sewage channels from Itabuna villages right
downstream from the RI point, and to the presence of
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small villages along the river stretch between the RCU -
VC and VC - BV points.

Nitrification processes can also explain ammonia
retention and the increase of nitrate fluxes in December
2003 and October 2004, especially at station RCU,
where high concentrations of nitrite and nitrate were
observed, possibly due to the conversion of a large part
of the ammonium originating from RI (Kronvang ef al.
1999; Peterson et al. 2001; Merriam et al. 2002).

Removal of dissolved inorganic nitrogen caused a
DIN:DIP ratio which was always lower than 16:1 in the
fluvial flow to the estuary (Tab. 2). This process can be
partially responsible for the low DIN:DIP ratios
observed in the estuary (Souza 2005).

Dissolved silicon concentration tended to reduce
downstream during the dry season, which may be
related to tisular incorporation in macrophytes (Goller et
al. 2002). Just like the other nutrients, silicate concen-
tration was reduced by dilution with a higher fluvial
current, increasing again after the peak phase in March.
However, the highest concentrations were observed in
April, after a period of heavy rainfall. In addition to the
dilution/concentration effect, transportation and rework-
ing of the eroded material of the basin during the
precipitation peak may explain such behavior. In fact a
positive correlation (Tab. 3) of silicate concentrations
and 1-5 days accumulated runoff appeared only with 4
and 5 days discharge (Spearman coefficient, r, = 0.49;
*P <0.05). Phosphate presented negative correlations
with runoff at all tested time scales (Spearman coeffi-
cient, r, ~ -0.57; *P <0.05). Results suggest that weath-
ering and soil leaching are the main factors controlling
silicate, while phosphate concentration depends mainly
of the urban inputs and its concentration is more con-
trolled by the runoff dilution effect. DIN species pre-
sented no significant correlation with runoff but
amongst themselves, denoting that biological processes
control the dynamics of inorganic nitrogen. These
results contrast with those of Muylaert ef al. (2009)
showing that enrichment in N and P and consequent
increase of planktonic and benthic diatoms biomass can
exert an important role in silicate concentrations.
Despite effective silicate retention in macrophyte tis-
sues, mainly during the dry season, leaching of drainage
basin during peak discharge events prevails in an annual
time scale.

The DIN:DSi ratio was also lower than 1:1, except
in February. The beginning of the rainy period pro-
moted leaching of nitrate from the watershed. In this
month nitrate became the main nitrogen species and
DIN:DSi increased. Except for April and August,
DSI:DIP relation was always lower than 16:1. These
ratios do not necessarily imply that limitation of primary
production by nitrogen or silicate, since concentration of
these nutrients is high in fluvial waters.

Fluvial export of the Cachoeira River was high
compared with the western African Rio del Rey, espe-
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Tab. 3. Spearman correlation matrix of 1-5 days accumulated discharge (Q1 — Q5) and measured variables.

are significant at P <0.05.

M. Lima et al.

Coefficients in bold

QI Q2 Q3 Q4 Q5 T°C Cond pH DOmgL'DO% TSS Chl-a NHyNH,” NO, NO; PO/ H;SiO
Ql 1.00 099 099 099 099 -042 -0.66 024 063 0.61 048 000 004 -0.16 -0.11 -0.57 -0.07
Q2 1.00 097 0.95 095 -045 -061 022 058 055 050 -005 007 -020 -0.16 -0.55 -0.12
Q3 1.00 1.00 1.00 -039 -0.69 026 0.65 063 045 005 001 -0.12 -0.05 -0.58 -0.03
Q4 1.00 1.00 -0.38 -0.51 0.47 054 053 024 027 001 -0.01 0.10 -0.58 0.49
Q5 100 -038 -0.51 047 054 053 024 027 001 -001 010 -0.58 0.49
T°C 1.00  0.14 022 -044 -042 -025 0.11 -0.14 -001 -0.15 040 0.16
Cond 1.00 -0.13 -0.68 -0.69 -0.39 0.17 009 009 0.11 054 -0.04
pH 1.00 035 036 023 052 -026 -0.03 -0.07 -033 0.61
DOmgL" 1.00 099 044 0.10 -0.18 -0.10 -0.27 -0.51 0.01
DO % 1.00 045 015 -022 -0.07 -027 -0.56 0.07
TSS 1.00 039 032 011 -027 -0.18 -0.03
Chl-a 1.00 017 019 -0.12 -0.22 0.50
NH3/NH; 1.00 042 -0.05 046 -0.05
NO, 1.00 048 041 039
NO;y 1.00 0.3 0.18
PO,* 1.00 -0.28
H;SiO 1.00

Tab. 4. Monthly export of dissolved inorganic silicon (DSi), nitrogen (DIN) and phosphorus (DIP) of some
tropical small basin rivers during different fluvial discharge regimes. * Gabche & Smith (2001); ® Sousa (2009);
° Souza (1999); ¢ Souza & Smith (2000); © Souza et al. (2003).

River Basin area Discharge regimes DSi DIN DIP
(km?) (kg month™)

Rio del Rey. Western Africa® 3800 Dry - 0.1 0.1
Rainy - 0.5 0.2

1150 Pre monsoon - 1.1 0.1

Mandovi. Western India® Monsoon - 230 13.7
Post monsoon - 3.7 1.1

. e 3800 Dry - 157 49
Sergipe. Northern Brazil Rainy ) 17.4 <01
- .1d 4440 Dry - 0.0 0.0
Piaui. Northern Brazil Rainy ) 136 41
e 4320 Dry 116.3 11.3 0.2

Real. Northern Brazil Rainy 1310 234 71
e 4146 Dry 125 16.3 0.3

Inhambupe. Northern Brazil Rainy 260 15.4 03
e 3048 Dry 76.1 54.4 0.5

Jucurugu Norte. Northern Brazil Rainy 1210 618 53
. e 4600 Dry 168 251 11.0
Cachoeira. Northern Brazil Rainy 302 174 267
4600 Dry 0.6 0.1 0.1

Cachoeira, This study Rainy 1130 828 111
Post rainy 349 99 11.5

cially during the rainy season, but in general is similar
to the Indian and other Brazilian East Coast rivers (Tab.
4). Our results are similar to that of the Mandovi River
(India), with a monsoon regime. Estimates based on
average interpolation of data resulted in an annual
export of dissolved silicon, nitrogen and phosphate to
the estuary of about 3.5, 2.2 and 0.3 t y' respectively.
Despite high fluxes of DIN and DSi observed in the
rainy season, the export of DIN on an areal basis (~0.5
kg km? y) is about four magnitude order lower than
the estimates of contemporary and even pre-industrial
total nitrogen fluxes (360 — 430 kg km™ y™' respectively;
Meybeck & Vordsmarty 2005). This can be partially
explained by a large stock of organic fractions of nitro-

gen (not addressed in this study) and the fact that most
of the basin is still covered by primary and secondary
forest. But temporary retention of inorganic nitrogen in
floating macrophyte tissues and losses by denitrifica-
tion, driven by eutrophication, might be playing a more
important role in these fluxes. During most of the year
the amount and relative availability of these nutrients to
coastal waters is altered by differential retention in the
watershed caused by water residence time and the
nature of prevailing primary producers. But a large
amount of these nutrients retained in living organic
matter should be delivered to the estuary and/or directly
to coastal waters during the episodic high discharge
events.
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5. CONCLUSIONS

The combined action of eutrophication and low dis-
charge promoted great changes in nutrient concentration
and fluxes in a short river stretch. Modifications of this
magnitude could only be expected as result of direct
input and/or activities developed within sub-basins, with
larger drained areas.

Changes in the proportion of nutrients transported
along this river may have deep consequences on the
estuarine biogeochemistry and nutrient availability.
Eutrophication and nutrient retention in macrophyte tis-
sues can also result in qualitative changes of organic
matter export, prevailing macrophyte debris with a low
labile characteristic. Small amounts of living macro-
phytes are delivered to the inner estuarine zone whith
the runoff increase, which die after some time and decay
within the estuary. But the pulsed nature of the river
discharge periodically promotes direct export of a huge
mass of floating macrophytes to the coastal waters.

ACKNOWLEDGEMENTS

We thank A.G. Guimardes and D.F. Santos for their
help in data gathering and chemical analysis. We also
acknowledge the valuable comments and suggestions
offered by two anonymous referees. Dr. R.A. Martinez
Montafio (DFCH, UESC) revised and made several
suggestions on the text. M.Lima and G. Ega thank
CNPq for the PIBIC grant; M. Silva acknowledges
FAPESB for the IC grant. The second author thanks
CNPq for the PQ grant, proc. number 350286/2000-0.
We thank CADCT/BA (public notice PRODOC) and
PROPP/UESC for financial support to the project
Avaliagio da Qualidade da Agua e Diagnostico das
Fontes de Poluicdo Organica do Estuario do Rio
Cachoeira, I1héus, Bahia.

REFERENCES

BAHIA. 2001. Programa de recuperagdo das bacias dos rios
Cachoeira e Almada. Diagnostico regional. Caracteriza-
¢do hidrolégica vol. 1, Tomo IV. Technical report,
BAHIA/SRH/UESC, Ilhéus, s/n.

Carmougze, J. P. 1994. O metabolismo dos ecossistemas aqua-
ticos. Ed. Edgar Bliicher/SBL/FAPESP, Sdo Paulo: 256 pp.

Cooper, D.M., W.A. House, L. May & B. Gannon. 2002. The
phosphorus budget of the Thame catchment, Oxfordshire,
UK: 1. Mass balance. Sci. Total Environ., 282/283: 233-251.

Gabche, C.E. & S.V. Smith. 2001. Rio-del-Rey estuary com-
plex, Cameroon. LOICZ Reports & Studies, 20: 30-31.

Received: March 2009
Accepted: December 2009

145

Goller, R., W. Wilcke, K. Fleischbein, C. Valarezo & W.
Zech. 2006. Dissolved nitrogen, phosphorus, and sulfur
forms in the ecosystem fluxes of a montane forest in
Ecuador. Biogeochemistry, 77: 57-89.

Grasshoff, K., M. Ehrardt & K. Kremling. 1983. Methods of
seawater analysis. Verlag Chermie, Wheinhein: 419 pp.
Klumpp, A., K. Bauer, C. Franz-Gerstein & M. Menezes.
2002. Variation of nutrient and metal concentrations in
aquatic macrophytes along the Rio Cachoeira in Bahia

(Brazil). Environ. Int., 28: 165-171.

Kronvang, B., C.C. Hoffmann, L.M. Sevendsen, J. Windolf,
J.P. Jensen & J. Dorge. 1999. Retention of nutrients in
river basins. Aquat. Ecol., 33: 29-40.

Merriam, J.L., W.H. McDowell, J.L. Tank, W.M. Wollheim,
C.L. Crenshaw & S. L. Johnson. 2002. Characterizing ni-
trogen dynamics, retention and transport in a tropical rain-
forest stream using an in situ 15N addition. Freshwat.
Biol., 47: 143-160.

Meybeck M.; C. Vorésmarty, 2005. Fluvial filtering of land-
to-ocean fluxes: from natural Holocene variations to An-
thropocene. C. R. Geoscience, 337: 107-123.

Muylaert, K., J.M. Sanchez-Pérez, S. Teissier, S. Sauvage, A.
Dauta, & P. Vervier. 2009. Eutrophication and its effect
on dissolved Si concentrations in the Garonne River
(France). J. Limnol., 68(2): 368-374.

O'Donohue, M.J.H., W.C. Dennison. 1997. Phytoplankton
productivity response to nutrient concentrations, light
availability and temperature along an Australian Estuarine
Gradient. Estuaries, 3(20): 521-533.

Parsons, T.R., Y. Maita, C.M. Lalli. 1984. 4 manual of chemi-
cal and biological methods for seawater analysis. Perga-
mon Press, Oxford: 173 pp.

Peterson, B.J., W.M. Wollheim, P.J. Mulholland, J.R. Web-
ster, J.L. Meyer, J.L. Tank, E. Marti, W.B. Bowden, H.M.
Valett, A.E. Hershey, W.H. MCDowell, W.K. Dodds,
S.K.S. Hamilton, S. Gregory, D.D. Morrall. 2001. Control
of Nitrogen Export from Watersheds by Headwater
Streams. Science, 292: 86-90.

Sanders, R., C. Klein & T. Jickells. 1997. Biogeochemical
nutrient cycling in the Upper Great Ouse Estuary, Norfolk,
U.K. Est. Coast Shelf Sci., 44: 543-555.

Sawidis, D.B. & 1. Tsekos. 2004. Nutrient chemistry of River
Pinios (Thessalia, Greece). Environ. Int., 30: 105-115.
Sousa, S.N. 2009. The Mandovi Estuary, Goa. http://nest.su.
se/mnode/Asia/India/Mandovi/ Mandovibud.htm (acessed

in November 18, 2009).

Souza, M.F.L. 2000. Rio Sergipe Estuary, Sergipe State.
LOICZ Reports Studies, 15: 6-9.

Souza, M.F., V.R. Gomes, S.S. Freitas, R.C.B. Andrade, B.
Knoppers & S.V. Smith. 2000. Piaui River Estuary, Ser-
gipe State. LOICZ Reports Studies, 15: 10-17.

Souza, M.F.L. 2005. Nutrient biogeochemistry and mass bal-
ance of a tropical estuary: Estuary of Cachoeira River,
Northern Brazil. Int. J. Ecol. Environ. Sci., 31(3): 177-188.

Souza, W.F.L, B. Knoppers, W. Balzer & T. Leipe. 2003. Ge-
oquimica e fluxos de nutrients, ferro e manganés para a
costa leste do Brasil. Geochim. Brasil., 17(2): 130-144.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /EnglischeSchT-DemiBold
    /FuturaBT-Light
    /SymbolMT
    /SymbolProportionalBT-Regular
    /ZapfDingbatsITCbyBT-Regular
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ITA <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


